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The software developm ent  com m unity widely acknowledges that  dom ain m odeling is cent ral to
software design. Through dom ain m odeling, software developers are able to express r ich
funct ionality and t ranslate that  funct ionality into software im plem entat ion that  t ruly serves the
needs of its users. Despite its obvious im portance, however, there are few pract ical resources that
show how to incorporate effect ive dom ain m odeling into the software developm ent  process.

Dom ain-Driven Design  fills that  need. I t  offers readers a system at ic approach to dom ain-driven
design, present ing an extensive set  of design best  pract ices, experience-based techniques, and
fundam ental pr inciples that  facilitate the developm ent  of software projects facing com plex
dom ains. I ntertwining design and developm ent  pract ice, Dom ain-Driven Design incorporates
num erous exam ples in Java-case studies taken from  actual projects that  illust rate the applicat ion
of dom ain-driven design to real-world software developm ent .

Readers will find an overview of dom ain-driven design that  highlights key pr inciples, term s, and
im plicat ions. The book presents a core of best  pract ices and standard pat terns that  provide a
com m on language for the developm ent  team . I n addit ion, it  highlights how refactor ing in dom ain
m odeling, integrated with the frequent  iterat ions of Agile developm ent , leads to deeper insight  into
dom ains and enhanced com m unicat ion between dom ain expert  and program m er. Building on this
foundat ion, the book then addresses dom ain-driven design for com plex system s and larger
organizat ions.

Specific topics covered include:

I solat ing the dom ain

Ent it ies, value objects, services, and m odules

The lifecycle of a dom ain object



Represent ing processes as dom ain objects

Creat ing funct ions free of side effects

Conceptual contours

Standalone classes

Extending specificat ions

Applying analysis pat terns

Relat ing design pat terns to the m odel

Maintaining m odel integrity

Form ulat ing the dom ain vision statem ent

Choosing refactor ing targets

Responsibilit y layers

Creat ing a pluggable com ponent  fram ework

Bringing together large-scale st ructures and bounded contexts

With this book in hand, object -or iented developers, system  analysts, and designers will have the
guidance they need to think deeply about  dom ains, create r ich and accurate dom ain m odels, and
t ransform  these m odels into high-quality, long- last ing software im plem entat ions.
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Praise for Domain-Driven Design

"This book belongs on the shelf of every thought ful software developer."

—Kent  Beck

"Eric Evans has writ ten a fantast ic book on how you can m ake the design of your software
m atch your m ental m odel of the problem  dom ain you are addressing.

"His book is very com pat ible with XP. I t  is not  about  drawing pictures of a dom ain;  it  is about
how you think of it ,  the language you use to talk about  it ,  and how you organize your
software to reflect  your im proving understanding of it .  Er ic thinks that  learning about  your
problem  dom ain is as likely to happen at  the end of your project  as at  the beginning, and so
refactor ing is a big part  of his technique.

"The book is a fun read. Eric has lots of interest ing stor ies, and he has a way with words. I
see this book as essent ial reading for software developers—it  is a future classic."

—Ralph Johnson, author of Design Pat terns

" I f you don't  think you are get t ing value from  your investm ent  in object -or iented
program m ing, this book will tell you what  you've forgot ten to do."

—Ward Cunningham

"What  Eric has m anaged to capture is a part  of the design process that  experienced object
designers have always used, but  that  we have been singular ly unsuccessful as a group in
conveying to the rest  of the indust ry. We've given away bits and pieces of this knowledge . .  .
but  we've never organized and system at ized the pr inciples of building dom ain logic. This book
is im portant ."

—Kyle Brown, author of Enterprise Java Program m ing with I BM WebSphere

"Eric Evans convincingly argues for the im portance of dom ain m odeling as the cent ral focus
of developm ent  and provides a solid fram ework and set  of techniques for accom plishing it .
This is t im eless wisdom , and will hold up long after the m ethodologies dujour have gone out
of fashion."

—Dave Collins, author of Designing Object -Oriented User I nterfaces

"Eric weaves real-world experience m odeling—and building—business applicat ions into a
pract ical, useful book. Writ ten from  the perspect ive of a t rusted pract it ioner, Eric's
descript ions of ubiquitous language, the benefits of sharing m odels with users, object  life-
cycle m anagem ent , logical and physical applicat ion st ructur ing, and the process and results
of deep refactor ing are m ajor cont r ibut ions to our field."

—Luke Hohm ann, author of Beyond Software Architecture
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Foreword

There are m any things that  m ake software developm ent  com plex. But  the heart  of this com plexity
is the essent ial int r icacy of the problem  dom ain itself. I f you're t rying to add autom at ion to
com plicated hum an enterprise, then your software cannot  dodge this com plexity—all it  can do is
cont rol it .

The key to cont rolling com plexity is a good dom ain m odel, a m odel that  goes beyond a surface
vision of a dom ain by int roducing an underlying st ructure, which gives the software developers the
leverage they need. A good dom ain m odel can be incredibly valuable, but  it 's not  som ething that 's
easy to m ake. Few people can do it  well,  and it 's very hard to teach.

Eric Evans is one of those few who can create dom ain m odels well.  I  discovered this by working
with him —one of those wonderful t im es when you find a client  who's m ore skilled than you are.
Our collaborat ion was short  but  enorm ous fun. Since then we've stayed in touch, and I 've watched
this book gestate slowly.

I t 's been well worth the wait .

This book has evolved into one that  sat isfies a huge am bit ion:  To describe and build a vocabulary
about  the very art  of dom ain m odeling. To provide a fram e of reference through which we can
explain this act ivity as well as teach this hard- to- learn skill.  I t 's a book that 's given m e m any new
ideas as it  has taken shape, and I 'd be astonished if even old hands at  conceptual m odeling don't
get  a raft  of new ideas from  reading this book.

Eric also cem ents m any of the things that  we've learned over the years. First , in dom ain m odeling,
you shouldn't  separate the concepts from  the im plem entat ion. An effect ive dom ain m odeler can
not  only use a whiteboard with an accountant , but  also write Java with a program m er. Part ly this
is t rue because you cannot  build a useful conceptual m odel without  considering im plem entat ion
issues. But  the pr im ary reason why concepts and im plem entat ion belong together is this:  The
greatest  value of a dom ain m odel is that  it  provides a ubiquitous language that  t ies dom ain
experts and technologists together.

Another lesson you'll learn from  this book is that  dom ain m odels aren't  first  m odeled and then
im plem ented. Like m any people, I 've com e to reject  the phased thinking of "design, then build."
But  the lesson of Eric's experience is that  the really powerful dom ain m odels evolve over t im e, and
even the m ost  experienced m odelers find that  they gain their  best  ideas after the init ial releases of
a system .

I  think, and hope, that  this will be an enorm ously influent ial book. One that  will add st ructure and
cohesion to a very slippery field while it  teaches a lot  of people how to use a valuable tool. Dom ain
m odels can have big consequences in cont rolling software developm ent—in whatever language or
environm ent  they are im plem ented.

One final yet  im portant  thought . One of things I  m ost  respect  about  this book is that  Eric is not
afraid to talk about  the t im es when he hasn't  been successful. Most  authors like to m aintain an air
of disinterested om nipotence. Eric m akes it  clear that  like m ost  of us, he's tasted both success and
disappointm ent . The im portant  thing is that  he can learn from  both—and m ore im portant  for us is
that  he can pass on his lessons.

Mart in Fowler
April 2003
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Preface

Leading software designers have recognized dom ain m odeling and design as cr it ical topics for at
least  20 years, yet  surprisingly lit t le has been writ ten about  what  needs to be done or how to do it .
Although it  has never been form ulated clearly, a philosophy has em erged as an undercurrent  in
the object  com m unity, a philosophy I  call dom ain-driven design.

I  have spent  the past  decade developing com plex system s in several business and technical
dom ains. I n m y work, I  have t r ied best  pract ices in design and developm ent  process as they have
em erged from  the leaders in object -or iented developm ent . Som e of m y projects were very
successful;  a few failed. A feature com m on to the successes was a r ich dom ain m odel that  evolved
through iterat ions of design and becam e part  of the fabric of the project .

This book provides a fram ework for m aking design decisions and a technical vocabulary for
discussing dom ain design. I t  is a synthesis of widely accepted best  pract ices along with m y own
insights and experiences. Software developm ent  team s facing com plex dom ains can use this
fram ework to approach dom ain-driven design system at ically.
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Contrasting Three Projects

Three projects stand out  in m y m em ory as vivid exam ples of how dram at ically dom ain design
pract ice can affect  developm ent  results. Although all three projects delivered useful software, only
one achieved its am bit ious object ives and produced com plex software that  cont inued to evolve to
m eet  the ongoing needs of the organizat ion.

I  watched one project  get  out  of the gate fast , by delivering a useful, sim ple Web-based t rading
system . Developers were fly ing by the seat  of their  pants, but  this didn't  hinder them  because
sim ple software can be writ ten with lit t le at tent ion to design. As a result  of this init ial success,
expectat ions for future developm ent  were sky-high. That  is when I  was asked to work on the
second version. When I  took a close look, I  saw that  they lacked a dom ain m odel, or even a
com m on language on the project , and were saddled with an unst ructured design. The project
leaders did not  agree with m y assessm ent , and I  declined the job. A year later, the team  found
itself bogged down and unable to deliver a second version. Although their  use of technology was
not  exem plary, it  was the business logic that  over-cam e them . Their first  release had ossified
prem aturely into a high-m aintenance legacy.

Lift ing this ceiling on com plexity calls for a m ore serious approach to the design of dom ain logic.
Early in m y career, I  was fortunate to end up on a project  that  did em phasize dom ain design. This
project , in a dom ain at  least  as com plex as the first  one, also started with a m odest  init ial success,
delivering a sim ple applicat ion for inst itut ional t raders. But  in this case, the init ial delivery was
followed up with successive accelerat ions of developm ent . Each iterat ion opened excit ing new
opt ions for integrat ing and elaborat ing the funct ionality of the previous release. The team  was able
to respond to the needs of the t raders with flexibilit y and expanding capabilit y. This upward
t rajectory was direct ly at t r ibutable to an incisive dom ain m odel, repeatedly refined and expressed
in code. As the team  gained new insight  into the dom ain, the m odel deepened. The quality of
com m unicat ion im proved not  only am ong developers but  also between developers and dom ain
experts, and the design—far from  im posing an ever-heavier m aintenance burden—becam e easier
to m odify and extend.

Unfortunately, projects don't  arr ive at  such a vir tuous cycle just  by taking m odels seriously. One
project  from  m y past  started with lofty aspirat ions to build a global enterprise system  based on a
dom ain m odel, but  after years of disappointm ent , it  lowered its sights and set t led into
convent ionality. The team  had good tools and a good understanding of the business, and it  gave
careful at tent ion to m odeling. But  a poorly chosen separat ion of developer roles disconnected
m odeling from  im plem entat ion, so that  the design did not  reflect  the deep analysis that  was going
on. I n any case, the design of detailed business objects was not  r igorous enough to support
com bining them  in elaborate applicat ions. Repeated iterat ion produced no im provem ent  in the
code, due to uneven skill levels am ong developers, who had no awareness of the inform al body of
style and technique for creat ing m odel-based objects that  also funct ion as pract ical, running
software. As m onths rolled by, developm ent  work becam e m ired in com plexity and the team  lost
its cohesive vision of the system . After years of effort , the project  did produce m odest , useful
software, but  the team  had given up its early am bit ions along with the m odel focus.
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The Challenge of Complexity

Many things can put  a project  off course:  bureaucracy, unclear object ives, and lack of resources,
to nam e a few. But  it  is the approach to design that  largely determ ines how com plex software can
becom e. When com plexity gets out  of hand, developers can no longer understand the software
well enough to change or extend it  easily and safely. On the other hand, a good design can create
opportunit ies to exploit  those com plex features.

Som e design factors are technological. A great  deal of effort  has gone into the design of networks,
databases, and other technical dim ensions of software. Many books have been writ ten about  how
to solve these problem s. Legions of developers have cult ivated their  skills and followed each
technical advancem ent .

Yet  the m ost  significant  com plexity of m any applicat ions is not  technical. I t  is in the dom ain itself,
the act ivity or business of the user. When this dom ain com plexity is not  handled in the design, it
won't  m at ter that  the infrast ructural technology is well conceived. A successful design m ust
system at ically deal with this cent ral aspect  of the software.

The prem ise of this book is twofold:

For m ost  software projects, the pr im ary focus should be on the dom ain and dom ain logic.1 .

Com plex dom ain designs should be based on a m odel.2 .

Dom ain-driven design is both a way of thinking and a set  of pr ior it ies, aim ed at  accelerat ing
software projects that  have to deal with com plicated dom ains. To accom plish that  goal, this book
presents an extensive set  of design pract ices, techniques, and principles.
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Design Versus Development Process

Design books. Process books. They seldom  even reference each other. Each topic is com plex in its
own r ight . This is a design book, but  I  believe that  design and process are inext r icable. Design
concepts m ust  be im plem ented successfully or else they will dry up into academ ic discussion.

When people learn design techniques, they feel excited by the possibilit ies. Then the m essy
realit ies of a real project  descend on them . They can't  fit  the new design ideas with the technology
they m ust  use. Or they don't  know when to let  go of a part icular design aspect  in the interest  of
t im e and when to dig in their  heels and find a clean solut ion. Developers can and do talk with each
other abst ract ly about  the applicat ion of design pr inciples, but  it  is m ore natural to talk about  how
real things get  done. So, although this is a design book, I 'm  going to barge r ight  across that
art ificial boundary into process when I  need to. This will help put  design pr inciples in context .

This book is not  t ied to a part icular m ethodology, but  it  is or iented toward the new fam ily of "Agile
developm ent  processes."  Specifically, it  assum es that  a couple of pract ices are in place on the
project . These two pract ices are prerequisites for applying the approach in this book.

Developm ent  is iterat ive.  I terat ive developm ent  has been advocated and pract iced for
decades, and it  is a cornerstone of Agile developm ent  m ethods. There are m any good
discussions in the literature of Agile developm ent  and Ext rem e Program m ing (or XP) , am ong
them , Surviving Object -Oriented Projects (Cockburn 1998)  and Ext rem e Program m ing

Explained (Beck 1999) .

1 .

Developers and dom ain experts have a close relat ionship.  Dom ain-driven design crunches a
huge am ount  of knowledge into a m odel that  reflects deep insight  into the dom ain and a
focus on the key concepts. This is a collaborat ion between those who know the dom ain and
those who know how to build software. Because developm ent  is iterat ive, this collaborat ion
m ust  cont inue throughout  the project 's life.

2 .

Ext rem e Program m ing, conceived by Kent  Beck, Ward Cunningham , and others (see Ext rem e

Program m ing Explained [ Beck 2000] ) , is the m ost  prom inent  of the Agile processes and the one I
have worked with m ost . Throughout  this book, to m ake explanat ions concrete, I  will use XP as the
basis for discussion of the interact ion of design and process. The principles illust rated are easily
adapted to other Agile processes.

I n recent  years there has been a rebellion against  elaborate developm ent  m ethodologies that
burden projects with useless, stat ic docum ents and obsessive upfront  planning and design.
I nstead, the Agile processes, such as XP, em phasize the abilit y to cope with change and
uncertainty.

Ext rem e Program m ing recognizes the im portance of design decisions, but  it  st rongly resists
upfront  design. I nstead, it  puts an adm irable effort  into com m unicat ion and im proving the
project 's abilit y to change course rapidly. With that  abilit y to react , developers can use the
"sim plest  thing that  could work"  at  any stage of a project  and then cont inuously refactor, m aking
m any sm all design im provem ents, ult im ately arr iving at  a design that  fit s the custom er's t rue
needs.

This m inim alism  has been a m uchneeded ant idote to som e of the excesses of design enthusiasts.
Projects have been bogged down by cum bersom e docum ents that  provided lit t le value. They have
suffered from  "analysis paralysis,"  with team  m em bers so afraid of an im perfect  design that  they
m ade no progress at  all.  Som ething had to change.



Unfortunately, som e of these process ideas can be m isinter-preted. Each person has a different
definit ion of "sim plest ."  Cont inuous refactor ing is a series of sm all redesigns;  developers without
solid design pr inciples will produce a code base that  is hard to understand or change—the opposite
of agilit y. And although fear of unant icipated requirem ents often leads to overengineering, the
at tem pt  to avoid overengineering can develop into another fear:  a fear of doing any deep design
thinking at  all.

I n fact , XP works best  for developers with a sharp design sense. The XP process assum es that  you
can im prove a design by refactor ing, and that  you will do this often and rapidly. But  past  design
choices m ake refactor ing itself either easier or harder. The XP process at tem pts to increase team
com m unicat ion, but  m odel and design choices clar ify or confuse com m unicat ion.

This book intertwines design and developm ent  pract ice and illust rates how dom ain-driven design
and Agile developm ent  reinforce each other. A sophist icated approach to dom ain m odeling within
the context  of an Agile developm ent  process will accelerate developm ent . The interrelat ionship of
process with dom ain developm ent  m akes this approach m ore pract ical than any t reatm ent  of
"pure" design in a vacuum .

[  Team  LiB ]  
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The Structure of This Book

The book is divided into four m ajor sect ions:

Part  I :  Put t ing the Dom ain Model to Work  presents the basic goals of dom ain-driven
developm ent ;  these goals m ot ivate the pract ices in later sect ions. Because there are so
m any approaches to software developm ent , Part  I  defines term s and gives an overview of the
im plicat ions of using the dom ain m odel to dr ive com m unicat ion and design.

Part  I I :  The Building Blocks of a Model-Driven Design condenses a core of best  pract ices in
object -or iented dom ain m odeling into a set  of basic building blocks. This sect ion focuses on
bridging the gap between m odels and pract ical, running software. Sharing these standard
pat terns br ings order to the design. Team  m em bers m ore easily understand each other 's
work. Using standard pat terns also cont r ibutes term inology to a com m on language, which all
team  m em bers can use to discuss m odel and design decisions.

But  the m ain point  of this sect ion is to focus on the kinds of decisions that  keep the m odel
and im plem entat ion aligned with each other, each reinforcing the other 's effect iveness. This
alignm ent  requires at tent ion to the detail of individual elem ents. Careful craft ing at  this sm all
scale gives developers a steady foundat ion from  which to apply the m odeling approaches of
Parts I I I  and I V.

Part  I I I :  Refactor ing Toward Deeper I nsight  goes beyond the building blocks to the challenge
of assem bling them  into pract ical m odels that  provide the payoff. Rather than jum ping
direct ly into esoteric design pr inciples, this sect ion em phasizes the discovery process.
Valuable m odels do not  em erge im m ediately;  they require a deep understanding of the
dom ain. That  understanding com es from  diving in, im plem ent ing an init ial design based on a
probably naive m odel, and then t ransform ing it  again and again. Each t im e the team  gains
insight , the m odel is t ransform ed to reveal that  r icher knowledge, and the code is refactored
to reflect  the deeper m odel and m ake its potent ial available to the applicat ion. Then, once in
a while, this onion peeling leads to an opportunity to break through to a m uch deeper m odel,
at tended by a rush of profound design changes.

Explorat ion is inherent ly openended, but  it  does not  have to be random . Part  I I I  delves into
m odeling pr inciples that  can guide choices along the way, and techniques that  help direct  the
search.

Part  I V:  St rategic Design deals with situat ions that  ar ise in com plex system s, larger
organizat ions, and interact ions with external system s and legacy system s. This sect ion
explores a t r iad of pr inciples that  apply to the system  as a whole:  context , dist illat ion, and
large-scale st ructure. St rategic design decisions are m ade by team s, or even am ong team s.
St rategic design enables the goals of Part  I  to be realized on a larger scale, for a big system
or an applicat ion that  fit s into a sprawling, enterprise-wide network.

Throughout  the book, discussions are illust rated not  with over-sim plified, " toy"  problem s, but  with
realist ic exam ples adapted from  actual projects.

Much of the book is writ ten as a set  of "pat terns."  Readers should be able to understand the
m aterial without  concern about  this device, but  those who are interested in the style and form at  of
the pat terns m ay want  to read the appendix.

Supplem ental m aterials can be found at  ht tp: / / domaindrivendesign.org, including addit ional
exam ple code and com m unity discussion.
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Who Should Read This Book

This book is writ ten pr im arily for developers of object -or iented software. Most  m em bers of a
software project  team  can benefit  from  som e parts of the book. I t  will m ake the m ost  sense to
people who are current ly involved with a project , t rying to do som e of these things as they go
through, and to people who already have deep experience with such projects.

Som e knowledge of object -or iented m odeling is necessary to benefit  from  this book. The exam ples
include UML diagram s and Java code, so the abilit y to read those languages at  a basic level is
im portant , but  it  is unnecessary to have m astered the details of either. Knowledge of Ext rem e
Program m ing will add perspect ive to the discussions of developm ent  process, but  the m aterial
should be understandable to those without  background knowledge.

For interm ediate software developers—readers who already know som ething of object -or iented
design and m ay have read one or two software design books—this book will fill in gaps and provide
perspect ive on how object  m odeling fits into real life on a software project . The book will help
interm ediate developers learn to apply sophist icated m odeling and design skills to pract ical
problems.

Advanced or expert  software developers will be interested in the book's com prehensive fram ework
for dealing with the dom ain. This system at ic approach to design will help technical leaders guide
their team s down this path. Also, the coherent  term inology used through-out  the book will help
advanced developers com m unicate with their  peers.

This book is a narrat ive, and it  can be read from  beginning to end, or from  the beginning of any
chapter. Readers of various backgrounds m ay wish to take different  paths through the book, but  I
do recom m end that  all readers start  with the int roduct ion to Part  I ,  as well as Chapter 1. Beyond
that , the core is probably Chapters 2, 3, 9, and 14. A skim m er who already has som e grasp of a
topic should be able to pick up the m ain points by reading headings and bold text . A very
advanced reader m ay want  to skim  Parts I  and I I  and will probably be m ost  interested in Parts I I I
and I V.

I n addit ion to this core readership, analysts and relat ively technical project  m anagers will also
benefit  from  reading the book. Analysts can draw on the connect ion between m odel and design to
m ake m ore effect ive cont r ibut ions in the context  of an Agile project . Analysts m ay also use som e
of the pr inciples of st rategic design to bet ter focus and organize their  work.

Project  m anagers should be interested in the em phasis on m aking a team  m ore effect ive and m ore
focused on designing software m eaningful to business experts and users. And because st rategic
design decisions are interrelated with team  organizat ion and work styles, these design decisions
necessarily involve the leadership of the project  and have a m ajor im pact  on the project 's
t rajectory.

[  Team  LiB ]  
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A Domain-Driven Team

Although an individual developer who understands dom ain-driven design will gain valuable design
techniques and perspect ive, the biggest  gains com e when a team  joins together to apply a
dom ain-driven design approach and to m ove the dom ain m odel to the project 's center of
discourse. By doing so, the team  m em bers will share a language that  enriches their
com m unicat ion and keeps it  connected to the software. They will produce a lucid im plem entat ion
in step with a m odel, giving leverage to applicat ion developm ent . They will share a m ap of how the
design work of different  team s relates, and they will system at ically focus at tent ion on the features
that  are m ost  dist inct ive and valuable to the organizat ion.

Dom ain-driven design is a difficult  technical challenge that  can pay off big, opening opportunit ies
just  when m ost  software projects begin to ossify into legacy.
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Part I: Putting the Domain Model to Work

This eighteenth-century Chinese m ap represents the whole world. I n the center and taking
up m ost  of the space is China, surrounded by perfunctory representat ions of other count r ies.
This was a m odel of the world appropriate to that  society, which had intent ionally turned
inward. The worldview that  the m ap represents m ust  not  have been helpful in dealing with
foreigners. Certainly it  would not  serve m odern China at  all.  Maps are m odels, and every
m odel represents som e aspect  of reality or an idea that  is of interest . A m odel is a
sim plificat ion. I t  is an interpretat ion of reality that  abst racts the aspects relevant  to solving
the problem  at  hand and ignores ext raneous detail.

Every software program  relates to som e act ivity or interest  of its user. That  subject  area to
which the user applies the program  is the dom ain of the software. Som e dom ains involve the
physical world:  The dom ain of an air line-booking program  involves real people get t ing on real
aircraft . Som e dom ains are intangible:  The dom ain of an account ing program  is m oney and
finance. Software dom ains usually have lit t le to do with com puters, though there are
except ions:  The dom ain of a source-code cont rol system  is software developm ent  itself.

To create software that  is valuably involved in users' act ivit ies, a developm ent  team  m ust
bring to bear a body of knowledge related to those act ivit ies. The breadth of knowledge
required can be daunt ing. The volum e and com plexity of inform at ion can be overwhelm ing.
Models are tools for grappling with this overload. A m odel is a select ively sim plified and
consciously st ructured form  of knowledge. An appropriate m odel m akes sense of inform at ion
and focuses it  on a problem .



A dom ain m odel is not  a part icular diagram ;  it  is the idea that  the diagram  is intended to
convey. I t  is not  just  the knowledge in a dom ain expert 's head;  it  is a r igorously organized

and select ive abst ract ion of that  knowledge.  A diagram  can represent  and com m unicate a
m odel, as can carefully writ ten code, as can an English sentence.

Dom ain m odeling is not  a m at ter of m aking as "realist ic"  a m odel as possible. Even in a
dom ain of tangible real-world things, our m odel is an art ificial creat ion. Nor is it  j ust  the
const ruct ion of a software m echanism  that  gives the necessary results. I t  is m ore like
m oviem aking, loosely represent ing reality to a part icular purpose. Even a docum entary film
does not  show unedited real life. Just  as a m oviem aker selects aspects of experience and
presents them  in an idiosyncrat ic way to tell a story or m ake a point , a dom ain m odeler
chooses a part icular m odel for its ut ilit y.

The Utility of a Model in Domain-Driven Design

I n dom ain-driven design, three basic uses determ ine the choice of a m odel.

The m odel and the heart  of the design shape each other.  I t  is the int im ate link between
the m odel and the im plem entat ion that  m akes the m odel relevant  and ensures that  the
analysis that  went  into it  applies to the final product , a running program . This binding of
m odel and im plem entat ion also helps during m aintenance and cont inuing developm ent ,
because the code can be interpreted based on understanding the m odel. (See Chapter
3.)

1 .

The m odel is the backbone of a language used by all team  m em bers.  Because of the
binding of m odel and im plem entat ion, developers can talk about  the program  in this
language. They can com m unicate with dom ain experts without  t ranslat ion. And because
the language is based on the m odel, our natural linguist ic abilit ies can be turned to
refining the m odel itself. (See Chapter 2.)

2 .

The m odel is dist illed knowledge.  The m odel is the team 's agreed-upon way of
st ructur ing dom ain knowledge and dist inguishing the elem ents of m ost  interest . A
m odel captures how we choose to think about  the dom ain as we select  term s, break
down concepts, and relate them . The shared language allows developers and dom ain
experts to collaborate effect ively as they wrest le inform at ion into this form . The binding
of m odel and im plem entat ion m akes experience with early versions of the software
applicable as feed-back into the m odeling process. (See Chapter 1.)

3 .

The next  three chapters set  out  to exam ine the m eaning and value of each of these
cont r ibut ions in turn, and the ways they are intertwined. Using a m odel in these ways can
support  the developm ent  of software with r ich funct ionality that  would otherwise take a
m assive investm ent  of ad hoc developm ent .

The Heart of Software

The heart  of software is its abilit y to solve dom ain- related problem s for its user. All other
features, vital though they m ay be, support  this basic purpose. When the dom ain is com plex,
this is a difficult  task, calling for the concent rated effort  of talented and skilled people.
Developers have to steep them selves in the dom ain to build up knowledge of the business.
They m ust  hone their  m odeling skills and m aster dom ain design.

Yet  these are not  the pr ior it ies on m ost  software projects. Most  talented developers do not



have m uch interest  in learning about  the specific dom ain in which they are working, m uch
less m aking a m ajor com m itm ent  to expand their  dom ain-m odeling skills. Technical people
enjoy quant ifiable problem s that  exercise their  technical skills. Dom ain work is m essy and
dem ands a lot  of com plicated new knowledge that  doesn't  seem  to add to a com puter
scient ist 's capabilit ies.

I nstead, the technical talent  goes to work on elaborate fram e-works, t rying to solve dom ain
problem s with technology. Learning about  and m odeling the dom ain is left  to others.
Com plexity in the heart  of software has to be tackled head-on. To do otherwise is to r isk
irrelevance.

I n a TV talk show interview, com edian John Cleese told a story of an event  during the film ing
of Monty Python and the Holy Grail.  They had been shoot ing a part icular scene over and
over, but  som ehow it  wasn't  funny. Finally, he took a break and consulted with fellow
com edian Michael Palin ( the other actor in the scene) , and they cam e up with a slight
variat ion. They shot  one m ore take, and it  turned out  funny, so they called it  a day.

The next  m orning, Cleese was looking at  the rough cut  the film  editor had put  together of the
previous day's work. Com ing to the scene they had st ruggled with, Cleese found that  it
wasn't  funny;  one of the earlier takes had been used.

He asked the film  editor why he hadn't  used the last  take, as directed. "Couldn't  use it .
Som eone walked in-shot ,"  the editor replied. Cleese watched the scene again, and then
again. St ill he could see nothing wrong. Finally, the editor stopped the film  and pointed out  a
coat  sleeve that  was visible for a m om ent  at  the edge of the picture.

The film  editor was focused on the precise execut ion of his own specialty. He was concerned
that  other film  editors who saw the m ovie would judge his work based on its technical
perfect ion. I n the process, the heart  of the scene had been lost  ( "The Late Late Show with
Craig Kilborn,"  CBS, Septem ber 2001) .

Fortunately, the funny scene was restored by a director who understood com edy. I n just  the
sam e way, leaders within a team  who understand the cent rality of the dom ain can put  their
software project  back on course when developm ent  of a m odel that  reflects deep
understanding gets lost  in the shuffle.

This book will show that  dom ain developm ent  holds opportunit ies to cult ivate very
sophist icated design skills. The m essiness of m ost  software dom ains is actually an interest ing
technical challenge. I n fact , in m any scient ific disciplines, "com plexity"  is one of the m ost
excit ing current  topics, as researchers at tem pt  to tackle the m essiness of the real world. A
software developer has that  sam e prospect  when facing a com plicated dom ain that  has never
been form alized. Creat ing a lucid m odel that  cuts through that  com plexity is excit ing.

There are system at ic ways of thinking that  developers can em ploy to search for insight  and
produce effect ive m odels. There are design techniques that  can bring order to a sprawling
software applicat ion. Cult ivat ion of these skills m akes a developer m uch m ore valuable, even
in an init ially unfam iliar dom ain.

[  Team  LiB ]  
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Chapter One. Crunching Knowledge

A few years ago, I  set  out  to design a specialized software tool for pr inted-circuit  board (PCB)
design. One catch:  I  didn't  know anything about  elect ronic hardware. I  had access to som e PCB
designers, of course, but  they typically got  m y head spinning in three m inutes. How was I  going to
understand enough to write this software? I  certainly wasn't  going to becom e an elect r ical
engineer before the delivery deadline!

We t r ied having the PCB designers tell m e exact ly what  the software should do. Bad idea. They
were great  circuit  designers, but  their  software ideas usually involved reading in an ASCI I  file,
sort ing it ,  writ ing it  back out  with som e annotat ion, and producing a report . This was clearly not
going to lead to the leap forward in product ivity that  they were looking for.

The first  few m eet ings were discouraging, but  there was a glim m er of hope in the reports they
asked for. They always involved "nets"  and various details about  them . A net , in this dom ain, is
essent ially a wire conductor that  can connect  any num ber of com ponents on a PCB and carry an
elect r ical signal to everything it  is connected to. We had the first  elem ent  of the dom ain m odel.

Fig u r e 1 .1 .

I  started drawing diagram s for them  as we discussed the things they wanted the software to do. I
used an inform al variant  of object  interact ion diagram s to walk through scenarios.

Fig u r e 1 .2 .



PCB Ex p er t  1 :  The com ponents wouldn't  have to be chips.

Dev elop er  ( Me) :  So I  should just  call them  "com ponents"?

Ex p er t  1 :  We call them  "com ponent  instances."  There could be m any of the sam e com ponent .

Ex p er t  2 :  The "net "  box looks just  like a com ponent  instance.

Ex p er t  1 :  He's not  using our notat ion. Everything is a box for them , I  guess.

Dev elop er :  Sorry to say, yes. I  guess I 'd bet ter explain this notat ion a lit t le m ore.

They constant ly corrected m e, and as they did I  started to learn. We ironed out  collisions and
am biguit ies in their  term inology and differences between their  technical opinions, and they
learned. They began to explain things m ore precisely and consistent ly, and we started to develop a
m odel together.

Ex p er t  1 :  I t  isn't  enough to say a signal arr ives at  a ref-des, we have to know the pin.

Dev elop er :  Ref-des?

Ex p er t  2 :  Sam e thing as a com ponent  instance. Ref-des is what  it 's called in a part icular tool we
use.

Ex p er t  1 :  Anyhow, a net  connects a part icular pin of one instance to a part icular pin of another.

Dev elop er :  Are you saying that  a pin belongs to only one com ponent  instance and connects to
only one net?

Ex p er t  1 :  Yes, that 's r ight .

Ex p er t  2 :  Also, every net  has a topology, an arrangem ent  that  determ ines the way the elem ents
of the net  connect .

Dev elop er :  OK, how about  this?

Fig u r e 1 .3 .

To focus our explorat ion, we lim ited ourselves, for a while, to studying one part icular feature. A



"probe sim ulat ion" would t race the propagat ion of a signal to detect  likely sites of certain kinds of
problem s in the design.

Dev elop er :  I  understand how the signal gets carr ied by the Net  to all the Pin s  at tached, but  how
does it  go any further than that? Does the Top o log y  have som ething to do with it?

Ex p er t  2 :  No. The com ponent  pushes the signal through.

Dev elop er :  We certainly can't  m odel the internal behavior of a chip. That 's way too com plicated.

Ex p er t  2 :  We don't  have to. We can use a sim plificat ion. Just  a list  of pushes through the
com ponent  from  certain Pin s  to certain others.

Dev elop er :  Som ething like this?

[ With considerable t r ial-and-error, together we sketched out  a scenario.]

Fig u r e 1 .4 .

Dev elop er :  But  what  exact ly do you need to know from  this com putat ion?

Ex p er t  2 :  We'd be looking for long signal delays—say, any signal path that  was m ore than two or
three hops. I t 's a rule of thum b. I f the path is too long, the signal m ay not  arr ive during the clock
cycle.

Dev elop er :  More than three hops....  So we need to calculate the path lengths. And what  counts
as a hop?

Ex p er t  2 :  Each t im e the signal goes over a Net ,  that 's one hop.

Dev elop er :  So we could pass the num ber of hops along, and a Net  could increm ent  it ,  like this.

Fig u r e 1 .5 .



Dev elop er :  The only part  that  isn't  clear to m e is where the "pushes" com e from . Do we store
that  data for every Com p on en t  I n st an ce?

Ex p er t  2 :  The pushes would be the sam e for all the instances of a com ponent .

Dev elop er :  So the type of com ponent  determ ines the pushes. They'll be the sam e for every
instance?

Fig u r e 1 .6 .

Ex p er t  2 :  I 'm  not  sure exact ly what  som e of this m eans, but  I  would im agine stor ing push-
throughs for each com ponent  would look som ething like that .

Dev elop er :  Sorry, I  got  a lit t le too detailed there. I  was just  thinking it  through. . .  .  So, now,
where does the Top o log y  com e into it?

Ex p er t  1 :  That 's not  used for the probe sim ulat ion.

Dev elop er :  Then I 'm  going to drop it  out  for now, OK? We can bring it  back when we get  to those
features.

And so it  went  (with m uch m ore stum bling than is shown here) . Brainstorm ing and refining;
quest ioning and explaining. The m odel developed along with m y understanding of the dom ain and



their  understanding of how the m odel would play into the solut ion. A class diagram  represent ing
that  early m odel looks som ething like this.

Fig u r e 1 .7 .

After a couple m ore part - t im e days of this, I  felt  I  understood enough to at tem pt  som e code. I
wrote a very sim ple prototype, dr iven by an autom ated test  fram ework. I  avoided all
infrast ructure. There was no persistence, and no user interface (UI ) . This allowed m e to
concent rate on the behavior. I  was able to dem onst rate a sim ple probe sim ulat ion in just  a few
m ore days. Although it  used dum m y data and wrote raw text  to the console, it  was nonetheless
doing the actual com putat ion of path lengths using Java objects. Those Java objects reflected a
m odel shared by the dom ain experts and m yself.

The concreteness of this prototype m ade clearer to the dom ain experts what  the m odel m eant  and
how it  related to the funct ioning software. From  that  point , our m odel discussions becam e m ore
interact ive, as they could see how I  incorporated m y newly acquired knowledge into the m odel and
then into the software. And they had concrete feedback from  the prototype to evaluate their  own
thoughts.

Em bedded in that  m odel, which naturally becam e m uch m ore com plicated than the one shown
here, was knowledge about  the dom ain of PCB relevant  to the problem s we were solving. I t
consolidated m any synonym s and slight  variat ions in descript ions. I t  excluded hundreds of facts
that  the engineers understood but  that  were not  direct ly relevant , such as the actual digital
features of the com ponents. A software specialist  like m e could look at  the diagram s and in
m inutes start  to get  a gr ip on what  the software was about . He or she would have a fram ework to
organize new inform at ion and learn faster, to m ake bet ter guesses about  what  was im portant  and
what  was not , and to com m unicate bet ter with the PCB engineers.

As the engineers described new features they needed, I  m ade them  walk m e through scenarios of
how the objects interacted. When the m odel objects couldn't  carry us through an im portant
scenario, we brainstorm ed new ones or changed old ones, crunching their  knowledge. We refined
the m odel;  the code coevolved. A few m onths later the PCB engineers had a r ich tool that
exceeded their  expectat ions.
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Ingredients of Effective Modeling

Certain things we did led to the success I  just  described.

Binding the m odel and the im plem entat ion .  That  crude prototype forged the essent ial link
early, and it  was m aintained through all subsequent  iterat ions.

1 .

Cult ivat ing a language based on the m odel .  At  first , the engineers had to explain elem entary
PCB issues to m e, and I  had to explain what  a class diagram  m eant . But  as the project
proceeded, any of us could take term s st raight  out  of the m odel, organize them  into
sentences consistent  with the st ructure of the m odel, and be un-am biguously understood
without  t ranslat ion.

2 .

Developing a knowledge- r ich m odel.  The objects had behavior and enforced rules. The m odel
wasn't  just  a data schem a;  it  was integral to solving a com plex problem . I t  captured
knowledge of various kinds.

3 .

Dist illing the m odel.  I m portant  concepts were added to the m odel as it  becam e m ore
com plete, but  equally im portant , concepts were dropped when they didn't  prove useful or
cent ral. When an unneeded concept  was t ied to one that  was needed, a new m odel was
found that  dist inguished the essent ial concept  so that  the other could be dropped.

4 .

Brainstorm ing and experim ent ing.  The language, com bined with sketches and a
brainstorm ing at t itude, turned our discussions into laborator ies of the m odel, in which
hundreds of experim ental variat ions could be exercised, t r ied, and judged. As the team  went
through scenarios, the spoken expressions them selves provided a quick viabilit y test  of a
proposed m odel, as the ear could quickly detect  either the clar ity and ease or the
awkwardness of expression.

5 .

I t  is the creat ivity of brainstorm ing and m assive experim entat ion, leveraged through a m odel-
based language and disciplined by the feedback loop through im plem entat ion, that  m akes it
possible to find a knowledge- r ich m odel and dist ill it .  This kind of knowledge crunching turns the
knowledge of the team  into valuable m odels.

[  Team  LiB ]  
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Knowledge Crunching

Financial analysts crunch num bers. They sift  through ream s of detailed figures, com bining and
recom bining them  looking for the underlying m eaning, searching for a sim ple presentat ion that
br ings out  what  is really im portant—an understanding that  can be the basis of a financial decision.

Effect ive dom ain m odelers are knowledge crunchers. They take a torrent  of inform at ion and probe
for the relevant  t r ickle. They t ry one organizing idea after another, searching for the sim ple view
that  m akes sense of the m ass. Many m odels are t r ied and rejected or t ransform ed. Success com es
in an em erging set  of abst ract  concepts that  m akes sense of all the detail.  This dist illat ion is a
r igorous expression of the part icular knowledge that  has been found m ost  relevant .

Knowledge crunching is not  a solitary act ivity. A team  of developers and dom ain experts
collaborate, typically led by developers. Together they draw in inform at ion and crunch it  into a
useful form . The raw m aterial com es from  the m inds of dom ain experts, from  users of exist ing
system s, from  the pr ior experience of the technical team  with a related legacy system  or another
project  in the sam e dom ain. I t  com es in the form  of docum ents writ ten for the project  or used in
the business, and lots and lots of talk. Early versions or prototypes feed experience back into the
team  and change interpretat ions.

I n the old waterfall m ethod, the business experts talk to the analysts, and analysts digest  and
abst ract  and pass the result  along to the program m ers, who code the software. This approach fails
because it  com pletely lacks feedback. The analysts have full responsibilit y for creat ing the m odel,
based only on input  from  the business experts. They have no opportunity to learn from  the
program m ers or gain experience with early versions of software. Knowledge t r ickles in one
direct ion, but  does not  accum ulate.

Other projects use an iterat ive process, but  they fail to build up knowledge because they don't
abst ract . Developers get  the experts to describe a desired feature and then they go build it .  They
show the experts the result  and ask what  to do next . I f the program m ers pract ice refactor ing,
they can keep the software clean enough to cont inue extending it ,  but  if program m ers are not
interested in the dom ain, they learn only what  the applicat ion should do, not  the pr inciples behind
it . Useful software can be built  that  way, but  the project  will never arr ive at  a point  where powerful
new features unfold as corollar ies to older features.

Good program m ers will naturally start  to abst ract  and develop a m odel that  can do m ore work.
But  when this happens only in a technical set t ing, without  collaborat ion with dom ain experts, the
concepts are naive. That  shallowness of knowledge produces software that  does a basic job but
lacks a deep connect ion to the dom ain expert 's way of thinking.

The interact ion between team  m em bers changes as all m em bers crunch the m odel together. The
constant  refinem ent  of the dom ain m odel forces the developers to learn the im portant  pr inciples of
the business they are assist ing, rather than to produce funct ions m echanically. The dom ain
experts often refine their  own understanding by being forced to dist ill what  they know to
essent ials, and they com e to understand the conceptual r igor that  software projects require.

All this m akes the team  m em bers m ore com petent  knowledge crunchers. They winnow out  the
ext raneous. They recast  the m odel into an ever m ore useful form . Because analysts and
program m ers are feeding into it ,  it  is cleanly organized and abst racted, so it  can provide leverage
for the im plem entat ion. Because the dom ain experts are feeding into it ,  the m odel reflects deep
knowledge of the business. The abst ract ions are t rue business pr inciples.



As the m odel im proves, it  becom es a tool for organizing the inform at ion that  cont inues to flow
through the project . The m odel focuses requirem ents analysis. I t  int im ately interacts with
program m ing and design. And in a vir tuous cycle, it  deepens team  m em bers' in-sight  into the
dom ain, let t ing them  see m ore clearly and leading to further refinem ent  of the m odel. These
m odels are never perfect ;  they evolve. They m ust  be pract ical and useful in m aking sense of the
dom ain. They m ust  be r igorous enough to m ake the applicat ion sim ple to im plem ent  and
understand.
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Continuous Learning

When we set  out  to write software, we never know enough. Knowledge on the project  is
fragm ented, scat tered am ong m any people and docum ents, and it 's m ixed with other inform at ion
so that  we don't  even know which bits of knowledge we really need. Dom ains that  seem  less
technically daunt ing can be deceiving:  we don't  realize how m uch we don't  know. This ignorance
leads us to m ake false assum pt ions.

Meanwhile, all projects leak knowledge. People who have learned som ething m ove on.
Reorganizat ion scat ters the team , and the knowledge is fragm ented again. Crucial subsystem s are
out -sourced in such a way that  code is delivered but  knowledge isn't .  And with typical design
approaches, the code and docum ents don't  express this hard-earned knowledge in a usable form ,
so when the oral t radit ion is interrupted for any reason, the knowledge is lost .

Highly product ive team s grow their knowledge consciously, pract icing cont inuous learning

(Kerievsky 2003) . For developers, this m eans im proving technical knowledge, along with general
dom ain-m odeling skills (such as those in this book) . But  it  also includes serious learning about  the
specific dom ain they are working in.

These self-educated team  m em bers form  a stable core of people to focus on the developm ent
tasks that  involve the m ost  cr it ical areas. (For m ore on this, see Chapter 15.)  The accum ulated
knowledge in the m inds of this core team  m akes them  m ore effect ive knowledge crunchers.

At  this point , stop and ask yourself a quest ion. Did you learn som ething about  the PCB design
process? Although this exam ple has been a superficial t reatm ent  of that  dom ain, there should be
som e learning when a dom ain m odel is discussed. I  learned an enorm ous am ount . I  did not  learn
how to be a PCB engineer. That  was not  the goal. I  learned to talk to PCB experts, understand the
m ajor concepts relevant  to the applicat ion, and sanity-check what  we were building.

I n fact , our team  eventually discovered that  the probe sim ulat ion was a low prior ity for
developm ent , and the feature was eventually dropped altogether. With it  went  the parts of the
m odel that  captured understanding of pushing signals through com ponents and count ing hops. The
core of the applicat ion turned out  to lie else-where, and the m odel changed to br ing those aspects
onto center stage. The dom ain experts had learned m ore and had clar ified the goal of the
applicat ion. ( Chapter 15 discusses these issues in depth.)

Even so, the early work was essent ial. Key m odel elem ents were retained, but  m ore im portant ,
that  work set  in m ot ion the process of knowledge crunching that  m ade all subsequent  work
effect ive:  the knowledge gained by team  m em bers, developers, and dom ain experts alike;  the
beginnings of a shared language;  and the closing of a feedback loop through im plem entat ion. A
voyage of discovery has to start  som ewhere.
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Knowledge-Rich Design

The kind of knowledge captured in a m odel such as the PCB exam ple goes beyond " find the
nouns."  Business act ivit ies and rules are as cent ral to a dom ain as are the ent it ies involved;  any
dom ain will have various categories of concepts. Knowledge crunching yields m odels that  reflect
this kind of insight . I n parallel with m odel changes, developers refactor the im plem entat ion to
express the m odel, giving the applicat ion use of that  knowledge.

I t  is with this m ove beyond ent it ies and values that  knowledge crunching can get  intense, because
there m ay be actual inconsistency am ong business rules. Dom ain experts are usually not  aware of
how com plex their  m ental processes are as, in the course of their  work, they navigate all these
rules, reconcile cont radict ions, and fill in gaps with com m on sense. Software can't  do this. I t  is
through knowledge crunching in close collaborat ion with software experts that  the rules are
clar ified, fleshed out , reconciled, or placed out  of scope.

Example

Extracting a Hidden Concept

Let 's start  with a very sim ple dom ain m odel that  could be the basis of an applicat ion for booking
cargos onto a voyage of a ship.

Fig u r e 1 .8 .

We can state that  the booking applicat ion's responsibilit y is to associate each Car g o  with a
Voy ag e ,  recording and t racking that  relat ionship. So far so good. Som ewhere in the applicat ion
code there could be a m ethod like this:

public int makeBooking(Cargo cargo, Voyage voyage) {
   int confirmation = orderConfirmationSequence.next();
   voyage.addCargo(cargo, confirmation);
   return confirmation;
}

Because there are always last -m inute cancellat ions, standard pract ice in the shipping indust ry is to
accept  m ore cargo than a part icular vessel can carry on a voyage. This is called "overbooking."
Som et im es a sim ple percentage of capacity is used, such as booking 110 percent  of capacity. I n
other cases com plex rules are applied, favoring m ajor custom ers or certain kinds of cargo.



This is a basic st rategy in the shipping dom ain that  would be known to any businessperson in the
shipping indust ry, but  it  m ight  not  be understood by all technical people on a software team .

The requirem ents docum ent  contains this line:

Allow 10%  overbooking.

The class diagram  and code now look like this:

Fig u r e 1 .9 .

public int makeBooking(Cargo cargo, Voyage voyage) {
   double maxBooking = voyage.capacity() * 1.1;
   if ((voyage.bookedCargoSize() + cargo.size()) > maxBooking)
       return –1;
   int confirmation = orderConfirmationSequence.next();
   voyage.addCargo(cargo, confirmation);
   return confirmation;
}

Now an im portant  business rule is hidden as a guard clause in an applicat ion m ethod. Later, in
Chapter 4, we'll look at  the pr inciple of LAYERED ARCHI TECTURE,  which would guide us to m ove the
over-booking rule into a dom ain object , but  for now let 's concent rate on how we could m ake this
knowledge m ore explicit  and accessible to everyone on the project . This will br ing us to a sim ilar
solut ion.

As writ ten, it  is unlikely that  any business expert  could read this code to verify the rule, even
with the guidance of a developer.

1 .

I t  would be difficult  for a technical, non-businessperson to connect  the requirem ent  text  with
the code.

2 .

I f the rule were m ore com plex, that  m uch m ore would be at  stake.

We can change the design to bet ter capture this knowledge. The overbooking rule is a policy.
Policy is another nam e for the design pat tern known as STRATEGY (Gam m a et  al. 1995) . I t  is
usually m ot ivated by the need to subst itute different  rules, which is not  needed here, as far as we
know. But  the concept  we are t rying to capture does fit  the m eaning of a policy, which is an
equally im portant  m ot ivat ion in dom ain-driven design. (See Chapter 12, "Relat ing Design Pat terns
to the Model." )

Fig u r e 1 .1 0 .



The code is now:

public int makeBooking(Cargo cargo, Voyage voyage) {
   if (!overbookingPolicy.isAllowed(cargo, voyage)) return –1;
   int confirmation = orderConfirmationSequence.next();
   voyage.addCargo(cargo, confirmation);
   return confirmation;
}

The new Ov er b ook in g  Po l icy  class contains this m ethod:

public boolean isAllowed(Cargo cargo, Voyage voyage) {
   return (cargo.size() + voyage.bookedCargoSize()) <=
         (voyage.capacity() * 1.1);
}

I t  will be clear to all that  overbooking is a dist inct  policy, and the im plem entat ion of that  rule is
explicit  and separate.

Now, I  am  not  recom m ending that  such an elaborate design be applied to every detail of the

dom ain.  Chapter 15, "Dist illat ion,"  goes into depth on how to focus on the im portant  and m inim ize
or separate everything else. This exam ple is m eant  to show that  a dom ain m odel and
corresponding design can be used to secure and share knowledge. The m ore explicit  design has
these advantages:

I n order to br ing the design to this stage, the program m ers and everyone else involved will
have com e to understand the nature of overbooking as a dist inct  and im portant  business
rule, not  just  an obscure calculat ion.

1 .

Program m ers can show business experts technical art ifacts, even code, that  should be
intelligible to dom ain experts (with guidance) , thereby closing the feedback loop.

2 .
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Deep Models

Useful m odels seldom  lie on the surface. As we com e to understand the dom ain and the needs of
the applicat ion, we usually discard superficial m odel elem ents that  seem ed im portant  in the
beginning, or we shift  their  perspect ive. Subt le abst ract ions em erge that  would not  have occurred
to us at  the outset  but  that  pierce to the heart  of the m at ter.

The preceding exam ple is loosely based on one of the projects that  I ' ll be drawing on for several
exam ples throughout  the book:  a container shipping system . The exam ples in this book will be
kept  accessible to non-shipping experts. But  on a real project , where cont inuous learning prepares
the team  m em bers, m odels of ut ilit y and clar ity often call for sophist icat ion both in the dom ain and
in m odeling technique.

On that  project , because a shipm ent  begins with the act  of booking cargo, we developed a m odel
that  allowed us to describe the cargo, its it inerary, and so on. This was all necessary and useful,
yet  the dom ain experts felt  dissat isfied. There was a way they looked at  their  business that  we
were m issing.

Eventually, after m onths of knowledge crunching, we realized that  the handling of cargo, the
physical loading and unloading, the m ovem ents from  place to place, was largely carr ied out  by
subcont ractors or by operat ional people in the com pany. I n the view of our shipping experts, there
was a series of t ransfers of responsibilit y between part ies. A process governed that  t ransfer of
legal and pract ical responsibilit y, from  the shipper to som e local carr ier, from  one carr ier to
another, and finally to the consignee. Often, the cargo would sit  in a warehouse while im portant
steps were being taken. At  other t im es, the cargo would m ove through com plex physical steps
that  were not  relevant  to the shipping com pany's business decisions. Rather than the logist ics of
the it inerary, what  cam e to the fore were legal docum ents such as the bill of lading, and processes
leading to the release of paym ents.

This deeper view of the shipping business did not  lead to the rem oval of the I t inerary object , but
the m odel changed profoundly. Our view of shipping changed from  m oving containers from  place
to place, to t ransferr ing responsibilit y for cargo from  ent ity to ent ity. Features for handling these
t ransfers of responsibilit y were no longer awkwardly at tached to loading operat ions, but  were
supported by a m odel that  cam e out  of an understanding of the significant  relat ionship between
those operat ions and those responsibilit ies.

Knowledge crunching is an explorat ion, and you can't  know where you will end up.
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Chapter Two. Communication and the Use
of Language

A dom ain m odel can be the core of a com m on language for a software project . The m odel is a set
of concepts built  up in the heads of people on the project , with term s and relat ionships that  reflect
dom ain insight . These term s and interrelat ionships provide the sem ant ics of a language that  is
tailored to the dom ain while being precise enough for technical developm ent . This is a crucial cord
that  weaves the m odel into developm ent  act ivity and binds it  with the code.

This m odel-based com m unicat ion is not  lim ited to diagram s in Unified Modeling Language (UML) .
To m ake m ost  effect ive use of a m odel, it  needs to pervade every m edium  of com m unicat ion. I t
increases the ut ilit y of writ ten text  docum ents, as well as the inform al diagram s and casual
conversat ion reem phasized in Agile processes. I t  im proves com m unicat ion through the code itself
and through the tests for that  code.

The use of language on a project  is subt le but  all- im portant . .  .  .
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Ubiquitous Language

For first  you write a sentence,
And then you chop it  small;
Then m ix the bits, and sort  them out
Just  as they chance to fall:
The order of the phrases makes
No difference at  all.

—Lewis Carroll,  "Poeta Fit , Non Nascitur"

To create a supple, knowledge- r ich design calls for a versat ile, shared team  language, and a lively
experim entat ion with language that  seldom  happens on software projects.

  

Dom ain experts have lim ited understanding of the technical jargon of software developm ent , but
they use the jargon of their  field—probably in various flavors. Developers, on the other hand, m ay
understand and discuss the system  in descript ive, funct ional term s, devoid of the m eaning carr ied
by the experts' language. Or developers m ay create abst ract ions that  support  their  design but  are
not  understood by the dom ain experts. Developers working on different  parts of the problem  work
out  their  own design concepts and ways of describing the dom ain.

Across this linguist ic divide, the dom ain experts vaguely describe what  they want . Developers,
st ruggling to understand a dom ain new to them , vaguely understand. A few m em bers of the team
m anage to becom e bilingual, but  they becom e bot t lenecks of inform at ion flow, and their
t ranslat ions are inexact .

On a project  without  a com m on language, developers have to t ranslate for dom ain experts.
Dom ain experts t ranslate between developers and st ill other dom ain experts. Developers even
t ranslate for each other. Translat ion m uddles m odel concepts, which leads to dest ruct ive
refactor ing of code. The indirectness of com m unicat ion conceals the form at ion of
schism s—different  team  m em bers use term s different ly but  don't  realize it .  This leads to unreliable
software that  doesn't  fit  together (see Chapter 14) . The effort  of t ranslat ion prevents the interplay
of knowledge and ideas that  lead to deep m odel insights.

A p r o j ect  f aces ser iou s p r ob lem s w h en  i t s lan g u ag e is f r act u r ed . Dom ain  ex p er t s u se

t h ei r  j a r g on  w h i le  t ech n ica l  t eam  m em b er s h av e t h ei r  ow n  lan g u ag e t u n ed  f o r

d iscu ssin g  t h e d om ain  in  t er m s o f  d esig n .

Th e t er m in o log y  o f  d ay - t o - d ay  d iscu ssion s is d iscon n ect ed  f r om  t h e t er m in o log y

em b ed d ed  in  t h e cod e ( u l t im at e ly  t h e m ost  im p or t an t  p r od u ct  o f  a  so f t w ar e p r o j ect ) .

An d  ev en  t h e sam e p er son  u ses d i f f er en t  lan g u ag e in  sp eech  an d  in  w r i t in g , so  t h at  t h e

m ost  in cisiv e ex p r ession s o f  t h e d om ain  o f t en  em er g e in  a  t r an sien t  f o r m  t h at  i s n ev er

cap t u r ed  in  t h e cod e o r  ev en  in  w r i t in g .

Tr an sla t ion  b lu n t s com m u n icat ion  an d  m ak es k n ow led g e cr u n ch in g  an em ic.

Yet  n on e o f  t h ese d ia lect s can  b e a com m on  lan g u ag e b ecau se n on e ser v es a l l  n eed s.

The overhead cost  of all the t ranslat ion, plus the r isk of m isunderstanding, is just  too high. A
project  needs a com m on language that  is m ore robust  than the lowest  com m on denom inator. With
a conscious effort  by the team , the dom ain m odel can provide the backbone for that  com m on



language, while connect ing team  com m unicat ion to the software im plem entat ion. That  language
can be ubiquitous in the team 's work.

The vocabulary of that  UBI QUI TOUS LANGUAGE includes the nam es of classes and prom inent
operat ions. The LANGUAGE includes term s to discuss rules that  have been m ade explicit  in the
m odel. I t  is supplem ented with term s from  high- level organizing pr inciples im posed on the m odel
(such as CONTEXT MAPS and large-scale st ructures, which will be discussed in Chapters 14 and 16) .
Finally, this language is enriched with the nam es of pat terns the team  com m only applies to the
dom ain m odel.

The m odel relat ionships becom e the com binatory rules all languages have. The m eanings of words
and phrases echo the sem ant ics of the m odel.

The m odel-based language should be used am ong developers to describe not  only art ifacts in the
system , but  tasks and funct ionality. This sam e m odel should supply the language for the
developers and dom ain experts to com m unicate with each other, and for the dom ain experts to
com m unicate am ong them selves about  requirem ents, developm ent  planning, and features. The
m ore pervasively the language is used, the m ore sm oothly understanding will flow.

At  least , this is where we need to go. But  init ially the m odel m ay sim ply not  be good enough to fill
these roles. I t  m ay lack the sem ant ic r ichness of the specialized jargons of the field. But  those
jargons can't  be used unadulterated because they contain am biguit ies and cont radict ions. I t  m ay
lack the m ore subt le and act ive features the developers have created in the code, either because
they do not  think of those as part  of a m odel, or because the coding style is procedural and only
im plicit ly carr ies those concepts of the dom ain.

But  although the sequence seem s circular, the knowledge crunching process that  can produce a
m ore useful kind of m odel depends on the team 's com m itm ent  to m odel-based language.
Persistent  use of the UBI QUI TOUS LANGUAGE will force the m odel's weaknesses into the open. The
team  will experim ent  and find alternat ives to awkward term s or com binat ions. As gaps are found
in the language, new words will enter the discussion. These changes to the language will be

recognized as changes in the dom ain m odel and will lead the team  to update class diagram s and
renam e classes and m ethods in the code, or even change behavior, when the m eaning of a term
changes.

Com m it ted to using this language in the context  of im plem entat ion, the developers will point  out
im precision or cont radict ions, engaging the dom ain experts in discovering workable alternat ives.

Of course, dom ain experts will speak outside the scope of the UBI QUI TOUS LANGUAGE,  to explain and
give broader context . But  within the scope the m odel addresses, they should use LANGUAGE and
raise concerns when they find it  awkward or incom plete—or wrong. By using the m odel-based
language pervasively and not  being sat isfied unt il it  flows, we approach a m odel that  is com plete
and com prehensible, m ade up of sim ple elem ents that  com bine to express com plex ideas.

Therefore:

Use t h e m od el  as t h e b ack b on e o f  a  lan g u ag e. Com m i t  t h e t eam  t o  ex er cisin g  t h at

lan g u ag e r e len t lessly  in  a l l  com m u n icat ion  w i t h in  t h e t eam  an d  in  t h e cod e. Use t h e

sam e lan g u ag e in  d iag r am s, w r i t in g , an d  esp ecia l l y  sp eech .

I r on  ou t  d i f f i cu l t ies b y  ex p er im en t in g  w i t h  a l t er n at iv e ex p r ession s, w h ich  r ef lect

a l t er n at iv e m od els. Th en  r ef act o r  t h e cod e, r en am in g  classes, m et h od s, an d  m od u les t o

con f o r m  t o  t h e n ew  m od el . Reso lv e con f u sion  ov er  t er m s in  con v er sat ion , in  j u st  t h e

w ay  w e com e t o  ag r ee on  t h e m ean in g  o f  o r d in ar y  w or d s.

Recog n ize t h at  a  ch an g e in  t h e UBI QUI TOUS LANGUAGE i s a  ch an g e t o  t h e m od el .

Dom ain  ex p er t s sh ou ld  ob j ect  t o  t er m s o r  st r u ct u r es t h at  ar e aw k w ar d  o r  in ad eq u at e t o



con v ey  d om ain  u n d er st an d in g ;  d ev elop er s sh ou ld  w at ch  f o r  am b ig u i t y  o r  in con sist en cy

t h at  w i l l  t r ip  u p  d esig n .

With a UBI QUI TOUS LANGUAGE,  the m odel is not  just  a design art ifact . I t  becom es integral to
everything the developers and dom ain experts do together. The LANGUAGE carr ies knowledge in a
dynam ic form . Discussion in the LANGUAGE br ings to life the m eaning behind the diagram s and
code.

  

This discussion of UBI QUI TOUS LANGUAGE assum es that  there is just  one m odel in play. Chapter 14,
"Maintaining Model I ntegrity,"  deals with the coexistence of different  m odels (and LANGUAGES)  and
how to keep a m odel from  splinter ing.

The UBI QUI TOUS LANGUAGE is the pr im ary carr ier of the aspects of design that  don't  appear in
code—large-scale st ructures that  organize the whole system  (see Chapter 16) , BOUNDED CONTEXTS

that  define the relat ionships of different  system s and m odels (see Chapter 14) , and other pat terns
applied to the m odel and design.

Example

Working Out a Cargo Router

The following two dialogs have subt le, but  im portant , differences. I n each scenario, watch for how
m uch the speakers talk about  what  the software m eans to the business versus how it  works
technically. Are the user and developer speaking the sam e language? I s that  language r ich enough
to carry the discussion of what  the applicat ion m ust  do?

Scenario 1: Minimal Abstraction of the Domain

Fig u r e 2 .1 .

User :  So when we change the custom s clearance point , we need to redo the whole rout ing plan.



Dev elop er :  Right . We'll delete all the rows in the shipm ent  table with that  cargo id, then we'll
pass the or igin, dest inat ion, and the new custom s clearance point  into the Rou t in g  Ser v ice,  and
it  will re-populate the table. We'll have to have a Boolean in the Car g o  so we'll know there is data
in the shipm ent  table.

User :  Delete the rows? OK, whatever. Anyway, if we didn't  have a custom s clearance point  at  all
before, we'll have to do the sam e thing.

Dev elop er :  Sure, anyt im e you change the or igin, dest inat ion, or custom s clearance point  (or
enter one for the first  t im e) , we'll check to see if we have shipm ent  data and then we'll delete it
and then let  the Rou t in g  Ser v ice  regenerate it .

User :  Of course, if the old custom s clearance just  happened to be the r ight  one, we wouldn't  want
to do that .

Dev elop er :  Oh, no problem . I t 's easier to just  m ake the Rou t in g  Ser v ice  redo the loads and
unloads every t im e.

User :  Yes, but  it 's ext ra work for us to m ake all the support ing plans for a new it inerary, so we
don't  want  to reroute unless the change necessitates it .

Dev elop er :  Ugh.  Well,  then, if you are enter ing a custom s clearance point  for the first  t im e, we'll
have to query the table to find the old derived custom s clearance point , and then com pare it  to the
new one. Then we'll know if we need to redo it .

User :  You won't  have to worry about  this on or igin or dest inat ion, since the it inerary would always
change then.

Dev elop er :  Good. We won't .

Scenario 2: Domain Model Enriched to Support Discussion

Fig u r e 2 .2 .

User :  So when we change the custom s clearance point , we need to redo the whole rout ing plan.



Dev elop er :  Right . When you change any of the at t r ibutes in the Rou t e Sp eci f i cat ion ,  we'll
delete the old I t in er ar y  and ask the Rou t in g  Ser v ice  to generate a new one based on the new
Rou t e Sp eci f i cat ion .

User :  I f we hadn't  specified a custom s clearance point  at  all before, we'll have to do that  at  the
sam e t im e.

Dev elop er :  Sure, anyt im e you change anything in the Rou t e Sp ec ,  we'll regenerate the
I t in er ar y .  That  includes entering som ething for the first  t im e.

User :  Of course, if the old custom s clearance just  happened to be the r ight  one, we wouldn't  want
to do that .

Dev elop er :  Oh, no problem . I t 's easier to just  m ake the Rou t in g  Ser v ice  redo the I t in er ar y

every t im e.

User :  Yes, but  it 's ext ra work for us to m ake all the support ing plans for a new I t in er ar y ,  so we
don't  want  to reroute unless the change necessitates it .

Dev elop er :  Oh. Then we'll have to add som e funct ionality to the Rou t e Sp eci f i cat ion .  Then,
whenever you change anything in the Sp ec ,  we'll see if the I t in er ar y  st ill sat isfies the
Sp eci f i cat ion .  I f it  doesn't , we'll have the Rou t in g  Ser v ice  regenerate the I t in er ar y .

User :  You won't  have to worry about  this on or igin or dest inat ion, since the I t in er ar y  would
always change then.

Dev elop er :  Fine, but  it  will be sim pler for us to just  do the com parison every t im e. The I t in er ar y

will only be generated when the Rou t e Sp eci f i cat ion  is no longer sat isfied.

The second dialog conveys m ore of the intent  of the dom ain expert . The user em ployed the word
" it inerary"  in both dialogs, but  in the second it  was an object  the two could discuss precisely,
concretely. They discussed the "route specificat ion" explicit ly, instead of describing it  each t im e in
term s of at t r ibutes and procedures.

These two dialogs were deliberately const ructed to closely parallel each other. Realist ically, the
first  would have been m ore verbose, bloated with explanat ions of applicat ion features and
m iscom m unicat ions. The dom ain-m odel-based term inology of the second design m akes the second
dialog m ore concise.

[  Team  LiB ]  
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Modeling Out Loud

The detachm ent  of speech from  other form s of com m unicat ion is a part icular ly great  loss because
we hum ans have a genius for spoken language. Unfortunately, when people speak, they usually
don't  use the language of the dom ain m odel.

That  statem ent  m ay not  r ing t rue for you init ially, and indeed there are except ions. But  the next
t im e you at tend a requirem ents or design discussion, really listen. You'll hear descript ions of
features in business jargon or laym an's versions of the jargon. You'll hear talk about  technical
art ifacts and concrete funct ionality. Sure, you'll hear term s from  the dom ain m odel;  obvious nouns
in the com m on language from  the business jargon will typically be coded as objects, and so those
term s will tend to be m ent ioned. But  do you hear phrases that  could even rem otely be described in
term s of relat ionships and interact ions in your current  dom ain m odel?

One of the best  ways to refine a m odel is to explore with speech, t rying out  loud various
const ructs from  possible m odel variat ions. Rough edges are easy to hear.

" I f we give the Rou t in g  Ser v ice  an or igin, dest inat ion, and arr ival t im e, it  can look up the
stops the cargo will have to m ake and, well .  .  .  st ick them  in the database."  (vague and

technical)

"The origin, dest inat ion, and so on . .  .  it  all feeds into the Rou t in g  Ser v ice ,  and we get
back an I t in er ar y  that  has everything we need in it ."  ( m ore com plete, but  verbose)

"A Rou t in g  Ser v ice  finds an I t in er ar y  that  sat isfies a Rou t e Sp eci f i cat ion ."  (concise)

I t  is vital that  we play around with words and phrases, harnessing our linguist ic abilit ies to the
m odeling effort , j ust  as it  is vital to engage our visual/ spat ial reasoning by sketching diagram s.
Just  as we em ploy our analyt ical abilit ies with m ethodical analysis and design, and that  m ysterious
"feel"  of the code. These ways of thinking com plem ent  each other, and it  takes all of them  to find
useful m odels and designs. Of all of these, experim ent ing with language is m ost  often overlooked.
(Part  I I I  of this book will delve into this discovery process and show this interplay in several
dialogs.)

I n fact , our brains seem  to be som ewhat  specialized for dealing with com plexity in spoken
language (one good t reatm ent  for laym en, like m yself, is The Language I nst inct ,  by Steven Pinker
[ Pinker 1994] ) . For exam ple, when people of different  language backgrounds com e together for
com m erce, if they don't  have a com m on language they invent  one, called a pidgin .  The pidgin is
not  as com prehensive as the speakers' or iginal languages, but  it  is suited to the task at  hand.
When people are talking, they naturally discover differences in interpretat ion and the m eaning of
their  words, and they naturally resolve those differences. They find rough spots in the language
and sm ooth them  out .

Once I  took an intensive Spanish class in college. The rule in the classroom  was that  not  a word of
English could be spoken. At  first , it  was frust rat ing. I t  felt  very unnatural, and required a lot  of
self-discipline. But  eventually m y classm ates and I  broke through to a level of fluency that  we
could never have reached through exercises on paper.

As we use the UBI QUI TOUS LANGUAGE of the dom ain m odel in discussions—especially discussions in
which developers and dom ain experts hash out  scenarios and requirem ents—we becom e m ore
fluent  in the language and teach each other its nuances. We naturally com e to share the language
that  we speak in a way that  never happens with diagram s and docum ents.



Bringing about  a UBI QUI TOUS LANGUAGE on a software project  is easier said than done, and we have
to fully em ploy our natural talents to pull it  off. Just  as hum ans' visual and spat ial capabilit ies let
us convey and process inform at ion rapidly in graphical overviews, we can exploit  our innate talent
for gram m at ical, m eaningful language to dr ive m odel developm ent .

Therefore, as an addendum  to the UBI QUI TOUS LANGUAGE pat tern:

Play  w i t h  t h e m od el  as y ou  t a lk  ab ou t  t h e sy st em . Descr ib e scen ar ios ou t  lou d  u sin g  t h e

elem en t s an d  in t er act ion s o f  t h e m od el , com b in in g  con cep t s in  w ay s a l low ed  b y  t h e

m od el . Fin d  easier  w ay s t o  say  w h at  y ou  n eed  t o  say , an d  t h en  t ak e t h ose n ew  id eas

b ack  d ow n  t o  t h e d iag r am s an d  cod e.

[  Team  LiB ]  
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One Team, One Language

Technical people often feel the need to "shield"  the business experts from  the dom ain m odel. They
say:

"Too abst ract  for them ."

"They don't  understand objects."

"We have to collect  requirem ents in their  term inology."

These are just  a few of the reasons I 've heard for having two languages on the team . Forget
them .

Of course there are technical com ponents of the design that  m ay not  concern the dom ain experts,
but  the core of the m odel had bet ter interest  them . Too abst ract? Then how do you know the
abst ract ions are sound? Do you understand the dom ain as deeply as they do? Som et im es specific
requirem ents are collected from  lower- level users, and a subset  of the m ore concrete term inology
m ay be needed for them , but  a dom ain expert  is assum ed to be capable of thinking som ewhat
deeply about  his or her field. I f sophist icated dom ain experts don't  understand the m odel, there is

som ething wrong with the m odel.

Now at  the beginning, when the users are discussing future capabilit ies of the system  that  haven't
been m odeled yet , there is no m odel for them  to use. But  as soon as they begin to work through
these new ideas with the developers, the process of groping toward a shared m odel begins. I t  m ay
start  out  awkward and incom plete, but  it  will gradually get  refined. As the new language evolves,
the dom ain experts m ust  m ake the ext ra effort  to adopt  it ,  and to ret rofit  any old docum ents that
are st ill im portant .

When dom ain experts use this LANGUAGE in discussions with developers or am ong them selves, they
quickly discover areas where the m odel is inadequate for their  needs or seem s wrong to them . The
dom ain experts (with the help of the developers)  will also find areas where the precision of the
m odel-based language exposes cont radict ions or vagueness in their  thinking.

The developers and dom ain experts can inform ally test  the m odel by walking through scenarios,
using the m odel objects step-by-step. Alm ost  every discussion is an opportunity for the developers
and user experts to play with the m odel together, deepening each other 's understanding and
refining concepts as they go.

The dom ain experts can use the language of the m odel in writ ing use cases, and can work even
m ore direct ly with the m odel by specifying acceptance tests.

Object ions are som et im es raised to the idea of using the language of the m odel to collect
requirem ents. After all,  shouldn't  requirem ents be independent  of the design that  fulfills them ?
This overlooks the reality that  all language is based on som e m odel. The m eanings of words are
slippery things. The dom ain m odel will typically derive from  the dom ain experts' own jargon but
will have been "cleaned up,"  to have sharper, narrower definit ions. Of course, the dom ain experts
should object  if these definit ions diverge from  the m eanings accepted in the field. I n an Agile
process, requirem ents evolve as a project  goes along because hardly ever does the knowledge
exist  up front  to specify an applicat ion adequately. Part  of this evolut ion should be the refram ing of
the requirem ents in the refined UBI QUI TOUS LANGUAGE.

Mult iplicity of languages is often necessary, but  the linguist ic division should never be between the



dom ain experts and the developers. ( Chapter 12, "Maintaining Model I ntegrity,"  deals with the
coexistence of m odels on the sam e project .)

Of course, developers do use technical term inology that  a dom ain expert  wouldn't  understand.
Developers have an extensive jargon that  they need to discuss the technical aspects of a system .
Alm ost  certainly, the users will also have specialized jargon that  goes well beyond the narrow
scope of the applicat ion and the understanding of the developers. But  these are extensions to the
language. These dialects should not  contain alternat ive vocabular ies for the sam e dom ain that
reflect  dist inct  m odels.

Fig u r e 2 .3 . UBI QUI TOUS LANGUAGE i s cu l t i v at ed  in  t h e in t er sect ion  o f
j ar g on s.

With a UBI QUI TOUS LANGUAGE,  conversat ions am ong developers, discussions am ong dom ain
experts, and expressions in the code itself are all based on the sam e language, derived from  a
shared dom ain m odel.

[  Team  LiB ]  
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Documents and Diagrams

Whenever I 'm  in a m eet ing discussing a software design, I  can hardly funct ion without  drawing on
a whiteboard or sketchpad. A good part  of what  I  draw is UML diagram s, m ost ly class diagram s or
object - interact ions.

Som e people are naturally visual, and diagram s help people grasp certain kinds of inform at ion.
UML diagram s are pret ty good at  com m unicat ing relat ionships between objects, and they are fair
at  showing interact ions. But  they do not  convey the conceptual definit ions of those objects. I n a
m eet ing, I  would flesh out  those m eanings in speech as I  sketched the diagram , or they would
em erge in a dialog with other part icipants.

Sim ple, inform al UML diagram s can anchor a discussion. Sketch a diagram  of three to five objects
cent ral to the issue at  hand, and everyone can stay focused. Everyone will share a view of the
relat ionships between the objects and, significant ly, the objects' nam es. The spoken discussion can
be m ore effect ive with this aid. A diagram  can be changed as people t ry different  thought
experim ents, and the sketch will take on som e of the fluidity of spoken words, a t rue part  of the
discussion. After all,  UML stands for Unified Modeling Language.

The t rouble com es when people feel com pelled to convey the whole m odel or design through UML.
A lot  of object  m odel diagram s are too com plete and, sim ultaneously, leave too m uch out . They
are too com plete because people feel they have to put  all the objects that  they are going to code
into a m odeling tool. With all that  detail,  no one can see the forest  for the t rees.

Yet  in spite of all that  detail,  the at t r ibutes and relat ionships are only half the story of an object
m odel. The behavior of those objects and the const raints on them  are not  so easily illust rated.
Object  interact ion diagram s can illust rate som e t r icky hotspots in the design, but  the bulk of the
interact ions can't  be shown that  way. I t  is just  too m uch work, both to create the diagram s and to
read them . And an interact ion diagram  can st ill only im ply the purpose behind the m odel. To
include const raints and assert ions, UML falls back on text , placed in lit t le brackets, inserted into
the diagram .

The behavioral responsibilit ies of an object  can be hinted at  through operat ion nam es, and they
can be im plicit ly dem onst rated with object  interact ion (or sequence)  diagram s, but  they cannot  be
stated .  So, this task falls to supplem ental text  or conversat ion. I n other words, a UML diagram
cannot  convey two of the m ost  im portant  aspects of a m odel:  the m eaning of the concepts it
represents, and what  the objects are m eant  to do. This needn't  t rouble us, though, because
careful use of English (or Spanish, or whatever)  can fill this role pret ty well.

Nor is UML a very sat isfying program m ing language. Every at tem pt  I 've seen to use the code-
generat ion capabilit ies of the m odeling tools has been counterproduct ive. I f you are const rained by
the capabilit ies of UML, you will often have to leave out  the m ost  crucial part  of the m odel because
it  is som e rule that  doesn't  fit  into a box-and- line diagram . And, of course, a code generator
cannot  m ake use of those textual annotat ions. I f you do use som e technology that  allows
executable program s to be writ ten in a UML- like diagram m ing language, then the UML diagram  is
reduced to m erely another way to view the program  itself, and the very m eaning of "m odel"  is
lost . I f you use UML as your im plem entat ion language, you will st ill need other m eans of
com m unicat ing the unclut tered m odel.

Diagram s are a m eans of com m unicat ion and explanat ion, and they facilitate brainstorm ing. They
serve these ends best  if they are m inim al. Com prehensive diagram s of the ent ire object  m odel fail
to com m unicate or explain;  they overwhelm  the reader with detail and they lack m eaning. This



leads us away from  the all-encom passing object  m odel diagram , or even the all-encom passing
database repository of UML. I t  leads us toward sim plified diagram s of conceptually im portant  parts
of the object  m odel that  are essent ial to understanding the design. The diagram s in this book are
typical of those I  use on projects. They sim plify, they explain, and they even incorporate a bit  of
nonstandard notat ion when it  clar ifies their  point . They show design const raints, but  they are not
design specificat ions in every detail.  They represent  the skeletons of ideas.

The vital detail about  the design is captured in the code.  A well-writ ten im plem entat ion should be
t ransparent , revealing the m odel underlying it .  (Making sure that  this happens is the subject  of the
next  chapter and m uch of the rest  of this book.)  Supplem ental diagram s and docum ents can guide
people's at tent ion to the cent ral points. Natural language discussion can fill in the nuances of
m eaning. This is why I  prefer to turn things inside out  from  the way a typical UML diagram  handles
them . Rather than a diagram  annotated with text , I  write a text  docum ent  illust rated with select ive
and sim plified diagram s.

Always rem em ber that  the m odel is not  the diagram .  The diagram 's purpose is to help
com m unicate and explain the m odel. The code can serve as a repository of the details of the
design. Well-writ ten Java is as expressive as UML in its way. Carefully selected and const ructed
diagram s can serve to focus at tent ion and aid navigat ion if they are not  obscured by a com pulsion
to represent  the m odel or design com pletely.

Written Design Documents

Spoken com m unicat ion supplem ents the code's r igor and detail with m eaning. But  although talking
is cr it ical to connect ing everyone to the m odel, a group of any size will probably need the stabilit y
and share-abilit y of som e writ ten docum ents. But  m aking writ ten docum ents that  actually help the
team  produce good software is a challenge.

Once a docum ent  takes on a persistent  form , it  often loses its connect ion with the flow of the
project . I t  is left  behind by the evolut ion of the code, or by the evolut ion of the language of the
project .

Many approaches can work. A few specific docum ents will be suggested m uch later, in Part  I V of
this book, which address part icular needs, but  I  m ake no at tem pt  to prescribe a set  of docum ents
a project  should use. I nstead, I  will offer two general guidelines for evaluat ing a docum ent .

Documents Should Complement Code and Speech

Each Agile process has its own philosophy about  docum ents. Ext rem e Program m ing advocates
using no ext ra design docum ents at  all and let t ing the code speak for itself. Running code doesn't
lie, as any other docum ent  m ight . The behavior of running code is unam biguous.

Ext rem e Program m ing concent rates exclusively on the act ive elem ents of a program  and
executable tests. Even com m ents added to the code do not  affect  program  behavior, so they
always fall out  of sync with the act ive code and its dr iving m odel. External docum ents and
diagram s do not  affect  the behavior of the program , so they fall out  of sync. On the other hand,
spoken com m unicat ion and ephem eral diagram s on whiteboards do not  linger to create confusion.
This dependence on the code as com m unicat ion m edium  m ot ivates developers to keep the code
clean and t ransparent .

But  code as a design docum ent  does have its lim its. I t  can over-whelm  the reader with detail.
Although its behavior is unam biguous, that  doesn't  m ean it  is obvious. And the m eaning behind a
behavior can be hard to convey. I n other words, docum ent ing exclusively through code has som e
of the sam e basic problem s as using com prehensive UML diagram s. Of course, m assive spoken



com m unicat ion within the team  gives context  and guidance around the code, but  it  is ephem eral
and localized. And developers are not  the only people who need to understand the m odel.

A docum ent  shouldn't  t ry to do what  the code already does well.  The code already supplies the
detail.  I t  is an exact  specificat ion of program  behavior.

Other docum ents need to illum inate m eaning, to give insight  into large-scale st ructures, and to
focus at tent ion on core elem ents. Docum ents can clar ify design intent  when the program m ing
language does not  support  a st raight forward im plem entat ion of a concept . Writ ten docum ents
should com plem ent  the code and the talking.

Documents Should Work for a Living and Stay Current

When I  docum ent  a m odel in writ ing, I  diagram  sm all, carefully selected subsets of the m odel and
surround them  with text . I  define the classes and their  responsibilit ies in words and fram e them  in
a context  of m eaning as only a natural language can. But  the diagram  shows som e of the choices
that  have been m ade in form alizing and paring down the concepts into an object  m odel. These
diagram s can be som ewhat  casual—even hand-drawn. I n addit ion to saving labor, hand-drawn
diagram s have the advantage of feeling  casual and tem porary. These are good things to
com m unicate because they are generally t rue of our m odel ideas.

The greatest  value of a design docum ent  is to explain the concepts of the m odel, help in
navigat ing the detail of the code, and perhaps give som e insight  into the m odel's intended style of
use. Depending on the philosophy of the team , the whole design docum ent  could be as sim ple as a
set  of sketches posted on the walls, or it  could be substant ial.

A docum ent  m ust  be involved in project  act ivit ies.  The easiest  way to judge this is to observe the
docum ent 's interact ion with the UBI QUI TOUS LANGUAGE.  I s the docum ent  writ ten in the language
people speak on the project  (now)? I s it  writ ten in the language em bedded in the code?

Listen to the UBI QUI TOUS LANGUAGE and how it  is changing. I f the term s explained in a design
docum ent  don't  start  showing up in conversat ions and code, the docum ent  is not  fulfilling its
purpose. Maybe the docum ent  is too big or com plicated. Maybe it  is not  focused on a sufficient ly
im portant  topic. People are either not  reading it  or not  finding it  com pelling. I f it  is having no
im pact  on the UBI QUI TOUS LANGUAGE,  som ething is wrong.

Conversely, you m ay hear the UBI QUI TOUS LANGUAGE changing naturally while a docum ent  is being
left  behind. Evident ly the docum ent  does not  seem  relevant  to people or does not  seem  im portant
enough to update. I t  could safely be archived as history, but  left  act ive it  could create confusion
and hurt  the project . And if a docum ent  isn't  playing an im portant  role, keeping it  up to date
through sheer will and discipline wastes effort .

The UBI QUI TOUS LANGUAGE allows other docum ents, such as requirem ents specificat ions, to be m ore
concise and less am biguous. As the dom ain m odel com es to reflect  the m ost  relevant  knowledge of
the business, applicat ion requirem ents becom e scenarios within that  m odel, and the UBI QUI TOUS

LANGUAGE can be used to describe such a scenario in term s that  direct ly connect  to the MODEL-

DRI VEN DESI GN ( see Chapter 3) . As a result , specificat ions can be writ ten m ore sim ply, because
they do not  have to convey the business knowledge that  lies behind the m odel.

By keeping docum ents m inim al and focusing them  on com plem ent ing code and conversat ion,
docum ents can stay connected to the project . Let  the UBI QUI TOUS LANGUAGE and its evolut ion be
your guide to choosing docum ents that  live and get  woven into the project 's act ivity.

Executable Bedrock



Now let 's exam ine the choice of the XP com m unity and som e others, to rely alm ost  exclusively on
the executable code and its tests. Much of this book discusses ways to m ake the code convey
m eaning through a MODEL-DRI VEN DESI GN ( see Chapter 3) . Well-writ ten code can be very
com m unicat ive, but  the m essage it  com m unicates is not  guaranteed to be accurate. Oh, the
reality of the behavior  caused by a sect ion of code is inescapable. But  a m ethod nam e can be
am biguous, m isleading, or out  of date com pared to the internals of the m ethod. The assert ions in
a test  are r igorous, but  the story told by variable nam es and the organizat ion of the code is not .
Good program m ing style keeps this connect ion as direct  as possible, but  it  is st ill an exercise in
self-discipline. I t  takes fast idiousness to write code that  doesn't  just  do the r ight  thing but  also
says the r ight  thing.

Elim inat ion of those discrepancies is a m ajor selling point  of approaches such as declarat ive design
(discussed in Chapter 10) , in which a statem ent  of the purpose of a program  elem ent  determ ines
its actual behavior in the program . The drive to generate program s from  UML is part ly m ot ivated
by this, though it  generally hasn't  worked out  well so far.

St ill,  while even code can m islead, it  is closer to the ground than other docum ents. Aligning the
behavior, intent , and m essage of code using current  standard technology requires discipline and a
certain way of thinking about  design (discussed at  length in Part  I I I ) .  To com m unicate effect ively,
the code m ust  be based on the sam e language used to write the requirem ents—the sam e
language that  the developers speak with each other and with dom ain experts.

[  Team  LiB ]  
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Explanatory Models

The thrust  of this book is that  one m odel should underlie im plem entat ion, design, and team
com m unicat ion. Having separate m odels for these separate purposes poses a hazard.

Models can also be valuable as educat ion aids to teach about  the dom ain. The m odel that  dr ives
the design is one view of the dom ain, but  it  m ay aid learning to have other views, used only as
educat ional tools, to com m unicate general knowledge of the dom ain. For this purpose, people can
use pictures or words that  convey other kinds of m odels unrelated to software design.

One part icular reason that  other m odels are needed is scope. The technical m odel that  dr ives the
software developm ent  process m ust  be st r ict ly pared down to the necessary m inim um  to fulfill it s
funct ions. An explanatory m odel can include aspects of the dom ain that  provide context  that
clar ifies the m ore narrowly scoped m odel.

Explanatory m odels offer the freedom  to create m uch m ore com m unicat ive styles tailored to a
part icular topic. Visual m etaphors used by the dom ain experts in a field often present  clearer
explanat ions, educat ing developers and harm onizing experts. Explanatory m odels also present  the
dom ain in a way that  is sim ply different , and m ult iple, diverse explanat ions help people learn.

There is no need for explanatory m odels to be object  m odels, and it  is generally best  if they are
not . I t  is actually helpful to avoid UML in these m odels, to avoid any false im pression of
correspondence with the software design. Even though the explanatory m odel and the m odel that
dr ives design do often correspond, the sim ilar it ies will seldom  be exact . To avoid confusion,
everyone m ust  be conscious of the dist inct ion.

Example

Shipping Operations and Routes

Consider an applicat ion that  t racks cargos for a shipping com pany. The m odel includes a detailed
view of how port  operat ions and vessel voyages are assem bled into an operat ional plan for a cargo
(a "route") . But  to the uninit iated, a class diagram  m ay not  be very illum inat ing.

Fig u r e 2 .4 . A class d iag r am  f o r  a  sh ip p in g  r ou t e



I n such a case, an explanatory m odel can help team  m em bers understand what  the class diagram
actually m eans. Here is another way of looking at  the sam e concepts:

Each line in Figure 2.5 represents either a port  operat ion ( loading or unloading the cargo) , or
cargo sit t ing in storage on the ground, or cargo sit t ing on a ship en route. This does not
correspond in detail with the class diagram , but  it  reinforces key points from  the dom ain.

Fig u r e 2 .5 . An  ex p lan at o r y  m od el  f o r  a  sh ip p in g  r ou t e

This sort  of diagram , along with natural language explanat ions of the m odel it  represents, can help
developers and dom ain experts alike understand the m ore r igorous software m odel diagram s.
Together they are easier to understand than either view alone.
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Chapter Three. Binding Model and
Implementation

The first  thing I  saw as I  walked through the door was a com plete class diagram  printed on large
sheets of paper that  covered a large wall.  I t  was m y first  day on a project  in which sm art  people
had spent  m onths carefully researching and developing a detailed m odel of the dom ain. The typical
object  in the m odel had int r icate associat ions with three or four other objects, and this web of
associat ions had few natural borders. I n this respect , the analysts had been t rue to the nature of
the dom ain.

As overwhelm ing as the wall-size diagram  was, the m odel did capture som e knowledge. After a
m oderate am ount  of study, I  learned quite a bit  ( though that  learning was hard to direct—m uch
like random ly browsing the Web) . I  was m ore t roubled to find that  m y study gave no insight  into
the applicat ion's code and design.

When the developers had begun im plem ent ing the applicat ion, they had quickly discovered that
the tangle of associat ions, although navigable by a hum an analyst , didn't  t ranslate into storable,
ret r ievable units that  could be m anipulated with t ransact ional integrity. Mind you, this project  was
using an object  database, so the developers didn't  even have to face the challenges of m apping
objects into relat ional tables. At  a fundam ental level, the m odel did not  provide a guide to
implementat ion.

Because the m odel was "correct ,"  the result  of extensive collaborat ion between technical analysts
and business experts, the developers reached the conclusion that  conceptually based objects could
not  be the foundat ion of their  design. So they proceeded to develop an ad hoc design. Their design
did use a few of the sam e class nam es and at t r ibutes for data storage, but  it  was not  based on the
exist ing, or any, m odel.

The project  had a dom ain m odel, but  what  good is a m odel on paper unless it  direct ly aids the
developm ent  of running software?

A few years later, I  saw the sam e end result  com e from  a com pletely different  process. This
project  was to replace an exist ing C+ +  applicat ion with a new design im plem ented in Java. The old
applicat ion had been hacked together without  any regard for object  m odeling. The design of the
old applicat ion, if there was one, had accreted as one capabilit y after another had been laid on top
of the exist ing code, without  any not iceable generalizat ion or abst ract ion.

The eerie thing was that  the end products of the two processes were very sim ilar!  Both had
funct ionality, but  were bloated, very hard to understand, and eventually unm aintainable. Though
the im plem entat ions had, in places, a kind of directness, you couldn't  gain m uch insight  about  the
purpose of the system  by reading the code. Neither process took any advantage of the object
paradigm  available in their  developm ent  environm ent , except  as fancy data st ructures.

Models com e in m any variet ies and serve m any roles, even those rest r icted to the context  of a
software developm ent  project . Dom ain-driven design calls for a m odel that  doesn't  just  aid early
analysis but  is the very foundat ion of the design. This approach has som e im portant  im plicat ions
for the code. What  is less obvious is that  dom ain-driven design requires a different  approach to
m odeling. . .  .
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Model-Driven Design

Th e ast r o lab e, u sed  t o  com p u t e st ar  p osi t ion s, i s a  m ech an ica l  im p lem en t at ion  o f  a

m od el  o f  t h e sk y .

Tight ly relat ing the code to an underlying m odel gives the code m eaning and m akes the m odel
relevant .

A Medieval Sky Computer

Ancient  Greek ast ronom ers devised the ast rolabe, which was perfected by m edieval
I slam ic scient ists. A rotat ing web (called a rete)  represented the posit ions of the fixed
stars on the celest ial sphere. I nterchangeable plates engraved with a local spherical
coordinate system  represented the views from  different  lat itudes. Rotat ing the rete
against  the plate enabled a calculat ion of celest ial posit ions for any t im e and day of the
year. Conversely, given a stellar or solar posit ion, the t im e could be calculated. The
ast rolabe was a m echanical im plem entat ion of an object -or iented m odel of the sky.

  

Projects that  have no dom ain m odel at  all,  but  just  write code to fulfill one funct ion after another,
gain few of the advantages of knowledge crunching and com m unicat ion discussed in the previous
two chapters. A com plex dom ain will swam p them .

On the other hand, m any com plex projects do at tem pt  som e sort  of dom ain m odel, but  they don't
m aintain a t ight  connect ion between the m odel and the code. The m odel they develop, possibly
useful as an exploratory tool at  the outset , becom es increasingly irrelevant  and even m isleading.



All the care lavished on the m odel provides lit t le reassurance that  the design is correct , because
the two are different .

This connect ion can break down in m any ways, but  the detachm ent  is often a conscious choice.
Many design m ethodologies advocate an analysis m odel,  quite dist inct  from  the design and usually
developed by different  people. I t  is called an analysis m odel because it  is the product  of analyzing
the business dom ain to organize its concepts without  any considerat ion of the part  it  will play in a
software system . An analysis m odel is m eant  as a tool for understanding only;  m ixing in
im plem entat ion concerns is thought  to m uddy the waters. Later, a design is created that  m ay have
only a loose correspondence to the analysis m odel. The analysis m odel is not  created with design
issues in m ind, and therefore it  is likely to be quite im pract ical for those needs.

Som e knowledge crunching happens during such an analysis, but  m ost  of it  is lost  when coding
begins, when the developers are forced to com e up with new abst ract ions for the design. Then
there is no guarantee that  the insights gained by the analysts and em bedded in the m odel will be
retained or rediscovered. At  this point , m aintaining any m apping between the design and the
loosely connected m odel is not  cost -effect ive.

The pure analysis m odel even falls short  of its pr im ary goal of understanding the dom ain, because
crucial discoveries always em erge during the design/ im plem entat ion effort . Very specific,
unant icipated problem s always ar ise. An up- front  m odel will go into depth about  som e irrelevant
subjects, while it  overlooks som e im portant  subjects. Other subjects will be represented in ways
that  are not  useful to the applicat ion. The result  is that  pure analysis m odels get  abandoned soon
after coding starts, and m ost  of the ground has to be covered again. But  the second t im e around,
if the developers perceive analysis to be a separate process, m odeling happens in a less disciplined
way. I f the m anagers perceive analysis to be a separate process, the developm ent  team  m ay not
be given adequate access to dom ain experts.

Whatever the cause, software that  lacks a concept  at  the foundat ion of its design is, at  best , a
m echanism  that  does useful things without  explaining its act ions.

I f  t h e d esig n , o r  som e cen t r a l  p ar t  o f  i t , d oes n o t  m ap  t o  t h e d om ain  m od el , t h at  m od el

is o f  l i t t le  v a lu e, an d  t h e co r r ect n ess o f  t h e so f t w ar e is su sp ect . At  t h e sam e t im e,

com p lex  m ap p in g s b et w een  m od els an d  d esig n  f u n ct ion s ar e d i f f i cu l t  t o  u n d er st an d

an d , in  p r act ice, im p ossib le t o  m ain t a in  as t h e d esig n  ch an g es. A d ead ly  d iv id e op en s

b et w een  an aly sis an d  d esig n  so  t h at  in sig h t  g a in ed  in  each  o f  t h ose act iv i t ies d oes n o t

f eed  in t o  t h e o t h er .

An analysis m ust  capture fundam ental concepts from  the dom ain in a com prehensible, expressive
way. The design has to specify a set  of com ponents that  can be const ructed with the program m ing
tools in use on the project  that  will perform  efficient ly in the target  deploym ent  environm ent  and
will correct ly solve the problem s posed for the applicat ion.

MODEL-DRI VEN DESI GN discards the dichotom y of analysis m odel and design to search out  a single
m odel that  serves both purposes. Set t ing aside purely technical issues, each object  in the design
plays a conceptual role described in the m odel. This requires us to be m ore dem anding of the
chosen m odel, since it  m ust  fulfill two quite different  object ives.

There are always m any ways of abst ract ing a dom ain, and there are always m any designs that  can
solve an applicat ion problem . This is what  m akes it  pract ical to bind the m odel and design. This
binding m ustn't  com e at  the cost  of a weakened analysis, fatally com prom ised by technical
considerat ions. Nor can we accept  clum sy designs, reflect ing dom ain ideas but  eschewing software
design pr inciples. This approach dem ands a m odel that  works well as both analysis and design.
When a m odel doesn't  seem  to be pract ical for im plem entat ion, we m ust  search for a new one.
When a m odel doesn't  faithfully express the key concepts of the dom ain, we m ust  search for a
new one. The m odeling and design process then becom es a single iterat ive loop.



The im perat ive to relate the dom ain m odel closely to the design adds one m ore cr iter ion for
choosing the m ore useful m odels out  of the universe of possible m odels. I t  calls for hard thinking
and usually takes m ult iple iterat ions and a lot  of refactor ing, but  it  m akes the m odel relevant.

Therefore:

Desig n  a p o r t ion  o f  t h e so f t w ar e sy st em  t o  r ef lect  t h e d om ain  m od el  in  a  v er y  l i t er a l

w ay , so  t h at  m ap p in g  is ob v iou s. Rev isi t  t h e m od el  an d  m od i f y  i t  t o  b e im p lem en t ed

m or e n at u r a l l y  in  so f t w ar e, ev en  as y ou  seek  t o  m ak e i t  r e f lect  d eep er  in sig h t  in t o  t h e

d om ain . Dem an d  a sin g le m od el  t h at  ser v es b o t h  p u r p oses w el l , in  ad d i t ion  t o

su p p or t in g  a r ob u st  UBI QUI TOUS LANGUAGE.

Dr aw  f r om  t h e m od el  t h e t er m in o log y  u sed  in  t h e d esig n  an d  t h e b asic assig n m en t  o f

r esp on sib i l i t i es. Th e cod e b ecom es an  ex p r ession  o f  t h e m od el , so  a  ch an g e t o  t h e cod e

m ay  b e a ch an g e t o  t h e m od el . I t s ef f ect  m u st  r ip p le t h r ou g h  t h e r est  o f  t h e p r o j ect ' s

act iv i t ies acco r d in g ly .

To  t ie  t h e im p lem en t at ion  slav ish ly  t o  a  m od el  u su al ly  r eq u i r es so f t w ar e d ev elop m en t

t oo ls an d  lan g u ag es t h at  su p p or t  a  m od el in g  p ar ad ig m , su ch  as ob j ect - o r ien t ed

p r og r am m in g .

Som et im es there will be different  m odels for different  subsystem s (see Chapter 14) , but  only one
m odel should apply to a part icular part  of the system , throughout  all aspects of the developm ent
effort , from  the code to requirem ents analysis.

The single m odel reduces the chances of error, because the design is now a direct  outgrowth of
the carefully considered m odel. The design, and even the code itself, has the com m unicat iveness
of a m odel.

  

Developing a single m odel that  captures the problem  and provides a pract ical design is easier said
than done. You can't  just  take any m odel and turn it  into a workable design. The m odel has to be
carefully crafted to m ake for a pract ical im plem entat ion. Design and im plem entat ion techniques
have to be em ployed that  allow code to express a m odel effect ively (see Part  I I ) .  Knowledge
crunchers explore m odel opt ions and refine them  into pract ical software elem ents. Developm ent
becom es an iterat ive process of refining the m odel, the design, and the code as a single act ivity
(see Part  I I I ) .

[  Team  LiB ]  



[  Team  LiB ]  

Modeling Paradigms and Tool Support

To m ake a MODEL-DRI VEN DESI GN pay off, the correspondence m ust  be literal, exact  within bounds
of hum an error. To m ake such a close correspondence of m odel and design possible, it  is alm ost
essent ial to work within a m odeling paradigm  supported by software tools that  allow you to create
direct  analogs to the concepts in the m odel.

Fig u r e 3 .1 .

Object -or iented program m ing is powerful because it  is based on a m odeling paradigm , and it
provides im plem entat ions of the m odel const ructs. As far as the program m er is concerned, objects
really exist  in m em ory, they have associat ions with other objects, they are organized into classes,
and they provide behavior available by m essaging. Although m any developers benefit  from  just
applying the technical capabilit ies of objects to organize program  code, the real breakthrough of
object  design com es when the code expresses the concepts of a m odel. Java and m any other tools
allow the creat ion of objects and relat ionships direct ly analogous to conceptual object  m odels.

Although it  has never reached the m ass usage that  object -or iented languages have, the Prolog
language is a natural fit  for MODEL-DRI VEN DESI GN.  I n this case, the paradigm  is logic, and the
m odel is a set  of logical rules and facts they operate on.

MODEL-DRI VEN DESI GN has lim ited applicabilit y using languages such as C, because there is no
m odeling paradigm  that  corresponds to a purely procedural language. Those languages are
procedural in the sense that  the program m er tells the com puter a series of steps to follow.
Although the program m er m ay be thinking about  the concepts of the dom ain, the program  itself is
a series of technical m anipulat ions of data. The result  m ay be useful, but  the program  doesn't
capture m uch of the m eaning. Procedural languages often support  com plex data types that  begin
to correspond to m ore natural concept ions of the dom ain, but  these com plex types are only
organized data, and they don't  capture the act ive aspects of the dom ain. The result  is that
software writ ten in procedural languages has com plicated funct ions linked together based on



ant icipated paths of execut ion, rather than by conceptual connect ions in the dom ain m odel.

Before I  ever heard of object -or iented program m ing, I  wrote fort ran program s to solve
m athem at ical m odels, which is just  the sort  of dom ain in which fort ran excels. Mathem at ical
funct ions are the m ain conceptual com ponent  of such a m odel and can be cleanly expressed in
fort ran. Even so, there is no way to capture higher level m eaning beyond the funct ions. Most  non-
m athem at ical dom ains don't  lend them selves to MODEL-DRI VEN DESI GN in procedural languages
because the dom ains are not  conceptualized as m ath funct ions or as steps in a procedure.

Object -or iented design, the paradigm  that  current ly dom inates the m ajority of am bit ious projects,
is the approach used prim arily in this book.

Example

From Procedural to MODEL-DRIVEN

As discussed in Chapter 1, a pr inted circuit  board (PCB)  can be viewed as a collect ion of elect r ical
conductors (called nets)  connect ing the pins of various com ponents. There are often tens of
thousands of nets. Special software, called a PCB layout  tool, finds a physical arrangem ent  for all
the nets so that  they don't  cross or interfere with each other. I t  does this by opt im izing their  paths
while sat isfying an enorm ous num ber of const raints placed by the hum an designers that  rest r ict
the way they can be laid out . Although PCB layout  tools are very sophist icated, they st ill have
som e shortcom ings.

One problem  is that  each of these thousands of nets has its own set  of layout  rules. PCB engineers
see m any nets as belonging to natural groupings that  should share the sam e rules. For exam ple,
som e nets form  buses.

Fig u r e 3 .2 . An  ex p lan at o r y  d iag r am  o f  b u ses an d  n et s

By lum ping nets into a bus, perhaps 8 or 16 or 256 at  a t im e, the engineer cuts the job down to a
m ore m anageable size, im proving product ivity and reducing errors. The t rouble is, the layout  tool
has no such concept  as a bus. Rules have to be assigned to tens of thousands of nets, one net  at  a
t ime.



A Mechanistic Design

Desperate engineers worked around this lim itat ion in the layout  tool by writ ing scr ipts that  parse
the layout  tool's data files and insert  rules direct ly into the file, applying them  to an ent ire bus at  a
t ime.

The layout  tool stores each circuit  connect ion in a net  list  file, which looks som ething like this:

Net Name    Component.Pin
--------    -------------
Xyz0        A.0, B.0
Xyz1        A.1, B.1
Xyz2        A.2, B.2
. . .

I t  stores the layout  rules in a file form at  som ething like this:

Net Name    Rule Type        Parameters
--------    ---------        ----------
Xyz1        min_linewidth    5
Xyz1        max_delay        15
Xyz2        min_linewidth    5
Xyz2        max_delay        15
. . .

The engineers carefully use a nam ing convent ion for the nets so that  an alphabet ical sort  of the
data file will place the nets of a bus together in a sorted file. Then their  scr ipt  can parse the file
and m odify each net  based on its bus. Actual code to parse, m anipulate, and write the files is just
too verbose and opaque to serve this exam ple, so I ' ll j ust  list  the steps in the procedure.

1. Sort net list file by net name.
2. Read each line in file, seeking first one that starts with bus name pattern.
3. For each line with matching name, parse line to get net name.
4. Append net name with rule text to rules file.
5. Repeat from 3 until left of line no longer matches bus name.

So the input  of a bus rule such as this:

Bus Name    Rule Type        Parameters
--------    ---------        ----------
Xyz         max_vias         3

would result  in adding net  rules to the file like these:

Net Name    Rule Type        Parameters
--------    ---------        ----------
. . .
Xyz0        max_vias         3
Xyz1        max_vias         3
Xyz2        max_vias         3
. . .



I  im agine that  the person who first  wrote such a scr ipt  had only this sim ple need, and if this were
the only requirem ent , a scr ipt  like this would m ake a lot  of sense. But  in pract ice, there are now
dozens of scr ipts. They could, of course, be refactored to share sort ing and st r ing m atching
funct ions, and if the language supported funct ion calls to encapsulate the details, the scr ipts could
begin to read alm ost  like the sum m ary steps above. But  st ill,  they are just  file m anipulat ions. A
different  file form at  (and there are several)  would require start ing from  scratch, even though the
concept  of grouping buses and applying rules to them  is the sam e. I f you wanted r icher
funct ionality or interact ivity, you would have to pay for every inch.

What  the scr ipt  writers were t rying to do was to supplem ent  the tool's dom ain m odel with the
concept  of "bus."  Their im plem entat ion infers the bus's existence through sorts and st r ing
m atches, but  it  does not  explicit ly deal with the concept .

A Model-Driven Design

The preceding discussion has already described the concepts the dom ain experts use to think
about  their  problem s. Now we need to organize those concepts explicit ly into a m odel we can base
software on.

Fig u r e 3 .3 . A class d iag r am  o r ien t ed  t ow ar d  ef f i cien t  assig n m en t  o f
lay ou t  r u les

With these objects im plem ented in an object -or iented language, the core funct ionality becom es
alm ost  t r iv ial.

The assignRule() m ethod can be im plem ented on Ab st r act  Net . The assignedRules() m ethod

on Net  takes its own rules and its Bu s 's rules.

abstract class AbstractNet {
    private Set rules;

    void assignRule(LayoutRule rule) {
        rules.add(rule);
    }

    Set assignedRules() {



        return rules;
    }
}

class Net extends AbstractNet {
    private Bus bus;

    Set assignedRules() {
        Set result = new HashSet();
        result.addAll(super.assignedRules());
        result.addAll(bus.assignedRules());
        return result;
    }
}

Of course, there would be a great  deal of support ing code, but  this covers the basic funct ionality of
the scr ipt .

The applicat ion requires im port / export  logic, which we'll encapsulate into som e sim ple services.

Ser v ice Resp on sib i l i t y

Net  List  im port Reads Net  List  file, creates instance of Net  for each ent ry

Net  Rule export Given a collect ion of Nets, writes all at tached rules into the Rules File

We'll also need a few ut ilit ies:

Class Resp on sib i l i t y

Net  Repository Provides access to Nets by nam e

I nferred Bus
Factory

Given a collect ion of Nets, uses nam ing convent ions to infer Buses, creates
instances

Bus Repository Provides access to Buses by nam e

Now, start ing the applicat ion is a m at ter of init ializing the repositor ies with im ported data:

Collection nets = NetListImportService.read(aFile);
NetRepository.addAll(nets);
Collection buses = InferredBusFactory.groupIntoBuses(nets);
BusRepository.addAll(buses);

Each of the services and repositor ies can be unit - tested. Even m ore im portant , the core dom ain
logic can be tested. Here is a unit  test  of the m ost  cent ral behavior (using the JUnit  test
fram ework) :

public void testBusRuleAssignment() {
    Net a0 = new Net("a0");
    Net a1 = new Net("a1");
    Bus a = new Bus("a"); //Bus is not conceptually dependent
    a.addNet(a0);         //on name-based recognition, and so
    a.addNet(a1);         //its tests should not be either.



    NetRule minWidth4 = NetRule.create(MIN_WIDTH, 4);
    a.assignRule(minWidth4);

    assertTrue(a0.assignedRules().contains(minWidth4));
    assertEquals(minWidth4, a0.getRule(MIN_WIDTH));
    assertEquals(minWidth4, a1.getRule(MIN_WIDTH));
}

An interact ive user interface could present  a list  of buses, allowing the user to assign rules to each,
or it  could read from  a file of rules for backward com pat ibilit y. A façade m akes access sim ple for
either interface. I ts im plem entat ion echoes the test :

public void assignBusRule(String busName, String ruleType,
      double parameter){
   Bus bus = BusRepository.getByName(busName);
   bus.assignRule(NetRule.create(ruleType, parameter));
}

Finishing:

NetRuleExport.write(aFileName, NetRepository.allNets());

(The service asks each Net  for assignedRules(),  and then writes them  fully expanded.)

Of course, if there were only one operat ion (as in the exam ple) , the scr ipt -based approach m ight
be just  as pract ical. But  in reality, there were 20 or m ore. The MODEL-DRI VEN DESI GN scales easily
and can include const raints on com bining rules and other enhancem ents.

The second design also accom m odates test ing. I ts com ponents have well-defined interfaces that
can be unit - tested. The only way to test  the scr ipt  is to do an end- to-end file- in/ file-out
comparison.

Keep in m ind that  such a design does not  em erge in a single step. I t  would take several iterat ions
of refactor ing and knowledge crunching to dist ill the im portant  concepts of the dom ain into a
sim ple, incisive m odel.

[  Team  LiB ]  
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Letting the Bones Show: Why Models Matter to Users

I n theory, perhaps, you could present  a user with any view of a system , regardless of what  lies
beneath. But  in pract ice, a m ism atch causes confusion at  best—bugs at  worst . Consider a very
sim ple exam ple of how users are m isled by superim posed m odels of bookm arks for Web sites in
current  releases of Microsoft  I nternet  Explorer. [ 1]

[ 1]  Br ian Marick m ent ioned this exam ple to m e.

A user of I nternet  Explorer thinks of "Favorites"  as a list  of nam es of Web sites that  persist  from
session to session. But  the im plem entat ion t reats a Favorite as a file containing a URL, and whose
filenam e is put  in the Favorites list . That 's a problem  if the Web page t it le contains characters that
are illegal in Windows filenam es. Suppose a user t r ies to store a Favorite and types the following
nam e for it :  "Laziness:  The Secret  to Happiness". An error m essage will say:  "A filenam e cannot
contain any of the following characters:  \ /  :  *  ? "  <  >  | " . What  filenam e? On the other hand, if the
Web page t it le already contains an illegal character, I nternet  Explorer will j ust  quiet ly st r ip it  out .
The loss of data m ay be benign in this case, but  not  what  the user would have expected. Quiet ly
changing data is com pletely unacceptable in m ost  applicat ions.

MODEL-DRI VEN DESI GN calls for working with only one m odel (within any single context , as will be
discussed in Chapter 14) . Most  of the advice and exam ples go to the problem s of having separate
analysis m odels and design m odels, but  here we have a problem  arising from  a different  pair  of
m odels:  the user m odel and the design/ im plem entat ion m odel.

Of course, an unadorned view of the dom ain m odel would definitely not  be convenient  for the user
in m ost  cases. But  t rying to create in the UI  an illusion of a m odel other than the dom ain m odel
will cause confusion unless the illusion is perfect . I f Web Favorites are actually just  a collect ion of
shortcut  files, then expose this fact  to the user and elim inate the confusing alternat ive m odel. Not
only will the feature be less confusing, but  the user can then leverage what  he knows about  the file
system  to deal with Web Favorites. He can reorganize them  with the File Explorer, for exam ple,
rather than use awkward tools built  into the Web browser. I nform ed users would be m ore able to
exploit  the flexibilit y of stor ing Web shortcuts anywhere in the file system . Just  by rem oving the
m isleading ext ra m odel, the power of the applicat ion would increase and becom e clearer. Why
m ake the user learn a new m odel when the program m ers felt  the old m odel was good enough?

Alternat ively, store the Favorites in a different  way, say in a data file, so that  they can be subject
to their  own rules. Those rules would presum ably be the nam ing rules that  apply to Web pages.
That  would again provide a single m odel. This one tells the user that  everything he knows about
nam ing Web sites applies to Favorites.

When a design is based on a m odel that  reflects the basic concerns of the users and dom ain
experts, the bones of the design can be revealed to the user to a greater extent  than with other
design approaches. Revealing the m odel gives the user m ore access to the potent ial of the
software and yields consistent , predictable behavior.

[  Team  LiB ]  
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Hands-On Modelers

Manufactur ing is a popular m etaphor for software developm ent . One inference from  this
m etaphor:  highly skilled engineers design;  less skilled laborers assem ble the products. This
m etaphor has m essed up a lot  of projects for one sim ple reason—software developm ent  is all

design. All team s have specialized roles for m em bers, but  overseparat ion of responsibilit y for
analysis, m odeling, design, and program m ing interferes with MODEL-DRI VEN DESI GN.

On one project , m y job was to coordinate different  applicat ion team s and help develop the dom ain
m odel that  would dr ive the design. But  the m anagem ent  thought  that  m odelers should be
m odeling, and that  coding was a waste of those skills, so I  was in effect  forbidden to program  or
work on details with program m ers.

Things seem ed to be OK for a while. Working with dom ain experts and the developm ent  leads of
the different  team s, we crunched knowledge and refined a nice core m odel. But  that  m odel was
never put  to work, for two reasons.

First , som e of the m odel's intent  was lost  in the handoff. The overall effect  of a m odel can be very
sensit ive to details (as will be discussed in Parts I I  and I I I ) , and those details don't  always com e
across in a UML diagram  or a general discussion. I f I  could have rolled up m y sleeves and worked
with the other developers direct ly, providing som e code to follow as exam ples, and providing som e
close support , the team  could have taken up the abst ract ions of the m odel and run with them .

The other problem  was the indirectness of feedback from  the interact ion of the m odel with the
im plem entat ion and the technology. For exam ple, certain aspects of the m odel turned out  to be
wildly in-efficient  on our technology plat form , but  the full im plicat ions didn't  t r ickle back to m e for
m onths. Relat ively m inor changes could have fixed the problem , but  by then it  didn't  m at ter. The
developers were well on their  way to writ ing software that  did work—without  the m odel, which had
been reduced to a m ere data st ructure, wherever it  was st ill used at  all.  The developers had
thrown the baby out  with the bathwater, but  what  choice did they have? They could no longer r isk
being saddled with the dictates of the architect  in the ivory tower.

The init ial circum stances of this project  were about  as favorable to a hands-off m odeler as they
ever are. I  already had extensive hands-on experience with m ost  of the technology used on the
project . I  had even led a sm all developm ent  team  on the sam e project  before m y role changed, so
I  was fam iliar with the project 's developm ent  process and program m ing environm ent . Even those
factors were not  enough to m ake m e effect ive, given the separat ion of m odeler from
implementat ion.

I f  t h e p eop le w h o  w r i t e  t h e cod e d o  n o t  f ee l  r esp on sib le f o r  t h e m od el , o r  d on ' t

u n d er st an d  h ow  t o  m ak e t h e m od el  w or k  f o r  an  ap p l icat ion , t h en  t h e m od el  h as n o t h in g

t o  d o  w i t h  t h e so f t w ar e. I f  d ev elop er s d on ' t  r ea l i ze t h at  ch an g in g  cod e ch an g es t h e

m od el , t h en  t h ei r  r e f act o r in g  w i l l  w eak en  t h e m od el  r a t h er  t h an  st r en g t h en  i t .

Mean w h i le , w h en  a m od eler  i s sep ar at ed  f r om  t h e im p lem en t at ion  p r ocess, h e o r  sh e

n ev er  acq u i r es, o r  q u ick ly  loses, a  f ee l  f o r  t h e con st r a in t s o f  im p lem en t at ion . Th e b asic

con st r a in t  o f  MODEL- DRI VEN DESI GN—t h at  t h e m od el  su p p or t s an  ef f ect i v e

im p lem en t at ion  an d  ab st r act s k ey  d om ain  k n ow led g e—is h a l f - g on e, an d  t h e r esu l t in g

m od els w i l l  b e im p r act ica l . Fin a l l y , t h e k n ow led g e an d  sk i l l s o f  ex p er ien ced  d esig n er s

w on ' t  b e t r an sf er r ed  t o  o t h er  d ev elop er s i f  t h e d iv ision  o f  lab o r  p r ev en t s t h e k in d  o f

co l lab o r at ion  t h at  con v ey s t h e su b t le t ies o f  cod in g  a MODEL- DRI VEN DESI GN .

The need for HANDS-ON MODELERS does not  m ean that  team  m em bers cannot  have specialized



roles. Every Agile process, including Ext rem e Program m ing, defines roles for team  m em bers, and
other inform al specializat ions tend to em erge naturally. The problem  arises from  separat ing two
tasks that  are coupled in a MODEL-DRI VEN DESI GN,  m odeling and im plem entat ion.

The effect iveness of an overall design is very sensit ive to the quality and consistency of fine-
grained design and im plem entat ion decisions. With a MODEL-DRI VEN DESI GN,  a port ion of the code is
an expression of the m odel;  changing that  code changes the m odel. Program m ers are m odelers,
whether anyone likes it  or not . So it  is bet ter to set  up the project  so that  the program m ers do
good m odeling work.

Therefore:

An y  t ech n ica l  p er son  con t r ib u t in g  t o  t h e m od el  m u st  sp en d  som e t im e t ou ch in g  t h e

cod e, w h at ev er  p r im ar y  r o le h e o r  sh e p lay s on  t h e p r o j ect . An y on e r esp on sib le f o r

ch an g in g  cod e m u st  lear n  t o  ex p r ess a m od el  t h r ou g h  t h e cod e. Ev er y  d ev elop er  m u st

b e in v o lv ed  in  som e lev el  o f  d iscu ssion  ab ou t  t h e m od el  an d  h av e con t act  w i t h  d om ain

ex p er t s. Th ose w h o  con t r ib u t e in  d i f f er en t  w ay s m u st  con sciou sly  en g ag e t h ose w h o

t ou ch  t h e cod e in  a  d y n am ic ex ch an g e o f  m od el  id eas t h r ou g h  t h e UBI QUI TOUS

LANGUAGE.

  

The sharp separat ion of m odeling and program m ing doesn't  work, yet  large projects st ill need
technical leaders who coordinate high- level design and m odeling and help work out  the m ost
difficult  or m ost  cr it ical decisions. Part  I V, "St rategic Design,"  deals with such decisions and should
st im ulate ideas for m ore product ive ways to define the roles and responsibilit ies of high- level
technical people.

Dom ain-driven design puts a m odel to work to solve problem s for an applicat ion. Through
knowledge crunching, a team  dist ills a torrent  of chaot ic inform at ion into a pract ical m odel. A
MODEL-DRI VEN DESI GN int im ately connects the m odel and the im plem entat ion. The UBI QUI TOUS

LANGUAGE is the channel for all that  inform at ion to flow between developers, dom ain experts, and
the software.

The result  is software that  provides r ich funct ionality based on a fundam ental understanding of the
core dom ain.

As m ent ioned, success with MODEL-DRI VEN DESI GN is sensit ive to detailed design decisions, which is
the subject  of the next  several chapters.

[  Team  LiB ]  
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Part II: The Building Blocks of a Model-
Driven Design

To keep a software im plem entat ion cr isp and in lockstep with a m odel, in spite of m essy
realit ies, you m ust  apply the best  pract ices of m odeling and design. This book is not  an
int roduct ion to object -or iented design, nor does it  propose radical design fundam entals.
Dom ain-driven design shifts the em phasis of certain convent ional ideas.

Certain kinds of decisions keep the m odel and im plem entat ion aligned with each other, each
reinforcing the other 's effect iveness. This alignm ent  requires at tent ion to the details of
individual elem ents. Careful craft ing at  this sm all scale gives developers a steady plat form
from  which to apply the m odeling approaches of Parts I I I  and I V.

The design style in this book largely follows the pr inciple of " responsibilit y-dr iven design,"  put
forward in Wirfs-Brock et  al. 1990 and updated in Wirfs-Brock 2003. I t  also draws heavily
(especially in Part  I I I )  on the ideas of "design by cont ract "  described in Meyer 1988. I t  is
consistent  with the general background of other widely held best  pract ices of object -or iented
design, which are described in such books as Larm an 1998.

As a project  hits bum ps, large or sm all, developers m ay find them selves in situat ions that
m ake those principles seem  inapplicable. To m ake the dom ain-driven design process resilient ,
developers need to understand how  the well-known fundam entals support  MODEL-DRI VEN

DESI GN,  so they can com prom ise without  derailing.

The m aterial in the following three chapters is organized as a "pat tern language" (see
Appendix A) , which will show how subt le m odel dist inct ions and design decisions affect  the
dom ain-driven design process.

The diagram  on the top of the next  page is a navigat ion m ap.  I t  shows the pat terns that  will
be presented in this sect ion and a few of the ways they relate to each other.

Sharing these standard pat terns br ings order to the design and m akes it  easier for team
m em bers to understand each other 's work. Using standard pat terns also adds to the
UBI QUI TOUS LANGUAGE,  which all team  m em bers can use to discuss m odel and design
decisions.

Developing a good dom ain m odel is an art . But  the pract ical design and im plem entat ion of a
m odel's individual elem ents can be relat ively system at ic. I solat ing the dom ain design from
the m ass of other concerns in the software system  will great ly clar ify the design's connect ion
to the m odel. Defining m odel elem ents according to certain dist inct ions sharpens their
m eanings. Following proven pat terns for individual elem ents helps produce a m odel that  is
pract ical to im plem ent .

A n av ig at ion  m ap  o f  t h e lan g u ag e o f  MODEL- DRI VEN DESI GN



Elaborate m odels can cut  through com plexity only if care is taken with the fundam entals,
result ing in detailed elem ents that  the team  can confident ly com bine.
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Chapter Four. Isolating the Domain

The part  of the software that  specifically solves problem s from  the dom ain usually const itutes only
a sm all port ion of the ent ire software system , although its im portance is disproport ionate to its
size. To apply our best  thinking, we need to be able to look at  the elem ents of our m odel and see
them  as a system . We m ust  not  be forced to pick them  out  of a m uch larger m ix of objects, like
t rying to ident ify constellat ions in the night  sky. We need to decouple the dom ain objects from
other funct ions of the system , so we can avoid confusing the dom ain concepts with other concepts
related only to software technology or losing sight  of the dom ain altogether in the m ass of the
system .

Sophist icated techniques for this isolat ion have em erged. This is well- t rodden ground, but  it  is so
crit ical to the successful applicat ion of dom ain-m odeling pr inciples that  it  m ust  be reviewed briefly,
from  a dom ain-driven point  of view. . .  .

[  Team  LiB ]  
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Layered Architecture

For a shipping applicat ion to support  the sim ple user act  of select ing a cargo's dest inat ion from  a
list  of cit ies, there m ust  be program  code that  (1)  draws a widget  on the screen, (2)  queries the
database for all the possible cit ies, (3)  interprets the user 's input  and validates it ,  (4)  associates
the selected city with the cargo, and (5)  com m its the change to the database. All of this code is
part  of the sam e program , but  only a lit t le of it  is related to the business of shipping.

Software program s involve design and code to carry out  m any different  kinds of tasks. They
accept  user input , carry out  business logic, access databases, com m unicate over networks, display
inform at ion to users, and so on. So the code involved in each program  funct ion can be substant ial.

I n  an  ob j ect - o r ien t ed  p r og r am , UI , d at ab ase, an d  o t h er  su p p or t  cod e o f t en  g et s w r i t t en

d i r ect l y  in t o  t h e b u sin ess ob j ect s. Ad d i t ion a l  b u sin ess log ic i s em b ed d ed  in  t h e

b eh av io r  o f  UI  w id g et s an d  d at a- b ase scr ip t s. Th is h ap p en s b ecau se i t  i s t h e easiest

w ay  t o  m ak e t h in g s w or k , in  t h e sh o r t  r u n .

W h en  t h e d om ain - r e la t ed  cod e is d i f f u sed  t h r ou g h  su ch  a lar g e am ou n t  o f  o t h er  cod e, i t

b ecom es ex t r em ely  d i f f i cu l t  t o  see an d  t o  r eason  ab ou t . Su p er f i cia l  ch an g es t o  t h e UI

can  act u a l l y  ch an g e b u sin ess log ic. To  ch an g e a b u sin ess r u le m ay  r eq u i r e m et icu lou s

t r acin g  o f  UI  cod e, d at ab ase cod e, o r  o t h er  p r og r am  elem en t s. I m p lem en t in g  coh er en t ,

m od el - d r iv en  ob j ect s b ecom es im p r act ica l . Au t om at ed  t est in g  is aw k w ar d . W i t h  a l l  t h e

t ech n o log ies an d  log ic in v o lv ed  in  each  act iv i t y , a  p r og r am  m u st  b e k ep t  v er y  sim p le o r

i t  b ecom es im p ossib le t o  u n d er st an d .

Creat ing program s that  can handle very com plex tasks calls for separat ion of concerns, allowing
concent rat ion on different  parts of the design in isolat ion. At  the sam e t im e, the int r icate



interact ions within the system  m ust  be m aintained in spite of the separat ion.

There are all sorts of ways a software system  m ight  be divided, but  through experience and
convent ion, the indust ry has converged on LAYERED ARCHI TECTURES,  and specifically a few fair ly
standard layers. The m etaphor of layering is so widely used that  it  feels intuit ive to m ost
developers. Many good discussions of layering are available in the literature, som et im es in the
form at  of a pat tern (as in Buschm ann et  al. 1996, pp. 31–51) . The essent ial pr inciple is that  any
elem ent  of a layer depends only on other elem ents in the sam e layer or on elem ents of the layers
"beneath" it .  Com m unicat ion upward m ust  pass through som e indirect  m echanism , which I ' ll
discuss a lit t le later.

The value of layers is that  each specializes in a part icular aspect  of a com puter program . This
specializat ion allows m ore cohesive designs of each aspect , and it  m akes these designs m uch
easier to interpret . Of course, it  is vital to choose layers that  isolate the m ost  im portant  cohesive
design aspects. Again, experience and convent ion have led to som e convergence. Although there
are m any variat ions, m ost  successful architectures use som e version of these four conceptual
layers:

User  I n t er f ace ( o r

Pr esen t at ion

Lay er )

Responsible for showing inform at ion to the user and interpret ing the user 's
com m ands. The external actor m ight  som et im es be another com puter
system  rather than a hum an user.

Ap p l icat ion  Lay er Defines the jobs the software is supposed to do and directs the expressive
dom ain objects to work out  problem s. The tasks this layer is responsible
for are m eaningful to the business or necessary for interact ion with the
applicat ion layers of other system s.

This layer is kept  thin. I t  does not  contain business rules or knowledge, but
only coordinates tasks and delegates work to collaborat ions of dom ain
objects in the next  layer down. I t  does not  have state reflect ing the
business situat ion, but  it  can have state that  reflects the progress of a task
for the user or the program .

Dom ain  Lay er  ( o r

Mod el  Lay er )

Responsible for represent ing concepts of the business, inform at ion about
the business situat ion, and business rules. State that  reflects the business
situat ion is cont rolled and used here, even though the technical details of
stor ing it  are delegated to the infrast ructure. This layer is the heart  of

business software.

I n f r ast r u ct u r e

Layer

Provides generic technical capabilit ies that  support  the higher layers:
m essage sending for the applicat ion, persistence for the dom ain, drawing
widgets for the UI , and so on. The infrast ructure layer m ay also support
the pat tern of interact ions between the four layers through an
architectural fram ework.

Som e projects don't  m ake a sharp dist inct ion between the user interface and applicat ion layers.
Others have m ult iple infrast ructure layers. But  it  is the crucial separat ion of the dom ain layer that
enables MODEL-DRI VEN DESI GN.

Therefore:

Par t i t ion  a  com p lex  p r og r am  in t o  lay er s. Dev elop  a d esig n  w i t h in  each  lay er  t h at  i s

coh esiv e an d  t h at  d ep en d s on ly  on  t h e lay er s b elow . Fo l low  st an d ar d  ar ch i t ect u r a l

p at t er n s t o  p r ov id e loose cou p l in g  t o  t h e lay er s ab ov e. Con cen t r a t e a l l  t h e cod e r e la t ed

t o  t h e d om ain  m od el  in  on e lay er  an d  iso la t e i t  f r om  t h e u ser  in t er f ace, ap p l i cat ion , an d

in f r ast r u ct u r e cod e. Th e d om ain  ob j ect s, f r ee o f  t h e r esp on sib i l i t y  o f  d isp lay in g

t h em selv es, st o r in g  t h em selv es, m an ag in g  ap p l icat ion  t ask s, an d  so  f o r t h , can  b e



f ocu sed  on  ex p r essin g  t h e d om ain  m od el . Th is a l low s a m od el  t o  ev o lv e t o  b e r i ch

en ou g h  an d  clear  en ou g h  t o  cap t u r e essen t ia l  b u sin ess k n ow led g e an d  p u t  i t  t o  w or k .

Separat ing the dom ain layer from  the infrast ructure and user interface layers allows a m uch
cleaner design of each layer. I solated layers are m uch less expensive to m aintain, because they
tend to evolve at  different  rates and respond to different  needs. The separat ion also helps with
deploym ent  in a dist r ibuted system , by allowing different  layers to be placed flexibly in different
servers or clients, in order to m inim ize com m unicat ion overhead and im prove perform ance (Fowler
1996).

Example

Partitioning Online Banking Functionality into Layers

An applicat ion provides various capabilit ies for m aintaining bank accounts. One feature is funds
t ransfer, in which the user enters or chooses two account  num bers and an am ount  of m oney and
then init iates a t ransfer.

To m ake this exam ple m anageable, I 've om it ted m ajor technical features, m ost  notably security.
The dom ain design is also oversim plified. (Realist ic com plexity would only increase the need for
layered architecture.)  Furtherm ore, the part icular infrast ructure im plied here is m eant  to be sim ple
and obvious to m ake the exam ple clear—it  is not  a suggested design. The responsibilit ies of the
rem aining funct ionality would be layered as shown in Figure 4.1.

Fig u r e 4 .1 . Ob j ect s car r y  ou t  r esp on sib i l i t i es con sist en t  w i t h  t h e i r  lay er
an d  ar e m or e cou p led  t o  o t h er  ob j ect s in  t h e i r  lay er .

Note that  the dom ain layer, not  the applicat ion layer ,  is responsible for fundam ental business
rules—in this case, the rule is "Every credit  has a m atching debit ."

The applicat ion also m akes no assum pt ions about  the source of the t ransfer request . The program



presum ably includes a UI  with ent ry fields for account  num bers and am ounts and with but tons for
com m ands. But  that  user interface could be replaced by a wire request  in XML without  affect ing
the applicat ion layer or any of the lower layers. This decoupling is im portant  not  because projects
frequent ly need to replace user interfaces with wire requests but  because a clean separat ion of
concerns keeps the design of each layer easy to understand and m aintain.

I n fact , Figure 4.1 itself m ildly illust rates the problem  of not  isolat ing the dom ain. Because
everything from  the request  to t ransact ion cont rol had to be included, the dom ain layer had to be
dum bed down to keep the overall interact ion sim ple enough to follow. I f we were focused on the
design of the isolated dom ain layer, we would have space on the page and in our heads for a
m odel that  bet ter represented the dom ain's rules, perhaps including ledgers, credit  and debit
objects, or m onetary t ransact ion objects.

Relating the Layers

So far the discussion has focused on the separat ion of layers and the way in which that
part it ioning im proves the design of each aspect  of the program , part icular ly the dom ain layer. But
of course, the layers have to be connected. To do this without  losing the benefit  of the separat ion
is the m ot ivat ion behind a num ber of pat terns.

Layers are m eant  to be loosely coupled, with design dependencies in only one direct ion. Upper
layers can use or m anipulate elem ents of lower ones st raight forwardly by calling their  public
interfaces, holding references to them  (at  least  tem porarily) , and generally using convent ional
m eans of interact ion. But  when an object  of a lower level needs to com m unicate upward (beyond
answering a direct  query) , we need another m echanism , drawing on architectural pat terns for
relat ing layers such as callbacks or OBSERVERS (Gam m a et  al. 1995) .

The grandfather of pat terns for connect ing the UI  to the applicat ion and dom ain layers is MODEL-

VI EW-CONTROLLER (MVC) . I t  was pioneered in the Sm alltalk world back in the 1970s and has
inspired m any of the UI  architectures that  followed. Fowler (2002)  discusses this pat tern and
several useful variat ions on the them e. Larm an (1998)  explores these concerns in the MODEL-VI EW

SEPARATI ON PATTERN,  and his APPLI CATI ON COORDI NATOR is one approach to connect ing the
applicat ion layer.

There are other styles of connect ing the UI  and the applicat ion. For our purposes, all approaches
are fine as long as they m aintain the isolat ion of the dom ain layer, allowing dom ain objects to be
designed without  sim ultaneously thinking about  the user interface that  m ight  interact  with them .

The infrast ructure layer usually does not  init iate act ion in the dom ain layer. Being "below" the
dom ain layer, it  should have no specific knowledge of the dom ain it  is serving. I ndeed, such
technical capabilit ies are m ost  often offered as SERVI CES.  For exam ple, if an applicat ion needs to
send an e-m ail, som e m essage-sending interface can be located in the infrast ructure layer and the
applicat ion layer elem ents can request  the t ransm ission of the m essage. This decoupling gives
som e ext ra versat ilit y. The m essage-sending interface m ight  be connected to an e-m ail sender, a
fax sender, or whatever else is available. But  the m ain benefit  is sim plifying the applicat ion layer,
keeping it  narrowly focused on its job:  knowing when  to send a m essage, but  not  burdened with
how .

The applicat ion and dom ain layers call on the SERVI CES provided by the infrast ructure layer. When
the scope of a SERVI CE has been well chosen and its interface well designed, the caller can rem ain
loosely coupled and uncom plicated by the elaborate behavior the SERVI CE interface encapsulates.

But  not  all infrast ructure com es in the form  of SERVI CES callable from  the higher layers. Som e
technical com ponents are designed to direct ly support  the basic funct ions of other layers (such as
providing an abst ract  base class for all dom ain objects)  and provide the m echanism s for them  to



relate (such as im plem entat ions of MVC and the like) . Such an "architectural fram ework" has
m uch m ore im pact  on the design of the other parts of the program .

Architectural Frameworks

When infrast ructure is provided in the form  of SERVI CES called on through interfaces, it  is fair ly
intuit ive how the layering works and how to keep the layers loosely coupled. But  som e technical
problem s call for m ore int rusive form s of infrast ructure. Fram eworks that  integrate m any
infrast ructure needs often require the other layers to be im plem ented in very part icular ways, for
exam ple as a subclass of a fram ework class or with st ructured m ethod signatures. ( I t  m ay seem
counterintuit ive for a subclass to be in a layer higher than that  of the parent  class, but  keep in
m ind which class reflects m ore knowledge of the other.)  The best  architectural fram eworks solve
com plex technical problem s while allowing the dom ain developer to concent rate on expressing a
m odel. But  fram eworks can easily get  in the way, either by m aking too m any assum pt ions that
const rain dom ain design choices or by m aking the im plem entat ion so heavyweight  that
developm ent  slows down.

Som e form  of architectural fram ework usually is needed ( though som et im es team s choose
fram eworks that  don't  serve them  well) . When applying a fram ework, the team  needs to focus on
its goal:  building an im plem entat ion that  expresses a dom ain m odel and uses it  to solve im portant
problem s. The team  m ust  seek ways of em ploying the fram ework to those ends, even if it  m eans
not  using all of the fram ework's features. For exam ple, early J2EE applicat ions often im plem ented
all dom ain objects as "ent ity beans."  This approach bogged down both perform ance and the pace
of developm ent . I nstead, current  best  pract ice is to use the J2EE fram ework for larger grain
objects, im plem ent ing m ost  business logic with generic Java objects. A lot  of the downside of
fram eworks can be avoided by applying them  select ively to solve difficult  problem s without  looking
for a one-size- fits-all solut ion. Judiciously applying only the m ost  valuable of fram ework features
reduces the coupling of the im plem entat ion and the fram ework, allowing m ore flexibilit y in later
design decisions. More im portant , given how very com plicated m any of the current  fram eworks are
to use, this m inim alism  helps keep the business objects readable and expressive.

Architectural fram eworks and other tools will cont inue to evolve. Newer fram eworks will autom ate
or prefabricate m ore and m ore of the technical aspects of an applicat ion. I f this is done r ight ,
applicat ion developers will increasingly concent rate their  t im e on m odeling the core business
problem s, great ly im proving product ivity and quality. But  as we m ove in this direct ion, we m ust
guard against  our enthusiasm  for technical solut ions;  elaborate fram eworks can also st rait jacket
applicat ion developers.

[  Team  LiB ]  
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The Domain Layer Is Where the Model Lives

LAYERED ARCHI TECTURE is used in m ost  system s today, under various layering schem es. Many styles
of developm ent  can also benefit  from  layering. However, dom ain-driven design requires only one
part icular layer to exist .

The dom ain m odel is a set  of concepts. The "dom ain layer"  is the m anifestat ion of that  m odel and
all direct ly related design elem ents. The design and im plem entat ion of business logic const itute the
dom ain layer. I n a MODEL-DRI VEN DESI GN,  the software const ructs of the dom ain layer m irror the
m odel concepts.

I t  is not  pract ical to achieve that  correspondence when the dom ain logic is m ixed with other
concerns of the program . I solat ing the dom ain im plem entat ion is a prerequisite for dom ain-driven
design.

[  Team  LiB ]  



[  Team  LiB ]  

The Smart UI "Anti-Pattern"

.  .  .  That  sum s up the widely accepted LAYERED ARCHI TECTURE pat tern for object  applicat ions. But
this separat ion of UI , applicat ion, and dom ain is so often at tem pted and so seldom  accom plished
that  its negat ion deserves a discussion in its own r ight .

Many software projects do take and should cont inue to take a m uch less sophist icated design
approach that  I  call the SMART UI . But  SMART UI  is an alternate, m utually exclusive fork in the road,
incom pat ible with the approach of dom ain-driven design. I f that  road is taken, m ost  of what  is in
this book is not  applicable. My interest  is in the situat ions where the SMART UI  does not  apply,
which is why I  call it ,  with tongue in cheek, an "ant i-pat tern."  Discussing it  here provides a useful
cont rast  and will help clar ify the circum stances that  just ify the m ore difficult  path taken in the rest
of the book.

  

A project  needs to deliver sim ple funct ionality, dom inated by data ent ry and display, with few
business rules. Staff is not  com posed of advanced object  m odelers.

I f  an  u n sop h ist i cat ed  t eam  w i t h  a  sim p le p r o j ect  d ecid es t o  t r y  a  MODEL- DRI VEN DESI GN

w i t h  LAYERED ARCHI TECTURE, i t  w i l l  f ace a d i f f i cu l t  lear n in g  cu r v e. Team  m em b er s w i l l

h av e t o  m ast er  com p lex  n ew  t ech n o log ies an d  st u m b le t h r ou g h  t h e p r ocess o f  lear n in g

ob j ect  m od el in g  ( w h ich  is ch a l len g in g , ev en  w i t h  t h e h elp  o f  t h is b ook ! ) . Th e ov er h ead

o f  m an ag in g  in f r ast r u ct u r e an d  lay er s m ak es v er y  sim p le t ask s t ak e lon g er . Sim p le

p r o j ect s com e w i t h  sh o r t  t im e l in es an d  m od est  ex p ect at ion s. Lon g  b ef o r e t h e t eam

com p let es t h e assig n ed  t ask , m u ch  less d em on st r a t es t h e ex ci t in g  p ossib i l i t i es o f  i t s

ap p r oach , t h e p r o j ect  w i l l  h av e b een  can celed .

Ev en  i f  t h e t eam  is g iv en  m or e t im e, t h e t eam  m em b er s ar e l i k e ly  t o  f a i l  t o  m ast er  t h e

t ech n iq u es w i t h ou t  ex p er t  h e lp . An d  in  t h e en d , i f  t h ey  d o  su r m ou n t  t h ese ch al len g es,

t h ey  w i l l  h av e p r od u ced  a sim p le sy st em . Rich  cap ab i l i t ies w er e n ev er  r eq u est ed .

A m ore experienced team  would not  face the sam e t rade-offs. Seasoned developers could flat ten
the learning curve and com press the t im e needed to m anage the layers. Dom ain-driven design
pays off best  for am bit ious projects, and it  does require st rong skills. Not  all projects are
am bit ious. Not  all project  team s can m uster those skills.

Therefore, when circum stances warrant :

Pu t  a l l  t h e b u sin ess log ic in t o  t h e u ser  in t er f ace. Ch op  t h e ap p l icat ion  in t o  sm al l

f u n ct ion s an d  im p lem en t  t h em  as sep ar at e u ser  in t er f aces, em b ed d in g  t h e b u sin ess

r u les in t o  t h em . Use a r e la t ion a l  d at ab ase as a sh ar ed  r ep osi t o r y  o f  t h e d at a. Use t h e

m ost  au t om at ed  UI  b u i ld in g  an d  v isu a l  p r og r am m in g  t oo ls av a i lab le.

Heresy!  The gospel (as advocated everywhere, including else-where in this book)  is that  dom ain
and UI  should be separate. I n fact , it  is difficult  to apply any of the m ethods discussed later in this
book without  that  separat ion, and so this SMART UI  can be considered an "ant i-pat tern"  in the
context  of dom ain-driven design. Yet  it  is a legit im ate pat tern in som e other contexts. I n t ruth,
there are advantages to the SMART UI , and there are situat ions where it  works best—which
part ially accounts for why it  is so com m on. Considering it  here helps us understand why we need
to separate applicat ion from  dom ain and, im portant ly, when we m ight  not  want  to.



Advantages

Product ivity is high and im m ediate for sim ple applicat ions.

Less capable developers can work this way with lit t le t raining.

Even deficiencies in requirem ents analysis can be overcom e by releasing a prototype to users
and then quickly changing the product  to fit  their  requests.

Applicat ions are decoupled from  each other, so that  delivery schedules of sm all m odules can
be planned relat ively accurately. Expanding the system  with addit ional, sim ple behavior can
be easy.

Relat ional databases work well and provide integrat ion at  the data level.

4GL tools work well.

When applicat ions are handed off, m aintenance program m ers will be able to quickly redo
port ions they can't  figure out , because the effects of the changes should be localized to each
part icular UI .

Disadvantages

I ntegrat ion of applicat ions is difficult  except  through the database.

There is no reuse of behavior and no abst ract ion of the business problem . Business rules
have to be duplicated in each operat ion to which they apply.

Rapid prototyping and iterat ion reach a natural lim it  because the lack of abst ract ion lim its
refactor ing opt ions.

Com plexity buries you quickly, so the growth path is st r ict ly toward addit ional sim ple
applicat ions. There is no graceful path to r icher behavior.

I f this pat tern is applied consciously, a team  can avoid taking on a great  deal of overhead required
by other approaches. I t  is a com m on m istake to undertake a sophist icated design approach that
the team  isn't  com m it ted to carrying all the way through. Another com m on, cost ly m istake is to
build a com plex infrast ructure and use indust r ial-st rength tools for a project  that  doesn't  need
them .

Most  flexible languages (such as Java)  are overkill for these applicat ions and will cost  dearly. A
4GL-style tool is the way to go.

Rem em ber, one of the consequences of this pat tern is that  you can't  m igrate to another design
approach except  by replacing ent ire applicat ions. Just  using a general-purpose language such as
Java won't  really put  you in a posit ion to later abandon the SMART UI , so if you've chosen that
path, you should choose developm ent  tools geared to it .  Don't  bother hedging your bet . Just  using
a flexible language doesn't  create a flexible system , but  it  m ay well produce an expensive one.

By the sam e token, a team  com m it ted to a MODEL-DRI VEN DESI GN needs to design that  way from
the outset . Of course, even experienced project  team s with big am bit ions have to start  with sim ple
funct ionality and work their  way up through successive iterat ions. But  those first  tentat ive steps
will be MODEL-DRI VEN with an isolated dom ain layer, or the project  will m ost  likely be stuck with a



SMART UI . The SMART UI  is discussed only to clar ify why and when a pat tern such as LAYERED

ARCHI TECTURE is needed in order to isolate a dom ain layer.

  

There are other solut ions in between SMART UI  and LAYERED ARCHI TECTURE.  For exam ple, Fowler
(2002)  describes the TRANSACTI ON SCRI PT,  which separates UI  from  applicat ion but  does not
provide for an object  m odel. The bot tom  line is this:  I f the architecture isolates the dom ain- related

code in a way that  allows a cohesive dom ain design loosely coupled to the rest  of the system , then

that  architecture can probably support  dom ain-driven design.

Other developm ent  styles have their  place, but  you m ust  accept  varying lim its on com plexity and
flexibilit y. Failing to decouple the dom ain design can really be disast rous in certain set t ings. I f you
have a com plex applicat ion and are com m it t ing to MODEL-DRI VEN DESI GN,  bite the bullet , get  the
necessary experts, and avoid the SMART UI .

[  Team  LiB ]  
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Other Kinds of Isolation

Unfortunately, there are influences other than infrast ructure and user interfaces that  can corrupt
your delicate dom ain m odel. You m ust  deal with other dom ain com ponents that  are not  fully
integrated into your m odel. You have to cope with other developm ent  team s who use different
m odels of the sam e dom ain. These and other factors can blur your m odel and rob it  of it s ut ilit y.
Chapter 14, "Maintaining Model I ntegrity,"  deals with this topic, int roducing such pat terns as
BOUNDED CONTEXT and ANTI CORRUPTI ON LAYER.  A really com plicated dom ain m odel can becom e
unwieldy all by itself. Chapter 15, "Dist illat ion,"  discusses how to m ake dist inct ions within the
dom ain layer that  can unencum ber the essent ial concepts of the dom ain from  peripheral detail.

But  all that  com es later. Next , we'll look at  the nuts and bolts of co-evolving an effect ive dom ain
m odel and an expressive im plem entat ion. After all,  the best  part  of isolat ing the dom ain is get t ing
all that  other stuff out  of the way so that  we can really focus on the dom ain design.

[  Team  LiB ]  
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Chapter Five. A Model Expressed in
Software

To com prom ise in im plem entat ion without  losing the punch of a MODEL-DRI VEN DESI GN requires a
refram ing of the basics. Connect ing m odel and im plem entat ion has to be done at  the detail level.
This chapter focuses on those individual m odel elem ents, get t ing them  in shape to support  the
act ivit ies in later chapters.

This discussion will start  with the issues of designing and st ream lining associat ions. Associat ions
between objects are sim ple to conceive and to draw, but  im plem ent ing them  is a potent ial
quagm ire. Associat ions illust rate how crucial detailed im plem entat ion decisions are to the viabilit y
of a MODEL-DRI VEN DESI GN.

Turning to the objects them selves, but  cont inuing to scrut inize the relat ionship between detailed
m odel choices and im plem entat ion concerns, we'll focus on m aking dist inct ions am ong the three
pat terns of m odel elem ents that  express the m odel:  ENTI TI ES,  VALUE OBJECTS,  and SERVI CES.

Defining objects that  capture concepts of the dom ain seem s very intuit ive on the surface, but
serious challenges are lurking in the shades of m eaning. Certain dist inct ions have em erged that
clar ify the m eaning of m odel elem ents and t ie into a body of design pract ices for carving out
specific kinds of objects.

Does an object  represent  som ething with cont inuity and ident ity—som ething that  is t racked
through different  states or even across different  im plem entat ions? Or is it  an at t r ibute that
describes the state of som ething else? This is the basic dist inct ion between an ENTI TY and a VALUE

OBJECT.  Defining objects that  clearly follow one pat tern or the other m akes the objects less
am biguous and lays out  the path toward specific choices for robust  design.

Then there are those aspects of the dom ain that  are m ore clearly expressed as act ions or
operat ions, rather than as objects. Although it  is a slight  departure from  object -or iented m odeling
t radit ion, it  is often best  to express these as SERVI CES,  rather than forcing responsibilit y for an
operat ion onto som e ENTI TY or VALUE OBJECT.  A SERVI CE is som ething that  is done for a client  on
request . I n the technical layers of the software, there are m any SERVI CES.  They em erge in the
dom ain also, when som e act ivity is m odeled that  corresponds to som ething the software m ust  do,
but  does not  correspond with state.

There are inevitable situat ions in which the purity of the object  m odel m ust  be com prom ised, such
as for storage in a relat ional database. This chapter will lay out  som e guidelines for staying on
course when you are forced to deal with these m essy realit ies.

Finally, a discussion of MODULES will dr ive hom e the point  that  every design decision should be
m ot ivated by som e insight  into the dom ain. The ideas of high cohesion and low coupling, often
thought  of as technical m et r ics, can be applied to the concepts them selves. I n a MODEL-DRI VEN

DESI GN,  MODULES are part  of the m odel, and they should reflect  concepts in the dom ain.

This chapter br ings together all of these building blocks, which em body the m odel in software.
These ideas are convent ional, and the m odeling and design biases that  follow from  them  have
been writ ten about  before. But  fram ing them  in this context  will help developers create detailed
com ponents that  will serve the pr ior it ies of dom aindriven design when tackling the larger m odel
and design issues. Also, a sense of the basic pr inciples will help developers stay on course through
the inevitable com prom ises.
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Associations

The interact ion between m odeling and im plem entat ion is part icular ly t r icky with the associat ions
between objects.

For every t raversable associat ion in the m odel, there is a m echanism  in the software with the

sam e propert ies.

A m odel that  shows an associat ion between a custom er and a sales representat ive corresponds to
two things. On one hand, it  abst racts a relat ionship developers deem ed relevant  between two real
people. On the other hand, it  corresponds to an object  pointer between two Java objects, or an
encapsulat ion of a database lookup, or som e com parable im plem entat ion.

For exam ple, a one- to-m any associat ion m ight  be im plem ented as a collect ion in an instance
variable. But  the design is not  necessarily so direct . There m ay be no collect ion;  an accessor
m ethod m ay query a database to find the appropriate records and instant iate objects based on
them . Both of these designs would reflect  the sam e m odel. The design has to specify a part icular
t raversal m echanism  whose behavior is consistent  with the associat ion in the m odel.

I n real life, there are lots of m any- to-m any associat ions, and a great  num ber are naturally
bidirect ional. The sam e tends to be t rue of early form s of a m odel as we brainstorm  and explore
the dom ain. But  these general associat ions com plicate im plem entat ion and m aintenance.
Furtherm ore, they com m unicate very lit t le about  the nature of the relat ionship.

There are at  least  three ways of m aking associat ions m ore t ractable.

I m posing a t raversal direct ion1 .

Adding a qualifier, effect ively reducing m ult iplicity2 .

Elim inat ing nonessent ial associat ions3 .

I t  is im portant  to const rain relat ionships as m uch as possible. A bidirect ional associat ion m eans
that  both objects can be understood only together. When applicat ion requirem ents do not  call for
t raversal in both direct ions, adding a t raversal direct ion reduces interdependence and sim plifies
the design. Understanding the dom ain m ay reveal a natural direct ional bias.

The United States has had m any presidents, as have m any other count r ies. This is a bidirect ional,
one- to-m any relat ionship. Yet  we seldom  would start  out  with the nam e "George Washington" and
ask, "Of which count ry was he president?" Pragm at ically, we can reduce the relat ionship to a
unidirect ional associat ion, t raversable from  count ry to president . This refinem ent  actually reflects
insight  into the dom ain, as well as m aking a m ore pract ical design. I t  captures the understanding
that  one direct ion of the associat ion is m uch m ore m eaningful and im portant  than the other. I t
keeps the "Person" class independent  of the far less fundam ental concept  of "President ."

Fig u r e 5 .1 . Som e t r av er sa l  d i r ect ion s r ef lect  a  n at u r a l  b ias in  t h e
d om ain .



Very often, deeper understanding leads to a "qualified" relat ionship. Looking deeper into
presidents, we realize that  (except  in a civil war, perhaps)  a count ry has only one president  at  a
t im e. This qualifier reduces the m ult iplicity to one- to-one, and explicit ly em beds an im portant  rule
into the m odel. Who was president  of the United States in 1790? George Washington.

Fig u r e 5 .2 . Con st r a in ed  associa t ion s com m u n icat e m or e k n ow led g e
an d  ar e m or e p r act ica l  d esig n s.

Const raining the t raversal direct ion of a m any- to-m any associat ion effect ively reduces its
im plem entat ion to one- to-m any—a m uch easier design.

Consistent ly const raining associat ions in ways that  reflect  the bias of the dom ain not  only m akes
those associat ions m ore com m unicat ive and sim pler to im plem ent , it  also gives significance to the
rem aining bidirect ional associat ions. When the bidirect ionality of a relat ionship is a sem ant ic
character ist ic of the dom ain, when it 's needed for applicat ion funct ionality, the retent ion of both
t raversal direct ions conveys that .

Of course, the ult im ate sim plificat ion is to elim inate an associat ion altogether, if it  is not  essent ial
to the job at  hand or the fundam ental m eaning of the m odel objects.

Example

Associations in a Brokerage Account



Fig u r e 5 .3 .

One Java im plem entat ion of Br ok er ag e Accou n t  in this m odel would be

public class BrokerageAccount {
    String accountNumber;
    Customer customer;
    Set investments;
  // Constructors, etc. omitted

  public Customer getCustomer() {
    return customer;
  }
  public Set getInvestments() {
    return investments;
  }
}

But  if we need to fetch the data from  a relat ional database, another im plem entat ion, equally
consistent  with the m odel, would be the following:

Tab le:  BROKERAGE_ ACCOUNT

ACCOUNT_NUMBER CUSTOMER_SS_NUMBER

   

   



Tab le:  CUSTOMER

SS_NUMBER NAME

   

   

Tab le:  I NVESTMENT

ACCOUNT_NUMBER STOCK_SYMBOL AMOUNT

     

     

public class BrokerageAccount {
  String accountNumber;
  String customerSocialSecurityNumber;

  // Omit constructors, etc.

  public Customer getCustomer() {
    String sqlQuery =
      "SELECT * FROM CUSTOMER WHERE" +
      "SS_NUMBER='"+customerSocialSecurityNumber+"'";
    return QueryService.findSingleCustomerFor(sqlQuery);
  }
  public Set getInvestments() {
    String sqlQuery =
      "SELECT * FROM INVESTMENT WHERE" +
      "BROKERAGE_ACCOUNT='"+accountNumber+"'";
    return QueryService.findInvestmentsFor(sqlQuery);
  }
}

(Note:  The QueryService, a ut ilit y for fetching rows from  the database and creat ing objects, is
sim ple for explaining exam ples, but  it 's not  necessarily a good design for a real project .)

Let 's refine the m odel by qualifying the associat ion between Br ok er ag e Accou n t  and
I n v est m en t ,  reducing its m ult iplicity. This says there can be only one investm ent  per stock.

Fig u r e 5 .4 .



This wouldn't  be t rue of all business situat ions ( for exam ple, if the lots need to be t racked) , but
whatever the part icular rules, as const raints on associat ions are discovered they should be
included in the m odel and im plem entat ion. They m ake the m odel m ore precise and the
im plem entat ion easier to m aintain.

The Java im plem entat ion could becom e:

public class BrokerageAccount {
  String accountNumber;
  Customer customer;
  Map investments;

  // Omitting constructors, etc.

  public Customer getCustomer() {
    return customer;
  }
  public Investment getInvestment(String stockSymbol) {
    return (Investment)investments.get(stockSymbol);
  }
}

And an SQL-based im plem entat ion would be:

public class BrokerageAccount {
  String accountNumber;
  String customerSocialSecurityNumber;

  //Omitting constructors, etc.
  public Customer getCustomer() {
    String sqlQuery = "SELECT * FROM CUSTOMER WHERE SS_NUMBER='"
      + customerSocialSecurityNumber + "'";
    return QueryService.findSingleCustomerFor(sqlQuery);
  }
  public Investment getInvestment(String stockSymbol) {



    String sqlQuery = "SELECT * FROM INVESTMENT "
      + "WHERE BROKERAGE_ACCOUNT='" + accountNumber + "'"
      + "AND STOCK_SYMBOL='" + stockSymbol +"'";
    return QueryService.findInvestmentFor(sqlQuery);

  }
}

Carefully dist illing and const raining the m odel's associat ions will take you a long way toward a
MODEL-DRI VEN DESI GN.  Now let 's turn to the objects them selves. Certain dist inct ions clar ify the
m odel while m aking for a m ore pract ical im plem entat ion. . .  .

[  Team  LiB ]  
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Entities (a.k.a. Reference Objects)

Many objects are not  fundam entally defined by their  at t r ibutes, but  rather by a thread of
cont inuity and ident ity.

  

A landlady sued m e, claim ing m ajor dam ages to her property. The papers I  was served described
an apartm ent  with holes in the walls, stains on the carpet , and a noxious liquid in the sink that
gave off caust ic fum es that  had m ade the kitchen wallpaper peel. The court  docum ents nam ed m e
as the tenant  responsible for the dam ages, ident ifying m e by nam e and by m y then-current
address. This was confusing to m e, because I  had never even visited that  ruined place.

After a m om ent , I  realized that  it  m ust  be a case of m istaken ident ity. I  called the plaint iff and told
her this, but  she didn't  believe m e. The form er tenant  had been eluding her for m onths. How could
I  prove that  I  was not  the sam e person who had cost  her so m uch m oney? I  was the only Eric
Evans in the phone book.

Well, the phone book turned out  to be m y salvat ion. Because I  had been liv ing in the sam e
apartm ent  for two years, I  asked her if she st ill had the previous year 's book. After she found it
and verified that  m y list ing was the sam e ( r ight  next  to m y nam esake's list ing) , she realized that  I
was not  the person she wanted to sue, apologized, and prom ised to drop the case.

Com puters are not  that  resourceful. A case of m istaken ident ity in a software system  leads to data
corrupt ion and program  errors.

There are special technical challenges here, which I ' ll discuss in a bit ,  but  first  let 's look at  the
fundam ental issue:  Many things are defined by their  ident ity, and not  by any at t r ibute. I n our
typical concept ion, a person ( to cont inue with the nontechnical exam ple)  has an ident ity that
st retches from  birth to death and even beyond. That  person's physical at t r ibutes t ransform  and
ult im ately disappear. The nam e m ay change. Financial relat ionships com e and go. There is not  a
single at t r ibute of a person that  cannot  change;  yet  the ident ity persists. Am  I  the sam e person I
was at  age five? This kind of m etaphysical quest ion is im portant  in the search for effect ive dom ain
m odels. Slight ly rephrased:  Does the user of the applicat ion care if I  am  the sam e person I  was at
age five?



I n a software system  for t racking accounts due, that  m odest  "custom er"  object  m ay have a m ore
colorful side. I t  accum ulates status by prom pt  paym ent  or is turned over to a bill- collect ion agency
for failure to pay. I t  m ay lead a double life in another system  altogether when the sales force
ext racts custom er data into its contact  m anagem ent  software. I n any case, it  is uncerem oniously
squashed flat  to be stored in a database table. When new business stops flowing from  that  source,
the custom er object  will be ret ired to an archive, a shadow of its form er self.

Each of these form s of the custom er is a different  im plem entat ion based on a different
program m ing language and technology. But  when a phone call com es in with an order, it  is
im portant  to know:  I s this the custom er who has the delinquent  account? I s this the custom er that
Jack (a part icular sales representat ive)  has been working with for weeks? I s this a com pletely new
custom er?

A conceptual ident ity has to be m atched between m ult iple im plem entat ions of the objects, its
stored form s, and real-world actors such as the phone caller. At t r ibutes m ay not  m atch. A sales
representat ive m ay have entered an address update into the contact  software, which is just  being
propagated to accounts due. Two custom er contacts m ay have the sam e nam e. I n dist r ibuted
software, m ult iple users could be entering data from  different  sources, causing update t ransact ions
to propagate through the system  to be reconciled in different  databases asynchronously.

Object  m odeling tends to lead us to focus on the at t r ibutes of an object , but  the fundam ental
concept  of an ENTI TY is an abst ract  cont inuity threading through a life cycle and even passing
through m ult iple form s.

Som e ob j ect s ar e n o t  d ef in ed  p r im ar i l y  b y  t h ei r  a t t r ib u t es. Th ey  r ep r esen t  a  t h r ead  o f

id en t i t y  t h at  r u n s t h r ou g h  t im e an d  o f t en  acr oss d ist in ct  r ep r esen t at ion s. Som et im es

su ch  an  ob j ect  m u st  b e m at ch ed  w i t h  an o t h er  ob j ect  ev en  t h ou g h  at t r ib u t es d i f f er . An

ob j ect  m u st  b e d ist in g u ish ed  f r om  o t h er  ob j ect s ev en  t h ou g h  t h ey  m ig h t  h av e t h e sam e

at t r ib u t es. Mist ak en  id en t i t y  can  lead  t o  d at a co r r u p t ion .

An object  defined prim arily by its ident ity is called an ENTI TY. [ 1]  ENTI TI ES have special m odeling
and design considerat ions. They have life cycles that  can radically change their  form  and content ,
but  a thread of cont inuity m ust  be m aintained. Their ident it ies m ust  be defined so that  they can be
effect ively t racked. Their class definit ions, responsibilit ies, at t r ibutes, and associat ions should
revolve around who they are, rather than the part icular at t r ibutes they carry. Even for ENTI TI ES

that  don't  t ransform  so radically or have such com plicated life cycles, placing them  in the sem ant ic
category leads to m ore lucid m odels and m ore robust  im plem entat ions.

[ 1]  A m odel ENTI TY is not  the sam e thing as a Java "ent ity bean."  Ent ity beans were m eant  as a fram ework for
im plem ent ing ENTI TI ES,  m ore or less, but  it  hasn't  worked out  that  way. Most  ENTI TI ES are im plem ented as
ordinary objects. Regardless of how they are im plem ented, ENTI TI ES are a fundam ental dist inct ion in a dom ain
m odel.

Of course, m ost  " ENTI TI ES"  in a software system  are not  people or ent it ies in the usual sense of the
word. An ENTI TY is anything that  has cont inuity through a life cycle and dist inct ions independent  of
at t r ibutes that  are im portant  to the applicat ion's user. I t  could be a person, a city, a car, a lot tery
t icket , or a bank t ransact ion.

On the other hand, not  all objects in the m odel are ENTI TI ES,  with m eaningful ident it ies. This issue
is confused by the fact  that  object -or iented languages build " ident ity"  operat ions into every object
( for exam ple, the "=="  operator in Java) . These operat ions determ ine if two references point  to the

sam e object  by com paring their  locat ion in m em ory or by som e other m echanism . I n this sense,
every object  instance has ident ity. I n the dom ain of, say, creat ing a Java runt im e environm ent  or
a technical fram ework for caching rem ote objects locally, every object  instance m ay indeed be an
ENTI TY.  But  this ident ity m echanism  m eans very lit t le in other applicat ion dom ains. I dent ity is a
subt le and m eaningful at t r ibute of ENTI TI ES,  which can't  be turned over to the autom at ic features
of the language.



Consider t ransact ions in a banking applicat ion. Two deposits of the sam e am ount  to the sam e
account  on the sam e day are st ill dist inct  t ransact ions, so they have ident ity and are ENTI TI ES.  On
the other hand, the am ount  at t r ibutes of those two t ransact ions are probably instances of som e
m oney object . These values have no ident ity, since there is no usefulness in dist inguishing them .
I n fact , two objects can have the sam e ident ity without  having the sam e at t r ibutes or even,
necessarily, being of the sam e class. When the bank custom er is reconciling the t ransact ions of the
bank statem ent  with the t ransact ions of the check regist ry, the task is, specifically, to m atch
t ransact ions that  have the sam e ident ity, even though they were recorded by different  people on
different  dates ( the bank clearing date being later than the date on the check) . The purpose of the
check num ber is to serve as a unique ident ifier for this purpose, whether the problem  is being
handled by a com puter program  or by hand. Deposits and cash withdrawals, which don't  have an
ident ifying num ber, can be t r ickier, but  the sam e principle applies:  each t ransact ion is an ENTI TY,
which appears in at  least  two form s.

I t  is com m on for ident ity to be significant  outside a part icular software system , as is the case with
the banking t ransact ions and the apartm ent  tenants. But  som et im es the ident ity is im portant  only
in the context  of the system , such as the ident ity of a com puter process.

Therefore:

W h en  an  ob j ect  i s d ist in g u ish ed  b y  i t s id en t i t y , r a t h er  t h an  i t s a t t r ib u t es, m ak e t h is

p r im ar y  t o  i t s d ef in i t ion  in  t h e m od el . Keep  t h e class d ef in i t ion  sim p le an d  f ocu sed  on

l i f e  cy cle con t in u i t y  an d  id en t i t y . Def in e a m ean s o f  d ist in g u ish in g  each  ob j ect

r eg ar d less o f  i t s f o r m  o r  h ist o r y . Be a ler t  t o  r eq u i r em en t s t h at  ca l l  f o r  m at ch in g  ob j ect s

b y  at t r ib u t es. Def in e an  op er at ion  t h at  i s g u ar an t eed  t o  p r od u ce a u n iq u e r esu l t  f o r

each  ob j ect , p ossib ly  b y  a t t ach in g  a sy m b o l  t h at  i s g u ar an t eed  u n iq u e. Th is m ean s o f

id en t i f i ca t ion  m ay  com e f r om  t h e ou t sid e, o r  i t  m ay  b e an  ar b i t r ar y  id en t i f ier  cr eat ed  b y

an d  f o r  t h e sy st em , b u t  i t  m u st  co r r esp on d  t o  t h e id en t i t y  d ist in ct ion s in  t h e m od el . Th e

m od el  m u st  d ef in e w h at  i t  m ean s  t o  b e t h e sam e t h in g .

I dent ity is not  int r insic to a thing in the world;  it  is a m eaning superim posed because it  is useful.
I n fact , the sam e real-world thing m ight  or m ight  not  be represented as an ENTI TY in a dom ain
model.

An applicat ion for booking seats in a stadium  m ight  t reat  seats and at tendees as ENTI TI ES.  I n the
case of assigned seat ing, in which each t icket  has a seat  num ber on it ,  the seat  is an ENTI TY.  I ts
ident ifier is the seat  num ber, which is unique within the stadium . The seat  m ay have m any other
at t r ibutes, such as its locat ion, whether the view is obst ructed, and the pr ice, but  only the seat
num ber, or a unique row and posit ion, is used to ident ify and dist inguish seats.

On the other hand, if the event  is "general adm ission,"  m eaning that  t icket  holders sit  wherever
they find an em pty seat , there is no need to dist inguish individual seats. Only the total num ber of
seats is im portant . Although the seat  num bers are st ill engraved on the physical seats, there is no
need for the software to t rack them . I n fact , it  would be erroneous for the m odel to associate
specific seat  num bers with t ickets, because there is no such const raint  at  a general adm ission
event . I n such a case, seats are not  ENTI TI ES,  and no ident ifier is needed.

  

Modeling ENTITIES

I t  is natural to think about  the at t r ibutes when m odeling an object , and it  is quite im portant  to
think about  its behavior. But  the m ost  basic responsibilit y of ENTI TI ES is to establish cont inuity so
that  behavior can be clear and predictable. They do this best  if they are kept  spare. Rather than
focusing on the at t r ibutes or even the behavior, st r ip the ENTI TY object 's definit ion down to the



m ost  int r insic character ist ics, part icular ly those that  ident ify it  or are com m only used to find or
m atch it .  Add only behavior that  is essent ial to the concept  and at t r ibutes that  are required by that
behavior. Beyond that , look to rem ove behavior and at t r ibutes into other objects associated with
the core ENTI TY.  Som e of these will be other ENTI TI ES.  Som e will be VALUE OBJECTS,  which is the
next  pat tern in this chapter. Beyond ident ity issues, ENTI TI ES tend to fulfill their  responsibilit ies by
coordinat ing the operat ions of objects they own.

The custom erI D is the one and only ident ifier of the Cu st om er  ENTI TY in Figure 5.5, but  the phone
num ber and address would often be used to find or m atch a Cu st om er .  The nam e does not  define

a person's ident ity, but  it  is often used as part  of the m eans of determ ining it .  I n this exam ple, the
phone and address at t r ibutes m oved into Cu st om er ,  but  on a real project , that  choice would
depend on how the dom ain's custom ers are typically m atched or dist inguished. For exam ple, if a
Cu st om er  has m any contact  phone num bers for different  purposes, then the phone num ber is not
associated with ident ity and should stay with the Sales Con t act .

Fig u r e 5 .5 . At t r ib u t es associa t ed  w i t h  id en t i t y  st ay  w i t h  t h e ENTI TY.

Designing the Identity Operation

Each ENTI TY m ust  have an operat ional way of establishing its ident ity with another
object—dist inguishable even from  another object  with the sam e descript ive at t r ibutes. An
ident ifying at t r ibute m ust  be guaranteed to be unique within the system  however that  system  is
defined—even if dist r ibuted, even when objects are archived.

As m ent ioned earlier, object -or iented languages have " ident ity"  operat ions that  determ ine if two
references point  to the sam e object  by com paring the objects' locat ions in m em ory. This kind of
ident ity t racking is too fragile for our purposes. I n m ost  technologies for persistent  storage of
objects, every t im e an object  is ret r ieved from  a database, a new instance is created, and so the
init ial ident ity is lost . Every t im e an object  is t ransm it ted across a network, a new instance is
created on the dest inat ion, and once again the ident ity is lost . The problem  can be even worse
when m ult iple versions of the sam e object  exist  in the system , such as when updates propagate
through a dist r ibuted database.

Even with fram eworks that  sim plify these technical problem s, the fundam ental issue exists:  How
do you know that  two objects represent  the sam e conceptual ENTI TY? The definit ion of ident ity
em erges from  the m odel. Defining ident ity dem ands understanding of the dom ain.

Som et im es certain data at t r ibutes, or com binat ions of at t r ibutes, can be guaranteed or sim ply



const rained to be unique within the system . This approach provides a unique key for the ENTI TY.
Daily newspapers, for exam ple, m ight  be ident ified by the nam e of the newspaper, the city, and
the date of publicat ion. (But  watch out  for ext ra edit ions and nam e changes! )

When there is no t rue unique key m ade up of the at t r ibutes of an object , another com m on solut ion
is to at tach to each instance a sym bol (such as a num ber or a st r ing)  that  is unique within the
class. Once this I D sym bol is created and stored as an at t r ibute of the ENTI TY,  it  is designated
im m utable. I t  m ust  never change, even if the developm ent  system  is unable to direct ly enforce
this rule. For exam ple, the I D at t r ibute is preserved as the object  gets flat tened into a database
and reconst ructed. Som et im es a technical fram ework helps with this process, but  otherwise it  j ust
takes engineering discipline.

Often the I D is generated autom at ically by the system . The generat ion algorithm  m ust  guarantee
uniqueness within the system , which can be a challenge with concurrent  processing and in
dist r ibuted system s. Generat ing such an I D m ay require techniques that  are beyond the scope of
this book. The goal here is to point  out  when the considerat ions ar ise, so that  developers are
aware they have a problem  to solve and know how to narrow down their  concerns to the cr it ical
areas. The key is to recognize that  ident ity concerns hinge on specific aspects of the m odel. Often,
the m eans of ident ificat ion dem and a careful study of the dom ain, as well.

When the I D is autom at ically generated, the user m ay never need to see it .  The I D m ay be needed
only internally, such as in a contact  m anagem ent  applicat ion that  lets the user find records by a
person's nam e. The program  needs to be able to dist inguish two contacts with exact ly the sam e
nam e in a sim ple, unam biguous way. The unique, internal I Ds let  the system  do just  that . After
ret r ieving the two dist inct  item s, the system  will show two separate contacts to the user, but  the
I Ds m ay not  be shown. The user will dist inguish them  on the basis of their  com pany, their  locat ion,
and so on.

Finally, there are cases in which a generated I D is of interest  to the user. When I  ship a package
through a parcel delivery service, I 'm  given a t racking num ber, generated by the shipping
com pany's software, which I  can use to ident ify and follow up on m y package. When I  book air line
t ickets or reserve a hotel, I 'm  given confirm at ion num bers that  are unique ident ifiers for the
t ransact ion.

I n som e cases, the uniqueness of the I D m ust  apply beyond the com puter system 's boundaries.
For exam ple, if m edical records are being exchanged between two hospitals that  have separate
com puter system s, ideally each system  will use the sam e pat ient  I D, but  this is difficult  if they
generate their  own sym bol. Such system s often use an ident ifier issued by som e other inst itut ion,
typically a governm ent  agency. I n the United States, the Social Security num ber is often used by
hospitals as an ident ifier for a person. Such m ethods are not  foolproof. Not  everyone has a Social
Security num ber (children and nonresidents of the United States, especially) , and m any people
object  to its use, for pr ivacy reasons.

I n less form al situat ions (say, video rental) , telephone num bers are used as ident ifiers. But  a
telephone can be shared. The num ber can change. An old num ber can even be reassigned to a
different  person.

For these reasons, specially assigned ident ifiers are often used (such as frequent  flier num bers) ,
and other at t r ibutes, such as phone num bers and Social Security num bers, are used to m atch and
verify. I n any case, when the applicat ion requires an external I D, the users of the system  becom e
responsible for supplying I Ds that  are unique, and the system  m ust  give them  adequate tools to
handle except ions that  ar ise.

Given all these technical problem s, it  is easy to lose sight  of the underlying conceptual problem :
What  does it  m ean for two objects to be the sam e thing? I t  is easy enough to stam p each object
with an I D, or to write an operat ion that  com pares two instances, but  if these I Ds or operat ions
don't  correspond to som e m eaningful dist inct ion in the dom ain, they just  confuse m at ters m ore.



This is why ident ity-assigning operat ions often involve hum an input . Checkbook reconciliat ion
software, for instance, m ay offer likely m atches, but  the user is expected to m ake the final
determ inat ion.

[  Team  LiB ]  
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Value Objects

Many objects have no conceptual ident ity. These objects describe som e character ist ic of a thing.

  

When a child is drawing, he cares about  the color of the m arker he chooses, and he m ay care
about  the sharpness of the t ip. But  if there are two m arkers of the sam e color and shape, he
probably won't  care which one he uses. I f a m arker is lost  and replaced by another of the sam e
color from  a new pack, he can resum e his work unconcerned about  the switch.

Ask the child about  the various drawings on the refr igerator, and he will quickly dist inguish those
he m ade from  those his sister m ade. He and his sister have useful ident it ies, as do their  com pleted
drawings. But  im agine how com plicated it  would be if he had to t rack which lines in a drawing were
m ade by each m arker. Drawing would no longer be child's play.

Because the m ost  conspicuous objects in a m odel are usually ENTI TI ES,  and because it  is so
im portant  to t rack each ENTI TY's ident ity, it  is natural to consider assigning an ident ity to all
dom ain objects. I ndeed, som e fram eworks assign a unique I D to every object .

The system  has to cope with all that  t racking, and m any possible perform ance opt im izat ions are
ruled out . Analyt ical effort  is required to define m eaningful ident it ies and work out  foolproof ways
to t rack objects across dist r ibuted system s or in database storage. Equally im portant , taking on
art ificial ident it ies is m isleading. I t  m uddles the m odel, forcing all objects into the sam e m old.

Tr ack in g  t h e id en t i t y  o f  ENTI TI ES i s essen t ia l , b u t  a t t ach in g  id en t i t y  t o  o t h er  ob j ect s can

h u r t  sy st em  p er f o r m an ce, ad d  an aly t i ca l  w o r k , an d  m u d d le t h e m od el  b y  m ak in g  a l l

ob j ect s look  t h e sam e.

So f t w ar e d esig n  is a  con st an t  b at t le  w i t h  com p lex i t y . W e m u st  m ak e d ist in ct ion s so

t h at  sp ecia l  h an d l in g  is ap p l ied  on ly  w h er e n ecessar y .

How ev er , i f  w e t h in k  o f  t h is cat eg o r y  o f  ob j ect  as j u st  t h e ab sen ce o f  id en t i t y , w e



h av en ' t  ad d ed  m u ch  t o  ou r  t oo lb ox  o r  v ocab u lar y . I n  f act , t h ese ob j ect s h av e

ch ar act er ist i cs o f  t h e i r  ow n  an d  t h ei r  ow n  sig n i f i can ce t o  t h e m od el . Th ese ar e t h e

ob j ect s t h at  d escr ib e t h in g s.

An object  that  represents a descript ive aspect  of the dom ain with no conceptual ident ity is called a
VALUE OBJECT.  VALUE OBJECTS are instant iated to represent  elem ents of the design that  we care
about  only for what  they are, not  who or which they are.

Is "Address" a VALUE OBJECT? Who's Asking?

I n software for a m ail-order com pany, an address is needed to confirm  the credit  card,
and to address the parcel. But  if a room m ate also orders from  the sam e com pany, it  is
not  im portant  to realize they are in the sam e locat ion. Address is a VALUE OBJECT.

I n software for the postal service, intended to organize delivery routes, the count ry
could be form ed into a hierarchy of regions, cit ies, postal zones, and blocks, term inat ing
in individual addresses. These address objects would derive their  zip code from  their
parent  in the hierarchy, and if the postal service decided to reassign postal zones, all
the addresses within would go along for the r ide. Here, Address is an ENTI TY.

I n software for an elect r ic ut ilit y com pany, an address corresponds to a dest inat ion for
the com pany's lines and service. I f room m ates each called to order elect r ical service,
the com pany would need to realize it .  Address is an ENTI TY.  Alternat ively, the m odel
could associate ut ilit y service with a "dwelling,"  an ENTI TY with an at t r ibute of address.
Then Address would be a VALUE OBJECT.

Colors are an exam ple of VALUE OBJECTS that  are provided in the base librar ies of m any m odern
developm ent  system s;  so are st r ings and num bers. (You don't  care which "4"  you have or which
"Q".)  These basic exam ples are sim ple, but  VALUE OBJECTS are not  necessarily sim ple. For exam ple,
a color-m ixing program  m ight  have a r ich m odel in which enhanced color objects could be
com bined to produce other colors. These colors could have com plex algorithm s for collaborat ing to
derive the new result ing VALUE OBJECT.

A VALUE OBJECT can be an assem blage of other objects. I n software for designing house plans, an
object  could be created for each window style. This "window style"  could be incorporated into a
"window" object , along with height  and width, as well as rules governing how these at t r ibutes can
be changed and com bined. These windows are int r icate VALUE OBJECTS m ade up of other VALUE

OBJECTS.  They in turn would be incorporated into larger elem ents of a plan, such as "wall"  objects.

VALUE OBJECTS can even reference ENTI TI ES.  For exam ple, if I  ask an online m ap service for a
scenic dr iving route from  San Francisco to Los Angeles, it  m ight  derive a Route object  linking L.A.
and San Francisco via the Pacific Coast  Highway. That  Route object  would be a VALUE,  even though
the three objects it  references ( two cit ies and a highway)  are all ENTI TI ES.

VALUE OBJECTS are often passed as param eters in m essages between objects. They are frequent ly
t ransient , created for an operat ion and then discarded. VALUE OBJECTS are used as at t r ibutes of
ENTI TI ES (and other VALUES) . A person m ay be m odeled as an ENTI TY with an ident ity, but  that
person's nam e is a VALUE.

W h en  y ou  car e on ly  ab ou t  t h e at t r ib u t es o f  an  e lem en t  o f  t h e m od el , classi f y  i t  as a

VALUE OBJECT. Mak e i t  ex p r ess t h e m ean in g  o f  t h e at t r ib u t es i t  con v ey s an d  g iv e i t

r e la t ed  f u n ct ion al i t y . Tr eat  t h e VALUE OBJECT as im m u t ab le. Don ' t  g iv e i t  an y  id en t i t y

an d  av o id  t h e d esig n  com p lex i t ies n ecessar y  t o  m ain t a in  ENTI TI ES.



The at t r ibutes that  m ake up a VALUE OBJECT should form  a conceptual whole. [ 2]  For exam ple,
st reet , city, and postal code shouldn't  be separate at t r ibutes of a Person object . They are part  of a
single, whole address, which m akes a sim pler Person, and a m ore coherent  VALUE OBJECT.

[ 2]  The WHOLE VALUE pat tern, by Ward Cunningham .

Fig u r e 5 .6 . A VALUE OBJECT can  g iv e in f o r m at ion  ab ou t  an  ENTI TY. I t  sh ou ld
b e con cep t u a l l y  w h o le.

  

Designing VALUE OBJECTS

We don't  care which instance we have of a VALUE OBJECT.  This lack of const raints gives us design
freedom  we can use to sim plify the design or opt im ize perform ance. This involves m aking choices
about  copying, sharing, and im m utabilit y.

I f two people have the sam e nam e, that  does not  m ake them  the sam e person, or m ake them
interchangeable. But  the object  represent ing the nam e is interchangeable, because only the
spelling of the nam e m at ters. A Nam e object  can be copied from  the first  Person object  to the
second.

I n fact , the two Person objects m ight  not  need their  own nam e instances. The sam e Nam e object
could be shared between the two Person objects (each with a pointer to the sam e nam e instance)
with no change in their  behavior or ident ity. That  is, their  behavior will be correct  unt il som e
change is m ade to the nam e of one person. Then the other person's nam e would change also!  To
protect  against  this, in order for an object  to be shared safely, it  m ust  be im m utable:  it  cannot  be
changed except  by full replacem ent .

The sam e issues arise when an object  passes one of its at t r ibutes to another object  as an
argum ent  or return value. Anything could happen to the wandering object  while it  is out  of cont rol
of its owner. The VALUE could be changed in a way that  corrupts the owner, by violat ing the
owner's invariants. This problem  is avoided either by m aking the passed object  im m utable, or by
passing a copy.



Creat ing ext ra opt ions for perform ance tuning can be im portant  because VALUE OBJECTS tend to be
num erous. The exam ple of the house design software hints at  this. I f each elect r ical out let  is a
separate VALUE OBJECT,  there m ight  be a hundred of them  in a single version of a single house
plan. But  if all out lets are considered interchangeable, we could share just  one instance of an
out let  and point  to it  a hundred t im es (an exam ple of FLYWEI GHT [ Gam m a et  al. 1995] ) . I n large
system s, this kind of effect  can be m ult iplied by thousands, and such an opt im izat ion can m ake
the difference between a usable system  and one that  slows to a crawl, choked on m illions of
redundant  objects. This is just  one exam ple of an opt im izat ion t r ick that  is not  available for
ENTI TI ES.

The econom y of copying versus sharing depends on the im plem entat ion environm ent . Although
copies m ay clog the system  with huge num bers of objects, sharing can slow down a dist r ibuted
system . When a copy is passed between two m achines, a single m essage is sent  and the copy
lives independent ly on the receiving m achine. But  if a single instance is being shared, only a
reference is passed, requir ing a m essage back to the object  for each interact ion.

Sharing is best  rest r icted to those cases in which it  is m ost  valuable and least  t roublesom e:

When saving space or object  count  in the database is cr it ical

When com m unicat ion overhead is low (such as in a cent ralized server)

When the shared object  is st r ict ly im m utable

I m m utabilit y of an at t r ibute or an object  can be declared in som e languages and environm ents but
not  in others. Such features help com m unicate the design decision, but  they are not  essent ial.
Many of the dist inct ions we are m aking in the m odel cannot  be explicit ly declared in the
im plem entat ion with m ost  current  tools and program m ing languages. You can't  declare ENTI TI ES,
for exam ple, and then have an ident ity operat ion autom at ically enforced. But  the lack of direct
language support  for a conceptual dist inct ion does not  m ean that  the dist inct ion is not  useful. I t
j ust  m eans that  m ore discipline is needed to m aintain the rules that  will be only im plicit  in the
im plem entat ion. This can be reinforced with nam ing convent ions, select ive docum entat ion, and
lots of discussion .

As long as a VALUE OBJECT is im m utable, change m anagem ent  is sim ple—there isn't  any change
except  full replacem ent . I m m utable objects can be freely shared, as in the elect r ical out let
exam ple. I f garbage collect ion is reliable, delet ion is just  a m at ter of dropping all references to the
object . When a VALUE OBJECT is designated im m utable in the design, developers are free to m ake
decisions about  issues such as copying and sharing on a purely technical basis, secure in the
knowledge that  the applicat ion does not  rely on part icular instances of the objects.



Special Cases: When to Allow Mutability

I m m utabilit y is a great  sim plifier in an im plem entat ion, m aking sharing and reference
passing safe. I t  is also consistent  with the m eaning of a value. I f the value of an
at t r ibute changes, you use a different  VALUE OBJECT,  rather than m odifying the exist ing
one. Even so, there are cases when perform ance considerat ions will favor allowing a
VALUE OBJECT to be m utable. These factors would weigh in favor of a m utable
implementat ion:

I f the VALUE changes frequent ly

I f object  creat ion or delet ion is expensive

I f replacem ent  ( rather than m odificat ion)  will disturb cluster ing (as discussed in
the previous exam ple)

I f there is not  m uch sharing of VALUES,  or if such sharing is forgone to im prove
cluster ing or for som e other technical reason

Just  to reiterate:  I f a VALUE's im plem entat ion is to be m utable, then it  m ust  not  be
shared. Whether you will be sharing or not , design VALUE OBJECTS as im m utable when
you can.

Defining VALUE OBJECTS and designat ing them  as im m utable is a case of following a general rule:
Avoiding unnecessary const raints in a m odel leaves developers free to do purely technical
perform ance tuning. Explicit ly defining the essent ial const raints lets developers tweak the design
while keeping safe from  changing m eaningful behavior. Such design tweaks are often very specific
to the technology in use on a part icular project .

Example

Tuning a Database with VALUE OBJECTS

Databases, at  the lowest  level, have to place data in a physical locat ion on a disk, and it  takes
t im e for physical parts to m ove around and read that  data. Sophist icated databases at tem pt  to
cluster these physical addresses so that  related data can be fetched from  the disk in a single
physical operat ion.

I f an object  is referenced by m any other objects, som e of those objects will not  be located nearby
(on the sam e page) , requir ing an addit ional physical operat ion to get  the data. By m aking a copy,
rather than sharing a reference to the sam e instance, a VALUE OBJECT that  is act ing as an at t r ibute
of m any ENTI TI ES can be stored on the sam e page as each ENTI TY that  uses it .  This technique of
stor ing m ult iple copies of the sam e data is called denormalizat ion  and is often used when access
t im e is m ore cr it ical than storage space or sim plicity of m aintenance.

I n a relat ional database, you m ight  want  to put  a part icular VALUE in the table of the ENTI TY that
owns it ,  rather than creat ing an associat ion to a separate table. I n a dist r ibuted system , holding a
reference to a VALUE OBJECT on another server will probably m ake for slow responses to m essages;
instead, a copy of the whole object  should be passed to the other server. We can freely m ake
these copies because we are dealing with VALUE OBJECTS.



Designing Associations That Involve VALUE OBJECTS

Most  of the earlier discussion of associat ions applies to ENTI TI ES and VALUE OBJECTS alike. The fewer
and sim pler the associat ions in the m odel, the bet ter.

But , while bidirect ional associat ions between ENTI TI ES m ay be hard to m aintain, bidirect ional
associat ions between two VALUE OBJECTS j ust  m ake no sense. Without  ident ity, it  is m eaningless to
say that  an object  points back to the sam e VALUE OBJECT that  points to it .  The m ost  you could say
is that  it  points to an object  that  is equal to the one point ing to it ,  but  you would have to enforce
that  invariant  som ewhere. And although you could do so, and set  up pointers going both ways, it
is hard to think of exam ples where such an arrangem ent  would be useful. Try to com pletely
elim inate bidirect ional associat ions between VALUE OBJECTS.  I f in the end such associat ions seem
necessary in your m odel, rethink the decision to declare the object  a VALUE OBJECT in the first
place. Maybe it  has an ident ity that  hasn't  been explicit ly recognized yet .

ENTI TI ES and VALUE OBJECTS are the m ain elem ents of convent ional object  m odels, but  pragm at ic
designers have com e to use one elem ent , SERVI CES.  .  .  .

[  Team  LiB ]  
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Services

Som et im es, it  j ust  isn't  a thing.

I n som e cases, the clearest  and m ost  pragm at ic design includes operat ions that  do not
conceptually belong to any object . Rather than force the issue, we can follow the natural contours
of the problem  space and include SERVI CES explicit ly in the m odel.

  

There are im portant  dom ain operat ions that  can't  find a natural hom e in an ENTI TY or VALUE

OBJECT.  Som e of these are int r insically act ivit ies or act ions, not  things, but  since our m odeling
paradigm  is objects, we t ry to fit  them  into objects anyway.

Now, the m ore com m on m istake is to give up too easily on fit t ing the behavior into an appropriate
object , gradually slipping toward procedural program m ing. But  when we force an operat ion into an
object  that  doesn't  fit  the object 's definit ion, the object  loses its conceptual clar ity and becom es
hard to understand or refactor. Com plex operat ions can easily swam p a sim ple object , obscuring
its role. And because these operat ions often draw together m any dom ain objects, coordinat ing
them  and put t ing them  into act ion, the added responsibilit y will create dependencies on all those
objects, tangling concepts that  could be understood independent ly.

Som et im es services m asquerade as m odel objects, appearing as objects with no m eaning beyond
doing som e operat ion. These "doers"  end up with nam es ending in "Manager"  and the like. They
have no state of their  own nor any m eaning in the dom ain beyond the operat ion they host . St ill,  at
least  this solut ion gives these dist inct  behaviors a hom e without  m essing up a real m odel object .

Som e con cep t s f r om  t h e d om ain  ar en ' t  n at u r a l  t o  m od el  as ob j ect s. Fo r cin g  t h e

r eq u i r ed  d om ain  f u n ct ion al i t y  t o  b e t h e r esp on sib i l i t y  o f  an  ENTI TY o r  VALUE e i t h er

d ist o r t s t h e d ef in i t ion  o f  a  m od el - b ased  ob j ect  o r  ad d s m ean in g less ar t i f i cia l  ob j ect s.

A SERVI CE is an operat ion offered as an interface that  stands alone in the m odel, without
encapsulat ing state, as ENTI TI ES and VALUE OBJECTS do. SERVI CES are a com m on pat tern in technical
fram eworks, but  they can also apply in the dom ain layer.



The nam e service em phasizes the relat ionship with other objects. Unlike ENTI TI ES and VALUE

OBJECTS,  it  is defined purely in term s of what  it  can do for a client . A SERVI CE tends to be nam ed for
an act ivity, rather than an ent ity—a verb rather than a noun. A SERVI CE can st ill have an abst ract ,
intent ional definit ion;  it  j ust  has a different  flavor than the definit ion of an object . A SERVI CE should
st ill have a defined responsibilit y, and that  responsibilit y and the interface fulfilling it  should be
defined as part  of the dom ain m odel. Operat ion nam es should com e from  the UBI QUI TOUS

LANGUAGE or be int roduced into it .  Param eters and results should be dom ain objects.

SERVI CES should be used judiciously and not  allowed to st r ip the ENTI TI ES and VALUE OBJECTS of all
their  behavior. But  when an operat ion is actually an im portant  dom ain concept , a SERVI CE form s a
natural part  of a MODEL-DRI VEN DESI GN.  Declared in the m odel as a SERVI CE, rather than as a
phony object  that  doesn't  actually represent  anything, the standalone operat ion will not  m islead
anyone.

A good SERVI CE has three character ist ics.

The operat ion relates to a dom ain concept  that  is not  a natural part  of an ENTI TY or VALUE

OBJECT.
1 .

The interface is defined in term s of other elem ents of the dom ain m odel.2 .

The operat ion is stateless.3 .

Statelessness here m eans that  any client  can use any instance of a part icular SERVI CE without
regard to the instance's individual history. The execut ion of a SERVI CE will use inform at ion that  is
accessible globally, and m ay even change that  global inform at ion ( that  is, it  m ay have side
effects) . But  the SERVI CE does not  hold state of its own that  affects its own behavior, as m ost
dom ain objects do.

W h en  a sig n i f i can t  p r ocess o r  t r an sf o r m at ion  in  t h e d om ain  is n o t  a  n at u r a l

r esp on sib i l i t y  o f  an  ENTI TY o r  VALUE OBJECT, ad d  an  op er at ion  t o  t h e m od el  as a

st an d alon e in t er f ace d eclar ed  as a SERVI CE. Def in e t h e in t er f ace in  t er m s o f  t h e

lan g u ag e o f  t h e m od el  an d  m ak e su r e t h e op er at ion  n am e is p ar t  o f  t h e UBI QUI TOUS

LANGUAGE. Mak e t h e SERVI CE st a t e less.

  

SERVICES and the Isolated Domain Layer

This pat tern is focused on those SERVI CES that  have an im portant  m eaning in the dom ain in their
own r ight , but  of course SERVI CES are not  used only in the dom ain layer. I t  takes care to
dist inguish SERVI CES that  belong to the dom ain layer from  those of other layers, and to factor
responsibilit ies to keep that  dist inct ion sharp.

Most  SERVI CES discussed in the literature are purely technical and belong in the infrast ructure
layer. Dom ain and applicat ion SERVI CES collaborate with these infrast ructure SERVI CES.  For
exam ple, a bank m ight  have an applicat ion that  sends an e-m ail to a custom er when an account
balance falls below a specific threshold. The interface that  encapsulates the e-m ail system , and
perhaps alternate m eans of not ificat ion, is a SERVI CE in the infrast ructure layer.

I t  can be harder to dist inguish applicat ion SERVI CES from  dom ain SERVI CES.  The applicat ion layer is
responsible for ordering the not ificat ion. The dom ain layer is responsible for determ ining if a
threshold was m et—though this task probably does not  call for a SERVI CE,  because it  would fit  the
responsibilit y of an "account "  object . That  banking applicat ion could be responsible for funds
t ransfers. I f a SERVI CE were devised to m ake appropriate debits and credits for a funds t ransfer,



that  capabilit y would belong in the dom ain layer. Funds t ransfer has a m eaning in the banking
dom ain language, and it  involves fundam ental business logic. Technical SERVI CES should lack any
business m eaning at  all.

Many dom ain or applicat ion SERVI CES are built  on top of the populat ions of ENTI TI ES and VALUES,
behaving like scr ipts that  organize the potent ial of the dom ain to actually get  som ething done.
ENTI TI ES and VALUE OBJECTS are often too fine-grained to provide a convenient  access to the
capabilit ies of the dom ain layer. Here we encounter a very fine line between the dom ain layer and
the applicat ion layer. For exam ple, if the banking applicat ion can convert  and export  our
t ransact ions into a spreadsheet  file for us to analyze, that  export  is an applicat ion SERVI CE.  There
is no m eaning of " file form ats"  in the dom ain of banking, and there are no business rules involved.

On the other hand, a feature that  can t ransfer funds from  one account  to another is a dom ain
SERVI CE because it  em beds significant  business rules (credit ing and debit ing the appropriate
accounts, for exam ple)  and because a " funds t ransfer"  is a m eaningful banking term . I n this case,
the SERVI CE does not  do m uch on its own;  it  would ask the two Account  objects to do m ost  of the
work. But  to put  the " t ransfer"  operat ion on the Account  object  would be awkward, because the
operat ion involves two accounts and som e global rules.

We m ight  like to create a Funds Transfer object  to represent  the two ent r ies plus the rules and
history around the t ransfer. But  we are st ill left  with calls to SERVI CES in the interbank networks.
What 's m ore, in m ost  developm ent  system s, it  is awkward to m ake a direct  interface between a
dom ain object  and external resources. We can dress up such external SERVI CES with a FACADE that
takes inputs in term s of the m odel, perhaps returning a Funds Transfer object  as its result . But
whatever interm ediar ies we m ight  have, and even though they don't  belong to us, those SERVI CES

are carrying out  the dom ain responsibilit y of funds t ransfer.

Par t i t ion in g  Ser v ices in t o  Lay er s

Ap p l icat ion Funds Transfer App Service

Digests input  (such as an XML request ) .

Sends m essage to dom ain service for fulfillm ent .

Listens for confirm at ion.

Decides to send not ificat ion using infrast ructure service.

Dom ain Funds Transfer Dom ain Service

I nteracts with necessary Account  and Ledger objects, m aking appropriate
debits and credits.

Supplies confirm at ion of result  ( t ransfer allowed or not , and so on) .

I n f r ast r u ct u r e Send Not ificat ion Service

Sends e-m ails, let ters, and other com m unicat ions as directed by the
applicat ion.

Granularity

Although this pat tern discussion has em phasized the expressiveness of m odeling a concept  as a



SERVI CE,  the pat tern is also valuable as a m eans of cont rolling granular ity in the interfaces of the
dom ain layer, as well as decoupling clients from  the ENTI TI ES and VALUE OBJECTS.

Medium -grained, stateless SERVI CES can be easier to reuse in large system s because they
encapsulate significant  funct ionality behind a sim ple interface. Also, fine-grained objects can lead
to inefficient  m essaging in a dist r ibuted system .

As previously discussed, fine-grained dom ain objects can cont r ibute to knowledge leaks from  the
dom ain into the applicat ion layer, where the dom ain object 's behavior is coordinated. The
com plexity of a highly detailed interact ion ends up being handled in the applicat ion layer, allowing
dom ain knowledge to creep into the applicat ion or user interface code, where it  is lost  from  the
dom ain layer. The judicious int roduct ion of dom ain services can help m aintain the br ight  line
between layers.

This pat tern favors interface sim plicity over client  cont rol and versat ilit y. I t  provides a m edium
grain of funct ionality very useful in packaging com ponents of large or dist r ibuted system s. And
som et im es a SERVI CE is the m ost  natural way to express a dom ain concept .

Access to SERVICES

Dist r ibuted system  architectures, such as J2EE and CORBA, provide special publishing m echanism s
for SERVI CES,  with convent ions for their  use, and they add dist r ibut ion and access capabilit ies. But
such fram eworks are not  always in use on a project , and even when they are, they are likely to be
overkill when the m ot ivat ion is just  a logical separat ion of concerns.

The m eans of providing access to a SERVI CE is not  as im portant  as the design decision to carve off
specific responsibilit ies. A "doer"  object  m ay be sat isfactory as an im plem entat ion of a SERVI CE's
interface. A sim ple SI NGLETON (Gam m a et  al. 1995)  can be writ ten easily to provide access. Coding
convent ions can m ake it  clear that  these objects are just  delivery m echanism s for SERVI CE

interfaces, and not  m eaningful dom ain objects. Elaborate architectures should be used only when
there is a real need to dist r ibute the system  or otherwise draw on the fram ework's capabilit ies.

[  Team  LiB ]  
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Modules (a.k.a. Packages)

MODULES are an old, established design elem ent . There are technical considerat ions, but  cognit ive
overload is the pr im ary m ot ivat ion for m odular ity. MODULES give people two views of the m odel:
They can look at  detail within a MODULE without  being overwhelm ed by the whole, or they can look
at  relat ionships between MODULES in views that  exclude inter ior detail.

The MODULES in the dom ain layer should em erge as a m eaningful part  of the m odel, telling the
story of the dom ain on a larger scale.

  

Ev er y on e u ses MODULES, b u t  f ew  t r eat  t h em  as a f u l l - f led g ed  p ar t  o f  t h e m od el . Cod e

g et s b r ok en  d ow n  in t o  a l l  so r t s o f  cat eg o r ies, f r om  asp ect s o f  t h e t ech n ica l  ar ch i t ect u r e

t o  d ev elop er s'  w o r k  assig n m en t s. Ev en  d ev elop er s w h o  r ef act o r  a  lo t  t en d  t o  con t en t

t h em selv es w i t h  MODULES con ceiv ed  ear ly  in  t h e p r o j ect .

I t  i s a  t r u ism  t h at  t h er e sh ou ld  b e low  cou p l in g  b et w een  MODULES an d  h ig h  coh esion

w i t h in  t h em . Ex p lan at ion s o f  cou p l in g  an d  coh esion  t en d  t o  m ak e t h em  sou n d  l i k e

t ech n ica l  m et r i cs, t o  b e j u d g ed  m ech an ica l l y  b ased  on  t h e d ist r ib u t ion s o f  associa t ion s

an d  in t er act ion s. Yet  i t  i sn ' t  j u st  cod e b ein g  d iv id ed  in t o  MODULES, b u t  con cep t s. Th er e is

a l im i t  t o  h ow  m an y  t h in g s a p er son  can  t h in k  ab ou t  a t  on ce ( h en ce low  cou p l in g ) .

I n coh er en t  f r ag m en t s o f  id eas ar e as h ar d  t o  u n d er st an d  as an  u n d i f f er en t ia t ed  sou p  o f

id eas ( h en ce h ig h  coh esion ) .

Low coupling and high cohesion are general design pr inciples that  apply as m uch to individual
objects as to MODULES,  but  they are part icular ly im portant  at  this larger grain of m odeling and
design. These term s have been around for a long t im e;  one pat terns-style explanat ion can be
found in Larm an 1998.

Whenever two m odel elem ents are separated into different  m odules, the relat ionships between
them  becom e less direct  than they were, which increases the overhead of understanding their
place in the design. Low coupling between MODULES m inim izes this cost , and m akes it  possible to
analyze the contents of one MODULE with a m inim um  of reference to others that  interact .

At  the sam e t im e, the elem ents of a good m odel have synergy, and well-chosen MODULES br ing
together elem ents of the m odel with part icular ly r ich conceptual relat ionships. This high cohesion
of objects with related responsibilit ies allows m odeling and design work to concent rate within a
single MODULE,  a scale of com plexity a hum an m ind can easily handle.

MODULES and the sm aller elem ents should coevolve, but  typically they do not . MODULES are chosen
to organize an early form  of the objects. After that , the objects tend to change in ways that  keep
them  in the bounds of the exist ing MODULE definit ion. Refactor ing MODULES is m ore work and m ore
disrupt ive than refactor ing classes, and probably can't  be as frequent . But  just  as m odel objects
tend to start  out  naive and concrete and then gradually t ransform  to reveal deeper insight ,
MODULES can becom e subt le and abst ract . Let t ing the MODULES reflect  changing understanding of
the dom ain will also allow m ore freedom  for the objects within them  to evolve.

Like everything else in a dom ain-driven design, MODULES are a com m unicat ions m echanism .  The
m eaning of the objects being part it ioned needs to dr ive the choice of MODULES.  When you place
som e classes together in a MODULE,  you are telling the next  developer who looks at  your design to
think about  them  together. I f your m odel is telling a story, the MODULES are chapters. The nam e of



the MODULE conveys its m eaning. These nam es enter the UBI QUI TOUS LANGUAGE.  "Now let 's talk
about  the 'custom er' m odule,"  you m ight  say to a business expert , and the context  is set  for your
conversat ion.

Therefore:

Ch oose MODULES t h at  t e l l  t h e st o r y  o f  t h e sy st em  an d  con t a in  a  coh esiv e set  o f  con cep t s.

Th is o f t en  y ie ld s low  cou p l in g  b et w een  MODULES, b u t  i f  i t  d oesn ' t , look  f o r  a  w ay  t o

ch an g e t h e m od el  t o  d isen t an g le t h e con cep t s, o r  sear ch  f o r  an  ov er look ed  con cep t  t h at

m ig h t  b e t h e b asis o f  a  MODULE t h at  w ou ld  b r in g  t h e e lem en t s t og et h er  in  a  m ean in g f u l

w ay . Seek  low  cou p l in g  in  t h e sen se o f  con cep t s t h at  can  b e u n d er st ood  an d  r eason ed

ab ou t  in d ep en d en t ly  o f  each  o t h er . Ref in e t h e m od el  u n t i l  i t  p ar t i t ion s acco r d in g  t o

h ig h lev el  d om ain  con cep t s an d  t h e co r r esp on d in g  cod e is d ecou p led  as w el l .

Giv e t h e MODULES n am es t h at  b ecom e p ar t  o f  t h e UBI QUI TOUS LANGUAGE. MODULES an d

t h ei r  n am es sh ou ld  r ef lect  in sig h t  in t o  t h e d om ain .

Looking at  conceptual relat ionships is not  an alternat ive to technical m easures. They are different
levels of the sam e issue, and both have to be accom plished. But  m odel- focused thinking produces
a deeper solut ion, rather than an incidental one. And when there has to be a t rade-off, it  is best  to
go with the conceptual clar ity, even if it  m eans m ore references between MODULES or occasional
r ipple effects when changes are m ade to a MODULE.  Developers can handle these problem s if they
understand the story the m odel is telling them .

  

Agile MODULES

MODULES need to coevolve with the rest  of the m odel. This m eans refactor ing MODULES r ight  along
with the m odel and code. But  this refactor ing often doesn't  happen. Changing MODULES tends to
require widespread updates to the code. Such changes can be disrupt ive to team  com m unicat ion
and can even throw a m onkey wrench into developm ent  tools, such as source code cont rol
system s. As a result , MODULE st ructures and nam es often reflect  m uch earlier form s of the m odel
than the classes do.

I nevitable early m istakes in MODULE choices lead to high coupling, which m akes it  hard to refactor.
The lack of refactor ing just  keeps increasing the inert ia. I t  can only be overcom e by bit ing the
bullet  and reorganizing MODULES based on experience of where the t rouble spots lie.

Som e developm ent  tools and program m ing system s exacerbate the problem . Whatever
developm ent  technology the im plem entat ion will be based on, we need to look for ways of
m inim izing the work of refactor ing MODULES,  and m inim izing clut ter in com m unicat ing to other
developers.

Example

Package Coding Conventions in Java

I n Java, im ports (dependencies)  m ust  be declared in som e individual class. A m odeler probably
thinks of packages as depending on other packages, but  this can't  be stated in Java. Com m on
coding convent ions encourage the im port  of specific classes, result ing in code like this:

ClassA1



import packageB.ClassB1;
import packageB.ClassB2;
import packageB.ClassB3;
import packageC.ClassC1;
import packageC.ClassC2;
import packageC.ClassC3;
. . .

I n Java, unfortunately, there is no escape from  im port ing into individual classes, but  you can at
least  im port  ent ire packages at  a t im e, reflect ing the intent ion that  packages are highly cohesive
units while sim ultaneously reducing the effort  of changing package nam es.

ClassA1
import packageB.*;
import packageC.*;
. . .

True, this technique m eans m ixing two scales (classes depend on packages) , but  it  com m unicates
m ore than the previous volum inous list  of classes—it  conveys the intent  to create a dependency on
part icular MODULES.

I f an individual class really does depend on a specific class in another package, and the local
MODULE doesn't  seem  to have a conceptual dependency on the other MODULE,  then m aybe a class
should be m oved, or the MODULES them selves should be reconsidered.

The Pitfalls of Infrastructure-Driven Packaging

Strong forces on our packaging decisions com e from  technical fram eworks. Som e of these are
helpful, while others need to be resisted.

An exam ple of a very useful fram ework standard is the enforcem ent  of LAYERED ARCHI TECTURE by
placing infrast ructure and user interface code into separate groups of packages, leaving the
dom ain layer physically separated into its own set  of packages.

On the other hand, t iered architectures can fragm ent  the im plem entat ion of the m odel objects.
Som e fram eworks create t iers by spreading the responsibilit ies of a single dom ain object  across
m ult iple objects and then placing those objects in separate packages. For exam ple, with J2EE a
com m on pract ice is to place data and data access into an "ent ity bean" while placing associated
business logic into a "session bean."  I n addit ion to the increased im plem entat ion com plexity of
each com ponent , the separat ion im m ediately robs an object  m odel of cohesion. One of the m ost
fundam ental concepts of objects is to encapsulate data with the logic that  operates on that  data.
This kind of t iered im plem entat ion is not  fatal, because both com ponents can be viewed as
together const itut ing the im plem entat ion of a single m odel elem ent , but  to m ake m at ters worse,
the ent ity and session beans are often separated into different  packages. At  that  point , viewing the
various objects and m entally fit t ing them  back together as a single conceptual ENTI TY is just  too
m uch effort . We lose the connect ion between the m odel and design. Best  pract ice is to use EJBs at
a larger grain than ENTI TY objects, reducing the downside of separat ing t iers. But  fine-grain objects
are often split  into t iers also.

For exam ple, I  encountered these problem s on a rather intelligent ly run project  in which each
conceptual object  was actually broken into four t iers. Each division had a good rat ionale. The first
t ier was a data persistence layer, handling m apping and access to the relat ional database. Then
cam e a layer that  handled behavior int r insic to the object  in all situat ions. Next  was a layer for



superim posing applicat ion-specific funct ionality. The fourth t ier was m eant  as a public interface,
decoupled from  all the im plem entat ion below. This schem e was a bit  too com plicated, but  the
layers were well defined and there was som e t idiness to the separat ion of concerns. We could have
lived with m entally connect ing all the physical objects m aking up one conceptual object . The
separat ion of aspects even helped at  t im es. I n part icular, having the persistence code m oved out
rem oved a lot  of clut ter.

But  on top of all this, the fram ework required each t ier to be in a separate set  of packages, nam ed
according to a convent ion that  ident ified the t ier. This took up all the m ental room  for part it ioning.
As a result , dom ain developers tended to avoid m aking too m any MODULES (each of which was
m ult iplied by four)  and hardly ever changed one, because the effort  of refactor ing a MODULE was
prohibit ive. Worse, hunt ing down all the data and behavior that  defined a single conceptual class
was so difficult  (com bined with the indirectness of the layering)  that  developers didn't  have m uch
m ental space left  to think about  m odels. The applicat ion was delivered, but  with an anem ic dom ain
m odel that  basically fulfilled the database access requirem ents of the applicat ion, with behavior
supplied by a few SERVI CES.  The leverage that  should have derived from  MODEL-DRI VEN DESI GN was
lim ited because the code did not  t ransparent ly reveal the m odel and allow a developer to work
with it .

This kind of fram ework design is at tem pt ing to address two legit im ate issues. One is the logical
division of concerns:  One object  has responsibilit y for database access, another for business logic,
and so on. Such divisions m ake it  easier to understand the funct ioning of each t ier (on a technical
level)  and m ake it  easier to switch out  layers. The t rouble is that  the cost  to applicat ion
developm ent  is not  recognized. This is not  a book on fram ework design, so I  won't  go into
alternat ive solut ions to that  problem , but  they do exist . And even if there were no opt ions, it  would
be bet ter to t rade off these benefits for a m ore cohesive dom ain layer.

The other m ot ivat ion for these packaging schem es is the dist r ibut ion of t iers. This could be a
st rong argum ent  if the code actually got  deployed on different  servers. Usually it  does not . The
flexibilit y is sought  just  in case it  is needed. On a project  that  hopes to get  leverage from  MODEL-

DRI VEN DESI GN,  this sacrifice is too great  unless it  solves an im m ediate and pressing problem .

Elaborate technically dr iven packaging schem es im pose two costs.

I f the fram ework's part it ioning convent ions pull apart  the elem ents im plem ent ing the
conceptual objects, the code no longer reveals the m odel.

There is only so m uch part it ioning a m ind can st itch back together, and if the fram ework uses
it  all up, the dom ain developers lose their  abilit y to chunk the m odel into m eaningful pieces.

I t  is best  to keep things sim ple. Choose a m inim um  of technical part it ioning rules that  are essent ial
to the technical environm ent  or actually aid developm ent . For exam ple, decoupling com plicated
data persistence code from  the behavioral aspects of the objects m ay m ake refactor ing easier.

Un less t h er e is a  r ea l  in t en t ion  t o  d ist r ib u t e cod e on  d i f f er en t  ser v er s, k eep  a l l  t h e cod e

t h at  im p lem en t s a  sin g le con cep t u a l  ob j ect  in  t h e sam e MODULE, i f  n o t  t h e sam e ob j ect .

We could have com e to the sam e conclusion by drawing on the old standard, "high cohesion/ low
coupling."  The connect ions between an "object "  im plem ent ing the business logic and the one
responsible for database access are so extensive that  the coupling is very high.

There are other pit falls where fram ework design or just  convent ions of a com pany or project  can
underm ine MODEL-DRI VEN DESI GN by obscuring the natural cohesion of the dom ain objects, but  the
bot tom  line is the sam e. The rest r ict ions, or just  the large num ber of required packages, rules out
the use of other packaging schem es that  are tailored to the needs of the dom ain m odel.

Use p ack ag in g  t o  sep ar at e t h e d om ain  lay er  f r om  o t h er  cod e. Ot h er w ise, leav e as m u ch



f r eed om  as p ossib le t o  t h e d om ain  d ev elop er s t o  p ack ag e t h e d om ain  ob j ect s in  w ay s

t h at  su p p or t  t h e i r  m od el  an d  d esig n  ch o ices.

One except ion ar ises when code is generated based on a declarat ive design (discussed in Chapter
10) . I n that  case, the developers do not  need to read the code, and it  is bet ter to put  it  into a
separate package so that  it  is out  of the way, not  clut ter ing up the design elem ents developers
actually have to work with.

Modular ity becom es m ore cr it ical as the design gets bigger and m ore com plex. This sect ion
presents the basic considerat ions. Much of Part  I V, "St rategic Design,"  provides approaches to
packaging and breaking down big m odels and designs, and ways to give people focal points to
guide understanding.

Each concept  from  the dom ain m odel should be reflected in an elem ent  of im plem entat ion. The
ENTI TI ES,  VALUE OBJECTS,  and their  associat ions, along with a few dom ain SERVI CES and the
organizing MODULES,  are points of direct  correspondence between the im plem entat ion and the
m odel. The objects, pointers, and ret r ieval m echanism s in the im plem entat ion m ust  m ap to m odel
elem ents st raight forwardly, obviously. I f they do not , clean up the code, go back and change the
m odel, or both.

Resist  the tem ptat ion to add anything to the dom ain objects that  does not  closely relate to the
concepts they represent . These design elem ents have their  job to do:  they express the m odel.
There are other dom ain- related responsibilit ies that  m ust  be carr ied out  and other data that  m ust
be m anaged in order to m ake the system  work, but  they don't  belong in these objects. I n Chapter
6, I  will discuss som e support ing objects that  fulfill the technical responsibilit ies of the dom ain
layer, such as defining database searches and encapsulat ing com plex object  creat ion.

The four pat terns in this chapter provide the building blocks for an object  m odel. But  MODEL-DRI VEN

DESI GN does not  necessarily m ean forcing everything into an object  m old. There are also other
m odel paradigm s supported by tools, such as rules engines. Projects have to m ake pragm at ic
t rade-offs between them . These other tools and techniques are m eans to the end of a MODEL-

DRI VEN DESI GN,  not  alternat ives to it .

[  Team  LiB ]  
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Modeling Paradigms

MODEL-DRI VEN DESI GN calls for an im plem entat ion technology in tune with the part icular m odeling
paradigm  being applied. Many such paradigm s have been experim ented with, but  only a few have
been widely used in pract ice. At  present , the dom inant  paradigm  is object -or iented design, and
m ost  com plex projects these days set  out  to use objects. This predom inance has com e about  for a
variety of reasons:  som e factors are int r insic to objects, som e are circum stant ial, and others
derive from  the advantages that  com e from  wide usage itself.

Why the Object Paradigm Predominates

Many of the reasons team s choose the object  paradigm  are not  technical, or even int r insic to
objects. But  r ight  out  of the gate, object  m odeling does st r ike a nice balance of sim plicity and
sophist icat ion.

I f a m odeling paradigm  is too esoteric, not  enough developers will m aster it ,  and they will use it
badly. I f the nontechnical m em bers of the team  can't  grasp at  least  the rudim ents of the
paradigm , they will not  understand the m odel, and the UBI QUI TOUS LANGUAGE will be lost . The
fundam entals of object -or iented design seem  to com e naturally to m ost  people. Although som e
developers m iss the subt let ies of m odeling, even nontechnologists can follow a diagram  of an
object  m odel.

Yet , sim ple as the concept  of object  m odeling is, it  has proven r ich enough to capture im portant
dom ain knowledge. And it  has been supported from  the outset  by developm ent  tools that  allowed
a m odel to be expressed in software.

Today, the object  paradigm  also has som e significant  circum stant ial advantages deriving from
m aturity and widespread adopt ion. Without  m ature infrast ructure and tool support , a project  can
get  sidet racked into technological R&D, delaying and divert ing resources away from  applicat ion
developm ent  and int roducing technical r isks. Som e technologies don't  play well with others, and it
m ay not  be possible to integrate them  with indust ry-standard solut ions, forcing the team  to
reinvent  com m on ut ilit ies. But  over the years, m any of these problem s have been solved for
objects, or m ade irrelevant  by widespread adopt ion. (Now it  falls on other approaches to integrate
with m ainst ream  object  technology.)  Most  new technologies provide the m eans to integrate with
the popular object -or iented plat form s. This m akes integrat ion easier and even leaves open the
opt ion of m ixing in subsystem s based on other m odeling paradigm s (which we will discuss later in
this chapter) .

Equally im portant  is the m aturity of the developer com m unity and the design culture itself .  A
project  that  adopts a novel paradigm  m ay be unable to find developers with expert ise in the
technology, or with the experience to create effect ive m odels in the chosen paradigm . I t  m ay not
be feasible to educate developers in a reasonable am ount  of t im e because the pat terns for m aking
the m ost  of the paradigm  and technology haven't  gelled yet . Perhaps the pioneers of the field are
effect ive but  haven't  yet  published their  insights in an accessible form .

Objects are already understood by a com m unity of thousands of developers, project  m anagers,
and all the other specialists involved in project  work.

A story from  an object -or iented project  of only a decade ago illust rates the r isks of working in an
im m ature paradigm . I n the early 1990s, this project  com m it ted itself to several cut t ing-edge



technologies, including use of an object -or iented database on a large scale. I t  was excit ing. People
on the team  would proudly tell v isitors that  we were deploying the biggest  database this
technology had ever supported. When I  joined the project , different  team s were spinning out
object -or iented designs and stor ing their  objects in the database effort lessly. But  gradually the
realizat ion crept  upon us that  we were beginning to absorb a significant  fract ion of the database's
capacity—with test  data!  The actual database would be dozens of t im es larger. The actual
t ransact ion volum e would be dozens of t im es higher. Was it  im possible to use this technology for
this applicat ion? Had we used it  im properly? We were out  of our depth.

Fortunately, we were able to br ing onto the team  one of a handful of people in the world with the
skills to ext r icate us from  the problem . He nam ed his pr ice and we paid it .  There were three
sources of the problem . First , the off- the-shelf infrast ructure provided with the database sim ply
didn't  scale up to our needs. Second, storage of fine-grained objects turned out  to be m uch m ore
cost ly than we had realized. Third, parts of the object  m odel had such a tangle of
interdependencies that  content ion becam e a problem  with a relat ively sm all num ber of concurrent
t ransact ions.

With the help of this hired expert , we enhanced the infrast ructure. The team , now aware of the
im pact  of fine-grained objects, began to find m odels that  worked bet ter with this technology. All of
us deepened our thinking about  the im portance of lim it ing the web of relat ionships in a m odel, and
we began applying this new understanding to m aking bet ter m odels with m ore decoupling between
closely interrelated aggregates.

Several m onths were lost  in this recovery, in addit ion to the earlier m onths spent  going down a
failed path. And this had not  been the team 's first  setback result ing from  the im m aturity of the
chosen technologies and our own lack of experience with the associated learning curve. Sadly, this
project  eventually ret renched and becam e quite conservat ive. To this day they use the exot ic
technologies, but  for caut iously scoped applicat ions that  probably don't  really benefit  from  them .

A decade later, object -or iented technology is relat ively m ature. Most  com m on infrast ructure needs
can be m et  with off- the-shelf solut ions that  have been used in the field. Mission-cr it ical tools com e
from  m ajor vendors, often m ult iple vendors, or from  stable open-source projects. Many of these
infrast ructure pieces them selves are used widely enough that  there is a base of people who
already understand them , as well as books explaining them , and so forth. The lim itat ions of these
established technologies are fair ly well understood, so that  knowledgeable team s are less likely to
overreach.

Other interest ing m odeling paradigm s just  don't  have this m aturity. Som e are too hard to m aster
and will never be used outside sm all specialt ies. Others have potent ial, but  the technical
infrast ructure is st ill patchy or shaky, and few people understand the subt let ies of creat ing good
m odels for them . These m ay com e of age, but  they are not  ready for m ost  projects.

This is why, for the present , m ost  projects at tem pt ing MODEL-DRI VEN DESI GN are wise to use
object -or iented technology as the core of their  system . They will not  be locked into an object -only
system —because objects have becom e the m ainst ream  of the indust ry, integrat ion tools are
available to connect  with alm ost  any other technology in current  use.

Yet  this doesn't  m ean that  people should rest r ict  them selves to objects forever. Traveling with the
crowd provides som e safety, but  it  isn't  always the way to go. Object  m odels address a large
num ber of pract ical software problem s, but  there are dom ains that  are not  natural to m odel as
discrete packets of encapsulated behavior. For exam ple, dom ains that  are intensely m athem at ical
or that  are dom inated by global logical reasoning do not  fit  well into the object -or iented paradigm .

Nonobjects in an Object World



A dom ain m odel does not  have to be an object  m odel. There are MODEL-DRI VEN DESI GNS

im plem ented in Prolog, for exam ple, with a m odel m ade up of logical rules and facts. Model
paradigm s have been conceived to address certain ways people like to think about  dom ains. Then
the m odels of those dom ains are shaped by the paradigm . The result  is a m odel that  conform s to
the paradigm  so that  it  can be effect ively im plem ented in the tools that  support  that  m odeling
style.

Whatever the dom inant  m odel paradigm  m ay be on a project , there are bound to be parts of the
dom ain that  would be m uch easier to express in som e other paradigm . When there are just  a few
anom alous elem ents of a dom ain that  otherwise works well in a paradigm , developers can live with
a few awkward objects in an otherwise consistent  m odel. (Or, on the other ext rem e, if the greater
part  of the problem  dom ain is m ore naturally expressed in a part icular other paradigm , it  m ay
m ake sense to switch paradigm s altogether and choose a different  im plem entat ion plat form .)  But
when m ajor parts of the dom ain seem  to belong to different  paradigm s, it  is intellectually
appealing to m odel each part  in a paradigm  that  fit s, using a m ixture of tool sets to support
im plem entat ion. When the interdependence is sm all, a subsystem  in the other paradigm  can be
encapsulated, such as a com plex m ath calculat ion that  sim ply needs to be called by an object .
Other t im es the different  aspects are m ore intertwined, such as when the interact ion of the objects
depends on som e m athem at ical relat ionships.

This is what  m ot ivates the integrat ion into object  system s of such nonobject  com ponents as
business rules engines and workflow engines. Mixing paradigm s allows developers to m odel
part icular concepts in the style that  fit s best . Furtherm ore, m ost  system s m ust  use som e
nonobject  technical infrast ructure, m ost  com m only relat ional databases. But  m aking a coherent
m odel that  spans paradigm s is hard, and m aking the support ing tools coexist  is com plicated. When
developers can't  clearly see a coherent  m odel em bodied in the software, MODEL-DRI VEN DESI GN can
go out  the window, even as this m ixture increases the need for it .

Sticking with MODEL-DRIVEN DESIGN When Mixing Paradigms

Rules engines will serve as an exam ple of a technology som et im es m ixed into an object -or iented
applicat ion developm ent  project . A knowledge- r ich dom ain m odel probably contains explicit  rules,
yet  the object  paradigm  lacks specific sem ant ics for stat ing rules and their  interact ions. Although
rules can be m odeled as objects, and often are successfully, object  encapsulat ion m akes it
awkward to apply global rules that  cross the whole system . Rules engine technology is appealing
because it  prom ises to provide a m ore natural and declarat ive way to define rules, effect ively
allowing the rules paradigm  to be m ixed into the object  paradigm . The logic paradigm  is well
developed and powerful, and it  seem s like a good com plem ent  to the st rengths and weaknesses of
objects.

But  people don't  always get  what  they hope for out  of rules engines. Som e products just  don't
work very well.  Som e lack a seam less view that  can show the relatedness of m odel concepts that
run between the two im plem entat ion environm ents. One com m on outcom e is an applicat ion
fractured in two:  a stat ic data storage system  using objects, and an ad hoc rules processing
applicat ion that  has lost  alm ost  all connect ion with the object  m odel.

I t  is im portant  to cont inue to think in term s of m odels while working with rules. The team  has to
find a single m odel that  can work with both im plem entat ion paradigm s. This is not  easy, but  it
should be possible if the rules engine allows expressive im plem entat ion. Otherwise, the data and
the rules becom e unconnected. The rules in the engine end up m ore like lit t le program s than
conceptual rules in the dom ain m odel. With t ight , clear relat ionships between the rules and the
objects, the m eaning of both pieces is retained.

Without  a seam less environm ent , it  falls on the developers to dist ill a m odel m ade up of clear,
fundam ental concepts to hold the whole design together.



The m ost  effect ive tool for holding the parts together is a robust  UBI QUI TOUS LANGUAGE that
underlies the whole heterogeneous m odel. Consistent ly applying nam es in the two environm ents
and exercising those nam es in the UBI QUI TOUS LANGUAGE can help br idge the gap.

This is a topic that  deserves a book of its own. The goal of this sect ion is m erely to show that  it
isn't  necessary to give up MODEL-DRI VEN DESI GN,  and that  it  is worth the effort  to keep it .

Although a MODEL-DRI VEN DESI GN does not  have to be object  or iented, it  does depend on having an
expressive im plem entat ion of the m odel const ructs, be they objects, rules, or workflows. I f the
available tool does not  facilitate that  expressiveness, reconsider the choice of tools. An
unexpressive im plem entat ion negates the advantage of the ext ra paradigm .

Here are four rules of thum b for m ixing nonobject  elem ents into a predom inant ly object -or iented
system:

Don't  fight  the im plem entat ion paradigm .  There's always another way to think about  a
dom ain. Find m odel concepts that  fit  the paradigm .

Lean on the ubiquitous language.  Even when there is no r igorous connect ion between tools,
very consistent  use of language can keep parts of the design from  diverging.

Don't  get  hung up on UML.  Som et im es the fixat ion on a tool, such as UML diagram m ing,
leads people to distort  the m odel to m ake it  fit  what  can easily be drawn. For exam ple, UML
does have som e features for represent ing const raints, but  they are not  always sufficient .
Som e other style of drawing (perhaps convent ional for the other paradigm ) , or sim ple English
descript ions, are bet ter than tortuous adaptat ion of a drawing style intended for a certain
view of objects.

Be skept ical.  I s the tool really pulling its weight? Just  because you have som e rules, that
doesn't  necessarily m ean you need the overhead of a rules engine. Rules can be expressed
as objects, perhaps a lit t le less neat ly;  m ult iple paradigm s com plicate m at ters enorm ously.

Before taking on the burden of m ixed paradigm s, the opt ions within the dom inant  paradigm  should
be exhausted. Even though som e dom ain concepts don't  present  them selves as obvious objects,
they often can be m odeled within the paradigm . Chapter 9 will discuss the m odeling of
unconvent ional types of concepts using object  technology

The relat ional paradigm  is a special case of paradigm  m ixing. The m ost  com m on nonobject
technology, the relat ional database is also m ore int im ately related to the object  m odel than other
com ponents, because it  acts as the persistent  store of the data that  m akes up the objects
them selves. Stor ing object  data in relat ional databases will be discussed in Chapter 6, along with
the m any other challenges of the object  life cycle.

[  Team  LiB ]  
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Chapter Six. The Life Cycle of a Domain
Object

Every object  has a life cycle. An object  is born, it  likely goes through various states, and it
eventually dies—being either archived or deleted. Of course, m any of these are sim ple, t ransient
objects, created with an easy call to their  const ructor, used in som e com putat ion, and then
abandoned to the garbage collector. There is no need to com plicate such objects. But  other
objects have longer lives, not  all of which are spent  in act ive m em ory. They have com plex
interdependencies with other objects. They go through changes of state to which invariants apply.
Managing these objects presents challenges that  can easily derail an at tem pt  at  MODEL-DRI VEN

DESI GN.

Fig u r e 6 .1 . Th e l i f e  cy cle o f  a  d om ain  ob j ect

The challenges fall into two categories.

Maintaining integrity throughout  the life cycle1 .

Prevent ing the m odel from  get t ing swam ped by the com plexity of m anaging the life cycle2 .

This chapter will address these issues through three pat terns. First , AGGREGATES t ighten up the
m odel itself by defining clear ownership and boundaries, avoiding a chaot ic, tangled web of
objects. This pat tern is crucial to m aintaining integrity in all phases of the life cycle.

Next , the focus turns to the beginning of the life cycle, using FACTORI ES to create and reconst itute
com plex objects and AGGREGATES,  keeping their  internal st ructure encapsulated. Finally,
REPOSI TORI ES address the m iddle and end of the life cycle, providing the m eans of finding and



ret r ieving persistent  objects while encapsulat ing the im m ense infrast ructure involved.

Although REPOSI TORI ES and FACTORI ES do not  them selves com e from  the dom ain, they have
m eaningful roles in the dom ain design. These const ructs com plete the MODEL-DRI VEN DESI GN by
giving us accessible handles on the m odel objects.

Modeling AGGREGATES and adding FACTORI ES and REPOSI TORI ES to the design gives us the abilit y to
m anipulate the m odel objects system at ically and in m eaningful units throughout  their  life cycle.
AGGREGATES m ark off the scope within which invariants have to be m aintained at  every stage of
the life cycle. FACTORI ES and REPOSI TORI ES operate on AGGREGATES,  encapsulat ing the com plexity of
specific life cycle t ransit ions.

[  Team  LiB ]  
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Aggregates

Minim alist  design of associat ions helps sim plify t raversal and lim it  the explosion of relat ionships
som ewhat , but  m ost  business dom ains are so interconnected that  we st ill end up t racing long,
deep paths through object  references. I n a way, this tangle reflects the realit ies of the world,
which seldom  obliges us with sharp boundaries. I t  is a problem  in a software design.

Say you were delet ing a Person object  from  a database. Along with the person go a nam e, bir th
date, and job descript ion. But  what  about  the address? There could be other people at  the sam e
address. I f you delete the address, those Person objects will have references to a deleted object . I f
you leave it ,  you accum ulate junk addresses in the database. Autom at ic garbage collect ion could
elim inate the junk addresses, but  that  technical fix, even if available in your database system ,
ignores a basic m odeling issue.

Even when considering an isolated t ransact ion, the web of relat ionships in a typical object  m odel
gives no clear lim it  to the potent ial effect  of a change. I t  is not  pract ical to refresh every object  in
the system , just  in case there is som e dependency.

The problem  is acute in a system  with concurrent  access to the sam e objects by m ult iple clients.
With m any users consult ing and updat ing different  objects in the system , we have to prevent
sim ultaneous changes to interdependent  objects. Get t ing the scope wrong has serious
consequences.

I t  i s d i f f i cu l t  t o  g u ar an t ee t h e con sist en cy  o f  ch an g es t o  ob j ect s in  a  m od el  w i t h

com p lex  associa t ion s. I n v ar ian t s n eed  t o  b e m ain t a in ed  t h at  ap p ly  t o  closely  r e la t ed



g r ou p s o f  ob j ect s, n o t  j u st  d iscr et e ob j ect s. Yet  cau t iou s lock in g  sch em es cau se

m u l t ip le  u ser s t o  in t er f er e p o in t lessly  w i t h  each  o t h er  an d  m ak e a sy st em  u n u sab le.

Put  another way, how do we know where an object  m ade up of other objects begins and ends? I n
any system  with persistent  storage of data, there m ust  be a scope for a t ransact ion that  changes
data, and a way of m aintaining the consistency of the data ( that  is, m aintaining its invariants) .
Databases allow various locking schem es, and tests can be program m ed. But  these ad hoc
solut ions divert  at tent ion away from  the m odel, and soon you are back to hacking and hoping.

I n fact , finding a balanced solut ion to these kinds of problem s calls for deeper understanding of the
dom ain, this t im e extending to factors such as the frequency of change between the instances of
certain classes. We need to find a m odel that  leaves high-content ion points looser and st r ict
invariants t ighter.

Although this problem  surfaces as technical difficult ies in database t ransact ions, it  is rooted in the
m odel—in its lack of defined boundaries. A solut ion dr iven from  the m odel will m ake the m odel
easier to understand and m ake the design easier to com m unicate. As the m odel is revised, it  will
guide our changes to the im plem entat ion.

Schem es have been developed for defining ownership relat ionships in the m odel. The following
sim ple but  r igorous system , dist illed from  those concepts, includes a set  of rules for im plem ent ing
t ransact ions that  m odify the objects and their  owners.[ 1]

[ 1]  David Siegel devised and used this system  on projects in the 1990s but  has not  published it .

First  we need an abst ract ion for encapsulat ing references within the m odel. An AGGREGATE is a
cluster of associated objects that  we t reat  as a unit  for the purpose of data changes. Each
AGGREGATE has a root  and a boundary. The boundary defines what  is inside the AGGREGATE.  The
root  is a single, specific ENTI TY contained in the AGGREGATE.  The root  is the only m em ber of the
AGGREGATE that  outside objects are allowed to hold references to, although objects within the
boundary m ay hold references to each other. ENTI TI ES other than the root  have local ident ity, but
that  ident ity needs to be dist inguishable only within the AGGREGATE,  because no outside object  can
ever see it  out  of the context  of the root  ENTI TY.

A m odel of a car m ight  be used in software for an auto repair shop. The car is an ENTI TY with
global ident ity:  we want  to dist inguish that  car from  all other cars in the world, even very sim ilar
ones. We can use the vehicle ident ificat ion num ber for this, a unique ident ifier assigned to each
new car. We m ight  want  to t rack the rotat ion history of the t ires through the four wheel posit ions.
We m ight  want  to know the m ileage and t read wear of each t ire. To know which t ire is which, the
t ires m ust  be ident ified ENTI TI ES also. But  it  is very unlikely that  we care about  the ident ity of
those t ires outside of the context  of that  part icular car. I f we replace the t ires and send the old
ones to a recycling plant , either our software will no longer t rack them  at  all,  or they will becom e
anonym ous m em bers of a heap of t ires. No one will care about  their  rotat ion histor ies. More to the
point , even while they are at tached to the car, no one will t ry to query the system  to find a
part icular t ire and then see which car it  is on. They will query the database to find a car and then
ask it  for a t ransient  reference to the t ires. Therefore, the car is the root  ENTI TY of the AGGREGATE

whose boundary encloses the t ires also. On the other hand, engine blocks have serial num bers
engraved on them  and are som et im es t racked independent ly of the car. I n som e applicat ions, the
engine m ight  be the root  of its own AGGREGATE.

Fig u r e 6 .2 . Local  v er su s g lob al  id en t i t y  an d  ob j ect  r ef er en ces



I nvariants, which are consistency rules that  m ust  be m aintained whenever data changes, will
involve relat ionships between m em bers of the AGGREGATE.  Any rule that  spans AGGREGATES will not
be expected to be up- to-date at  all t im es. Through event  processing, batch processing, or other
update m echanism s, other dependencies can be resolved within som e specified t im e. But  the
invariants applied within an AGGREGATE will be enforced with the com plet ion of each t ransact ion.

Fig u r e 6 .3 . A GGREGATE in v ar ian t s

Now, to t ranslate that  conceptual AGGREGATE into the im plem entat ion, we need a set  of rules to
apply to all t ransact ions.

The root  ENTI TY has global ident ity and is ult im ately responsible for checking invariants.

Root ENTI TI ES have global ident ity. ENTI TI ES inside the boundary have local ident ity, unique
only within the AGGREGATE.

Nothing outside the AGGREGATE boundary can hold a reference to anything inside, except  to
the root  ENTI TY.  The root  ENTI TY can hand references to the internal ENTI TI ES to other objects,
but  those objects can use them  only t ransient ly, and they m ay not  hold on to the reference.
The root  m ay hand a copy of a VALUE OBJECT to another object , and it  doesn't  m at ter what



happens to it ,  because it 's just  a VALUE and no longer will have any associat ion with the
AGGREGATE.

As a corollary to the previous rule, only AGGREGATE roots can be obtained direct ly with
database queries. All other objects m ust  be found by t raversal of associat ions.

Objects within the AGGREGATE can hold references to other AGGREGATE roots.

A delete operat ion m ust  rem ove everything within the AGGREGATE boundary at  once. (With
garbage collect ion, this is easy. Because there are no outside references to anything but  the
root , delete the root  and everything else will be collected.)

When a change to any object  within the AGGREGATE boundary is com m it ted, all invariants of
the whole AGGREGATE m ust  be sat isfied.

Clu st er  t h e ENTI TI ES an d  VALUE OBJECTS in t o  AGGREGATES an d  d ef in e b ou n d ar ies ar ou n d

each . Ch oose on e ENTI TY t o  b e t h e r oo t  o f  each  AGGREGATE, an d  con t r o l  a l l  access t o  t h e

ob j ect s in sid e t h e b ou n d ar y  t h r ou g h  t h e r oo t . A l low  ex t er n a l  ob j ect s t o  h o ld  r ef er en ces

t o  t h e r oo t  on ly . Tr an sien t  r ef er en ces t o  in t er n a l  m em b er s can  b e p assed  ou t  f o r  u se

w i t h in  a  sin g le op er at ion  on ly . Becau se t h e r oo t  con t r o ls access, i t  can n o t  b e b l in d sid ed

b y  ch an g es t o  t h e in t er n a ls. Th is ar r an g em en t  m ak es i t  p r act ica l  t o  en f o r ce a l l

in v ar ian t s f o r  ob j ect s in  t h e AGGREGATE an d  f o r  t h e AGGREGATE as a  w h o le in  an y  st a t e

ch an g e.

I t  can be very helpful to have a technical fram ework that  allows you to declare AGGREGATES and
then autom at ically carr ies out  the locking schem e and so forth. Without  that  assistance, the team
m ust  have the self-discipline to agree on the AGGREGATES and code consistent ly with them .

Example

Purchase Order Integrity

Consider the com plicat ions possible in a sim plified purchase order system .

Fig u r e 6 .4 . A m od el  f o r  a  p u r ch ase o r d er  sy st em

This diagram  presents a pret ty convent ional view of a purchase order (PO) , broken down into line
item s, with an invariant  rule that  the sum  of the line item s can't  exceed the lim it  for the PO as a
whole. The exist ing im plem entat ion has three interrelated problem s.

1 .



I nvariant  enforcem ent .  When a new line item  is added, the PO checks the total and m arks
itself invalid if an item  pushes it  over the lim it . As we'll see, this is not  adequate protect ion.

1 .

Change m anagem ent .  When the PO is deleted or archived, the line item s are taken along,
but  the m odel gives no guidance on where to stop following the relat ionships. There is also
confusion about  the im pact  of changing the part  pr ice at  different  t im es.

2 .

Sharing the database.  Mult iple users are creat ing content ion problem s in the database.3 .

Mult iple users will be enter ing and updat ing various POs concurrent ly, and we have to prevent
them  from  m essing up each other 's work. Let 's start  with a very sim ple st rategy, in which we lock
any object  a user begins to edit  unt il that  user com m its the t ransact ion. So, when George is
edit ing line item  001, Am anda cannot  access it .  She can edit  any other line item  on any other PO
( including other item s in the PO George is working on) .

Fig u r e 6 .5 . Th e in i t ia l  con d i t ion  o f  t h e PO st o r ed  in  t h e d at ab ase

Objects will be read from  the database and instant iated in each user 's m em ory space. There they
can be viewed and edited. Database locks will be requested only when an edit  begins. So both
George and Am anda can work concurrent ly, as long as they stay away from  each other 's item s. All
is well .  .  .  unt il both George and Am anda start  working on separate line item s in the sam e PO.

Fig u r e 6 .6 . Sim u l t an eou s ed i t s in  d ist in ct  t r an sact ion s

Everything looks fine to both users and to their  software because they ignore changes to other
parts of the database that  happen during the t ransact ion, and neither locked line item  is involved
in the other user 's change.



Fig u r e 6 .7 . Th e r esu l t in g  PO v io la t es t h e ap p r ov al  l im i t  ( b r ok en
in v ar ian t ) .

After both users have saved their  changes, a PO is stored in the database that  violates the
invariant  of the dom ain m odel. An im portant  business rule has been broken. And nobody even
knows.

Clearly, locking a single line item  isn't  an adequate safeguard. I f instead we had locked an ent ire
PO at  a t im e, the problem  would have been prevented.

Fig u r e 6 .8 . Lock in g  t h e en t i r e  PO a l low s t h e in v ar ian t  t o  b e en f o r ced .

The program  will not  allow this t ransact ion to be saved unt il Am anda has resolved the problem ,
perhaps by raising the lim it  or by elim inat ing a guitar. This m echanism  prevents the problem , and
it  m ay be a fine solut ion if work is m ost ly spread widely across m any POs. But  if m ult iple people
typically work sim ultaneously on different  line item s of a large PO, then this locking will get
cumbersome.

Even assum ing m any sm all POs, there are other ways to violate the assert ion. Consider that



"part ."  I f som eone changed the pr ice of a t rom bone while Am anda was adding to her order,
wouldn't  that  violate the invariant  too?

Let 's t ry locking the part  in addit ion to the ent ire PO. Here's what  happens when George, Am anda,
and Sam  are working on different  POs:

Fig u r e 6 .9 . Ov er - cau t iou s lock in g  is in t er f er in g  w i t h  p eop le ' s w or k .

The inconvenience is m ount ing, because there is a lot  of content ion for the inst rum ents ( the
"parts") . And then:

Fig u r e 6 .1 0 . Dead lock

Those three will be wait ing a while.

At  this point  we can begin to im prove the m odel by incorporat ing the following knowledge of the

1 .



business:

Parts are used in m any POs (high content ion) .1 .

There are fewer changes to parts than there are to POs.2 .

Changes to part  pr ices do not  necessarily propagate to exist ing POs. I t  depends on the t im e
of a pr ice change relat ive to the status of the PO.

3 .

Point  3 is part icular ly obvious when we consider archived POs that  have already been delivered.
They should, of course, show the pr ices as of the t im e they were filled, rather than current  pr ices.

Fig u r e 6 .1 1 . Pr ice is cop ied  in t o  Lin e I t em . A GGREGATE in v ar ian t  can  n ow
b e en f o r ced .

An im plem entat ion consistent  with this m odel would guarantee the invariant  relat ing PO and its
item s, while changes to the pr ice of a part  would not  have to im m ediately affect  the item s that
reference it .  Broader consistency rules could be addressed in other ways. For exam ple, the system
could present  a queue of item s with outdated prices to the users each day, so they could update or
exem pt  each one. But  this is not  an invariant  that  m ust  be enforced at  all t im es. By m aking the
dependency of line item s on parts looser, we avoid content ion and reflect  the realit ies of the
business bet ter. At  the sam e t im e, t ightening the relat ionship of the PO and its line item s
guarantees that  an im portant  business rule will be followed.

The AGGREGATE im poses an ownership of the PO and its item s that  is consistent  with business
pract ice. The creat ion and delet ion of a PO and item s are naturally t ied together, while the creat ion
and delet ion of parts is independent .

  

AGGREGATES m ark off the scope within which invariants have to be m aintained at  every stage of
the life cycle. The following pat terns, FACTORI ES and REPOSI TORI ES,  operate on AGGREGATES,
encapsulat ing the com plexity of specific life cycle t ransit ions. . .  .
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Factories

When creat ion of an object , or an ent ire AGGREGATE,  becom es com plicated or reveals too m uch of
the internal st ructure, FACTORI ES provide encapsulat ion.

  

Much of the power of objects rests in the int r icate configurat ion of their  internals and their
associat ions. An object  should be dist illed unt il nothing rem ains that  does not  relate to its m eaning
or support  its role in interact ions. This m id- life cycle responsibilit y is plenty. Problem s arise from
overloading a com plex object  with responsibilit y for its own creat ion.

A car engine is an int r icate piece of m achinery, with dozens of parts collaborat ing to perform  the
engine's responsibilit y:  to turn a shaft . One could im agine t rying to design an engine block that
could grab on to a set  of pistons and insert  them  into its cylinders, spark plugs that  would find
their sockets and screw them selves in. But  it  seem s unlikely that  such a com plicated m achine
would be as reliable or as efficient  as our typical engines are. I nstead, we accept  that  som ething
else will assem ble the pieces. Perhaps it  will be a hum an m echanic or perhaps it  will be an
indust r ial robot . Both the robot  and the hum an are actually m ore com plex than the engine they
assem ble. The job of assem bling parts is com pletely unrelated to the job of spinning a shaft . The
assem blers funct ion only during the creat ion of the car—you don't  need a robot  or a m echanic with
you when you're dr iving. Because cars are never assem bled and driven at  the sam e t im e, there is
no value in com bining both of these funct ions into the sam e m echanism . Likewise, assem bling a
com plex com pound object  is a job that  is best  separated from  whatever job that  object  will have
to do when it  is finished.



But  shift ing responsibilit y to the other interested party, the client  object  in the applicat ion, leads to
even worse problem s. The client  knows what  job needs to be done and relies on the dom ain
objects to carry out  the necessary com putat ions. I f the client  is expected to assem ble the dom ain
objects it  needs, it  m ust  know som ething about  the internal st ructure of the object . I n order to
enforce all the invariants that  apply to the relat ionship of parts in the dom ain object , the client
m ust  know som e of the object 's rules. Even calling const ructors couples the client  to the concrete
classes of the objects it  is building. No change to the im plem entat ion of the dom ain objects can be
m ade without  changing the client , m aking refactor ing harder.

A client  taking on object  creat ion becom es unnecessarily com plicated and blurs its responsibilit y. I t
breaches the encapsulat ion of the dom ain objects and the AGGREGATES being created. Even worse,
if the client  is part  of the applicat ion layer, then responsibilit ies have leaked out  of the dom ain
layer altogether. This t ight  coupling of the applicat ion to the specifics of the im plem entat ion st r ips
away m ost  of the benefits of abst ract ion in the dom ain layer and m akes cont inuing changes ever
m ore expensive.

Cr eat ion  o f  an  ob j ect  can  b e a m aj o r  op er at ion  in  i t se l f , b u t  com p lex  assem b ly

op er at ion s d o  n o t  f i t  t h e r esp on sib i l i t y  o f  t h e cr eat ed  ob j ect s. Com b in in g  su ch

r esp on sib i l i t i es can  p r od u ce u n g ain ly  d esig n s t h at  ar e h ar d  t o  u n d er st an d . Mak in g  t h e

cl ien t  d i r ect  con st r u ct ion  m u d d ies t h e d esig n  o f  t h e cl ien t , b r each es en cap su la t ion  o f

t h e assem b led  ob j ect  o r  AGGREGATE, an d  ov er ly  cou p les t h e cl ien t  t o  t h e im p lem en t at ion

o f  t h e cr eat ed  ob j ect .

Com plex object  creat ion is a responsibilit y of the dom ain layer, yet  that  task does not  belong to
the objects that  express the m odel. There are som e cases in which an object  creat ion and
assem bly corresponds to a m ilestone significant  in the dom ain, such as "open a bank account ."  But
object  creat ion and assem bly usually have no m eaning in the dom ain;  they are a necessity of the
im plem entat ion. To solve this problem , we have to add const ructs to the dom ain design that  are
not  ENTI TI ES, VALUE OBJECTS,  or SERVI CES.  This is a departure from  the previous chapter, and it  is
im portant  to m ake the point  clear:  We are adding elem ents to the design that  do not  correspond
to anything in the m odel, but  they are nonetheless part  of the dom ain layer 's responsibilit y.

Every object -or iented language provides a m echanism  for creat ing objects (const ructors in Java
and C+ + , instance creat ion class m ethods in Sm alltalk, for exam ple) , but  there is a need for m ore
abst ract  const ruct ion m echanism s that  are decoupled from  the other objects. A program  elem ent
whose responsibilit y is the creat ion of other objects is called a FACTORY.

Fig u r e 6 .1 2 . Basic in t er act ion s w i t h  a  FACTORY

Just  as the interface of an object  should encapsulate its im plem entat ion, thus allowing a client  to
use the object 's behavior without  knowing how it  works, a FACTORY encapsulates the knowledge
needed to create a com plex object  or AGGREGATE.  I t  provides an interface that  reflects the goals of
the client  and an abst ract  view of the created object .

Therefore:



Sh i f t  t h e r esp on sib i l i t y  f o r  cr eat in g  in st an ces o f  com p lex  ob j ect s an d  AGGREGATES t o  a

sep ar at e ob j ect , w h ich  m ay  i t se l f  h av e n o  r esp on sib i l i t y  in  t h e d om ain  m od el  b u t  i s st i l l

p ar t  o f  t h e d om ain  d esig n . Pr ov id e an  in t er f ace t h at  en cap su la t es a l l  com p lex  assem b ly

an d  t h at  d oes n o t  r eq u i r e t h e cl ien t  t o  r ef er en ce t h e con cr et e classes o f  t h e ob j ect s

b ein g  in st an t ia t ed . Cr eat e en t i r e  AGGREGATES as a  p iece, en f o r cin g  t h ei r  in v ar ian t s.

  

There are m any ways to design FACTORI ES.  Several special-purpose creat ion pat terns— FACTORY

METHOD, ABSTRACT FACTORY,  and BUI LDER—were thoroughly t reated in Gam m a et  al. 1995. That
book m ost ly explored pat terns for the m ost  difficult  object  const ruct ion problem s. The point  here is
not  to delve deeply into designing FACTORI ES,  but  rather to show the place of FACTORI ES as
im portant  com ponents of a dom ain design. Proper use of FACTORI ES can help keep a MODEL-DRI VEN

DESI GN on t rack.

The two basic requirem ents for any good FACTORY are

Each creat ion m ethod is atom ic and enforces all invariants of the created object  or
AGGREGATE.  A FACTORY should only be able to produce an object  in a consistent  state. For an
ENTI TY, this m eans the creat ion of the ent ire AGGREGATE,  with all invariants sat isfied, but
probably with opt ional elem ents st ill to be added. For an im m utable VALUE OBJECT,  this m eans
that  all at t r ibutes are init ialized to their  correct  final state. I f the interface m akes it  possible
to request  an object  that  can't  be created correct ly, then an except ion should be raised or
som e other m echanism  should be invoked that  will ensure that  no im proper return value is
possible.

1 .

The FACTORY should be abst racted to the type desired, rather than the concrete class(es)
created. The sophist icated FACTORY pat terns in Gam m a et  al. 1995 help with this.

2 .

Choosing FACTORIES and Their Sites

Generally speaking, you create a factory to build som ething whose details you want  to hide, and
you place the FACTORY where you want  the cont rol to be. These decisions usually revolve around
AGGREGATES.

For exam ple, if you needed to add elem ents inside a preexist ing AGGREGATE,  you m ight  create a
FACTORY METHOD on the root  of the AGGREGATE.  This hides the im plem entat ion of the inter ior of the
AGGREGATE from  any external client , while giving the root  responsibilit y for ensuring the integrity of
the AGGREGATE as elem ents are added, as shown in Figure 6.13 on the next  page.

Fig u r e 6 .1 3 . A FACTORY METHOD en cap su la t es ex p an sion  o f  an  AGGREGATE.



Another exam ple would be to place a FACTORY METHOD on an object  that  is closely involved in
spawning another object , although it  doesn't  own the product  once it  is created. When the data
and possibly the rules of one object  are very dom inant  in the creat ion of an object , this saves
pulling inform at ion out  of the spawner to be used elsewhere to create the object . I t  also
com m unicates the special relat ionship between the spawner and the product .

I n Figure 6.14, the Tr ad e Or d er  is not  part  of the sam e AGGREGATE as the Br ok er ag e Accou n t

because, for a start , it  will go on to interact  with the t rade execut ion applicat ion, where the
Br ok er ag e Accou n t  would only be in the way. Even so, it  seem s natural to give the Br ok er age

Accou n t  cont rol over the creat ion of Tr ad e Or d er s .  The Br ok er ag e Accou n t  contains
inform at ion that  will be em bedded in the Tr ad e Or d er  ( start ing with its own ident ity) , and it
contains rules that  govern what  t rades are allowed. We m ight  also benefit  from  hiding the
im plem entat ion of Tr ad e Or d er .  For exam ple, it  m ight  be refactored into a hierarchy, with
separate subclasses for Bu y  Or d er  and Sel l  Or d er .  The FACTORY keeps the client  from  being
coupled to the concrete classes.

Fig u r e 6 .1 4 . A FACTORY METHOD sp aw n s an  ENTI TY t h at  i s n o t  p ar t  o f  t h e
sam e AGGREGATE.

A FACTORY is very t ight ly coupled to its product , so a FACTORY should be at tached only to an object
that  has a close natural relat ionship with the product . When there is som ething we want  to
hide—either the concrete im plem entat ion or the sheer com plexity of const ruct ion—yet  there
doesn't  seem  to be a natural host , we m ust  create a dedicated FACTORY object  or SERVI CE.  A
standalone FACTORY usually produces an ent ire AGGREGATE,  handing out  a reference to the root ,
and ensuring that  the product  AGGREGATE'S invariants are enforced. I f an object  inter ior to an
AGGREGATE needs a FACTORY,  and the AGGREGATE root  is not  a reasonable hom e for it ,  then go



ahead and m ake a standalone FACTORY.  But  respect  the rules lim it ing access within an AGGREGATE,
and m ake sure there are only t ransient  references to the product  from  outside the AGGREGATE.

Fig u r e 6 .1 5 . A st an d alon e FACTORY b u i ld s AGGREGATE.

When a Constructor Is All You Need

I 've seen far too m uch code in which all instances are created by direct ly calling class const ructors,
or whatever the pr im it ive level of instance creat ion is for the program m ing language. The
int roduct ion of FACTORI ES has great  advantages, and is generally underused. Yet  there are t im es
when the directness of a const ructor m akes it  the best  choice. FACTORI ES can actually obscure
sim ple objects that  don't  use polym orphism .

The t rade-offs favor a bare, public const ructor in the following circum stances.

The class is the type. I t  is not  part  of any interest ing hierarchy, and it  isn't  used
polym orphically by im plem ent ing an interface.

The client  cares about  the im plem entat ion, perhaps as a way of choosing a STRATEGY.

All of the at t r ibutes of the object  are available to the client , so that  no object  creat ion gets
nested inside the const ructor exposed to the client .

The const ruct ion is not  com plicated.

A public const ructor m ust  follow the sam e rules as a FACTORY:  I t  m ust  be an atom ic operat ion
that  sat isfies all invariants of the created object .

Avoid calling const ructors within const ructors of other classes. Const ructors should be dead sim ple.
Com plex assem blies, especially of AGGREGATES,  call for FACTORI ES.  The threshold for choosing to
use a lit t le FACTORY METHOD isn't  high.

The Java class library offers interest ing exam ples. All collect ions im plem ent  interfaces that
decouple the client  from  the concrete im plem entat ion. Yet  they are all created by direct  calls to
const ructors. A FACTORY could have encapsulated the collect ion hierarchy. The FACTORY's m ethods
could have allowed a client  to ask for the features it  needed, with the FACTORY select ing the
appropriate class to instant iate. Code that  created collect ions would be m ore expressive, and new
collect ion classes could be installed without  breaking every Java program .

But  there is a case in favor of the concrete const ructors. First , the choice of im plem entat ion can be
perform ance sensit ive for m any applicat ions, so an applicat ion m ight  want  cont rol. (Even so, a
really sm art  FACTORY could accom m odate such factors.)  Anyway, there aren't  very m any collect ion
classes, so it  isn't  that  com plicated to choose.



The abst ract  collect ion types preserve som e value in spite of the lack of a FACTORY because of their
usage pat terns. Collect ions are very often created in one place and used in another. This m eans
that  the client  that  ult im ately uses the collect ion—adding, rem oving, and ret r ieving its
contents—can st ill talk to the interface and be decoupled from  the im plem entat ion. The select ion of
a collect ion class typically falls to the object  that  owns the collect ion, or to the owning object 's
FACTORY.

Designing the Interface

When designing the m ethod signature of a FACTORY,  whether standalone or FACTORY METHOD,  keep
in m ind these two points.

Each operat ion m ust  be atom ic.  You have to pass in everything needed to create a com plete
product  in a single interact ion with the FACTORY.  You also have to decide what  will happen if
creat ion fails, in the event  that  som e invariant  isn't  sat isfied. You could throw an except ion or
just  return a null.  To be consistent , consider adopt ing a coding standard for failures in
FACTORI ES.

The FACTORY will be coupled to its argum ents.  I f you are not  careful in your select ion of input
param eters, you can create a rat 's nest  of dependencies. The degree of coupling will depend
on what  you do with the argum ent . I f it  is sim ply plugged into the product , you've created a
m odest  dependency. I f you are picking parts out  of the argum ent  to use in the const ruct ion,
the coupling gets t ighter.

The safest  param eters are those from  a lower design layer. Even within a layer, there tend to be
natural st rata with m ore basic objects that  are used by higher level objects. (Such layering will be
discussed in different  ways in Chapter 10, "Supple Design,"  and again in Chapter 16, "Large-Scale
Structure.")

Another good choice of param eter is an object  that  is closely related to the product  in the m odel,
so that  no new dependency is being added. I n the earlier exam ple of a Pu r ch ase Or d er  I t em ,
the FACTORY METHOD takes a Cat a log  Par t  as an argum ent , which is an essent ial associat ion for
the I t em .  This adds a direct  dependency between the Pu r ch ase Or d er  class and the Par t .  But
these three objects form  a close conceptual group. The Pu r ch ase Or d er ' s AGGREGATE already
referenced the Par t ,  anyway. So giving cont rol to the AGGREGATE root  and encapsulat ing the
AGGREGATE'S internal st ructure is a good t rade-off.

Use the abst ract  type of the argum ents, not  their  concrete classes. The FACTORY is coupled to the
concrete class of the products;  it  does not  need to be coupled to concrete param eters also.

Where Does Invariant Logic Go?

A FACTORY is responsible for ensuring that  all invariants are m et  for the object  or AGGREGATE it
creates;  yet  you should always think twice before rem oving the rules applying to an object  outside
that  object . The FACTORY can delegate invariant  checking to the product , and this is often best .

But  FACTORI ES have a special relat ionship with their  products. They already know their product 's
internal st ructure, and their  ent ire reason for being involves the im plem entat ion of their  product .
Under som e circum stances, there are advantages to placing invariant  logic in the FACTORY and
reducing clut ter in the product . This is especially appealing with AGGREGATE rules (which span
m any objects) . I t  is especially unappealing with FACTORY METHODS at tached to other dom ain
objects.



Although in pr inciple invariants apply at  the end of every operat ion, often the t ransform at ions
allowed to the object  can never br ing them  into play. There m ight  be a rule that  applies to the
assignm ent  of the ident ity at t r ibutes of an ENTI TY.  But  after creat ion that  ident ity is im m utable.
VALUE OBJECTS are com pletely im m utable. An object  doesn't  need to carry around logic that  will
never be applied in its act ive lifet im e. I n such cases, the FACTORY is a logical place to put
invariants, keeping the product  sim pler.

ENTITY FACTORIES Versus VALUE OBJECT FACTORIES

ENTI TY FACTORI ES differ from  VALUE OBJECT FACTORI ES in two ways. VALUE OBJECTS are I m m utable;
the product  com es out  com plete in its final form . So the FACTORY operat ions have to allow for a full
descript ion of the product . ENTI TY FACTORI ES tend to take just  the essent ial at t r ibutes required to
m ake a valid AGGREGATE.  Details can be added later if they are not  required by an invariant .

Then there are the issues involved in assigning ident ity to an ENTI TY—irrelevant  to a VALUE OBJECT.
As pointed out  in Chapter 5, an ident ifier can either be assigned autom at ically by the program  or
supplied from  the outside, typically by the user. I f a custom er's ident ity is to be t racked by the
telephone num ber, then that  telephone num ber m ust  obviously be passed in as an argum ent  to
the FACTORY.  When the program  is assigning an ident ifier, the FACTORY is a good place to cont rol it .
Although the actual generat ion of a unique t racking I D is typically done by a database "sequence"
or other infrast ructure m echanism , the FACTORY knows what  to ask for and where to put  it .

Reconstituting Stored Objects

Up to this point , the FACTORY has played its part  in the very beginning of an object 's life cycle. At
som e point , m ost  objects get  stored in databases or t ransm it ted through a network, and few
current  database technologies retain the object  character of their  contents. Most  t ransm ission
m ethods flat ten an object  into an even m ore lim ited presentat ion. Therefore, ret r ieval requires a
potent ially com plex process of reassem bling the parts into a live object .

A FACTORY used for reconst itut ion is very sim ilar to one used for creat ion, with two m ajor
differences.

An ENTI TY FACTORY used for reconst itut ion does not  assign a new t racking I D.  To do so would
lose the cont inuity with the object 's previous incarnat ion. So ident ifying at t r ibutes m ust  be
part  of the input  param eters in a FACTORY reconst itut ing a stored object .

1 .

A FACTORY reconst itut ing an object  will handle violat ion of an invariant  different ly .  During
creat ion of a new object , a FACTORY should sim ply balk when an invariant  isn't  m et , but  a
m ore flexible response m ay be necessary in reconst itut ion. I f an object  already exists
som ewhere in the system  (such as in the database) , this fact  cannot  be ignored. Yet  we also
can't  ignore the rule violat ion. There has to be som e st rategy for repair ing such
inconsistencies, which can m ake reconst itut ion m ore challenging than the creat ion of new
objects.

2 .

Figures 6.16 and 6.17 (on the next  page)  show two kinds of reconst itut ion. Object -m apping
technologies m ay provide som e or all of these services in the case of database reconst itut ion,
which is convenient . Whenever there is exposed com plexity in reconst itut ing an object  from
another m edium , the FACTORY is a good opt ion.

Fig u r e 6 .1 6 . Recon st i t u t in g  an  ENTI TY r e t r iev ed  f r om  a r e la t ion a l



d at ab ase

Fig u r e 6 .1 7 . Recon st i t u t in g  an  ENTI TY t r an sm i t t ed  as XML

To sum  up, the access points for creat ion of instances m ust  be ident ified, and their  scope m ust  be
defined explicit ly. They m ay sim ply be const ructors, but  often there is a need for a m ore abst ract
or elaborate instance creat ion m echanism . This need int roduces new const ructs into the design:
FACTORI ES.  FACTORI ES usually do not  express any part  of the m odel, yet  they are a part  of the
dom ain design that  helps keep the m odel-expressing objects sharp.

A FACTORY encapsulates the life cycle t ransit ions of creat ion and reconst itut ion. Another t ransit ion
that  exposes technical com plexity that  can swam p the dom ain design is the t ransit ion to and from
storage. This t ransit ion is the responsibilit y of another dom ain design const ruct , the REPOSI TORY.

[  Team  LiB ]  



[  Team  LiB ]  

Repositories

Associat ions allow us to find an object  based on its relat ionship to another. But  we m ust  have a
start ing point  for a t raversal to an ENTI TY or VALUE in the m iddle of its life cycle.

  

To do anything with an object , you have to hold a reference to it .  How do you get  that  reference?
One way is to create the object , as the creat ion operat ion will return a reference to the new
object . A second way is to t raverse an associat ion. You start  with an object  you already know and
ask it  for an associated object . Any object -or iented program  is going to do a lot  of this, and these
links give object  m odels m uch of their  expressive power. But  you have to get  that  first  object .

I  actually encountered a project  once in which the team  was at tem pt ing, in an enthusiast ic
em brace of MODEL-DRI VEN DESI GN,  to do all object  access by creat ion or t raversal!  Their objects
resided in an object  database, and they reasoned that  exist ing conceptual relat ionships would
provide all necessary associat ions. They needed only to analyze them  enough, m aking their  ent ire
dom ain m odel cohesive. This self- im posed lim itat ion forced them  to create just  the kind of endless
tangle that  we have been t rying to avert  over the last  few chapters, with careful im plem entat ion of
ENTI TI ES and applicat ion of AGGREGATES.  The team  m em bers didn't  st ick with this st rategy long, but
they never replaced it  with another coherent  approach. They cobbled together ad hoc solut ions
and becam e less am bit ious.

Few would even think of this approach, m uch less be tem pted by it ,  because they store m ost  of



their  objects in relat ional databases. This storage technology m akes it  natural to use the third way
of get t ing a reference:  Execute a query to find the object  in a database based on its at t r ibutes, or
find the const ituents of an object  and then reconst itute it .

A database search is globally accessible and m akes it  possible to go direct ly to any object . There is
no need for all objects to be interconnected, which allows us to keep the web of objects
m anageable. Whether to provide a t raversal or depend on a search becom es a design decision,
t rading off the decoupling of the search against  the cohesiveness of the associat ion. Should the
Custom er object  hold a collect ion of all the Orders placed? Or should the Orders be found in the
database, with a search on the Custom er I D field? The r ight  com binat ion of search and associat ion
m akes the design com prehensible.

Unfortunately, developers don't  usually get  to think m uch about  such design subt let ies, because
they are swim m ing in the sea of m echanism s needed to pull off the t r ick of stor ing an object  and
bringing it  back—and eventually rem oving it  from  storage.

Now from  a technical point  of view, ret r ieval of a stored object  is really a subset  of creat ion,
because the data from  the database is used to assem ble new objects. I ndeed, the code that
usually has to be writ ten m akes it  hard to forget  this reality. But  conceptually, this is the middle of
the life cycle of an ENTI TY.  A Custom er object  does not  represent  a new custom er just  because we
stored it  in a database and ret r ieved it .  To keep this dist inct ion in m ind, I  refer to the creat ion of
an instance from  stored data as reconst itut ion .

The goal of dom ain-driven design is to create bet ter software by focusing on a m odel of the
dom ain rather than the technology. By the t im e a developer has const ructed an SQL query,
passed it  to a query service in the infrast ructure layer, obtained a result  set  of table rows, pulled
the necessary inform at ion out , and passed it  to a const ructor or FACTORY,  the m odel focus is gone.
I t  becom es natural to think of the objects as containers for the data that  the queries provide, and
the whole design shifts toward a data-processing style. The details of the technology vary, but  the
problem  rem ains that  the client  is dealing with technology, rather than m odel concepts.
I nfrast ructure such as METADATA MAPPI NG LAYERS (Fowler 2002)  help a great  deal, by m aking easier
the conversion of the query result  into objects, but  the developer is st ill thinking about  technical
m echanism s, not  the dom ain. Worse, as client  code uses the database direct ly, developers are
tem pted to bypass m odel features such as AGGREGATES, or even object  encapsulat ion, instead
direct ly taking and m anipulat ing the data they need. More and m ore dom ain rules becom e
em bedded in query code or sim ply lost . Object  databases do elim inate the conversion problem , but
search m echanism s are usually st ill m echanist ic, and developers are st ill tem pted to grab whatever
objects they want .

A cl ien t  n eed s a p r act ica l  m ean s o f  acq u i r in g  r ef er en ces t o  p r eex ist in g  d om ain  ob j ect s.

I f  t h e in f r ast r u ct u r e m ak es i t  easy  t o  d o  so , t h e d ev elop er s o f  t h e cl ien t  m ay  ad d  m or e

t r av er sab le associa t ion s, m u d d l in g  t h e m od el . On  t h e o t h er  h an d , t h ey  m ay  u se q u er ies

t o  p u l l  t h e ex act  d at a t h ey  n eed  f r om  t h e d at ab ase, o r  t o  p u l l  a  f ew  sp eci f i c ob j ect s

r at h er  t h an  n av ig at in g  f r om  AGGREGATE r oo t s. Dom ain  log ic m ov es in t o  q u er ies an d

cl ien t  cod e, an d  t h e ENTI TI ES an d  VALUE OBJECTS b ecom e m er e d at a con t a in er s. Th e sh eer

t ech n ica l  com p lex i t y  o f  ap p ly in g  m ost  d at ab ase access in f r ast r u ct u r e q u ick ly  sw am p s

t h e cl ien t  cod e, w h ich  lead s d ev elop er s t o  d u m b  d ow n  t h e d om ain  lay er , w h ich  m ak es

t h e m od el  i r r e lev an t .

Drawing on the design pr inciples discussed so far, we can reduce the scope of the object  access
problem  som ewhat , assum ing that  we find a m ethod of access that  keeps the m odel focus sharp
enough to em ploy those principles. For starters, we need not  concern ourselves with t ransient
objects. Transients ( typically VALUE OBJECTS)  live br ief lives, used in the client  operat ion that
created them  and then discarded. We also need no query access for persistent  objects that  are
m ore convenient  to find by t raversal. For exam ple, the address of a person could be requested
from  the Person object . And m ost  im portant , any object  internal to an AGGREGATE is prohibited

from  access except  by t raversal from  the root .



Persistent  VALUE OBJECTS are usually found by t raversal from  som e ENTI TY that  acts as the root  of
the AGGREGATE that  encapsulates them . I n fact , a global search access to a VALUE is often
m eaningless, because finding a VALUE by its propert ies would be equivalent  to creat ing a new
instance with those propert ies. There are except ions, though. For exam ple, when I  am  planning
t ravel online, I  som et im es save a few prospect ive it ineraries and return later to select  one to book.
Those it ineraries are VALUES ( if there were two m ade up of the sam e flights, I  would not  care which
was which) , but  they have been associated with m y user nam e and ret r ieved for m e intact .
Another case would be an "enum erat ion,"  when a type has a st r ict ly lim ited, predeterm ined set  of
possible values. Global access to VALUE OBJECTS is m uch less com m on than for ENTI TI ES,  though,
and if you find you need to search the database for a preexist ing VALUE,  it  is worth considering the
possibilit y that  you've really got  an ENTI TY whose ident ity you haven't  recognized.

From  this discussion, it  is clear that  m ost  objects should not  be accessed by a global search. I t
would be nice for the design to com m unicate those that  do.

Now the problem  can be restated m ore precisely.

A su b set  o f  p er sist en t  ob j ect s m u st  b e g lob al l y  accessib le t h r ou g h  a sear ch  b ased  on

ob j ect  a t t r ib u t es. Su ch  access is n eed ed  f o r  t h e r oo t s o f  AGGREGATES t h at  ar e n o t

con v en ien t  t o  r each  b y  t r av er sa l . Th ey  ar e u su al ly  ENTI TI ES, som et im es VALUE OBJECTS

w i t h  com p lex  in t er n a l  st r u ct u r e, an d  som et im es en u m er at ed  VALUES. Pr ov id in g  access

t o  o t h er  ob j ect s m u d d ies im p or t an t  d ist in ct ion s. Fr ee d at ab ase q u er ies can  act u a l l y

b r each  t h e en cap su la t ion  o f  d om ain  ob j ect s an d  AGGREGATES. Ex p osu r e o f  t ech n ica l

in f r ast r u ct u r e an d  d at ab ase access m ech an ism s com p l icat es t h e cl ien t  an d  ob scu r es

t h e MODEL- DRI VEN DESI GN.

There is a raft  of techniques for dealing with the technical challenges of database access. Exam ples
include encapsulat ing SQL into QUERY OBJECTS or t ranslat ing between objects and tables with
METADATA MAPPI NG LAYERS (Fowler 2002) . FACTORI ES can help reconst itute stored objects (as
discussed later in this chapter) . These and m any other techniques help keep a lid on com plexity.

But  even so, take note of what  has been lost . We are no longer thinking about  concepts in our
dom ain m odel. Our code will not  be com m unicat ing about  the business;  it  will be m anipulat ing the
technology of data ret r ieval. The REPOSI TORY pat tern is a sim ple conceptual fram ework to
encapsulate those solut ions and bring back our m odel focus.

A REPOSI TORY represents all objects of a certain type as a conceptual set  (usually em ulated) . I t
acts like a collect ion, except  with m ore elaborate querying capabilit y. Objects of the appropriate
type are added and rem oved, and the m achinery behind the REPOSI TORY inserts them  or deletes
them  from  the database. This definit ion gathers a cohesive set  of responsibilit ies for providing
access to the roots of AGGREGATES from  early life cycle through the end.

Clients request  objects from  the REPOSI TORY using query m ethods that  select  objects based on
criter ia specified by the client , typically the value of certain at t r ibutes. The REPOSI TORY ret r ieves
the requested object , encapsulat ing the m achinery of database queries and m etadata m apping.
REPOSI TORI ES can im plem ent  a variety of queries that  select  objects based on whatever cr iter ia the
client  requires. They can also return sum m ary inform at ion, such as a count  of how m any instances
m eet  som e cr iter ia. They can even return sum m ary calculat ions, such as the total across all
m atching objects of som e num erical at t r ibute.

Fig u r e 6 .1 8 . A REPOSI TORY d o in g  a sear ch  f o r  a  cl ien t



A REPOSI TORY lift s a huge burden from  the client , which can now talk to a sim ple, intent ion-
revealing interface, and ask for what  it  needs in term s of the m odel. To support  all this requires a
lot  of com plex technical infrast ructure, but  the interface is sim ple and conceptually connected to
the dom ain m odel.

Therefore:

For  each  t y p e o f  ob j ect  t h at  n eed s g lob al  access, cr eat e an  ob j ect  t h at  can  p r ov id e t h e

i l lu sion  o f  an  in - m em or y  co l lect ion  o f  a l l  ob j ect s o f  t h at  t y p e. Set  u p  access t h r ou g h  a

w el l - k n ow n  g lob al  in t er f ace. Pr ov id e m et h od s t o  ad d  an d  r em ov e ob j ect s, w h ich  w i l l

en cap su la t e t h e act u a l  in ser t ion  o r  r em ov al  o f  d at a in  t h e d at a st o r e. Pr ov id e m et h od s

t h at  se lect  ob j ect s b ased  on  som e cr i t er ia  an d  r et u r n  f u l l y  in st an t ia t ed  ob j ect s o r

co l lect ion s o f  ob j ect s w h ose at t r ib u t e v a lu es m eet  t h e cr i t er ia , t h er eb y  en cap su la t in g

t h e act u a l  st o r ag e an d  q u er y  t ech n o log y . Pr ov id e REPOSI TORI ES on ly  f o r  AGGREGATE r oo t s

t h at  act u a l l y  n eed  d i r ect  access. Keep  t h e cl ien t  f ocu sed  on  t h e m od el , d e leg at in g  a l l

ob j ect  st o r ag e an d  access t o  t h e REPOSI TORI ES.

  

REPOSI TORI ES have m any advantages, including the following:

They present  clients with a sim ple m odel for obtaining persistent  objects and m anaging their
life cycle.

They decouple applicat ion and dom ain design from  persistence technology, m ult iple database
st rategies, or even m ult iple data sources.

They com m unicate design decisions about  object  access.

They allow easy subst itut ion of a dum m y im plem entat ion, for use in test ing ( typically using
an in-m em ory collect ion) .

Querying a REPOSITORY

All repositor ies provide m ethods that  allow a client  to request  objects m atching som e cr iter ia, but
there is a range of opt ions of how to design this interface.

The easiest  REPOSI TORY to build has hard-coded queries with specific param eters. These queries
can be various:  ret r ieving an ENTI TY by its ident ity (provided by alm ost  all REPOSI TORI ES) ;
request ing a collect ion of objects with a part icular at t r ibute value or a com plex com binat ion of
param eters;  select ing objects based on value ranges (such as date ranges) ;  and even perform ing
som e calculat ions that  fall within the general responsibilit y of a REPOSI TORY (especially drawing on
operat ions supported by the underlying database) .



Although m ost  queries return an object  or a collect ion of objects, it  also fits within the concept  to
return som e types of sum m ary calculat ions, such as an object  count , or a sum  of a num erical
at t r ibute that  was intended by the m odel to be tallied.

Fig u r e 6 .1 9 . Har d - cod ed  q u er ies in  a  sim p le REPOSI TORY

Hard-coded queries can be built  on top of any infrast ructure and without  a lot  of investm ent ,
because they do just  what  som e client  would have had to do anyway.

On projects with a lot  of querying, a REPOSI TORY fram ework can be built  that  allows m ore flexible
queries. This calls for a staff fam iliar with the necessary technology and is great ly aided by a
support ive infrast ructure.

One part icular ly apt  approach to generalizing REPOSI TORI ES through a fram ework is to use
SPECI FI CATI ON-based queries. A SPECI FI CATI ON allows a client  to describe ( that  is, specify)  what  it
wants without  concern for how it  will be obtained. I n the process, an object  that  can actually carry
out  the select ion is created. This pat tern will be discussed in depth in Chapter 9.

Fig u r e 6 .2 0 . A f lex ib le, d eclar at i v e SPECI FI CATI ON o f  sear ch  cr i t er ia  in  a
sop h ist i cat ed  REPOSI TORY

The SPECI FI CATI ON-based query is elegant  and flexible. Depending on the infrast ructure available, it
m ay be a m odest  fram ework or it  m ay be prohibit ively difficult .  Rob Mee and Edward Hieat t
discuss m ore of the technical issues involved in designing such REPOSI TORI ES in Fowler 2002.

Even a REPOSI TORY design with flexible queries should allow for the addit ion of specialized hard-
coded queries. They m ight  be convenience m ethods that  encapsulate an often-used query or a
query that  doesn't  return the objects them selves, such as a m athem at ical sum m ary of selected
objects. Fram eworks that  don't  allow for such cont ingencies tend to distort  the dom ain design or
get  bypassed by developers.

Client Code Ignores REPOSITORY Implementation; Developers Do Not

Encapsulat ion of the persistence technology allows the client  to be very sim ple, com pletely
decoupled from  the im plem entat ion of the REPOSI TORY.  But  as is often the case with encapsulat ion,



the developer m ust  understand what  is happening under the hood. The perform ance im plicat ions
can be ext rem e when REPOSI TORI ES are used in different  ways or work in different  ways.

Kyle Brown told m e the story of get t ing called in on a m anufactur ing applicat ion based on
WebSphere that  was being rolled out  to product ion. The system  was m ysteriously running out  of
m em ory after a few hours of use. Kyle browsed through the code and found the reason:  At  one
point , they were sum m arizing som e inform at ion about  every item  in the plant . The developers had
done this using a query called "all objects,"  which instant iated each of the objects and then
selected the bits they needed. This code had the effect  of br inging the ent ire database into
m em ory at  once!  The problem  hadn't  shown up in test ing because of the sm all am ount  of test
data.

This is an obvious nono, but  m uch m ore subt le oversights can present  equally serious problem s.
Developers need to understand the im plicat ions of using encapsulated behavior. That  does not
have to m ean detailed fam iliar ity with the im plem entat ion. Well-designed com ponents can be
character ized. (This is one of the m ain points of Chapter 10, "Supple Design.")

As was discussed in Chapter 5, the underlying technology m ay const rain your m odeling choices.
For exam ple, a relat ional database can place a pract ical lim it  on deep com posit ional object
st ructures. I n just  the sam e way, there m ust  be feedback to developers in both direct ions between
the use of the REPOSI TORY and the im plem entat ion of its queries.

Implementing a REPOSITORY

I m plem entat ion will vary great ly, depending on the technology being used for persistence and the
infrast ructure you have. The ideal is to hide all the inner workings from  the client  (although not
from  the developer of the client ) , so that  client  code will be the sam e whether the data is stored in
an object  database, stored in a relat ional database, or sim ply held in m em ory. The REPOSI TORY will
delegate to the appropriate infrast ructure services to get  the job done. Encapsulat ing the
m echanism s of storage, ret r ieval, and query is the m ost  basic feature of a REPOSI TORY

implementat ion.

Fig u r e 6 .2 1 . Th e REPOSI TORY en cap su la t es t h e u n d er ly in g  d at a st o r e.

The REPOSI TORY concept  is adaptable to m any situat ions. The possibilit ies of im plem entat ion are so



diverse that  I  can only list  som e concerns to keep in m ind.

Abst ract  the type.  A REPOSI TORY "contains" all instances of a specific type, but  this does not
m ean that  you need one REPOSI TORY for each class. The type could be an abst ract  superclass
of a hierarchy ( for exam ple, a Tr ad eOr d er  could be a Bu y Or d er  or a Sel l - Or d er ) . The type
could be an interface whose im plem enters are not  even hierarchically related. Or it  could be a
specific concrete class. Keep in m ind that  you m ay well face const raints im posed by the lack
of such polym orphism  in your database technology.

Take advantage of the decoupling from  the client .  You have m ore freedom  to change the
im plem entat ion of a REPOSI TORY than you would if the client  were calling the m echanism s
direct ly. You can take advantage of this to opt im ize for perform ance, by varying the query
technique or by caching objects in m em ory, freely switching persistence st rategies at  any
t im e. You can facilitate test ing of the client  code and the dom ain objects by providing an
easily m anipulated, dum m y in-m em ory st rategy.

Leave t ransact ion cont rol to the client .  Although the REPOSI TORY will insert  into and delete
from  the database, it  will ordinarily not  com m it  anything. I t  is tem pt ing to com m it  after
saving, for exam ple, but  the client  presum ably has the context  to correct ly init iate and
com m it  units of work. Transact ion m anagem ent  will be sim pler if the REPOSI TORY keeps its
hands off.

Typically team s add a fram ework to the infrast ructure layer to support  the im plem entat ion of
REPOSI TORI ES.  I n addit ion to the collaborat ion with the lower level infrast ructure com ponents, the
REPOSI TORY superclass m ight  im plem ent  som e basic queries, especially when a flexible query is
being im plem ented. Unfortunately, with a type system  such as Java's, this approach would force
you to type returned objects as "Object ,"  leaving the client  to cast  them  to the REPOSI TORY'S

contained type. But  of course, this will have to be done with queries that  return collect ions anyway
in Java.

Som e addit ional guidance on im plem ent ing REPOSI TORI ES and som e of their  support ing technical
pat terns such as QUERY OBJECT can be found in Fowler (2002) .

Working Within Your Frameworks

Before im plem ent ing som ething like a REPOSI TORY,  you need to think carefully about  the
infrast ructure you are com m it ted to, especially any architectural fram eworks. You m ay find that
the fram ework provides services you can use to easily create a REPOSI TORY,  or you m ay find that
the fram ework fights you all the way. You m ay discover that  the architectural fram ework has
already defined an equivalent  pat tern of get t ing persistent  objects. Or you m ay discover that  it  has
defined a pat tern that  is not  like a REPOSI TORY at  all.

For exam ple, your project  m ight  be com m it ted to J2EE. Looking for conceptual affinit ies between
the fram ework and the pat terns of MODEL-DRI VEN DESI GN (and keeping in m ind that  an ent ity bean
is not  the sam e thing as an ENTI TY) , you m ay have chosen to use ent ity beans to correspond to
AGGREGATE roots. The const ruct  within the architectural fram ework of J2EE that  is responsible for
providing access to these objects is the "EJB Hom e."  Trying to dress up the EJB Hom e to look like
a REPOSI TORY could lead to other problem s.

I n general, don't  fight  your fram eworks. Seek ways to keep the fundam entals of dom ain-driven
design and let  go of the specifics when the fram ework is antagonist ic. Look for affinit ies between
the concepts of dom ain-driven design and the concepts in the fram ework. This is assum ing that
you have no choice but  to use the fram ework. Many J2EE projects don't  use ent ity beans at  all.  I f
you have the freedom , choose fram eworks, or parts of fram eworks, that  are harm onious with the



style of design you want  to use.

The Relationship with FACTORIES

A FACTORY handles the beginning of an object 's life;  a REPOSI TORY helps m anage the m iddle and the
end. When objects are being held in m em ory, or stored in an object  database, this is
st raight forward. But  typically there is at  least  som e object  storage in relat ional databases, files, or
other, non-object -or iented system s. I n such cases, the ret r ieved data m ust  be reconst ituted into
object  form .

Because the REPOSI TORY is, in this case, creat ing objects based on data, m any people consider the
REPOSI TORY to be a FACTORY—indeed it  is, from  a technical point  of view. But  it  is m ore useful to
keep the m odel in the forefront , and as m ent ioned before, the reconst itut ion of a stored object  is
not  the creat ion of a new conceptual object . I n this dom ain-driven view of the design, FACTORI ES

and REPOSI TORI ES have dist inct  responsibilit ies. The FACTORY m akes new objects;  the REPOSI TORY

finds old objects. The client  of a REPOSI TORY should be given the illusion that  the objects are in
m em ory. The object  m ay have to be reconst ituted (yes, a new instance m ay be created) , but  it  is
the sam e conceptual object , st ill in the m iddle of its life cycle.

These two views can be reconciled by m aking the REPOSI TORY delegate object  creat ion to a
FACTORY,  which ( in theory, though seldom  in pract ice)  could also be used to create objects from
scratch.

Fig u r e 6 .2 2 . A REPOSI TORY u ses a FACTORY t o  r econ st i t u t e a  p r eex ist in g
ob j ect .

This clear separat ion also helps by unloading all responsibilit y for persistence from  the FACTORI ES.
A FACTORY'S j ob is to instant iate a potent ially com plex object  from  data. I f the product  is a new
object , the client  will know this and can add it  to the REPOSI TORY,  which will encapsulate the
storage of the object  in the database.

Fig u r e 6 .2 3 . A cl ien t  u ses a REPOSI TORY t o  st o r e a  n ew  ob j ect .



One other case that  dr ives people to com bine FACTORY and REPOSI TORY is the desire for " find or
create" funct ionality, in which a client  can describe an object  it  wants and, if no such object  is
found, will be given a newly created one. This funct ion should be avoided. I t  is a m inor
convenience at  best . A lot  of cases in which it  seem s useful go away when ENTI TI ES and VALUE

OBJECTS are dist inguished. A client  that  wants a VALUE OBJECT can go st raight  to a FACTORY and ask
for a new one. Usually, the dist inct ion between a new object  and an exist ing object  is im portant  in
the dom ain, and a fram ework that  t ransparent ly com bines them  will actually m uddle the situat ion.

[  Team  LiB ]  
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Designing Objects for Relational Databases

The m ost  com m on nonobject  com ponent  of pr im arily object -or iented software system s is the
relat ional database. This reality presents the usual problem s of a m ixture of paradigm s (see
Chapter 5) . But  the database is m ore int im ately related to the object  m odel than are m ost  other
com ponents. The database is not  just  interact ing with the objects;  it  is stor ing the persistent  form
of the data that  m akes up the objects them selves. A good deal has been writ ten about  the
technical challenges of m apping objects to relat ional tables and effect ively stor ing and ret r ieving
them . A recent  discussion can be found in Fowler 2002. There are reasonably refined tools for
creat ing and m anaging m appings between the two. Apart  from  the technical concerns, this
m ism atch can have a significant  im pact  on the object  m odel.

There are three com m on cases:

The database is pr im arily a repository for the objects.1 .

The database was designed for another system .2 .

The database is designed for this system  but  serves in roles other than object  store.3 .

When the database schem a is being created specifically as a store for the objects, it  is worth
accept ing som e m odel lim itat ions in order to keep the m apping very sim ple. Without  other
dem ands on schem a design, the database can be st ructured to m ake aggregate integrity safer and
m ore efficient  as updates are m ade. Technically, the relat ional table design does not  have to
reflect  the dom ain m odel. Mapping tools are sophist icated enough to br idge significant  differences.
The t rouble is, m ult iple overlapping m odels are just  too com plicated. Many of the sam e argum ents
presented for MODEL-DRI VEN DESI GN—avoiding separate analysis and design m odels—apply to this
m ism atch. This does entail som e sacrifice in the r ichness of the object  m odel, and som et im es
com prom ises have to be m ade in the database design (such as select ive denorm alizat ion) , but  to
do otherwise is to r isk losing the t ight  coupling of m odel and im plem entat ion. This approach
doesn't  require a sim plist ic one-object / one- table m apping. Depending on the power of the
m apping tool, som e aggregat ion or com posit ion of objects m ay be possible. But  it  is crucial that
the m appings be t ransparent , easily understandable by inspect ing the code or reading ent r ies in
the m apping tool.

When the database is being viewed as an object  store, don't  let  the data m odel and the
object  m odel diverge far, regardless of the powers of the m apping tools. Sacrifice som e
richness of object  relat ionships to keep close to the relat ional m odel. Com prom ise som e
form al relat ional standards, such as norm alizat ion, if it  helps sim plify the object  m apping.

Processes outside the object  system  should not  access such an object  store. They could
violate the invariants enforced by the objects. Also, their  access will lock in the data m odel so
that  it  is hard to change when the objects are refactored.

On the other hand, there are m any cases in which the data com es from  a legacy or external
system  that  was never intended as a store of objects. I n this situat ion, there are, in reality, two
dom ain m odels coexist ing in the sam e system . Chapter 14, "Maintaining Model I ntegrity,"  deals
with this issue in depth. I t  m ay m ake sense to conform  to the m odel im plicit  in the other system ,
or it  m ay be bet ter to m ake the m odel com pletely dist inct .

Another reason for except ions is perform ance. Quirky design changes m ay have to be int roduced



to solve execut ion speed problem s.

But  for the im portant  com m on case of a relat ional database act ing as the persistent  form  of an
object -or iented dom ain, sim ple directness is best . A table row should contain an object , perhaps
along with subsidiar ies in an AGGREGATE.  A foreign key in the table should t ranslate to a reference
to another ENTI TY object . The necessity of som et im es deviat ing from  this sim ple directness should
not  lead to total abandonm ent  of the pr inciple of sim ple m appings.

The UBI QUI TOUS LANGUAGE can help t ie the object  and relat ional com ponents together to a single
m odel. The nam es and associat ions of elem ents in the objects should correspond m et iculously to
those of the relat ional tables. Although the power of som e m apping tools m ay m ake this seem
unnecessary, subt le differences in relat ionships will cause a lot  of confusion.

The t radit ion of refactor ing that  has increasingly taken hold in the object  world has not  really
affected relat ional database design m uch. What 's m ore, serious data m igrat ion issues discourage
frequent  change. This m ay create a drag on the refactor ing of the object  m odel, but  if the object
m odel and the database m odel start  to diverge, t ransparency can be lost  quickly.

Finally, there are som e reasons to go with a schem a that  is quite dist inct  from  the object  m odel,
even when the database is being created specifically for your system . The database m ay also be
used by other software that  will not  instant iate objects. The database m ay require lit t le change,
even while the behavior of the objects changes or evolves rapidly. Cut t ing the two loose from  each
other is a seduct ive path. I t  is often taken unintent ionally, when the team  fails to keep the
database current  with the m odel. I f the separat ion is chosen consciously, it  can result  in a clean
database schem a—not  an awkward one full of com prom ises conform ing to last  year 's object
model.

[  Team  LiB ]  
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Chapter Seven. Using the Language: An
Extended Example

The preceding three chapters int roduced a pat tern language for honing the fine detail of a m odel
and m aintaining a t ight  MODEL-DRI VEN DESI GN.  I n the earlier exam ples, the pat terns were m ost ly
applied one at  a t im e, but  on a real project  you have to com bine them . This chapter presents one
elaborate exam ple (st ill drast ically sim pler than a real project , of course) . The exam ple will step
through a succession of m odel and design refinem ents as a hypothet ical team  deals with
requirem ents and im plem entat ion issues and develops a MODEL-DRI VEN DESI GN,  showing the forces
that  apply and how the pat terns of Part  I I  can resolve them .

[  Team  LiB ]  



[  Team  LiB ]  

Introducing the Cargo Shipping System

We're developing new software for a cargo shipping com pany. The init ial requirem ents are three
basic funct ions.

Track key handling of custom er cargo1 .

Book cargo in advance2 .

Send invoices to custom ers autom at ically when the cargo reaches som e point  in its handling3 .

I n a real project , it  would take som e t im e and iterat ion to get  to the clar ity of this m odel. Part  I I I
of this book will go into the discovery process in depth. But  here we'll start  with a m odel that  has
the needed concepts in a reasonable form , and we'll focus on fine- tuning the details to support
design.

Fig u r e 7 .1 . A class d iag r am  r ep r esen t in g  a m od el  o f  t h e sh ip p in g
d om ain

This m odel organizes dom ain knowledge and provides a language for the team . We can m ake
statem ents like this:

"Mult iple Cu st om er s  are involved with a Car g o ,  each playing a different  role."



"The Car g o  delivery goal is specified."

"A series of Car r ier  Mov em en t s  sat isfying the Sp eci f i cat ion  will fulfill the delivery goal."

Each object  in the m odel has a clear m eaning:

A Han d l in g  Ev en t  is a discrete act ion taken with the Car g o ,  such as loading it  onto a ship or
clearing it  through custom s. This class would probably be elaborated into a hierarchy of different
kinds of incidents, such as loading, unloading, or being claim ed by the receiver.

Del iv er y  Sp eci f i cat ion  defines a delivery goal, which at  m inim um  would include a dest inat ion
and an arr ival date, but  it  can be m ore com plex. This class follows the SPECI FI CATI ON pat tern (see
Chapter 9) .

This responsibilit y could have been taken on by the Car g o  object , but  the abst ract ion of Del iv er y

Sp eci f i cat ion  gives at  least  three advantages.

Without  Del iv er y  Sp eci f i cat ion ,  the Car g o  object  would be responsible for the detailed
m eaning of all those at t r ibutes and associat ions for specifying the delivery goal. This would
clut ter up Car g o  and m ake it  harder to understand or change.

1 .

This abst ract ion m akes it  easy and safe to suppress detail when explaining the m odel as a
whole. For exam ple, there could be other cr iter ia encapsulated in the Del iv er y

Sp eci f i cat ion ,  but  a diagram  at  this level of detail would not  have to expose it .  The diagram
is telling the reader that  there is a SPECI FI CATI ON of delivery, and the details of that  are not
im portant  to think about  (and, in fact , could be easily changed later) .

2 .

This m odel is m ore expressive. Adding Del iv er y  Sp eci f i cat ion  says explicit ly that  the exact
m eans of delivery of the Car g o  is undeterm ined, but  that  it  m ust  accom plish the goal set  out
in the Del iv er y  Sp eci f i cat ion .

3 .

A role dist inguishes the different  parts played by Cu st om er s  in a shipm ent . One is the "shipper,"
one the "receiver,"  one the "payer,"  and so on. Because only one Cu st om er  can play a given role
for a part icular Car g o ,  the associat ion becom es a qualified m any- to-one instead of m any- to-
many. Role m ight  be im plem ented as sim ply a st r ing, or it  could be a class if other behavior is
needed.

Car r ier  Mov em en t  represents one part icular t r ip by a part icular Car r ier  ( such as a t ruck or a
ship)  from  one Locat ion  to another. Car g oes  can r ide from  place to place by being loaded onto
Car r ier s for the durat ion of one or m ore Car r ier  Mov em en t s .

Del iv er y  H ist o r y  reflects what  has actually happened to a Car g o ,  as opposed to the Del iv er y

Sp eci f i cat ion ,  which describes goals. A Del iv er y  H ist o r y  object  can com pute the current
Locat ion  of the Car g o  by analyzing the last  load or unload and the dest inat ion of the
corresponding Car r ier  Mov em en t .  A successful delivery would end with a Del iv er y  H ist o r y  that
sat isfied the goals of the Del iv er y  Sp eci f i cat ion .

All the concepts needed to work through the requirem ents just  described are present  in this
m odel, assum ing appropriate m echanism s to persist  the objects, find the relevant  objects, and so
on. Such im plem entat ion issues are not  dealt  with in the m odel, but  they m ust  be in the design.

I n order to fram e up a solid im plem entat ion, this m odel st ill needs som e clar ificat ion and
t ightening.

Rem em ber, ordinarily, m odel refinem ent , design, and im plem entat ion should go hand- in-hand in
an iterat ive developm ent  process. But  in this chapter, for clar ity of explanat ion, we are start ing
with a relat ively m ature m odel, and changes will be m ot ivated st r ict ly by the need to connect  that



m odel with a pract ical im plem entat ion, em ploying the building block pat terns.

Ordinarily, as the m odel is being refined to support  the design bet ter, is should also be refined to
reflect  new insight  into the dom ain. But  in this chapter, for clar ity of explanat ion, changes will be
st r ict ly m ot ivated by the need to connect  with a pract ical im plem entat ion, em ploying the building
block pat terns.

[  Team  LiB ]  
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Isolating the Domain: Introducing the Applications

To prevent  dom ain responsibilit ies from  being m ixed with those of other parts of the system , let 's
apply LAYERED ARCHI TECTURE to m ark off a dom ain layer.

Without  going into deep analysis, we can ident ify three user- level applicat ion funct ions, which we
can assign to three applicat ion layer classes.

A Tr ack in g  Qu er y  that  can access past  and present  handling of a part icular Car g o1 .

A Book in g  Ap p l icat ion  that  allows a new Car g o  to be registered and prepares the system
for it

2 .

An I n cid en t  Log g in g  Ap p l icat ion  that  can record each handling of the Car g o  (providing
the inform at ion that  is found by the Tr ack in g  Qu er y )

3 .

These applicat ion classes are coordinators. They should not  work out  the answers to the quest ions
they ask. That  is the dom ain layer 's job.

[  Team  LiB ]  
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Distinguishing ENTITIES and VALUE Objects

Considering each object  in turn, we'll look for ident ity that  m ust  be t racked or a basic value that  is
represented. First  we'll go through the clear-cut  cases and then consider the m ore am biguous
ones.

Customer

Let 's start  with an easy one. A Cu st om er  object  represents a person or a com pany, an ent ity in
the usual sense of the word. The Cu st om er  object  clearly has ident ity that  m at ters to the user, so
it  is an ENTI TY in the m odel. How to t rack it? Tax I D m ight  be appropriate in som e cases, but  an
internat ional com pany could not  use that . This quest ion calls for consultat ion with a dom ain
expert . We discuss the problem  with a businessperson in the shipping com pany, and we discover
that  the com pany already has a custom er database in which each Cu st om er  is assigned an I D
num ber at  first  sales contact . This I D is already used throughout  the com pany;  using the num ber
in our software will establish cont inuity of ident ity between those system s. I t  will init ially be a
m anual ent ry.

Cargo

Two ident ical crates m ust  be dist inguishable, so Car g o  objects are ENTI TI ES.  I n pract ice, all
shipping com panies assign t racking I Ds to each piece of cargo. This I D will be autom at ically
generated, visible to the user, and in this case, probably conveyed to the custom er at  booking
t ime.

Handling Event and Carrier Movement

We care about  such individual incidents because they allow us to keep t rack of what  is going on.
They reflect  real-world events, which are not  usually interchangeable, so they are ENTI TI ES.  Each
Car r ier  Mov em en t  will be ident ified by a code obtained from  a shipping schedule.

Another discussion with a dom ain expert  reveals that  Han d l in g  Ev en t s can be uniquely ident ified
by the com binat ion of Car g o  I D, com plet ion t im e, and type. For exam ple, the sam e Car g o  cannot
be both loaded and unloaded at  the sam e t im e.

Location

Two places with the sam e nam e are not  the sam e. Lat itude and longitude could provide a unique
key, but  probably not  a very pract ical one, since those m easurem ents are not  of interest  to m ost
purposes of this system , and they would be fair ly com plicated. More likely, the Locat ion  will be
part  of a geographical m odel of som e kind that  will relate places according to shipping lanes and
other dom ain-specific concerns. So an arbit rary, internal, autom at ically generated ident ifier will
suffice.



Delivery History

This is a t r icky one. Del iv er y  H ist o r ies  are not  interchangeable, so they are ENTI TI ES.  But  a
Del iv er y  H ist o r y  has a one- to-one relat ionship with its Car g o ,  so it  doesn't  really have an
ident ity of its own. I ts ident ity is borrowed from  the Car g o  that  owns it .  This will becom e clearer
when we m odel the AGGREGATES.

Delivery Specification

Although it  represents the goal of a Car g o ,  this abst ract ion does not  depend on Car g o .  I t  really
expresses a hypothet ical state of som e Del iv er y  H ist o r y .  We hope that  the Del iv er y  H ist o r y

at tached to our Car g o  will eventually sat isfy the Del iv er y  Sp eci f i cat ion  at tached to our Car g o .
I f we had two Car g oes  going to the sam e place, they could share the sam e Del iv er y

Sp eci f i cat ion ,  but  they could not  share the sam e Del iv er y  H ist o r y ,  even though the histor ies
start  out  the sam e (em pty) . Del iv er y  Sp eci f i cat ion s are VALUE OBJECTS.

Role and Other Attributes

Role says som ething about  the associat ion it  qualifies, but  it  has no history or cont inuity. I t  is a
VALUE OBJECT,  and it  could be shared am ong different  Car g o / Cu st om er  associat ions.

Other at t r ibutes such as t im e stam ps or nam es are VALUE OBJECTS.
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Designing Associations in the Shipping Domain

None of the associat ions in the or iginal diagram  specified a t raversal direct ion, but  bidirect ional
associat ions are problem at ic in a design. Also, t raversal direct ion often captures insight  into the
dom ain, deepening the m odel itself.

I f the Cu st om er  has a direct  reference to every Car g o  it  has shipped, it  will becom e cum bersom e
for long- term , repeat  Cu st om er s .  Also, the concept  of a Cu st om er  is not  specific to Car g o .  I n a
large system , the Cu st om er  m ay have roles to play with m any objects. Best  to keep it  free of
such specific responsibilit ies. I f we need the abilit y to find Car g oes  by Cu st om er ,  this can be
done through a database query. We'll return to this issue later in this chapter, in the sect ion on
REPOSI TORI ES.

I f our applicat ion were t racking the inventory of ships, t raversal from  Car r ier  Mov em en t  to
Han d l in g  Ev en t  would be im portant . But  our business needs to t rack only the Car g o .  Making the
associat ion t raversable only from  Han d l in g  Ev en t  to Car r ier  Mov em en t  captures that
understanding of our business. This also reduces the im plem entat ion to a sim ple object  reference,
because the direct ion with m ult iplicity was disallowed.

The rat ionale behind the rem aining decisions is explained in Figure 7.2, on the next  page.

Fig u r e 7 .2 . Tr av er sa l  d i r ect ion  h as b een  con st r a in ed  on  som e
associa t ion s.

There is one circular reference in our m odel:  Car g o  knows its Del iv er y  H ist o r y ,  which holds a



series of Han d l in g  Ev en t s,  which in turn point  back to the Car g o .  Circular references logically
exist  in m any dom ains and are som et im es necessary in design as well,  but  they are t r icky to
m aintain. I m plem entat ion choices can help by avoiding holding the sam e inform at ion in two places
that  m ust  be kept  synchronized. I n this case, we can m ake a sim ple but  fragile im plem entat ion ( in
Java)  in an init ial prototype, by giving Del iv er y  H ist o r y  a List  object  containing Han d l in g

Ev en t s .  But  at  som e point  we'll probably want  to drop the collect ion in favor of a database lookup
with Car g o  as the key. This discussion will be taken up again when choosing REPOSI TORI ES.  I f the
query to see the history is relat ively infrequent , this should give good perform ance, sim plify
m aintenance, and reduce the overhead of adding Han d l in g  Ev en t s.  I f this query is very frequent ,
then it  is bet ter to go ahead and m aintain the direct  pointer. These design t rade-offs balance
sim plicity of im plem entat ion against  perform ance. The m odel is the sam e;  it  contains the cycle and
the bidirect ional associat ion.
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AGGREGATE Boundaries

Cu st om er , Locat ion ,  and Car r ier  Mov em en t  have their  own ident it ies and are shared by m any
Car g oes ,  so they m ust  be the roots of their  own AGGREGATES,  which contain their  at t r ibutes and
possibly other objects below the level of detail of this discussion. Car g o  is also an obvious
AGGREGATE root , but  where to draw the boundary takes som e thought .

The Car g o  AGGREGATE could sweep in everything that  would not  exist  but  for the part icular Car g o ,
which would include the Del iv er y  H ist o r y ,  the Del iv er y  Sp eci f i cat ion ,  and the Han d l in g

Ev en t s .  This fits for Del iv er y  H ist o r y . No one would look up a Del iv er y  H ist o r y  direct ly without
want ing the Car g o  it self.  With no need for direct  global access, and with an ident ity that  is really
just  derived from  the Car g o ,  the Del iv er y  H ist o r y  fit s nicely inside Car g o ' s  boundary, and it
does not  need to be a root . The Del iv er y  Sp eci f i cat ion  is a VALUE OBJECT,  so there are no
com plicat ions from  including it  in the Car g o  AGGREGATE.

The Han d l in g  Ev en t  is another m at ter. Previously we have considered two possible database
queries that  would search for these:  one, to find the Han d l in g  Ev en t s for a Del iv er y  H ist o r y  as
a possible alternat ive to the collect ion, would be local within the Car g o  AGGREGATE;  the other
would be used to find all the operat ions to load and prepare for a part icular Car r ier  Mov em en t .
I n the second case, it  seem s that  the act ivity of handling the Car g o  has som e m eaning even when
considered apart  from  the Car g o  it self.  So the Han d l in g  Ev en t  should be the root  of its own
AGGREGATE.

Fig u r e 7 .3 . A GGREGATE b ou n d ar ies im p osed  on  t h e m od el . ( No t e:  An
ENTI TY ou t sid e a d r aw n  b ou n d ar y  i s im p l ied  t o  b e t h e r oo t  o f  i t s ow n

AGGREGATE.)
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Selecting REPOSITORIES

There are five ENTI TI ES in the design that  are roots of AGGREGATES,  so we can lim it  our
considerat ion to these, since none of the other objects is allowed to have REPOSI TORI ES.

To decide which of these candidates should actually have a REPOSI TORY,  we m ust  go back to the
applicat ion requirem ents. I n order to take a booking through the Book in g  Ap p l icat ion ,  the user
needs to select  the Cu st om er ( s)  playing the various roles (shipper, receiver, and so on) . So we
need a Cu st om er  Rep osi t o r y .  We also need to find a Locat ion  to specify as the dest inat ion for
the Car g o ,  so we create a Locat ion  Rep osi t o r y .

The Act iv i t y  Log g in g  Ap p l icat ion  needs to allow the user to look up the Car r ier  Mov em en t

that  a Car g o  is being loaded onto, so we need a Car r ier  Mov em en t  Rep osi t o r y .  This user m ust
also tell the system  which Car g o  has been loaded, so we need a Car g o  Rep osi t o r y .

Fig u r e 7 .4 . REPOSI TORI ES g iv e access t o  se lect ed  AGGREGATE r oo t s.

For now there is no Han d l in g  Ev en t  Rep osi t o r y ,  because we decided to im plem ent  the
associat ion with Del iv er y  H ist o r y  as a collect ion in the first  iterat ion, and we have no applicat ion
requirem ent  to find out  what  has been loaded onto a Car r ier  Mov em en t .  Either of these reasons
could change;  if they did, then we would add a REPOSI TORY.
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Walking Through Scenarios

To cross-check all these decisions, we have to constant ly step through scenarios to confirm  that
we can solve applicat ion problem s effect ively.

Sample Application Feature: Changing the Destination of a Cargo

Occasionally a Cu st om er  calls up and says, "Oh no!  We said to send our cargo to Hackensack, but
we really need it  in Hoboken."  We are here to serve, so the system  is required to provide for this
change.

Del iv er y  Sp eci f i cat ion  is a VALUE OBJECT,  so it  would be sim plest  to just  to throw it  away and get
a new one, then use a set ter m ethod on Car g o  to replace the old one with the new one.

Sample Application Feature: Repeat Business

The users say that  repeated bookings from  the sam e Cu st om er s  tend to be sim ilar, so they want
to use old Car g oes  as prototypes for new ones. The applicat ion will allow them  to find a Car g o  in
the REPOSI TORY and then select  a com m and to create a new Car g o  based on the selected one.
We'll design this using the PROTOTYPE pat tern ( Gam m a et  al. 1995) .

Car g o  is an ENTI TY and is the root  of an AGGREGATE.  Therefore, it  m ust  be copied carefully;  we
need to consider what  should happen to each object  or at t r ibute enclosed by its AGGREGATE

boundary. Let 's go over each one:

Del iv er y  H ist o r y :  We should create a new, em pty one, because the history of the old one
doesn't  apply. This is the usual case with ENTI TI ES inside the AGGREGATE boundary.

Cu st om er  Ro les:  We should copy the Map  (or other collect ion)  that  holds the keyed
references to Cu st om er s ,  including the keys, because they are likely to play the sam e roles
in the new shipm ent . But  we have to be careful not  to copy the Cu st om er  objects
them selves. We m ust  end up with references to the sam e Cu st om er  objects as the old
Car g o  object  referenced, because they are ENTI TI ES outside the AGGREGATE boundary.

Tr ack in g  I D:  We m ust  provide a new Tr ack in g  I D  from  the sam e source as we would when
creat ing a new Car g o  from  scratch.

Not ice that  we have copied everything inside the Car g o  AGGREGATE boundary, we have m ade
som e m odificat ions to the copy, but  we have affected nothing outside the AGGREGATE boundary at
all.
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Object Creation

FACTORIES and Constructors for Cargo

Even if we have a fancy FACTORY for Car g o ,  or use another Car g o  as the FACTORY,  as in the
"Repeat  Business" scenario, we st ill have to have a pr im it ive const ructor. We would like the
const ructor to produce an object  that  fulfills its invariants or at  least , in the case of an ENTI TY,  has
its ident ity intact .

Given these decisions, we m ight  create a FACTORY m ethod on Car g o  such as this:

public Cargo copyPrototype(String newTrackingID)

Or we m ight  m ake a m ethod on a standalone FACTORY such as this:

public Cargo newCargo(Cargo prototype, String newTrackingID)

A standalone FACTORY could also encapsulate the process of obtaining a new (autom at ically
generated)  I D for a new Car g o ,  in which case it  would need only one argum ent :

public Cargo newCargo(Cargo prototype)

The result  returned from  any of these FACTORI ES would be the sam e:  a Car g o  with an em pty
Del iv er y  H ist o r y ,  and a null Del iv er y  Sp eci f i cat ion .

The two-way associat ion between Car g o  and Del iv er y  H ist o r y  m ean s t h at  n ei t h er  Car g o  nor
Del iv er y  H ist o r y  is com plete without  point ing to its counterpart , so they m ust  be created
together. Rem em ber that  Car g o  is the root  of the AGGREGATE that  includes Del iv er y  H ist o r y .
Therefore, we can allow Car g o ' s  const ructor or FACTORY to create a Del iv er y  H ist o r y .  The
Del iv er y  H ist o r y  const ructor will take a Car g o  as an argum ent . The result  would be som ething
like this:

public Cargo(String id) {
    trackingID = id;
    deliveryHistory = new DeliveryHistory(this);
    customerRoles = new HashMap();
}

The result  is a new Car g o  with a new Del iv er y  H ist o r y  that  points back to the Car g o .  The
Del iv er y  H ist o r y  const ructor is used exclusively by its AGGREGATE root , nam ely Car g o ,  so that
the com posit ion of Car g o  is encapsulated.

Adding a Handling Event



Each t im e the cargo is handled in the real world, som e user will enter a Han d l in g  Ev en t  using the
I n cid en t  Log g in g  Ap p l icat ion .

Every class m ust  have prim it ive const ructors. Because the Han d l in g  Ev en t  is an ENTI TY,  all
at t r ibutes that  define its ident ity m ust  be passed to the const ructor. As discussed previously, the
Han d l in g  Ev en t  is uniquely ident ified by the com binat ion of the I D of its Car g o ,  the com plet ion
t im e, and the event  type. The only other at t r ibute of Han d l in g  Ev en t  is the associat ion to a
Car r ier  Mov em en t ,  which som e types of Han d l in g  Ev en t s don't  even have. A basic const ructor
that  creates a valid Han d l in g  Ev en t  would be:

public HandlingEvent(Cargo c, String eventType, Date timeStamp) {
    handled = c;
    type = eventType;
    completionTime = timeStamp;
}

Nonident ifying at t r ibutes of an ENTI TY can usually be added later. I n this case, all at t r ibutes of the
Han d l in g  Ev en t  are going to be set  in the init ial t ransact ion and never altered (except  possibly
for correct ing a data-ent ry error) , so it  could be convenient , and m ake client  code m ore
expressive, to add a sim ple FACTORY METHOD to Han d l in g  Ev en t  for each event  type, taking all the
necessary argum ents. For exam ple, a " loading event "  does involve a Car r ier  Mov em en t :

public static HandlingEvent newLoading(
   Cargo c, CarrierMovement loadedOnto, Date timeStamp) {
      HandlingEvent result =
         new HandlingEvent(c, LOADING_EVENT, timeStamp);
      result.setCarrierMovement(loadedOnto);
      return result;
}

The Han d l in g  Ev en t  in the m odel is an abst ract ion that  m ight  encapsulate a variety of specialized
Han d l in g  Ev en t  classes, ranging from  loading and unloading to sealing, stor ing, and other
act ivit ies not  related to Car r ier s.  They m ight  be im plem ented as m ult iple subclasses or have
com plicated init ializat ion—or both. By adding FACTORY METHODS to the base class (Han d l in g

Ev en t )  for each type, instance creat ion is abst racted, freeing the client  from  knowledge of the
im plem entat ion. The FACTORY is responsible for knowing what  class was to be instant iated and how
it  should be init ialized.

Unfortunately, the story isn't  quite that  sim ple. The cycle of references, from  Car g o  to Del iv er y

Hist o r y  to Hist o r y  Ev en t  and back to Car g o ,  com plicates instance creat ion. The Del iv er y

Hist o r y  holds a collect ion of Han d l in g  Ev en t s relevant  to its Car g o ,  and the new object  m ust  be
added to this collect ion as part  of the t ransact ion. I f this back-pointer were not  created, the
objects would be inconsistent .

Fig u r e 7 .5 . Ad d in g  a Han d l in g  Ev en t  r eq u i r es in ser t in g  i t  in t o  a  Del iv er y
Hist o r y .



Creat ion of the back-pointer could be encapsulated in the FACTORY (and kept  in the dom ain layer
where it  belongs) , but  now we'll look at  an alternat ive design that  elim inates this awkward
interact ion altogether.
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Pause for Refactoring: An Alternative Design of the

Cargo AGGREGATE

Modeling and design is not  a constant  forward process. I t  will gr ind to a halt  unless there is
frequent  refactor ing to take advantage of new insights to im prove the m odel and the design.

By now, there are a couple of cum bersom e aspects to this design, although it  does work and it
does reflect  the m odel. Problem s that  didn't  seem  im portant  when start ing the design are
beginning to be annoying. Let 's go back to one of them  and, with the benefit  of hindsight , stack
the design deck in our favor.

The need to update Del iv er y  H ist o r y  when adding a Han d l in g  Ev en t  gets the Car g o  AGGREGATE

involved in the t ransact ion. I f som e other user was m odifying Car g o  at  the sam e t im e, the
Han d l in g  Ev en t  t ransact ion could fail or be delayed. Entering a Han d l in g  Ev en t  is an
operat ional act ivity that  needs to be quick and sim ple, so an im portant  applicat ion requirem ent  is
the abilit y to enter Han d l in g  Ev en t s without  content ion.  This pushes us to consider a different
design.

Replacing the Del iv er y  H ist o r y ' s  collect ion of Han d l in g  Ev en t s with a query would allow
Han d l in g  Ev en t s to be added without  raising any integrity issues outside its own AGGREGATE.  This
change would enable such t ransact ions to com plete without  interference. I f there are a lot  of
Han d l in g  Ev en t s being entered and relat ively few queries, this design is m ore efficient . I n fact , if
a relat ional database is the underlying technology, a query was probably being used under the
covers anyway to em ulate the collect ion. Using a query rather than a collect ion would also reduce
the difficulty of m aintaining consistency in the cyclical reference between Car g o  and Han d l in g

Ev en t .

To take responsibilit y for the queries, we'll add a REPOSI TORY for Han d l in g  Ev en t s.  The Han d l in g

Ev en t  Rep osi t o r y  will support  a query for the Ev en t s  related to a certain Car g o .  I n addit ion, the
REPOSI TORY can provide queries opt im ized to answer specific quest ions efficient ly. For exam ple, if a
frequent  access path is the Del iv er y  H ist o r y  finding the last  reported load or unload, in order to
infer the current  status of the Car g o ,  a query could be devised to return just  that  relevant
Han d l in g  Ev en t .  And if we wanted a query to find all Car g oes loaded on a part icular Car r ier

Mov em en t ,  we could easily add it .

Fig u r e 7 .6 . I m p lem en t in g  Del iv er y  H ist o r y ' s  co l lect ion  o f  Han d l in g
Ev en t s as a  q u er y  m ak es in ser t ion  o f  Han d l in g  Ev en t s sim p le an d  f r ee

o f  con t en t ion  w i t h  t h e Car g o AGGREGATE.



This leaves the Del iv er y  H ist o r y  with no persistent  state. At  this point , there is no real need to
keep it  around. We could derive Del iv er y  H ist o r y  it self whenever it  is needed to answer som e
quest ion. We can derive this object  because, although the ENTI TY will be repeatedly recreated, the
associat ion with the sam e Car g o  object  m aintains the thread of cont inuity between incarnat ions.

The circular reference is no longer t r icky to create and m aintain. The Car g o  Fact o r y  will be
sim plified to no longer at tach an em pty Del iv er y  H ist o r y  to new instances. Database space can
be reduced slight ly, and the actual num ber of persistent  objects m ight  be reduced considerably,
which is a lim ited resource in som e object  databases. I f the com m on usage pat tern is that  the user
seldom  queries for the status of a Car g o  unt il it  arr ives, then a lot  of unneeded work will be
avoided altogether.

On the other hand, if we are using an object  database, t raversing an associat ion or an explicit
collect ion is probably m uch faster than a REPOSI TORY query. I f the access pat tern includes frequent
list ing of the full history, rather than the occasional targeted query of last  posit ion, the
perform ance t rade-off m ight  favor the explicit  collect ion. And rem em ber that  the added feature
( "What  is on this Car r ier  Mov em en t ?")  hasn't  been requested yet , and m ay never be, so we
don't  want  to pay m uch for that  opt ion.

These kinds of alternat ives and design t rade-offs are everywhere, and I  could com e up with lots of
exam ples just  in this lit t le sim plified system . But  the im portant  point  is that  these are degrees of
freedom  within the sam e m odel. By m odeling VALUES,  ENTI TI ES,  and their  AGGREGATES as we have,
we have reduced the im pact  of such design changes. For exam ple, in this case all changes are
encapsulated within the Car g o ' s  AGGREGATE boundary. I t  also required the addit ion of the
Han d l in g  Ev en t  Rep osi t o r y ,  but  it  did not  call for any redesign of the Han d l in g  Ev en t  it self
(although som e im plem entat ion changes m ight  be involved, depending on the details of the
REPOSI TORY fram ework) .
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MODULES in the Shipping Model

So far we've been looking at  so few objects that  m odular ity is not  an issue. Now let 's look at  a
lit t le bigger part  of a shipping m odel ( though st ill sim plified, of course)  to see its organizat ion into
MODULES that  will affect  the m odel.

Figure 7.7 shows a m odel neat ly part it ioned by a hypothet ical enthusiast ic reader of this book.
This diagram  is a variat ion on the infrast ructure-driven packaging problem  raised in Chapter 5. I n
this case, the objects have been grouped according to the pat tern each follows. The result  is that
objects that  conceptually have lit t le relat ionship ( low cohesion)  are cram m ed together, and
associat ions run willy-nilly between all the MODULES (high coupling) . The packages tell a story, but
it  is not  the story of shipping;  it  is the story of what  the developer was reading at  the t im e.

Fig u r e 7 .7 . Th ese MODULES d o  n o t  con v ey  d om ain  k n ow led g e.



Part it ioning by pat tern m ay seem  like an obvious error, but  it  is not  really any less sensible than
separat ing persistent  objects from  t ransient  ones or any other m ethodical schem e that  is not
grounded in the m eaning of the objects.

I nstead, we should be looking for the cohesive concepts and focusing on what  we want  to
com m unicate to others on the project . As with sm aller scale m odeling decisions, there are m any
ways to do it .  Figure 7.8 shows a st raight forward one.

Fig u r e 7 .8 . MODULES b ased  on  b r oad  d om ain  con cep t s



The MODULE nam es in Figure 7.8 cont r ibute to the team 's language. Our com pany does shipping

for customers so that  we can bill them . Our sales and m arket ing people deal with customers,  and
m ake agreem ents with them . The operat ions people do the shipping ,  get t ing the cargo to its
specified dest inat ion. The back office takes care of billing ,  subm it t ing invoices according to the
pricing in the customer's agreem ent . That 's one story I  can tell with this set  of MODULES.

This intuit ive breakdown could be refined, certainly, in successive iterat ions, or even replaced
ent irely, but  it  is now aiding MODEL-DRI VEN DESI GN and cont r ibut ing to the UBI QUI TOUS LANGUAGE.
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Introducing a New Feature: Allocation Checking

Up to this point , we've been working off the init ial requirem ents and m odel. Now the first  m ajor
new funct ions are going to be added.

The sales division of the im aginary shipping com pany uses other software to m anage client
relat ionships, sales project ions, and so forth. One feature supports yield m anagem ent  by allowing
the firm  to allocate how m uch cargo of specific types they will at tem pt  to book based on the type
of goods, the or igin and dest inat ion, or any other factor they m ay choose that  can be entered as a
category nam e. These const itute goals of how m uch will be sold of each type, so that  m ore
profitable types of business will not  be crowded out  by less profitable cargoes, while at  the sam e
t im e avoiding underbooking (not  fully ut ilizing their  shipping capacity)  or excessive overbooking
( result ing in bum ping cargo so often that  it  hurts custom er relat ionships) .

Now they want  this feature to be integrated with the booking system . When a booking com es in,
they want  it  checked against  these allocat ions to see if it  should be accepted.

The inform at ion needed resides in two places, which will have to be queried by the Book in g

Ap p l icat ion  so that  it  can either accept  or reject  the requested booking. A sketch of the general
inform at ion flows looks som ething like this.

Fig u r e 7 .9 . Ou r  Book in g  Ap p l icat ion  m u st  u se in f o r m at ion  f r om  t h e
Sales Man ag em en t  Sy st em  an d  f r om  ou r  ow n  d om ain  REPOSI TORI ES.

Connecting the Two Systems

The Sales Man ag em en t  Sy st em  was not  writ ten with the sam e m odel in m ind that  we are
working with here. I f the Book in g  Ap p l icat ion  interacts with it  direct ly, our applicat ion will have
to accom m odate the other system 's design, which will m ake it  harder to keep a clear MODEL-

DRI VEN DESI GN and will confuse the UBI QUI TOUS LANGUAGE.  I nstead, let 's create another class whose
job it  will be to t ranslate between our m odel and the language of the Sales Man ag em en t

Sy st em .  I t  will not  be a general t ranslat ion m echanism . I t  will expose just  the features our
applicat ion needs, and it  will reabst ract  them  in term s of our dom ain m odel. This class will act  as
an ANTI CORRUPTI ON LAYER (discussed in Chapter 14) .

This is an interface to the Sales Man ag em en t  Sy st em ,  so we m ight  first  think of calling it
som ething like "Sales Man ag em en t  I n t er f ace ."  But  we would be m issing an opportunity to use



language to recast  the problem  along lines m ore useful to us. I nstead, let 's define a SERVI CE for
each of the allocat ion funct ions we need to get  from  the other system . We'll im plem ent  the
SERVI CES with a class whose nam e reflects its responsibilit y in our system :  "Al locat ion  Ch eck er ."

I f som e other integrat ion is needed ( for exam ple, using the Sales Man ag em en t  Sy st em ' s

custom er database instead of our own Cu st om er  REPOSI TORY) , another t ranslator can be created
with SERVI CES fulfilling that  responsibilit y. I t  m ight  st ill be useful to have a lower level class like
Sales Man ag em en t  Sy st em  I n t er f ace  to handle the m achinery of talking to the other program ,
but  it  wouldn't  be responsible for t ranslat ion. Also, it  would be hidden behind the Al locat ion

Ch eck er ,  so it  wouldn't  show up in the dom ain design.

Enhancing the Model: Segmenting the Business

Now that  we have out lined the interact ion of the two system s, what  kind of interface are we going
to supply that  can answer the quest ion "How m uch of this type of Car g o  m ay be booked?" The
t r icky issue is to define what  the " type" of a Car g o  is, because our dom ain m odel does not
categorize Car g oes  yet . I n the Sales Man ag em en t  Sy st em ,  Car g o  types are just  a set  of
category keywords, and we could conform  our types to that  list . We could pass in a collect ion of
st r ings as an argum ent . But  we would be passing up another opportunity:  this t im e, to reabst ract
the dom ain of the other system . We need to enrich our dom ain m odel to accom m odate the
knowledge that  there are categories of cargo. We should brainstorm  with a dom ain expert  to work
out  the new concept .

Som et im es (as will be discussed in Chapter 11)  an analysis pat tern can give us an idea for a
m odeling solut ion. The book Analysis Pat terns (Fowler 1996)  describes a pat tern that  addresses
this kind of problem :  the ENTERPRI SE SEGMENT.  An ENTERPRI SE SEGMENT is a set  of dim ensions that
define a way of breaking down a business. These dim ensions could include all those m ent ioned
already for the shipping business, as well as t im e dim ensions, such as m onth to date. Using this
concept  in our m odel of allocat ion m akes the m odel m ore expressive and sim plifies the interfaces.
A class called "En t er p r ise Seg m en t "  will appear in our dom ain m odel and design as an addit ional
VALUE OBJECT,  which will have to be derived for each Car g o .

Fig u r e 7 .1 0 . Th e Al locat ion  Ch eck er  act s as an  ANTI CORRUPTI ON LAYER

p r esen t in g  a se lect iv e in t er f ace t o  t h e Sales Man ag em en t  Sy st em  in
t er m s o f  ou r  d om ain  m od el .



The Al locat ion  Ch eck er  will t ranslate between En t er p r ise Seg m en t s and the category nam es
of the external system . The Car g o  Rep osi t o r y  m ust  also provide a query based on the
En t er p r ise Seg m en t .  I n both cases, collaborat ion with the En t er p r ise Seg m en t  object  can be
used to perform  the operat ions without  breaching the Seg m en t ' s  encapsulat ion and com plicat ing
their own im plem entat ions. (Not ice that  the Car g o  Rep osi t o r y  is answering a query with a count ,
rather than a collect ion of instances.)

There are st ill a few problem s with this design.

We have given the Book in g  Ap p l icat ion  the job of applying this rule:  "A Car g o  is accepted
if the space allocated for its En t er p r ise Seg m en t  is greater than the quant ity already
booked plus the size of the new Car g o ."  Enforcing a business rule is dom ain responsibilit y
and shouldn't  be perform ed in the applicat ion layer.

1 .

I t  isn't  clear how the Book in g  Ap p l icat ion  derives the En t er p r ise Seg m en t .2 .

Both of these responsibilit ies seem  to belong to the Al locat ion  Ch eck er .  Changing its interface
can separate these two SERVI CES and m ake the interact ion clear and explicit .

Fig u r e 7 .1 1 . Dom ain  r esp on sib i l i t i es sh i f t ed  f r om  Book in g  Ap p l icat ion
t o  Al locat ion  Ch eck er



The only serious const raint  im posed by this integrat ion will be that  the Sales Man ag em en t

Sy st em  m ustn't  use dim ensions that  the Al locat ion  Ch eck er  can't  turn into En t er p r ise

Seg m en t s.  (Without  applying the ENTERPRI SE SEGMENT pat tern, the sam e const raint  would force
the sales system  to use only dim ensions that  can be used in a query to the Car g o  Rep osi t o r y .
This approach is feasible, but  the sales system  spills into other parts of the dom ain. I n this design,
the Car g o  Rep osi t o r y  need only be designed to handle En t er p r ise Seg m en t ,  and changes in
the sales system  r ipple only as far as the Al locat ion  Ch eck er ,  which was conceived as a FACADE

in the first  place.)

Performance Tuning

Although the Al locat ion  Ch eck er ' s  interface is the only part  that  concerns the rest  of the dom ain
design, its internal im plem entat ion can present  opportunit ies to solve perform ance problem s, if
they ar ise. For exam ple, if the Sales Man ag em en t  Sy st em  is running on another server,
perhaps at  another locat ion, the com m unicat ions overhead could be significant , and there are two
m essage exchanges for each allocat ion check. There is no alternat ive to the second m essage,
which invokes the Sales Man ag em en t  Sy st em  to answer the basic quest ion of whether a certain
cargo should be accepted. But  the first  m essage, which derives the En t er p r ise Seg m en t  for a
cargo, is based on relat ively stat ic data and behavior com pared to the allocat ion decisions
them selves. One design opt ion would be to cache this inform at ion so that  it  could be relocated on
the server with the Al locat ion  Ch eck er ,  reducing m essaging overhead by half. There is a pr ice
for this flexibilit y. The design is m ore com plicated and the duplicated data m ust  now be kept  up to
date som ehow. But  when perform ance is cr it ical in a dist r ibuted system , flexible deploym ent  can
be an im portant  design goal.

[  Team  LiB ]  
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A Final Look

That 's it .  This integrat ion could have turned our sim ple, conceptually consistent  design into a
tangled m ess, but  now, using an ANTI CORRUPTI ON LAYER,  a SERVI CE,  and som e ENTERPRI SE

SEGMENTS,  we have integrated the funct ionality of the Sales Man ag em en t  Sy st em  into our
booking system  cleanly, enriching the dom ain.

A final design quest ion:  Why not  give Car g o  the responsibilit y of deriving the En t er p r ise

Seg m en t ? At  first  glance it  seem s elegant , if all the data the derivat ion is based on is in the
Car g o ,  to m ake it  a derived at t r ibute of Car g o .  Unfortunately, it  is not  that  sim ple. En t er p r ise

Seg m en t s are defined arbit rar ily to divide along lines useful for business st rategy. The sam e
ENTI TI ES could be segm ented different ly for different  purposes. We are deriving the segm ent  for a
part icular Car g o  for booking allocat ion purposes, but  it  could have a com pletely different
En t er p r ise Seg m en t  for tax account ing purposes. Even the allocat ion En t er p r ise Seg m en t

could change if the Sales Man ag em en t  Sy st em  is reconfigured because of a new sales st rategy.
So the Car g o  would have to know about  the Al locat ion  Ch eck er ,  which is well outside its
conceptual responsibilit y, and it  would be laden with m ethods for deriving specific types of
En t er p r ise Seg m en t .  Therefore, the responsibilit y for deriving this value lies properly with the
object  that  knows the rules for segm entat ion, rather than the object  that  has the data to which
those rules apply. Those rules could be split  out  into a separate "St r at eg y "  object , which could be
passed to a Car g o  to allow it  to derive an En t er p r ise Seg m en t .  That  solut ion seem s to go
beyond the requirem ents we have here, but  it  would be an opt ion for a later design and shouldn't
be a very disrupt ive change.

[  Team  LiB ]  
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Part III: Refactoring Toward Deeper
Insight

Part  I I  of this book laid a foundat ion for m aintaining the correspondence between m odel and
im plem entat ion. Using a proven set  of basic building blocks along with consistent  language
brings som e sanity to the developm ent  effort .

Of course, the real challenge is to actually find an incisive m odel, one that  captures subt le
concerns of the dom ain experts and can drive a pract ical design. Ult im ately, we hope to
develop a m odel that  captures a deep understanding of the dom ain. This should m ake the
software m ore in tune with the way the dom ain experts think and m ore responsive to the
user 's needs. This part  of the book will clar ify that  goal, describe the process by which it  can
be approached, and explain som e design pr inciples and pat terns to apply to m ake the design
accom m odate the needs of the applicat ion as well as the developers them selves.

Success developing useful m odels com es down to three points.

Sophist icated dom ain m odels are achievable and worth the t rouble.1 .

They are seldom  developed except  through an iterat ive process of refactor ing, including
close involvem ent  of the dom ain experts with developers interested in learning about
the dom ain.

2 .

They m ay call for sophist icated design skills to im plem ent  and to use effect ively.3 .

Levels of Refactoring

Refactor ing is the redesign of software in ways that  do not  change its funct ionality. Rather
than m aking elaborate up- front  design decisions, developers take code through a cont inuous
series of sm all, discrete design changes, each leaving exist ing funct ionality unchanged while
m aking the design m ore flexible or easier to understand. A suite of autom ated unit  tests
allows relat ively safe experim entat ion with the code. The process frees the developers from
the need to look far ahead.

But  nearly all the literature on how to refactor focuses on m echanical changes to the code
that  m ake it  easier to read or to enhance at  a very detailed level. The approach of
"refactor ing to pat terns"[ 1]  can give a higher- level target  to the refactor ing process when a
developer recognizes an opportunity to apply an established design pat tern. St ill,  it  is a
prim arily technical view of the quality of a design.

[ 1]  Pat terns as targets for refactor ing were br iefly m ent ioned in Gam m a et  al. (1995) . Joshua Kerievsky
has developed refactor ing to pat terns into a m ore m ature and useful form  (Kerievsky 2003) .

The refactor ings that  have the greatest  im pact  on the viabilit y of the system  are those
m ot ivated by new insights into the dom ain or those that  clar ify the m odel's expression
through the code. This type of refactor ing does not  in any way replace the refactor ings to
design pat terns or the m icro- refactor ings, which should proceed cont inuously. I t
superim poses another level:  refactor ing to a deeper m odel. Execut ing a refactor ing based on



dom ain insight  often involves a series of m icro- refactor ings, but  the m ot ivat ion is not  just  the
state of the code. Rather, the m icro- refactor ings provide convenient  units of change toward a
m ore insight ful m odel. The goal is that  not  only can a developer understand what  the code
does;  he or she can also understand why  it  does what  it  does and can relate that  to the
ongoing com m unicat ion with the dom ain experts.

The catalog in Refactor ing (Fowler 1999)  covers m ost  of the m icro- refactor ings that  com e up
regular ly. Each is m ot ivated pr im arily by som e problem  that  can be observed in the code
itself. By cont rast , dom ain m odels are t ransform ed in such a range of ways as new insights
em erge that  a com prehensive catalog would be im possible to com pile.

Modeling is as inherent ly unst ructured as any explorat ion. Refactor ing to deeper insight
should follow wherever learning and deep thinking lead. Published collect ions of successful
m odels can be helpful, as discussed in Chapter 11, but  we shouldn't  get  sidet racked t rying to
reduce dom ain m odeling to a cookbook or a toolkit .  Modeling and design call for creat ivity.
The next  six chapters will suggest  som e specific approaches to thinking about  im proving a
dom ain m odel, along with the design that  br ings it  to life.

Deep Models

The t radit ional way of explaining object  analysis involves ident ifying nouns and verbs in the
requirem ents docum ents and using them  as the init ial objects and m ethods. This explanat ion
is recognized as an oversim plificat ion that  can be useful for teaching object  m odeling to
beginners. The t ruth is, though, that  init ial m odels usually are naive and superficial, based on
shallow knowledge.

For exam ple, I  once worked on a shipping applicat ion for which m y init ial idea of an object
m odel involved ships and containers. Ships m oved from  place to place. Containers were
associated and disassociated through load and unload operat ions. That  is an accurate
descript ion of som e physical shipping act ivit ies. I t  does not  turn out  to be a very useful m odel
for shipping business software.

Eventually, after m onths working with shipping experts through m any iterat ions, we evolved
a quite different  m odel. I t  was less obvious to a layperson, but  m uch m ore relevant  to the
experts. I t  was refocused on the business of deliver ing cargo.

The ships were st ill there, but  abst racted in the form  of a "vessel voyage,"  a part icular t r ip
scheduled for a ship, t rain, or other carr ier. The ship itself was secondary, and could be
subst ituted at  the last  m inute for m aintenance or a slipping schedule, while the vessel voyage
went  on as planned. The shipping container all but  disappeared from  the m odel. I t  did
em erge in a cargo-handling applicat ion in a different , very com plex form , but  in the context
of the or iginal applicat ion, the container was an operat ional detail.  The physical m ovem ent  of
the cargo took a back seat  to the t ransfers of legal responsibilit y for that  cargo. Less obvious
objects, such as the "bill of lading,"  cam e to the fore.

Whenever new object  m odelers showed up on the project , what  was their  first  suggest ion?
The m issing classes:  ship and container. They were sm art  people. They just  hadn't  gone
through the processes of discovery.

A deep m odel provides a lucid expression of the pr im ary concerns of the dom ain experts and

their m ost  relevant  knowledge while it  sloughs off the superficial aspects of the dom ain. This
definit ion doesn't  m ent ion abst ract ion. A deep m odel usually has abst ract  elem ents, but  it
m ay well have concrete elem ents where those cut  to the heart  of the problem .

Versat ilit y, sim plicity, and explanatory power com e from  a m odel that  is t ruly in tune with the



dom ain. One feature such m odels alm ost  always have is a sim ple, though possibly abst ract ,
language that  the business experts like to use.

Deep Model/Supple Design

I n a process of constant  refactor ing, the design itself needs to support  change. Chapter 10
looks at  ways to m ake a design easy to work with, both for those changing it  and for those
integrat ing it  with other parts of the system .

Certain character ist ics of a design m ake it  easier to change and use. They are not
com plicated, but  they are challenging. "Supple design" and ways to approach it  are the
subjects of Chapter 10.

One bit  of luck is that  the very act  of t ransform ing the m odel and code again and again—if
each change reflects new understanding—can bring about  flexibilit y at  just  the points where
change is m ost  needed, along with easy ways of doing the com m on things. A well-worn glove
becom es supple at  the points where the fingers bend, while other parts are st iff and
protect ive. So although there is a lot  of t r ial and error involved in this approach to m odeling
and design, the changes can actually becom e easier to m ake, and the repeated changes
actually m ove us toward a supple design.

I n addit ion to facilitat ing change, a supple design cont r ibutes to the refinem ent  of the m odel
itself. A MODEL-DRI VEN DESI GN stands on two legs. A deep m odel m akes possible an expressive
design. At  the sam e t im e, a design can actually feed insight  into the m odel discovery process
when it  has the flexibilit y to let  a developer experim ent  and the clar ity to show a developer
what  is happening. This half of the feedback loop is essent ial, because the m odel we are
looking for is not  just  a nice set  of ideas:  it  is the foundat ion of the system .

The Discovery Process

To create a design really fit ted to the problem  at  hand, you m ust  first  have a m odel that
captures the cent ral relevant  concepts of the dom ain. Act ively searching for these concepts
and bringing them  into the design is the subject  of Chapter 9, "Making I m plicit  Concepts
Explicit ."

Because of the close relat ionship between m odel and design, the m odeling process com es to
a halt  when the code is hard to refactor. Chapter 10, "Supple Design,"  discusses how to write
software for software developers, not  least  yourself, so that  it  is product ive to extend and
change. This effort  goes hand in hand with further refinem ents to the m odel. I t  often entails
m ore advanced design techniques and m ore r igor in m odel definit ions.

You will usually depend on creat ivity and t r ial and error to find good ways to m odel the
concepts you discover, but  som et im es som eone has laid down a pat tern you can follow.
Chapters 11 and 12 discuss the applicat ion of "analysis pat terns" and "design pat terns."  Such
pat terns are not  ready-m ade solut ions, but  they feed your knowledge crunching process and
narrow your search.

But  I ' ll start  Part  I I I  with the m ost  excit ing event  in dom ain-driven design. Som et im es, when
the stage is set  with a MODEL-DRI VEN DESI GN and explicit  concepts, you have a breakthrough.
An opportunity opens up to t ransform  your software into som ething m ore expressive and
versat ile than you expected. This can m ean new features or it  can just  m ean the replacem ent
of a big chunk of r igid code with a sim ple, flexible expression of a deeper m odel. Although
such breakthroughs don't  com e along every day, they are so valuable that  when they do
happen, the opportunity needs to be recognized and grasped.



Chapter 8 tells the t rue story of a project  on which a process of refactor ing toward deeper
insight  led to a breakthrough. This experience is not  som ething you can plan for.
Nonetheless, it  provides a good context  for thinking about  dom ain refactor ing.
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Chapter Eight. Breakthrough

The returns from  refactor ing are not  linear. Usually there is a m arginal return for a sm all effort ,
and the sm all im provem ents add up. They fight  ent ropy, and they are the front line protect ion
against  a fossilized legacy. But  som e of the m ost  im portant  insights com e abrupt ly and send a
shock through the project .

Slowly but  surely, the team  assim ilates knowledge and crunches it  into a m odel. Deep m odels can
em erge gradually through a sequence of sm all refactor ings, an object  at  a t im e:  a tweaked
associat ion here, a shifted responsibilit y there.

Often, though, cont inuous refactor ing prepares the way for som ething less orderly. Each
refinem ent  of code and m odel gives developers a clearer view. This clar ity creates the potent ial for
a breakthrough of insights. A rush of change leads to a m odel that  corresponds on a deeper level
to the realit ies and prior it ies of the users. Versat ilit y and explanatory power suddenly increase
even as com plexity evaporates.

This sort  of breakthrough is not  a technique;  it  is an event . The challenge lies in recognizing what
is happening and deciding how to deal with it .  To convey what  this experience feels like, I ' ll tell a
t rue story of a project  I  worked on som e years ago, and how we arr ived at  a very valuable deep
model.

[  Team  LiB ]  
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Story of a Breakthrough

After a long New York winter of refactor ing, we had arr ived at  a m odel that  captured som e of the
key knowledge of the dom ain and a design that  did som e real work for the applicat ion. We were
developing a core part  of a large applicat ion for m anaging syndicated loans in an investm ent  bank.

When I ntel wants to build a billion-dollar factory, they need a loan that  is too big for any single
lending com pany to take on, so the lenders form  a syndicate that  pools its resources to support  a
facilit y (see sidebar) . An investm ent  bank usually acts as syndicate leader, co-ordinat ing
t ransact ions and other services. Our project  was to build software to t rack and support  this whole
process.

A Decent Model, and Yet . . .

We were feeling pret ty good. Four m onths before, we had been in deep t rouble with a com pletely
unworkable, inherited code base, which we had since wrest led into a coherent  MODEL-DRI VEN

DESI GN.

The m odel reflected in Figure 8.1 m akes the com m on case very sim ple. The Loan  I n v est m en t  is
a derived object  that  represents a part icular investor 's cont r ibut ion to the Loan ,  proport ional to its
share in the Faci l i t y .

Fig u r e 8 .1 . A m od el  t h at  assu m es len d er  sh ar es ar e f i x ed



What Is a "Facility"?

A " facilit y"  in this context  is not  a building. As on m ost  projects, specialized term inology
from  the dom ain experts entered our vocabulary and becam e part  of the UBI QUI TOUS

LANGUAGE.  I n the dom ain of com m ercial banking, a facilit y is a com m itm ent  by a

com pany to lend.  Your credit  card is a facilit y that  ent it les you to borrow on dem and up
to a prearranged lim it  at  a predeterm ined interest  rate. When you use the card, you
create an outstanding loan, and each addit ional charge is a drawdown against  your
facilit y that  increases the loan. Finally you pay back the loan principal. You m ay also
pay an annual fee. This is a fee for the pr ivilege of having the card ( the facilit y)  and is
independent  of your loan.

But  there were som e disconcert ing signs. We kept  stum bling over unexpected requirem ents that
com plicated the design. A m ajor exam ple was the creeping understanding that  the shares in a
Faci l i t y  were only a guideline to part icipat ion in any part icular loan draw-down. When the
borrower requests its m oney, the leader of the syndicate calls all m em bers for their  shares.

When called, the investors usually cough up their  share, but  often they negot iate with other
m em bers of the syndicate and invest  less (or m ore) . We had accom m odated this by adding Loan

Ad j u st m en t s  to the m odel.

Fig u r e 8 .2 . A m od el  in cr em en t a l l y  ch an g ed  t o  so lv e p r ob lem s. Loan
Ad j u st m en t s t r ack  d ep ar t u r es f r om  t h e sh ar e a len d er  o r ig in a l l y  ag r eed

t o  in  t h e Faci l i t y .

Refinem ents of this kind allowed us to keep up as the rules of various t ransact ions becam e clearer.
But  com plexity was increasing, and we did not  seem  to be converging quickly onto really solid
funct ionality.

Even m ore t roubling were subt le rounding inconsistencies that  we had not  been able to squash
with increasingly com plex algorithm s. True, in a $100 m illion (MM)  deal, no one cares about  where
the ext ra pennies go, but  bankers don't  t rust  software that  cannot  m et iculously account  for those
pennies. We began to suspect  that  our difficult ies were sym ptom at ic of a basic design problem .



The Breakthrough

Suddenly one week it  dawned on us what  was wrong. Our m odel t ied together the Faci l i t y  and
Loan  shares in a way that  was not  appropriate to the business.  This revelat ion had wide
repercussions. With the business experts nodding, enthusiast ically helping—and, I  dare say,
wondering what  took us so long—we hashed out  a new m odel on a whiteboard. Although the
details hadn't  jelled yet , we knew the crucial feature of the new m odel:  shares of the Loan  and
those of the Faci l i t y  could change independent ly of each other. With that  insight , we walked
through num erous scenarios using a visualizat ion of the new m odel that  looked som ething like
this:

Fig u r e 8 .3 . A d r aw d ow n  d ist r ib u t ed  b ased  on  Faci l i t y  sh ar es

This diagram  says that  the borrower has chosen to draw an init ial $50MM from  the $100MM
com m it ted under the Faci l i t y .  The three lenders chip in their  shares in exact  proport ion to the
Faci l i t y  shares, result ing in a $50MM Loan  divided am ong the lenders.

Then, in Figure 8.4, the borrower draws an addit ional $30MM, bringing his outstanding Loan  to
$80MM, st ill under the $100MM lim it  of the Faci l i t y .  This t im e, Com pany B chooses not  to
part icipate, let t ing Com pany A take an ext ra share. The shares of the draw-down reflect  these
investm ent  choices. When the drawdown am ounts are added to the Loan ,  the shares of the Loan

are no longer proport ional to the shares of the Faci l i t y .  This is com m on.

Fig u r e 8 .4 . Len d er  B op t s ou t  o f  a  secon d  d r aw d ow n .



Fig u r e 8 .5 . Pr in cip a l  p ay m en t s ar e a lw ay s d ist r ib u t ed  p r op o r t ion a l  t o
sh ar es in  t h e ou t st an d in g  Loan .

When the borrower pays down the Loan ,  the m oney is divided am ong the lenders according to the
shares of the Loan ,  not  the Faci l i t y .  Likewise, interest  paym ents will be divided according to the
Loan  shares.

Fig u r e 8 .6 . Fee p ay m en t s ar e a lw ay s d ist r ib u t ed  p r op o r t ion a l l y  t o
sh ar es in  t h e Faci l i t y .

On the other hand, when the borrower pays a fee for the pr ivilege of having the Faci l i t y  available,
this m oney is divided according to the Faci l i t y  shares, regardless of who actually has lent  m oney.
The Loan  is unchanged by fee paym ents. There are even scenarios in which lenders t rade shares
of fees separately from  their shares of interest , and so on.

A Deeper Model

We had two deep insights. First  was the realizat ion that  our " I nvestm ents"  and "Loan
I nvestm ents"  were just  two special cases of a general and fundam ental concept :  shares. Shares of
a facilit y, shares of a loan, shares of a paym ent  dist r ibut ion .  Shares, shares everywhere. Shares of
any divisible value.

A few tum ultuous days later I  had sketched a m odel of shares, drawing on the language used in
the discussions with experts and the scenarios we had explored together.



Fig u r e 8 .7 . An  ab st r act  m od el  o f  sh ar es

I  also sketched a new loan m odel to go with it .

Fig u r e 8 .8 . Th e Loan  m od el  u sin g  Sh ar e Pie

There were no longer specialized objects for the shares of a Faci l i t y  or a Loan .  They both were
broken down into the m ore intuit ive "Sh ar e Pie."  This generalizat ion allowed the int roduct ion of
"shares m ath,"  vast ly sim plifying the calculat ion of shares in any t ransact ion, and m aking those
calculat ions m ore expressive, concise, and easily com bined.

But  m ost  of all,  problem s went  away because the new m odel rem oved an inappropriate const raint .
I t  freed the Loan ' s Sh ar es  to depart  from  the proport ions of the Faci l i t y ' s Sh ar es ,  while
keeping in place the valid const raints on totals, fee dist r ibut ions, and so on. The Sh ar e Pie  of the
Loan  could be adjusted direct ly, so the Loan  Ad j u st m en t  was no longer needed, and a large
am ount  of special-case logic was elim inated.

The Loan  I n v est m en t  had disappeared, and at  this point  we realized that  " loan investm ent"  was
not  a banking term . I n fact , the business experts had told us a num ber of t im es that  they didn't
understand it .  They had deferred to our software knowledge and assum ed it  was useful to the
technical design. Actually, we had created it  based on our incom plete understanding of the
domain.



Suddenly, on the basis of this new way of looking at  the dom ain, we could run through every
scenario we had ever encountered relat ively effort lessly, m uch m ore sim ply than ever before. And

our m odel diagram s m ade perfect  sense to the business experts, who had often indicated that  the

diagram s were " too technical"  for them . Even just  sketching on a whiteboard, we could see that
our m ost  persistent  rounding problem s would be pulled out  by the roots, allowing us to scrap som e
of the com plicated rounding code.

Our new m odel worked well.  Really, really well.

And we all felt  sick!

A Sobering Decision

You m ight  reasonably assum e that  we would have been elated at  this point . We were not . We
were under a severe deadline;  the project  was already dangerously behind schedule. Our
dom inant  em ot ion was fear.

The gospel of refactor ing is that  you always go in sm all steps, always keeping everything working.
But  to refactor our code to this new m odel would require changing a lot  of support ing code, and
there would be few, if any, stable stopping points in between. We could see som e sm all
im provem ents we could m ake, but  none that  would take us closer to the new concept . We could
see a sequence of sm all steps to get  there, but  parts of the applicat ion would be disabled along the
way. And this was before the age when autom ated tests were widely used on such projects. We
had none, so there was bound to be unforeseen breakage.

And it  was going to take effort . We were already exhausted from  m onths of pushing.

At  this point , we had a m eet ing with our project  m anager that  I  will never forget . Our m anager
was an intelligent  and bold m an. He asked a series of quest ions:

Q1 : How long would it  take to get  back to current  funct ionality with the new design?

A1 : About  three weeks.

Q2 : Could we solve the problem s without  it?

A2 : Probably. But  no way to be sure.

Q3 : Would we be able to m ove forward in the next  release if we didn't  do it  now?

A3 : Forward m ovem ent  would be slow without  the change. And the change would be m uch
harder once we had an installed base.

Q4 : Did we think it  was the r ight  thing to do?

A4 : We knew the polit ical situat ion was unstable, so we'd cope if we had to. And we were
t ired. But , yes, it  was a sim pler solut ion that  fit  the business m uch bet ter. I n the long
run it  was lower r isk.

He gave us the go-ahead and told us he would handle the heat . I 've always had t rem endous
adm irat ion for the courage and t rust  it  took for him  to m ake that  decision.



We busted our but ts and got  it  done in three weeks. I t  was a big job, but  it  went  surprisingly
smoothly.

The Payoff

The m yst ifyingly unexpected requirem ent  changes stopped. The rounding logic, though never
exact ly sim ple, stabilized and m ade sense. We delivered version one and the way was clear to
version two. My nervous breakdown was narrowly averted.

As version two evolved, this Sh ar e Pie  becam e the unifying them e of the whole applicat ion.
Technical people and business experts used it  to discuss the system . Market ing people used it  to

explain the features to prospect ive custom ers. Those prospects and custom ers im m ediately
grasped it  and used it  to discuss features. I t  t ruly becam e part  of the UBI QUI TOUS LANGUAGE

because it  got  to the heart  of what  loan syndicat ion is about .

[  Team  LiB ]  
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Opportunities

When the prospect  of a breakthrough to a deeper m odel presents itself, it  is often scary. Such a
change has higher opportunity and higher r isk than m ost  refactor ings. And t im ing m ay be
inopportune.

Much as we m ight  like it  to be otherwise, progress isn't  a sm ooth r ide. The t ransit ion to a really
deep m odel is a profound shift  in your thinking and dem ands a m ajor change to the design. On
m any projects the m ost  im portant  progress in m odel and design com e in these breakthroughs.

[  Team  LiB ]  
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Focus on Basics

Don't  becom e paralyzed t rying to br ing about  a breakthrough. The possibilit y usually com es after
m any m odest  refactor ings. Most  of the t im e is spent  m aking piecem eal im provem ents, with m odel
insights em erging gradually during each successive refinem ent .

To set  the stage for a breakthrough, concent rate on knowledge crunching and cult ivat ing a robust
UBI QUI TOUS LANGUAGE.  Probe for im portant  dom ain concepts and m ake them  explicit  in the m odel
(as discussed in Chapter 9) . Refine the design to be suppler (see Chapter 10) . Dist ill the m odel
(see Chapter 15) . Push on these m ore predictable levers, which increase clar ity—usually a
precursor of breakthroughs.

Don't  hold back from  m odest  im provem ents, which gradually deepen the m odel, even if confined
within the sam e general conceptual fram ework. Don't  be paralyzed by looking too far forward. Just
be watchful for the opportunity.

[  Team  LiB ]  
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Epilogue: A Cascade of New Insights

That  breakthrough got  us out  of the woods, but  it  was not  the end of the story. The deeper m odel
opened unexpected opportunit ies to m ake the applicat ion r icher and the design clearer.

Just  weeks after the release of the Sh ar e Pie  version of the software, we not iced another
awkward aspect  of the m odel that  was com plicat ing the design. An im portant  ENTI TY was m issing,
its absence leaving ext ra responsibilit ies to be taken up by other objects. Specifically, there were
significant  rules governing loan drawdowns, fee paym ents, and so on, and all this logic was
cram m ed into various m ethods on the Faci l i t y  and Loan .  These design problem s, which had been
barely not iceable before the Sh ar e Pie  breakthrough, becam e obvious with our clearer field of
vision. Now we not iced term s popping up in our discussions that  were nowhere to be found in the
m odel—term s such as " t ransact ion" (m eaning a financial t ransact ion)—that  we started to realize
were being im plied by all those com plicated m ethods.

Following a process sim ilar to the one described earlier (although, thankfully, under m uch less
t im e pressure)  led to yet  another round of insights and a st ill deeper m odel. This new m odel m ade
those im plicit  concepts explicit ,  as kinds of Tr an sact ion s ,  and at  the sam e t im e sim plified the
Posi t ion s  (an abst ract ion including the Faci l i t y  and Loan ) . I t  becam e easy to define the diverse
t ransact ions we had, along with their  rules, negot iat ing procedures, and approval processes, and
all in relat ively self-explanatory code.

Fig u r e 8 .9 . An o t h er  m od el  b r eak - t h r ou g h  t h at  f o l low ed  sev er a l  w eek s
la t er . Con st r a in t s on  Tr an sact ion s cou ld  b e ex p r essed  w i t h  easy

p r ecision .

As is often the case after a real breakthrough to a deep m odel, the clar ity and sim plicity of the
new design, com bined with the enhanced com m unicat ion based on the new UBI QUI TOUS LANGUAGE,
had led to yet  another m odeling breakthrough.

Our pace of developm ent  was accelerat ing at  a stage where m ost  projects are beginning to bog
down in the m ass and com plexity of what  has already been built .
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Chapter Nine. Making Implicit Concepts
Explicit

Deep m odeling sounds great , but  how do you actually do it? A deep m odel has power because it
contains the cent ral concepts and abst ract ions that  can succinct ly and flexibly express essent ial
knowledge of the users' act ivit ies, their  problem s, and their  solut ions. The first  step is to som ehow
represent  the essent ial concepts of the dom ain in the m odel. Refinem ent  com es later, after
successive iterat ions of knowledge crunching and refactor ing. But  this process really gets into gear
when an im portant  concept  is recognized and m ade explicit  in the m odel and design.

Man y  t r an sf o r m at ion s o f  d om ain  m od els an d  t h e co r r esp on d in g  cod e h ap p en  w h en

d ev elop er s r ecog n ize a con cep t  t h at  h as b een  h in t ed  at  in  d iscu ssion  o r  p r esen t

im p l ici t l y  in  t h e d esig n , an d  t h ey  t h en  r ep r esen t  i t  ex p l i ci t l y  in  t h e m od el  w i t h  on e o r

m or e ob j ect s o r  r e la t ion sh ip s.

Occasionally, this t ransform at ion of a form erly im plicit  concept  into an explicit  one is a
breakthrough that  leads to a deep m odel. More often, though, the breakthrough com es later, after
a num ber of im portant  concepts are explicit  in the m odel;  after successive refactor ings have
tweaked their  responsibilit ies repeatedly, changed their  relat ionships with other objects, and even
changed their  nam es a few t im es. Everything finally snaps into focus. But  the process starts with
recognizing the im plied concepts in som e form , however crude.

[  Team  LiB ]  
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Digging Out Concepts

Developers have to sensit ize them selves to the hints that  reveal lurking im plicit  concepts, and
som et im es they have to proact ively search them  out . Most  such discoveries com e from  listening to
the language of the team , scrut inizing awkwardness in the design and seem ing cont radict ions in
the statem ents of experts, m ining the literature of the dom ain, and doing lots and lots of
experim entat ion.

Listen to Language

You m ay rem em ber an experience like this:  The users have always talked about  som e item  on a
report . The item  is com piled from  at t r ibutes of various objects and m aybe even a direct  database
query. The sam e data set  is assem bled in another part  of the applicat ion in order to present  or
report  or derive som ething. But  you have never seen the need for an object . Probably, you have
never really understood what  the users m eant  by a part icular term  and had not  realized it  was
important .

Then suddenly a light  com es on in your head. The nam e of the item  on that  report  designates an
im portant  dom ain concept . You talk excitedly with your experts about  your new insight . Maybe
they show relief that  you finally got  it .  Maybe they yawn because they've taken it  for granted all
along. Either way, you start  to draw m odel diagram s on the board that  fill in for som e hand waving
that  you've always done before. The users correct  you on the details of how the new m odel
connects, but  you can tell that  there is a change in the quality of the discussion. You and the users
understand each other m ore precisely, and dem onst rat ions of m odel interact ions to solve specific
scenarios have becom e m ore natural. The language of the dom ain m odel has becom e m ore
powerful. You refactor the code to reflect  the new m odel and find you have a cleaner design.

List en  t o  t h e lan g u ag e t h e d om ain  ex p er t s u se. Ar e t h er e t er m s t h at  su ccin ct ly  st a t e

som et h in g  com p l icat ed ? Ar e t h ey  co r r ect in g  y ou r  w or d  ch o ice ( p er h ap s

d ip lom at ica l l y ) ? Do  t h e p u zzled  look s on  t h ei r  f aces g o  aw ay  w h en  y ou  u se a p ar t i cu lar

p h r ase? Th ese ar e h in t s o f  a  con cep t  t h at  m ig h t  b en ef i t  t h e m od el .

This is not  the old "nouns are objects"  not ion. Hearing a new word produces a lead, which you
follow up with conversat ion and knowledge crunching, with the goal of carving out  a clean, useful
concept . When the users or dom ain experts use vocabulary that  is nowhere in the design, that  is a
warning sign. I t  is a doubly st rong warning when both the developers and the dom ain experts are
using term s that  are not  in the design.

Or perhaps it  is bet ter to look at  it  as an opportunity. The UBI QUI TOUS LANGUAGE is m ade up of the
vocabulary that  pervades speech, docum ents, m odel diagram s, and even code. I f a term  is absent
from  the design, it  is an opportunity to im prove the m odel and design by including it .

Example

Hearing a Missing Concept in the Shipping Model

The team  had already developed a working applicat ion that  could book a cargo. They were start ing
to build an "operat ions support "  applicat ion that  would help juggle the work orders for loading and
unloading cargos at  the or igin and dest inat ion and at  t ransfers between ships.



The booking applicat ion used a rout ing engine to plan the t r ip for a cargo. Each leg of the journey
was stored in a row of a database table, indicat ing the I D of the vessel voyage (a part icular
voyage by a part icular ship)  slated to carry the cargo, the locat ion where it  would be loaded, and
the locat ion where it  would be unloaded.

Fig u r e 9 .1 .

Let 's eavesdrop on a conversat ion (heavily abbreviated)  between the developer and a shipping
expert .

Dev elop er :  I  want  to m ake sure the "cargo bookings" table has all the data that  the operat ions
applicat ion will need.

Ex p er t :  They're going to need the whole it inerary for the Car g o .  What  inform at ion does it  have
now?

Dev elop er :  The cargo I D, the vessel voyage, the loading port , and the unloading port  for each
leg.

Ex p er t :  What  about  the date? Operat ions will need to cont ract  handling work based on the
expected t im es.

Dev elop er :  Well,  that  can be derived from  the schedule of the vessel voyage. The table data is
normalized.

Ex p er t :  Yes, it  is norm al to need the date. Operat ions people use these kinds of it ineraries to plan
for upcom ing handling work.

Dev elop er :  Yeah . .  .  OK, they'll definitely have access to the dates. The operat ions m anagem ent
applicat ion will be able to provide the whole loading and unloading sequence, with the date of each
handling operat ion. The " it inerary,"  I  guess you would say.

Ex p er t :  Good. The it inerary is the m ain thing they'll need. Actually, you know, the booking
applicat ion has a m enu item  that  will pr int  an it inerary or e-m ail it  to the custom er. Can you use
that  som ehow?



Dev elop er :  That 's just  a report , I  think. We won't  be able to base the operat ions applicat ion on
that .

[ Dev elop er  looks thought ful, then excited.]

Dev elop er :  So, this it inerary is really the link between booking and operat ions.

Ex p er t :  Yes, and som e custom er relat ions, too.

Dev elop er :  [ Sketching a diagram  on the whiteboard.]  So would you say it  is som ething like this?

Fig u r e 9 .2 .

Ex p er t :  Yes, that  looks basically r ight . For each leg you'd like to see the vessel voyage, the load
and unload locat ion, and t im e.

Dev elop er :  So once we create the Leg  object , it  can derive the t im es from  the vessel voyage
schedule. We can m ake the I t in er ar y  object  our m ain point  of contact  with the operat ions
applicat ion. And we can rewrite that  it inerary report  to use this, so we'll get  the dom ain logic back
into the dom ain layer.

Ex p er t :  I  didn't  follow all of that , but  you are r ight  that  the two m ain uses for the I t in er ar y  are in
the report  in booking and in the operat ions applicat ion.

Dev elop er :  Hey!  We can m ake the Rou t in g  Ser v ice  interface return an it inerary object  instead
of put t ing the data in the database table. That  way the rout ing engine doesn't  need to know about
our tables.

Ex p er t :  Huh?

Dev elop er :  I  m ean, I ' ll m ake the rout ing engine just  return an I t in er ar y .  Then it  can be saved in
the database by the booking applicat ion when the rest  of the booking is saved.

Ex p er t :  You m ean it  isn't  that  way now?!

The developer then went  off to talk with the other developers involved in the rout ing process. They
hashed out  the changes to the m odel and the im plicat ions for the design, calling on the shipping
experts when needed. They cam e up with the diagram  in Figure 9.3.

Fig u r e 9 .3 .



Next , the developers refactored the code to reflect  the new m odel. They did it  in a series of two or
three refactor ings, but  in quick succession, within a week, except  for sim plifying the it inerary
report  in the booking applicat ion, which they took care of early the following week.

The developer had been listening closely enough to the shipping expert  to not ice how im portant
the concept  of an " it inerary"  was to him . True, all the data was already being collected, and the
behavior was im plicit  in the it inerary report , but  the explicit  I t in er ar y  as part  of the m odel opened
up opportunit ies.

Benefits of refactor ing to the explicit  I t in er ar y  object :

Defining the interface of the Rou t in g  Ser v ice  m ore expressively1 .

Decoupling the Rou t in g  Ser v ice  from  the booking database tables2 .

Clarifying the relat ionship between the booking applicat ion and the operat ions support
applicat ion ( the sharing of the I t in er ar y  object )

3 .

Reducing duplicat ion, because the I t in er ar y  derives loading/ unloading t im es for both the
booking report  and the operat ions support  applicat ion

4 .

Rem oving dom ain logic from  the booking report  and placing it  in the isolated dom ain layer5 .

Expanding the UBI QUI TOUS LANGUAGE,  allowing a m ore precise discussion of the m odel and
design between developers and dom ain experts and am ong the developers them selves

6 .



6 .

Scrutinize Awkwardness

The concept  you need is not  always float ing on the surface, em erging in conversat ion or
docum ents. You m ay have to dig and invent . The place to dig is the m ost  awkward part  of your
design. The place where procedures are doing com plicated things that  are hard to explain. The
place where every new requirem ent  seem s to add com plexity.

Som et im es it  can be hard to recognize that  there even is a m issing concept . You m ay have objects
doing all the work but  find som e of the responsibilit ies awkward. Or, if you do realize som ething is
m issing, a m odel solut ion m ay elude you.

Now you have to act ively engage the dom ain experts in the search. I f you are lucky, they m ay
enjoy playing with ideas and experim ent ing with the m odel. I f you are not  that  lucky, you and
your fellow developers will have to com e up with the ideas, using the dom ain expert  as a validator,
watching for discom fort  or recognit ion on his or her face.

Example

Earning Interest the Hard Way

The next  story is set  in a hypothet ical financial com pany that  invests in com m ercial loans and
other interest -bearing assets. An applicat ion that  t racks those investm ents and the earnings from
them  has been evolving increm entally, feature by feature. Each night , one com ponent  was to run
as a batch scr ipt , calculat ing all interest  and fees for the day and then recording them
appropriately in the com pany's account ing software.

Fig u r e 9 .4 . An  aw k w ar d  m od el

The night ly batch scr ipt  iterated through each Asset ,  telling each to
calculateInterestForDate() on that  day's date. The script  took the return value ( the am ount

earned)  and passed this am ount , along with the nam e of a specific ledger, to a SERVI CE that
provided the public interface of the account ing program . That  software posted the am ount  to the
nam ed ledger. The script  went  through a sim ilar process to get  the day's fees from  each Asset ,
post ing them  to a different  ledger.

A developer had been st ruggling with the increasing com plexity of calculat ing interest . She started
to suspect  an opportunity for a m odel bet ter suited to the task. This developer asked her favorite
dom ain expert  to help her dig into the problem  area.

Dev elop er :  Our I n t er est  Calcu la t o r  is get t ing out  of hand.



Ex p er t :  That  is a com plicated part . We st ill have m ore cases we've been holding back.

Dev elop er :  I  know. We can add new interest  types by subst itut ing a different  I n t er est

Calcu la t o r .  But  what  we're having the m ost  t rouble with r ight  now is all these special cases when
they don't  pay the interest  on schedule.

Ex p er t :  Those really aren't  special cases. There's a lot  of flexibilit y in when people pay.

Dev elop er :  Back when we factored out  the I n t er est  Calcu la t o r  from  the Asset ,  it  helped a lot .
We m ay need to break it  up m ore.

Ex p er t :  OK.

Dev elop er :  I  was thinking you m ight  have a way of talking about  this interest  calculat ion.

Ex p er t :  What  do you m ean?

Dev elop er :  Well,  for exam ple, we're t racking the interest  due but  un-paid within an account ing
period. Do you have a nam e for that?

Ex p er t :  Well,  we don't  really do it  like that . The interest  earned and the paym ent  are quite
separate post ings.

Dev elop er :  So you don't  need that  num ber?

Ex p er t :  Well,  som et im es we m ight  look at  it ,  but  it  isn't  the way we do business.

Dev elop er :  OK, so if the paym ent  and interest  are separate, m aybe we should m odel them  that
way. How does this look? [ Sketching on whiteboard]

Fig u r e 9 .5 .

Ex p er t :  I t  m akes sense, I  guess. But  you just  m oved it  from  one place to another.

Dev elop er :  Except  now the I n t er est  Calcu la t o r  only keeps t rack of interest  earned, and the
Pay m en t  keeps that  num ber separately. I t  hasn't  sim plified it  a lot , but  does it  bet ter reflect  your



business pract ice?

Ex p er t :  Ah. I  see. Could we have interest  history, too? Like the Pay m en t  H ist o r y .

Dev elop er :  Yes, that  has been requested as a new feature. But  that  could have been added onto
the or iginal design.

Ex p er t :  Oh. Well, when I  saw interest  and Pay m en t  H ist o r y  separated like that , I  thought  you
were breaking up the interest  to organize it  m ore like the Pay m en t  H ist o r y .  Do you know
anything about  accrual basis account ing?

Dev elop er :  Please explain.

Ex p er t :  Each day, or whenever the schedule calls for, we have an interest  accrual that  gets
posted to a ledger. The paym ents are posted a different  way. This aggregate you have here is a
lit t le awkward.

Dev elop er :  You're saying that  if we keep a list  of "accruals,"  they could be aggregated or . .  .
"posted" as needed.

Ex p er t :  Probably posted on the accrual date, but  yes, aggregated any- t im e. Fees work the sam e
way, posted to a different  ledger, of course.

Dev elop er :  Actually, the interest  calculat ion would be sim pler if it  was done just  for one day, or
period. And then we could just  hang on to them  all.  How about  this?

Fig u r e 9 .6 .

Ex p er t :  Sure. I t  looks good. I 'm  not  sure why this would be easier for you. But  basically, what
m akes any asset  valuable is what  it  can accrue in interest , fees, and so on.

Dev elop er :  You said fees work the sam e way? They . .  .  what  was it  .  .  .  post  to different  ledgers?



Fig u r e 9 .7 .

Dev elop er :  With this m odel, we get  the interest  calculat ion, or rather, the accrual calculat ion logic
that  was in the I n t er est  Calcu la t o r  separated from  t racking. And I  hadn't  not iced unt il now how
m uch duplicat ion there is in the Fee Calcu la t o r .  Also, now the different  kinds of fees can easily be
added.

Ex p er t :  Yes, the calculat ion was correct  before, but  I  can see everything now.

Because the Calcu la t o r  classes hadn't  been direct ly coupled with other parts of the design, this
was a fair ly easy refactor ing. The developer was able to rewrite the unit  tests to use the new
language in a few hours and had the new design working late the next  day. She ended up with
this.

Fig u r e 9 .8 . A d eep er  m od el  a f t er  r ef act o r in g

I n the refactored applicat ion, the night ly batch scr ipt  tells each Asset  to
calculateAccrualsThroughDate().  The return value is a collect ion of Accr u als ,  each of whose



am ounts it  posts to the indicated ledger.

The new m odel has several advantages. The change

Enriches the UBI QUI TOUS LANGUAGE with the term  "accrual"1 .

Decouples accrual from  paym ent2 .

Moves dom ain knowledge (such as which ledger to post  to)  from  the scr ipt  and into the
dom ain layer

3 .

Brings fees and interest  together in a way that  fit s the business and elim inates duplicat ion in
the code

4 .

Provides a st raight forward path for adding new variat ions of fees and interest  as Accr u al

Sch ed u les

5 .

This t im e, the developer had to dig for the new concepts she needed. She could see the
awkwardness of the interest  calculat ions and m ade a com m it ted effort  to look for a deeper
answer.

She was lucky to have an intelligent  and m ot ivated partner in the banking expert . With a m ore
passive source of expert ise, she would have m ade m ore false starts and depended m ore on other
developers as brainstorm ing partners. Progress would have been slower, but  st ill possible.

Contemplate Contradictions

Different  dom ain experts see things different  ways based on their  experience and needs. Even the
sam e person provides inform at ion that  is logically inconsistent  after careful analysis. Such pesky
cont radict ions, which we encounter all the t im e when digging into program  requirem ents, can be
great  clues to deeper m odels. Som e are just  variat ions in term inology or are based on
m isunderstanding. But  there is a residue where two factual statem ents by experts seem  to
contradict .

The ast ronom er Galileo once posed a paradox. The evidence of the senses clearly indicates that
the Earth is stat ionary:  people are not  being blown off and falling behind. Yet  Copernicus had
m ade a com pelling argum ent  that  the Earth was m oving around the sun quite rapidly. Reconciling
this m ight  reveal som ething profound about  how nature works.

Galileo devised a thought  experim ent . I f a r ider dropped a ball from  a running horse, where would
it  fall? Of course, the ball would m ove along with the horse unt il it  hit  the ground by the horse's
feet , just  as if the horse were standing st ill.  From  this he deduced an early form  of the idea of
inert ial fram es of reference, solving the paradox and leading to a m uch m ore useful m odel of the
physics of m ot ion.

OK. Our cont radict ions are usually not  so interest ing, nor the im plicat ions so profound. Even so,
this sam e pat tern of thought  often helps pierce the superficial layers of a problem  dom ain into a
deeper insight .

I t  is not  pract ical to reconcile all cont radict ions, and it  m ay not  even be desirable. (Chapter 14
delves into how to decide and how to m anage the result .)  However, even when a cont radict ion is
left  in place, contem plat ion of how two statem ents could both apply to the sam e external reality
can be revealing.



Read the Book

Don't  overlook the obvious when seeking m odel concepts. I n m any fields, you can find books that
explain the fundam ental concepts and convent ional wisdom . You st ill have to work with your own
dom ain experts to dist ill the part  relevant  to your problem  and to crunch it  into som ething suited
to object -or iented software. But  you m ay be able to start  with a coherent , deeply considered view.

Example

Earning Interest by the Book

Let 's im agine a different  scenario for the investm ent - t racking applicat ion discussed in the previous
exam ple. Just  as before, the story starts with the developer realizing that  the design is get t ing
unwieldy, part icular ly the I n t er est  Calcu la t o r .  But  in this scenario, the dom ain expert 's pr im ary
responsibilit ies lie elsewhere, and he doesn't  have m uch interest  in helping the software
developm ent  project . I n this scenario, the developer couldn't  turn to the expert  for a
brainstorm ing session to probe for the m issing concepts she suspected to be lurking under the
surface.

I nstead, she went  to the bookstore. After a lit t le browsing, she found an int roductory account ing
book she liked, and she skim m ed it .  She discovered a whole system  of well-defined concepts. An
excerpt  that  part icular ly fired her thinking:

Accr u al  Basis Accou n t in g .  This m ethod recognizes incom e when it  is earned, even if it  is
not  paid. All expenses also show when they are incurred whether they have been paid for or
billed to be paid at  a later date. Any obligat ion due, including taxes, will be shown as
expense.

—Finance and Account ing:  How to Keep Your Books and Manage Your Finances Without  an

MBA, a CPA or a Ph.D., by Suzanne Caplan (Adam s Media, 2000)

The developer no longer needed to reinvent  account ing. After som e brainstorm ing with another
developer, she cam e up with a m odel.

Fig u r e 9 .9 . A som ew h at  d eep er  m od el  b ased  on  b ook  lear n in g

She did not  have the insight  that  Asset s  are incom e generators, and so the Calcu la t o r s  are st ill
there. The knowledge of ledgers is st ill in the applicat ion, rather than the dom ain layer where it
probably belongs. But  she did separate the issue of paym ent  from  the accrual of incom e, which



was the m ost  problem at ic area, and she int roduced the word "accrual"  into the m odel and into the
UBI QUI TOUS LANGUAGE.  Further refinem ent  could com e with later iterat ions.

When she did finally have the chance to talk with the dom ain expert , he was quite surprised. I t
was the first  t im e a program m er had shown a glim m er of interest  in what  he did. Due to the way
his responsibilit ies were assigned, the expert  never engaged with her, sit t ing down to go over the
m odel, as happened in the previous scenario. However, because this developer 's knowledge
allowed her to ask bet ter quest ions, from  then on the expert  did listen to her carefully, and he
m ade a special effort  to answer her quest ions prom pt ly.

Of course, this is not  an either-or proposit ion. Even with am ple support  from  dom ain experts, it
pays to look at  the literature to get  a grasp of the theory of the field. Most  businesses do not  have
m odels refined to the level of account ing or finance, but  in m any there have been thinkers in the
field who have organized and abst racted the com m on pract ices of the business.

Yet  another opt ion the developer had was to read som ething writ ten by another software
professional with developm ent  experience in this dom ain. For exam ple, Chapter 6 of the book
Analysis Pat terns:  Reusable Object  Models (Fowler 1997)  would have sent  her in quite a different
direct ion, not  necessarily bet ter or worse. Such reading would not  have provided an off- the-shelf
solut ion. I t  would have given several new start ing points for her own experim ents, along with the
dist illed experience of people who have t raveled the terr itory. She would have been spared
reinvent ing the wheel. Chapter 11, "Applying Analysis Pat terns,"  will delve further into this opt ion.

Try, Try Again

The exam ples I 've given don't  convey the am ount  of t r ial and error involved. I  m ight  follow half a
dozen leads in conversat ion before finding one that  seem s clear and useful enough to t ry out  in the
m odel. I ' ll end up replacing that  one at  least  once later, as addit ional experience and knowledge
crunching serve up bet ter ideas. A m odeler/ designer cannot  afford to get  at tached to his own
ideas.

All these changes of direct ion are not  just  thrashing. Each change em beds deeper insight  into the
m odel. Each refactor ing leaves the design m ore supple, easier to change the next  t im e, ready to
bend in the places that  turn out  to need to bend.

There really is no choice, anyway. Experim entat ion is the way to learn what  works and doesn't .
Trying to avoid m issteps in design will result  in a lower quality result  because it  will be based on
less experience. And it  can easily take longer than a series of quick experim ents.

[  Team  LiB ]  



[  Team  LiB ]  

How to Model Less Obvious Kinds of Concepts

The object -or iented paradigm  leads us to look for and invent  certain kinds of concepts. Things,
even very abst ract  ones such as "accruals,"  are the m eat  of m ost  object  m odels, along with the
act ions those things take. These are the "nouns and verbs" that  int roductory object -or iented
design books talk about . But  other im portant  categories of concepts can be m ade explicit  in a
m odel as well.

I ' ll discuss three such categories that  were not  obvious to m e when I  started with objects. My
designs becam e sharper with each one of these I  learned.

Explicit Constraints

Const raints m ake up a part icular ly im portant  category of m odel concepts. They often em erge
im plicit ly, and expressing them  explicit ly can great ly im prove a design.

Som et im es const raints find a natural hom e in an object  or m ethod. A "Bucket "  object  m ust
guarantee the invariant  that  it  does not  hold m ore than its capacity.

Fig u r e 9 .1 0 .

A sim ple invariant  like this can be enforced using case logic in each operat ion capable of changing
contents.

class Bucket {
   private float capacity;
   private float contents;

   public void pourIn(float addedVolume) {
      if (contents + addedVolume > capacity) {
         contents = capacity;
      } else {
         contents = contents + addedVolume;



      }
   }
}

This logic is so sim ple that  the rule is obvious. But  you can easily im agine this const raint  get t ing
lost  in a m ore com plicated class. Let 's factor it  into a separate m ethod, with a nam e that  clearly
and explicit ly expresses the significance of the const raint .

class Bucket {
   private float capacity;
   private float contents;
   public void pourIn(float addedVolume) {
      float volumePresent = contents + addedVolume;
      contents = constrainedToCapacity(volumePresent);
   }

   private float constrainedToCapacity(float volumePlacedIn) {
      if (volumePlacedIn > capacity) return capacity;
      return volumePlacedIn;
   }
}

Both versions of this code enforce the const raint , but  the second has a m ore obvious relat ionship
to the m odel ( the basic requirem ent  of MODEL-DRI VEN DESI GN) . This very sim ple rule was
understandable in its or iginal form , but  when the rules being enforced are m ore com plex, they
start  to overwhelm  the object  or operat ion they apply to, as any im plicit  concept  does. Factor ing
the const raint  into its own m ethod allows us to give it  an intent ion- revealing nam e that  m akes the
const raint  explicit  in our design. I t  is now a nam ed thing we can discuss. This approach also gives
the const raint  room . A m ore com plex rule than this m ight  easily produce a m ethod longer than its
caller ( the pourIn() m ethod, in this case) . This way, the caller stays sim ple and focused on its

task while the const raint  can grow in com plexity if need be.

This separate m ethod gives the const raint  som e room  to grow, but  there are lots of cases when a
const raint  just  can't  fit  com fortably in a single m ethod. Or even if the m ethod stays sim ple, it  m ay
call on inform at ion that  the object  doesn't  need for its pr im ary responsibilit y. The rule m ay just
have no good hom e in an exist ing object .

Here are som e warning signs that  a const raint  is distort ing the design of its host  object .

Evaluat ing a const raint  requires data that  does not  otherwise fit  the object 's definit ion.1 .

Related rules appear in m ult iple objects, forcing duplicat ion or inheritance between objects
that  are not  otherwise a fam ily.

2 .

A lot  of design and requirem ents conversat ion revolves around the const raints, but  in the
im plem entat ion, they are hidden away in procedural code.

3 .

When the const raints are obscuring the object 's basic responsibilit y, or when the const raint  is
prom inent  in the dom ain yet  not  prom inent  in the m odel, you can factor it  out  into an explicit
object  or even m odel it  as a set  of objects and relat ionships. (One in-depth, sem iform al t reatm ent
of this subject  can be found in The Object  Const raint  Language:  Precise Modeling with UML

[ Warm er and Kleppe 1999] .)



Example

Review: Overbooking Policy

I n Chapter 1, we worked with a com m on shipping business pract ice:  booking 10 percent  m ore
cargo than the t ransports could handle. (Experience has taught  shipping firm s that  this
overbooking com pensates for last -m inute cancellat ions, so their  ships will sail nearly full.)

This const raint  on the associat ion between Voy ag e  and Car g o  was m ade explicit ,  both in the
diagram s and in the code, by adding a new class that  represented the const raint .

Fig u r e 9 .1 1 . Th e m od el  r ef act o r ed  t o  m ak e p o l i cy  ex p l i ci t

To review the code and reasoning in the full exam ple, see page 17.

Processes as Domain Objects

Right  up front , let 's agree that  we do not  want  to m ake procedures a prom inent  aspect  of our
m odel. Objects are m eant  to encapsulate the procedures and let  us think about  their  goals or
intent ions instead.

What  I  am  talking about  here are processes that  exist  in the dom ain, which we have to represent
in the m odel. When these em erge, they tend to m ake for awkward object  designs.

The first  exam ple in this chapter described a shipping system  that  routed cargo. This rout ing
process was som ething with business m eaning. A SERVI CE is one way of expressing such a process
explicit ly, while st ill encapsulat ing the ext rem ely com plex algorithm s.

When there is m ore than one way to carry out  a process, another approach is to m ake the
algorithm  itself, or som e key part  of it ,  an object  in its own r ight . The choice between processes
becom es a choice between these objects, each of which represents a different  STRATEGY.  (Chapter
12 will look in m ore detail at  the use of STRATEGI ES in the dom ain.)

The key to dist inguishing a process that  ought  to be m ade explicit  from  one that  should be hidden
is sim ple:  I s this som ething the dom ain experts talk about , or is it  j ust  part  of the m echanism  of
the com puter program ?

Const raints and processes are two broad categories of m odel concepts that  don't  com e leaping to
m ind when program m ing in an object -or iented language, yet  they can really sharpen up a design
once we start  thinking about  them  as m odel elem ents.

Som e useful categories of concepts are m uch narrower. I ' ll round out  this chapter with one m uch
m ore specific, yet  quite com m on. SPECI FI CATI ON provides a concise way of expressing certain kinds
of rules, ext r icat ing them  from  condit ional logic and m aking them  explicit  in the m odel.



I  developed SPECI FI CATI ON in collaborat ion with Mart in Fowler ( Evans and Fowler 1997) . The
sim plicity of the concept  belies the subt lety in applicat ion and im plem entat ion, so there is a lot  of
detail in this sect ion. There will be even m ore discussion in Chapter 10, where the pat tern is
extended. After reading the init ial explanat ion of the pat tern that  follows, you m ay want  to skim
the "Applying and I m plem ent ing SPECI FI CATI ONS"  sect ion, unt il you are actually at tem pt ing to apply
the pat tern.

Specification

I n all k inds of applicat ions, Boolean test  m ethods appear that  are really parts of lit t le rules. As long
as they are sim ple, we handle them  with test ing m ethods, such as anIterator.hasNext() or
anInvoice.isOverdue().  I n an I n v o i ce class, the code in isOverdue() is an algorithm  that

evaluates a rule. For exam ple,

public boolean isOverdue() {
   Date currentDate = new Date();
   return currentDate.after(dueDate);
}

But  not  all rules are so sim ple. On the sam e I n v o i ce class, another rule,
anInvoice.isDelinquent() would presum ably start  with test ing if the I n v o i ce is overdue, but

that  would just  be the beginning. A policy on grace periods could depend on the status of the
custom er's account . Som e delinquent  invoices will be ready for a second not ice, while others will
be ready to be sent  to a collect ion agency. The paym ent  history of the custom er, com pany policy
on different  product  lines . .  .  the clar ity of I n v o i ce as a request  for paym ent  will soon be lost  in
the sheer m ass of rule evaluat ion code. The I n v o i ce will also develop all sorts of dependencies on
dom ain classes and subsystem s that  do not  support  that  basic m eaning.

At  this point , in an at tem pt  to save the I n v o i ce class, a developer will often refractor the rule
evaluat ion code into the applicat ion layer ( in this case, a bill collect ion applicat ion) . Now the rules
have been separated from  the dom ain layer altogether, leaving behind a dead data object  that
does not  express the rules inherent  in the business m odel. These rules need to stay in the dom ain
layer, but  they don't  fit  into the object  being evaluated ( the I n v o i ce in this case) . Not  only that ,
but  evaluat ing m ethods swell with condit ional code, which m ake the rule hard to read.

Developers working in the logic-program m ing paradigm  would handle this situat ion different ly.
Such rules would be expressed as predicates.  Predicates are funct ions that  evaluate to " t rue" or
" false" and can be com bined using operators such as "AND" and "OR" to express m ore com plex
rules. With predicates, we could declare rules explicit ly and use them  with the I n v o i ce.  I f only we
were in the logic paradigm .

Seeing this, people have m ade at tem pts at  im plem ent ing logical rules in term s of objects. Som e
such at tem pts were very sophist icated, others naive. Som e were am bit ious, others m odest . Som e
turned out  valuable, som e were tossed aside as failed experim ents. A few at tem pts were allowed
to derail their  projects. One thing is clear:  As appealing as the idea is, full im plem entat ion of logic
in objects is a m ajor undertaking. (After all,  logic program m ing is a whole m odeling and design
paradigm  in its own r ight .)

Bu sin ess r u les o f t en  d o  n o t  f i t  t h e r esp on sib i l i t y  o f  an y  o f  t h e ob v iou s ENTI TI ES o r  VALUE



OBJECTS, an d  t h ei r  v ar ie t y  an d  com b in at ion s can  ov er w h elm  t h e b asic m ean in g  o f  t h e

d om ain  ob j ect . Bu t  m ov in g  t h e r u les ou t  o f  t h e d om ain  lay er  i s ev en  w or se, sin ce t h e

d om ain  cod e n o  lon g er  ex p r esses t h e m od el .

Log ic p r og r am m in g  p r ov id es t h e con cep t  o f  sep ar at e, com b in ab le, r u le ob j ect s ca l led

" p r ed icat es,"  b u t  f u l l  im p lem en t at ion  o f  t h is con cep t  w i t h  ob j ect s i s cu m b er som e. I t  i s

a lso  so  g en er a l  t h at  i t  d oesn ' t  com m u n icat e in t en t  as m u ch  as m or e sp ecia l i zed

d esig n s.

Fortunately, we don't  really need to fully im plem ent  logic program m ing to get  a large benefit .  Most
of our rules fall into a few special cases. We can borrow the concept  of predicates and create
specialized objects that  evaluate to a Boolean. Those test ing m ethods that  get  out  of hand will
neat ly expand into objects of their  own. They are lit t le t ruth tests that  can be factored out  into a
separate VALUE OBJECT.  This new object  can evaluate another object  to see if the predicate is t rue
for that  object .

Fig u r e 9 .1 2 .

To put  it  another way, the new object  is a specificat ion.  A SPECI FI CATI ON states a const raint  on the
state of another object , which m ay or m ay not  be present . I t  has m ult iple uses, but  one that
conveys the m ost  basic concept  is that  a SPECI FI CATI ON can test  any object  to see if it  sat isfies the
specified cr iter ia.

Therefore:

Cr eat e ex p l i ci t  p r ed icat e- l i k e VALUE OBJECTS f o r  sp ecia l i zed  p u r p oses. A SPECI FI CATI ON  i s

a  p r ed icat e t h at  d et er m in es i f  an  ob j ect  d oes o r  d oes n o t  sat isf y  som e cr i t er ia .

Many SPECI FI CATI ONS are sim ple, special-purpose tests, as in the delinquent  invoice exam ple. I n
cases where the rules are com plex, the concept  can be extended to allow sim ple specificat ions to
be com bined, just  as predicates are com bined with logical operators. (This technique will be
discussed in the next  chapter.)  The fundam ental pat tern stays the sam e and provides a path from
the sim pler to m ore com plex m odels.

The case of the delinquent  invoice can be m odeled using a SPECI FI CATI ON that  states what  it  m eans
to be delinquent  and that  can evaluate any I n v o i ce and m ake the determ inat ion.

Fig u r e 9 .1 3 . A m or e e lab o r at e d el in q u en cy  r u le f act o r ed  ou t  as a
SPECI FI CATI ON



The SPECI FI CATI ON keeps the rule in the dom ain layer. Because the rule is a full- fledged object , the
design can be a m ore explicit  reflect ion of the m odel. A FACTORY can configure a SPECI FI CATI ON

using inform at ion from  other sources, such as the custom er's account  or the corporate policy
database. Providing direct  access to these sources from  the I n v o i ce would couple the objects in a
way that  does not  relate to the request  for paym ent  ( the basic responsibilit y of I n v o i ce) . I n this
case, the Del in q u en t  I n v o ice Sp eci f i cat ion  was to be created, used to evaluate som e
I n v o ices,  and then discarded, so a specific evaluat ion date was built  r ight  in—a nice sim plificat ion.
A SPECI FI CATI ON can be given the inform at ion it  will need to do its job in a sim ple, st raight forward
way.

  

The basic concept  of SPECI FI CATI ON is very sim ple and helps us think about  a dom ain m odeling
problem . But  a MODEL-DRI VEN DESI GN requires an effect ive im plem entat ion that  also expresses the
concept . To pull that  off requires digging a lit t le deeper into how the pat tern will be applied. A
dom ain pat tern is not  just  a neat  idea for a UML diagram ;  it  is a solut ion to a program m ing
problem  that  retains a MODEL-DRI VEN DESI GN.

When you apply a pat tern appropriately, you can tap into a whole body of thought  about  how to
approach a class of dom ain m odeling problem , and you can benefit  from  years of experience in
finding effect ive im plem entat ions. There is a lot  of detail in the discussion of SPECI FI CATI ON that
follows:  m any opt ions for features and approaches to im plem entat ion. A pat tern is not  a
cookbook. I t  lets you start  from  a base of experience to develop your solut ion, and it  gives you
som e language to talk about  what  you are doing.

You m ay want  to skim  the key concepts when first  reading. Later, when you run into the situat ion,
you can com e back and draw on the experience captured in the detailed discussion. Then you can
go and figure out  a solut ion to your problem .

Applying and Implementing SPECIFICATION

Much of the value of SPECI FI CATI ON is that  it  unifies applicat ion funct ionality that  m ay seem  quite
different . We m ight  need to specify the state of an object  for one or m ore of these three purposes.

To validate an object  to see if it  fulfills som e need or is ready for som e purpose1 .

To select  an object  from  a collect ion (as in the case of querying for overdue invoices)2 .

To specify the creat ion of a new object  to fit  som e need3 .

These three uses—validat ion, select ion, and building to order—are the sam e on a conceptual level.
Without  a pat tern such as SPECI FI CATI ON,  the sam e rule m ay show up in different  guises, and



3 .

possibly cont radictory form s. The conceptual unity can be lost . Applying the SPECI FI CATI ON pat tern
allows a consistent  m odel to be used, even when the im plem entat ion m ay have to diverge.

Validation

The sim plest  use of a SPECI FI CATI ON is validat ion, and it  is the use that  dem onst rates the concept
m ost  st raight forwardly.

Fig u r e 9 .1 4 . A m od el  ap p ly in g  a SPECI FI CATI ON f o r  v a l id at ion

class DelinquentInvoiceSpecification extends
      InvoiceSpecification {
   private Date currentDate;
   // An instance is used and discarded on a single date

   public DelinquentInvoiceSpecification(Date currentDate) {
      this.currentDate = currentDate;
}

   public boolean isSatisfiedBy(Invoice candidate) {
      int gracePeriod =
         candidate.customer().getPaymentGracePeriod();
      Date firmDeadline =
         DateUtility.addDaysToDate(candidate.dueDate(),
            gracePeriod);
         return currentDate.after(firmDeadline);
   }

}

Now, suppose we need to display a red flag whenever a salesperson brings up a custom er with
delinquent  bills. We just  have to write a m ethod in a client  class, som ething like this.

public boolean accountIsDelinquent(Customer customer) {
   Date today = new Date();
   Specification delinquentSpec =
      new DelinquentInvoiceSpecification(today);
   Iterator it = customer.getInvoices().iterator();
   while (it.hasNext()) {
      Invoice candidate = (Invoice) it.next();



      if (delinquentSpec.isSatisfiedBy(candidate)) return true;
   }
   return false;
}

Selection (or Querying)

Validat ion tests an individual object  to see if it  m eets som e cr iter ia, presum ably so that  the client
can act  on the conclusion. Another com m on need is to select  a subset  of a collect ion of objects
based on som e cr iter ia. The sam e concept  of SPECI FI CATI ON can be applied here, but
im plem entat ion issues are different .

Suppose there was an applicat ion requirem ent  to list  all custom ers with delinquent  I n v o ices.  I n
theory, the Del in q u en t  I n v o ice Sp eci f i cat ion  that  we defined before will st ill serve, but  in
pract ice its im plem entat ion would probably have to change. To dem onst rate that  the concept  is
the sam e, let 's assum e first  that  the num ber of I n v o ices is sm all, m aybe already in m em ory. I n
this case, the st raight forward im plem entat ion developed for validat ion st ill serves. The I n v o i ce

Rep osi t o r y  could have a generalized m ethod to select  I n v o ices based on a SPECI FI CATI ON:

public Set selectSatisfying(InvoiceSpecification spec) {

   Set results = new HashSet();
   Iterator it = invoices.iterator();
   while (it.hasNext()) {
      Invoice candidate = (Invoice) it.next();
      if (spec.isSatisfiedBy(candidate)) results.add(candidate);
   }

   return results;
}

So a client  could obtain a collect ion of all delinquent  I n v o ices w i t h  a  sin g le cod e st a t em en t :

Set delinquentInvoices = invoiceRepository.selectSatisfying(
   new DelinquentInvoiceSpecification(currentDate));

That  line of code establishes the concept  behind the operat ion. Of course, the I n v o i ce objects
probably aren't  in m em ory. There m ay be thousands of them . I n a typical business system , the
data is probably in a relat ional database. And, as pointed out  in earlier chapters, the m odel focus
tends to get  lost  at  these intersect ions with other technologies.

Relat ional databases have powerful search capabilit ies. How can we take advantage of that  power
to solve this problem  efficient ly while retaining the m odel of a SPECI FI CATI ON? MODEL-DRI VEN DESI GN

dem ands that  the m odel stay in lockstep with the im plem entat ion, but  it  allows freedom  to choose
any im plem entat ion that  faithfully captures the m eaning of the m odel. Lucky for us, SQL is a very
natural way to write SPECI FI CATI ONS.

Here is a sim ple exam ple, in which the query is encapsulated in the sam e class as the validat ion
rule. A single m ethod is added to the I n v o ice Sp eci f i cat ion  and is im plem ented in the
Del in q u en t  I n v o ice Sp eci f i cat ion  subclass:

public String asSQL() {
   return



      "SELECT * FROM INVOICE, CUSTOMER" +
      "  WHERE INVOICE.CUST_ID = CUSTOMER.ID" +
      "  AND INVOICE.DUE_DATE + CUSTOMER.GRACE_PERIOD" +
      "     < " + SQLUtility.dateAsSQL(currentDate);
}

SPECI FI CATI ONS m esh sm oothly with REPOSI TORI ES,  which are the building-block m echanism s for
providing query access to dom ain objects and encapsulat ing the interface to the database (see
Figure 9.15) .

Fig u r e 9 .1 5 . Th e in t er act ion  b et w een  REPOSI TORY an d  SPECI FI CATI ON

Now this design has som e problem s. Most  im portant , the details of the table st ructure have leaked
into the DOMAI N LAYER;  they should be isolated in a m apping layer that  relates the dom ain objects
to the relat ional tables. I m plicit ly duplicat ing that  inform at ion here could hurt  the m odifiabilit y and
m aintainabilit y of the I n v o i ce and Cu st om er  objects, because any change to their  m appings now
have to be t racked in m ore than one place. But  this exam ple is a sim ple illust rat ion of how to keep
the rule in just  one place. Som e object - relat ional m apping fram eworks provide the m eans to
express such a query in term s of the m odel objects and at t r ibutes, generat ing the actual SQL in
the infrast ructure layer. This would let  us have our cake and eat  it  too.

When the infrast ructure doesn't  com e to the rescue, we can refactor the SQL out  of the expressive
dom ain objects by adding a specialized query m ethod to the I n v o ice Rep osi t o r y .  To avoid
em bedding the rule into the REPOSI TORY,  we have to express the query in a m ore generic way, one
that  doesn't  capture the rule but  can be com bined or placed in context  to work the rule out  ( in this
exam ple, by using a double dispatch) .

public class InvoiceRepository {

   public Set selectWhereGracePeriodPast(Date aDate){
      //This is not a rule, just a specialized query
      String sql = whereGracePeriodPast_SQL(aDate);
      ResultSet queryResultSet =



         SQLDatabaseInterface.instance().executeQuery(sql);
      return buildInvoicesFromResultSet(queryResultSet);
   }

   public String whereGracePeriodPast_SQL(Date aDate) {
      return
         "SELECT * FROM INVOICE, CUSTOMER" +
         "  WHERE INVOICE.CUST_ID = CUSTOMER.ID" +
         "  AND INVOICE.DUE_DATE + CUSTOMER.GRACE_PERIOD" +
         "     < " + SQLUtility.dateAsSQL(aDate);
   }

   public Set selectSatisfying(InvoiceSpecification spec) {
      return spec.satisfyingElementsFrom(this);
   }
}

The asSql() m ethod on I n v o ice Sp eci f i cat ion  is replaced with
satisfyingElementsFrom(InvoiceRepository),  which Del in q u en t  I n v o ice Sp eci f i cat ion

im plem ents as:

public class DelinquentInvoiceSpecification {
   // Basic DelinquentInvoiceSpecification code here

   public Set satisfyingElementsFrom(
                     InvoiceRepository repository) {
      //Delinquency rule is defined as:
      //   "grace period past as of current date"
      return repository.selectWhereGracePeriodPast(currentDate);
   }
}

This puts the SQL in the REPOSI TORY,  while the SPECI FI CATI ON cont rols what  query should be used.
The rules aren't  as neat ly collected into the SPECI FI CATI ON,  but  the essent ial declarat ion is there of
what  const itutes delinquency ( that  is, past  grace period) .

The REPOSI TORY now has a very specialized query that  m ost  likely will be used only in this case.
That  is acceptable, but  depending on the relat ive num bers of I n v o ices that  are overdue com pared
to those that  are delinquent , an interm ediate solut ion that  leaves the REPOSI TORY m ethods m ore
generic m ay st ill give good perform ance, while keeping the SPECI FI CATI ON m ore self-explanatory.

public class InvoiceRepository {

   public Set selectWhereDueDateIsBefore(Date aDate) {
      String sql = whereDueDateIsBefore_SQL(aDate);
      ResultSet queryResultSet =
         SQLDatabaseInterface.instance().executeQuery(sql);
      return buildInvoicesFromResultSet(queryResultSet);
   }

   public String whereDueDateIsBefore_SQL(Date aDate) {
      return
         "SELECT * FROM INVOICE" +
         "  WHERE INVOICE.DUE_DATE" +
         "     < " + SQLUtility.dateAsSQL(aDate);
   }



   public Set selectSatisfying(InvoiceSpecification spec) {
      return spec.satisfyingElementsFrom(this);
   }
}

public class DelinquentInvoiceSpecification {
   //Basic DelinquentInvoiceSpecification code here

   public Set satisfyingElementsFrom(
                          InvoiceRepository repository) {
      Collection pastDueInvoices =
         repository.selectWhereDueDateIsBefore(currentDate);

      Set delinquentInvoices = new HashSet();
      Iterator it = pastDueInvoices.iterator();
      while (it.hasNext()) {
         Invoice anInvoice = (Invoice) it.next();
         if (this.isSatisfiedBy(anInvoice))
            delinquentInvoices.add(anInvoice);
      }
      return delinquentInvoices;
   }
}

We'll take a perform ance hit  with this code, because we pull out  m ore I n v o ices and then have to
select  from  them  in m em ory. Whether this is an acceptable cost  for the bet ter factor ing of
responsibilit y depends ent irely on circum stances. There are m any ways to im plem ent  the
interact ions between SPECI FI CATI ONS and REPOSI TORI ES,  to take advantage of the developm ent
plat form , while keeping the basic responsibilit ies in place.

Som et im es, to im prove perform ance, or m ore likely to t ighten security, queries m ay be
im plem ented on the server as stored procedures. I n that  case, the SPECI FI CATI ON could carry only
the param eters allowed by the stored procedure. For all that , there is no difference in the m odel
between these various im plem entat ions. The choice of im plem entat ion is free except  where
specifically const rained by the m odel. The price com es in a m ore cum bersom e way of writ ing and
m aintaining queries.

This discussion barely scratches the surface of the challenges of com bining SPECI FI CATI ONS with
databases, and I ' ll m ake no at tem pt  to cover all the considerat ions that  m ay arise. I  j ust  want  to
give a taste of the kind of choices that  have to be m ade. Mee and Hieat t  discuss a few of the
technical issues involved in designing REPOSI TORI ES with SPECI FI CATI ONS in Fowler 2002.

Building to Order (Generating)

When the Pentagon wants a new fighter jet , officials write a specificat ion. This specificat ion m ay
require that  the jet  reach Mach 2, that  it  have a range of 1800 m iles, that  it  cost  no m ore than
$50 m illion, and so on. But  however detailed it  is, the specificat ion is not  a design for a plane,
m uch less a plane. An aerospace engineering com pany will take the specificat ion and create one or
m ore designs based on it .  Com pet ing com panies m ay produce different  designs, all of which
presum ably sat isfy the or iginal spec.

Many com puter program s generate things, and those things have to be specified. When you place
a picture into a word-processing docum ent , the text  flows around it .  You have specified the
locat ion of the picture, and perhaps the style of text  flow. The exact  placem ent  of the words on the
page is then worked out  by the word processor in such a way that  it  m eets your specificat ion.



Although it  m ay not  be apparent  at  first , this is the sam e concept  of a SPECI FI CATI ON that  was
applied to validat ion and select ion. We are specifying cr iter ia for objects that  are not  yet  present .
The im plem entat ion will be quite different , however. This SPECI FI CATI ON is not  a filter for
preexist ing objects, as with querying. I t  is not  a test  for an exist ing object , as with validat ion. This
t im e, a whole new object  or set  of objects will be m ade or reconfigured to sat isfy the
SPECI FI CATI ON.

Without  using SPECI FI CATI ON,  a generator can be writ ten that  has procedures or a set  of
inst ruct ions that  create the needed objects. This code im plicit ly defines the behavior of the
generator.

I nstead, an interface of the generator that  is defined in term s of a descript ive SPECI FI CATI ON

explicit ly const rains the generator 's products. This approach has several advantages.

The generator 's im plem entat ion is decoupled from  its interface. The SPECI FI CATI ON declares
the requirem ents for the output  but  does not  define how that  result  is reached.

The interface com m unicates its rules explicit ly, so developers can know what  to expect  from
the generator without  understanding all details of its operat ion. The only way to predict  the
behavior of a procedurally defined generator is to run cases or to understand every line of
code.

The interface is m ore flexible, or can be enhanced with m ore flexibilit y, because the
statem ent  of the request  is in the hands of the client , while the generator is only obligated to
fulfill the let ter of the SPECI FI CATI ON.

Last , but  not  least , this kind of interface is easier to test , because the m odel contains an
explicit  way to define input  into the generator that  is also a validat ion of the output .  That  is,
the sam e SPECI FI CATI ON that  is passed into the generator 's interface to const rain the creat ion
process can also be used, in its validat ion role ( if the im plem entat ion supports it )  to confirm
that  the created object  is correct . (This is an exam ple of an ASSERTI ON,  discussed in Chapter
10.)

Building to order can m ean creat ion of an object  from  scratch, but  it  can also be a configurat ion of
preexist ing objects to sat isfy the SPEC.

Example

Chemical Warehouse Packer

There is a warehouse in which various chem icals are stored in stacks of large containers, sim ilar to
boxcars. Som e chem icals are inert  and can be stored just  about  anywhere. Som e are volat ile and
have to be stored in specially vent ilated containers. Som e are explosive and have to be stored in
specially arm ored containers. There are also rules about  the com binat ions allowed in a container.

The goal is to write software that  will find an efficient  and safe way to put  the chem icals in the
containers.

Fig u r e 9 .1 6 . A m od el  f o r  w ar eh ou se st o r ag e



We could start  by writ ing a procedure to take a chem ical and place it  in a container, but  instead,
let 's start  with the validat ion problem . This will force us to m ake the rules explicit ,  and it  will give
us a way to test  the final im plem entat ion.

Each chem ical will have a container SPECI FI CATI ON:

Ch em ica l Con t a in er  Sp eci f i cat ion

TNT Arm ored container

Sand  

Biological Sam ples Must  not  share container with explosives

Ammonia Vent ilated container

Now, if we write these as Con t a in er  Sp eci f i cat ion s ,  we should be able to take a configurat ion of
packed containers and test  to see if it  m eets these const raints.

Con t a in er  Feat u r es Con t en t s Sp eci f i cat ion  Sat isf ied ?

Arm ored 20 lbs. TNT

500 lbs. sand

  50 lbs. biological sam ples

  Ammonia

A m ethod on Con t a in er  Sp eci f i cat ion ,  isSatisfied(),  would have to be im plem ented to check

for needed Con t a in er Feat u r es .  For exam ple, the SPEC at tached to an explosive chem ical would
look for the "arm ored" feature:

public class ContainerSpecification {
   private ContainerFeature requiredFeature;
   public ContainerSpecification(ContainerFeature required) {
      requiredFeature = required;
   }

   boolean isSatisfiedBy(Container aContainer){
      return aContainer.getFeatures().contains(requiredFeature);
   }
}



Here is sam ple client  code to set  up an explosive chem ical:

tnt.setContainerSpecification(
      new ContainerSpecification(ARMORED));

A m ethod on a Con t a in er  object , isSafelyPacked(), will confirm  that  Con t a in er  has all the

features specified by the Ch em ica ls  it  contains:

boolean isSafelyPacked(){
   Iterator it = contents.iterator();
   while (it.hasNext()) {
      Drum drum = (Drum) it.next();
      if (!drum.containerSpecification().isSatisfiedBy(this))
         return false;
   }
   return true;
}

At  this point , we could write a m onitor ing applicat ion that  would take the inventory database and
report  any unsafe situat ions.

Iterator it = containers.iterator();
while (it.hasNext()) {
   Container container = (Container) it.next();
   if (!container.isSafelyPacked())
      unsafeContainers.add(container);
}

This is not  the software we've been asked to write. I t  would be good to let  the business people
know about  the opportunity, but  we have been charged with designing a packer. What  we have is
a test  for a packer. This understanding of the dom ain and our SPECI FI CATI ON-based m odel put  us in
a posit ion to define a clear and sim ple interface for a SERVI CE that  will take collect ions of Dr u m s

and Con t a in er s and pack them  in com pliance with the rules.

public interface WarehousePacker {
   public void pack(Collection containersToFill,
      Collection drumsToPack) throws NoAnswerFoundException;

      /* ASSERTION: At end of pack(), the ContainerSpecification
      of each Drum shall be satisfied by its Container.
      If no complete solution can be found, an exception shall
      be thrown. */

}

Now the task of designing an opt im ized const raint  solver to fulfill the responsibilit ies of the Pack er

service has been decoupled from  the rest  of the applicat ion, and those m echanism s will not  clut ter
the part  of the design that  expresses the m odel. (See "Declarat ive Style of Design,"  Chapter 10,
and COHESI VE MECHANI SM,  Chapter 15.)  Yet  the rules governing packing have not  been pulled out  of
the dom ain objects.



Example

A Working Prototype of the Warehouse Packer

Writ ing the opt im izat ion logic to m ake the warehouse packing software work is a big job. A sm all
team  of developers and business experts have split  off and have set  to work on it ,  but  they
haven't  even begun to code. Meanwhile, another sm all team  is developing the applicat ion that  will
allow users to pull inventory from  the database, feed it  to the Pack er ,  and interpret  the results.
They are t rying to design for the ant icipated Pack er .  But  all they can do is m ock up a UI  and work
on som e database integrat ion code. They can't  show the users an interface with m eaningful
behavior to get  good feedback. For the sam e reason, the Pack er  team  is working in a vacuum
too.

With the dom ain objects and SERVI CE interface m ade in the warehouse packer exam ple, the
applicat ion team  realizes they could build a very sim ple im plem entat ion of a Pack er  that  could
help the developm ent  process m ove along, allowing work to go forward in parallel and closing the
feedback loop, which only reaches full effect  with a working end- to-end system .

public class Container {
   private double capacity;
   private Set contents; //Drums

   public boolean hasSpaceFor(Drum aDrum) {
      return remainingSpace() >= aDrum.getSize();
   }

   public double remainingSpace() {
      double totalContentSize = 0.0;
      Iterator it = contents.iterator();
      while (it.hasNext()) {
         Drum aDrum = (Drum) it.next();
         totalContentSize = totalContentSize + aDrum.getSize();
      }
      return capacity – totalContentSize;
   }

   public boolean canAccommodate(Drum aDrum) {
      return hasSpaceFor(aDrum) &&
         aDrum.getContainerSpecification().isSatisfiedBy(this);
   }

}

public class PrototypePacker implements WarehousePacker {

   public void pack(Collection containers, Collection drums)
                                throws NoAnswerFoundException {

      /* This method fulfills the ASSERTION as written. However,
         when an exception is thrown, Containers' contents may
         have changed. Rollback must be handled at a higher
         level. */

      Iterator it = drums.iterator();
      while (it.hasNext()) {
         Drum drum = (Drum) it.next();
         Container container =
            findContainerFor(containers, drum);



         container.add(drum);
      }
   }
   public Container findContainerFor(
                 Collection containers, Drum drum)
                 throws NoAnswerFoundException {
      Iterator it = containers.iterator();
      while (it.hasNext()) {
         Container container = (Container) it.next();
         if (container.canAccommodate(drum))
            return container;
      }
      throw new NoAnswerFoundException();
   }

}

Granted that  this code leaves a lot  to be desired. I t  m ight  pack sand into specialty containers and
then run out  of room  before it  packs the hazardous chem icals. I t  certainly doesn't  opt im ize
revenues. But  a lot  of opt im izat ion problem s are never solved perfect ly anyway. This
im plem entat ion does follow the rules that  have been stated so far.

Clearing Development Logjams with Working Prototypes

One team  has to wait  for working code from  another in order to m ove forward. Both
team s have to wait  for full integrat ion to exercise their  com ponents or get  feedback
from  users. This kind of congest ion can often be eased by a MODEL-DRI VEN prototype of
a key com ponent , even if it  does not  sat isfy all requirem ents. When im plem entat ion is
decoupled from  interface, then having any working im plem entat ion at  all allows
flexibilit y for project  work to go in parallel. When the t im e is r ight , the prototype can be
replaced by a m ore effect ive im plem entat ion. I n the m eant im e, all other parts of the
system  have som ething to interact  with during developm ent .

Having this prototype lets the applicat ion developers m ove at  full speed, including all integrat ions
with external system s. The Pack er  developm ent  team  also gets feedback as dom ain experts
interact  with the prototype and firm  up their  ideas, helping clar ify requirem ents and prior it ies. The
Pack er  team  decides to take over the prototype and tweak it  to test  ideas.

They also keep the interface up- to-date with their  latest  design, forcing refactor ing of the
applicat ion, and som e dom ain objects, thereby tackling the integrat ion problem s early.

As soon as the sophist icated Pack er  is ready, integrat ion is a breeze because it  has been writ ten
to a well-character ized interface—the sam e interface and ASSERTI ONS that  the applicat ion was
writ ten for when interact ing with the prototype.

I t  took specialists in opt im izat ion algorithm s m onths to get  it  r ight . They benefited from  the
feedback they could get  from  users interact ing with the prototype. I n the m eant im e, all other
parts of the system  have som ething to interact  with during developm ent .

Here we have an exam ple of a "sim plest  thing that  could possibly work"  that  actually becom es
possible because of a m ore sophist icated m odel. We can have a funct ioning prototype of a very
com plex com ponent  in a couple dozen lines of easily understood code. A less MODEL-DRI VEN

approach would be harder to understand, would be harder to upgrade (because the Pack er  would
be m ore coupled to the rest  of the design) , and in this case, would likely take longer to prototype.
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Chapter Ten. Supple Design

The ult im ate purpose of software is to serve users. But  first , that  sam e software has to serve
developers. This is especially t rue in a process that  em phasizes refactor ing. As a program  evolves,
developers will rearrange and rewrite every part . They will integrate the dom ain objects into the
applicat ion and with new dom ain objects. Even years later, m aintenance program m ers will be
changing and extending the code. People have to work with this stuff. But  will they want  to?

When software with com plex behavior lacks a good design, it  becom es hard to refactor or com bine
elem ents. Duplicat ion starts to appear as soon as a developer isn't  confident  of predict ing the full
im plicat ions of a com putat ion. Duplicat ion is forced when design elem ents are m onolithic, so that
the parts cannot  be recom bined. Classes and m ethods can be broken down for bet ter reuse, but  it
gets hard to keep t rack of what  all the lit t le parts do. When software doesn't  have a clean design,
developers dread even looking at  the exist ing m ess, m uch less m aking a change that  could
aggravate the tangle or break som ething through an unforeseen dependency. I n any but  the
sm allest  system s, this fragilit y places a ceiling on the r ichness of behavior it  is feasible to build. I t
stops refactor ing and iterat ive refinem ent .

To have a project  accelerate as developm ent  proceeds—rather than get  weighed down by its own
legacy—dem ands a design that  is a pleasure to work with, invit ing to change. A supple design.

Supple design is the com plem ent  to deep m odeling. Once you've dug out  im plicit  concepts and
m ade them  explicit ,  you have the raw m aterial. Through the iterat ive cycle, you ham m er that
m aterial into a useful shape, cult ivat ing a m odel that  sim ply and clearly captures the key concerns,
and shaping a design that  allows a client  developer to really put  that  m odel to work. Developm ent
of the design and code leads to insight  that  refines m odel concepts. Round and round—we're back
to the iterat ive cycle and refactor ing toward deeper insight . But  what  kind of design are you t rying
to arr ive at? What  kind of experim ents should you t ry along the way? That  is what  this chapter is
about .



A lot  of overengineering has been just ified in the nam e of flexibilit y. But  m ore often than not ,
excessive layers of abst ract ion and indirect ion get  in the way. Look at  the design of software that
really em powers the people who handle it ;  you will usually see som ething sim ple. Sim ple is not
easy. To create elem ents that  can be assem bled into elaborate system s and st ill be
understandable, a dedicat ion to MODEL-DRI VEN DESI GN has to be joined with a m oderately r igorous
design style. I t  m ay well require relat ively sophist icated design skill to create or to use.

Developers play two roles, each of which m ust  be served by the design. The sam e person m ight
well play both roles—even switch back and forth in m inutes—but  the relat ionship to the code is
different  nonetheless. One role is the developer of a client , who weaves the dom ain objects into
the applicat ion code or other dom ain layer code, ut ilizing capabilit ies of the design. A supple design
reveals a deep underlying m odel that  m akes its potent ial clear. The client  developer can flexibly
use a m inim al set  of loosely coupled concepts to express a range of scenarios in the dom ain.
Design elem ents fit  together in a natural way with a result  that  is predictable, clearly
character ized, and robust .

Equally im portant , the design m ust  serve the developer working to change it .  To be open to
change, a design m ust  be easy to understand, revealing that  sam e underlying m odel that  the
client  developer is drawing on. I t  m ust  follow the contours of a deep m odel of the dom ain, so m ost
changes bend the design at  flexible points. The effects of its code m ust  be t ransparent ly obvious,
so the consequences of a change will be easy to ant icipate.

Early versions of a design are usually st iff.  Many never acquire any suppleness in the t im e fram e
or budget  of the project . I 've never seen a large program  that  had this quality throughout . But
when com plexity is holding back progress, honing the m ost  crucial, int r icate parts to a supple
design m akes the difference between get t ing sucked down into legacy m aintenance and punching
through the com plexity ceiling.

There is no form ula for designing software like this, but  I  have culled a set  of pat terns that , in m y
experience, tend to lend suppleness to a design when they fit .  These pat terns and exam ples
should give a feel for what  a supple design is like and the kind of thinking that  goes into it .

Fig u r e 1 0 .1 . Som e p at t er n s t h at  con t r ib u t e t o  su p p le d esig n
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Intention-Revealing Interfaces

I n dom ain-driven design, we want  to think about  m eaningful dom ain logic. Code that  produces the
effect  of a rule without  explicit ly stat ing the rule forces us to think of step-by-step software
procedures. The sam e applies to a calculat ion that  just  results from  running som e code, but  isn't
explicit .  Without  a clear connect ion to the m odel, it  is difficult  to understand the effect  of the code
or ant icipate the effect  of a change. The previous chapter delved into m odeling rules and
calculat ions explicit ly. I m plem ent ing such objects requires a lot  of understanding of the gr it ty
details of the calculat ion or the fine pr int  of the rule. The beauty of objects is their  abilit y to
encapsulate all that , so that  client  code is sim ple and can be interpreted in term s of higher- level
concepts.

But  if the interface doesn't  tell the client  developer what  he needs to know in order to use the
object  effect ively, he will have to dig into the internals to understand the details anyway. A reader
of the client  code will have to do the sam e. Then m ost  of the value of the encapsulat ion is lost . We
are always fight ing cognit ive overload:  I f the client  developer 's m ind is flooded with detail about
how a com ponent  does its job, his m ind isn't  clear to work out  the int r icacies of the client  design.
This is t rue even when the sam e person is playing both roles, developing and using his own code,
because even if he doesn't  have to learn those details, there is a lim it  to how m any factors he can
consider at  once.

I f  a  d ev elop er  m u st  con sid er  t h e im p lem en t at ion  o f  a  com p on en t  in  o r d er  t o  u se i t , t h e

v alu e o f  en cap su la t ion  is lost . I f  som eon e o t h er  t h an  t h e o r ig in a l  d ev elop er  m u st  in f er

t h e p u r p ose o f  an  ob j ect  o r  op er at ion  b ased  on  i t s im p lem en t at ion , t h at  n ew  d ev elop er

m ay  in f er  a  p u r p ose t h at  t h e op er at ion  o r  class f u l f i l l s on ly  b y  ch an ce. I f  t h at  w as n o t

t h e in t en t , t h e cod e m ay  w or k  f o r  t h e m om en t , b u t  t h e con cep t u a l  b asis o f  t h e d esig n

w i l l  h av e b een  co r r u p t ed , an d  t h e t w o  d ev elop er s w i l l  b e w or k in g  at  cr oss- p u r p oses.

To obtain the value of explicit ly m odeling a concept  in the form  of a class or m ethod, we m ust  give
these program  elem ents nam es that  reflect  those concepts. The nam es of classes and m ethods
are great  opportunit ies for im proving com m unicat ion between developers, and for im proving the
abst ract ion of the system .

Kent  Beck wrote of m aking m ethod nam es com m unicate their  purpose with an I NTENTI ON-

REVEALI NG SELECTOR (Beck 1997) . All public elem ents of a design together m ake up its interface,
and the nam e of each of those elem ents presents an opportunity to reveal the intent ion of the
design. Type nam es, m ethod nam es, and argum ent  nam es all com bine to form  an I NTENTI ON-

REVEALI NG I NTERFACE.

Therefore:

Nam e classes an d  op er at ion s t o  d escr ib e t h ei r  e f f ect  an d  p u r p ose, w i t h ou t  r ef er en ce t o

t h e m ean s b y  w h ich  t h ey  d o  w h at  t h ey  p r om ise. Th is r e l iev es t h e cl ien t  d ev elop er  o f

t h e n eed  t o  u n d er st an d  t h e in t er n a ls. Th ese n am es sh ou ld  con f o r m  t o  t h e UBI QUI TOUS

LANGUAGE so  t h at  t eam  m em b er s can  q u ick ly  in f er  t h e i r  m ean in g . W r i t e  a  t est  f o r  a

b eh av io r  b ef o r e cr eat in g  i t , t o  f o r ce y ou r  t h in k in g  in t o  cl ien t  d ev elop er  m od e.

All the t r icky m echanism  should be encapsulated behind abst ract  interfaces that  speak in term s of
intent ions, rather than m eans.

I n the public interfaces of the dom ain, state relat ionships and rules, but  not  how they are
enforced;  describe events and act ions, but  not  how they are carr ied out ;  form ulate the equat ion



but  not  the num erical m ethod to solve it .  Pose the quest ion, but  don't  present  the m eans by which
the answer shall be found.

Example

Refactoring: A Paint-Mixing Application

A program  for paint  stores can show a custom er the result  of m ixing standard paints. Here is the
init ial design, which has a single dom ain class.

Fig u r e 1 0 .2 .

The only way to even guess what  the paint(Paint) m ethod does is to read the code.

public void paint(Paint paint) {
   v = v + paint.getV(); //After mixing, volume is summed
   // Omitted many lines of complicated color mixing logic
   // ending with the assignment of new r, b, and y values.
}

OK, so it  looks like this m ethod com bines two Pain t s  together, the result  having a larger volum e
and a m ixed color.

To shift  our perspect ive, let 's write a test  for this m ethod. (This code is based on the JUnit  test
framework.)

public void testPaint() {
    // Create a pure yellow paint with volume=100
    Paint yellow = new Paint(100.0, 0, 50, 0);
    // Create a pure blue paint with volume=100
    Paint blue = new Paint(100.0, 0, 0, 50);

    // Mix the blue into the yellow
    yellow.paint(blue);

    // Result should be volume of 200.0 of green paint
    assertEquals(200.0, yellow.getV(), 0.01);
    assertEquals(25, yellow.getB());



    assertEquals(25, yellow.getY());
    assertEquals(0, yellow.getR());
}

The passing test  is the start ing point . I t  is unsat isfying at  this point  because the code in the test
doesn't  tell us what  it  is doing. Let 's rewrite the test  to reflect  the way we would like to use the
Pain t  objects if we were writ ing a client  applicat ion. I nit ially, this test  will fail.  I n fact , it  won't  even
com pile. We are writ ing it  to explore the interface design of the Pain t  object  from  the client
developer 's point  of view.

public void testPaint() {
    // Start with a pure yellow paint with volume=100
    Paint ourPaint = new Paint(100.0, 0, 50, 0);
    // Take a pure blue paint with volume=100
    Paint blue = new Paint(100.0, 0, 0, 50);

    // Mix the blue into the yellow
    ourPaint.mixIn(blue);

    // Result should be volume of 200.0 of green paint
    assertEquals(200.0, ourPaint.getVolume(), 0.01);
    assertEquals(25, ourPaint.getBlue());
    assertEquals(25, ourPaint.getYellow());
    assertEquals(0, ourPaint.getRed());
}

We should take our t im e to write a test  that  reflects the way we would like to talk to these objects.
After that , we refactor the Pain t  class to m ake the test  pass.

Fig u r e 1 0 .3 .

The new m ethod nam e m ay not  tell the reader everything about  the effect  of "m ixing in"  another
Pain t  ( for that  we'll need ASSERTI ONS,  com ing up in a few pages) . But  it  will clue the reader in
enough to get  started using the class, especially with the exam ple the test  provides. And it  will
allow the reader of the client  code to interpret  the client 's intent . I n the next  few exam ples in this
chapter, we'll refactor this class again to m ake it  even clearer.



  

Ent ire subdom ains can be carved off into separate m odules and encapsulated behind I NTENTI ON-

REVEALI NG I NTERFACES.  Using such whit t ling to focus a project  and m anage the com plexity of a
large system  will be discussed m ore in Chapter 15, "Dist illat ion,"  with COHESI VE MECHANI SMS and
GENERI C SUBDOMAI NS.

But  in the next  two pat terns, we'll set  out  to m ake the consequences of using a m ethod very
predictable. Com plex logic can be done safely in SI DE-EFFECT-FREE FUNCTI ONS.  Methods that  change
system  state can be character ized with ASSERTI ONS.

[  Team  LiB ]  
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Side -Effect-Free Functions

Operat ions can be broadly divided into two categories, com m ands and queries. Queries obtain
inform at ion from  the system , possibly by sim ply accessing data in a variable, possibly perform ing
a calculat ion based on that  data. Com m ands (also known as m odifiers)  are operat ions that  affect
som e change to the system s ( for a sim ple exam ple, by set t ing a variable) . I n standard English, the
term  side effect  im plies an unintended consequence, but  in com puter science, it  m eans any effect
on the state of the system . For our purposes, let 's narrow that  m eaning to any change in the state
of the system  that  will affect  future operat ions.

Why was the term  side effect  adopted and applied to quite intent ional changes affected by
operat ions? I  assum e this was based on experience with com plex system s. Most  operat ions call on
other operat ions, and those called invoke st ill other operat ions. As soon as this arbit rar ily deep
nest ing is involved, it  becom es very hard to ant icipate all the consequences of invoking an
operat ion. The developer of the client  m ay not  have intended the effects of the second- t ier and
third- t ier operat ions—they've becom e side effects in every sense of the phrase. Elem ents of a
com plex design interact  in other ways that  are likely to produce the sam e unpredictabilit y. The use
of the term  side effect  underlines the inevitabilit y of that  interact ion.

I n t er act ion s o f  m u l t ip le  r u les o r  com p osi t ion s o f  ca lcu la t ion s b ecom e ex t r em ely

d i f f i cu l t  t o  p r ed ict . Th e d ev elop er  ca l l in g  an  op er at ion  m u st  u n d er st an d  i t s

im p lem en t at ion  an d  t h e im p lem en t at ion  o f  a l l  i t s d eleg at ion s in  o r d er  t o  an t icip at e t h e

r esu l t . Th e u sef u ln ess o f  an y  ab st r act ion  o f  in t er f aces is l im i t ed  i f  t h e d ev elop er s ar e

f o r ced  t o  p ier ce t h e v ei l . W i t h ou t  saf e ly  p r ed ict ab le ab st r act ion s, t h e d ev elop er s m u st

l im i t  t h e com b in at o r y  ex p losion , p lacin g  a low  cei l in g  on  t h e r i ch n ess o f  b eh av io r  t h at  i s

f easib le t o  b u i ld .

Operat ions that  return results without  producing side effects are called funct ions.  A funct ion can be
called m ult iple t im es and return the sam e value each t im e. A funct ion can call on other funct ions
without  worrying about  the depth of nest ing. Funct ions are m uch easier to test  than operat ions
that  have side effects. For these reasons, funct ions lower r isk.

Obviously, you can't  avoid com m ands in m ost  software system s, but  the problem  can be m it igated
in two ways. First , you can keep the com m ands and queries st r ict ly segregated in different
operat ions. Ensure that  the m ethods that  cause changes do not  return dom ain data and are kept
as sim ple as possible. Perform  all queries and calculat ions in m ethods that  cause no observable
side effects ( Meyer 1988) .

Second, there are often alternat ive m odels and designs that  do not  call for an exist ing object  to be
m odified at  all.  I nstead, a new VALUE OBJECT,  represent ing the result  of the com putat ion, is created
and returned. This is a com m on technique, which will be illust rated in the exam ple that  follows. A
VALUE OBJECT can be created in answer to a query, handed off, and forgot ten—unlike an ENTI TY,
whose life cycle is carefully regulated.

VALUE OBJECTS are im m utable, which im plies that , apart  from  init ializers called only during creat ion,
all their  operat ions are funct ions. VALUE OBJECTS,  like funct ions, are safer to use and easier to test .
An operat ion that  m ixes logic or calculat ions with state change should be refactored into two
separate operat ions (Fowler 1999, p. 279) . But  by definit ion, this segregat ion of side effects into
sim ple com m and m ethods only applies to ENTI TI ES.  After  com plet ing the refactor ing to separate
m odificat ion from  querying, consider a second refactor ing to m ove the responsibilit y for the
com plex calculat ions into a VALUE OBJECT.  The side effect  often can be com pletely elim inated by
deriving a VALUE OBJECT instead of changing exist ing state, or by m oving the ent ire responsibilit y



into a VALUE OBJECT.

Therefore:

Place as m u ch  o f  t h e log ic o f  t h e p r og r am  as p ossib le in t o  f u n ct ion s, op er at ion s t h at

r et u r n  r esu l t s w i t h  n o  ob ser v ab le sid e ef f ect s. St r i ct l y  seg r eg at e com m an d s ( m et h od s

t h at  r esu l t  in  m od i f i cat ion s t o  ob ser v ab le st a t e)  in t o  v er y  sim p le op er at ion s t h at  d o  n o t

r et u r n  d om ain  in f o r m at ion . Fu r t h er  con t r o l  sid e ef f ect s b y  m ov in g  com p lex  log ic in t o

VALUE OBJECTS w h en  a con cep t  f i t t in g  t h e r esp on sib i l i t y  p r esen t s i t se l f .

SI DE-EFFECT-FREE FUNCTI ONS,  especially in im m utable VALUE OBJECTS,  allow safe com binat ion of
operat ions. When a FUNCTI ON is presented through an I NTENTI ON-REVEALI NG I NTERFACE,  a developer
can use it  without  understanding the detail of it s im plem entat ion.

Example

Refactoring the Paint-Mixing Application Again

A program  for paint  stores can show a custom er the result  of m ixing standard paints. Picking up
where we left  off in the last  exam ple, here is the single dom ain class.

Fig u r e 1 0 .4 .

public void mixIn(Paint other) {
   volume = volume.plus(other.getVolume());
   // Many lines of complicated color-mixing logic
   // ending with the assignment of new red, blue,
   // and yellow values.
}

Fig u r e 1 0 .5 . Th e sid e ef f ect s o f  t h e mixIn() m et h od



A lot  is happening in the mixIn() m ethod, but  this design does follow the rule of separat ing

m odificat ion from  querying. One concern, which we'll take up later, is that  the volum e of the paint
2 object , the argum ent  of the mixIn() m ethod, has been left  in lim bo. Paint  2's volum e is

unchanged by the operat ion, which doesn't  seem  quite logical in the context  of this conceptual
m odel. This was not  a problem  for the or iginal developers because, as near as we can tell,  they
had no interest  in the paint  2 object  after the operat ion, but  it  is hard to ant icipate the
consequences of side effects or their  absence. We'll return to this quest ion soon in the discussion
of ASSERTI ONS.  For now, let 's look at  color.

Color is an im portant  concept  in this dom ain. Let 's t ry the experim ent  of m aking it  an explicit
object . What  should it  be called? "Color"  com es to m ind first , but  earlier knowledge crunching had
already yielded the im portant  insight  that  color m ixing is different  for paint  than it  is for the m ore
fam iliar RGB light  display. The nam e needs to reflect  this.

Fig u r e 1 0 .6 .

Factoring out  Pig m en t  Co lo r  does com m unicate m ore than the earlier version, but  the
com putat ion is the sam e, st ill in the mixIn() m ethod. When we m oved out  the color data, we

should have taken related behavior with it .  Before we do, note that  Pig m en t  Co lo r  is a VALUE

OBJECT.  Therefore, it  should be t reated as im m utable. When we m ixed paint , the Pain t  object  itself
was changed. I t  was an ENTI TY with an ongoing life story. I n cont rast , a Pig m en t  Co lo r

represent ing a part icular shade of yellow is always exact ly that . I nstead, m ixing will result  in a new
Pig m en t  Co lo r  object  represent ing the new color.



Fig u r e 1 0 .7 .

public class PigmentColor {

   public PigmentColor mixedWith(PigmentColor other,
                                       double ratio) {
      // Many lines of complicated color-mixing logic
      // ending with the creation of a new PigmentColor object
      // with appropriate new red, blue, and yellow values.
   }
}

public class Paint {

   public void mixIn(Paint other) {
      volume = volume + other.getVolume();
      double ratio = other.getVolume() / volume;
      pigmentColor =
         pigmentColor.mixedWith(other.pigmentColor(), ratio);
   }
}

Fig u r e 1 0 .8 .



Now the m odificat ion code in Pain t  is as sim ple as possible. The new Pig m en t  Co lo r  class
captures knowledge and com m unicates it  explicit ly, and it  provides a SI DE-EFFECT-FREE FUNCTI ON

whose result  is easy to understand, easy to test ,  and safe to use or com bine with other operat ions.
Because it  is so safe, the com plex logic of color m ixing is t ruly encapsulated. Developers using this
class don't  have to understand the im plem entat ion.

  

[  Team  LiB ]  
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Assertions

Separat ing com plex com putat ions into SI DE-EFFECT-FREE FUNCTI ONS cuts the problem  down to size,
but  there is st ill a residue of com m ands on the ENTI TI ES that  produce side effects, and anyone
using them  m ust  understand their  consequences. ASSERTI ONS m ake side effects explicit  and easier
to deal with.

  

True, a com m and containing no com plex com putat ions m ay be fair ly easy to interpret  by
inspect ion. But  in a design where larger parts are built  of sm aller ones, a com m and m ay invoke
other com m ands. The developer using the high- level com m and m ust  understand the
consequences of each underlying com m and. So m uch for encapsulat ion. And because object
interfaces do not  rest r ict  side effects, two subclasses that  im plem ent  the sam e interface can have
different  side effects. The developer using them  will want  to know which is which to ant icipate the
consequences. So m uch for abst ract ion and polym orphism .

W h en  t h e sid e ef f ect s o f  op er at ion s ar e on ly  d ef in ed  im p l ici t l y  b y  t h ei r  im p lem en t at ion ,

d esig n s w i t h  a  lo t  o f  d e leg at ion  b ecom e a t an g le o f  cau se an d  ef f ect . Th e on ly  w ay  t o

u n d er st an d  a p r og r am  is t o  t r ace ex ecu t ion  t h r ou g h  b r an ch in g  p at h s. Th e v a lu e o f

en cap su la t ion  is lost . Th e n ecessi t y  o f  t r acin g  con cr et e ex ecu t ion  d ef eat s ab st r act ion .

We need a way of understanding the m eaning of a design elem ent  and the consequences of
execut ing an operat ion without  delving into its internals. I NTENTI ON-REVEALI NG I NTERFACES carry us
part  of the way there, but  inform al suggest ions of intent ions are not  always enough. The "design
by cont ract "  school goes the next  step, m aking "assert ions" about  classes and m ethods that  the
developer guarantees will be t rue. This style is discussed in detail in Meyer 1988. Briefly, "post -
condit ions" describe the side effects of an operat ion, the guaranteed outcom e of calling a m ethod.
"Precondit ions" are like the fine pr int  on the cont ract , the condit ions that  m ust  be sat isfied in order
for the post -condit ion guarantee to hold. Class invariants m ake assert ions about  the state of an
object  at  the end of any operat ion. I nvariants can also be declared for ent ire AGGREGATES,
r igorously defining integrity rules.

All these assert ions describe state, not  procedures, so they are easier to analyze. Class invariants
help character ize the m eaning of a class, and sim plify the client  developer 's job by m aking the
objects m ore predictable. I f you t rust  the guarantee of a post -condit ion, you don't  have to worry
about  how a m ethod works. The effects of delegat ions should already be incorporated into the
assert ions.

Therefore:

St at e p ost - con d i t ion s o f  op er at ion s an d  in v ar ian t s o f  classes an d  AGGREGATES. I f

ASSERTI ONS can n o t  b e cod ed  d i r ect l y  in  y ou r  p r og r am m in g  lan g u ag e, w r i t e  au t om at ed

u n i t  t est s f o r  t h em . W r i t e  t h em  in t o  d ocu m en t at ion  o r  d iag r am s w h er e i t  f i t s t h e st y le

o f  t h e p r o j ect ' s d ev elop m en t  p r ocess.

Seek  m od els w i t h  coh er en t  set s o f  con cep t s, w h ich  lead  a d ev elop er  t o  in f er  t h e

in t en d ed  ASSERTI ONS, acceler at in g  t h e lear n in g  cu r v e an d  r ed u cin g  t h e r i sk  o f

con t r ad ict o r y  cod e.

Even though m any object -or iented languages don't  current ly support  ASSERTI ONS direct ly,
ASSERTI ONS are st ill a powerful way of thinking about  a design. Autom ated unit  tests can part ially



com pensate for the lack of language support . Because ASSERTI ONS are all in term s of states, rather
than procedures, they m ake tests easy to write. The test  setup puts the precondit ions in place;
then, after execut ion, the test  checks to see if the post -condit ions hold.

Clearly stated invariants and pre-  and post -condit ions allow a developer to understand the
consequences of using an operat ion or object . Theoret ically, any noncont radictory set  of assert ions
would work. But  hum ans don't  just  com pile predicates in their  heads. They will be ext rapolat ing
and interpolat ing the concepts of the m odel, so it  is im portant  to find m odels that  m ake sense to
people as well as sat isfying the needs of the applicat ion.

Example

Back to Paint Mixing

Recall that  in the previous exam ple I  was concerned about  the am biguity of what  happens to the
argum ent  of the mixIn(Paint) operat ion on the Pain t  class.

Fig u r e 1 0 .9 .

The receiver 's volum e is increased by the am ount  of the argum ent 's volum e. Drawing on our
general understanding of physical paint , this m ixing process should deplete the other paint  by the
sam e am ount , draining it  to zero volum e, or elim inat ing it  com pletely. The current  im plem entat ion
does not  m odify the argum ent , and m odifying argum ents is a part icular ly r isky kind of side effect
anyway.

To start  on a solid foot ing, let 's state the post -condit ion of the mixIn() m ethod as it  is:

After p1.mixIn(p2):

p1.volume is increased by am ount  of p2.volume.

p2.volume is unchanged.

The t rouble is, developers are going to m ake m istakes, because these propert ies don't  fit  the
concepts we have invited them  to think about . The st raight forward fix would be change the volum e
of the other paint  to zero. Changing an argum ent  is a bad pract ice, but  it  would be easy and
intuit ive. We could state an invariant :

Total volum e of paint  is unchanged by m ixing.

But  wait !  While developers were pondering this opt ion, they m ade a discovery. I t  turns out  that
there was a com pelling reason the or iginal designers m ade it  this way. At  the end, the program



reports the list  of unm ixed paints that  were added.  After all,  the ult im ate purpose of this
applicat ion is to help a user figure out  which paints to put  into a m ixture.

So, to m ake the volum e m odel logically consistent  would m ake it  unsuitable for its applicat ion
requirem ents. There seem s to be a dilem m a. Are we stuck with docum ent ing the weird post -
condit ion and t rying to com pensate with good com m unicat ion? Not  everything in this world is
intuit ive, and som et im es that  is the best  answer. But  in this case, the awkwardness seem s to point
to m issing concepts. Let 's look for a new m odel.

We Can See Clearly Now

As we search for a bet ter m odel, we have significant  advantages over the or iginal designers,
because of the knowledge crunching and refactor ing to deeper insight  that  has happened in the
inter im . For exam ple, we com pute color using a SI DE-EFFECT-FREE FUNCTI ON on a VALUE OBJECT.  This
m eans we can repeat  the calculat ion any t im e we need to. We should take advantage of that .

We seem  to be giving Pain t  two different  basic responsibilit ies. Let 's t ry split t ing them .

Now there is only one com m and, mixIn().  I t  j ust  adds an object  to a collect ion, an effect  apparent

from  an intuit ive understanding of the m odel. All other operat ions are SI DE-EFFECT-FREE FUNCTI ONS.

A test  m ethod confirm ing one of the ASSERTI ONS listed in Figure 10.10 could look som ething like
this (using the JUnit  test  fram ework) :

public void testMixingVolume {
   PigmentColor yellow = new PigmentColor(0, 50, 0);
   PigmentColor blue = new PigmentColor(0, 0, 50);

   StockPaint paint1 = new StockPaint(1.0, yellow);
   StockPaint paint2 = new StockPaint(1.5, blue);
   MixedPaint mix = new MixedPaint();

   mix.mixIn(paint1);
   mix.mixIn(paint2);
   assertEquals(2.5, mix.getVolume(), 0.01);
}

Fig u r e 1 0 .1 0 .



This m odel captures and com m unicates m ore of the dom ain. The invariants and post -condit ions
m ake com m on sense, which will m ake them  easier to m aintain and use.

  

The com m unicat iveness of the I NTENTI ON-REVEALI NG I NTERFACES,  com bined with the predictabilit y
given by SI DE-EFFECT-FREE FUNCTI ONS and ASSERTI ONS,  should m ake encapsulat ion and abst ract ion
safe.

The next  ingredient  in recom binable elem ents is effect ive decom posit ion. . .  .

[  Team  LiB ]  
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Conceptual Contours

Som et im es people chop funct ionality fine to allow flexible com binat ion. Som et im es they lum p it
large to encapsulate com plexity. Som et im es they seek a consistent  granular ity, m aking all classes
and operat ions to a sim ilar scale. These are oversim plificat ions that  don't  work well as general
rules. But  they are m ot ivated by a basic set  of problem s.

W h en  elem en t s o f  a  m od el  o r  d esig n  ar e em b ed d ed  in  a  m on o l i t h ic con st r u ct , t h e i r

f u n ct ion al i t y  g et s d u p l i cat ed . Th e ex t er n a l  in t er f ace d oesn ' t  say  ev er y t h in g  a cl ien t

m ig h t  car e ab ou t . Th ei r  m ean in g  is h ar d  t o  u n d er st an d , b ecau se d i f f er en t  con cep t s ar e

m ix ed  t og et h er .

On  t h e o t h er  h an d , b r eak in g  d ow n  classes an d  m et h od s can  p o in t lessly  com p l icat e t h e

cl ien t , f o r cin g  cl ien t  ob j ect s t o  u n d er st an d  h ow  t in y  p ieces f i t  t og et h er . W or se, a

con cep t  can  b e lost  com p let e ly . Hal f  o f  a  u r an iu m  at om  is n o t  u r an iu m . An d  o f  cou r se, i t

i sn ' t  j u st  g r a in  size t h at  cou n t s, b u t  j u st  w h er e t h e g r a in  r u n s.

Cookbook rules don't  work. But  there is a logical consistency deep in m ost  dom ains, or else they
would not  be viable in their  own sphere. This is not  to say that  dom ains are perfect ly consistent ,
and certainly the ways people talk about  them  are not  consistent . But  there is rhym e and reason
som ewhere, or else m odeling would be point less. Because of this underlying consistency, when we
find a m odel that  resonates with som e part  of the dom ain, it  is m ore likely to be consistent  with
other parts that  we discover later. Som et im es the new discovery isn't  easy for the m odel to adapt
to, in which case we refactor to deeper insight , and hope to conform  to the next  discovery.

This is one reason why repeated refactor ing eventually leads to suppleness. The CONCEPTUAL

CONTOURS em erge as the code is adapted to newly understood concepts or requirem ents.

The twin fundam entals of high cohesion and low coupling play a role in design at  all scales, from
individual m ethods up through classes and MODULES to large-scale st ructures (see Chapter 16) .
These two principles apply to concepts as m uch as to code. To avoid slipping into a m echanist ic
view of them , tem per your technical thinking by frequent ly touching base with your intuit ion for
the dom ain. With each decision, ask yourself, " I s this an expedient  based on a part icular set  of
relat ionships in the current  m odel and code, or does it  echo som e contour of the underlying
dom ain?"

Find the conceptually m eaningful unit  of funct ionality, and the result ing design will be both flexible
and understandable. For exam ple, if an "addit ion" of two objects has a coherent  m eaning in the
dom ain, then im plem ent  m ethods at  that  level. Don't  break the add() into two steps. Don't

proceed to the next  step within the sam e operat ion. On a slight ly larger scale, each object  should
be a single com plete concept , a "WHOLE VALUE." [ 1]

[ 1]  The WHOLE VALUE pat tern, by Ward Cunningham .

By the sam e token, there are areas in any dom ain where detail isn't  interest ing to the kind of
people the software serves. The users of our hypothet ical paint  m ixing applicat ion don't  add red
pigm ent  or blue pigm ent ;  they com bine com plete paints, which contain all three pigm ents.
Clum ping things that  don't  need to be dissected or rearranged avoids clut ter and m akes it  easier
to see the elem ents that  really are m eant  to recom bine. I f our users' physical equipm ent  allowed
individual pigm ents to be added, the dom ain would be altered, and the individual pigm ents m ight
be m anipulated. A paint  chem ist  would need st ill f iner cont rol, which would involve a whole other
analysis, probably producing a m uch m ore detailed m odel of the m akeup of paint  than our
abst racted pigm ent  color that  serves paint  m ixing. But  it  is sim ply irrelevant  to anyone involved in



the paint  m ixing applicat ion project .

Therefore:

Decom p ose d esig n  e lem en t s ( op er at ion s, in t er f aces, classes, an d  AGGREGATES)  in t o

coh esiv e u n i t s, t ak in g  in t o  con sid er at ion  y ou r  in t u i t ion  o f  t h e im p or t an t  d iv ision s in  t h e

d om ain . Ob ser v e t h e ax es o f  ch an g e an d  st ab i l i t y  t h r ou g h  su ccessiv e r ef act o r in g s an d

look  f o r  t h e u n d er ly in g  CONCEPTUAL CONTOURS t h at  ex p la in  t h ese sh ear in g  p at t er n s. A l ig n

t h e m od el  w i t h  t h e con sist en t  asp ect s o f  t h e d om ain  t h at  m ak e i t  a  v iab le ar ea o f

k n ow led g e in  t h e f i r st  p lace.

The goal is a sim ple set  of interfaces that  com bine logically to m ake sensible statem ents in the
UBI QUI TOUS LANGUAGE,  and without  the dist ract ion and m aintenance burden of irrelevant  opt ions.
This is typically an outcom e of refactor ing:  it 's hard to produce up front . But  it  m ay never em erge
from  technically or iented refactor ing;  it  em erges from  refactor ing toward deeper insight .

Even when the design follows CONCEPTUAL CONTOURS,  there will need to be m odificat ions and
refactor ing. When successive refactor ing tends to be localized, not  shaking m ult iple broad concepts
of the m odel, it  is an indicator of m odel fit .  Encountering a requirem ent  that  forces extensive
changes in the breakdown of the objects and m ethods is a m essage:  Our understanding of the
dom ain needs refinem ent . I t  presents an opportunity to deepen the m odel and m ake the design
m ore supple.

Example

The CONTOURS of Accruals

I n Chapter 9, a loan t racking system  was refactored based on deeper insight  into account ing
concepts:

Fig u r e 1 0 .1 1 .



The new m odel contained only one m ore object  than the old one, yet  the part it ioning of
responsibilit y had been great ly changed.

Schedules, which had been worked out  through case logic in the Calcu la t o r  classes, were
exploded into discrete classes for different  types of fees and interest . On the other hand,
paym ents of fees and interest , previously kept  separate, were lum ped together.

Because of the resonance of the newly explicit  concepts and the cohesiveness of the Accr u al

Sch ed u le  hierarchy, the developer believed that  this m odel bet ter follows som e of the dom ain's
CONCEPTUAL CONTOURS.

Fig u r e 1 0 .1 2 . Th is m od el  accom m od at es ad d in g  n ew  k in d s o f  Accr u a l
Sch ed u les.



The one change the developer could confident ly predict  was the addit ion of new Accr u al

Sch ed u les .  Those requirem ents were already wait ing in the wings. So in addit ion to m aking
exist ing funct ionality clearer and sim pler, she chose a m odel that  would m ake it  easy to int roduce
new schedules. But  had she found a CONCEPTUAL CONTOUR that  will help the dom ain design change
and grow as the applicat ion and the business evolve? There can be no guarantees about  how a
design will handle unant icipated change, but  she thought  it  had im proved the odds.

An Unanticipated Change

As the project  proceeded, a requirem ent  em erged for detailed rules for handling early and late
paym ents. As she studied the problem , the developer was pleased to see that  vir tually the sam e
rules applied to paym ents on interest  and to paym ents on fees. This m eant  that  the new m odel
elem ents would connect  naturally to the single Pay m en t  class.

Fig u r e 1 0 .1 3 .



The old design would have forced duplicat ion between the two Pay m en t  H ist o r y  classes. (This
difficulty m ight  have t r iggered an insight  that  the Pay m en t  class should be shared, leading by
another path to a sim ilar m odel.)  This ease of extension did not  com e because she ant icipated the
change. Nor did it  com e because she m ade a design so versat ile it  could accom m odate any
conceivable change. I t  happened because in the previous refactor ing, the design was aligned with
underlying concepts of the dom ain.

  

INTENTI ON-REVEALI NG I NTERFACES allow clients to present  objects as units of m eaning rather than
just  m echanism s. SI DE-EFFECT-FREE FUNCTI ONS and ASSERTI ONS m ake it  safe to use those units and
m ake com plex com binat ions. The em ergence of CONCEPTUAL CONTOURS stabilizes parts of the m odel
and also m akes the units m ore intuit ive to use and com bine.

We can st ill run into conceptual overload when interdependencies force us to think about  too m any
of these things at  a t im e. . .  .

[  Team  LiB ]  
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Standalone Classes

I nterdependencies m ake m odels and designs hard to understand. They also m ake them  hard to
test  and m aintain. And interdependencies pile up easily.

Every associat ion is, of course, a dependency, and understanding a class requires understanding
what  it  is at tached to. Those at tached things will be at tached to st ill m ore things, and they have to
be understood too. The type of every argum ent  of every m ethod is also a dependency. So is every
return value.

With one dependency, you have to think about  two classes at  the sam e t im e, and the nature of
their  relat ionship. With two dependencies, you have to think about  each of the three classes, the
nature of the class's relat ionship to each of them , and any relat ionship they m ight  have to each
other. I f they in turn have dependencies, you have to be wary of those also. With three
dependencies . .  .  it  snowballs.

Both MODULES and AGGREGATES are aim ed at  lim it ing the web of interdependencies. When a highly
cohesive subdom ain is carved out  into a MODULE,  a set  of objects are decoupled from  the rest  of
the system , so there are a finite num ber of interrelated concepts. But  even a MODULE can be a lot
to think about  without  an alm ost  fanat ical com m itm ent  to cont rolling dependencies within it .

Ev en  w i t h in  a  MODULE, t h e d i f f i cu l t y  o f  in t er p r et in g  a d esig n  in cr eases w i ld ly  as

d ep en d en cies ar e ad d ed . Th is ad d s t o  m en t a l  ov er load , l im i t in g  t h e d esig n  com p lex i t y  a

d ev elop er  can  h an d le. I m p l ici t  con cep t s con t r ib u t e t o  t h is load  ev en  m or e t h an  ex p l i ci t

r e f er en ces.

Refined m odels are dist illed unt il every rem aining connect ion between concepts represents
som ething fundam ental to the m eaning of those concepts. I n an im portant  subset , the num ber of
dependencies can be reduced to zero, result ing in a class that  can be fully understood all by itself,
along with a few prim it ives and basic library concepts.

I n every program m ing environm ent , a few basics are so pervasive that  they are always in m ind.
For exam ple, in Java developm ent , pr im it ives and a few standard librar ies provide basics like
num bers, st r ings, and collect ions. Pract ically speaking, " integers"  don't  add to the intellectual load.
Beyond that , every addit ional concept  that  has to be held in m ind in order to understand an object
cont r ibutes to m ental overload.

I m plicit  concepts, recognized or unrecognized, count  just  as m uch as explicit  references. Although
we can generally ignore dependencies on pr im it ive values such as integers and st r ings, we can't
ignore what  they represent .  For exam ple, in the first  paint  m ixing exam ples, the Pain t  object  held
three public integers represent ing red, yellow, and blue color values. The creat ion of the Pig m en t

Co lo r  object  did not  increase the num ber of concepts involved or the dependencies. I t  did m ake
the ones that  were already there m ore explicit  and easier to understand. On the other hand, the
Co l lect ion  size() operat ion returns an int that  is sim ply a count , the basic m eaning of an

integer, so no new concept  is im plied.

Every dependency is suspect  unt il proven basic to the concept  behind the object . This scrut iny
starts with the factor ing of the m odel concepts them selves. Then it  requires at tent ion to each
individual associat ion and operat ion. Model and design choices can chip away at
dependencies—often to zero.

Low  cou p l in g  is f u n d am en t a l  t o  ob j ect  d esig n . W h en  y ou  can , g o  a l l  t h e w ay . El im in at e

al l  o t h er  con cep t s f r om  t h e p ict u r e. Th en  t h e class w i l l  b e com p let e ly  se l f - con t a in ed



an d  can  b e st u d ied  an d  u n d er st ood  a lon e. Ev er y  su ch  sel f - con t a in ed  class sig n i f i can t ly

eases t h e b u r d en  o f  u n d er st an d in g  a MODULE.

Dependencies on other classes within the sam e m odule are less harm ful than those outside.
Likewise, when two objects are naturally t ight ly coupled, m ult iple operat ions involving the sam e
pair can actually clar ify the nature of the relat ionship. The goal is not  to elim inate all
dependencies, but  to elim inate all nonessent ial ones. I f every dependency can't  be elim inated,
each one that  is rem oved frees the developer to concent rate on the rem aining conceptual
dependencies.

Try to factor the m ost  int r icate com putat ions into STANDALONE CLASSES,  perhaps by m odeling VALUE

OBJECTS held by the m ore connected classes.

The concept  of paint  is fundam entally related to the concept  of color. But  color, even of pigm ent ,
can be considered without  paint . By m aking these two concepts explicit  and dist illing the
relat ionship, the rem aining one-way associat ion says som ething im portant , and the Pig m en t

Co lo r  class, where m ost  of the com putat ional com plexity lies, can be studied and tested alone.

  

Low coupling is a basic way to reduce conceptual overload. A STANDALONE CLASS is an ext rem e of
low coupling.

Elim inat ing dependencies should not  m ean dum bing down the m odel by arbit rar ily reducing
everything to pr im it ives. The final pat tern of this chapter, CLOSURE OF OPERATI ONS,  is an exam ple of
a technique for reducing dependency while keeping a r ich interface. . .  .
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Closure of Operations

I f we take two real num bers and m ult iply them  together, we get  another real num ber. [ The
real num bers are all the rat ional num bers and all the irrat ional num bers.]  Because this is
always t rue, we say that  the real num bers are "closed under the operat ion of m ult iplicat ion":
there is no way to escape the set . When you com bine any two elem ents of the set , the result
is also included in the set .

—The Math Forum , Drexel University

Of course, there will be dependencies, and that  isn't  a bad thing when the dependency is
fundam ental to the concept . St r ipping interfaces down to deal with nothing but  pr im it ives can
im poverish them . But  a lot  of unnecessary dependencies, and even ent ire concepts, get  int roduced
at  interfaces.

Most  in t er est in g  ob j ect s en d  u p  d o in g  t h in g s t h at  can ' t  b e ch ar act er ized  b y  p r im i t i v es

a lon e.

Another com m on pract ice in refined designs is what  I  call "CLOSURE OF OPERATI ONS."  The nam e
com es from  that  m ost  refined of conceptual system s, m athem at ics. 1 +  1 =  2. The addit ion
operat ion is closed under the set  of real num bers. Mathem at icians are fanat ical about  not
int roducing ext raneous concepts, and the property of closure provides them  a way of defining an
operat ion without  involving any other concepts. We are so accustom ed to the refinem ent  of
m athem at ics that  it  can be hard to grasp how powerful it s lit t le t r icks are. But  this one is used
extensively in software designs as well.  The basic use of XSLT is to t ransform  one XML docum ent
into another XML docum ent . This sort  of XSLT operat ion is closed under the set  of XML docum ents.
The property of closure t rem endously sim plifies the interpretat ion of an operat ion, and it  is easy to
think about  chaining together or com bining closed operat ions.

Therefore:

W h er e i t  f i t s, d ef in e an  op er at ion  w h ose r et u r n  t y p e is t h e sam e as t h e t y p e o f  i t s

ar g u m en t ( s) . I f  t h e im p lem en t er  h as st a t e t h at  i s u sed  in  t h e com p u t at ion , t h en  t h e

im p lem en t er  i s ef f ect i v e ly  an  ar g u m en t  o f  t h e op er at ion , so  t h e ar g u m en t ( s)  an d  r et u r n

v a lu e sh ou ld  b e o f  t h e sam e t y p e as t h e im p lem en t er . Su ch  an  op er at ion  is closed

u n d er  t h e set  o f  in st an ces o f  t h at  t y p e. A closed  op er at ion  p r ov id es a h ig h - lev el

in t er f ace w i t h ou t  in t r od u cin g  an y  d ep en d en cy  on  o t h er  con cep t s.

This pat tern is m ost  often applied to the operat ions of a VALUE OBJECT.  Because the life cycle of an
ENTI TY has significance in the dom ain, you can't  just  conjure up a new one to answer a quest ion.
There are operat ions that  are closed under an ENTI TY type. You could ask an Em p loy ee  object  for
its supervisor and get  back another Em p loy ee .  But  in general, ENTI TI ES are not  the sort  of
concepts that  are likely to be the result  of a com putat ion. So, for the m ost  part , this is an
opportunity to look for in the VALUE OBJECTS.

An operat ion can be closed under an abst ract  type, in which case specific argum ents can be of
different  concrete classes. After all,  addit ion is closed under real num bers, which can be either
rat ional or irrat ional.

As you're experim ent ing, looking for ways to reduce interdependence and increase cohesion, you
som et im es get  halfway to this pat tern. The argum ent  m atches the im plem enter, but  the return
type is different , or the return type m atches the receiver and the argum ent  is different . These
operat ions are not  closed, but  they do give som e of the advantages of CLOSURE.  When the ext ra



type is a pr im it ive or basic library class, it  frees the m ind alm ost  as m uch as CLOSURE.

I n the earlier exam ple, the Pig m en t  Co lo r  mixedWith() operat ion was closed under Pig m en t

Co lo r s ,  and there are several other exam ples scat tered through the book. Here's an exam ple that
shows how useful this idea can be, even when t rue CLOSURE isn't  reached.

Example

Selecting from Collections

I n Java, if you want  to select  a subset  of elem ents from  a Co l lect ion ,  you request  an I t er a t o r .
Then you iterate through the elem ents, test ing each one, probably accum ulat ing the m atches into
a new Co l lect ion .

Set employees = (some Set of Employee objects);
Set lowPaidEmployees = new HashSet();
Iterator it = employees.iterator();
while (it.hasNext()) {
   Employee anEmployee = it.next();
   if (anEmployee.salary() < 40000)
lowPaidEmployees.add(anEmployee);
}

Conceptually, I 've selected a subset  of a set . What  do I  need with this ext ra concept , I t er a t o r ,

and all it s m echanical com plexity? I n Sm alltalk, I  would call the "select "  operat ion on the
Co l lect ion ,  passing in the test  as an argum ent . The return would be a new Co l lect ion  containing
just  the elem ents that  passed the test .

employees := (some Set of Employee objects).
lowPaidEmployees := employees select:
         [:anEmployee | anEmployee salary < 40000].

The Sm alltalk Co l lect ion s  provide other such FUNCTI ONS that  return derived Co l lect ion s ,  which
can be of several concrete classes. The operat ions are not  closed, because they take a "block" as
an argum ent . But  blocks are a basic library type in Sm alltalk, so they don't  add to the developer 's
m ental load. Because the return value m atches the im plem enter, they can be st rung together, like
a series of filters. They are easy to write and easy to read. They do not  int roduce ext raneous
concepts that  are irrelevant  to the problem  of select ing subsets.

  

The pat terns presented in this chapter illust rate a general style of design and a way of thinking
about  design. Making software obvious, predictable, and com m unicat ive m akes abst ract ion and
encapsulat ion effect ive. Models can be factored so that  objects are sim ple to use and understand
yet  st ill have r ich, high- level interfaces.

These techniques require fair ly advanced design skills to apply and som et im es even to write a
client . The usefulness of a MODEL-DRI VEN DESI GN is sensit ive to the quality of the detailed design
and im plem entat ion decisions, and it  only takes a few confused developers to derail a project  from
the goal.

That  said, for the team  willing to cult ivate its m odeling and design skills, these pat terns and the
way of thinking they reflect  yield software that  developers can work and rework to create com plex



software.
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Declarative Design

ASSERTI ONS can lead to m uch bet ter designs, even with our relat ively inform al way of test ing
them . But  there can be no real guarantees in handwrit ten software. To nam e just  one way of
evading ASSERTI ONS,  code could have addit ional side effects that  were not  specifically excluded. No
m at ter how MODEL-DRI VEN our design is, we st ill end up writ ing procedures to produce the effect  of
the conceptual interact ions. And we spend so m uch of our t im e writ ing boilerplate code that
doesn't  really add any m eaning or behavior. This is tedious and fraught  with error, and the bulk of
it  obscures the m eaning of our m odel. (Som e languages are bet ter than others, but  all require us
to do a lot  of grunt  work.)  I NTENTI ON-REVEALI NG I NTERFACES and the other pat terns in this chapter
help, but  they can never give convent ional object -or iented program s form al r igor.

These are som e of the m ot ivat ions behind declarat ive design .  This term  m eans m any things to
m any people, but  usually it  indicates a way to write a program , or som e part  of a program , as a
kind of executable specificat ion. A very precise descript ion of propert ies actually cont rols the
software. I n its various form s, this could be done through a reflect ion m echanism  or at  com pile
t im e through code generat ion (producing convent ional code autom at ically, based on the
declarat ion) . This approach allows another developer to take the declarat ion at  face value. I t  is an
absolute guarantee.

Generat ing a running program  from  a declarat ion of m odel propert ies is a kind of Holy Grail of
MODEL-DRI VEN DESI GN,  but  it  does have its pit falls in pract ice. For exam ple, here are just  two
part icular problem s I 've encountered m ore than once.

A declarat ion language not  expressive enough to do everything needed, but  a fram ework
that  m akes it  very difficult  to extend the software beyond the autom ated port ion

Code-generat ion techniques that  cr ipple the iterat ive cycle by m erging generated code into
handwrit ten code in a way that  m akes regenerat ion very dest ruct ive

The unintended consequence of m any at tem pts at  declarat ive design is the dum bing-down of the
m odel and applicat ion, as developers, t rapped by the lim itat ions of the fram ework, enact  design
t r iage in order to get  som ething delivered.

Rule-based program m ing with an inference engine and a rule base is another prom ising approach
to declarat ive design. Unfortunately, subt le issues can underm ine this intent ion.

Although a rules-based program  is declarat ive in pr inciple, m ost  system s have "cont rol predicates"
that  were added to allow perform ance tuning. This cont rol code int roduces side effects, so that  the
behavior is no longer dictated com pletely by the declared rules. Adding, rem oving, or reordering
the rules can cause unexpected, incorrect  results. Therefore, a logic program m er has to be careful
to keep the effect  of code obvious, just  as an object  program m er does.

Many declarat ive approaches can be corrupted if the developers bypass them  intent ionally or
unintent ionally. This is likely when the system  is difficult  to use or overly rest r ict ive. Everyone has
to follow the rules of the fram ework in order to get  the benefits of a declarat ive program .

The greatest  value I 've seen delivered has been when a narrowly scoped fram ework autom ates a
part icular ly tedious and error-prone aspect  of the design, such as persistence and object - relat ional
m apping. The best  of these unburden developers of drudge work while leaving them  com plete
freedom  to design.



Domain-Specific Languages

An interest ing approach that  is som et im es declarat ive is the dom ain-specific language.  I n this
style, client  code is writ ten in a program m ing language tailored to a part icular m odel of a
part icular dom ain. For exam ple, a language for shipping system s m ight  include term s such as
cargo and route,  along with syntax for associat ing them . The program  is then com piled, often into
a convent ional object -or iented language, where a library of classes provides im plem entat ions for
the term s in the language.

I n such a language, program s can be ext rem ely expressive, and m ake the st rongest  connect ion
with the UBI QUI TOUS LANGUAGE.  This is an excit ing concept , but  dom ain-specific languages also
have their  drawbacks in the approaches I 've seen based on object -or iented technology.

To refine the m odel, a developer needs to be able to m odify the language. This m ay involve
m odifying gram m ar declarat ions and other language- interpret ing features, as well as m odifying
underlying class librar ies. I 'm  all in favor of learning advanced technology and design concepts, but
we have to soberly assess the skills of a part icular team , as well as the likely skills of future
m aintenance team s. Also, there is value in the seam lessness of an applicat ion and a m odel
im plem ented in the sam e language. Another drawback is that  it  can be difficult  to refactor client
code to conform  to a revised m odel and its associated dom ain-specific language. Of course,
som eone m ay com e up with a technical fix for the refactor ing problem s.

From the Ground Up

A different  paradigm  m ight  handle dom ain-specific languages bet ter than objects. I n the
Schem e program m ing language, a representat ive of the " funct ional program m ing"
fam ily, som ething very sim ilar is part  of standard program m ing style, so that  the
expressiveness of a dom ain-specific language can be created without  bifurcat ing the
system .

This technique m ight  be m ost  useful for very m ature m odels, perhaps where client  code is being
writ ten by a different  team . Generally, such setups lead to the poisonous dist inct ion between
highly technical fram ework builders and technically unskilled applicat ion builders, but  it  doesn't
have to be that  way.

I n the schem e program m ing language, som ething very sim ilar is part  of standard program m ing
style, so that  the expressiveness of a dom ain-specific language can be created without  bifurcat ing
the system .
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A Declarative Style of Design

Once your design has I NTENTI ON-REVEALI NG I NTERFACES,  SI DE-EFFECT-FREE FUNCTI ONS,  and
ASSERTI ONS,  you are edging into declarat ive terr itory. Many of the benefits of declarat ive design
are obtained once you have com binable elem ents that  com m unicate their  m eaning, and have
character ized or obvious effects, or no observable effects at  all.

A supple design can m ake it  possible for the client  code to use a declarat ive style of design. To
illust rate, the next  sect ion will br ing together som e of the pat terns in this chapter to m ake the
SPECI FI CATI ON m ore supple and declarat ive.

Extending SPECIFICATIONS in a Declarative Style

Chapter 9 covered the basic concept  of SPECI FI CATI ON,  the roles it  can play in a program , and som e
sense of what  is involved in im plem entat ion. Now let 's take a look at  a few bells and whist les that
can be very useful in som e situat ions with com plicated rules.

SPECI FI CATI ON is an adaptat ion of an established form alism , the predicate. Predicates have other
useful propert ies that  we can draw on, select ively.

Combining SPECIFICATIONS Using Logical Operators

When using SPECI FI CATI ONS,  you quickly com e across situat ions in which you would like to com bine
them . As just  m ent ioned, a SPECI FI CATI ON is an exam ple of a predicate, and predicates can be
com bined and m odified with the operat ions "AND,"  "OR,"  and "NOT."  These logical operat ions are
closed under predicates, so SPECI FI CATI ON com binat ions will exhibit  CLOSURE OF OPERATI ONS.

As significant  generalized capabilit y is built  into SPECI FI CATI ONS,  it  becom es very useful to create an
abst ract  class or interface that  can be used for SPECI FI CATI ONS of all sorts. This m eans typing
argum ents as som e high- level abst ract  class.

public interface Specification {
   boolean isSatisfiedBy(Object candidate);
}

This abst ract ion calls for a guard clause at  the beginning of the m ethod, but  otherwise it  does not
affect  funct ionality. For exam ple, the Con t a in er  Sp eci f i cat ion  ( from  the exam ple in Chapter 9,
on page 236)  would be m odified this way:

public class ContainerSpecification implements Specification {
   private ContainerFeature requiredFeature;

   public ContainerSpecification(ContainerFeature required) {
      requiredFeature = required;
   }

   boolean isSatisfiedBy(Object candidate){
      if (!candidate instanceof Container) return false;



      return
(Container)aContainer.getFeatures().contains(requiredFeature);
   }
}

Now, let 's extend the Sp eci f i cat ion  interface by adding the three new operat ions:

public interface Specification {
   boolean isSatisfiedBy(Object candidate);

   Specification and(Specification other);
   Specification or(Specification other);
   Specification not();
}

Recall that  som e Con t a in er  Sp eci f i cat ion s  were configured to require vent ilated Con t a in er s  and
others to require arm ored Con t a in er s .  A chem ical that  is both volat ile and explosive would,
presum ably, need both of these SPECI FI CATI ONS.  Easily done, using the new m ethods.

Specification ventilated = new ContainerSpecification(VENTILATED);
Specification armored = new ContainerSpecification(ARMORED);

Specification both = ventilated.and(armored);

The declarat ion defines a new Sp eci f i cat ion  object  with the expected propert ies. This com binat ion
would have required a m ore com plicated Con t a in er  Sp eci f i cat ion ,  and would st ill have been
special purpose.

Suppose we had m ore than one kind of vent ilated Con t a in er .  I t  m ight  not  m at ter for som e item s
which kind they were packed into. They could be placed in either type.

Specification ventilatedType1 =
      new ContainerSpecification(VENTILATED_TYPE_1);
Specification ventilatedType2 =
      new ContainerSpecification(VENTILATED_TYPE_2);

Specification either = ventilatedType1.or(ventilatedType2);

I f it  was considered wasteful to store sand in specialized containers, we could prohibit  it  by
SPECI FYI NG a "cheap" container with no special features.

Specification cheap = (ventilated.not()).and(armored.not());

This const raint  would have prevented som e of the subopt im al behavior of the prototype
warehouse packer discussed in Chapter 9.

The abilit y to build com plex specificat ions out  of sim ple elem ents increases the expressiveness of
the code. The com binat ions are writ ten in a declarat ive style.

Depending on how SPECI FI CATI ONS are im plem ented, these operators m ay be easy or difficult  to
provide. What  follows is a very sim ple im plem entat ion, which would be inefficient  in som e
situat ions and quite pract ical in others. I t  is m eant  as an explanatory exam ple.  Like any pat tern,
there are m any ways to im plem ent  it .



public abstract class AbstractSpecification implements
      Specification {
   public Specification and(Specification other) {
      return new AndSpecification(this, other);
   }
   public Specification or(Specification other) {
      return new OrSpecification(this, other);
   }
   public Specification not() {
      return new NotSpecification(this);
   }
}

public class AndSpecification extends AbstractSpecification {
   Specification one;
   Specification other;
   public AndSpecification(Specification x, Specification y) {
      one = x;
      other = y;
   }
   public boolean isSatisfiedBy(Object candidate) {
      return one.isSatisfiedBy(candidate) &&
         other.isSatisfiedBy(candidate);
   }
}

public class OrSpecification extends AbstractSpecification {
   Specification one;
   Specification other;
   public OrSpecification(Specification x, Specification y) {
      one = x;
      other = y;
   }
   public boolean isSatisfiedBy(Object candidate) {
      return one.isSatisfiedBy(candidate) ||
         other.isSatisfiedBy(candidate);
   }
}

public class NotSpecification extends AbstractSpecification {
   Specification wrapped;

   public NotSpecification(Specification x) {
      wrapped = x;
   }
   public boolean isSatisfiedBy(Object candidate) {
      return !wrapped.isSatisfiedBy(candidate);
   }
}

Fig u r e 1 0 .1 4 . COMPOSI TE d esig n  o f  SPECI FI CATI ON



This code was writ ten to be as easy as possible to read in a book. As I  said, there m ay be
situat ions in which this is inefficient . However, other im plem entat ion opt ions are possible that
would m inim ize object  count  or boost  speed, or perhaps be com pat ible with idiosyncrat ic
technologies present  in som e project . The im portant  thing is a m odel that  captures the key
concepts of the dom ain, along with anim plem entat ion that  is faithful to that  m odel. That  leaves a
lot  of room  to solve perform ance problem s.

Also, this full generality is not  needed in m any cases. I n part icular, AND tends to be used a lot
m ore than the others, and it  also tends to create less im plem entat ion com plexity. Don't  be afraid
to im plem ent  only AND, if that  is all you need.

Way back in Chapter 2, in the exam ple dialog on page 30, the developers had apparent ly not
im plem ented the "sat isfied by" behavior of their  SPECI FI CATI ON.  Up to that  point , the SPECI FI CATI ON

had been used only for building to order. Even so, the abst ract ion was intact , and adding
funct ionality was relat ively easy. Using a pat tern doesn't  m ean building features you don't  need.
They can be added later, as long as the concepts don't  get  m uddled.

Example

One Alternative Implementation of COMPOSITE SPECIFICATION

Som e im plem entat ion environm ents don't  accom m odate very fine grained objects very well.  I
once worked on a project  with an object  database that  insisted on giving an object  I D to every
object  and then t racking it .  Each object  had lots of overhead in m em ory space and perform ance,
and total address space was a lim it ing factor. I  em ployed SPECI FI CATI ONS at  som e im portant  points
in the dom ain design, which I  think was a good decision. But  I  used a slight ly m ore elaborate
version of the im plem entat ion described in this chapter, which was definitely a m istake. I t  resulted
in m illions of very fine grained objects that  cont r ibuted to bogging the system  down.

Here is an exam ple of an alternat ive im plem entat ion that  encodes the com posite SPECI FI CATI ON as
a st r ing or array encoding the logical expression, to be interpreted at  runt im e.

(Don't  worry if you do not  see how you would im plem ent  this. The im portant  thing is to realize
that  there are m any ways of im plem ent ing a SPECI FI CATI ON with logical operators, and so if the
sim ple one is not  pract ical in your situat ion, you have opt ions.)



SPECI FI CATI ON St ack  Con t en t  f o r  " Ch eap  Con t a in er "

Top AndSpecificat ionOperator (FLY WEI GHT)

NotSpecificat ionOperator (FLY WEI GHT)

Arm ored

NotSpecificat ionOperator

Vent ilated

When you want  to test  a candidate, you have to interpret  this st ructure, which can be done by
popping off each elem ent , then evaluat ing it  or popping off the next  as required by an operator.
You would end up with this:

and(not(armored), not(ventilated))

This design has pros (+ )  and cons (– ) :

+  Low object  count

+  Efficient  use of m em ory

–  Requires m ore sophist icated developers

You have to find an im plem entat ion with t rade-offs that  work for your circum stances. The sam e
pat tern and m odel can underlie very different  im plem entat ions.

Subsumption

This final feature is not  usually needed and can be difficult  to im plem ent , but  every now and then
it  solves a really hard problem . I t  also elucidates the m eaning of a SPECI FI CATI ON.

Consider again the chem ical warehouse packer from  the exam ple on page 235. Recall that  each
Ch em ica l  had a Con t a in er  Sp eci f i cat ion , and the Pack er  SERVI CE guaranteed that  all these
would be sat isfied when Dr u m s  are assigned to Con t a in er s .  All is well. . .  unt il som eone changes
the regulat ions.

Every few m onths a new set  of rules is issued, and our users would like to be able to produce a list
of the chem ical types that  now have m ore st r ingent  requirem ents.

Of course, we could give a part ial answer (and one the users probably also want )  by running a
validat ion of each Dr u m  in the inventory, with the new SPECI FI CATI ONS in place, and finding all
those that  no longer m eet  the SPEC.  This would tell the users which Dr u m s in the exist ing
inventory they need to m ove.

But  what  they asked for  was a list  of chem icals whose handling has becom e m ore st r ingent .
Perhaps there are none in-house r ight  now, or perhaps they just  happened to be packed into a
m ore st r ingent  container. I n either case, the report  just  described would not  list  them .

Let 's int roduce a new operat ion for direct ly com paring two SPECI FI CATI ONS.

boolean subsumes(Specification other);

A m ore st r ingent  SPEC subsum es a less st r ingent  one. I t  could take its place without  any previous



requirem ent  being neglected.

Fig u r e 1 0 .1 5 . Th e SPECI FI CATI ON f o r  a  g aso l in e con t a in er  h as b een
t ig h t en ed .

I n the language of SPECI FI CATI ON,  we would say that  the new SPECI FI CATI ON subsum es the old
SPECI FI CATI ON,  because any candidate that  would sat isfy the new SPEC would also sat isfy the old.

I f each of these SPECI FI CATI ONS is viewed as a predicate, subsum pt ion is equivalent  to logical

im plicat ion. Using convent ional notat ion, A B m eans that  statem ent  A im plies statem ent  B,  so
that  if A is t rue, B is also t rue.

Let 's apply this logic to our container-m atching needs. When a SPECI FI CATI ON is being changed,
we would like to know if the proposed new SPEC m eets all the condit ions of the old one.

New Spec  Old Spec

That  is, if the new spec is t rue, then the old spec is also t rue. Proving a logical im plicat ion in a
general way is very difficult ,  but  special cases can be easy. For exam ple, part icular param eterized
SPECS can define their  own subsum pt ion rule.

public class MinimumAgeSpecification {
   int threshold;

   public boolean isSatisfiedBy(Person candidate) {
      return candidate.getAge() >= threshold;
   }

   public boolean subsumes(MinimumAgeSpecification other) {
      return threshold >= other.getThreshold();
   }
}

A JUnit  test  m ight  contain this:



drivingAge = new MinimumAgeSpecification(16);
votingAge = new MinimumAgeSpecification(18);
assertTrue(votingAge.subsumes(drivingAge));

Another pract ical special case, one suited to address the Con t a in er  Sp eci f i cat ion  problem , is a
SPECI FI CATI ON interface com bining subsum pt ion with the single logical operator AND.

public interface Specification {
   boolean isSatisfiedBy(Object candidate);
   Specification and(Specification other);
   boolean subsumes(Specification other);
}

Proving im plicat ion with only the AND operator is sim ple:

A AND B  A

or, in a m ore com plicated case:

A AND B AND C  A AND B

So if the Com p osi t e Sp eci f i cat ion  is able to collect  all the leaf SPECI FI CATI ONS that  are "ANDed"
together, then all we have to do is check that  the subsum ing SPECI FI CATI ON has all the leaves that
the subsum ed one has, and m aybe som e ext ra ones as well—its leaves are a superset  of the other
SPEC's set  of leaves.

public boolean subsumes(Specification other) {
  if (other instanceof CompositeSpecification) {
     Collection otherLeaves =
        (CompositeSpecification) other.leafSpecifications();
     Iterator it = otherLeaves.iterator();
     while (it.hasNext()) {
        if (!leafSpecifications().contains(it.next()))
           return false;
     }
   } else {
      if (!leafSpecifications().contains(other))
         return false;
   }
   return true;
}

This interact ion could be enhanced to com pare carefully chosen param eterized leaf SPECI FI CATI ONS

and som e other com plicat ions. Unfortunately, when OR and NOT are included, these proofs
becom e m uch m ore involved. I n m ost  situat ions it  is best  to avoid such com plexity by m aking a
choice, either forgoing som e of the operators or forgoing subsum pt ion. I f both are needed,
consider carefully if the benefit  is great  enough to just ify the difficulty.



Socr at es on  SPECI FI CATI ONS

All m en are m ortal.
Specification manSpec = new ManSpecification();
Specification mortalSpec = new MortalSpecification();
assert manSpec.subsumes(mortalSpec);

Socrates is a m an.
Man socrates = new Man();
assert manSpec.isSatisfiedBy(socrates);

Therefore, Socrates is m ortal.
assert mortalSpec.isSatisfiedBy(socrates);

[  Team  LiB ]  



[  Team  LiB ]  

Angles of Attack

This chapter has presented a raft  of techniques to clar ify the intent  of code, to m ake the
consequences of using it  t ransparent , and to decouple m odel elem ents. Even so, this kind of
design is difficult .  You can't  just  look at  an enorm ous system  and say, "Let 's m ake this supple."
You have to choose targets. Here are a couple of broad approaches, followed by an extended
exam ple showing how the pat terns are fit  together and used to take on a bigger design.

Carve Off Subdomains

You just  can't  tackle the whole design at  once. Pick away at  it .  Som e aspects of the system  will
suggest  approaches to you, and they can be factored out  and worked over. You m ay see a part  of
the m odel that  can be viewed as specialized m ath;  separate that . Your applicat ion enforces
com plex rules rest r ict ing state changes;  pull this out  into a separate m odel or sim ple fram ework
that  lets you declare the rules. With each such step, not  only is the new m odule clean, but  also the
part  left  behind is sm aller and clearer. Part  of what 's left  is writ ten in a declarat ive style, a
declarat ion in term s of the special m ath or validat ion fram ework, or whatever form  the subdom ain
takes.

I t  is m ore useful to m ake a big im pact  on one area, m aking a part  of the design really supple, than
to spread your efforts thin. Chapter 15 discusses in m ore depth how to choose and m anage
subdomains.

Draw on Established Formalisms, When You Can

Creat ing a t ight  conceptual fram ework from  scratch is som ething you can't  do every day.
Som et im es you discover and refine one of these over the course of the life of a project . But  you
can often use and adapt  conceptual system s that  are long established in your dom ain or others,
som e of which have been refined and dist illed over centuries. Many business applicat ions involve
account ing, for exam ple. Account ing defines a well-developed set  of ENTI TI ES and rules that  m ake
for an easy adaptat ion to a deep m odel and a supple design.

There are m any such form alized conceptual fram eworks, but  m y personal favorite is m ath. I t  is
surprising how useful it  can be to pull out  som e twist  on basic ar ithm et ic. Many dom ains include
m ath som ewhere. Look for it .  Dig it  out . Specialized m ath is clean, com binable by clear rules, and
people find it  easy to understand. One exam ple from  m y past  is "Shares Math,"  which will end this
chapter.

Example

Integrating the Patterns: Shares Math

Chapter 8 told the story of a m odel breakthrough on a project  to build a syndicated loan system .
Now this exam ple will go into detail,  focusing on just  one feature of a design com parable to the
one on that  project .

One requirem ent  of that  applicat ion was that  when the borrower m akes a pr incipal paym ent , the



m oney is, by default , prorated according to the lenders' shares in the loan.

Initial Design for Payment Distribution

As we refactor it ,  this code will get  easier to understand, so don't  get  stuck on this version.

Fig u r e 1 0 .1 6 .

public class Loan {
   private Map shares;

   //Accessors, constructors, and very simple methods are excluded

   public Map distributePrincipalPayment(double paymentAmount) {
      Map paymentShares = new HashMap();
      Map loanShares = getShares();
      double total = getAmount();
      Iterator it = loanShares.keySet().iterator();
      while(it.hasNext()) {
         Object owner = it.next();
         double initialLoanShareAmount = getShareAmount(owner);
         double paymentShareAmount =
            initialLoanShareAmount / total * paymentAmount;
         Share paymentShare =
            new Share(owner, paymentShareAmount);
         paymentShares.put(owner, paymentShare);

         double newLoanShareAmount =
            initialLoanShareAmount - paymentShareAmount;
         Share newLoanShare =
            new Share(owner, newLoanShareAmount);
         loanShares.put(owner, newLoanShare);
      }
      return paymentShares;
   }

   public double getAmount() {
      Map loanShares = getShares();
      double total = 0.0;
      Iterator it = loanShares.keySet().iterator();
      while(it.hasNext()) {
         Share loanShare = (Share) loanShares.get(it.next());
         total = total + loanShare.getAmount();
      }



      return total;
   }
}

Separating Commands and SIDE-EFFECT-FREE FUNCTIONS

This design already has I NTENTI ON-REVEALI NG I NTERFACES.  But  the
distributePaymentPrincipal() m ethod does a dangerous thing:  I t  calculates the shares for

dist r ibut ion and also m odifies the Loan .  Let 's refactor to separate the query from  the m odifier.

Fig u r e 1 0 .1 7 .

public void applyPrincipalPaymentShares(Map paymentShares) {
   Map loanShares = getShares();
   Iterator it = paymentShares.keySet().iterator();
   while(it.hasNext()) {
      Object lender = it.next();
      Share paymentShare = (Share) paymentShares.get(lender);
      Share loanShare = (Share) loanShares.get(lender);
      double newLoanShareAmount = loanShare.getAmount() -
         paymentShare.getAmount();
      Share newLoanShare = new Share(lender, newLoanShareAmount);
      loanShares.put(lender, newLoanShare);
   }
}

public Map calculatePrincipalPaymentShares(double paymentAmount) {
   Map paymentShares = new HashMap();
   Map loanShares = getShares();
   double total = getAmount();
   Iterator it = loanShares.keySet().iterator();
   while(it.hasNext()) {
      Object lender = it.next();
      Share loanShare = (Share) loanShares.get(lender);
      double paymentShareAmount =
         loanShare.getAmount() / total * paymentAmount;
      Share paymentShare = new Share(lender, paymentShareAmount);
      paymentShares.put(lender, paymentShare);
   }
   return paymentShares;
}

Client  code now looks like this:



Map distribution =
   aLoan.calculatePrincipalPaymentShares(paymentAmount);
aLoan.applyPrincipalPaymentShares(distribution);

Not  too bad. The FUNCTI ONS have encapsulated a lot  of com plexity behind I NTENTI ON-REVEALI NG

I NTERFACES.  But  the code does begin to m ult iply som e when we add applyDrawdown(),
calculateFeePaymentShares(),  and so on. Each extension com plicates the code and weighs it

down. This m ight  be a point  where the granular ity is too coarse. The convent ional approach would
be to break the calculat ion m ethods down into subrout ines. That  could well be a good step along
the way, but  we ult im ately want  to see the underlying conceptual boundaries and deepen the
m odel. The elem ents of a design with such a CONCEPT-CONTOURI NG grain could be com bined to
produce the needed variat ions.

Making an Implicit Concept Explicit

There are enough pointers now to start  probing for that  new m odel. The Sh ar e  objects are passive
in this im plem entat ion, and they are being m anipulated in com plex, low- level ways. This is
because m ost  of the rules and calculat ions about  shares don't  apply to single shares, but  to groups
of them . There is a m issing concept :  shares are related to each other as parts m aking up a whole.
Making this concept  explicit  will let  us express those rules and calculat ions m ore succinct ly.

Fig u r e 1 0 .1 8 .

The Sh ar e Pie  represents the total dist r ibut ion of a specific Loan .  I t  is an ENTI TY whose ident ity is
local within the AGGREGATE of the Loan .  The actual dist r ibut ion calculat ions can be delegated to
the Sh ar e Pie .



Fig u r e 1 0 .1 9 .

public class Loan {
   private SharePie shares;

   //Accessors, constructors, and straightforward methods
   //are omitted

   public Map calculatePrincipalPaymentDistribution(
                                         double paymentAmount) {
      return getShares().prorated(paymentAmount);
   }
   public void applyPrincipalPayment(Map paymentShares) {
      shares.decrease(paymentShares);
   }
}

The Loan  is sim plified, and the Sh ar e  calculat ions are cent ralized in a VALUE OBJECT focused on
that  responsibilit y. St ill,  the calculat ions haven't  really becom e m ore versat ile or easier to use.

Share Pie Becomes a VALUE OBJECT: Cascade of Insights

Often, the hands-on experience of im plem ent ing a new design will t r igger a new insight  into the
m odel itself. I n this case, the t ight  coupling of the Loan  and Sh ar e Pie  seem s to be obscuring the
relat ionship of the Sh ar e Pie  and the Sh ar es .  What  would happen if we m ade Sh ar e Pie  a VALUE

OBJECT?

This would m ean that  increase(Map) and decrease(Map) would not  be allowed, because the

Sh ar e Pie  would have to be im m utable. To change the Sh ar e Pie 's value, the whole Pie  would
have to be replaced. So you could have operat ions such as addShares(Map) that  would return a

whole new, larger Sh ar e Pie .

Let 's go all the way to CLOSURE OF OPERATI ONS.  I nstead of " increasing" a Sh ar e Pie  or adding
Sh ar es  to it ,  j ust  add two Sh ar e Pies together:  the result  is the new, larger Sh ar e Pie .



We can part ially close the prorate() operat ion over Sh ar e Pie j ust  by changing the return type.
Renam ing it  to prorated() em phasizes its lack of side effects. "Shares Math" starts to take shape,

init ially with four operat ions.

Fig u r e 1 0 .2 0 .

We can m ake som e well-defined ASSERTI ONS about  our new VALUE OBJECTS,  the Sh ar e Pies .  Each
m ethod m eans som ething.

[View full width]
public class SharePie {
   private Map shares = new HashMap();

   //Accessors and other straightforward methods are omitted

   public double getAmount() {
      double total = 0.0;
      Iterator it = shares.keySet().iterator();
      while(it.hasNext()) { The whole is equal to the sum of its parts.
         Share loanShare = getShare(it.next());
         total = total + loanShare.getAmount();
      }
      return total;
}

public SharePie minus(SharePie otherShares) {
   SharePie result = new SharePie();
   Set owners = new HashSet();
   owners.addAll(getOwners());
   owners.addAll(otherShares.getOwners()); The difference between two Pies is the
 difference between each owner's share.

   Iterator it = owners.iterator();
   while(it.hasNext()) {
      Object owner = it.next();
      double resultShareAmount = getShareAmount(owner) –
            otherShares.getShareAmount(owner);



      result.add(owner, resultShareAmount);
   }
   return result;
}

public SharePie plus(SharePie otherShares) { The combination of two Pies is the
 combination of each owner's share.

   //Similar to implementation of minus()
}

public SharePie prorated(double amountToProrate) {
   SharePie proration = new SharePie();
   double basis = getAmount(); An amount can be divided proportionately among all
 shareholders.

   Iterator it = shares.keySet().iterator();
   while(it.hasNext()) {
      Object owner = it.next();
      Share share = getShare(owner);
         double proratedShareAmount =
            share.getAmount() / basis * amountToProrate;
         proration.add(owner, proratedShareAmount);
      }
      return proration;
   }

}

The Suppleness of the New Design

At  this point , the m ethods in the all- im portant  Loan  class could be as sim ple as this:

public class Loan {
   private SharePie shares;

   //Accessors, constructors, and straightforward methods
   //are omitted

   public SharePie calculatePrincipalPaymentDistribution(
                                        double paymentAmount) {
      return shares.prorated(paymentAmount);
   }

   public void applyPrincipalPayment(SharePie paymentShares) {
      setShares(shares.minus(paymentShares));
   }

Each of these short  m ethods states its m eaning.  Applying a pr incipal paym ent  m eans that  you
subt ract  the paym ent  from  the loan, share by share. Dist r ibut ing a pr incipal paym ent  is done by
dividing the am ount  pro rata am ong the shareholders. The design of the Sh ar e Pie  has allowed us
to use a declarat ive style in the Loan  code, producing code that  begins to read like a conceptual
definit ion of the business t ransact ion, rather than a calculat ion.

Other t ransact ion types ( too com plicated to list  before)  can be declared easily now. For exam ple,
loan drawdowns are divided am ong lenders based on their  shares of the Faci l i t y .  The new draw-
down is added to the outstanding Loan .  I n our new dom ain language:



public class Facility {
   private SharePie shares;
   . . .
   public SharePie calculateDrawdownDefaultDistribution(
                                         double drawdownAmount) {
      return shares.prorated(drawdownAmount);
   }
}

public class Loan {
   . . .
   public void applyDrawdown(SharePie drawdownShares) {
      setShares(shares.plus(drawdownShares));
   }
}

To see the deviat ion of each lender from  its agreed cont r ibut ion, take the theoret ical dist r ibut ion of
the outstanding Loan  am ount  and subt ract  it  from  the Loan ' s actual shares:

SharePie originalAgreement =
   aFacility.getShares().prorated(aLoan.getAmount());
SharePie actual = aLoan.getShares();
SharePie deviation = actual.minus(originalAgreement);

Certain character ist ics of the Sh ar e Pie  design m ake for this easy recom binat ion and
com m unicat ion in the code.

Com plex logic is encapsulated in specialized VALUE OBJECTS with SI DE-EFFECT-FREE FUNCTI ONS.
Most  com plex logic has been encapsulated in these im m utable objects. Because Sh ar e Pies

are VALUE OBJECTS,  the m ath operat ions can create new instances, which we can use freely to
replace outdated instances.

None of the Sh ar e Pie  m ethods causes any change to any exist ing object . This allows us to
use plus(),  minus(),  and pro-rated() freely in interm ediate calculat ions, com bining them ,

expect ing them  to do what  their  nam es suggest , and nothing m ore. I t  also allows us to build
analyt ical features based on the sam e m ethods. (Before, they could be called only when an
actual dist r ibut ion was m ade, because the data would change after each call.)

State-m odifying operat ions are sim ple and character ized with ASSERTI ONS.  The high- level
abst ract ions of Shares Math allow invariants of t ransact ions to be writ ten concisely in a
declarat ive style. For exam ple, the deviat ion is the actual pie m inus the Loan  am ount
prorated based on the Faci l i t y ' s Sh ar e Pie .

Model concepts are decoupled;  operat ions entangle a m inim um  of other types.  Som e
m ethods on Sh ar e Pie  exhibit  CLOSURE OF OPERATI ONS ( the m ethods to add or subt ract  are
closed under Sh ar e Pies) . Others take sim ple am ounts as argum ents or return values;  they
are not  closed, but  they add lit t le to the conceptual load. The Sh ar e Pie  interacts closely
with only one other class, Sh ar e .  As a result , the Sh ar e Pie  is self-contained, easily
understood, easily tested, and easily com bined to form  declarat ive t ransact ions. These
propert ies were inherited from  the m ath form alism .

Fam iliar form alism  m akes the protocol easy to grasp.  A wholly or iginal protocol for
m anipulat ing shares could have been devised based on financial term inology. I n pr inciple, it
could have been m ade supple. But  it  would have had two disadvantages. First , it  would have
to be invented, a difficult  and uncertain task. Second, it  would have to be learned by each



person who dealt  with it .  People who see Shares Math recognize a system  they already know,
and because the design has been kept  carefully consistent  with the rules of ar ithm et ic, those
people are not  m isled.

Pulling out  the part  of the problem  that  corresponded to the form alism  of m ath, we arr ived at  a
supple design for Sh ar es  that  further dist ills the core Loan  and Faci l i t y  m ethods. (See Chapter
15 for discussion of the CORE DOMAI N.)

Supple design has a profound effect  on the abilit y of software to cope with change and com plexity.
As the exam ples in this chapter have shown, it  often hinges on quite detailed m odeling and design
decisions. The im pact  can go beyond a specific m odeling and design problem . Chapter 15 will
discuss the st rategic value of supple design as one of several tools for dist illing a dom ain m odel to
m ake large and com plex projects m ore t ractable.

[  Team  LiB ]  
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Chapter Eleven. Applying Analysis
Patterns

Deep m odels and supple designs don't  com e easily. Progress com es from  lots of learning about  the
dom ain, lots of talking, and lots of t r ial and error. Som et im es, though, we can get  a leg up.

When an experienced developer looking at  a dom ain problem  sees a fam iliar sort  of responsibilit y
or a fam iliar web of relat ionships, he or she can draw on the m em ory of how the problem  was
solved before. What  m odels were t r ied and which worked? What  difficult ies arose in
im plem entat ion and how were they resolved? The t r ial and error of that  earlier experience is
suddenly relevant  to the new situat ion. Som e of these pat terns have been docum ented and
shared, allowing the rest  of us to draw on the accum ulated experience.

I n cont rast  to the fundam ental building block pat terns presented in Part  I I ,  and the supple design
principles of Chapter 10, these pat terns are higher level and m ore specialized, involving the use of
a few objects to represent  som e concept . They let  us cut  through expensive t r ial and error to start
with a m odel that  is already expressive and im plem entable and addresses subt let ies that  m ight  be
cost ly to learn. From  that  start ing point , we refactor and experim ent . These are not  outofthe-box
solut ions.

I n Analysis Pat terns:  Reusable Object  Models,  Mart in Fowler defined his pat terns this way:

Analysis pat terns are groups of concepts that  represent  a com m on const ruct ion in business
m odeling. I t  m ay be relevant  to only one dom ain or it  m ay span m any dom ains. [ Fowler
1997, p. 8]

The analysis pat terns Fowler presents arose from  experience in the field, and so they are pract ical,
in the r ight  situat ion. Such pat terns provide som eone facing a challenging dom ain with very
valuable start ing points for their  iterat ive developm ent  process. The nam e em phasizes their
conceptual nature. Analysis pat terns are not  technological solut ions;  they are guides to help you
work out  a m odel in a part icular dom ain.

What  the nam e unfortunately does not  convey is that  there is significant  discussion of
im plem entat ion in these pat terns, including som e code. Fowler understands the pit falls of analysis
without  thought  for pract ical design. Here is an interest ing exam ple where he is looking even
beyond deploym ent , to the im plicat ions of specific m odel choices on the long- term  m aintenance of
the system  in the field:

When we build a new [ account ing]  pract ice, we create a network of new instances of the
post ing rule. We can do this without  any recom pilat ion or rebuilding of the system , while it  is
st ill up and running. There will be unavoidable occasions when we need a new subtype of
post ing rule, but  these will be rare. [ p. 151]

On a m ature project , m odel choices are often inform ed by experience with the applicat ion. Mult iple
im plem entat ions of various com ponents will have been t r ied. Som e of these will have been carr ied
into product ion and even will have faced the m aintenance phase. Many problem s can be avoided
when such experience is available. Analysis pat terns at  their  best  can carry that  kind of experience
from  other projects, com bining m odel insights with extensive discussions of design direct ions and
im plem entat ion consequences. To discuss m odel ideas out  of that  context  m akes them  harder to
apply and r isks opening the deadly divide between analysis and design, which is ant ithet ical to
MODEL-DRI VEN DESI GN.



The principle and applicat ion of analysis pat terns can be explained bet ter by exam ple than through
abst ract  descript ion. I n this chapter, I  will give two exam ples of developers m aking use of a sm all,
representat ive sam ple of m odels from  the chapter " I nventory and Account ing" in Fowler 1997. The
analysis pat terns will be sum m arized just  enough to support  the exam ples. This is obviously not  an
at tem pt  to catalog pat terns of this kind or even to fully explain the sam ple pat terns. The point  is to
illust rate their  integrat ion into the dom ain-driven design process.

[  Team  LiB ]  
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Example

Earning Interest with Accounts

Chapter 10 showed various possible ways that  a developer m ight  search for a deeper m odel for a
part icular specialty account ing applicat ion. Here is yet  another scenario. This t im e, the developers
will m ine Fowler 's Analysis Pat terns book for useful ideas.

To review, an applicat ion for t racking loans and other interest -bearing assets calculates the
interest  and fees generated and t racks paym ents from  the borrower. A night ly batch process takes
those figures and passes them  to the legacy account ing system , indicat ing the specific ledger each
am ount  should be posted to. The design works, but  it  is awkward to use, t r icky to change, and
does not  com m unicate well.

Fig u r e 1 1 .1 . Th e in i t ia l  class d iag r am

The developer decides to read Chapter 6 in Analysis Pat terns,  " I nventory and Account ing."  Here is
a sum m ary of the part  she found m ost  relevant .

Accou n t in g  Mod els in  An aly sis Pat t er n s

Business applicat ions of all sorts t rack accounts, which hold things of value, typically m oney.
I n a lot  of applicat ions, it  isn't  enough to keep t rack of the am ount  in an account . I t  is
essent ial to account  for and cont rol each change to that  am ount . That  is the m ot ivat ion for
the m ost  basic of the account ing m odels.

Fig u r e 1 1 .2 . A b asic accou n t in g  m od el



Value can be added by insert ing an En t r y .  Value can be rem oved by insert ing a negat ive
En t r y . En t r ies are never rem oved, so the whole history is retained. The balance is the
com bined effect  of all En t r ies.  This balance could be com puted on dem and or cached, an
im plem entat ion decision that  is encapsulated by the Accou n t  interface.

A basic pr inciple of account ing is conservat ion.  Money doesn't  appear out  of nowhere, nor
does it  disappear without  a t race. I t  is only m oved from  one Accou n t  to another.

Fig u r e 1 1 .3 . A t r an sact ion  m od el

This is the well-established concept  of double-ent ry book-keeping:  Every credit  has a
m atching debit . Of course, like other conservat ion pr inciples, it  applies only to a closed
system , one that  includes all sources and sinks. Many sim ple applicat ions do not  require this
r igor.

I n his book, Fowler includes m ore elaborate form s of these m odels and considerable
discussion of the t rade-offs.

This reading gives the developer ( Dev elop er  1 )  several new ideas. She shows the chapter to a
colleague (Dev elop er  2 )  who has been working on som e of the interest  calculat ion logic with her
and who wrote the night ly batch program . Together, they rough out  a change to their  m odel,
incorporat ing som e of the m odel elem ents they've read about .

Fig u r e 1 1 .4 . Th e n ew  m od el  p r op osal



Then they pull in their  dom ain expert  ( Ex p er t )  for a discussion of their  new m odel ideas.

Dev elop er  1 :  With this new m odel, we m ake an En t r y  into the I n t er est  Accou n t  for the interest
earned, rather than just  adjust ing the interestDueAm ount . Then, another En t r y  for the paym ent
balances it  out .

Ex p er t :  So now we'd be able to see a history of all the interest  accruals as well as the paym ent
history? That 's som ething we've been want ing.

Dev elop er  2 :  I 'm  not  sure we've used "Tr an sact ion "  quite r ight . The definit ion talks about
m oving m oney from  one Accou n t  to another, not  two ent r ies that  balance each other in the sam e
Accou n t .

Dev elop er  1 :  That 's a good point . I  was also worr ied that  the book seem s to m ake quite a point
about  the t ransact ion being created all at  once. The interest  paym ents can be several days late.

Ex p er t :  Those paym ents aren't  necessarily late. There is a lot  of flexibilit y in when they pay.

Dev elop er  1 :  So this m ay be a blind alley. I  was thinking we m ight  have ident ified som e im plicit
concepts. Having the I n t er est  Calcu la t o r  create En t r y  objects does seem  to com m unicate
bet ter. And Tr an sact ion  seem ed to neat ly t ie together the calculated interest  with the paym ent .

Ex p er t :  Why do we need to t ie together the accrual to the paym ent? They are separate post ings
in the account ing system . The balance on the Accou n t  is the m ain thing. Along with the individual
En t r ies, we really have what  we need.

Dev elop er  2 :  You m ean you don't  t rack whether they've m ade the interest  paym ent?

Ex p er t :  Well,  of course we do. But  it  isn't  as sim ple as this one-accrual/ one-paym ent  schem e of
yours.

Dev elop er  2 :  I t  could actually sim plify a lot  of things to stop worrying about  that  connect ion.

Dev elop er  1 :  OK, how about  this? [ Takes copy of old class diagram  and starts sketching

modificat ions]  By the way, you used the word accruals a few t im es. Could you clar ify what  it
m eans?

Ex p er t :  Sure. An accrual is just  when you account  for an expense or incom e at  the t im e it  is
incurred, never m ind when m oney actually changes hands. So, we accrue interest  every day, but
at  the end of the m onth ( for exam ple)  we receive a paym ent  against  it .

Dev elop er  1 :  Yes, we really needed a word like that . OK, how does this look?



Fig u r e 1 1 .5 . Or ig in a l  class d iag r am , accr u a ls sep ar at ed  f r om  p ay m en t

Dev elop er  1 :  Now we can get  r id of all the com plicat ions that  were in the calculator from  relat ing
paym ents, and we've int roduced the term  accruals,  which reveals the intent  bet ter.

Ex p er t :  So we're not  going to have the Accou n t  object? I  was looking forward to being able to
see everything together there, with the accruals and the paym ents and a balance.

Dev elop er  1 :  Really?!  Well in that  case, m aybe this would work. [ Takes other diagram  and

sketches]

Fig u r e 1 1 .6 . Th e accou n t - b ased  d iag r am , w i t h ou t  Tr an sact ion

Ex p er t :  That  actually looks pret ty good!

Dev elop er  2 :  The batch scr ipt  will be easy to change to use these new objects.

Dev elop er  1 :  I t  will take a few days to get  the new I n t er est  Calcu la t o r  working. There are
quite a few tests to change. But  the test  will read clearer afterward.

The two developers went  off and started refactor ing based on the new m odel. As they got  their
hands on the code, t ightening up the design, they had insights that  refined the m odel.

En t r ies were subclassed into Pay m en t  and Accr u al  because closer inspect ion revealed slight ly
different  responsibilit ies in the applicat ion for these, and because they were both im portant  dom ain
concepts. On the other hand, there was no conceptual or behavioral dist inct ion between En t r ies

based on whether they resulted from  fees or interest . They sim ply appeared in the appropriate
Accou n t .

Yet , unfortunately, the developers found they had to give up this last  abst ract ion for the



im plem entat ion. Data was stored in relat ional tables, and the project  standard was to m ake those
tables interpretable without  running the program . This m eant  keeping fee ent r ies and interest
ent r ies in separate tables. The only way for developers to do this, using their  part icular object -
relat ional m apping fram ework, was to m ake concrete subclasses (Fee Pay m en t s, I n t er est

Pay m en t s ,  and so on) . With different  infrast ructure, they m ight  have avoided this clum sy
expansion.

I  threw this twist  into this largely fict it ious story to represent  the rub of reality that  we encounter
all the t im e. We have to m ake calculated com prom ises and then m ove on without  let t ing it  throw
us off our MODEL-DRI VEN DESI GN.

Fig u r e 1 1 .7 . Th e class d iag r am  af t er  t h e im p lem en t at ion

The new design was m uch easier to analyze and test  because the m ost  com plex funct ionality is in
SI DE-EFFECT-FREE FUNCTI ONS.  The rem aining com m and has sim ple code (because it  calls various
FUNCTI ONS)  and is character ized by ASSERTI ONS.

Som et im es there are parts of our program s that  we don't  even suspect  have the potent ial to
benefit  from  a dom ain m odel. They m ay have started very sim ply and evolved m echanist ically.
They seem  like com plicated applicat ion code, rather than dom ain logic. Analysis pat terns can be
part icular ly helpful in showing us these blind spots.

I n the following exam ple, a developer has a new insight  into the black box of the night ly batch,
which had not  been considered dom ain or iented.

[  Team  LiB ]  
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Example

Insight into the Nightly Batch

After a few weeks, the im proved Accou n t -based m odel had started to set t le in. As often happens,
the clar ity of the new design m ade other problem s m ore visible. The developer (Dev elop er  2 )
who was adapt ing the night ly batch to interact  with the new design began to see connect ions
between the behavior of the batch and som e of the concepts in Analysis Pat terns.  Here is a
sum m ary of som e of the concepts he found m ost  relevant .

Post in g  Ru les

Account ing system s often provide m ult iple views of the sam e basic financial inform at ion. One
account  m ight  t rack incom e while another m ight  t rack an est im ated tax on that  incom e. I f
the system  is expected to autom at ically update the est im ated tax account , the
im plem entat ion of those two accounts becom es very intertwined. There are system s in which
the m ajority of account  ent r ies result  from  such rules;  in such a system , the dependency
logic gets to be a m ess. Even in m ore m odest  system s, such cross-post ing can be t r icky. The
first  step toward tam ing the tangle of dependencies is to m ake these rules explicit  by
int roducing a new object .

Fig u r e 1 1 .8 . Th e class d iag r am  o f  t h e b asic p ost in g  r u le

A post ing rule is t r iggered by a new En t r y  in its " input "  account . I t  then derives a new En t r y

(based on its own calculat ion Met h od )  and inserts the new En t r y  into its "output "  Accou n t  .
I n a payroll system , an En t r y  in a salary Accou n t  m ight  t r igger a Post in g  Ru le  that  would
calculate a 30 percent  est im ated incom e tax and insert  it  as an En t r y  in the tax with-holding
Accou n t .

Ex ecu t in g  Post in g  Ru les

The Post in g  Ru le  has established the conceptual dependency between Acco u n t s,  but  if the
pat tern stopped there, it  could be difficult  to follow. One of the t r ickiest  parts of dependency
designs is the t im ing and cont rol of updates. Fowler discusses three opt ions.

"Eager fir ing" is the m ost  obvious, but  typically the least  pract ical. Whenever an En t r y

is inserted into an Accou n t ,  it  im m ediately t r iggers the Post in g  Ru les  and all updates
are m ade im m ediately.

1 .

"Accou n t -based fir ing" allows processing to be deferred. At  som e point , a m essage is
sent  to an Accou n t  and it  t r iggers its Post in g  Ru les  to process all En t r ies inserted
since its last  fir ing.

2 .

3 .



2 .

Finally, "Post in g - Ru le -based fir ing" is init iated by an external agent , which tells the
Post in g  Ru le  to fire. The Post in g  Ru le is responsible for looking up all En t r ies m ade
to its input  Acco u n t s since the last  t im e it  fired.

Although fir ing m odes can be m ixed in a system , each part icular set  of rules needs to
have one clearly defined point  of init iat ion and responsibilit y for ident ifying input
Accou n t  En t r ies .  The addit ion of the three fir ing m odes to the UBI QUI TOUS LANGUAGE is
as im portant  to the success of the pat tern as the m odel object  definit ions them selves. I t
elim inates am biguity and guides decision m aking direct ly to a clearly defined set  of
choices. These m odes ident ify an easily overlooked challenge and provide vocabulary to
support  clear discussion.

3 .

Dev elop er  2  needed a sounding board to discuss his new ideas. He m et  up his colleague
(Dev elop er  1 ) , the developer who had been prim arily responsible for m odeling the accruals.

Dev elop er  2 :  At  som e point , the night ly batch started being a place where we swept  stuff under
the rug. There is dom ain logic im plicit  in what  the scr ipt  does, and it 's been get t ing m ore and m ore
com plicated. For a long t im e I 've wanted to do a m odel-dr iven design for the batch, separate out  a
dom ain layer, and m ake the scr ipt  itself a sim ple layer on top of the dom ain. But  I  could never
figure out  what  that  dom ain m odel would be like. I t  seem ed like m aybe it  was just  som e
procedures that  didn't  really m ake sense as objects. As I 've been reading the sect ion in Analysis

Pat terns on Post in g  Ru les ,  I 've been get t ing som e ideas. Here's what  I  had in m ind. [ Hands over

a sketch ]

Fig u r e 1 1 .9 . A sh o t  a t  u sin g  Post in g  Ru les  in  t h e b at ch

Dev elop er  1 :  What  is this "Post in g  Ser v ice "?

Dev elop er  2 :  That  is a FACADE that  exposes the account ing applicat ion's API  and presents it  as a
SERVI CE.  I  actually m ade that  a while back to sim plify the batch code, and it  also gave m e an
I NTENTI ON-REVEALI NG I NTERFACE for post ing to the legacy system .

Dev elop er  1 :  I nterest ing. So, which fir ing style do you plan to use for these Post in g  Ru les?

Dev elop er  2 :  I  hadn't  really got ten that  far.

Dev elop er  1 :  Eager Fir ing would work for Accr u als ,  since the batch actually tells the Asset  to
insert  them , but  it  wouldn't  work for Pay m en t s ,  which get  entered during the day.



Dev elop er  2 :  I  don't  think we would want  to couple the calculat ion m ethod that  t ight ly to the
batch anyway. I f we ever decided to t r igger interest  calculat ions at  a different  t im e, it  would m ess
things up. And it  j ust  doesn't  seem  right , conceptually.

Dev elop er  1 :  I t  sounds like Post in g - Ru le -based fir ing. The batch tells each Post in g  Ru le  to
execute, and the rule goes and looks for appropriate new En t r ies and then does its thing. That 's
pret ty m uch the way you've drawn it .

Dev elop er  2 :  So then we avoid creat ing a lot  of dependencies on the batch design, and the batch
keeps cont rol. That  sounds r ight .

Dev elop er  1 :  I 'm  st ill a lit t le vague on the interact ion of these objects with the Acco u n t s and
En t r ies.

Dev elop er  2 :  You and m e both. The exam ples in the book create a direct  link between the
Acco u n t s and the Post in g  Ru les .  That  is kind of logical, but  I  don't  think it  will work very well for
us. We have to instant iate these objects from  data each t im e, so we would have to figure out
which rule applies in order to associate it .  Meanwhile, the Asset  object  is the one that  knows the
content  of each Accou n t ,  and therefore which rule to apply. Anyway, what  about  the rest  of this?

Dev elop er  1 :  I  hate to nitpick, but  I  don't  think that  we're using "Met h od "  r ight . I  think the
concept  is that  the Met h od  com putes the am ount  to be posted—like, say, a 20 percent  tax with-
holding on incom e. But  in our case, that 's sim ple:  it 's always the full am ount  being posted. I  think
the Post in g  Ru le  it self is supposed to know which Accou n t  to post  to, which corresponds to our
" ledger nam e."

Dev elop er  2 :  Oh. So if the Post in g  Ru le  is responsible for knowing the correct  ledger nam e, we
probably don't  need Met h od  at  all.

Actually, this whole business of choosing the r ight  ledger nam e is get t ing m ore and m ore
com plicated. I t  is already a com binat ion of the type of incom e ( fee or interest )  with the "asset
class" (a category the business applies to each Asset ) . That  is one place I 'm  hoping this new
m odel will help.

Dev elop er  1 :  OK, let 's focus there. The Post in g  Ru le  is responsible for choosing the Ledger
based on at t r ibutes of the Accou n t .  For now, we can m ake it  a st raight forward way to handle
asset  class and the dist inct ion between interest  and fees. I n the future, you'll have an OBJECT

MODEL you can enhance to handle m ore com plex cases.

Dev elop er  2 :  I  need to think about  this som e m ore. Let  m e m ull it  over, and reread the pat terns,
and then I ' ll take another stab at  it .  Could I  talk with you about  this again tom orrow afternoon?

Over the next  few days, the two developers worked out  a m odel and refactored the code so that
the batch sim ply iterated through the Asset s ,  sending a few self-explanatory m essages to each
and then com m it t ing the database t ransact ions. The com plexity was shifted into the dom ain layer,
where an object  m odel m ade it  both m ore explicit  and m ore abst ract .

Fig u r e 1 1 .1 0 . Th e class d iag r am  w i t h  Post in g  Ru les



Fig u r e 1 1 .1 1 . Seq u en ce d iag r am  sh ow in g  r u le f i r in g

The developers departed considerably from  the details of the m odels presented in Analysis

Pat terns,  yet  they felt  they had preserved the essence of the concepts. They were a lit t le
uncom fortable about  involving the Asset  in the select ion of the Post in g  Ru le .  They went  that
way because the Asset  had the knowledge of the nature of each Accou n t  ( fee or interest )  and
was also the natural access point  for the scr ipt . To have associated the rule object  direct ly with the
Accou n t  would have required a collaborat ion with the Asset  object  on each instant iat ion of the
objects (each t im e the batch was run) . I nstead, they let  the Asset  object  look up the two relevant
rules through their  SI NGLETON access and pass them  the appropriate Accou n t .  I t  seem ed to m ake
the code m uch m ore direct  and so they m ade a pragm at ic decision.

They both felt  that  conceptually it  would have been bet ter to associate Post in g  Ru les  only with
Acco u n t s,  while keeping the Asset  focused on its job of generat ing Accr u als .  They hoped that
subsequent  refactor ings and deeper insight  would br ing them  back to this and show them  a way to
m ake this clean division without  losing the obviousness of the code.
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Analysis Patterns Are Knowledge to Draw On

When you are lucky enough to have an analysis pat tern, it  hardly ever is the answer to your
part icular needs. Yet  it  offers valuable leads in your invest igat ion, and it  provides cleanly
abst racted vocabulary. I t  should also give you guidance about  im plem entat ion consequences that
will save you pain down the road.

All this feeds into the dynam o of knowledge crunching and refactor ing toward deeper insight  and
st im ulates developm ent . The result  often resem bles the form  docum ented in the analysis pat tern,
but  adapted to circum stances. Som et im es the result  doesn't  even obviously relate to the analysis
pat tern itself, yet  was st im ulated by the insights from  the pat tern.

There is one kind of change you should avoid. When you use a term  from  a well-known analysis
pat tern, take care to keep the basic concept  it  designates intact , however m uch the superficial
form  m ight  change. There are two reasons for this. First , the pat tern m ay em bed understanding
that  will help you avoid problem s. Second, and m ore im portant , your UBI QUI TOUS LANGUAGE is
enhanced when it  includes term s that  are widely understood or at  least  well explained. I f your
m odel definit ions change through the natural evolut ion of the m odel, take the t rouble to change
the nam es too.

Quite a lot  of object  m odels have been writ ten about , som e specialized for one kind of applicat ion
in one indust ry and som e quite general. Most  of them  provide the seed of an idea, but  only a few
have captured the reasoning behind the choices and the consequences that  follow, which are the
m ost  useful parts of an analysis pat tern. More of these refined analysis pat terns would be
valuable, to help save us from  reinvent ing the wheel again and again. I 'd be surprised ever to see
a com prehensive catalog, but  indust ry-specific catalogs m ight  ar ise. And pat terns for som e
dom ains that  cross m any applicat ions could be widely shared.

This kind of reapplicat ion of organized knowledge is com pletely different  from  at tem pts to reuse
code through fram eworks or com ponents, except  that  either could provide the seed of an idea that
is not  obvious. A m odel, even a generalized fram ework, is a com plete working whole, while an
analysis is a kit  of m odel fragm ents. Analysis pat terns focus on the m ost  cr it ical and difficult
decisions and illum inate alternat ives and choices. They ant icipate downst ream  consequences that
are expensive if you have to discover them  for yourself.
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Chapter Twelve. Relating Design Patterns
to the Model

The pat terns explored in this book so far are intended specifically for solving problem s in a dom ain
m odel in the context  of a MODEL-DRI VEN DESI GN.  Actually, though, m ost  of the pat terns published to
date are m ore technical in focus. What  is the difference between a design pat tern and a dom ain
pat tern? For starters, the authors of the sem inal book, Design Pat terns,  had this to say:

Point  of view affects one's interpretat ion of what  is and isn't  a pat tern. One person's pat tern
can be another person's pr im it ive building block. For this book we have concent rated on
pat terns at  a certain level of abst ract ion. Design pat terns are not  about  designs such as
linked lists and hash tables that  can be encoded in classes and reused as is. Nor are they
com plex, dom ain-specific designs for an ent ire applicat ion or subsystem . The design pat terns
in this book are descript ions of com m unicat ing objects and classes that  are custom ized to
solve a general design problem  in a part icular context . [ Gam m a et  al. 1995, p. 3]

Som e, not  all,  of the pat terns in Design Pat terns can be used as dom ain pat terns. Doing so
requires a shift  in em phasis. Design Pat terns presents a catalog of design elem ents that  have
solved problem s com m only encountered in a variety of contexts. The m ot ivat ions of these pat terns
and the pat terns them selves are presented in purely technical term s. But  a subset  of these
elem ents can be applied in the broader context  of dom ain m odeling and design, because they
correspond to general concepts that  em erge in m any dom ains.

I n addit ion to those in Design Pat terns,  there have been m any other technical design pat terns
presented over the years. Som e of them  correspond to deep concepts that  em erge in dom ains. I t
would be nice to draw on this work. To m ake use of such pat terns in dom ain-driven design, we
have to look at  the pat terns on two levels sim ultaneously. On one level, they are technical design
pat terns in the code. On the other level, they are conceptual pat terns in the m odel.

A sam ple of specific pat terns from  Design Pat terns will show how a pat tern conceived as a design
pat tern can be applied in the dom ain m odel, and it  will clar ify the dist inct ion between a technical
design pat tern and a dom ain pat tern. COMPOSI TE and STRATEGY dem onst rate how som e of the
classic design pat terns can be applied to dom ain problem s by thinking about  them  in a different
way. . .  .
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Strategy (A.K.A.Policy)

Define a fam ily of algorithm s, encapsulate each one, and m ake them  interchangeable.
STRATEGY lets the algorithm  vary independent ly from  clients that  use it .  [ Gam m a et  al. 1995]

Dom ain  m od els con t a in  p r ocesses t h at  ar e n o t  t ech n ica l l y  m o t iv at ed  b u t  act u a l l y

m ean in g f u l  in  t h e p r ob lem  d om ain . W h en  a l t er n at iv e p r ocesses m u st  b e p r ov id ed , t h e

com p lex i t y  o f  ch oosin g  t h e ap p r op r ia t e p r ocess com b in es w i t h  t h e com p lex i t y  o f  t h e

m u l t ip le  p r ocesses t h em selv es, an d  t h in g s g et  ou t  o f  h an d .

When we m odel processes, we often realize that  there is m ore than one legit im ate way of doing
them . As we start  to describe these opt ions, our definit ion of the process becom es clum sy and
com plicated. The actual behavioral alternat ives we are choosing between are obscured as they are
m ixed in with the rest  of the behavior.

We would like to separate this variat ion from  the m ain concept  of the process. Then we would be
able to see both the m ain process and the opt ions m ore clearly. The STRATEGY pat tern, already
well established in the software design com m unity, addresses this very issue, though the focus is
technical. Here it  is being applied as a concept  in a m odel and reflected in the code im plem entat ion
of that  m odel. There is the sam e need to decouple the highly variable part  of the process from  the
m ore stable part .

Therefore:

Fact o r  t h e v ar y in g  p ar t  o f  a  p r ocess in t o  a  sep ar at e " st r a t eg y "  ob j ect  in  t h e m od el .

Fact o r  ap ar t  a  r u le an d  t h e b eh av io r  i t  g ov er n s. I m p lem en t  t h e r u le o r  su b st i t u t ab le

p r ocess f o l low in g  t h e STRATEGY d esig n  p at t er n . Mu l t ip le  v er sion s o f  t h e st r a t eg y  ob j ect

r ep r esen t  d i f f er en t  w ay s t h e p r ocess can  b e d on e.

Whereas the convent ional view of STRATEGY as a design pat tern focuses on the abilit y to subst itute
different  algorithm s, its use as a dom ain pat tern focuses on its abilit y to express a concept , usually
a process or a policy rule.



Example

Route-Finding Policies

A Rou t e Sp eci f i cat ion  is being passed to a Rou t in g  Ser v ice ,  whose job is to const ruct  a
detailed I t in er ar y  that  sat isfies the SPECI FI CATI ON.  This SERVI CE is an opt im izat ion engine that  can
be tuned to find either the fastest  route or the cheapest  one.

Fig u r e 1 2 .1 . A SERVI CE in t er f ace w i t h  op t ion s w i l l  n eed  con d i t ion a l  log ic.

This setup looks OK, but  a detailed look at  the rout ing code would reveal condit ionals in every
com putat ion, m aking the decision between fastest  or cheapest  appear all over the place. More
t rouble will com e when new cr iter ia are added to m ake m ore subt le choices between routes.

One approach is to separate those tuning param eters into STRATEGI ES.  Then they can be
represented explicit ly, passed into the Rou t in g  Ser v ice  as a param eter.

The Rou t in g  Ser v ice  now handles all requests in the sam e, uncondit ional way, looking for a
sequence of Leg s  with a low m agnitude, as com puted by the Leg  Mag n i t u d e Po l icy .

This design has the advantages that  m ot ivate the STRATEGY pat tern in Design Pat terns.  On the
level of applicat ion versat ilit y and flexibilit y, the behavior of the Rou t in g  Ser v ice  can now be
cont rolled and extended by installing an appropriate Leg  Mag n i t u d e Po l icy .  The STRATEGI ES

illust rated in Figure 12.2 ( fastest  or cheapest )  are only the m ost  obvious ones. Com binat ions that
balance speed and cost  are likely. There m ay be other factors altogether, such as a bias toward
booking cargo on the com pany's own t ransports rather than subcont ract ing to carry them  on the
t ransports of other shipping com panies. These m odificat ions could have been m ade without
resort ing to STRATEGI ES,  but  the logic would have wound through the internals of the Rou t in g

Ser v ice  and bloated its interface. The decoupling does m ake it  clear and easily testable.

Fig u r e 1 2 .2 . Op t ion s d et er m in ed  b y  ch o ice o f  STRATEGY ( POLI CY)  p assed  as
ar g u m en t



A fundam entally im portant  rule in the dom ain, the basis of choosing one Leg  over another when
building an I t in er ar y ,  is now explicit  and dist inct . I t  conveys the knowledge that  a specific
at t r ibute (potent ially derived)  of an individual leg, boiled down to a single num ber, is the basis for
rout ing. This m akes possible a sim ple statem ent  in the language of the dom ain that  defines the
Rou t in g  Ser v ice ' s behavior:  The Rou t in g  Ser v ice  chooses an I t in er ar y  with a m inim um  total
m agnitude of the Leg s  based on the chosen STRATEGY.

Not e:  This discussion im plies that  the Rou t in g  Ser v ice  is actually evaluat ing Leg s  as it  searches
for an I t in er ar y .  This approach is conceptually st raight forward, and it  could m ake a reasonable
prototype im plem entat ion, but  it  is probably unacceptably inefficient . This applicat ion will be taken
up again in Chapter 14, "Maintaining Model I ntegrity,"  where the sam e interface will be used with a
com pletely different  im plem entat ion of the Rou t in g  Ser v ice .

  

When we use the technical design pat tern in the dom ain layer, we have to add an addit ional
m ot ivat ion, another layer of m eaning. When the STRATEGY corresponds to an actual business
st rategy or policy, the pat tern becom es m ore than just  a useful im plem entat ion technique ( though
that  too is valuable as far as it  goes) .

The consequences of the design pat tern fully apply. For exam ple, in Design Pat terns,  Gam m a et  al.
point  out  that  clients m ust  be aware of different  STRATEGI ES,  which is also a m odeling concern. A
concern purely of im plem entat ion is that  STRATEGI ES can increase the num ber of objects in the
applicat ion. I f that  is a problem , the overhead can be reduced by im plem ent ing STRATEGI ES as
stateless objects that  contexts can share. The extensive discussion of im plem entat ion approaches
in Design Pat terns all applies here. This is because we are st ill using a STRATEGY.  Our m ot ivat ions
are part ially different , which will affect  som e choices, but  the experience em bedded in the design
pat tern is at  our disposal.
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Composite

Com pose objects into t ree st ructures to represent  part -whole hierarchies. COMPOSI TE lets
clients t reat  individual objects and com posit ions of objects uniform ly. [ Gam m a et  al. 1995]

We often encounter, while m odeling com plex dom ains, an im portant  object  that  is com posed of
parts, which are them selves m ade up of parts, which are m ade up of parts—occasionally even
nest ing to arbit rary depth. I n som e dom ains, each of these levels is conceptually dist inct , but  in
other cases, there is a sense in which the parts are the sam e kind of thing as the whole, only
sm aller.

W h en  t h e r e la t ed n ess o f  n est ed  con t a in er s i s n o t  r ef lect ed  in  t h e m od el , com m on

b eh av io r  h as t o  b e d u p l icat ed  at  each  lev el  o f  t h e h ier ar ch y , an d  n est in g  is r ig id  ( f o r

ex am p le, con t a in er s can ' t  u su al l y  con t a in  o t h er  con t a in er s a t  t h e i r  ow n  lev el , an d  t h e

n u m b er  o f  lev els i s f i x ed ) . Cl ien t s m u st  d eal  w i t h  d i f f er en t  lev els o f  t h e h ier ar ch y

t h r ou g h  d i f f er en t  in t er f aces, ev en  t h ou g h  t h er e m ay  b e n o  con cep t u a l  d i f f er en ce t h ey

car e ab ou t . Recu r sion  t h r ou g h  t h e h ier ar ch y  t o  p r od u ce ag g r eg at ed  in f o r m at ion  is v er y

com p l icat ed .

When applying any design pat tern in the dom ain, the first  concern should be whether the pat tern
idea really is a good fit  for the dom ain concept . I t  m ight  be convenient  to m ove recursively
through som e associated objects, but  is there a t rue whole-part  hierarchy? Have you found an
abst ract ion under which all the parts t ruly are the sam e conceptual type? I f you have, COMPOSI TE

will m ake those aspects of the m odel clearer, while allowing you to tap into the carefully thought -
out  design and im plem entat ion considerat ions of the design pat tern.

Therefore:

Def in e an  ab st r act  t y p e t h at  en com p asses a l l  m em b er s o f  t h e COMPOSI TE. Met h od s t h at

r et u r n  in f o r m at ion  ar e im p lem en t ed  on  con t a in er s t o  r et u r n  ag g r eg at ed  in f o r m at ion

ab ou t  t h e i r  con t en t s. " Leaf "  n od es im p lem en t  t h ose m et h od s b ased  on  t h ei r  ow n

v alu es. Cl ien t s d eal  w i t h  t h e ab st r act  t y p e an d  h av e n o  n eed  t o  d ist in g u ish  leav es f r om

con t a in er s.

This is a relat ively obvious pat tern on the st ructural level, but  designers often do not  push



them selves to flesh out  the operat ional level of the pat tern. The COMPOSI TE offers the sam e
behavior at  every st ructural level, and m eaningful quest ions can be asked of sm all or large parts
that  t ransparent ly reflect  their  m akeup. That  r igorous sym m etry is the key to the power of the
pat tern.

Example

Shipment Routes Made of Routes

A com plete cargo shipm ent  route is com plicated. First  the container m ust  be t rucked to a railhead,
then carr ied to a port , then t ransported on a ship to another port , possibly t ransferred to other
ships, and finally t ransported by ground on the other end.

Fig u r e 1 2 .3 . A sch em at ic o f  a  " r ou t e"  m ad e u p  o f  " leg s"

An applicat ion developm ent  team  has created an object  m odel to express these arbit rar ily long
st r ings of legs that  assem ble into a route.

Fig u r e 1 2 .4 . A class d iag r am  o f  a  Rou t e  m ad e u p  o f  Legs



Using this m odel, the developers are able to create Rou t e  objects based on booking requests.
They are able to process the Leg s  into the operat ional plan for the step-by-step handling of the
cargo. Then they discover som ething.

The developers had always thought  of a route as an arbit rary, un-different iated st r ing of legs.

Fig u r e 1 2 .5 . Th e d ev elop er s'  con cep t ion  o f  a  r ou t e

I t  turns out  the dom ain experts see the route as a sequence of five logical segm ents.

Fig u r e 1 2 .6 . Th e b u sin ess ex p er t s '  con cep t ion  o f  a  r ou t e

Am ong other things, these subroutes m ay be planned at  different  t im es by different  people, so
they have to be viewed as dist inct . And on closer inspect ion, the "door legs" are quite different



from  the other legs, involving locally hired t rucks or even custom er haulage, in cont rast  to the
elaborately scheduled rail and ship t ransports.

An object  m odel reflect ing all these dist inct ions starts to get  com plicated.

Fig u r e 1 2 .7 . Th e e lab o r at ed  class d iag r am  o f  Rou t e

Structurally the m odel isn't  so bad, but  the uniform ity of processing the operat ional plan is lost , so
the code, or even a descript ion of behavior, becom es m uch m ore com plicated. Other com plicat ions
begin to surface, too. Any t raversal of a route involves m ult iple collect ions of different  types of
objects.

Enter COMPOSI TE.  I t  would be nice, for certain clients, to t reat  the different  levels in this const ruct
uniform ly, as routes m ade up of routes. Conceptually this view is sound. Every level of Rou t e  is a
m ovem ent  of a container from  one point  to another, all the way down to an individual leg. (See
Figure 12.8.)

Fig u r e 1 2 .8 . A class d iag r am  u sin g  COMPOSI TE



Now, the stat ic class diagram  does not  tell us as m uch about  how door legs and other segm ents fit
together as the previous one did. But  the m odel is m ore than a stat ic class diagram . We'll convey
assem bly inform at ion through other diagram s (see Figure 12.9)  and through the (now m uch
sim pler)  code. This m odel captures the deep relatedness of all these different  kinds of "Rou t e  ."
Generat ing the operat ional plan is sim ple again, as are other route- t raversing operat ions.

Fig u r e 1 2 .9 . I n st an ces r ep r esen t in g  a com p let e Rou t e



With a route m ade of other routes, pieced together end to end to get  from  one place to another,
you can have route im plem entat ions of varying detail.  You can chop off the end of a route and
splice on a new ending, you can have arbit rary nest ing of detail,  and you can exploit  all sorts of
possibly useful opt ions.

Of course, we don't  yet  need such opt ions. And before we needed those route segm ents and
dist inct  door legs, we were doing just  fine without  COMPOSI TE.  A design pat tern should be applied
only when it  is needed.
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Why Not FLYWEIGHT?

Because I  referred to the FLYWEI GHT pat tern earlier ( in Chapter 5) , you m ight  have assum ed that  it
is an exam ple of a pat tern to be applied to dom ain m odels. I n fact , FLYWEI GHT is a good exam ple of
a design pat tern that  has no correspondence to the dom ain m odel.

When a lim ited set  of VALUE OBJECTS is used m any t im es (as in the exam ple of elect r ical out lets in a
house plan) , it  m ay m ake sense to im plem ent  them  as FLYWEI GHTS.  This is an implementat ion

opt ion available for VALUE OBJECTS and not  for ENTI TI ES.  Cont rast  this with COMPOSI TE,  in which
conceptual objects are com posed of other conceptual objects. I n that  case, the pat tern applies to
both m odel and im plem entat ion, which is an essent ial t rait  of a dom ain pat tern.

I 'm  not  going to t ry to com pile a list  of the design pat terns that  can be used as dom ain pat terns.
Although I  can't  think of an exam ple of using an interpreter as a dom ain pat tern, I 'm  not  prepared
to say that  there is no concept ion of any dom ain that  would fit .  The only requirem ent  is that  the
pat tern should say som ething about  the conceptual dom ain, not  just  be a technical solut ion to a
technical problem .
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Chapter Thirteen. Refactoring Toward
Deeper Insight

Refactor ing toward deeper insight  is a m ult ifaceted process. I t  will be helpful to stop for a m om ent
to pull together the m ajor points. There are three things you have to focus on.

Live in the dom ain.1 .

Keep looking at  things a different  way.2 .

Maintain an unbroken dialog with dom ain experts.3 .

Seeking insight  into the dom ain creates a broader context  for the process of refactor ing.

The classic refactor ing scenario involves a developer or two sit t ing at  the keyboard, recognizing
that  som e code can be im proved, and then changing it  on the fly (with unit  tests to verify their
results, of course) . This pract ice should happen all the t im e, but  it  isn't  the whole story.

The previous five chapters present  an expanded view of refactor ing, superim posed on the
convent ional m icro- refactor ing approach.
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Initiation

Refactor ing toward deeper insight  can begin in m any ways. I t  m ay be a response to a problem  in
the code—som e com plexity or awkwardness. Rather than apply a standard t ransform at ion of the
code, the developers sense that  the root  of the problem  is in the dom ain m odel. Perhaps a concept
is m issing. Maybe som e relat ionship is wrong.

I n a departure from  the convent ional view of refactor ing, this sam e realizat ion could com e when
the code looks t idy, if the language of the m odel seem s disconnected from  the dom ain experts, or
if new requirem ents are not  fit t ing in naturally. Refactor ing m ight  result  from  learning, as a
developer who has gained deeper understanding sees an opportunity for a m ore lucid or useful
model.

Seeing the t rouble spot  is often the hardest  and m ost  uncertain part . After that , developers can
system at ically seek out  the elem ents of a new m odel. They can brainstorm  with colleagues and
dom ain experts. They can draw on system at ized knowledge writ ten as analysis pat terns or design
pat terns.
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Exploration Teams

Whatever the source of dissat isfact ion, the next  step is to seek a refinem ent  that  will m ake the
m odel com m unicate clearly and naturally. This m ight  require only som e m odest  change that  is
im m ediately evident  and can be accom plished in a few hours. I n that  case, the change resem bles
t radit ional refactor ing. But  the search for a new m odel m ay well call for m ore t im e and the
involvem ent  of m ore people.

The init iators of the change pick a couple of other developers who are good at  thinking through
that  kind of problem , who know that  area of the dom ain, or who have st rong m odeling skills. I f
there are subt let ies, they m ake sure a dom ain expert  is involved. This group of four or five people
goes to a conference room  or a coffee shop and brainstorm s for half an hour to an hour and a half.
They sketch UML diagram s;  they t ry walking through scenarios using the objects. They m ake sure
the subject  m at ter expert  understands the m odel and finds it  useful. When they find som ething
they are happy with, they go back and code it .  Or they decide to m ull it  over for a few days, and
they go back and work on som ething else. A couple of days later, the group reconvenes and goes
through the exercise again. This t im e they are m ore confident , having slept  on their  earlier
thoughts, and they reach som e conclusions. They go back to their  com puters and code the new
design.

There are a few keys to keeping this process product ive.

Self-determ inat ion.  A sm all team  can be assem bled on the fly to explore a design problem .
The team  can operate for a few days and then disband. There is no need for long- term ,
elaborate organizat ional st ructures.

Scope and sleep .  Two or three short  m eet ings spaced out  over a few days should produce a
design worth t rying. Dragging it  out  doesn't  help. I f you get  stuck, you m ay be taking on too
m uch at  once. Pick a sm aller aspect  of the design and focus on that .

Exercising the UBI QUI TOUS LANGUAGE.  I nvolving the other team  m em bers—part icular ly the
subject  m at ter expert—in the brain-storm ing session creates an opportunity to exercise and
refine the UBI QUI TOUS LANGUAGE.  The end result  of the effort  is a refinem ent  of that  LANGUAGE

which the or iginal developer(s)  will take back and form alize in code.

Earlier chapters in this book have presented several dialogs in which developers and dom ain
experts probe for bet ter m odels. A full-blown brainstorm ing session is dynam ic, unst ructured, and
in-credibly product ive.

[  Team  LiB ]  



[  Team  LiB ]  

Prior Art

I t  isn't  always necessary to reinvent  the wheel. The process of brain-storm ing for m issing concepts
and bet ter m odels has a great  capacity to absorb ideas from  any source, com bine them  with local
knowledge, and cont inue crunching to find answers to the current  situat ion.

You can get  ideas from  books and other sources of knowledge about  the dom ain itself. Although
the people in the field m ay not  have created a m odel suitable for running software, they m ay well
have organized the concepts and found som e useful abst ract ions. Feeding the knowledge-
crunching process this way leads to r icher, quicker results that  also will probably seem  m ore
fam iliar to dom ain experts.

Som et im es you can draw on the experience of others in the form  of analysis pat terns. This kind of
input  has som e of the effect  of reading about  the dom ain, but  in this case it  is geared specifically
toward software developm ent , and it  should be based direct ly on experience im plem ent ing
software in your dom ain. Analysis pat terns can give you subt le m odel concepts and help you avoid
lots of m istakes. But  they don't  give you a cookbook recipe. They feed the knowledge-crunching
process.

As the pieces are fit  together, m odel concerns and design concerns m ust  be dealt  with in parallel.
Again, it  doesn't  always m ean invent ing everything from  scratch. Design pat terns can often be
em ployed in the dom ain layer when they fit  both an im plem entat ion need and the m odel concept .

Likewise, when a com m on form alism , such as ar ithm et ic or predicate logic, fit s som e part  of a
dom ain, you can factor that  part  out  and adapt  the rules of the form al system . This provides very
t ight  and readily understood m odels.
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A Design for Developers

Software isn't  j ust  for users. I t 's also for developers. Developers have to integrate code with other
parts of the system . I n an iterat ive process, developers change the code again and again.
Refactor ing toward deeper insight  both leads to and benefits from  a supple design.

A supple design com m unicates its intent . The design m akes it  easy to ant icipate the effect  of
running code—and therefore it  easy to ant icipate the consequences of changing it .  A supple design
helps lim it  m ental overload, pr im arily by reducing dependencies and side effects. I t  is based on a
deep m odel of the dom ain that  is fine-grained only where m ost  cr it ical to the users. This m akes for
flexibilit y where change is m ost  com m on, and sim plicity elsewhere.
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Timing

I f you wait  unt il you can m ake a com plete just ificat ion for a change, you've waited too long.  Your
project  is already incurr ing heavy costs, and the postponed changes will be harder to m ake
because the target  code will have been m ore elaborated and m ore em bedded in other code.

Cont inuous refactor ing has com e to be considered a "best  pract ice,"  but  m ost  project  team s are
st ill too caut ious about  it .  They see the r isk of changing code and the cost  of developer t im e to
m ake a change;  but  what 's harder to see is the r isk of keeping an awkward design and the cost  of
working around that  design. Developers who want  to refactor are often asked to just ify the
decision. Although this seem s reasonable, it  m akes an already difficult  thing im possibly difficult ,
and tends to squelch refactor ing (or dr ive it  underground) . Software developm ent  is not  such a
predictable process that  the benefits of a change or the costs of not  m aking a change can be
accurately calculated.

Refactor ing toward deeper insight  needs to becom e part  of the ongoing explorat ion of the subject
m at ter of the dom ain, the educat ion of the developers, and the m eet ing of the m inds of
developers and dom ain experts. Therefore, refactor when

The design does not  express the team 's current  understanding of the dom ain;

I m portant  concepts are im plicit  in the design (and you see a way to m ake them  explicit ) ;  or

You see an opportunity to m ake som e im portant  part  of the design suppler.

This aggressive at t itude does not  just ify any change at  any t im e. Don't  refactor the day before a
release. Don't  int roduce "supple designs" that  are just  dem onst rat ions of technical vir tuosity but
fail to cut  to the core of the dom ain. Don't  int roduce a "deeper m odel"  that  you couldn't  convince a
dom ain expert  to use, no m at ter how elegant  it  seem s. Don't  be absolute about  things, but  push
beyond the com fort  zone in the direct ion of favoring refactor ing.
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Crisis as Opportunity

For over a century after Charles Darwin int roduced it ,  the standard m odel of evolut ion was that
species changed gradually, som ewhat  steadily, over t im e. Suddenly, in the 1970s, this m odel was
displaced by the "punctuated equilibr ium " m odel. I n this expanded view of evolut ion, long periods
of gradual change or stabilit y are interrupted by relat ively short  bursts of rapid change. Then
things set t le down into a new equilibr ium . Software developm ent  has an intent ional direct ion
behind it  that  evolut ion lacks (although it  m ay not  be evident  on som e projects) , but  nonetheless
it  follows this kind of rhythm .

Classical descript ions of refactor ing sound very steady. Refactor ing toward deeper insight  usually
isn't .  A period of steady refinem ent  of a m odel can suddenly br ing you to an insight  that  shakes up
everything. These breakthroughs don't  happen every day, yet  a large proport ion of the changes
that  lead to a deep m odel and supple design em erge from  them .

Such a situat ion often does not  look like an opportunity;  it  seem s m ore like a cr isis. Suddenly
there is som e obvious inadequacy in the m odel. There is a gaping hole in what  it  can express, or
som e cr it ical area where it  is opaque. Maybe it  m akes statem ents that  are just  wrong.

This m eans the team  has reached a new level of understanding. From  their now-elevated
viewpoint , the old m odel looks poor. From  that  viewpoint , they can conceive a far bet ter one.

Refactor ing toward deeper insight  is a cont inuing process. I m plicit  concepts are recognized and
m ade explicit .  Parts of the design are m ade suppler, perhaps taking on a declarat ive style.
Developm ent  suddenly com es to the br ink of a breakthrough and plunges through to a deep
m odel—and then steady refinem ent  starts again.

[  Team  LiB ]  
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Part IV: Strategic Design

As system s grow too com plex to know com pletely at  the level of individual objects, we need
techniques for m anipulat ing and com prehending large m odels. This part  of the book presents
principles that  enable the m odeling process to scale up to very com plicated dom ains. Most
such decisions m ust  be m ade at  team  level or even negot iated between team s. These are the
decisions where design and polit ics often intersect .

The goal of the m ost  am bit ious enterprise system  is a t ight ly integrated system  spanning the
ent ire business. Yet  the ent ire business m odel for alm ost  any such organizat ion is too large
and com plex to m anage or even understand as a single unit . The system  m ust  be broken into
sm aller parts, in both concept  and im plem entat ion. The challenge is to accom plish this
modularity without  losing the benefits of integrat ion,  allowing different  parts of the system  to
interoperate to support  the coordinat ion of various business operat ions. A m onolithic, all-
encom passing dom ain m odel will be unwieldy and loaded with subt le duplicat ions and
cont radict ions. A set  of sm all, dist inct  subsystem s glued together with ad hoc interfaces will
lack the power to solve enterprise-wide problem s and allows consistency problem s to ar ise at
every integrat ion point . The pit falls of both ext rem es can be avoided with a system at ic,
evolving design st rategy.

Even at  this scale, dom ain-driven design does not  produce m odels unconnected to the
im plem entat ion. Every decision m ust  have a direct  im pact  on system  developm ent , or else it
is irrelevant . St rategic design pr inciples m ust  guide design decisions to reduce the
interdependence of parts and im prove clar ity without  losing cr it ical interoperabilit y and
synergy. They m ust  focus the m odel to capture the conceptual core of the system , the
"vision" of the system . And they m ust  do all this without  bogging the project  down. To help
accom plish these goals, Part  I V explores three broad them es:  context , dist illat ion, and large-
scale st ructure.

Context , the least  obvious of the pr inciples, is actually the m ost  fundam ental. A successful
m odel, large or sm all, has to be logically consistent  throughout , without  cont radictory or
overlapping definit ions. Enterprise system s som et im es integrate subsystem s with varying
origins or have applicat ions so dist inct  that  very lit t le in the dom ain is viewed in the sam e
light . I t  m ay be asking too m uch to unify the m odels im plicit  in these disparate parts. By
explicit ly defining a BOUNDED CONTEXT within which a m odel applies and then, when
necessary, defining its relat ionship with other contexts, the m odeler can avoid bastardizing
the m odel.

Dist illat ion reduces the clut ter and focuses at tent ion appropriately. Often a great  deal of
effort  is spent  on peripheral issues in the dom ain. The overall dom ain m odel needs to m ake
prom inent  the m ost  value-adding and special aspects of your system  and be st ructured to
give that  part  as m uch power as possible. While som e support ing com ponents are cr it ical,
they m ust  be put  into their  proper perspect ive. This focus not  only helps to direct  efforts
toward vital parts of the system , but  it  keeps the vision of the system  from  being lost .
St rategic dist illat ion can bring clar ity to a large m odel. And with a clearer view, the design of
the CORE DOMAI N can be m ade m ore useful.

Large-scale st ructure com pletes the picture. I n a very com plex m odel, you m ay not  see the
forest  for the t rees. Dist illat ion helps, by focusing the at tent ion on the core and present ing
the other elem ents in their  support ing roles, but  the relat ionships can st ill be too confusing
without  an overarching them e, applying som e system -wide design elem ents and pat terns. I ' ll
give an overview of a few approaches to large-scale st ructure and then go into depth on one



such pat tern, RESPONSI BI LI TY LAYERS,  to explore the im plicat ions of using such a st ructure.
The specific st ructures discussed are only exam ples;  they are not  a com prehensive catalog.
New ones should be invented as needed, or these should be m odified, through a process of
EVOLVI NG ORDER.  Som e such st ructure can bring a uniform ity to the design that  accelerates
developm ent  and im proves integrat ion.

These three pr inciples, useful separately but  part icular ly powerful taken together, help to
produce good designs—even in a sprawling system  that  no one com pletely understands.
Large-scale st ructure br ings consistency to disparate parts to help those parts m esh.
St ructure and dist illat ion m ake the com plex relat ionships between parts com prehensible
while keeping the big picture in view. BOUNDED CONTEXTS allow work to proceed in different
parts without  corrupt ing the m odel or unintent ionally fragm ent ing it .  Adding these concepts
to the team 's UBI QUI TOUS LANGUAGE helps developers work out  their  own solut ions.
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Chapter Fourteen. Maintaining Model
Integrity

I  once worked on a project  where several team s were working in parallel on a m ajor new system .
One day, the team  working on the custom er- invoicing m odule was ready to im plem ent  an object
they called Ch ar g e ,  when they discovered that  another team  had already built  one. Diligent ly,
they set  out  to reuse the exist ing object . They discovered it  didn't  have an "expense code,"  so
they added one. I t  already had the "posted am ount"  at t r ibute they needed. They had been
planning to call it  "am ount  due,"  but—what 's in a nam e?—they changed it .  Adding a few m ore
m ethods and associat ions, they got  som ething that  looked like what  they wanted, without
disturbing what  was there. They had to ignore m any associat ions they didn't  need, but  their
applicat ion m odule ran.

A few days later, m ysterious problem s surfaced in the bill-paym ent  applicat ion m odule for which
the Ch ar g e  had originally been writ ten. St range Ch ar g es appeared that  no one rem em bered
entering and that  didn't  m ake any sense. The program  began to crash when som e funct ions were
used, part icular ly the m onth- to-date tax report . I nvest igat ion revealed that  the crash resulted
when a funct ion was used that  sum m ed up the am ount  deduct ible for all the current  m onth's
paym ents. The m ystery records had no value in the "percent  deduct ible"  field, although the
validat ion of the data-ent ry applicat ion required it  and even put  in a default  value.

The problem  was that  these two groups had different  m odels,  but  they did not  realize it ,  and there
were no processes in place to detect  it .  Each m ade assum pt ions about  the nature of a charge that
were useful in their  context  (billing custom ers versus paying vendors) . When their  code was
com bined without  resolving these cont radict ions, the result  was unreliable software.

I f only they had been m ore aware of this reality, they could have consciously decided how to deal
with it .  That  m ight  have m eant  working together to ham m er out  a com m on m odel and then
writ ing an autom ated test  suite to prevent  future surprises. Or it  m ight  sim ply have m eant  an
agreem ent  to develop separate m odels and keep hands off each other 's code. Either way, it  starts
with an explicit  agreem ent  on the boundaries within which each m odel applies.

What  did they do once they knew about  the problem ? They created separate Cu st om er  Ch ar g e

and Su p p l ier  Ch ar g e  classes and defined each according to the needs of the corresponding team .
The im m ediate problem  having been solved, they went  back to doing things just  as before. Oh
well.

Although we seldom  think about  it  explicit ly, the m ost  fundam ental requirem ent  of a m odel is that
it  be internally consistent ;  that  its term s always have the sam e m eaning, and that  it  contain no
cont radictory rules. The internal consistency of a m odel, such that  each term  is unam biguous and
no rules cont radict , is called unificat ion .  A m odel is m eaningless unless it  is logically consistent . I n
an ideal world, we would have a single m odel spanning the whole dom ain of the enterprise. This
m odel would be unified, without  any cont radictory or overlapping definit ions of term s. Every logical
statem ent  about  the dom ain would be consistent .

But  the world of large system s developm ent  is not  the ideal world. To m aintain that  level of
unificat ion in an ent ire enterprise system  is m ore t rouble than it  is worth. I t  is necessary to allow
m ult iple m odels to develop in different  parts of the system , but  we need to m ake careful choices
about  which parts of the system  will be allowed to diverge and what  their  relat ionship to each
other will be. We need ways of keeping crucial parts of the m odel t ight ly unified. None of this



happens by itself or through good intent ions. I t  happens only through conscious design decisions
and inst itut ion of specific processes. To t a l  u n i f i cat ion  o f  t h e d om ain  m od el  f o r  a  lar g e

sy st em  w i l l  n o t  b e f easib le o r  cost - ef f ect i v e.

Som et im es people fight  this fact . Most  people see the pr ice that  m ult iple m odels exact  by lim it ing
integrat ion and m aking com m unicat ion cum bersom e. On top of that , having m ore than one m odel
som ehow seem s inelegant . This resistance to m ult iple m odels som et im es leads to very am bit ious
at tem pts to unify all the software in a large project  under a single m odel. I  know I 've been guilty
of this kind of overreaching. But  consider the r isks.

Too m any legacy replacem ents m ay be at tem pted at  once.1 .

Large projects m ay bog down because the coordinat ion over-head exceeds their  abilit ies.2 .

Applicat ions with specialized requirem ents m ay have to use m odels that  don't  fully sat isfy
their  needs, forcing them  to put  behavior elsewhere.

3 .

Conversely, at tem pt ing to sat isfy everyone with a single m odel m ay lead to com plex opt ions
that  m ake the m odel difficult  to use.

4 .

What 's m ore, m odel divergences are as likely to com e from  polit ical fragm entat ion and differ ing
m anagem ent  pr ior it ies as from  technical concerns. And the em ergence of different  m odels can be
a result  of team  organizat ion and developm ent  process. So even when no technical factor prevents
full integrat ion, the project  m ay st ill face m ult iple m odels.

Given that  it  isn't  feasible to m aintain a unified m odel for an ent ire enterprise, we don't  have to
leave ourselves at  the m ercy of events. Through a com binat ion of proact ive decisions about  what
should be unified and pragm at ic recognit ion of what  is not  unified, we can create a clear, shared
picture of the situat ion. With that  in hand, we can set  about  m aking sure that  the parts we want  to
unify stay that  way, and the parts that  are not  unified don't  cause confusion or corrupt ion.

We need a way to m ark the boundaries and relat ionships between different  m odels. We need to
choose our st rategy consciously and then follow our st rategy consistent ly.

This chapter lays out  techniques for recognizing, com m unicat ing, and choosing the lim its of a
m odel and its relat ionships to others. I t  all starts with m apping the current  terrain of the project . A
BOUNDED CONTEXT defines the range of applicabilit y of each m odel, while a CONTEXT MAP gives a
global overview of the project 's contexts and the relat ionships between them . This reduct ion of
am biguity will,  in and of itself, change the way things happen on the project , but  it  isn't  necessarily
enough. Once we have a CONTEXT BOUNDED,  a process of CONTI NUOUS I NTEGRATI ON will keep the
m odel unified.

Then, start ing from  this stable situat ion, we can start  to m igrate toward m ore effect ive st rategies
for BOUNDI NG CONTEXTS and relat ing them , ranging from  closely allied contexts with SHARED

KERNELS to loosely coupled m odels that  go their  SEPARATE WAYS.

Fig u r e 1 4 .1 . A n av ig at ion  m ap  f o r  m od el  in t eg r i t y  p at t er n s
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Bounded Context

Cel ls can  ex ist  b ecau se t h ei r  m em b r an es d ef in e w h at  i s in  an d  ou t  an d  d et er m in e w h at

can  p ass.

Mult iple m odels coexist  on big projects, and this works fine in m any cases. Different  m odels apply
in different  contexts. For exam ple, you m ay have to integrate your new software with an external
system  over which your team  has no cont rol. A situat ion like this is probably clear to everyone as
a dist inct  context  where the m odel under developm ent  doesn't  apply, but  other situat ions can be
m ore vague and confusing. I n the story that  opened this chapter, two team s were working on
different  funct ionality for the sam e new system . Were they working on the sam e m odel? Their
intent ion was to share at  least  part  of what  they did, but  there was no dem arcat ion to tell them
what  they did or did not  share. And they had no process in place to hold a shared m odel together
or quickly detect  divergences. They realized they had diverged only after their  system 's behavior
suddenly becam e unpredictable.

Even a single team  can end up with m ult iple m odels. Com m unicat ion can lapse, leading to subt ly
conflict ing interpretat ions of the m odel. Older code often reflects an earlier concept ion of the
m odel that  is subt ly different  from  the current  m odel.

Everyone is aware that  the data form at  of another system  is different  and calls for a data
conversion, but  this is only the m echanical dim ension of the problem . More fundam ental is the
difference in the m odels im plicit  in the two system s. When the discrepancy is not  with an external
system , but  within the sam e code base, it  is even less likely to be recognized. Yet  this happens on
all large team  projects.

Mu l t ip le  m od els ar e in  p lay  on  an y  lar g e p r o j ect . Yet  w h en  cod e b ased  on  d ist in ct

m od els i s com b in ed , so f t w ar e b ecom es b u g g y , u n r e l iab le, an d  d i f f i cu l t  t o  u n d er st an d .

Com m u n icat ion  am on g  t eam  m em b er s b ecom es con f u sed . I t  i s o f t en  u n clear  in  w h at

con t ex t  a  m od el  sh ou ld  n o t  b e ap p l ied .



Failure to keep things st raight  is ult im ately revealed when the running code doesn't  work r ight , but
the problem  starts in the way team s are organized and the way people interact . Therefore, to
clar ify the context  of a m odel, we have to look at  both the project  and its end products (code,
database schem as, and so on) .

A m odel applies in a context . The context  m ay be a certain part  of the code, or the work of a
part icular team . For a m odel invented in a brainstorm ing session, the context  could be lim ited to
that  part icular conversat ion. The context  of a m odel used in an exam ple in this book is that
part icular exam ple sect ion and any later discussion of it .  The m odel context  is whatever set  of
condit ions m ust  apply in order to be able to say that  the term s in a m odel have a specific m eaning.

To begin to solve the problem s of m ult iple m odels, we need to define explicit ly the scope of a
part icular m odel as a bounded part  of a software system  within which a single m odel will apply and
will be kept  as unified as possible. This definit ion has to be reconciled with the team  organizat ion.

Therefore:

Ex p l ici t l y  d ef in e t h e con t ex t  w i t h in  w h ich  a m od el  ap p l ies. Ex p l i ci t l y  set  b ou n d ar ies in

t er m s o f  t eam  o r g an izat ion , u sag e w i t h in  sp eci f i c p ar t s o f  t h e ap p l icat ion , an d  p h y sica l

m an i f est a t ion s su ch  as cod e b ases an d  d at ab ase sch em as. Keep  t h e m od el  st r i ct l y

con sist en t  w i t h in  t h ese b ou n d s, b u t  d on ' t  b e d ist r act ed  o r  con f u sed  b y  issu es ou t sid e.

A BOUNDED CONTEXT delim its the applicabilit y of a part icular m odel so that  team  m em bers have a
clear and shared understanding of what  has to be consistent  and how it  relates to other CONTEXTS.
Within that  CONTEXT,  work to keep the m odel logically unified, but  do not  worry about  applicabilit y
outside those bounds. I n other CONTEXTS,  other m odels apply, with differences in term inology, in
concepts and rules, and in dialects of the UBI QUI TOUS LANGUAGE.  By drawing an explicit  boundary,
you can keep the m odel pure, and therefore potent , where it  is applicable. At  the sam e t im e, you
avoid confusion when shift ing your at tent ion to other CONTEXTS.  I ntegrat ion across the boundaries
necessarily will involve som e t ranslat ion, which you can analyze explicit ly.

BOUNDED CONTEXTS Are Not MODULES

The issues are confused som et im es, but  these are different  pat terns with different
m ot ivat ions. True, when two sets of objects are recognized as m aking up different
m odels, they are alm ost  always placed in separate MODULES.  Doing so does provide
different  nam e spaces (essent ial for different  CONTEXTS)  and som e dem arcat ion.

But  MODULES also organize the elem ents within one m odel;  they don't  necessarily
com m unicate an intent ion to separate CONTEXTS.  The separate nam e spaces that
MODULES create within a BOUNDED CONTEXT actually m ake it  harder to spot  accidental
m odel fragm entat ion.

Example

Booking Context

A shipping com pany has an internal project  to develop a new applicat ion for booking cargo. This
applicat ion is to be dr iven by an object  m odel. What  is the BOUNDED CONTEXT within which this
m odel applies? To answer this quest ion, we have to look at  what  is happening on the project . Keep
in m ind, this is a look at  the project  as it  is,  not  as it  ideally should be.

One project  team  is working on the booking applicat ion itself. They are not  expected to m odify the



m odel objects, but  the applicat ion they are building has to display and m anipulate those objects.
This team  is a consum er of the m odel. The m odel is valid within the applicat ion ( its pr im ary
consum er) , and therefore the booking applicat ion is in bounds.

The com pleted bookings have to be passed to the legacy cargot racking system . A decision was
m ade up front  that  the new m odel would depart  from  that  of the legacy, so the legacy
cargot racking system  is outside the boundary. Necessary t ranslat ion between the new m odel and
the legacy is to be the responsibilit y of the legacy m aintenance team . The t ranslat ion m echanism
is not  dr iven by the m odel. I t  is not  in the BOUNDED CONTEXT.  ( I t  is part  of the boundary itself,
which will be discussed in CONTEXT MAP.)  I t  is good that  t ranslat ion is out  of CONTEXT (not  based on
the m odel) . I t  would be unrealist ic to ask the legacy team  to m ake any real use of the m odel
because their  pr im ary work is out  of CONTEXT.

The team  responsible for the m odel deals with the whole life cycle of each object , including
persistence. Because this team  has cont rol of the database schem a, they've been deliberately
keeping the object - relat ional m apping st raight forward. I n other words, the schem a is being dr iven
by the m odel and therefore is in bounds.

Yet  another team  is working on a m odel and applicat ion for scheduling the voyages of the cargo
ships. The scheduling and booking team s were init iated together, and both team s had intended to
produce a single, unified system . The two team s have casually coordinated with each other, and
they occasionally share objects, but  they are not  system at ic about  it .  They are not  working in the
same BOUNDED CONTEXT.  This is a r isk, because they do not  think of them selves as working on
separate m odels. To the extent  they integrate, there will be problem s unless they put  in place
processes to m anage the situat ion. (The SHARED KERNEL,  discussed later in this chapter, m ight  be a
good choice.)  The first  step, though, is to recognize the situat ion as it  is.  They are not  in the sam e
CONTEXT and should stop t rying to share code unt il som e changes are m ade.

This BOUNDED CONTEXT is m ade up of all those aspects of the system  that  are dr iven by this
part icular m odel:  the m odel objects, the database schem a that  persists the m odel objects, and the
booking applicat ion. Two team s work pr im arily in this CONTEXT:  the m odeling team  and the
applicat ion team . I nform at ion has to be exchanged with the legacy t racking system , and the
legacy team  has prim ary responsibilit y for the t ranslat ion at  this boundary, with cooperat ion from
the m odeling team . There is no clearly defined relat ionship between the booking m odel and the
voyage schedule m odel, and defining that  relat ionship should be one of those team s' first  act ions.
I n the m eant im e, they should be very careful about  sharing code or data.

So, what  has been gained by defining this BOUNDED CONTEXT? For the team s working in CONTEXT:
clar ity. Those two team s know they m ust  stay consistent  with one m odel. They m ake design
decisions in that  knowledge and watch for fractures. For the team s outside:  freedom . They don't
have to walk in the gray zone, not  using the sam e m odel, yet  som ehow feeling they should. But
the m ost  concrete gain in this part icular case is probably realizing the r isk of the inform al sharing
between the booking m odel team  and the voyage schedule team . To avoid problem s, they really
need to decide on the cost / benefit  t rade-offs of sharing and put  in processes to m ake it  work. This
won't  happen unless everyone understands where the bounds of the m odel contexts are.

  

Of course, boundaries are special places. The relat ionships between a BOUNDED CONTEXT and its
neighbors require care and at tent ion. The CONTEXT MAP charts the terr itory, giving the big picture
of the CONTEXTS and their  connect ions, while several pat terns define the nature of the various
relat ionships between CONTEXTS.  And a process of CONTI NUOUS I NTEGRATI ON preserves unity of the
m odel within a BOUNDED CONTEXT.

But  before proceeding to all that , what  does it  look like when unificat ion of a m odel is breaking
down? How do you recognize conceptual splinters?



Recognizing Splinters Within a BOUNDED CONTEXT

Many sym ptom s m ay indicate unrecognized m odel differences. Som e of the m ost  obvious are
when coded interfaces don't  m atch up. More subt ly, unexpected behavior is a likely sign. The
CONTI NUOUS I NTEGRATI ON process with autom ated tests can help catch these kinds of problem s. But
the early warning is usually a confusion of language.

Com bining elem ents of dist inct  m odels causes two categories of problem s:  duplicate concepts and
false cognates.  Duplicat ion of concepts m eans that  there are two m odel elem ents (and at tendant
im plem entat ions)  that  actually represent  the sam e concept . Every t im e this inform at ion changes,
it  has to be updated in two places with conversions. Every t im e new knowledge leads to a change
in one of the objects, the other has to be reanalyzed and changed too. Except  the reanalysis
doesn't  happen in reality, so the result  is two versions of the sam e concept  that  follow different
rules and even have different  data. On top of that , the team  m em bers m ust  learn not  one but  two
ways of doing the sam e thing, along with all the ways they are being synchronized.

False cognates m ay be slight ly less com m on, but  m ore insidiously harm ful. This is the case when
two people who are using the sam e term  (or im plem ented object )  think they are talking about  the
sam e thing, but  really are not . The exam ple in the beginning of this chapter ( two different
business act ivit ies both called Ch ar g e )  is typical, but  conflicts can be even subt ler when the two
definit ions are actually related to the sam e aspect  in the dom ain, but  have been conceptualized in
slight ly different  ways. False cognates lead to developm ent  team s that  step on each other 's code,
databases that  have weird cont radict ions, and confusion in com m unicat ion within the team . The
term  false cognate is ordinarily applied to natural languages. For exam ple, English speakers
learning Spanish often m isuse the word em barazada.  This word does not  m ean "em barrassed";  it
m eans "pregnant ."  Oops.

When you detect  these problem s, your team  will have to m ake a decision. You m ay want  to pull
the m odel back together and refine the processes to prevent  fragm entat ion. Or the fragm entat ion
m ay be a result  of groups who want  to pull the m odel in different  direct ions for good reasons, and
you m ay decide to let  them  develop independent ly. Dealing with these issues is the subject  of the
rem aining pat terns in this chapter.
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Continuous Integration

Having defined a BOUNDED CONTEXT,  we m ust  keep it  sound.

  

W h en  a n u m b er  o f  p eop le ar e w or k in g  in  t h e sam e BOUNDED CONTEXT, t h er e is a  st r on g

t en d en cy  f o r  t h e m od el  t o  f r ag m en t . Th e b ig g er  t h e t eam , t h e b ig g er  t h e p r ob lem , b u t

as f ew  as t h r ee o r  f ou r  p eop le can  en cou n t er  ser iou s p r ob lem s. Yet  b r eak in g  d ow n  t h e

sy st em  in t o  ev er - sm al ler  CONTEXTS ev en t u a l l y  loses a v a lu ab le lev el  o f  in t eg r at ion  an d

coh er en cy .

Som et im es developers do not  fully understand the intent  of som e object  or interact ion m odeled by
som eone else, and they change it  in a way that  m akes it  unusable for its or iginal purpose.
Som et im es they don't  realize that  the concepts they are working on are already em bodied in
another part  of the m odel and they duplicate ( inexact ly)  those concepts and behavior. Som et im es
they are aware of those other expressions but  are afraid to tam per with them , for fear of
corrupt ing the exist ing funct ionality, and so they proceed to duplicate concepts and funct ionality.

I t  is very hard to m aintain the level of com m unicat ion needed to develop a unified system  of any
size. We need ways of increasing com m unicat ion and reducing com plexity. We also need safety
nets that  prevent  overcaut ious behavior, such as developers duplicat ing funct ionality because they
are afraid they will break exist ing code.

I t  is in this environm ent  that  Ext rem e Program m ing (XP)  really com es into its own. Many XP
pract ices are aim ed at  this specific problem  of m aintaining a coherent  design that  is being
constant ly changed by m any people. XP in its purest  form  is a nice fit  for m aintaining m odel
integrity within a single BOUNDED CONTEXT.  However, whether or not  XP is being used, it  is essent ial
to have som e process of CONTI NUOUS I NTEGRATI ON.

CONTI NUOUS I NTEGRATI ON m eans that  all work within the context  is being m erged and m ade
consistent  frequent ly enough that  when splinters happen they are caught  and corrected quickly.
CONTI NUOUS I NTEGRATI ON,  like everything else in dom ain-driven design, operates at  two levels:  (1)



the integrat ion of m odel concepts and (2)  the integrat ion of the im plem entat ion.

Concepts are integrated by constant  com m unicat ion am ong team  m em bers. The team  m ust
cult ivate a shared understanding of the ever-changing m odel. Many pract ices help, but  the m ost
fundam ental is constant ly ham m ering out  the UBI QUI TOUS LANGUAGE.  Meanwhile, the
im plem entat ion art ifacts are being integrated by a system at ic m erge/ build/ test  process that
exposes m odel splinters early. Many processes for integrat ion are used, but  m ost  of the effect ive
ones share these character ist ics:

A step-by-step, reproducible m erge/ build technique;

Autom ated test  suites;  and

Rules that  set  som e reasonably sm all upper lim it  on the lifet im e of unintegrated changes.

The other side of the coin in effect ive processes, although it  is seldom  form ally included, is
conceptual integrat ion.

Constant  exercise of the UBI QUI TOUS LANGUAGE in discussions of the m odel and applicat ion

Most  Agile projects have at  least  daily m erges of each developer 's code changes. The frequency
can be adjusted to the pace of change, as long as any unintegrated change would be m erged
before a significant  am ount  of incom pat ible work could be done by other team  m em bers.

I n a MODEL-DRI VEN DESI GN,  the integrat ion of concepts sm ooths the way for the integrat ion of the
im plem entat ion, while the integrat ion of the im plem entat ion proves the validity and consistency of
the m odel and exposes splinters.

Therefore:

I n st i t u t e a  p r ocess o f  m er g in g  a l l  cod e an d  o t h er  im p lem en t at ion  ar t i f act s f r eq u en t ly ,

w i t h  au t om at ed  t est s t o  f lag  f r ag m en t at ion  q u ick ly . Relen t lessly  ex er cise t h e

UBI QUI TOUS LANGUAGE t o  h am m er  ou t  a  sh ar ed  v iew  o f  t h e m od el  as t h e con cep t s ev o lv e

in  d i f f er en t  p eop le ' s h ead s .

Finally, do not  m ake the job any bigger than it  has to be. CONTI NUOUS I NTEGRATI ON is essent ial only
within a BOUNDED CONTEXT.  Design issues involving neighboring CONTEXTS,  including t ranslat ion,
don't  have to be dealt  with at  the sam e pace.

  

CONTI NUOUS I NTEGRATI ON would be applied within any individual BOUNDED CONTEXT that  is larger
than a two-person task. I t  m aintains the integrity of that  single m odel. When m ult iple BOUNDED

CONTEXTS coexist , you have to decide on their  relat ionships and design any necessary interfaces. .
.  .

[  Team  LiB ]  
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Context Map

An individual BOUNDED CONTEXT st ill does not  provide a global view. The context  of other m odels
m ay st ill be vague and in flux.

  

Peop le on  o t h er  t eam s w on ' t  b e v er y  aw ar e o f  t h e CONTEXT  b ou n d s an d  w i l l

u n k n ow in g ly  m ak e ch an g es t h at  b lu r  t h e ed g es o r  com p l icat e t h e in t er con n ect ion s.

W h en  con n ect ion s m u st  b e m ad e b et w een  d i f f er en t  con t ex t s, t h ey  t en d  t o  b leed  in t o

each  o t h er .

Code reuse between BOUNDED CONTEXTS is a hazard to be avoided. I ntegrat ion of funct ionality and
data m ust  go through a t ranslat ion. You can reduce confusion by defining the relat ionship between
the different  contexts and creat ing a global view of all the m odel contexts on the project .

A CONTEXT MAP is in the overlap between project  m anagem ent  and software design. The natural
course of events is for the boundaries to follow the contours of team  organizat ion. People who
work closely will naturally share a m odel context . People on different  team s, or those that  don't
talk, even if they are on the sam e team , will split  off into different  contexts. Physical office space
can have an im pact  too, as team  m em bers on opposite ends of a building—not  to m ent ion
different  cit ies—will probably diverge without  ext ra integrat ion effort . Most  project  m anagers
intuit ively recognize these factors and broadly organize team s around subsystem s. But  the
interrelat ionship between team  organizat ion and software m odel and design is st ill not  prom inent
enough. Both m anagers and team  m em bers need a clear view into the ongoing conceptual
subdivision of the software m odel and design.

Therefore:

I d en t i f y  each  m od el  in  p lay  on  t h e p r o j ect  an d  d ef in e i t s BOUNDED CONTEXT. Th is in clu d es

t h e im p l ici t  m od els o f  n on - ob j ect - o r ien t ed  su b sy st em s. Nam e each  BOUNDED CONTEXT,

an d  m ak e t h e n am es p ar t  o f  t h e UBI QUI TOUS LANGUAGE.

Descr ib e t h e p o in t s o f  con t act  b et w een  t h e m od els, ou t l in in g  ex p l i ci t  t r an sla t ion  f o r  an y

com m u n icat ion  an d  h ig h l ig h t in g  an y  sh ar in g .



Map  t h e ex ist in g  t er r a in . Tak e u p  t r an sf o r m at ion s la t er .

Within each BOUNDED CONTEXT,  you will have a coherent  dialect  of the UBI QUI TOUS LANGUAGE.  The
nam es of the BOUNDED CONTEXTS will them selves enter that  LANGUAGE so that  you can speak
unam biguously about  the m odel of any part  of the design by m aking your CONTEXT clear.

The MAP does not  have to be docum ented in any part icular form . I  find diagram s like the ones in
this chapter to be helpful in visualizing and com m unicat ing the m ap. Others m ay prefer a m ore
textual descript ion or a different  graphical representat ion. I n som e situaions, discussion am ong
team m ates m ay be sufficient . The level of detail can vary according to need. Whatever form  the
MAP takes, it  m ust  be shared and understood by everyone on the project . I t  m ust  provide a clear
nam e for each BOUNDED CONTEXT,  and it  m ust  m ake the points of contact  and their  natures clear.

  

The relat ionships between BOUNDED CONTEXTS take m any form s depending on both design issues
and project  organizat ional issues. Later, this chapter will lay out  various pat terns of relat ionships
between CONTEXTS that  are effect ive in different  situat ions, and that  can provide term s to describe
the relat ionships you find in your own MAP.  Keeping in m ind that  the CONTEXT MAP always
represents the situat ion as it  stands,  the relat ionships you find m ay not  fit  these pat terns init ially.
I f they fall close, you m ay wish to use the pat tern nam e, but  don't  force it .  Just  describe the
relat ionships you find. Later you can begin to m igrate toward m ore standardized relat ionships.

So, what  do you do if you've discovered a splinter—a m odel that  is com pletely entangled but
contains inconsistencies? Put  a dragon on the m ap and finish describing everything. Then, with an
accurate global view, address the points of confusion. A m inor splinter can be repaired, and
processes can be put  in place to shore it  up. I f a relat ionship is vague, you can choose the nearest
pat tern and m ove toward it .  Your first  order of business is to arr ive at  a clear CONTEXT MAP,  and
this m ay m ean fixing real problem s you have found. But  don't  let  this necessary repair lead to
wholesale reorganizat ion. Unt il you have an unam biguous CONTEXT MAP that  places all your work
into som e BOUNDED CONTEXT,  with explicit  relat ionships between all connected m odels, change only
the out r ight  cont radict ions.

Once you have a coherent  CONTEXT MAP,  you'll see things you want  to change. You can m ake
considered changes to the organizat ion of team s or to the design. Rem em ber, don't  change the
m ap unt il the change in reality is done.

Example

Two CONTEXTS in a Shipping Application

We return again to the shipping system . One of the applicat ion's m ajor features was to be the
autom at ic rout ing of cargos at  booking t im e. The m odel was som ething like this:

Fig u r e 1 4 .2 .



The Rou t in g  Ser v ice  is a SERVI CE that  encapsulates a m echanism  behind an I NTENTI ON-REVEALI NG

I NTERFACE m ade up of SI DEEFFECT-FREE FUNCTI ONS.  The results of those funct ions are character ized
with ASSERTI ONS.

The interface declares that  when a Rou t e Sp eci f i cat ion  is passed in, an I t in er ar y  will be
returned.

1 .

The ASSERTI ON states that  the returned I t in er ar y  will sat isfy the Rou t e Sp eci f i cat ion  that
was passed in.

2 .

Nothing is stated about  how  this very difficult  task is perform ed. Now let 's go behind the curtain to
see the m echanism .

I nit ially on the project  on which this exam ple is based, I  was too dogm at ic about  the internals of
the Rou t in g  Ser v ice .  I  wanted the actual rout ing operat ion to be done with an extended dom ain
m odel that  would represent  vessel voyages and direct ly relate them  to the Leg s  in the I t in er ar y .
But  the team  working on the rout ing problem  pointed out  that , to m ake it  perform  well and to
draw on well-established algorithm s, the solut ion needed to be im plem ented as an opt im ized
network, with each leg of a voyage represented as an elem ent  in a m at r ix. They insisted on a
dist inct  m odel of shipping operat ions for this purpose.

They were clearly r ight  about  the com putat ional dem ands of the rout ing process as then designed,
and so, lacking any bet ter idea, I  yielded. I n effect , we created two separate BOUNDED CONTEXTS,
each of which had its own conceptual organizat ion of shipping operat ions. (See Figure 14.3.)

Fig u r e 1 4 .3 . Tw o  BOUNDED CONTEXTS f o r m ed  t o  a l low  ef f i cien t  r ou t in g
alg o r i t h m s t o  b e ap p l ied



Our requirem ent  was to take a Rou t in g  Ser v ice  request , t ranslate it  into term s the Net w or k

Tr av er sa l  Ser v ice could understand, then take the result  and t ranslate it  into the form  a
Rou t in g  Ser v ice  is expected to give.

This m eans it  was not  necessary to m ap everything in these two m odels, but  only to be able to
m ake two specific t ranslat ions:

Rou t e Sp eci f i cat ion   List  of locat ion codes

List  of Nod e  I Ds  I t in er ar y

To do this, we have to look at  the m eaning of an elem ent  of one m odel and figure out  how to
express it  in term s of the other.

Start ing with the first  t ranslat ion (Rou t e Sp eci f i cat ion   List  of locat ion codes) , we have to
think about  the m eaning of the sequence of locat ions in the list . The first  in the list  will be the
beginning of the path, which will then be forced to pass through each locat ion in turn unt il it
reaches the last  locat ion in the list . So the or igin and dest inat ion are the first  and last  in the list ,
with the custom s clearance locat ion ( if there is one)  in the m iddle.

Fig u r e 1 4 .4 . Tr an sla t ion  o f  a  q u er y  t o  t h e Net w or k  Tr av er sa l  Ser v ice



(Mercifully, the two team s used the sam e locat ion codes, so we don't  have to deal with that  level
of t ranslat ion.)

Not ice that  the reverse t ranslat ion would be am biguous, because the network t raversal input
allows any num ber of interm ediate points, not  just  one specifically designated as custom s
clearance point . Fortunately, this is no problem  because we don't  need to t ranslate in that
direct ion, but  it  gives a glim pse of why som e t ranslat ions are im possible.

Now, let 's t ranslate the result  (List  of Nod e  I Ds  I t in er ar y ) . We'll assum e that  we can use a
REPOSI TORY to look up the Nod e  and Sh ip p in g  Op er at ion  objects based on the Nod e  I Ds we
receive. So, how do those Nod es m ap to Leg s? Based on the operationType-Code,  we can break

the list  of Nod es into departure/ arr ival pairs. Each pair then relates to one Leg .

Fig u r e 1 4 .5 . Tr an sla t ion  o f  a  r ou t e f ou n d  b y  t h e Net w or k  Tr av er sa l
Ser v ice

The at t r ibutes for each Nod e  pair  would be m apped as follows:

departureNode.shippingOperation.vesselVoyageId  leg.vesselVoyageId

departureNode.shippingOperation.date  leg.loadDate

departureNode.locationCode  leg.loadLocationCode

arrivalNode.shippingOperation.date  leg.unloadDate

arrivalNode.locationCode  leg.unloadLocationCode



This is the conceptual t ranslat ion m ap between these two m odels. Now we have to im plem ent
som ething that  can do the t ranslat ion for us. I n a sim ple case like this, I  typically create an object
for the purpose, and then find or create another object  to provide the service to the rest  of our
subsystem.

Fig u r e 1 4 .6 . A t w o- w ay  t r an sla t o r

This is the one object  that  both team s have to work together to m aintain. The design should m ake
it  very easy to unit - test , and it  would be a part icular ly good idea for the team s to collaborate on a
test  suite for it .  Other than that , they can go their  separate ways.

Fig u r e 1 4 .7 .

The Rou t in g  Ser v ice  im plem entat ion now becom es a m at ter of delegat ing to the Translator and
the Network Traversal Service. I ts single operat ion would look som ething like this:

public Itinerary route(RouteSpecification spec) {
   Booking_TransportNetwork_Translator translator =
      new Booking_TransportNetwork_Translator();]

   List constraintLocations =
      translator.convertConstraints(spec);



   // Get access to the NetworkTraversalService
   List pathNodes =
      traversalService.findPath(constraintLocations);

   Itinerary result = translator.convert(pathNodes);
   return result;
}

Not  bad. The BOUNDED CONTEXTS served to keep each of the m odels relat ively clean, let  the team s
work largely independent ly, and if init ial assum pt ions had been correct , would probably have
served well.  (We'll return to that  later in this chapter.)

The interface between the two contexts is fair ly sm all. The interface of the Rou t in g  Ser v ice

insulates the rest  of the Booking CONTEXT's design from  events in the route- finding world. The
interface is easy to test  because it  is m ade up of SI DE-EFFECT-FREE FUNCTI ONS.  One of the secrets to
com fortable coexistence with other CONTEXTS is to have effect ive sets of tests for the interfaces.
"Trust , but  verify,"  said President  Reagan when negot iat ing arm s reduct ions. [ 1]

[ 1]  Reagan t ranslated an old Russian saying that  sum m ed up the heart  of the m at ter for both sides—another
m etaphor for br idging contexts.

I t  should be easy to devise a set  of autom ated tests that  would feed Rou t e Sp eci f i cat ion s  into
the Rou t in g  Ser v ice  and check the returned I t in er ar y .

Model contexts always exist , but  without  conscious at tent ion they m ay overlap and fluctuate. By
explicit ly defining BOUNDED CONTEXTS and a CONTEXT MAP,  your team  can begin to direct  the process
of unifying m odels and connect ing dist inct  ones.

Testing at the CONTEXT Boundaries

Contact  points with other BOUNDED CONTEXTS are part icular ly im portant  to test . Tests help
com pensate for the subt let ies of t ranslat ion and the lower level of com m unicat ion that  typically
exist  at  boundaries. They can act  as a valuable early warning system , especially reassuring in
cases where you depend on the details of a m odel you don't  cont rol.

Organizing and Documenting CONTEXT MAPS

There are only two im portant  points here:

The BOUNDED CONTEXTS should have nam es so that  you can talk about  them . Those nam es
should enter the UBI QUI TOUS LANGUAGE of the team .

1 .

Everyone has to know where the boundaries lie, and be able to recognize the CONTEXT of
any piece of code or any situat ion.

2 .

The second requirem ent  could be m et  in m any ways depending on the culture of the team . Once
the BOUNDED CONTEXTS have been defined, it  com es naturally to segregate the code of different
CONTEXTS into different  MODULES,  which leaves the quest ion of how to keep t rack of which MODULE

belongs in which CONTEXT.  A nam ing convent ion m ight  be used to indicate this, or any other
m echanism  that  is easy and avoids confusion.

Equally im portant  is com m unicat ing the conceptual boundaries in such a way that  everyone on the
team  understands them  the sam e way. For this com m unicat ion purpose, I  like inform al diagram s



like the ones in the exam ple. More r igorous diagram s or textual lists could be m ade, showing all
packages in each CONTEXT,  along with the points of contact  and the m echanism s responsible for
connect ing and t ranslat ing. Som e team s will be m ore com fortable with this approach, while others
will get  by fine based on spoken agreem ent  and lots of discussion.

I n any case, working the CONTEXT MAP into discussions is essent ial if the nam es are to enter the
UBI QUI TOUS LANGUAGE.  Don't  say, "George's team 's stuff is changing, so we're going to have to
change our stuff that  talks to it ."  Say instead, "The Transport  Network  m odel is changing, so we're
going to have to change the t ranslator for the Booking context ."

[  Team  LiB ]  



[  Team  LiB ]  

Relationships Between BOUNDED CONTEXTS

The following pat terns cover a range of st rategies for relat ing two m odels that  can be com posed to
encom pass an ent ire enterprise. These pat terns serve the dual purpose of providing targets for
successfully organizing developm ent  work, and supplying vocabulary for describing the exist ing
organizat ion.

An exist ing relat ionship m ay, by chance or by design, fall near one of these pat terns, in which case
you can describe it  using that  term , variat ions duly noted. Then, with each sm all design change,
the relat ionship can be drawn closer to the chosen pat tern.

On the other hand, you m ay find that  an exist ing relat ionship is m uddled or overcom plicated.
Som e reorganizat ion m ight  be necessary just  to m ake an unam biguous CONTEXT MAP possible. I n
this situat ion, or any situat ion in which you are considering reorganizat ion, these pat terns present
a range of choices that  are favored in different  circum stances. Prom inent  variables include the
level of cont rol you have over the other m odel, the level and type of cooperat ion between team s,
and the degree of integrat ion of features and data.

The following set  of pat terns covers som e of the m ost  com m on and im portant  cases, which should
give you a good idea of how to approach other cases. A crack team  working closely on a t ight ly
integrated product  can deploy a large unified m odel. The need to serve different  user com m unit ies
or a lim itat ion on the coordinat ion abilit ies of the team  m ight  lead to a SHARED KERNEL or
CUSTOMER/ SUPPLI ER relat ionships. Som et im es a good hard look at  the requirem ents reveals that
integrat ion is not  essent ial and it  is best  for system s to go their  SEPARATE WAYS.  And, of course,
m ost  projects have to integrate to som e degree with legacy and external system s, which can lead
to OPEN HOST SERVI CES or ANTI CORRUPTI ON LAYERS.

[  Team  LiB ]  
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Shared Kernel

When funct ional integrat ion is lim ited, the overhead of CONTI NUOUS I NTEGRATI ON m ay be deem ed
too high. This m ay especially be t rue when the team s do not  have the skill or the polit ical
organizat ion to m aintain cont inuous integrat ion, or when a single team  is sim ply too big and
unwieldy. So separate BOUNDED CONTEXTS m ight  be defined and m ult iple team s form ed.

  

Un coor d in at ed  t eam s w or k in g  on  closely  r e la t ed  ap p l icat ion s can  g o  r acin g  f o r w ar d  f o r

a w h i le , b u t  w h at  t h ey  p r od u ce m ay  n o t  f i t  t og et h er . Th ey  can  en d  u p  sp en d in g  m or e on

t r an sla t ion  lay er s an d  r et r o f i t t in g  t h an  t h ey  w ou ld  h av e on  CONTI NUOUS I NTEGRATI ON  in

t h e f i r st  p lace, m ean w h i le  d u p l i cat in g  ef f o r t  an d  losin g  t h e b en ef i t s o f  a  com m on

UBI QUI TOUS LANGUAGE.

On m any projects I 've seen the infrast ructure layer shared am ong team s that  worked largely
independent ly. An analogy to this can work well within the dom ain as well.  I t  m ay be too m uch
overhead to fully synchronize the ent ire m odel and code base, but  a carefully selected subset  can
provide m uch of the benefit  for less cost .

Therefore:

Desig n at e som e su b set  o f  t h e d om ain  m od el  t h at  t h e t w o  t eam s ag r ee t o  sh ar e. Of

cou r se t h is in clu d es, a lon g  w i t h  t h is su b set  o f  t h e m od el , t h e su b set  o f  cod e o r  o f  t h e

d at ab ase d esig n  associa t ed  w i t h  t h at  p ar t  o f  t h e m od el . Th is ex p l i ci t l y  sh ar ed  st u f f  h as

sp ecia l  st a t u s, an d  sh ou ld n ' t  b e ch an g ed  w i t h ou t  con su l t a t ion  w i t h  t h e o t h er  t eam .

I n t eg r at e a  f u n ct ion al  sy st em  f r eq u en t ly , b u t  som ew h at  less o f t en  t h an  t h e p ace o f

CONTI NUOUS I NTEGRATI ON  w i t h in  t h e t eam s. At  t h ese in t eg r at ion s, r u n  t h e t est s o f  b o t h

t eam s.

I t  is a careful balance. The SHARED KERNEL cannot  be changed as freely as other parts of the
design. Decisions involve consultat ion with another team . Autom ated test  suites m ust  be



integrated because all tests of both team s m ust  pass when changes are m ade. Usually, team s
m ake changes on separate copies of the KERNEL,  integrat ing with the other team  at  intervals. (For
exam ple, on a team  that  CONTI NUOUSLY I NTEGRATES daily or bet ter, the KERNEL m erger m ight  be
weekly.)  Regardless of when code integrat ion is scheduled, the sooner both team s talk about  the
changes, the bet ter.

  

The SHARED KERNEL is often the CORE DOMAI N,  som e set  of GENERI C SUBDOMAI NS,  or both (see
Chapter 15) , but  it  can be any part  of the m odel that  is needed by both team s. The goal is to
reduce duplicat ion (but  not  to elim inate it ,  as would be the case if there were just  one BOUNDED

CONTEXT)  and m ake integrat ion between the two subsystem s relat ively easy.

[  Team  LiB ]  
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Customer/Supplier Development Teams

Often one subsystem  essent ially feeds another;  the "downst ream " com ponent  perform s analysis or
other funct ions that  feed back very lit t le into the "upst ream " com ponent , and all dependencies go
one way. The two subsystem s com m only serve very different  user com m unit ies, who do different
jobs, where different  m odels m ay be useful. The tool set  m ay also be different , so that  program
code cannot  be shared.

  

Upst ream  and downst ream  subsystem s separate naturally into two BOUNDED CONTEXTS.  This is
especially t rue when the two com ponents require different  skills or em ploy a different  tool set  for
im plem entat ion. Translat ion is easier for having to operate in one direct ion only. But  problem s can
em erge, depending on the polit ical relat ionship of the two team s.

Th e f r eew h eel in g  d ev elop m en t  o f  t h e u p st r eam  t eam  can  b e cr am p ed  i f  t h e

d ow n st r eam  t eam  h as v et o  p ow er  ov er  ch an g es, o r  i f  p r oced u r es f o r  r eq u est in g

ch an g es ar e t oo  cu m b er som e. Th e u p - st r eam  t eam  m ay  ev en  b e in h ib i t ed , w or r ied

ab ou t  b r eak in g  t h e d ow n st r eam  sy st em . Mean w h i le , t h e d ow n st r eam  t eam  can  b e

h elp less, a t  t h e m er cy  o f  u p st r eam  p r io r i t ies.

Downst ream  needs things from  upst ream , but  upst ream  is not  responsible for downst ream
deliverables. I t  takes a lot  of ext ra effort  to ant icipate what  will affect  the other team , and hum an
nature being what  it  is, and t im e pressures being what  they are, well .  .  .  .  I t  m akes everyone's life
easier to form alize the relat ionship between the team s. The process can be organized to balance
the needs of the two user com m unit ies and schedule work on features needed downst ream .

On an Ext rem e Program m ing project , there already is a m echanism  in place for doing just  that :
the iterat ion planning process. All we have to do is define the relat ionship between the two team s
in term s of the planning process. Representat ives of the downst ream  team  can funct ion m uch like
the user representat ives, joining them  in planning sessions, discussing direct ly with their  fellow
"custom ers" the t rade-offs for the tasks they want . The result  is an iterat ion plan for the supplier
team  that  includes tasks the downst ream  team  needs m ost  or defers tasks by agreem ent , so there
is no expectat ion of delivery.



I f a process other than XP is used, whatever analogous m ethod serves to balance the concerns of
different  users can be expanded to include the downst ream  applicat ion's needs.

Therefore:

Est ab l i sh  a  clear  cu st om er / su p p l ier  r e la t ion sh ip  b et w een  t h e t w o  t eam s. I n  p lan n in g

session s, m ak e t h e d ow n st r eam  t eam  p lay  t h e cu st om er  r o le t o  t h e u p st r eam  t eam .

Neg o t ia t e an d  b u d g et  t ask s f o r  d ow n st r eam  r eq u i r em en t s so  t h at  ev er y on e

u n d er st an d s t h e com m i t m en t  an d  sch ed u le.

Jo in t l y  d ev elop  au t om at ed  accep t an ce t est s t h at  w i l l  v a l id at e t h e in t er f ace ex p ect ed .

Ad d  t h ese t est s t o  t h e u p st r eam  t eam ' s t est  su i t e , t o  b e r u n  as p ar t  o f  i t s con t in u ou s

in t eg r at ion . Th is t est in g  w i l l  f r ee t h e u p st r eam  t eam  t o  m ak e ch an g es w i t h ou t  f ear  o f

sid e ef f ect s d ow n st r eam .

During the iterat ion, the downst ream  team  m em bers need to be available to the upst ream
developers just  as convent ional custom ers are, to answer quest ions and help resolve problem s.

Autom at ing the acceptance tests is a vital part  of this custom er relat ionship. Even on the m ost
cooperat ive project , although the custom er can ident ify and com m unicate its dependencies, and
the supplier can diligent ly t ry to com m unicate changes, without  tests, surprises will happen. They
will disrupt  the downst ream  team 's work and force the upst ream  team  to take on unscheduled,
em ergency fixes. I nstead, have the custom er team , in collaborat ion with the supplier team ,
develop autom ated acceptance tests that  will validate the interface it  expects. The upst ream  team
will run these tests as part  of its standard test  suite. Any change to these tests calls for
com m unicat ion with the other team , because changing the tests im plies changing the interface.

Custom er/ supplier relat ionships also em erge between projects in separate com panies, in situat ions
where a single custom er is very im portant  to the business of the supplier. The tail can wag the
dog:  an influent ial custom er can m ake dem ands that  are im portant  to the up-st ream  project 's
success, but  those dem ands can also be disrupt ive to the upst ream  project 's developm ent . Both
part ies benefit  from  the form alizat ion of the process of responding to requirem ents, because the
cost / benefit  t rade-offs are even harder to see in external relat ionships than they are in the internal
I T situat ion.

There are two crucial elem ents to this pat tern.

The relat ionship m ust  be that  of custom er and supplier, with the im plicat ion that  the
custom er's needs are param ount . Because the downst ream  team  is not  the only custom er,
the different  custom ers' dem ands have to be balanced in negot iat ion—but  they rem ain
prior it ies. This situat ion is in cont rast  to the poor-cousin relat ionship that  often em erges, in
which the downst ream  team  has to com e begging to the upst ream  team  for its needs.

1 .

There m ust  be an autom ated test  suite that  allows the upst ream  team  to change its code
without  fear of breaking the downst ream , and lets the downst ream  team  concent rate on its
own work without  constant ly m onitor ing the upst ream  team .

2 .

I n a relay race, the forward runner can't  be looking backward all the t im e, checking. He or she has
to be able to t rust  the baton carr ier to m ake the handoff precisely, or else the team  will be
hopelessly slowed down.

Example

Yield Analysis Versus Booking



Back to our t rusty shipping exam ple. A highly specialized team  has been set  up to analyze all the
bookings that  flow through the firm , to see how to m axim ize incom e. Team  m em bers m ight  find
that  ships have em pty space and m ight  recom m end m ore overbooking. They m ight  find that  the
ships are filling up with bulk freight  early, forcing the com pany to turn away m ore lucrat ive
specialty cargoes. I n that  case they m ight  recom m end reserving space for these types of cargo or
raising pr ices on the bulk freight .

To do this analysis, they use their  own com plex m odels. For im plem entat ion, they use a data
warehouse with tools for building analyt ical m odels. And they need lots of inform at ion from  the
Booking applicat ion.

From  the start , it  is clear that  these are two BOUNDED CONTEXTS,  because they use different
im plem entat ion tools and, m ost  im portant , different  dom ain m odels. What  should the relat ionship
between them  be?

A SHARED KERNEL m ight  seem  logical, because yield analysis is interested in a subset  of the
Booking's m odel, and their  own m odel has som e overlapping concepts of cargos, pr ices, and so on.
But  SHARED KERNEL is difficult  in a case where different  im plem entat ion technologies are being
used. Besides, the m odeling needs of the yield analysis team  are quite specialized, and they
cont inuously play with their  m odels and t ry alternat ive ones. They m ay well be bet ter off
t ranslat ing what  they need from  the Booking CONTEXT into their  own. (On the other hand, if they
can use a SHARED KERNEL,  their  t ranslat ion burden will be m uch lighter. They will st ill have to
reim plem ent  the m odel and t ranslate the data to the new im plem entat ion, but  if the m odel is the
sam e, the t ransfer should be sim ple.)

The Booking applicat ion has no dependency on the yield analysis, because there is no intent ion of
autom at ically adjust ing policies. Hum an specialists will m ake the decisions and convey them  to the
needed people and system s. So we have an upst ream / downst ream  relat ionship. What  downst ream
needs is this:

Som e data not  needed by any booking operat ion1 .

Som e stabilit y in database schem a (or at  least  reliable not ificat ion of change)  or an export
ut ility

2 .

Fortunately, the project  m anager of the Booking applicat ion developm ent  team  is m ot ivated to
help the yield analysis team . This could have been a problem , because the operat ions departm ent
that  actually does day- to-day booking reports to a different  vice president  than the people who
actually do yield analysis. But  the upper m anagem ent  cares deeply about  yield m anagem ent  and,
having seen past  cooperat ion problem s between the two departm ents, st ructured the software
developm ent  project  so that  the project  m anagers of both team s report  to the sam e person.

Therefore, all the requirem ents are in place to apply CUSTOMER/ SUPPLI ER DEVELOPMENT TEAMS.

I 've seen this scenario evolve in m ult iple places, where analysis software developers and
operat ions software developers had a custom er/ supplier relat ionship. When the upst ream  team
m em bers thought  of their  role as serving a custom er, things worked out  pret ty well.  I t  was alm ost
always organized inform ally, and in each case it  worked out  about  as well as the personal
relat ionship of the two project  m anagers.

On one XP project , I  saw this relat ionship form alized in the sense that , for each iterat ion,
representat ives of the downst ream  team  played the "planning gam e" in the role of custom ers,
huddling with the m ore convent ional custom er representat ives (of applicat ion funct ionality)  to
negot iate which tasks m ade it  into the iterat ion plan. This project  was at  a sm all com pany, and so
the nearest  shared boss was not  far up the chain. I t  worked very well.



  

CUSTOMER/ SUPPLI ER TEAMS are m ore likely to succeed if the two team s work under the sam e
m anagem ent , so that  ult im ately they do share goals, or where they are in different  com panies
that  actually have those roles. When there is nothing to m ot ivate the upst ream  team , the situat ion
is very different . .  .  .

[  Team  LiB ]  



[  Team  LiB ]  

Conformist

When two team s with an upst ream / downst ream  relat ionship are not  effect ively being directed
from  the sam e source, a cooperat ive pat tern such as CUSTOMER/ SUPPLI ER TEAMS is not  going to
work. Naively t rying to apply it  will get  the downst ream  team  into t rouble. This can be the case in
a large com pany in which the two team s are far apart  in the m anagem ent  hierarchy or where the
shared supervisor is indifferent  to the relat ionship of the two team s. I t  also ar ises between team s
in different  com panies when the custom er's business is not  individually im portant  to the supplier.
Perhaps the supplier has m any sm all custom ers, or perhaps the supplier is changing m arket
direct ion and no longer values the old custom ers. The supplier m ay just  be poorly run. I t  m ay
have gone out  of business. Whatever the reason, the reality is that  the downst ream  is on its own.

W h en  t w o  d ev elop m en t  t eam s h av e an  u p st r eam / d ow n st r eam  r e la t ion sh ip  in  w h ich  t h e

u p st r eam  h as n o  m o t iv at ion  t o  p r ov id e f o r  t h e d ow n st r eam  t eam ' s n eed s, t h e

d ow n st r eam  t eam  is h elp less. A l t r u ism  m ay  m o t iv at e u p st r eam  d ev elop er s t o  m ak e

p r om ises, b u t  t h ey  ar e u n l i k e ly  t o  b e f u l f i l l ed . Bel ie f  in  t h ose g ood  in t en t ion s lead s t h e

d ow n st r eam  t eam  t o  m ak e p lan s b ased  on  f eat u r es t h at  w i l l  n ev er  b e av a i lab le. Th e

d ow n st r eam  p r o j ect  w i l l  b e d elay ed  u n t i l  t h e t eam  u l t im at e ly  lear n s t o  l i v e w i t h  w h at  i t

i s g iv en . An  in t er f ace t a i lo r ed  t o  t h e n eed s o f  t h e d ow n st r eam  t eam  is n o t  in  t h e car d s.

I n this situat ion, there are three possible paths. One is to abandon use of the upst ream  altogether.
This opt ion should be evaluated realist ically, m aking no assum pt ions that  the upst ream  will
accom m odate downst ream  needs. Som et im es we overest im ate the value or underest im ate the
cost  of such a dependency. I f the downst ream  team  decides to cut  the st r ings, they are going their
SEPARATE WAYS ( see the pat tern descript ion later in this chapter) .

Som et im es the value of using the upst ream  software is so great  that  the dependency has to be



m aintained (or a polit ical decision has been m ade that  the team  cannot  change) . I n this case, two
paths rem ain open;  the choice depends on the quality and style of the up-st ream  design. I f the
design is very difficult  to work with, perhaps for lack of encapsulat ion, awkward abst ract ions, or
m odeling in a paradigm  the team  cannot  use, then the downst ream  team  will st ill need to develop
its own m odel. They will have to take full responsibilit y for a t ranslat ion layer that  is likely to be
com plex. (See ANTI CORRUPTI ON LAYER,  later in this chapter.) .

Following Isn't Always Bad

When using an off- the-shelf com ponent  that  has a large interface, you should typically
CONFORM to the m odel im plicit  in that  com ponent . Because the com ponent  and the
applicat ion are clearly different  BOUNDED CONTEXTS,  based on team  organizat ion and
cont rol, adapters m ay be needed for m inor form at  changes, but  the m odel should be
equivalent . Otherwise, you should quest ion the value of having the com ponent . I f it  is
good enough to give you value, there is probably knowledge crunched into its design.
Within its narrow sphere, it  m ay well be m uch m ore advanced than your own
understanding. Your m odel presum ably extends beyond the scope of this com ponent ,
and your own concepts will evolve for those other parts. But  where they connect , your
m odel is a CONFORMI ST,  following the lead of the com ponent 's m odel. I n effect , you
could be dragged into a bet ter design.

When your interface with a com ponent  is sm all, sharing a unified m odel is less
essent ial, and t ranslat ion is a viable opt ion. But  when the interface is large and
integrat ion is m ore significant , it  usually m akes sense to follow the leader.

On the other hand, if the quality is not  so bad, and the style is reasonably com pat ible, then it  m ay
be best  to give up on an independent  m odel altogether. This is the circum stance that  calls for a
CONFORMI ST.

Therefore:

El im in at e t h e com p lex i t y  o f  t r an sla t ion  b et w een  BOUNDED CONTEXTS b y  slav ish ly

ad h er in g  t o  t h e m od el  o f  t h e u p st r eam  t eam . Al t h ou g h  t h is cr am p s t h e st y le  o f  t h e

d ow n st r eam  d esig n er s an d  p r ob ab ly  d oes n o t  y ie ld  t h e id eal  m od el  f o r  t h e ap p l icat ion ,

ch oosin g  CONFORMI TY en o r m ou sly  sim p l i f ies in t eg r at ion . A lso , y ou  w i l l  sh ar e a

UBI QUI TOUS LANGUAGE w i t h  y ou r  su p p l ier  t eam . Th e su p p l ier  i s in  t h e d r iv er ' s seat , so  i t

i s g ood  t o  m ak e com m u n icat ion  easy  f o r  t h em . Al t r u ism  m ay  b e su f f i cien t  t o  g et  t h em

t o  sh ar e in f o r m at ion  w i t h  y ou .

This decision deepens your dependency on the upst ream  and lim its your applicat ion to the
capabilit ies of the upst ream  m odel— plus purely addit ive enhancem ents. I t  is very unappealing
em ot ionally, which is why we choose it  less often than we probably should.

I f these t rade-offs are not  acceptable, but  the upst ream  dependency is indispensable, the second
opt ion st ill rem ains:  I nsulate yourself as m uch as possible by creat ing an ANTI CORRUPTI ON LAYER,  an
aggressive approach to im plem ent ing a t ranslat ion m ap that  will be discussed later.

  

CONFORMI ST resem bles SHARED KERNEL in that  both have an overlapping area where the m odel is
the sam e, areas where your m odel has been extended by addit ion, and areas where the other
m odel does not  affect  you. The difference between the pat terns is in the decision-m aking and
developm ent  processes. Where the SHARED KERNEL is a collaborat ion between two team s that
coordinate t ight ly, CONFORMI ST deals with integrat ion with a team  that  is not  interested in



collaborat ion.

We've been proceeding down a spect rum  of cooperat ion in the integrat ion between BOUNDED

CONTEXTS,  from  highly cooperat ive SHARED KERNELS or CUSTOMER/ SUPPLI ER DEVELOPER TEAMS to the
one-sidedness of the CONFORMI ST.  Now we'll take the final step to an even m ore pessim ist ic view of
the relat ionship, assum ing neither cooperat ion nor a usable design on the other side. . .  .

[  Team  LiB ]  



[  Team  LiB ]  

Anticorruption Layer

New system s alm ost  always have to be integrated with legacy or other system s, which have their
own m odels. Translat ion layers can be sim ple, even elegant , when bridging well-designed BOUNDED

CONTEXTS with cooperat ive team s. But  when the other side of the boundary starts to leak through,
the t ranslat ion layer m ay take on a m ore defensive tone.

  

W h en  a n ew  sy st em  is b ein g  b u i l t  t h at  m u st  h av e a lar g e in t er f ace w i t h  an o t h er , t h e

d i f f i cu l t y  o f  r e la t in g  t h e t w o  m od els can  ev en t u a l l y  ov er w h elm  t h e in t en t  o f  t h e n ew

m od el  a l t og et h er , cau sin g  i t  t o  b e m od i f ied  t o  r esem b le t h e o t h er  sy st em ' s m od el , in  an

ad  h oc f ash ion . Th e m od els o f  leg acy  sy st em s ar e u su al ly  w eak , an d  ev en  t h e ex cep t ion

t h at  i s w el l  d ev elop ed  m ay  n o t  f i t  t h e n eed s o f  t h e cu r r en t  p r o j ect . Yet  t h er e m ay  b e a

lo t  o f  v a lu e in  t h e in t eg r at ion , an d  som et im es i t  i s an  ab so lu t e r eq u i r em en t .

The answer is not  to avoid all integrat ion with other system s. I 've been on projects where people
enthusiast ically set  out  to replace all the legacy, but  this is just  too m uch to take on at  once.
Besides, integrat ing with exist ing system s is a valuable form  of reuse. On a large project , one
subsystem  will often have to interface with several other, independent ly developed subsystem s.
These will reflect  the problem  dom ain different ly. When system s based on different  m odels are
com bined, the need for the new system  to adapt  to the sem ant ics of the other system  can lead to
a corrupt ion of the new system 's own m odel. Even when the other system  is well designed, it  is
not  based on the sam e m odel as the client . And often the other system  is not  well designed.

There are m any hurdles in interfacing with an external system . For exam ple, the infrast ructure
layer m ust  provide the m eans to com m unicate with another system  that  m ight  be on a different
plat form  or use different  protocols. The data types of the other system  m ust  be t ranslated into
those of your system . But  often overlooked is the certainty that  the other system  does not  use the
sam e conceptual dom ain m odel.

I t  seem s clear enough that  errors will result  if you take som e data from  one system  and
m isinterpret  it  in another. You m ay even corrupt  the database. But  even so, this problem  tends to
sneak up on us because we think that  what  we are t ransport ing between system s is pr im it ive
data, whose m eaning is unam biguous and m ust  be the sam e on both sides. This assum pt ion is



usually wrong. Subt le yet  im portant  differences in m eaning ar ise from  the way the data are
associated in each system . And even if pr im it ive data elem ents do have exact ly the sam e
m eaning, it  is usually a m istake to m ake the interface to the other system  operate at  such a low
level. A low- level interface takes away the power of the other system 's m odel to explain the data
and const rain its values and relat ionships, while saddling the new system  with the burden of
interpret ing pr im it ive data that  is not  in term s of its own m odel.

We need to provide a t ranslat ion between the parts that  adhere to different  m odels, so that  the
m odels are not  corrupted with undigested elem ents of foreign m odels.

Therefore:

Cr eat e an  iso la t in g  lay er  t o  p r ov id e cl ien t s w i t h  f u n ct ion al i t y  in  t er m s o f  t h e i r  ow n

d om ain  m od el . Th e lay er  t a lk s t o  t h e o t h er  sy st em  t h r ou g h  i t s ex ist in g  in t er f ace,

r eq u i r in g  l i t t le  o r  n o  m od i f i cat ion  t o  t h e o t h er  sy st em . I n t er n a l l y , t h e lay er  t r an sla t es in

b o t h  d i r ect ion s as n ecessar y  b et w een  t h e t w o  m od els.

  

This discussion of a m echanism  to link two system s m ight  br ing to m ind issues of t ransport ing the
data from  one program  to another or from  one server to another. I ' ll discuss the incorporat ion of
the technical com m unicat ions m echanism  short ly. But  such details shouldn't  be confused with an
ANTI CORRUPTI ON LAYER,  which is not  a m echanism  for sending m essages to another system . Rather,
it  is a m echanism  that  t ranslates conceptual objects and act ions from  one m odel and protocol to
another.

An ANTI CORRUPTI ON LAYER can becom e a com plex piece of software in its own r ight . Next  I ' ll out line
som e of the design considerat ions for creat ing one.

Designing the Interface of the ANTICORRUPTION LAYER

The public interface of the ANTI CORRUPTI ON LAYER usually appears as a set  of SERVI CES,  although
occasionally it  can take the form  of an ENTI TY.  Building a whole new layer responsible for the
t ranslat ion between the sem ant ics of the two system s gives us an opportunity to reabst ract  the
other system 's behavior and offer its services and inform at ion to our system  consistent ly with our
m odel. I t  m ay not  even m ake sense, in our m odel, to represent  the external system  as a single
com ponent . I t  m ay be best  to use m ult iple SERVI CES (or occasionally ENTI TI ES) , each of which has a
coherent  responsibilit y in term s of our m odel.

Implementing the ANTICORRUPTION LAYER

One way of organizing the design of the ANTI CORRUPTI ON LAYER is as a com binat ion of FACADES,
ADAPTERS (both from  Gam m a et  al. 1995) , and t ranslators, along with the com m unicat ion and
t ransport  m echanism s usually needed to talk between system s.

We often have to integrate with system s that  have large, com plicated, m essy interfaces. This is an
im plem entat ion issue, not  an issue of conceptual m odel differences that  m ot ivated the use of
ANTI CORRUPTI ON LAYERS,  but  it  is a problem  you'll encounter t rying to create them . Translat ing from
one m odel to another (especially if one m odel is fuzzy)  is a hard enough job without
sim ultaneously dealing with a subsystem  interface that  is hard to talk to. Fortunately, that  is what
FACADES are for.

A FACADE is an alternat ive interface for a subsystem  that  sim plifies access for the client  and m akes



the subsystem  easier to use. Because we know exact ly what  funct ionality of the other system  we
want  to use, we can create a FACADE that  facilitates and st ream lines access to those features and
hides the rest . The FACADE does not  change the m odel of the underlying system . I t  should be
writ ten st r ict ly in accordance with the other system 's m odel. Otherwise, you will at  best  diffuse
responsibilit y for t ranslat ion into m ult iple objects and overload the FACADE and at  worst  end up
creat ing yet  another m odel, one that  doesn't  belong to the other system  or your own BOUNDED

CONTEXT.  The FACADE belongs in the BOUNDED CONTEXT of the other system . I t  j ust  presents a
fr iendlier face specialized for your needs.

An ADAPTER is a wrapper that  allows a client  to use a different  protocol than that  understood by the
im plem enter of the behavior. When a client  sends a m essage to an ADAPTER,  it  is converted to a
sem ant ically equivalent  m essage and sent  on to the "adaptee."  The response is converted and
passed back. I 'm  using the term  adapter a lit t le loosely, because the em phasis in Gam m a et  al.
1995 is on m aking a wrapped object  conform  to a standard interface that  clients expect , whereas
we get  to choose the adapted interface, and the adaptee is probably not  even an object . Our
em phasis is on t ranslat ion between two m odels, but  I  think this is consistent  with the intent  of
ADAPTER.

For each SERVI CE we define, we need an ADAPTER that  supports the SERVI CE'S interface and knows
how to m ake equivalent  requests of the other system  or its FACADE.

The rem aining elem ent  is the t ranslator. The ADAPTER'S j ob is to know how to m ake a request . The
actual conversion of conceptual objects or data is a dist inct , com plex task that  can be placed in its
own object , m aking them  both m uch easier to understand. A t ranslator can be a lightweight  object
that  is instant iated when needed. I t  needs no state and does not  need to be dist r ibuted, because it
belongs with the ADAPTER(S)  it  serves.

Those are the basic elem ents I  use to create an ANTI CORRUPTI ON LAYER.  There are a few other
considerat ions.

Typically, the system  under design (your subsystem )  will be init iat ing act ion, as im plied by
Figure 14.8. There are cases, however, when the other subsystem  m ay need to request
som ething of your subsystem  or not ify it  of som e event . An ANTI CORRUPTI ON LAYER can be
bidirect ional, defining SERVI CES on both interfaces with their  own ADAPTERS,  potent ially using
the sam e t ranslators with sym m etr ical t ranslat ions. Although im plem ent ing the
ANTI CORRUPTI ON LAYER doesn't  usually require any change to the other subsystem , it  m ight  be
necessary in order to m ake the other system  call on SERVI CES of the ANTI CORRUPTI ON LAYER.

Fig u r e 1 4 .8 . Th e st r u ct u r e o f  an  ANTI CORRUPTI ON LAYER

You'll usually need som e com m unicat ions m echanism  to connect  the two subsystem s, and
they could well be on separate servers. I n this case, you have to decide where to place these
com m unicat ion links. I f you have no access to the other subsystem , you m ay have to put  the



links between the FACADE and the other subsystem . However, if the FACADE can be integrated
direct ly with the other subsystem , then a good opt ion is to put  the com m unicat ion link
between the ADAPTER and FACADE,  because the protocol of the FACADE is presum ably sim pler
than what  it  covers. There also will be cases where the ent ire ANTI CORRUPTI ON LAYER can live
with the other subsystem , placing com m unicat ion links or dist r ibut ion m echanism s between
your subsystem  and the SERVI CES that  m ake up the ANTI CORRUPTI ON LAYER's interface. These
are im plem entat ion and deploym ent  decisions to be m ade pragm at ically. They have no
bearing on the conceptual role of the ANTI CORRUPTI ON LAYER.

I f you do have access to the other subsystem , you m ay find that  a lit t le refactor ing over
there can m ake your job easier. I n part icular, t ry to write m ore explicit  interfaces for the
funct ionality you'll be using, start ing with autom ated tests, if possible.

Where integrat ion requirem ents are extensive, the cost  of t ranslat ion goes way up. I t  m ay be
necessary to m ake choices in the m odel of the system  under design that  keep it  closer to the
external system , in order to m ake t ranslat ion easier. Do this very carefully, without
com prom ising the integrity of the m odel. I t  is only som ething to do select ively when
t ranslat ion difficulty gets out  of hand. I f this approach seem s the m ost  natural solut ion for
m uch of the im portant  part  of the problem , consider m aking your subsystem  a CONFORMI ST

pat tern, elim inat ing t ranslat ion.

I f the other subsystem  is sim ple or has a clean interface, you m ay not  need the FACADE.

Funct ionality can be added to the ANTI CORRUPTI ON LAYER if it  is specific to the relat ionship of

the two subsystem s.  An audit  t rail for use of the external system  or t race logic for debugging
the calls to the other interface are two useful features that  com e to m ind.

Rem em ber, an ANTI CORRUPTI ON LAYER is a m eans of linking two BOUNDED CONTEXTS.  Ordinarily, we
are thinking of a system  created by som eone else;  we have incom plete understanding of the
system  and lit t le cont rol over it .  But  that  is not  the only situat ion where you need a lit t le padding
between subsystem s. There are even situat ions in which it  m akes sense to connect  two
subsystem s of your own design with an ANTI CORRUPTI ON LAYER,  if they are based on different
m odels. Presum ably, in such a case, you will have full cont rol over both sides and typically can use
a sim ple t ranslat ion layer. However, if two BOUNDED CONTEXTS have gone SEPARATE WAYS yet  st ill
have som e need of funct ional integrat ion, an ANTI CORRUPTI ON LAYER can reduce the fr ict ion
between them .

Example

The Legacy Booking Application

I n order to have a sm all, quick first  release, we will write a m inim al applicat ion that  can set  up a
shipm ent  and then pass that  to the legacy system  through a t ranslat ion layer for booking and
support  operat ions. Because we built  the t ranslat ion layer specifically to protect  our developing
m odel from  the influence of the legacy design, this t ranslat ion is an ANTI CORRUPTI ON LAYER.

I nit ially, the ANTI CORRUPTI ON LAYER will accept  the objects represent ing a shipm ent , convert  them ,
pass them  to the legacy system  and request  a booking, and then capture the confirm at ion and
t ranslate it  back into the confirm at ion object  of the new design. This isolat ion will allow us to
develop our new applicat ion m ost ly independent ly of the old one, though we'll have to invest  quite
a bit  in t ranslat ion.

With each successive release, the new system  can either take over m ore funct ions of the legacy or
sim ply add new value without  replacing exist ing capabilit ies, depending on later decisions. This
flexibilit y, and the abilit y to cont inually operate the com bined system  while m aking a gradual
t ransit ion, probably m akes it  worth the expense to build the ANTI CORRUPTI ON LAYER.



A Cautionary Tale

To protect  their  front iers from  raids by neighboring nom adic warr ior t r ibes, the early Chinese built
the Great  Wall. I t  was not  an im penet rable barr ier, but  it  allowed a regulated com m erce with
neighbors while providing an im pedim ent  to invasion and other unwanted influence. For two
thousand years it  defined a boundary that  helped the Chinese agricultural civilizat ion to define
itself with less disrupt ion from  the chaos outside.

Although China m ight  not  have becom e so dist inct  a culture without  the Great  Wall, the Wall's
const ruct ion was im m ensely expensive and bankrupted at  least  one dynasty, probably cont r ibut ing
to its fall.  The benefits of isolat ion st rategies m ust  be balanced against  their  costs. There is a t im e
to be pragm at ic and m ake m easured revisions to the m odel, so that  it  can fit  m ore sm oothly with
foreign ones.

There is overhead involved in any integrat ion, from  full-on CONTI NUOUS I NTEGRATI ON inside a single
BOUNDED CONTEXT,  through the lesser com m itm ents of SHARED KERNELS or CUSTOMER/ SUPPLI ER

DEVELOPER TEAMS,  to the one-sidedness of the CONFORMI ST and the defensive posture of the
ANTI CORRUPTI ON LAYER.  I ntegrat ion can be very valuable, but  it  is always expensive. We should be
sure it  is really needed. . .  .

[  Team  LiB ]  
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Separate Ways

We m ust  ruthlessly scope requirem ents. Two sets of funct ionality with no indispensable
relat ionship can be cut  loose from  each other.

  

I n t eg r at ion  is a lw ay s ex p en siv e. Som et im es t h e b en ef i t  i s sm al l .

I n addit ion to the usual expense of coordinat ing team s, integrat ion forces com prom ises. The
sim ple specialized m odel that  can sat isfy a part icular need m ust  give way to the m ore abst ract
m odel that  can handle all situat ions. Perhaps som e com pletely different  technology could provide
certain features very easily, but  it  is difficult  to integrate. Maybe som e team  is just  so hard to get
along with that  nothing works very well when other team s t ry to collaborate with them .

I n m any circum stances, integrat ion provides no significant  benefit .  I f two funct ional parts do not
call upon each other 's funct ionality, or require interact ions between objects that  are touched by
both, or share data during their  operat ions, then integrat ion, even through a t ranslat ion layer,
m ay not  be necessary. Just  because features are related in a use case does not  m ean they m ust
be integrated.

Therefore:

Declar e a  BOUNDED CONTEXT t o  h av e n o  con n ect ion  t o  t h e o t h er s a t  a l l , a l low in g

d ev elop er s t o  f in d  sim p le, sp ecia l i zed  so lu t ion s w i t h in  t h is sm al l  scop e.

The features can st ill be organized in m iddleware or the UI  layer, but  there will be no sharing of
logic, and an absolute m inim um  of data t ransfer through t ranslat ion layers—preferably none.

Example

An Insurance Project Slims Down



One project  team  had set  out  to develop new software for insurance claim s that  would integrate
into one system  everything a custom er service agent  or a claim s adjuster needed. After a year of
effort , team  m em bers were stuck. A com binat ion of analysis paralysis and a m ajor up- front
investm ent  in infrast ructure had found them  with nothing to show an increasingly im pat ient
m anagem ent . More seriously, the scope of what  they were t rying to do was overwhelm ing them .

A new project  m anager forced everyone into a room  for a week to form  a new plan. First  they
m ade lists of requirem ents and t r ied to est im ate their  difficulty and assign im portance. They
ruthlessly chopped the difficult  and unim portant  ones. Then they started to br ing order to the
rem aining list . Many sm art  decisions were m ade in that  room  that  week, but  in the end, only one
turned out  to be im portant . At  som e point  it  was recognized that  there were som e features for

which integrat ion provided lit t le added value. For exam ple, adjusters needed access to som e
exist ing databases, and their  current  access was very inconvenient . But , although the users

needed to have this data, none of the other features of the proposed software system  would use

it .

Team  m em bers proposed various ways of providing easy access. I n one case, a key report  could
be exported as HTML and placed on the int ranet . I n another case, adjusters could be provided with
a specialized query writ ten using a standard software package. All these funct ions could be
integrated by organizing links on an int ranet  page or by placing but tons on the user 's desktop.

The team  launched a set  of sm all projects that  at tem pted no m ore integrat ion than launching from
the sam e m enu. Several valuable capabilit ies were delivered alm ost  overnight . Dropping the
baggage of these ext raneous features left  a dist illed set  of requirem ents that  seem ed for a while to
give hope for delivery of the m ain applicat ion.

I t  could have gone that  way, but  unfortunately the team  slipped back into old habits. They
paralyzed them selves again. I n the end, their  only legacy turned out  to be those sm all applicat ions
that  had gone their  SEPARATE WAYS.

  

Taking SEPARATE WAYS forecloses som e opt ions. Although cont inuous refactor ing can eventually
undo any decision, it  is hard to m erge m odels that  have developed in com plete isolat ion. I f
integrat ion turns out  to be needed after all,  t ranslat ion layers will be necessary and m ay be
com plex. Of course, this is som ething you will face anyway.

Now, turning back to m ore cooperat ive relat ionships, let 's look at  ways to scale up integrat ion. . .  .

[  Team  LiB ]  
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Open Host Service

Typically for each BOUNDED CONTEXT,  you will define a t ranslat ion layer for each com ponent  outside
the CONTEXT with which you have to integrate. Where integrat ion is one-off, this approach of
insert ing a t ranslat ion layer for each external system  avoids corrupt ion of the m odels with a
m inim um  of cost . But  when you find your subsystem  in high dem and, you m ay need a m ore
flexible approach.

  

W h en  a su b sy st em  h as t o  b e in t eg r at ed  w i t h  m an y  o t h er s, cu st om izin g  a t r an sla t o r  f o r

each  can  b og  d ow n  t h e t eam . Th er e is m or e an d  m or e t o  m ain t a in , an d  m or e an d  m or e

t o  w or r y  ab ou t  w h en  ch an g es ar e m ad e.

The team  m ay be doing the sam e thing again and again. I f there is any coherence to the
subsystem , it  is probably possible to describe it  as a set  of SERVI CES that  cover the com m on needs
of other subsystem s.

I t  is a lot  harder to design a protocol clean enough to be understood and used by m ult iple team s,
so it  pays off only when the subsystem 's resources can be described as a cohesive set  of SERVI CES

and when there are a significant  num ber of integrat ions. Under those circum stances, it  can m ake
the difference between m aintenance m ode and cont inuing developm ent .

Therefore:

Def in e a p r o t oco l  t h at  g iv es access t o  y ou r  su b sy st em  as a set  o f  SERVI CES. Op en  t h e

p r o t oco l  so  t h at  a l l  w h o  n eed  t o  in t eg r at e w i t h  y ou  can  u se i t . En h an ce an d  ex p an d  t h e

p r o t oco l  t o  h an d le n ew  in t eg r at ion  r eq u i r em en t s, ex cep t  w h en  a sin g le t eam  h as

id iosy n cr at ic n eed s. Th en , u se a on e- o f f  t r an sla t o r  t o  au g m en t  t h e p r o t oco l  f o r  t h at

sp ecia l  case so  t h at  t h e sh ar ed  p r o t oco l  can  st ay  sim p le an d  coh er en t .

  

This form alizat ion of com m unicat ion im plies som e shared m odel vocabulary—the basis of the
SERVI CE interfaces. As a result , the other subsystem s becom e coupled to the m odel of the OPEN

HOST,  and other team s are forced to learn the part icular dialect  used by the HOST team . I n som e
situat ions, using a well-known PUBLI SHED LANGUAGE as the interchange m odel can reduce coupling
and ease understanding. . .  .

[  Team  LiB ]  
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Published Language

The t ranslat ion between the m odels of two BOUNDED CONTEXTS requires a com m on language.

  

When two dom ain m odels m ust  coexist  and inform at ion m ust  pass between them , the t ranslat ion process
itself can becom e com plex and hard to docum ent  and understand. I f we are building a new system , we will
t ypically believe that  our new m odel is the best  available, and so we will think in term s of t ranslat ing
direct ly into it .  But  som et im es we are enhancing a set  of older system s and t rying to integrate them .
Choosing one m essy m odel over the other m ay be choosing the lesser of two evils.

Another situat ion:  When businesses want  to exchange inform at ion with one another, how do they do it?
Not  only is it  unrealist ic to expect  one to adopt  the dom ain m odel of the other, it  m ay be undesirable for
both part ies. A dom ain m odel is developed to solve problem s for its users;  such a m odel m ay contain
features that  needlessly com plicate com m unicat ion with another system . Also, if the m odel underlying one
of the applicat ions is used as the com m unicat ions m edium , it  cannot  be changed freely to m eet  new
needs, but  m ust  be very stable to support  the ongoing com m unicat ion role.

Dir ect  t r an sla t ion  t o  an d  f r om  t h e ex ist in g  d om ain  m od els m ay  n o t  b e a g ood  so lu t ion . Th ose

m od els m ay  b e ov er ly  com p lex  o r  p oo r ly  f act o r ed . Th ey  ar e p r ob ab ly  u n d ocu m en t ed . I f  on e is

u sed  as a d at a in t er ch an g e lan g u ag e, i t  essen t ia l l y  b ecom es f r ozen  an d  can n o t  r esp on d  t o  n ew

d ev elop m en t  n eed s.

The OPEN HOST SERVI CE uses a standardized protocol for m ult iparty integrat ion. I t  em ploys a m odel of the
dom ain for interchange between system s, even though that  m odel m ay not  be used internally by those
system s. Here we go a step further and publish that  language, or find one that  is already published. By
publish  I  sim ply m ean that  the language is readily available to the com m unity that  m ight  be interested in
using it ,  and is sufficient ly docum ented to allow independent  interpretat ions to be com pat ible.

Recent ly, the world of e-com m erce has becom e very excited about  a new technology:  Extensible Markup
Language (XML)  prom ises to m ake interchange of data m uch easier. A very valuable feature of XML is
that , through the docum ent  type definit ion (DTD)  or through XML schem as, XML allows the form al
definit ion of a specialized dom ain language into which data can be t ranslated. I ndust ry groups have begun
to form  for the purpose of defining a single standard DTD for their  indust ry so that , say, chem ical form ula
inform at ion or genet ic coding can be com m unicated between m any part ies. Essent ially these groups are
creat ing a shared dom ain m odel in the form  of a language definit ion.

Therefore:

Use a w el l - d ocu m en t ed  sh ar ed  lan g u ag e t h at  can  ex p r ess t h e n ecessar y  d om ain  in f o r m at ion  as

a com m on  m ed iu m  o f  com m u n icat ion , t r an sla t in g  as n ecessar y  in t o  an d  ou t  o f  t h at  lan g u ag e.

The language doesn't  have to be created from  scratch. Many years ago, I  was cont racted by a com pany
that  had a software product  writ ten in Sm alltalk that  used DB2 to store its data. The com pany wanted the
flexibilit y to dist r ibute the software to users without  a DB2 license and cont racted m e to build an interface
to Bt r ieve, a lighter-weight  database engine that  had a free runt im e dist r ibut ion license. Bt r ieve is not  fully
relat ional, but  m y client  was using only a sm all part  of DB2's power and was within the lowest  com m on
denom inator of the two databases. The com pany's developers had built  on top of DB2 som e abst ract ions
that  were in term s of the storage of objects. I  decided to use this work as the interface for m y Bt r ieve
com ponent .



This approach did work. The software sm oothly integrated with m y client 's system . However, the lack of a
form al specificat ion or docum entat ion of the abst ract ions of persistent  objects in the client 's design m eant
a lot  of work for m e to figure out  the requirem ents of the new com ponent . Also, there wasn't  m uch
opportunity to reuse the com ponent  to m igrate som e other applicat ion from  DB2 to Bt r ieve. And the new
software m ore deeply ent renched the com pany's m odel of persistence, so that  refactor ing that  m odel of
persistent  objects would have been even m ore difficult .

A bet ter way m ight  have been to ident ify the subset  of the DB2 interface that  the com pany was using and
then support  that . The interface of DB2 is m ade up of SQL and a num ber of proprietary protocols.
Although it  is very com plex, the interface is t ight ly specified and thoroughly docum ented. The com plexity
would have been m it igated because only a sm all subset  of the interface was being used. I f a com ponent
had been developed that  em ulated the necessary subset  of the DB2 interface, it  could have been very
effect ively docum ented for developers sim ply by ident ifying the subset . The applicat ion it  was integrated
into already knew how to talk to DB2, so lit t le addit ional work would have been needed. Future redesign of
the persistence layer would have been const rained only to the use of the DB2 subset , just  as before the
enhancem ent .

The DB2 interface is an exam ple of a PUBLI SHED LANGUAGE.  I n this case, the two m odels are not  in the
business dom ain, but  all the pr inciples apply just  the sam e. Because one of the m odels in the collaborat ion
is already a PUBLI SHED LANGUAGE,  there is no need to int roduce a third language.

Example

A PUBLISHED LANGUAGE for Chemistry

I nnum erable program s are used to catalog, analyze, and m anipulate chem ical form ulas in indust ry and
academ ia. Exchanging data has always been difficult ,  because alm ost  every program  uses a different
dom ain m odel to represent  chem ical st ructures. And of course, m ost  of them  are writ ten in languages,
such as FORTRAN, that  do not  express the dom ain m odel very fully anyway. Whenever anyone wanted to
share data, they had to unravel the details of the other system 's database and work out  som e sort  of
t ranslat ion schem e.

Enter the Chem ical Markup Language (CML) , a dialect  of XML intended as a com m on interchange language
for this dom ain, developed and m anaged by a group represent ing academ ics and indust ry ( Murray-Rust  et
al. 1995) .

Chem ical inform at ion is very com plex and diverse, and it  changes all the t im e with new discoveries. So
they developed a language that  could describe the basics, such as the chem ical form ulas of organic and
inorganic m olecules, protein sequences, spect ra, or physical quant it ies.

Now that  the language has been published, tools can be developed that  would never have been worth the
t rouble to write before, when they would have only been usable for one database. For exam ple, a Java
applicat ion, called the JUMBO Browser, was developed that  creates graphical views of chem ical st ructures
stored in CML. So if you put  your data in the CML form at , you'll have access to such visualizat ion tools.

I n fact , CML gained a double advantage by using XML, a sort  of "published m eta- language."  The learning
curve of CML is flat tened by people's fam iliar ity with XML;  the im plem entat ion is eased by various off- the-
shelf tools, such as parsers;  and docum entat ion is helped by the m any books writ ten on all aspects of
handling XML.

Here is a t iny sam ple of CML. I t  is only vaguely intelligible to nonspecialists like m yself, but  the pr inciple is
clear.

[View full width]
<CML.ARR ID="array3" EL.TYPE=FLOAT NAME="ATOMIC ORBITAL ELECTRON POPULATIONS" SIZE=30 GLO
.ENT=CML.THE.AOEPOPS>



   1.17947   0.95091   0.97175   1.00000   1.17947   0.95090   0.97174   1.00000
   1.17946   0.98215   0.94049   1.00000   1.17946   0.95091   0.97174   1.00000
   1.17946   0.95091   0.97174   1.00000   1.17946   0.98215   0.94049   1.00000
   0.89789   0.89790   0.89789   0.89789   0.89790   0.89788
</CML.ARR>
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Unifying an Elephant

I t  was six men of I ndostan
To learning much inclined,
Who went  to see the Elephant
(Though all of them were blind) ,
That  each by observat ion
Might  sat isfy his m ind.

The First approached the Elephant ,
And happening to fall
Against  his broad and sturdy side,
At  once began to bawl:
"God bless me!  but  the Elephant
I s very like a wall! "
                   . . .

The Third approached the animal,
And happening to take
The squirm ing t runk within his hands,
Thus boldly up and spake:
" I  see,"  quoth he, " the Elephant
I s very like a snake."

The Fourth reached out  his eager hand,
And felt  about  the knee.
"What  most  this wondrous beast  is like
I s m ighty plain,"  quoth he;
" 'Tis clear enough the Elephant
I s very like a t ree! "
                   . . .

The Sixth no sooner had begun
About  the beast  to grope,
Than, seizing on the swinging tail
That  fell within his scope,
"I  see,"  quoth he, " the Elephant
I s very like a rope!"

And so these men of I ndostan
Disputed loud and long,
Each in his own opinion
Exceeding st iff and st rong,
Though each was part ly in the r ight ,
And all were in the wrong!
                 . . .

—From  "The Blind Men and the Elephant ,"  by John Godfrey Saxe (1816–1887) , based on a

story in the Udana,  a Hindu text

Depending on their  goals in interact ing with the elephant , the various blind m en m ay st ill be able



to m ake progress, even if they don't  fully agree on the nature of the elephant . I f no integrat ion is
required, then it  doesn't  m at ter that  the m odels are not  unified. I f they require som e integrat ion,
they m ay not  actually have to agree on what  an elephant  is, but  they will get  a lot  of value from
m erely recognizing that  they don't  agree. This way, at  least  they don't  unknowingly talk at  cross-
purposes.

The diagram s in Figure 14.9 are UML representat ions of the m odels the blind m en have form ed of
the elephant . Having established separate BOUNDED CONTEXTS,  the situat ion is clear enough for
them  to work out  a way to com m unicate with each other about  the few aspects they care about  in
com m on:  the locat ion of the elephant , perhaps.

Fig u r e 1 4 .9 . Fou r  con t ex t s:  n o  in t eg r at ion

Fig u r e 1 4 .1 0 . Fou r  con t ex t s:  m in im al  in t eg r at ion

As the blind m en want  to share m ore inform at ion about  the elephant , the value of sharing a single
BOUNDED CONTEXT goes up. But  unifying the disparate m odels is a challenge. None of them  is likely
to give up his m odel and adopt  one of the others. After all,  the m an who touched the tail knows

the elephant  is not  like a t ree, and that  m odel would be m eaningless and useless to him . Unifying
m ult iple m odels alm ost  always m eans creat ing a new m odel.

With som e im aginat ion and cont inued discussion (probably heated) , the blind m en could eventually
recognize that  they have been describing and m odeling different  parts of a larger whole. For m any
purposes, a part -whole unificat ion m ay not  require m uch addit ional work. At  least  the first  stage of
integrat ion only requires figuring out  how the parts are related. I t  m ay be adequate for som e
needs to view an elephant  as a wall,  held up by t ree t runks, with a rope at  one end and a snake at
the other.

Fig u r e 1 4 .1 1 . On e con t ex t :  cr u d e in t eg r at ion



The unificat ion of the various elephant  m odels is easier than m ost  such m ergers. Unfortunately, it
is the except ion when two m odels purely describe different  parts of the whole, although this is
often one aspect  of the difference. Mat ters are m ore difficult  when two m odels are looking at  the
sam e part  in a different  way. I f two m en had touched the t runk and one described it  as a snake
and the other described it  as a fire hose, they would have had m ore difficulty. Neither can accept
the other 's m odel, because it  cont radicts his own experience. I n fact , they need a new abst ract ion
that  incorporates the "aliveness" of a snake with the water-shoot ing funct ionality of a fire hose,
but  one that  leaves out  the inapt  im plicat ions of the first  m odels, such as the expectat ion of
possibly venom ous fangs, or the abilit y to be detached from  the body and rolled up into a
com partm ent  in a fire t ruck.

Even though we have com bined the parts into a whole, the result ing m odel is crude. I t  is
incoherent , lacking any sense of following contours of an underlying dom ain. New insights could
lead to a deeper m odel in a process of cont inuous refinem ent . New applicat ion requirem ents can
also force the m ove to a deeper m odel. I f the elephant  starts m oving, the " t ree" theory is out , and
our blind m odelers m ay break through to the concept  of " legs."

Fig u r e 1 4 .1 2 . On e con t ex t :  d eep er  m od el

This second pass of m odel integrat ion tends to slough off incidental or incorrect  aspects of the
individual m odels and creates new concepts—in this case, "anim al"  with parts " t runk,"  " leg,"
"body,"  and " tail"—each of which has its own propert ies and clear relat ionships to other parts.
Successful m odel unificat ion, to a large extent , hinges on m inim alism . An elephant  t runk is both
m ore and less than a snake, but  the " less" is probably m ore im portant  than the "m ore."  Bet ter to
lack the water-spewing abilit y than to have an incorrect  poison- fang feature.

I f the goal is sim ply to find the elephant , then t ranslat ing between each m odel's expression of



locat ion will do. When m ore integrat ion is needed, the unified m odel doesn't  have to reach full
m aturity in the first  version. I t  m ay be adequate for som e needs to view an elephant  as a wall,
held up by t ree t runks, with a rope at  one end and a snake at  the other. Later, dr iven by new
requirem ents and by im proved understanding and com m unicat ion, the m odel can be deepened
and refined.

Recognizing m ult iple, clashing dom ain m odels is really just  facing reality. By explicit ly defining a
context  within which each m odel applies, you can m aintain the integrity of each and clearly see the
im plicat ions of any part icular interface you want  to create between the two. There is no way for
the blind m en to see the whole elephant , but  their  problem  would be m anageable if only they
recognized the incom pleteness of their  percept ion.

[  Team  LiB ]  
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Choosing Your Model Context Strategy

I t  is im portant  always to draw the CONTEXT MAP to reflect  the current  situat ion at  any given t im e.
Once that 's done, though, you m ay very well want  to change that  reality. Now you can begin to
consciously choose CONTEXT boundaries and relat ionships. Here are som e guidelines.

Team Decision or Higher

First , team s have to m ake decisions about  where to define BOUNDED CONTEXTS and what  sort  of
relat ionships to have between them . Team s have to m ake these decisions, or at  least  the decisions
have to be propagated to the ent ire team  and understood by everyone. I nfact , such decisions
often involve agreem ents beyond your own team . On the m erits, decisions about  whether to
expand or to part it ion BOUNDED CONTEXTS should be based on the cost -benefit  t rade-off between
the value of independent  team  act ion and the value of direct  and r ich integrat ion. I n pract ice,
polit ical relat ionships between team s often determ ine how system s are integrated. A technically
advantageous unificat ion m ay be im possible because of report ing st ructure. Managem ent  m ay
dictate an unwieldy m erger. You won't  always get  what  you want , but  at  least  you m ay be able to
assess and com m unicate som ething of the cost  incurred, and take steps to m it igate it .  Start  with a
realist ic CONTEXT MAP and be pragm at ic in choosing t ransform at ions.

Putting Ourselves in Context

When we are working on a software project , we are interested pr im arily in the parts of the system
our team  is changing ( the "system  under design")  and secondarily in the system s it  will
com m unicate with. I n a typical case, the system  under design is going to get  carved into one or
two BOUNDED CONTEXTS that  the m ain developm ent  team s will be working on, perhaps with another
CONTEXT or two in a support ing role. I n addit ion to that  are the relat ionships between these
CONTEXTS and the external system s. This is a sim ple, typical view, to give som e rough expectat ion
for what  you are likely to encounter.

We really are part  of  that  pr im ary CONTEXT we are working in, and that  is bound to be reflected in
our CONTEXT MAP.  This isn't  a problem  if we are aware of the bias and are m indful of when we step
outside the lim its of that  MAP's applicabilit y.

Transforming Boundaries

There are an unlim ited variety of situat ions and an unlim ited num ber of opt ions for drawing the
boundaries of BOUNDED CONTEXTS.  But  typically the st ruggle is to balance som e subset  of the
following forces:

Favoring Larger BOUNDED CONTEXTS

Flow between user tasks is sm oother when m ore is handled with a unified m odel.



I t  is easier to understand one coherent  m odel than two dist inct  ones plus m appings.

Translat ion between two m odels can be difficult  (som et im es im possible) .

Shared language fosters clear team  com m unicat ion.

Favoring Smaller BOUNDED CONTEXTS

Com m unicat ion overhead between developers is reduced.

CONTI NUOUS I NTEGRATI ON is easier with sm aller team s and code bases.

Larger contexts m ay call for m ore versat ile abst ract  m odels, requir ing skills that  are in short
supply.

Different  m odels can cater to special needs or encom pass the jargon of specialized groups of
users, along with specialized dialects of the UBI QUI TOUS LANGUAGE.

Deep integrat ion of funct ionality between different  BOUNDED CONTEXTS is im pract ical. I ntegrat ion is
lim ited to those parts of one m odel that  can be r igorously stated in term s of the other m odel, and
even this level of integrat ion m ay take considerable effort . This m akes sense when there will be a
sm all interface between two system s.

Accepting That Which We Cannot Change: Delineating the External

Systems

I t  is best  to start  with the easiest  decisions. Som e subsystem s will clearly not  be in any BOUNDED

CONTEXT of the system  under developm ent . Exam ples would be m ajor legacy system s that  you are
not  im m ediately replacing and external system s that  provide services you'll need. You can ident ify
these im m ediately and prepare to segregate them  from  your design.

Here we m ust  be careful about  our assum pt ions. I t  is convenient  to think of each of these system s
as const itut ing its own BOUNDED CONTEXT,  but  m ost  external system s only weakly m eet  the
definit ion. First , a BOUNDED CONTEXT is defined by an intent ion  to unify the m odel within certain
boundaries. You m ay have cont rol of m aintenance of the legacy system , in which case you can
declare the intent ion, or the legacy team  m ay be well coordinated and be carrying out  an inform al
form  of CONTI NUOUS I NTEGRATI ON,  but  don't  take it  for granted. Check into it ,  and if the
developm ent  is not  well integrated, be part icular ly caut ious. I t  is not  unusual to find sem ant ic
cont radict ions in different  parts of such system s.

Relationships with the External Systems

There are three pat terns that  can apply here. First , to consider SEPARATE WAYS.  Yes, you wouldn't
have included them  if you didn't  need integrat ion. But  be really sure. Would it  be sufficient  to give
the user easy access to both system s? I ntegrat ion is expensive and dist ract ing, so unburden your
project  as m uch as you can.

I f the integrat ion is really essent ial, you can choose between two ext rem es:  CONFORMI ST or
ANTI CORRUPTI ON LAYER.  I t  is not  fun to be a CONFORMI ST.  Your creat ivity and your opt ions for new
funct ionality will be lim ited. I n building a m ajor new system , it  is unlikely to be pract ical to adhere
to the m odel of a legacy or external system  (after all,  why are you building a new system ?) .



However, st icking with the legacy m odel m ay be appropriate in the case of peripheral extensions
to a large system  that  will cont inue to be the dom inant  system . Exam ples of this choice include the
lightweight  decision-support  tools that  are often writ ten in Excel or other sim ple tools. I f your
applicat ion is really an extension to the exist ing system  and your interface with that  system  is
going to be large, the t ranslat ion between CONTEXTS can easily be a bigger job than the applicat ion
funct ionality itself. And there is st ill som e room  for good design work, even though you have
placed yourself in the BOUNDED CONTEXT of the other system . I f there is a discernable dom ain
m odel behind the other system , you can im prove your im plem entat ion by m aking that  m odel m ore
explicit  than it  was in the old system , just  as long as you st r ict ly conform  to the old m odel. I f you
decide on a CONFORMI ST design, you m ust  do it  wholeheartedly. You rest r ict  yourself to extension
only, with no m odificat ion of the exist ing m odel.

When the funct ionality of the system  under design is going to be m ore involved than an extension
to an exist ing system , where your interface to the other system  is sm all, or where the other
system  is very badly designed, you'll really want  your own BOUNDED CONTEXT,  which m eans building
a t ranslat ion layer, or even an ANTI CORRUPTI ON LAYER.

The System Under Design

The software your project  team  is actually building is the system  under design.  You can declare
BOUNDED CONTEXTS within this zone and apply CONTI NUOUS I NTEGRATI ON within each to keep them
unified. But  how m any should you have? What  relat ionships should they have to each other? The
answers are less cut  and dried than with the external system s because we have m ore freedom  and
control.

I t  could be quite sim ple:  a single BOUNDED CONTEXT for the ent ire system  under design. For
exam ple, this would be a likely choice for a team  of fewer than ten people working on highly
interrelated funct ionality.

As the team  grows larger, CONTI NUOUS I NTEGRATI ON m ay becom e difficult  (although I  have seen it
m aintained for som ewhat  larger team s) . You m ay look for a SHARED KERNEL and break off relat ively
independent  sets of funct ionality into separate BOUNDED CONTEXTS,  each with fewer than ten
people. I f all of the dependencies between two of these go in one direct ion, you could set  up
CUSTOMER/ SUPPLI ER DEVELOPMENT TEAMS.

You m ay recognize that  the m indsets of two groups are so different  that  their  m odeling efforts
constant ly clash. I t  m ay be that  they actually need quite different  things from  the m odel, it  m ay
be just  a difference in background knowledge, or it  m ay be a result  of the m anagem ent  st ructure
the project  is em bedded in. I f the cause of the clash is som ething you can't  change, or don't  want
to change, you m ay choose to allow the m odels to go SEPARATE WAYS.  Where integrat ion is needed,
a t ranslat ion layer can be developed and m aintained joint ly by the two team s as the single point  of
CONTI NUOUS I NTEGRATI ON.  This is in cont rast  with integrat ion with external system s, where the
ANTI CORRUPTI ON LAYER typically has to accom m odate the other system  as is and without  m uch
support  from  the other side.

Generally speaking, there is a correspondence of one team  per BOUNDED CONTEXT.  One team  can
m aintain m ult iple BOUNDED CONTEXTS,  but  it  is hard ( though not  im possible)  for m ult iple team s to
work on one together.

Catering to Special Needs with Distinct Models

Different  groups within the sam e business have often developed their  own specialized
term inologies, which m ay have diverged from  one another. These local jargons m ay be very



precise and tailored to their  needs. Changing them  ( for exam ple, by im posing a standardized,
enterprise-wide term inology)  requires extensive t raining and analysis to resolve the differences.
Even then, the new term inology m ay not  serve as well as the finely tuned version they already
had.

You m ay decide to cater to these special needs in separate BOUNDED CONTEXTS,  allowing the
m odels to go SEPARATE WAYS,  except  for CONTI NUOUS I NTEGRATI ON of t ranslat ion layers. Different
dialects of the UBI QUI TOUS LANGUAGE will evolve around these m odels and the specialized jargon
they are based on. I f the two dialects have a lot  of overlap, a SHARED KERNEL m ay provide the
needed specializat ion while m inim izing the t ranslat ion cost .

Where integrat ion is not  needed, or is relat ively lim ited, this allows cont inued use of custom ary
term inology and avoids corrupt ion of the m odels. I t  also has its costs and r isks.

The loss of shared language will reduce com m unicat ion.

There is ext ra overhead in integrat ion.

There will be som e duplicat ion of effort , as different  m odels of the sam e business act ivit ies
and ent it ies evolve.

But  perhaps the biggest  r isk is that  it  can becom e an argum ent  against  change and a just ificat ion
for any quirky, parochial m odel. How m uch do you need to tailor this individual part  of the system
to m eet  specialized needs? Most  im portant , how valuable is the part icular jargon of this user

group? You have to weigh the value of m ore in-dependent  act ion of team s against  the r isks of
t ranslat ion, keeping an eye out  for rat ionalizing term inology variat ions that  have no value.

Som et im es a deep m odel em erges that  can unify these dist inct  languages and sat isfy both groups.
The catch is that  deep m odels em erge later in the life cycle, after a lot  of developm ent  and
knowledge crunching, if at  all.  You can't  plan on a deep m odel;  you just  have to accept  the
opportunity when it  ar ises, change your st rategy, and refactor.

Keep in m ind that , where integrat ion requirem ents are extensive, the cost  of t ranslat ion goes way
up. Som e coordinat ion of the team s, from  the pinpoint  m odificat ions of one object  that  has a
com plicated t ranslat ion ranging up to a SHARED KERNEL,  can m ake t ranslat ion easier while st ill not
requir ing full unificat ion.

Deployment

Coordinat ing the packaging and deploym ent  of com plex system s is one of those boring tasks that
are alm ost  always a lot  harder than they look. The choice of BOUNDED CONTEXT st rategy has an
im pact  on the deploym ent . For exam ple, when CUSTOMER/ SUPPLI ER TEAMS deploy new versions,
they have to coordinate with each other to release versions that  have been tested together. Both
code and data m igrat ions have to work in these com binat ions. I n a dist r ibuted system , it  m ay help
to keep the t ranslat ion layers between CONTEXTS together within a single process, so that  you don't
have m ult iple versions coexist ing.

Even deploym ent  of the com ponents of a single BOUNDED CONTEXT can be challenging when data
m igrat ion takes t im e or when dist r ibuted system s can't  be updated instantaneously, result ing in
two versions of the code and data coexist ing.

Many technical considerat ions com e into play depending on the deploym ent  environm ent  and
technology. But  the BOUNDED CONTEXT relat ionships can point  you toward the hot  spots. The
t ranslat ion interfaces have been m arked out .



The feasibilit y of a deploym ent  plan should feed back into the drawing of the CONTEXT boundaries.
When two CONTEXTS are br idged by a t ranslat ion layer, one CONTEXT can be updated just  so a new
translat ion layer provides the sam e interface to the other CONTEXT.  A SHARED KERNEL im poses a
m uch greater burden of coordinat ion, not  just  in developm ent  but  also in deploym ent . SEPARATE

WAYS can m ake life m uch sim pler.

The Trade-off

To sum  up these guidelines, there is a range of st rategies for unifying or integrat ing m odels. I n
general term s, you will t rade off the benefits of seam less integrat ion of funct ionality against  the
addit ional effort  of coordinat ion and com m unicat ion. You t rade m ore independent  act ion against
sm oother com m unicat ion. More am bit ious unificat ion requires cont rol over the design of the
subsystem s involved.

Fig u r e 1 4 .1 3 . Th e r e la t i v e d em an d s o f  CONTEXT r e la t ion sh ip  p at t er n s

When Your Project Is Already Under Way

Most  likely, you are not  start ing a project  but  are looking to im prove a project  that  is already
under way. I n this case, the first  step is to define BOUNDED CONTEXTS according to the way things

are now.  This is crucial. To be effect ive, the CONTEXT MAP m ust  reflect  the t rue pract ice of the
team s, not  the ideal organizat ion you m ight  decide on by following the guidelines just  described.

Once you have delineated your t rue current  BOUNDED CONTEXTS and described the relat ionships
they current ly have, the next  step is to t ighten up the team 's pract ices around that  current

organizat ion .  I m prove your CONTI NUOUS I NTEGRATI ON within the CONTEXTS.  Refactor any st ray
t ranslat ion code into your ANTI CORRUPTI ON LAYERS.  Nam e the exist ing BOUNDED CONTEXTS and m ake
sure they are in the UBI QUI TOUS LANGUAGE of the project .

Now you are ready to consider changes to the boundaries and relat ionships them selves. These



changes will naturally be dr iven by the sam e principles I 've already described for a new project ,
but  they will have to be bit ten off in sm all pieces, chosen pragm at ically to give the m ost  value for
the least  effort  and disrupt ion.

The next  sect ion discusses how to go about  actually m aking changes to your CONTEXT boundaries
once you have decided to.

[  Team  LiB ]  
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Transformations

Like any other aspect  of m odeling and design, decisions about  BOUNDED CONTEXTS are not
irrevocable. I nevitably, there will be m any cases in which you have to change your init ial decision
about  the boundaries and relat ionships between BOUNDED CONTEXTS.  Generally speaking, breaking
up CONTEXTS is pret ty easy, but  m erging them  or changing the relat ionships between them  is
challenging. I ' ll describe a few representat ive changes that  are difficult  yet  im portant . These
t ransform at ions are usually m uch too big to be taken in a single refactor ing or possibly even in a
single project  iterat ion. For that  reason, I 've out lined gam e plans for m aking these
t ransform at ions as a series of m anageable steps. These are, of course, guidelines that  you will
have to adapt  to your part icular circum stances and events.

Merging CONTEXTS: SEPARATE WAYS  SHARED KERNEL

Translat ion overhead is too high. Duplicat ion is too obvious. There are m any m ot ivat ions for
m erging BOUNDED CONTEXTS.  This is hard to do. I t 's not  too late, but  it  takes som e pat ience.

Even if your eventual goal is to m erge com pletely to a single CONTEXT with CONTI NUOUS

I NTEGRATI ON,  start  by m oving to a SHARED KERNEL.

Evaluate the init ial situat ion. Be sure that  the two CONTEXTS are indeed internally unified
before beginning to unify them  with each other.

1 .

Set  up the process. You'll need to decide how the code will be shared and what  the m odule
nam ing convent ions will be. There m ust  be at  least  weekly integrat ion of the SHARED KERNEL

code. And it  m ust  have a test  suite. Set  this up before developing any shared code. (The test
suite will be em pty, so it  should be easy to pass! )

2 .

Choose som e sm all subdom ain to start  with—som ething duplicated in both CONTEXTS,  but  not

part  of the CORE DOMAI N.  This first  m erger is going to establish the process, so it  is best  to
use som ething sim ple and relat ively generic or noncrit ical. Exam ine the integrat ions and
t ranslat ions that  already exist . Choosing som ething that  is being t ranslated has the
advantage of start ing out  with a proven t ranslat ion, plus you'll be thinning your t ranslat ion
layer.

3 .

At  this point , you have two m odels that  address the sam e subdom ain. There are basically three
approaches to m erging. You can choose one m odel and refactor the other CONTEXT to be
com pat ible. This decision can be m ade wholesale, set t ing the intent ion of system at ically replacing
one CONTEXT'S m odel and retaining the coherence of a m odel that  was developed as a unit . Or you
can choose one piece at  a t im e, presum ably ending up with the best  of both (but  taking care not
to end up with a jum ble) .

The third opt ion is to find a new m odel, presum ably deeper than either of the or iginals, capable of
assum ing the responsibilit ies of both.

Form  a group of two to four developers, drawn from  both team s, to work out  a shared m odel
for the subdom ain. Regardless of how the m odel is derived, it  m ust  be ironed out  in detail.
This includes the hard work of ident ifying synonym s and m apping any term s that  are not
already being t ranslated. This joint  team  out lines a basic set  of tests for the m odel.

4 .

5 .



Developers from  either team  take on the task of im plem ent ing the m odel (or adapt ing
exist ing code to be shared) , working out  details and m aking it  funct ion. I f these developers
run into problem s with the m odel, they reconvene the team  from  step 3 and part icipate in
any necessary revisions of the concepts.

5 .

Developers of each team  take on the task of integrat ing with the new SHARED KERNEL.6 .

Rem ove t ranslat ions that  are no longer needed.7 .

At  this point , you will have a very sm all SHARED KERNEL,  with a process in place to m aintain it .  I n
subsequent  project  iterat ions, repeat  steps 3 through 7 to share m ore. As the processes firm  up
and the team s gain confidence, you can take on m ore com plicated subdom ains, m ult iple ones at
the sam e t im e, or subdom ains that  are in the CORE DOMAI N.

A note:  As you take on m ore dom ain-specific parts of the m odels, you m ay encounter cases where
the two m odels have conform ed to the specialized jargon of different  user com m unit ies. I t  is wise
to defer m erging these into the SHARED KERNEL unless a breakthrough to a deep m odel has
occurred, providing you with a language capable of superseding both specialized ones. An
advantage of a SHARED KERNEL is that  you can have som e of the advantages of CONTI NUOUS

I NTEGRATI ON while retaining som e of the advantages of SEPARATE WAYS.

Those are som e guidelines for m erging into a SHARED KERNEL.  Before going ahead, consider one
alternat ive that  sat isfies som e of the needs addressed by this t ransform at ion. I f one of the two
m odels is definitely preferred, consider shift ing toward it  without  integrat ing. I nstead of sharing
com m on subdom ains, just  system at ically t ransfer full responsibilit y for those subdom ains from  one
BOUNDED CONTEXT to the other by refactor ing the applicat ions to call on the m odel of the m ore
favored CONTEXT,  and m aking any enhancem ents that  m odel needs. Without  any ongoing
integrat ion overhead, you have elim inated redundancy. Potent ially (but  not  necessarily) , the m ore
favored BOUNDED CONTEXT could eventually take over com pletely, and you'll have created the sam e
effect  as a m erger. I n the t ransit ion (which can be quite long or indefinite) , this will have the usual
advantages and disadvantages of going SEPARATE WAYS,  and you have to weigh them  against  the
pros and cons of a SHARED KERNEL.

Merging CONTEXTS: SHARED KERNEL  CONTINUOUS INTEGRATION

I f your SHARED KERNEL is expanding, you m ay be lured by the advantages of full unificat ion of the
two BOUNDED CONTEXTS.  This is not  just  a m at ter of resolving the m odel differences. You are going
to be changing team  st ructures and ult im ately the language people speak.

Start  by preparing the people and the team s.

Be sure that  all the processes needed for CONTI NUOUS I NTEGRATI ON ( shared code ownership,
frequent  integrat ion, and so on)  are in place on each team ,  separately. Harm onize
integrat ion procedures on the two team s so that  everyone is doing things in the sam e way.

1 .

Start  circulat ing team  m em bers between team s. This will create a pool of people who
understand both m odels, and will begin to connect  the people of the two team s.

2 .

Clarify the dist illat ion of each m odel individually. (See Chapter 15.)3 .

At  this point , confidence should be high enough to begin m erging the core dom ain into the
SHARED KERNEL.  This can take several iterat ions, and som et im es tem porary t ranslat ion layers
are needed between the newly shared parts and the not -yet -shared parts. Once into m erging
the CORE DOMAI N,  it  is best  to go pret ty fast . I t  is a high-overhead phase, fraught  with errors,

4 .



and should be shortened as m uch as possible, taking pr ior ity over m ost  new developm ent .
But  don't  take on m ore than you can handle.

To m erge the CORE m odels, you have a few choices. You can st ick with one m odel and m odify the
other to be com pat ible with it ,  or you can create a new m odel of the subdom ain and adapt  both
contexts to use it .  Watch out  if the two m odels have been tailored to address dist inct  user needs.
You m ay need the specialized power of both or iginal m odels. This calls for developing a deeper
m odel that  can supersede both or iginal m odels. Developing a deeper unifying m odel is very
difficult ,  but  if you are com m it ted to the full m erger of the two CONTEXTS,  you no longer have the
opt ion of m ult iple dialects. There will be a reward in term s of the clar ity of integrat ion of the
result ing m odel and code. Be careful that  it  doesn't  com e at  the cost  of your abilit y to address the
specialized needs of your users.

As the SHARED KERNEL grows, increase the integrat ion frequency to daily and finally to
CONTI NUOUS I NTEGRATI ON.

5 .

As the SHARED KERNEL approaches the point  of encom passing all of the two form er BOUNDED

CONTEXTS,  you will find yourself with either one large team  or two sm aller team s that  have a
shared code base that  they I NTEGRATE CONTI NUOUSLY,  and that  t rade m em bers back and forth
frequent ly.

6 .

Phasing Out a Legacy System

All good things m ust  com e to an end, even legacy com puter software. But  it  doesn't  happen on its
own. These old system s can be so woven into the business and other system s that  ext r icat ing
them  can take m any years. Fortunately, it  doesn't  have to be done all at  once.

The possibilit ies are too various for m e to do m ore than scratch the surface here. But  I ' ll discuss a
com m on case:  An old system  that  is used daily in the business has been supplem ented recent ly by
a handful of m ore m odern system s that  com m unicate with the legacy system  through an
ANTI CORRUPTI ON LAYER.

One of the first  steps should be to decide on a test ing st rategy. Autom ated unit  tests should be
writ ten for new funct ionality in the new system s, but  phasing out  legacy int roduces special test ing
needs. Som e organizat ions run new and old in parallel for som e period of t im e.

I n any given iterat ion:

I dent ify specific funct ionality of the legacy that  could be added to one of the favored system s
within a single iterat ion.

1 .

I dent ify addit ions that  will be required in the ANTI CORRUPTI ON LAYER.2 .

Implement .3 .

Deploy.4 .

Som et im es it  will be necessary to spend m ore than one iterat ion writ ing equivalent  funct ionality to
a unit  that  can be phased out  of the legacy, but  st ill plan the new funct ions in sm all, iterat ion-sized
units, only wait ing m ult iple iterat ions for deploym ent .

Deploym ent  is another point  at  which too m uch variat ion exists to cover all the bases. I t  would be
nice for developm ent  if these sm all, increm ental changes could be rolled out  to product ion, but
usually it  is necessary to organize bigger releases. The users m ust  be t rained to use the new



software. A parallel period som et im es m ust  be com pleted successfully. Many logist ical problem s
will have to be worked out .

Once it  is finally running in the field:

I dent ify any unnecessary parts of the ANTI CORRUPTI ON LAYER and rem ove them .5 .

Consider excising the now-unused m odules of the legacy system , though this m ay not  turn
out  to be pract ical. I ronically, the bet ter designed the legacy system  is, the easier it  will be to
phase it  out . But  badly designed software is hard to dism ant le a lit t le at  a t im e. I t  m ay be
possible to just  ignore the unused parts unt il a later t im e when the rem ainder has been
phased out  and the whole thing can be switched off.

6 .

Repeat  this over and over. The legacy system  should becom e less involved in the business, and
eventually it  will be possible to see the light  at  the end of the tunnel and finally switch off the old
system . Meanwhile, the ANTI CORRUPTI ON LAYER will alternately shrink and swell as various
com binat ions increase or decrease the interdependence between the system s. All else being equal,
of course, you should m igrate first  those funct ions that  lead to sm aller ANTI CORRUPTI ON LAYERS.  But
other factors are likely to dom inate, and you m ay have to live with som e hairy t ranslat ions during
som e t ransit ions.

Open Host Service  Published Language

You have been integrat ing with other system s with a series of ad hoc protocols, but  the
m aintenance burden is m ount ing as m ore system s want  access, or perhaps the interact ion is
becom ing very difficult  to understand. You need to form alize the relat ionship between the system s
with a PUBLI SHED LANGUAGE.

I f an indust ry-standard language is available, evaluate it  and use it  if at  all possible.1 .

I f no standard or prepublished language is available, then begin by sharpening up the CORE

DOMAI N of the system  that  will serve as the host . (See Chapter 15.)
2 .

Use the CORE DOMAI N as the basis of an interchange language, using a standard interchange
paradigm  such as XML, if at  all possible.

3 .

Publish the new language to all involved in the collaborat ion (at  least ) .4 .

I f a new system  architecture is involved, publish that  too.5 .

Build t ranslat ion layers for each collaborat ing system .6 .

Switch over.7 .

At  this point , addit ional collaborators should be able to enter with m inim al disrupt ion.

Rem em ber, the PUBLI SHED LANGUAGE m ust  be stable, yet  you'll st ill need the freedom  to change the
host 's m odel as you cont inue your relent less refactor ing. Therefore, do not  equate the interchange

language and the m odel of the host . Keeping them  close together will reduce t ranslat ion overhead,
and you m ay choose to m ake your host  a CONFORMI ST.  But  reserve the r ight  to beef up the
t ranslat ion layer and diverge if the cost -benefit  t rade-off favors that .

Project  leaders should define BOUNDED CONTEXTS based on funct ional integrat ion requirem ents and
relat ionships of developm ent  team s. Once BOUNDED CONTEXTS and a CONTEXT MAP are explicit ly



defined and respected, then logical consistency should be protected. Related com m unicat ion
problem s will at  least  be exposed so they can be dealt  with.

However, som et im es m odel contexts, whether consciously bounded or naturally occurr ing, are
m isapplied to solve problem s other than logical inconsistency within a system . The team  m ay find
that  the m odel of a large CONTEXT seem s too com plex to com prehend as a whole, or to analyze
com pletely. By choice or by chance, this often leads to breaking down the CONTEXTS into m ore
m anageable pieces. This fragm entat ion leads to lost  opportunit ies. Now, it  is worth scrut inizing a
decision to establish a large m odel in a broad CONTEXT,  and if it  is not  organizat ionally or polit ically
possible to keep together, if it  is in reality fragm ent ing, then redraw the m ap and define
boundaries you can keep. But  if a large BOUNDED CONTEXT addresses com pelling integrat ion needs,
and if it  seem s feasible apart  from  the com plexity of the m odel itself, then breaking up the
CONTEXT m ay not  be the best  answer.

There are other m eans of m aking large m odels t ractable that  should be considered before m aking
this sacrifice. The next  two chapters focus on m anaging com plexity within a big m odel by applying
two m ore broad principles:  dist illat ion and large-scale st ructure.

[  Team  LiB ]  
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Chapter Fifteen. Distillation

These four equat ions, along with the definit ions of their  term s and the body of m athem at ics

they rest  on, express the ent irety of classical nineteenth-century elect rom agnet ism .

—Jam es Clerk Maxwell, A Treat ise on Elect r icity and Magnet ism ,  1873

How do you focus on your cent ral problem  and keep from  drowning in a sea of side issues? A
LAYERED ARCHI TECTURE separates dom ain concepts from  the technical logic that  m akes a com puter
system  run, but  in a large system , even the isolated dom ain m ay be unm anageably com plex.

Dist illat ion  is the process of separat ing the com ponents of a m ixture to ext ract  the essence in a
form  that  m akes it  m ore valuable and useful. A m odel is a dist illat ion of knowledge. With every
refactor ing to deeper insight , we abst ract  som e crucial aspect  of dom ain knowledge and prior it ies.
Now, stepping back for a st rategic view, this chapter looks at  ways to dist inguish broad swaths of
the m odel and dist ill the dom ain m odel as a whole.

As with m any chem ical dist illat ions, the separated by-products are them selves m ade m ore
valuable by the dist illat ion process (as GENERI C SUBDOMAI NS and COHERENT MECHANI SMS) , but  the
effort  is m ot ivated by the desire to ext ract  that  one part icular ly valuable part , the part  that
dist inguishes our software and m akes it  worth building:  the "CORE DOMAI N."

St rategic dist illat ion of a dom ain m odel does all of the following:

Aids all team  m em bers in grasping the overall design of the system  and how it  fit s together1 .

Facilitates com m unicat ion by ident ifying a core m odel of m anageable size to enter the
UBI QUI TOUS LANGUAGE

2 .

Guides refactor ing3 .

Focuses work on areas of the m odel with the m ost  value4 .

Guides outsourcing, use of off- the-shelf com ponents, and decisions about  assignm ents5 .

This chapter lays out  a system at ic approach to st rategic dist illat ion of the CORE DOMAI N,  and it
explains how to effect ively share a view of it  within the team  and provides the language to talk
about  what  we are doing.



Fig u r e 1 5 .1 . A n av ig at ion  m ap  f o r  st r a t eg ic d ist i l l a t ion

Like a gardener pruning a t ree, clearing the way for the growth of the m ain branches, we are
going to apply a suite of techniques to hew away dist ract ions in the m odel and focus our at tent ion
on the part  that  m at ters m ost . .  .  .
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Core Domain

I n  d esig n in g  a lar g e sy st em , t h er e ar e so  m an y  con t r ib u t in g  com p on en t s, a l l

com p l icat ed  an d  a l l  ab so lu t e ly  n ecessar y  t o  su ccess, t h at  t h e essen ce o f  t h e d om ain

m od el , t h e r ea l  b u sin ess asset , can  b e ob scu r ed  an d  n eg lect ed .

A system  that  is hard to understand is hard to change. The effect  of a change is hard to foresee. A
developer who wanders outside his or her own area of fam iliar ity gets lost . (This is part icular ly t rue
when bringing new people into a team , but  even an established m em ber of the team  will st ruggle
unless code is very expressive and organized.)  This forces people to specialize. When developers
confine their  work to specific m odules, it  further reduces knowledge t ransfer. With the
com partm entalizat ion of work, sm ooth integrat ion of the system  suffers, and flexibilit y in assigning
work is lost . Duplicat ion crops up when a developer does not  realize that  a behavior already exists
elsewhere, and so the system  becom es even m ore com plex.

Those are som e of the consequences of any design that  is hard to understand, but  there is
another, equally serious r isk from  losing the big picture of the dom ain:

Th e h ar sh  r ea l i t y  i s t h at  n o t  a l l  p ar t s o f  t h e d esig n  ar e g o in g  t o  b e eq u al ly  r ef in ed .

Pr io r i t ies m u st  b e set . To  m ak e t h e d om ain  m od el  an  asset , t h e m od el ' s cr i t i ca l  co r e h as

t o  b e sleek  an d  f u l l y  lev er ag ed  t o  cr eat e ap p l icat ion  f u n ct ion al i t y . Bu t  scar ce, h ig h ly

sk i l led  d ev elop er s t en d  t o  g r av i t a t e t o  t ech n ica l  in f r ast r u ct u r e o r  n eat ly  d ef in ab le

d om ain  p r ob lem s t h at  can  b e u n d er st ood  w i t h ou t  sp ecia l i zed  d om ain  k n ow led g e.

Such parts of the system  seem  interest ing to com puter scient ists, and are perceived to build
t ransferable professional skills and provide bet ter resum e m aterial. The specialized core, that  part
of the m odel that  really different iates the applicat ion and m akes it  a business asset , typically ends
up being put  together by less skilled developers who work with DBAs to create a data schem a and
then code feature-by- feature without  drawing on any conceptual power in the m odel at  all.



Poor design or im plem entat ion of this part  of the software leads to an applicat ion that  never does
com pelling things for the users, no m at ter how well the technical infrast ructure works, no m at ter
how nice the support ing features are. This insidious problem  can take root  when a project  lacks a
sharp picture of the overall design and the relat ive significance of the various parts.

One of the m ost  successful projects I 've joined init ially suffered from  this syndrom e. The goal was
to develop a very com plex syndicated loan system . Most  of the st rong talent  was happily working
on database m apping layers and m essaging interfaces while the business m odel was in the hands
of developers new to object  technology.

The single except ion, an experienced object  developer working on a dom ain problem , devised a
way of at taching com m ents to any of the long- lived dom ain objects. These com m ents could be
organized so that  t raders could see the rat ionale they or others recorded for som e past  decision.
He also built  an elegant  user interface that  gave intuit ive access to the flexible features of the
com m ent  m odel.

These features were useful and well designed. They went  into product ion.

Unfortunately, they were peripheral. This talented developer m odeled his interest ing, generic way
of com m ent ing, im plem ented it  cleanly, and put  it  into users' hands. Meanwhile an incom petent
developer was turning the m ission-cr it ical " loan" m odule into an incom prehensible tangle that  the
project  very nearly did not  recover from .

The planning process m ust  dr ive resources to the m ost  crucial points in the m odel and design. To
do that , those points m ust  be ident ified and understood by everyone during planning and
development .

Those parts of the m odel dist inct ive and cent ral to the purposes of the intended applicat ions m ake
up the CORE DOMAI N.  The CORE DOMAI N is where the m ost  value should be added in your system .

Therefore:

Bo i l  t h e m od el  d ow n . Fin d  t h e CORE DOMAI N  an d  p r ov id e a m ean s o f  easi l y  d ist in g u ish in g

i t  f r om  t h e m ass o f  su p p or t in g  m od el  an d  cod e. Br in g  t h e m ost  v a lu ab le an d  sp ecia l i zed

con cep t s in t o  sh ar p  r e l ie f . Mak e t h e CORE sm al l .

Ap p ly  t op  t a len t  t o  t h e CORE DOMAI N , an d  r ecr u i t  acco r d in g ly . Sp en d  t h e ef f o r t  in  t h e

CORE t o  f in d  a  d eep  m od el  an d  d ev elop  a su p p le d esig n —su f f i cien t  t o  f u l f i l l  t h e v ision  o f

t h e sy st em . Ju st i f y  in v est m en t  in  an y  o t h er  p ar t  b y  h ow  i t  su p p or t s t h e d ist i l l ed  CORE.

Dist illing the CORE DOMAI N is not  easy, but  it  does lead to som e easy decisions. You'll put  a lot  of
effort  into m aking your CORE dist inct ive, while keeping the rest  of the design as generic as is
pract ical. I f you need to keep som e aspect  of your design secret  as a com pet it ive advantage, it  is
the CORE DOMAI N.  There is no need to waste effort  concealing the rest . And whenever a choice has
to be m ade (due to t im e lim itat ions)  between two desirable refactor ings, the one that  m ost  affects
the CORE DOMAI N should be chosen first .

  

The pat terns in this chapter m ake the CORE DOMAI N easier to see and use and change.

Choosing the CORE

We are looking at  those parts of the m odel part icular to represent ing your business dom ain and
solving your business problem s.



The CORE DOMAI N you choose depends on your point  of view. For exam ple, m any applicat ions need
a generic m odel of m oney that  could represent  various currencies and their  exchange rates and
conversions. On the other hand, an applicat ion to support  currency t rading m ight  need a m ore
elaborate m odel of m oney, which would be considered part  of the CORE.  Even in such a case, there
m ay be a part  of the m oney m odel that  is very generic. As insight  into the dom ain deepens with
experience, the dist illat ion process can cont inue by separat ing the generic m oney concepts and
retaining only the specialized aspects of the m odel in the CORE DOMAI N.

I n a shipping applicat ion, the CORE could be the m odel of how cargoes are consolidated for
shipping, how liabilit y is t ransferred when containers change hands, or how a part icular container
is routed on various t ransports to reach its dest inat ion. I n investm ent  banking, the CORE could
include the m odels of syndicat ion of assets am ong assignees and part icipants.

One applicat ion's CORE DOMAI N is another applicat ion's generic support ing com ponent . St ill,
throughout  one project , and usually throughout  one com pany, a consistent  CORE can be defined.
Like every other part  of the design, the ident ificat ion of the CORE DOMAI N should evolve through
iterat ions. The im portance of a part icular set  of relat ionships m ight  not  be apparent  at  first . The
objects that  seem  obviously cent ral at  first  m ay turn out  to have support ing roles.

The discussion in the following sect ions, part icular ly GENERI C SUBDOMAI NS,  will give m ore guidelines
for these decisions.

Who Does the Work?

The m ost  technically proficient  m em bers of project  team s seldom  have m uch knowledge of the
dom ain. This lim its their  usefulness and reinforces the tendency to assign them  to support ing
com ponents, sustaining a vicious circle in which lack of knowledge keeps them  away from  the work
that  would build dom ain knowledge.

I t  is essent ial to break this cycle by assem bling a team  m atching up a set  of st rong developers
who have a long- term  com m itm ent  and an interest  in becom ing repositor ies of dom ain knowledge
with one or m ore dom ain experts who know the business deeply. Dom ain design is interest ing,
technically challenging work when approached seriously, and developers can be found who see it
this way.

I t  is usually not  pract ical to hire short - term , outside design expert ise for the nuts and bolts of
creat ing the CORE DOMAI N,  because the team  needs to accum ulate dom ain knowledge, and a
tem porary m em ber is a leak in the bucket . On the other hand, an expert  in a teaching/ m entoring
role can be very valuable by helping the team  build its dom ain design skills and facilitat ing the use
of sophist icated pr inciples that  team  m em bers probably have not  m astered.

For sim ilar reasons, it  is unlikely that  the CORE DOMAI N can be purchased. Efforts have been m ade
to build indust ry-specific m odel fram eworks, conspicuous exam ples being the sem iconductor
indust ry consort ium  SEMATECH's CI M fram ework for sem iconductor m anufactur ing autom at ion,
and I BM's "San Francisco" fram eworks for a wide range of businesses. Although this is a very
ent icing idea, so far the results have not  been com pelling, except  perhaps as PUBLI SHED LANGUAGES

facilitat ing data interchange (see Chapter 14) . The book Dom ain-Specific Applicat ion Fram eworks

(Fayad and Johnson 2000)  gives an overview of the state of this art . As the field advances, m ore
workable fram eworks m ay be available.

Even so, there is a m ore fundam ental reason for caut ion:  The greatest  value of custom  software
com es from  the total cont rol of the CORE DOMAI N.  A well-designed fram ework m ay be able to
provide high- level abst ract ions that  you can specialize for your use. I t  m ay save you from
developing the m ore generic parts and leave you free to concent rate on the CORE.  But  if it
const rains you m ore than that , then there are three likely possibilit ies.

1 .



You are losing an essent ial software asset . Back off rest r ict ive fram eworks in your CORE

DOMAI N.
1 .

The area t reated by the fram ework is not  as pivotal as you thought . Redraw the boundaries
of the CORE DOMAI N to the t ruly dist inct ive part  of the m odel.

2 .

You don't  have special needs in your CORE DOMAI N.  Consider a lower- r isk solut ion, such as
purchasing software to integrate with your applicat ions.

3 .

One way or another, creat ing dist inct ive software com es back to a stable team  accum ulat ing
specialized knowledge and crunching it  into a r ich m odel. No shortcuts. No m agic bullets.
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An Escalation of Distillations

The various dist illat ion techniques that  m ake up the rest  of this chapter can be applied in alm ost
any order, but  there is a range in how radically they m odify the design.

A sim ple DOMAI N VI SI ON STATEMENT com m unicates the basic concepts and their  value with a
m inim um  investm ent . The HI GHLI GHTED CORE can im prove com m unicat ion and help guide decision
m aking—and st ill requires lit t le or no m odificat ion to the design.

More aggressive refactor ing and repackaging explicit ly separate GENERI C SUBDOMAI NS,  which can
then be dealt  with individually. COHESI VE MECHANI SMS can be encapsulated with versat ile,
com m unicat ive, and supple design. Rem oving these dist ract ions disentangles the CORE.

Repackaging a SEGREGATED CORE m akes the CORE direct ly visible, even in the code, and facilitates
future work on the CORE m odel.

And m ost  am bit ious is the ABSTRACT CORE,  which expresses the m ost  fundam ental concepts and
relat ionships in a pure form  (and requires extensive reorganizing and refactor ing of the m odel) .

Each of these techniques requires a successively greater com m itm ent , but  a knife gets sharper as
its blade is ground finer. Successive dist illat ion of a dom ain m odel produces an asset  that  gives the
project  speed, agilit y, and precision of execut ion.

To start , we can boil off the least  dist inct ive aspects of the m odel. GENERI C SUBDOMAI NS provide a
cont rast  to the CORE DOMAI N that  clar ifies the m eaning of each. . .  .
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Generic Subdomains

Som e p ar t s o f  t h e m od el  ad d  com p lex i t y  w i t h ou t  cap t u r in g  o r  com m u n icat in g

sp ecia l i zed  k n ow led g e. An y t h in g  ex t r an eou s m ak es t h e CORE DOMAI N  h ar d er  t o  d iscer n

an d  u n d er st an d . Th e m od el  clog s u p  w i t h  g en er a l  p r in cip les ev er y on e k n ow s o r  d et a i l s

t h at  b elon g  t o  sp ecia l t ies w h ich  ar e n o t  y ou r  p r im ar y  f ocu s b u t  p lay  a  su p p or t in g  r o le.

Yet , h ow ev er  g en er ic, t h ese o t h er  e lem en t s ar e essen t ia l  t o  t h e f u n ct ion in g  o f  t h e

sy st em  an d  t h e f u l l  ex p r ession  o f  t h e m od el .

There is a part  of your m odel that  you would like to take for granted. I t  is undeniably part  of the
dom ain m odel, but  it  abst racts concepts that  would probably be needed for a great  m any
businesses. For exam ple, a corporate organizat ion chart  is needed in som e form  by businesses as
diverse as shipping, banking, or m anufactur ing. For another exam ple, m any applicat ions t rack
receivables, expense ledgers, and other financial m at ters that  could all be handled using a generic
account ing m odel.

Often a great  deal of effort  is spent  on peripheral issues in the dom ain. I  personally have
witnessed two separate projects that  have em ployed their  best  developers for weeks in
redesigning dates and t im es with t im e zones. While such com ponents m ust  work, they are not  the
conceptual core of the system .

Even if such a generic m odel elem ent  is deem ed cr it ical, the overall dom ain m odel needs to m ake
prom inent  the m ost  valueadding and special aspects of your system , and needs to be st ructured to
give that  part  as m uch power as possible. This is hard to do when the CORE is m ixed with all the
interrelated factors.

Therefore:

I d en t i f y  coh esiv e su b d om ain s t h at  ar e n o t  t h e m o t iv at ion  f o r  y ou r  p r o j ect . Fact o r  ou t

g en er ic m od els o f  t h ese su b d om ain s an d  p lace t h em  in  sep ar at e MODULES. Leav e n o

t r ace o f  y ou r  sp ecia l t ies in  t h em .

On ce t h ey  h av e b een  sep ar at ed , g iv e t h ei r  con t in u in g  d ev elop m en t  low er  p r io r i t y  t h an

t h e CORE DOMAI N , an d  av o id  assig n in g  y ou r  co r e d ev elop er s t o  t h e t ask s ( b ecau se t h ey

w i l l  g a in  l i t t le  d om ain  k n ow led g e f r om  t h em ) . A lso  con sid er  o f f - t h e- sh el f  so lu t ion s o r

p u b l ish ed  m od els f o r  t h ese GENERI C SUBDOMAI NS.

  

You m ay have a few ext ra opt ions when developing these packages.

Option 1: An Off-the-Shelf Solution

Som et im es you can buy an im plem entat ion or use open source code.

Advantages

Less code to develop.



Maintenance burden externalized.

Code is probably m ore m ature, used in m ult iple places, and therefore m ore bulletproof and
com plete than hom egrown code.

Disadvantages

You st ill have to spend the t im e to evaluate it  and understand it  before using it .

Quality cont rol being what  it  is in our indust ry, you can't  count  on it  being correct  and stable.

I t  m ay be overengineered for your purposes;  integrat ion could be m ore work than a
m inim alist  hom egrown im plem entat ion.

Foreign elem ents don't  usually integrate sm oothly. There m ay be a dist inct  BOUNDED CONTEXT.
Even if not , it  m ay be difficult  to sm oothly reference ENTI TI ES from  your other packages.

I t  m ay int roduce plat form  dependencies, com piler version dependencies, and so on.

Off- the-shelf subdom ain solut ions are worth invest igat ing, but  they are usually not  worth the
t rouble. I 've seen success stor ies in applicat ions with very elaborate workflow requirem ents that
used com m ercially available external workflow system s with API  hooks. I 've also seen success with
an error- logging package that  was deeply integrated into the applicat ion. Som et im es GENERI C

SUBDOMAI N solut ions are packaged in the form  of fram eworks, which im plem ent  a very abst ract
m odel that  can be integrated with and specialized for your applicat ion. The m ore generic the
subcom ponent , and the m ore dist illed its own m odel, the bet ter the chance that  it  will be useful.

Option 2: A Published Design or Model

Advantages

More m ature than a hom egrown m odel and reflects m any people's insights

I nstant , high-quality docum entat ion

Disadvantage

May not  quite fit  your needs or m ay be overengineered for your needs

Tom  Lehrer ( the com edic songwriter from  the 1950s and 1960s)  said the secret  to success in
m athem at ics was, "Plagiar ize!  Plagiar ize. Let  no one's work evade your eyes. . .  .  Only be sure
always to call it  please, research."  Good advice in dom ain m odeling, and especially when at tacking
a GENERI C SUBDOMAI N.

This works best  when there is a widely dist r ibuted m odel, such as the ones in Analysis Pat terns

(Fowler 1996) . (See Chapter 11.)

When the field already has a highly form alized and r igorous m odel, use it .  Account ing and physics



are two exam ples that  com e to m ind. Not  only are these very robust  and st ream lined, but  they are
widely understood by people everywhere, reducing your present  and future t raining burden. (See
Chapter 10, on using established form alism s.)

Don't  feel com pelled to im plem ent  all aspects of a published m odel, if you can ident ify a sim plified
subset  that  is self-consistent  and sat isfies your needs. But  in cases where there is a well- t raveled
and well-docum ented—or bet ter yet , form alized—m odel available, it  m akes no sense to reinvent
the wheel.

Option 3: An Outsourced Implementation

Advantages

Keeps core team  free to work on the CORE DOMAI N,  where m ost  knowledge is needed and
accumulated.

Allows m ore developm ent  to be done without  perm anent ly enlarging the team , but  without
dissipat ing knowledge of the CORE DOMAI N.

Forces an interface-oriented design, and helps keep the subdom ain generic, because the
specificat ion is being passed outside.

Disadvantages

St ill requires t im e from  the core team , because the interface, coding standards, and any
other im portant  aspects need to be com m unicated.

I ncurs significant  overhead of t ransferr ing ownership back inside, because code has to be
understood. (St ill,  overhead is less than for specialized subdom ains, because a generic m odel
presum ably requires no special background to understand.)

Code quality can vary. This could be good or bad, depending on the relat ive caliber of the two
team s.

Autom ated tests can play an im portant  role in outsourcing. The im plem enters should be required
to provide unit  tests for the code they deliver. A really powerful approach—one that  helps ensure a
degree of quality, clar ifies the spec, and sm ooths reintegrat ion—is to specify or even write
autom ated acceptance tests for the outsourced com ponents. Also, "outsourced im plem entat ion"
can be an excellent  com binat ion with "published design or m odel."

Option 4: An In-House Implementation

Advantages

Easy integrat ion.



You get  just  what  you want  and nothing ext ra.

Tem porary cont ractors can be assigned.

Disadvantages

Ongoing m aintenance and t raining burden.

I t  is easy to underest im ate the t im e and cost  of developing such packages.

Of course, this too com bines well with "published design or m odel."

GENERI C SUBDOMAI NS are the place to t ry to apply outside design expert ise, because they do not
require deep understanding of your specialized CORE DOMAI N,  and they do not  present  a m ajor
opportunity to learn that  dom ain. Confident iality is of less concern, because lit t le proprietary
inform at ion or business pract ice will be involved in such m odules. A GENERI C SUBDOMAI N lessens the
t raining burden for those not  com m it ted to deep knowledge of the dom ain.

Over t im e, I  believe our ideas of what  const itutes the CORE m odel will narrow, and m ore and m ore
generic m odels will be available as im plem ented fram eworks, or at  least  as published m odels or
analysis pat terns. For now, we st ill have to develop m ost  of these ourselves, but  there is great
value in part it ioning them  from  the CORE DOMAI N m odel.

Example

A Tale of Two Time Zones

Twice I 've watched as the best  developers on a project  spent  weeks of their  t im e solving the
problem  of stor ing and convert ing t im es with t im e zones. While I 'm  always suspicious of such
act ivit ies, som et im es it  is necessary, and these two projects provide alm ost  perfect  cont rast .

The first  was an effort  to design scheduling software for cargo shipping. To schedule internat ional
t ransports, it  is cr it ical to have accurate t im e calculat ions, and because all such schedules are
t racked in local t im e, it  is im possible to coordinate t ransports without  conversions.

Having clearly established their  need for this funct ionality, the team  proceeded with developm ent
of the CORE DOMAI N and som e early iterat ions of the applicat ion using the available t im e classes
and som e dum m y data. As the applicat ion began to m ature, it  was clear that  the exist ing t im e
classes were not  adequate, and that  the problem  was very int r icate because of the variat ions
between the m any count r ies and the com plexity of the I nternat ional Date Line. With their
requirem ents by now even clearer, they searched for an off- theshelf solut ion, but  found none.
They had no opt ion but  to build it  them selves.

The task would require research and precision engineering, so the team  leaders assigned one of
their  best  program m ers. But  the task did not  require any special knowledge of shipping and would
not  cult ivate that  knowledge, so they chose a program m er who was on the project  on a tem porary
cont ract .

This program m er did not  start  from  scratch. He researched several exist ing im plem entat ions of
t im e zones, m ost  of which did not  m eet  requirem ents, and decided to adapt  the public-dom ain
solut ion from  BSD Unix, which had an elaborate database and an im plem entat ion in C. He reverse-
engineered the logic and wrote an im port  rout ine for the database.

The problem  turned out  to be even harder than expected ( involving, for exam ple, the im port  of



databases of special cases) , but  the code got  writ ten and integrated with the CORE and the product
was delivered.

Things went  very different ly on the other project . An insurance com pany was developing a new
claim s-processing system , and planned to capture the t im es of various events ( t im e of car crash,
t im e of hail storm , and so on) . This data would be recorded in local t im e, so t im e zone funct ionality
was needed.

When I  arr ived, they had assigned a junior, but  very sm art , developer to the task, although the
exact  requirem ents of the app were st ill in play and not  even an init ial iterat ion had been
at tem pted. He had dut ifully set  out  to build a t im e zone m odel a prior i.

Not  knowing what  would be needed, it  was assum ed that  it  should be flexible enough to handle
anything. The program m er assigned to the task needed help with such a difficult  problem , so a
senior developer was assigned to it  also. They wrote com plex code, but  no specific applicat ion was
using it ,  so it  was never clear that  the code worked correct ly.

The project  ran aground for various reasons, and the t im e zone code was never used. But  if it  had
been, sim ply stor ing local t im es tagged with the t im e zone m ight  have been sufficient , even with
no conversion, because this was prim arily reference data and not  the basis of com putat ions. Even
if conversion had turned out  to be necessary, all the data was going to be gathered from  North
Am erica, where t im e zone conversions are relat ively sim ple.

The m ain cost  of this at tent ion to the t im e zones was the neglect  of the CORE DOMAI N m odel. I f the
sam e energy had been placed there, they m ight  have produced a funct ioning prototype of their
own applicat ion and a first  cut  at  a working dom ain m odel. Furtherm ore, the developers involved,
who were com m it ted long- term  to the project , should have been steeped in the insurance dom ain,
building up cr it ical knowledge within the team .

One thing both projects did r ight  was to cleanly segregate the GENERI C t im e zone m odel from  the
CORE DOMAI N.  A shippingspecific or insurance-specific m odel of t im e zones would have coupled the
m odel to this generic support ing m odel, m aking the CORE harder to understand (because it  would
contain irrelevant  detail about  t im e zones) . I t  would have m ade the t im e zone MODULE harder to
m aintain (because the m aintainer would have to understand the CORE and its interrelat ionship with
t im e zones) .

Sh ip p in g  Pr o j ect ' s St r a t eg y I n su r an ce Pr o j ect ' s St r a t eg y

Ad v an t ag es

GENERI C m odel decoupled from
CORE.

CORE m odel m ature, so
resources could be diverted
without  stunt ing it .

Knew exact ly what  they needed.

Crit ical support  funct ionality for
internat ional scheduling.

Program m er on short - term
cont ract  used for GENERI C task.

Disad v an t ag e

Ad v an t ag e

GENERI C m odel decoupled from  CORE.

Disad v an t ag es

CORE m odel undeveloped, so at tent ion to other
issues cont inued this neglect .

Unknown requirem ents led to at tem pt  at  full
generality, where sim pler North Am erica-specific
conversion m ight  have sufficed.

Long- term  program m ers were assigned who could
have been repositor ies of dom ain knowledge.



Diverted top program m er from
core.

We technical people tend to enjoy definable problem s like t im e zone conversion, and we can easily
just ify spending our t im e on them . But  a disciplined look at  pr ior it ies usually points to the CORE

DOMAI N.

Generic Doesn't Mean Reusable

Note that  while I  have em phasized the generic quality of these subdom ains, I  have not  m ent ioned
the reusabilit y of code. Off- the-shelf solut ions m ay or m ay not  m ake sense for a part icular
situat ion, but  assum ing that  you are im plem ent ing the code yourself, in-house or outsourced, you
should specifically not  concern yourself with the reusabilit y of that  code. This would go against  the
basic m ot ivat ion of dist illat ion:  that  you should be applying as m uch of your effort  to the CORE

DOMAI N as possible and invest ing in support ing GENERI C SUB-DOMAI NS only as necessary.

Reuse does happen, but  not  always code reuse. The m odel reuse is often a bet ter level of reuse,
as when you use a published design or m odel. And if you have to create your own m odel, it  m ay
well be valuable in a later related project . But  while the concept  of such a m odel m ay be applicable
to m any situat ions, you do not  have to develop the m odel in its full generality. You can m odel and
im plem ent  only the part  you need for your business.

Though you should seldom  design for reusabilit y, you m ust  be st r ict  about  keeping within the

generic concept .  I nt roducing indust ry-specific m odel elem ents will have two costs. First , it  will
im pede future developm ent . Although you need only a sm all part  of the subdom ain m odel now,
your needs will grow. By int roducing anything to the design that  is not  part  of the concept , you
m ake it  m uch m ore difficult  to expand the system  cleanly without  com pletely rebuilding the older
part  and redesigning the other m odules that  use it .

The second, and m ore im portant , reason is that  those indust ry-specific concepts belong either in
the CORE DOMAI N or in their  own, m ore specialized, subdom ains, and those specialized m odels are
even m ore valuable than the generic ones.

Project Risk Management

Agile processes typically call for m anaging r isk by tackling the r iskiest  tasks early. XP specifically
calls for get t ing an end- to-end system  up and running im m ediately. This init ial system  often
proves a technical architecture, and it  is tem pt ing to build a peripheral system  that  handles som e
support ing GENERI C SUBDOMAI N because these are usually easier to analyze. But  be careful;  this
can defeat  the purpose of r isk m anagem ent .

Projects face r isk from  both sides, with som e projects having greater technical r isks and others
greater dom ain m odeling r isks. The end- to-end system  m it igates r isk only to the extent  that  it  is
an em bryonic version of the challenging parts of the actual system . I t  is easy to underest im ate the
dom ain m odeling r isk. I t  can take the form  of unforeseen com plexity, inadequate access to
business experts, or gaps in key skills of the developers.

Therefore, except  when the team  has proven skills and the dom ain is very fam iliar, the first -cut
system  should be based on som e part  of the CORE DOMAI N,  however sim ple.

The sam e principle applies to any process that  t r ies to push high- r isk tasks forward:  the CORE

DOMAI N is high r isk because it  is often unexpectedly difficult  and because without  it ,  the project



cannot  succeed.

Most  of the dist illat ion pat terns in this chapter show how to change the m odel and code to dist ill
the CORE DOMAI N.  However, the next  two pat terns, DOMAI N VI SI ON STATEMENT and HI GHLI GHTED

CORE,  show how the use of supplem ental docum ents can, with a very m inor investm ent , im prove
com m unicat ion and awareness of the CORE and focus developm ent  effort . .  .  .

[  Team  LiB ]  
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Domain Vision Statement

At  t h e b eg in n in g  o f  a  p r o j ect , t h e m od el  u su al ly  d oesn ' t  ev en  ex ist , y et  t h e n eed  t o

f ocu s i t s d ev elop m en t  i s a l r ead y  t h er e. I n  la t er  st ag es o f  d ev elop m en t , t h er e is a  n eed

f o r  an  ex p lan at ion  o f  t h e v a lu e o f  t h e sy st em  t h at  d oes n o t  r eq u i r e an  in - d ep t h  st u d y  o f

t h e m od el . A lso , t h e cr i t i ca l  asp ect s o f  t h e d om ain  m od el  m ay  sp an  m u l t ip le  BOUNDED

CONTEXTS, b u t  b y  d ef in i t ion  t h ese d ist in ct  m od els can ' t  b e st r u ct u r ed  t o  sh ow  t h ei r

com m on  f ocu s.

Many project  team s write "vision statem ents"  for m anagem ent . The best  of these docum ents lay
out  the specific value the applicat ion will br ing to the organizat ion. Som e m ent ion the creat ion of
the dom ain m odel as a st rategic asset . Usually the vision statem ent  docum ent  is abandoned after
the project  gets funding, and it  is never used in the actual developm ent  process or even read by
the technical staff.

A DOMAI N VI SI ON STATEMENT is m odeled after such docum ents, but  it  focuses on the nature of the
dom ain m odel and how it  is valuable to the enterprise. I t  can be used direct ly by the m anagem ent
and technical staff during all phases of developm ent  to guide resource allocat ion, to guide
m odeling choices, and to educate team  m em bers. I f the dom ain m odel serves m any m asters, this
docum ent  can show how their interests are balanced.

Therefore:

W r i t e a  sh o r t  d escr ip t ion  ( ab ou t  on e p ag e)  o f  t h e CORE DOMAI N  an d  t h e v a lu e i t  w i l l

b r in g , t h e " v a lu e p r op osi t ion ."  I g n o r e t h ose asp ect s t h at  d o  n o t  d ist in g u ish  t h is d om ain

m od el  f r om  o t h er s. Sh ow  h ow  t h e d om ain  m od el  ser v es an d  b a lan ces d iv er se in t er est s.

Keep  i t  n ar r ow . W r i t e  t h is st a t em en t  ear ly  an d  r ev ise i t  as y ou  g a in  n ew  in sig h t .

A DOMAI N VI SI ON STATEMENT can be used as a guidepost  that  keeps the developm ent  team  headed
in a com m on direct ion in the ongoing process of dist illing the m odel and code itself. I t  can be
shared with nontechnical team  m em bers, m anagem ent , and even custom ers (except  where it
contains proprietary inform at ion, of course) .



Th is i s p ar t  o f  a  DOMAI N VI SI ON STATEMENT Th is, t h ou g h  im p or t an t , i s n o t  p ar t

o f  a  DOMAI N VI SI ON STATEMENT

Ai r l in e Book in g  Sy st em

The m odel can represent  passenger pr ior it ies and air line
booking st rategies and balance these based on flexible
policies. The m odel of a passenger should reflect  the
"relat ionship"  the air line is st r iv ing to develop with
repeat  custom ers. Therefore, it  should represent  the
history of the passenger in useful condensed form ,
part icipat ion in special program s, affiliat ion with
st rategic corporate clients, and so on.

Different  roles of different  users (such as passenger,
agent , m anager)  are represented to enrich the m odel of
relat ionships and to feed necessary inform at ion to the
security fram ework.

Model should support  efficient  route/ seat  search and
integrat ion with other established flight  booking
system s.

Ai r l in e Book in g  Sy st em

The UI  should be st ream lined for
expert  users but  accessible to first -
t im e users.

Access will be offered over the Web, by
data t ransfer to other system s, and
m aybe through other UI s, so interface
will be designed around XML with
t ransform at ion layers to serve Web
pages or t ranslate to other system s.

A colorful anim ated version of the logo
needs to be cached on the client
m achine so that  it  can com e up quickly
on future visits.

When custom er subm its a reservat ion,
m ake visual confirm at ion within 5
seconds.

A security fram ework will authent icate
a user 's ident ity and then lim it  access
to specific features based on privileges
assigned to defined user roles.

Th is i s p ar t  o f  a  DOMAI N VI SI ON STATEMENT Th is, t h ou g h  im p or t an t , i s n o t  p ar t

o f  a  DOMAI N VI SI ON STATEMENT

Sem icon d u ct o r  Fact o r y  Au t om at ion

The dom ain m odel will represent  the status of m aterials
and equipm ent  within a wafer fab in such a way that
necessary audit  t rails can be provided and autom ated
product  rout ing can be supported.

The m odel will not  include the hum an resources required
in the process, but  m ust  allow select ive process
autom at ion through recipe download.

The representat ion of the state of the factory should be
com prehensible to hum an m anagers, to give them
deeper insight  and support  bet ter decision m aking.

Sem icon d u ct o r  Fact o r y

Au t om at ion

The software should be Web enabled
through a servlet , but  st ructured to
allow alternat ive interfaces.

I ndust ry-standard technologies should
be used whenever possible to avoid in-
house developm ent  and m aintenance
costs and to m axim ize access to
outside expert ise. Open source
solut ions are preferred (such as
Apache Web server) .

The Web server will run on a dedicated
server. The applicat ion will run on a
single dedicated server.

  

A DOMAI N VI SI ON STATEMENT gives the team  a shared direct ion. Som e bridge between the high- level
STATEMENT and the full detail of the code or m odel will usually be needed. . .  .
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Highlighted Core

A DOMAI N VI SI ON STATEMENT ident ifies the CORE DOMAI N in broad term s, but  it  leaves the
ident ificat ion of the specific CORE m odel elem ents up to the vagaries of individual interpretat ion.
Unless there is an except ionally high level of com m unicat ion on the team , the VI SI ON STATEMENT

alone will have lit t le im pact .

  

Ev en  t h ou g h  t eam  m em b er s m ay  k n ow  b r oad ly  w h at  con st i t u t es t h e CORE DOMAI N ,

d i f f er en t  p eop le w on ' t  p ick  ou t  q u i t e  t h e sam e elem en t s, an d  ev en  t h e sam e p er son

w on ' t  b e con sist en t  f r om  on e d ay  t o  t h e n ex t . Th e m en t a l  lab o r  o f  con st an t ly  f i l t er in g

t h e m od el  t o  id en t i f y  t h e k ey  p ar t s ab so r b s con cen t r a t ion  b et t er  sp en t  on  d esig n

t h in k in g , an d  i t  r eq u i r es com p r eh en siv e k n ow led g e o f  t h e m od el . Th e CORE DOMAI N  m u st

b e m ad e easier  t o  see.

Sig n i f i can t  st r u ct u r a l  ch an g es t o  t h e cod e ar e t h e id eal  w ay  o f  id en t i f y in g  t h e CORE

DOMAI N , b u t  t h ey  ar e n o t  a lw ay s p r act ica l  in  t h e sh o r t  t er m . I n  f act , su ch  m aj o r  cod e

ch an g es ar e d i f f i cu l t  t o  u n d er t ak e w i t h ou t  t h e v er y  v iew  t h e t eam  is lack in g .

Structural changes in the organizat ion of the m odel, such as part it ioning GENERI C SUBDOMAI NS and
a few others to com e later in this chapter, can allow the MODULES to tell the story. But  as the only
m eans of com m unicat ing the CORE DOMAI N,  this is too am bit ious to shoot  for st raight  away.

You will probably need a lighter solut ion to supplem ent  these aggressive techniques. You m ay
have const raints that  prevent  you from  physically separat ing the CORE.  Or you m ay be start ing out
with exist ing code that  does not  different iate the CORE well,  but  you really need to see the CORE,
and share that  view, to effect ively refactor toward bet ter dist illat ion. And even at  an advanced
stage, a few carefully selected diagram s or docum ents provide m ental anchor points and ent ry
points for the team .

These issues ar ise equally for projects that  use elaborate UML m odels and those (such as XP
projects)  that  keep few external docum ents and use the code as the pr im ary repository of the
m odel. An Ext rem e Program m ing team  m ight  be m ore m inim alist , keeping these supplem ents
m ore casual and m ore t ransient  ( for exam ple, a hand-drawn diagram  on the wall for all to see) ,
but  these techniques can fold nicely into the process.

Marking off a pr ivileged part  of a m odel, along with the im plem entat ion that  em bodies it ,  is a
reflect ion on the m odel, not  necessarily part  of the m odel itself. Any technique that  m akes it  easy
for everyone to know the CORE DOMAI N will do. Two specific techniques can represent  this class of
solut ions.

The Distillation Document

Often I  create a separate docum ent  to describe and explain the CORE DOMAI N.  I t  can be as sim ple
as a list  of the m ost  essent ial conceptual objects. I t  can be a set  of diagram s focused on those
objects, showing their  m ost  cr it ical relat ionships. I t  can walk through the fundam ental interact ions
at  an abst ract  level or by exam ple. I t  can use UML class or sequence diagram s, nonstandard
diagram s part icular to the dom ain, carefully worded textual explanat ions, or com binat ions of
these. A dist illat ion docum ent  is not  a com plete design docum ent .  I t  is a m inim alist  ent ry point



that  delineates and explains the CORE and suggests reasons for closer scrut iny of part icular pieces.
The reader is given a broad view of how the pieces fit  and guided to the appropriate part  of the
code for m ore details.

Therefore (as one form  of HI GHLI GHTED CORE) :

W r i t e a  v er y  b r ie f  d ocu m en t  ( t h r ee t o  sev en  sp ar se p ag es)  t h at  d escr ib es t h e CORE

DOMAI N  an d  t h e p r im ar y  in t er act ion s am on g  CORE e lem en t s.

All the usual r isks of separate docum ents apply.

The docum ent  m ay not  be m aintained.1 .

The docum ent  m ay not  be read.2 .

By m ult iplying the inform at ion sources, the docum ent  m ay defeat  its own purpose of cut t ing
through com plexity.

3 .

The best  way to lim it  these r isks is to be absolutely m inim alist . Staying away from  m undane detail
and focusing on the cent ral abst ract ions and their  interact ions allows the docum ent  to age m ore
slowly, because this level of the m odel is usually m ore stable.

Write the docum ent  to be understood by the nontechnical m em bers of the team . Use it  as a
shared view that  delineates what  every-one needs to know, and a guide by which all team
m em bers m ay start  their  explorat ion of the m odel and code.

The Flagged CORE

On m y first  day on a project  at  a m ajor insurance com pany, I  was given a copy of the "dom ain
m odel,"  a two-hundred-page docum ent , purchased at  great  expense from  an indust ry consort ium .
I  spent  a few days wading through a jum ble of class diagram s covering everything from  the
detailed com posit ion of insurance policies to ext rem ely abst ract  m odels of relat ionships between
people. The quality of the factor ing of these m odels ranged from  high-school project  to rather
good (a few even described business rules, at  least  in the accom panying text ) . But  where to start?
Two hundred pages.

The project  culture heavily favored abst ract  fram ework building, and m y predecessors had focused
on a very abst ract  m odel of the relat ionship of people with each other, with things, and with
act ivit ies or agreem ents. I t  was actually a nice analysis of these relat ionships, and their
experim ents with the m odel had the quality of an academ ic research project . But  it  wasn't  get t ing
us anywhere near an insurance applicat ion.

My first  inst inct  was to start  slashing, finding a sm all CORE DOMAI N to fall back on, then refactor ing
that  and reint roducing other com plexit ies as we went . But  the m anagem ent  was alarm ed by this
at t itude. The docum ent  was invested with great  authority. I ts product ion had involved experts
from  across the indust ry, and in any event  they had paid the consort ium  far m ore than they were
paying m e, so they were unlikely to weigh m y recom m endat ions for radical change too heavily.
But  I  knew we had to get  a shared picture of our CORE DOMAI N and get  everyone's efforts focused
on that .

I nstead of refactor ing, I  went  through the docum ent  and, with the help of a business analyst  who
knew a great  deal about  the insurance indust ry in general and the requirem ents of the applicat ion
we were to build in part icular, I  ident ified the handful of sect ions that  presented the essent ial,
different iat ing concepts we needed to work with. I  provided a navigat ion of the m odel that  clearly
showed the CORE and its relat ionship to support ing features.



A new prototyping effort  started from  this perspect ive, and quickly yielded a sim plified applicat ion
that  dem onst rated som e of the required funct ionality.

Two pounds of recyclable paper was turned into a business asset  by a few page tabs and som e
yellow highlighter.

This technique is not  specific to object  diagram s on paper. A team  that  uses UML diagram s
extensively could use a "stereotype" to ident ify core elem ents. A team  that  uses the code as the
sole repository of the m odel m ight  use com m ents, m aybe st ructured as Java Doc, or m ight  use
som e tool in its developm ent  environm ent . The part icular technique doesn't  m at ter, as long as a
developer can effort lessly see what  is in and what  is out  of the CORE DOMAI N.

Therefore (as another form  of HI GHLI GHTED CORE) :

Flag  t h e e lem en t s o f  t h e CORE DOMAI N  w i t h in  t h e p r im ar y  r ep osi t o r y  o f  t h e m od el ,

w i t h ou t  p ar t i cu lar ly  t r y in g  t o  e lu cid at e i t s r o le. Mak e i t  e f f o r t less f o r  a  d ev elop er  t o

k n ow  w h at  i s in  o r  ou t  o f  t h e CORE.

The CORE DOMAI N is now clearly visible to those working with the m odel, with a fair ly sm all effort
and low m aintenance, at  least  to the extent  that  the m odel is factored fine enough to dist inguish
the cont r ibut ions of parts.

The Distillation Document as Process Tool

Theoret ically on an XP project , any pair ( two program m ers working together)  can change any code
in the system . I n pract ice, som e changes have m ajor im plicat ions, and call for m ore consultat ion
and coordinat ion. When working in the infrast ructure layer, the im pact  of a change m ay be clear,
but  it  m ay not  be so obvious in the dom ain layer, as typically organized.

With the concept  of the CORE DOMAI N,  this im pact  can be m ade clear. Changes to the m odel of the
CORE DOMAI N should have a big effect . Changes to widely used generic elem ents m ay require a lot
of code updat ing, but  they st ill shouldn't  create the conceptual shift  that  CORE changes do.

Use the dist illat ion docum ent  as a guide. When developers realize that  the dist illat ion docum ent
itself requires change to stay in sync with their  code or m odel change, then consultat ion is called
for. Either they are fundam entally changing the CORE DOMAI N elem ents or relat ionships, or they are
changing the boundaries of the CORE,  including or excluding som ething different . Dissem inat ion of
the m odel change to the whole team  is necessary by whatever com m unicat ion channels the team
uses, including dist r ibut ion of a new version of the dist illat ion docum ent .

I f  t h e d ist i l l a t ion  d ocu m en t  ou t l in es t h e essen t ia ls o f  t h e CORE DOMAI N , t h en  i t  ser v es as

a p r act ica l  in d icat o r  o f  t h e sig n i f i can ce o f  a  m od el  ch an g e. W h en  a m od el  o r  cod e

ch an g e af f ect s t h e d ist i l l a t ion  d ocu m en t , i t  r eq u i r es con su l t a t ion  w i t h  o t h er  t eam

m em b er s. W h en  t h e ch an g e is m ad e, i t  r eq u i r es im m ed iat e n o t i f i ca t ion  o f  a l l  t eam

m em b er s, an d  t h e d issem in at ion  o f  a  n ew  v er sion  o f  t h e d ocu m en t . Ch an g es ou t sid e

t h e CORE o r  t o  d et a i l s n o t  in clu d ed  in  t h e d ist i l l a t ion  d ocu m en t  can  b e in t eg r at ed

w i t h ou t  con su l t a t ion  o r  n o t i f i ca t ion  an d  w i l l  b e en cou n t er ed  b y  o t h er  m em b er s in  t h e

cou r se o f  t h e i r  w o r k . Th en  t h e d ev elop er s h av e t h e f u l l  au t on om y  t h at  XP su g g est s.

  

Although the VI SI ON STATEMENT and HI GHLI GHTED CORE inform  and guide, they do not  actually
m odify the m odel or the code itself. Part it ioning GENERI C SUBDOMAI NS physically rem oves som e
dist ract ing elem ents. The next  pat terns look at  ways to st ructurally change the m odel and the
design itself to m ake the CORE DOMAI N m ore visible and m anageable. . .  .
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Cohesive Mechanisms

Encapsulat ing m echanism s is a standard pr inciple of object -or iented design. Hiding com plex
algorithm s in m ethods with intent ion- revealing nam es separates the "what "  from  the "how."  This
technique m akes a design sim pler to understand and use. Yet  it  runs into natural lim its.

Com p u t at ion s som et im es r each  a lev el  o f  com p lex i t y  t h at  b eg in s t o  b loat  t h e d esig n .

Th e con cep t u a l  " w h at "  i s sw am p ed  b y  t h e m ech an ist i c " h ow ."  A lar g e n u m b er  o f

m et h od s t h at  p r ov id e a lg o r i t h m s f o r  r eso lv in g  t h e p r ob lem  ob scu r e t h e m et h od s t h at

ex p r ess t h e p r ob lem .

This proliferat ion of procedures is a sym ptom  of a problem  in the m odel. Refactor ing toward
deeper insight  can yield a m odel and design whose elem ents are bet ter suited to solving the
problem . The first  solut ion to seek is a m odel that  m akes the com putat ion m echanism  sim ple. But
now and then the insight  em erges that  som e part  of the m echanism  is itself conceptually coherent .
This conceptual com putat ion will probably not  include all of the m essy com putat ions you need. We
are not  talking about  som e kind of catch-all "calculator."  But  ext ract ing the coherent  part  should
m ake the rem aining m echanism  easier to understand.

Therefore:

Par t i t ion  a  con cep t u a l l y  COHESI VE MECHANI SM  in t o  a  sep ar at e l ig h t w eig h t  f r am ew or k .

Par t i cu lar ly  w at ch  f o r  f o r m al ism s o r  w el l - d ocu m en t ed  cat eg o r ies o f  a lg o r i t h m s. Ex p ose

t h e cap ab i l i t ies o f  t h e f r am ew or k  w i t h  an  I NTENTI ON- REVEALI NG I NTERFACE. Now  t h e o t h er

e lem en t s o f  t h e d om ain  can  f ocu s on  ex p r essin g  t h e p r ob lem  ( " w h at " ) , d e leg at in g  t h e

in t r i cacies o f  t h e so lu t ion  ( " h ow " )  t o  t h e f r am ew or k .

These separated m echanism s are then placed in their  support ing roles, leaving a sm aller, m ore
expressive CORE DOMAI N that  uses the m echanism  through the interface in a m ore declarat ive
style.

Recognizing a standard algorithm  or form alism  m oves som e of the com plexity of the design into a
studied set  of concepts. With such a guide, we can im plem ent  a solut ion with confidence and lit t le
t r ial and error. We can count  on other developers knowing about  it  or at  least  being able to look it
up. This is sim ilar to the benefits of a published GENERI C SUBDOMAI N m odel, but  a docum ented
algorithm  or form al com putat ion m ay be found m ore often because this level of com puter science
has been studied m ore. St ill,  m ore often than not  you will have to create som ething new. Make it
narrowly focused on the com putat ion and avoid m ixing in the expressive dom ain m odel. There is a
separat ion of responsibilit ies:  The m odel of the CORE DOMAI N or a GENERI C SUBDOMAI N form ulates a
fact , rule, or problem . A COHESI VE MECHANI SM resolves the rule or com pletes the com putat ion as
specified by the m odel.

Example

A Mechanism in an Organization Chart

I  went  through this process on a project  that  needed a fair ly elaborate m odel of an organizat ion
chart . This m odel represented the fact  that  one person worked for another, and in which branches
of the organizat ion, and it  provided an interface by which relevant  quest ions m ight  be asked and
answered. Because m ost  of these quest ions were along the lines of "Who, in this chain of
com m and, has authority to approve this?" or "Who, in this departm ent , is capable of handling an



issue like this?" the team  realized that  m ost  of the com plexity involved t raversing specific
branches of the organizat ional t ree, searching for specific people or relat ionships. This is exact ly
the kind of problem  solved by the well-developed form alism  of a graph ,  a set  of nodes connected
by arcs (called edges)  and the rules and algorithm s needed to t raverse the graph.

A subcont ractor im plem ented a graph t raversal fram ework as a COHESI VE MECHANI SM.  This
fram ework used standard graph term inology and algorithm s fam iliar to m ost  com puter scient ists
and abundant ly docum ented in textbooks. By no m eans did he im plem ent  a fully general graph. I t
was a subset  of that  conceptual fram ework that  covered the features needed for our organizat ion
m odel. And with an I NTENTI ON-REVEALI NG I NTERFACE,  the m eans by which the answers are obtained
are not  a pr im ary concern.

Now the organizat ion m odel could sim ply state, using standard graph term inology, that  each
person is a node, and that  each relat ionship between people is an edge (arc)  connect ing those
nodes. After that , presum ably, m echanism s within the graph fram ework could find the relat ionship
between any two people.

I f this m echanism  had been incorporated into the dom ain m odel, it  would have cost  us in two
ways. The m odel would have been coupled to a part icular m ethod of solving the problem , lim it ing
future opt ions. More im portant , the m odel of an organizat ion would have been great ly com plicated
and m uddied. Keeping m echanism  and m odel separate allowed a declarat ive style of describing
organizat ions that  was m uch clearer. And the int r icate code for graph m anipulat ion was isolated in
a purely m echanist ic fram ework, based on proven algorithm s, that  could be m aintained and unit -
tested in isolat ion.

Another exam ple of a COHESI VE MECHANI SM would be a fram ework for const ruct ing SPECI FI CATI ON

objects and support ing the basic com parison and com binat ion operat ions expected of them . By
em ploying such a fram ework, the CORE DOMAI N and GENERI C SUBDOMAI NS can declare their
SPECI FI CATI ONS in the clear, easily understood language described in that  pat tern (see Chapter 10) .
The int r icate operat ions involved in carrying out  the com parisons and com binat ions can be left  to
the fram ework.

  

GENERIC SUBDOMAIN Versus COHESIVE MECHANISM

Both GENERI C SUBDOMAI NS and COHESI VE MECHANI SMS are m ot ivated by the sam e desire to
unburden the CORE DOMAI N.  The difference is the nature of the responsibilit y taken on. A GENERI C

SUBDOMAI N is based on an expressive m odel that  represents som e aspect  of how the team  views
the dom ain. I n this it  is no different  than the CORE DOMAI N,  j ust  less cent ral, less im portant , less
specialized. A COHESI VE MECHANI SM does not  represent  the dom ain;  it  solves som e st icky
com putat ional problem  posed by the expressive m odels.

A m odel proposes;  a COHESI VE MECHANI SM disposes.

I n pract ice, unless you recognize a form alized, published com putat ion, this dist inct ion is usually
not  pure, at  least  not  at  first . I n successive refactor ing it  could either be dist illed into a purer
m echanism  or be t ransform ed into a GENERI C SUBDOMAI N with som e previously unrecognized m odel
concepts that  would m ake the m echanism  sim ple.

When a MECHANISM Is Part of the CORE DOMAIN

You alm ost  always want  to rem ove MECHANI SMS from  the CORE DOMAI N.  The one except ion is when



a MECHANI SM is itself proprietary and a key part  of the value of the software. This is som et im es the
case with highly specialized algorithm s. For exam ple, if one of the dist inguishing features of a
shipping logist ics applicat ion were a part icular ly effect ive algorithm  for working out  schedules, that
MECHANI SM could be considered part  of the conceptual CORE.  I  once worked on a project  at  an
investm ent  bank in which highly proprietary algorithm s for rat ing r isk were definitely in the CORE

DOMAI N.  ( I n fact , they were held so closely that  even m ost  of the CORE developers were not
allowed to see them .)  Of course, these algorithm s are probably a part icular im plem entat ion of a
set  of rules that  really predict  r isk. Deeper analysis m ight  lead to a deeper m odel that  would allow
those rules to be explicit ,  with an encapsulated solving m echanism .

But  that  would be another increm ental im provem ent  in the design, for another day. The decision
as to whether to go that  next  step would be based on a cost -benefit  analysis:  How difficult  would it
be to work out  that  new design? How difficult  is the current  design to understand and m odify? How
m uch easier would it  be with a m ore advanced design, for the type of people who would be
expected to do the work? And of course, does anyone have any idea what  form  the new m odel
m ight  take?

Example

Full Circle: Organization Chart Reabsorbs Its MECHANISM

Actually, a year after we com pleted the organizat ion m odel in the previous exam ple, other
developers redesigned it  to elim inate the separat ion of the graph fram ework. They felt  the
increased object  count  and the com plicat ion of separat ing the MECHANI SM into a separate package
were not  warranted. I nstead, they added node behavior to the parent  class of the organizat ional
ENTI TI ES.  St ill,  they retained the declarat ive public interface of the organizat ion m odel. They even
kept  the MECHANI SM encapsulated, within the organizat ional ENTI TI ES.

These full circles are com m on, but  they do not  return to their  start ing point . The end result  is
usually a deeper m odel that  m ore clearly different iates facts, goals, and MECHANI SMS.  Pragm at ic
refactor ing retains the im portant  vir tues of the interm ediate stages while shedding the unneeded
complicat ions.

Distilling to a Declarative Style

Declarat ive design and "declarat ive style"  is a topic of Chapter 10, but  that  design style deserves
special m ent ion in this chapter on st rategic dist illat ion. The value of dist illat ion is being able to see
what  you are doing:  cut t ing to the essence without  being dist racted by irrelevant  detail.  I m portant
parts of the CORE DOMAI N m ay be able to follow a declarat ive style, when the support ing design
provides an econom ical language for expressing the concepts and rules of the CORE while
encapsulat ing the m eans of com put ing or enforcing them .

COHESI VE MECHANI SMS are by far m ost  useful when they provide access through an I NTENTI ON-

REVEALI NG I NTERFACE,  with conceptually coherent  ASSERTI ONS and SI DE-EFFECT-FREE FUNCTI ONS.
MECHANI SMS and supple designs allow the CORE DOMAI N to m ake m eaningful statem ents rather
than calling obscure funct ions. But  an except ional payoff com es when part  of the CORE DOMAI N

it self breaks through to a deep m odel and starts to funct ion as a language that  can express the
m ost  im portant  applicat ion scenarios flexibly and concisely.

A deep m odel often com es with a corresponding supple design. When a supple design reaches
m aturity, it  provides an easily understood set  of elem ents that  can be com bined unam biguously to
accom plish com plex tasks or express com plex inform at ion, just  as words are com bined into
sentences. At  that  point , client  code takes on a declarat ive style and can be m uch m ore dist illed.



Factoring out  GENERI C SUBDOMAI NS reduces clut ter, and COHESI VE MECHANI SMS serve to encapsulate
com plex operat ions. This leaves behind a m ore focused m odel, with fewer dist ract ions that  add no
part icular value to the way users conduct  their  act ivit ies. But  you are unlikely ever to find good
hom es for everything  in the dom ain m odel that  is not  CORE.  The SEGREGATED CORE takes a direct
approach to st ructurally m arking off the CORE DOMAI N. . . .

[  Team  LiB ]  
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Segregated Core

Elem en t s in  t h e m od el  m ay  p ar t ia l l y  ser v e t h e CORE DOMAI N  an d  p ar t ia l l y  p lay

su p p or t in g  r o les. CORE e lem en t s m ay  b e t ig h t ly  cou p led  t o  g en er ic on es. Th e con cep t u a l

coh esion  o f  t h e CORE m ay  n o t  b e st r on g  o r  v isib le. A l l  t h is clu t t er  an d  en t an g lem en t

ch ok es t h e CORE. Desig n er s can ' t  clear ly  see t h e m ost  im p or t an t  r e la t ion sh ip s, lead in g

t o  a  w eak  d esig n .

By factor ing out  GENERI C SUBDOMAI NS,  you clear away som e of the obscuring detail from  the
dom ain, m aking the CORE m ore visible. But  it  is hard work ident ifying and clar ifying all these
subdom ains, and som e of them  don't  seem  worth the t rouble. Meanwhile, the all- im portant  CORE

DOMAI N is left  entangled with the residue.

Therefore:

Ref act o r  t h e m od el  t o  sep ar at e t h e CORE con cep t s f r om  su p p or t in g  p lay er s ( in clu d in g

i l l - d ef in ed  on es)  an d  st r en g t h en  t h e coh esion  o f  t h e CORE w h i le  r ed u cin g  i t s cou p l in g  t o

o t h er  cod e. Fact o r  a l l  g en er ic o r  su p p or t in g  e lem en t s in t o  o t h er  ob j ect s an d  p lace t h em

in t o  o t h er  p ack ag es, ev en  i f  t h is m ean s r ef act o r in g  t h e m od el  in  w ay s t h at  sep ar at e

h ig h ly  cou p led  e lem en t s.

This is basically taking the sam e principles we applied to GENERI C SUBDOMAI NS but  from  the other
direct ion. The cohesive subdom ains that  are cent ral to our applicat ion can be ident ified and
part it ioned into coherent  packages of their  own. What  is done with the undifferent iated m ass left
behind is im portant , but  not  as im portant . I t  can be left  m ore or less where it  was, or placed into
packages based on prom inent  classes. Eventually, m ore and m ore of the residue can be factored
into GENERI C SUBDOMAI NS,  but  in the short  term  any easy solut ion will do, just  so the focus on the
SEGREGATED CORE is retained.

  

The steps needed to refactor to SEGREGATED CORE are typically som ething like these:

I dent ify a CORE subdom ain (possibly drawing from  the dist illat ion docum ent ) .1 .

Move related classes to a new MODULE,  nam ed for the concept  that  relates them .2 .

Refactor code to sever data and funct ionality that  are not  direct ly expressions of the concept .
Put  the rem oved aspects into (possibly new)  classes in other packages. Try to place them
with conceptually related tasks, but  don't  waste too m uch t im e being perfect . Keep focused
on scrubbing the CORE subdom ain and m aking the references from  it  to other packages
explicit  and self-explanatory.

3 .

Refactor the newly SEGREGATED CORE MODULE to m ake its relat ionships and interact ions
sim pler and m ore com m unicat ive, and to m inim ize and clar ify its relat ionships with other
MODULES.  (This becom es an ongoing refactor ing object ive.)

4 .

Repeat  with another CORE subdom ain unt il the SEGREGATED CORE is com plete.5 .



5 .

The Costs of Creating a SEGREGATED CORE

Segregat ing the CORE will som et im es m ake relat ionships with t ight ly coupled non-CORE classes
m ore obscure or even m ore com plicated, but  that  cost  is outweighed by the benefit  of clar ifying
the CORE DOMAI N and m aking it  m uch easier to work on.

The SEGREGATED CORE will let  you enhance the cohesion of that  CORE DOMAI N.  There are m any
m eaningful ways of breaking down a m odel, and som et im es in the creat ion of a SEGREGATED CORE a
nicely cohesive MODULE m ay be broken, sacrificing that  cohesion for the sake of br inging out  the
cohesiveness of the CORE DOMAI N.  This is a net  gain, because the greatest  value-added of
enterprise software com es from  the enterprise-specific aspects of the m odel.

The other cost , of course, is that  segregat ing the CORE is a lot  of work. I t  m ust  be acknowledged
that  a decision to go to a SEGREGATED CORE will potent ially absorb developers in changes all over
the system .

The t im e to chop out  a SEGREGATED CORE is when you have a large BOUNDED CONTEXT that  is cr it ical
to the system , but  where the essent ial part  of the m odel is being obscured by a great  deal of
support ing capabilit y.

Evolving Team Decision

As with m any st rategic design decisions, an ent ire team  m ust  m ove to a SEGREGATED CORE

together. This step requires a team  decision process and a team  disciplined and coordinated
enough to carry out  the decision. The challenge is to const rain everyone to use the sam e definit ion
of the CORE while not  freezing that  decision. Because the CORE DOMAI N evolves just  like every other
aspect  of a design, experience working with a SEGREGATED CORE will lead to new insights into what
is essent ial and what  is a support ing elem ent . Those insights should feed back into a refined
definit ion of the CORE DOMAI N and of the SEGREGATED CORE MODULES.

This m eans that  new insights m ust  be shared with the team  on an ongoing basis, but  an individual
(or program m ing pair)  cannot  act  on those insights unilaterally. Whatever the process is for joint
decisions, whether consensus or team  leader direct ive, it  m ust  be agile enough to m ake repeated
course correct ions. Com m unicat ion m ust  be effect ive enough to keep everyone together in one
view of the CORE.

Example

Segregating the CORE of a Cargo Shipping Model

We start  with the m odel shown in Figure 15.2 as the basis of software for cargo shipping
coordinat ion.

Fig u r e 1 5 .2 .



Note that  this is highly sim plified com pared to what  would likely be needed for a real applicat ion. A
realist ic m odel would be too cum bersom e for an exam ple. Therefore, although this exam ple m ay
not  be com plicated enough to dr ive us to a SEGREGATED CORE,  take a leap of im aginat ion to t reat
this m odel as being too com plex to interpret  easily and deal with as a whole.

Now, what  is the essence of the shipping m odel? Usually a good place to start  looking is the
"bot tom  line."  This m ight  lead us to focus on pr icing and invoices. But  we really need to look at  the
DOMAI N VI SI ON STATEMENT.  Here is an excerpt  from  this one.

. .  .  I ncrease visibilit y of operat ions and provide tools to fulfill custom er requirem ents faster
and m ore reliably...

This applicat ion is not  being designed for the sales departm ent . I t  is going to be used by the front -
line operators of the com pany. So let 's relegate all m oney- related issues to (adm it tedly im portant )
support ing roles. Som eone has already placed som e of these item s into a separate package
(Bi l l in g ) . We can keep that , and further recognize that  it  plays a support ing role.

The focus needs to be on the cargo handling:  delivery of the cargo according to custom er
requirem ents. Ext ract ing the classes m ost  direct ly involved in these act ivit ies produces a
SEGREGATED CORE in a new package called Del iv er y ,  as shown in Figure 15.3.

Fig u r e 1 5 .3 . Rel iab le d el i v er y  in  ad h er en ce w i t h  cu st om er  r eq u i r em en t s
is t h e co r e g oal  o f  t h is p r o j ect .



For the m ost  part , classes have just  m oved into the new package, but  there have been a few
changes to the m odel itself.

First , the Cu st om er  Ag r eem en t  now const rains the Han d l in g  St ep .  This is typical of the
insights that  tend to ar ise as the team  segregates the CORE.  As at tent ion is focused on effect ive,
correct  delivery, it  becom es clear that  the delivery const raints in the Cu st om er  Ag r eem en t  are
fundam ental and should be explicit  in the m odel.

The other change is m ore pragm at ic. I n the refactored m odel, the Cu st om er  Ag r eem en t  is
at tached direct ly to the Car g o ,  rather than requir ing a navigat ion through the Cu st om er .  ( I t  will
have to be at tached when the Car g o  is booked, just  as the Cu st om er  is.)  At  actual delivery t im e,
the Cu st om er  is not  as relevant  to operat ions as the agreem ent  itself. I n the other m odel, the
correct  Cu st om er  had to be found, according to the role it  played in the shipm ent , and then
queried for its Cu st om er  Ag r eem en t .  This interact ion would clog up every story you set  out  to
tell about  the m odel. The new associat ion m akes the m ost  im portant  scenarios as sim ple and
direct  as possible. Now it  becom es easy to pull the Cu st om er  out  of the CORE altogether.

And what  about  pulling Cu st om er  out , anyway? The focus is on fulfilling the Cu st om er ' s



requirem ents, so at  first  Cu st om er  seem s to belong in the CORE.  Yet  the interact ions during
delivery do not  usually need to involve the Cu st om er  class now that  the Cu st om er  Ag r eem en t

is available direct ly. And the basic m odel of a Cu st om er  is pret ty generic.

A st rong argum ent  could be m ade for Leg  to rem ain in the CORE.  I  tend to be m inim alist  in the
CORE,  and the Leg  has t ighter cohesion with Tr an sp or t  Sch ed u le, Rou t in g  Ser v ice ,  and
Locat ion ,  none of which needed to be in the CORE.  But  if a lot  of the stor ies I  wanted to tell about
this m odel involved Leg s ,  I 'd m ove it  into the Del iv er y  package and suffer the awkwardness of its
separat ion from  those other classes.

I n this exam ple, all the class definit ions are the sam e as before, but  often dist illat ion requires
refactor ing the classes them selves to separate the generic and dom ain-specific responsibilit ies,
which can then be segregated.

Now that  we have a SEGREGATED CORE,  the refactor ing is com plete. But  the Sh ip p in g  package we
are left  with is just  "everything left  over after we pulled out  the CORE."  We can follow up with other
refactor ings to get  m ore com m unicat ive packaging, as shown in Figure 15.4.

Fig u r e 1 5 .4 . Mean in g f u l  MODULES f o r  n on - CORE su b d om ain s f o l low  af t er
t h e SEGREGATED CORE i s com p let e.



I t  m ight  take several refactor ings to get  to this point ;  it  doesn't  have to be done all at  once. Here,
we've ended up with one SEGREGATED CORE package, one GENERI C SUBDOMAI N,  and two dom ain-
specific packages in support ing roles. Deeper insight  m ight  eventually produce a GENERI C

SUBDOMAI N for Cu st om er ,  or it  m ight  end up m ore specialized for shipping.

Recognizing useful, m eaningful MODULES is a m odeling act ivity (as discussed in Chapter 5) .
Developers and dom ain experts collaborate in st rategic dist illat ion as part  of the knowledge
crunching process.

[  Team  LiB ]  
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Abstract Core

Even the CORE DOMAI N m odel usually has so m uch detail that  com m unicat ing the big picture can be
difficult .

  

We usually deal with a large m odel by breaking it  into narrower subdom ains that  are sm all enough
to be grasped and placing them  in separate MODULES.  This reduct ive style of packaging often works
to m ake a com plicated m odel m anageable. But  som et im es creat ing separate MODULES can obscure
or even com plicate the interact ions between the subdom ains.

W h en  t h er e is a  lo t  o f  in t er act ion  b et w een  su b d om ain s in  sep ar at e MODULES, e i t h er

m an y  r ef er en ces w i l l  h av e t o  b e cr eat ed  b et w een  MODULES, w h ich  d ef eat s m u ch  o f  t h e

v alu e o f  t h e p ar t i t ion in g , o r  t h e in t er act ion  w i l l  h av e t o  b e m ad e in d i r ect , w h ich  m ak es

t h e m od el  ob scu r e.

Consider slicing horizontally rather than vert ically. Polym orphism  gives us the power to ignore a lot
of the detailed variat ion am ong instances of an abst ract  type. I f m ost  of the interact ions across
MODULES can be expressed at  the level of polym orphic interfaces, it  m ay m ake sense to refactor
these types into a special CORE MODULE.

We are not  looking for a technical t r ick here. This is a valuable technique only when the
polym orphic interfaces correspond to fundam ental concepts in the dom ain. I n that  case,
separat ing these abst ract ions decouples the MODULES while dist illing a sm aller and m ore cohesive
CORE DOMAI N.

Therefore:

I d en t i f y  t h e m ost  f u n d am en t a l  con cep t s in  t h e m od el  an d  f act o r  t h em  in t o  d ist in ct



classes, ab st r act  classes, o r  in t er f aces. Desig n  t h is ab st r act  m od el  so  t h at  i t  ex p r esses

m ost  o f  t h e in t er act ion  b et w een  sig n i f i can t  com p on en t s. Place t h is ab st r act  ov er a l l

m od el  in  i t s ow n  MODULE, w h i le  t h e sp ecia l i zed , d et a i led  im p lem en t at ion  classes ar e le f t

in  t h e i r  ow n  MODULES d ef in ed  b y  su b d om ain .

Most  of the specialized classes will now reference the ABSTRACT CORE MODULE but  not  the other
specialized MODULES.  The ABSTRACT CORE gives a succinct  view of the m ain concepts and their
interact ions.

The process of factor ing out  the ABSTRACT CORE is not  m echanical. For exam ple, if all the classes
that  were frequent ly referenced across MODULES were autom at ically m oved into a separate
MODULE,  the likely result  would be a m eaningless m ess. Modeling an ABSTRACT CORE requires a deep
understanding of the key concepts and the roles they play in the m ajor interact ions of the system .
I n other words, it  is an exam ple of refactor ing to deeper insight . And it  usually requires
considerable redesign.

The ABSTRACT CORE should end up looking a lot  like the dist illat ion docum ent  ( if both were used on
the sam e project , and the dist illat ion docum ent  had evolved with the applicat ion as insight
deepened) . Of course, the ABSTRACT CORE will be writ ten in code, and therefore m ore r igorous and
m ore com plete.
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Deep Models Distill

Dist illat ion does not  operate only on the gross level of separat ing parts of the dom ain away from
the CORE.  I t  also m eans refining those subdom ains, especially the CORE DOMAI N,  through
cont inuously refactor ing toward deeper insight , dr iving toward a deep m odel and supple design.
The goal is a design that  m akes the m odel obvious, a m odel that  expresses the dom ain sim ply. A
deep m odel dist ills the m ost  essent ial aspects of a dom ain into sim ple elem ents that  can be
com bined to solve the im portant  problem s of the applicat ion.

Al t h ou g h  a b r eak t h r ou g h  t o  a  d eep  m od el  p r ov id es v a lu e an y w h er e i t  h ap p en s, i t  i s in

t h e CORE DOMAI N  t h at  i t  can  ch an g e t h e t r a j ect o r y  o f  an  en t i r e  p r o j ect .
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Choosing Refactoring Targets

When you encounter a large system  that  is poorly factored, where do you start? I n the XP
com m unity, the answer tends to be either one of these:

Just  start  anywhere, because it  all has to be refactored.1 .

Start  wherever it  is hurt ing. I ' ll refactor what  I  need to in order to get  m y specific task done.2 .

I  don't  hold with either of these. The first  is im pract ical except  in a few projects staffed ent irely
with top program m ers. The second tends to pick around the edges, t reat ing sym ptom s and
ignoring root  causes, shying away from  the worst  tangles. Eventually the code becom es harder
and harder to refactor.

So, if you can't  do it  all,  and you can't  be pain-driven, what  do you do?

I n a pain-driven refactor ing, you look to see if the root  involves the CORE DOMAI N or the
relat ionship of the CORE to a support ing elem ent . I f it  does, you bite the bullet  and fix that
first .

1 .

When you have the luxury of refactor ing freely, you focus first  on bet ter factor ing of the CORE

DOMAI N,  on im proving the segregat ion of the CORE,  and on purifying support ing subdom ains
to be GENERI C.

2 .

This is how to get  the m ost  bang for your refactor ing buck.

[  Team  LiB ]  
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Chapter Sixteen. Large-Scale Structure

Th ou san d s o f  p eop le w or k ed  in d ep en d en t ly  t o  cr eat e t h e AI DS Qu i l t .

A sm all Silicon Valley design firm  had been cont racted to create a sim ulator for a satellite
com m unicat ions system . Work was progressing well.  A MODEL-DRI VEN DESI GN was developing that
could express and sim ulate a wide range of network condit ions and failures.

But  the lead developers on the project  were uneasy. The problem  was inherent ly com plex. Driven
by the need to clar ify the int r icate relat ionships in the m odel, they had decom posed the design into
coherent  MODULES of m anageable size. Now there were a lot  of MODULES.  Which package should a
developer look in to find a part icular aspect  of funct ionality? Where should a new class be placed?
What  did som e of these lit t le packages really m ean? How did they all fit  together? And there was
st ill m ore to build.

The developers com m unicated well with one another and could st ill f igure out  what  to do from  day
to day, but  the project  leaders were not  content  to skir t  the edge of com prehensibilit y. They
wanted som e way of organizing the design so that  it  could be understood and m anipulated as it
m oved to the next  level of com plexity.



They brainstorm ed. There were a lot  of possibilit ies. Alternat ive packaging schem es were
proposed. Maybe som e docum ent  could give an overview of the system , or som e new views of the
class diagram  in the m odeling tool could guide a developer to the r ight  MODULE.  But  the project
leaders weren't  sat isfied with these gim m icks.

They could tell a sim ple story of their  sim ulat ion, of the way data would be m arshaled through an
infrast ructure, its integrity and rout ing assured by layers of telecom m unicat ions technology. Every
detail of that  story was in the m odel, yet  the broad arc of the story could not  be seen.

Som e essent ial concept  from  the dom ain was m issing. But  this t im e it  was not  a class or two
m issing from  the object  m odel, it  was a m issing st ructure for the m odel as a whole.

After the developers m ulled over the problem  for a week or two, the idea began to jell.  They would
im pose a st ructure on the design. The ent ire sim ulator would be viewed as a series of layers
related to aspects of the com m unicat ions system . The bot tom  layer would represent  the physical
infrast ructure, the basic abilit y to t ransm it  bits from  one node to another. Then there would be a
packet - rout ing layer that  brought  together the concerns of how a part icular data st ream  would be
directed. Other layers would ident ify other conceptual levels of the problem . These layers would

out line their  story of the system .

They set  out  to refactor the code to conform  to the new st ructure. MODULES had to be redefined so
as not  to span layers. I n som e cases, object  responsibilit ies were refactored so that  each object
would clearly belong to one layer. Conversely, throughout  this process the definit ions of the
conceptual layers them selves were refined based on the hands-on experience of applying them .
The layers, MODULES,  and objects coevolved unt il,  in the end, the ent ire design followed the
contours of this layered st ructure.

These layers were not  MODULES or any other art ifact  in the code. They were an overarching set  of
rules that  const rained the boundaries and relat ionships of any part icular MODULE or object
throughout  the design, even at  interfaces with other system s.

I m posing this order brought  the design back to com fortable intelligibilit y. People knew roughly
where to look for a part icular funct ion. I ndividuals working independent ly could m ake design
decisions that  were broadly consistent  with each other. The com plexity ceiling had been lifted.

Even with a MODULAR breakdown, a large m odel can be too com plicated to grasp. The MODULES

chunk the design into m anageable bites, but  there m ay be m any of them . Also, m odular ity does
not  necessarily br ing uniform ity to the design. Object  to object , package to package, a jum ble of
design decisions m ay be applied, each defensible but  idiosyncrat ic.

The st r ict  segregat ion im posed by BOUNDED CONTEXTS prevents corrupt ion and confusion, but  it
does not , in itself, m ake it  easier to see the system  as a whole.

Dist illat ion does help by focusing at tent ion on the CORE DOMAI N and cast ing other subdom ains in
their  support ing roles. But  it  is st ill necessary to understand the support ing elem ents and their
relat ionships to the CORE DOMAI N—and to each other. And while the CORE DOMAI N would ideally be
so clear and easily understood that  no addit ional guidance would be needed, we are not  always at
that  point .

On a project  of any size, people m ust  work som ewhat  independent ly on different  parts of the
system . Without  any coordinat ion or rules, a confusion of different  styles and dist inct  solut ions to
the sam e problem s arises, m aking it  hard to understand how the parts fit  together and im possible
to see the big picture. Learning about  one part  of the design will not  t ransfer to other parts, so the
project  will end up with specialists in different  MODULES who cannot  help each other outside their
narrow range. CONTI NUOUS I NTEGRATI ON breaks down and the BOUNDED CONTEXT fragm ents.

I n  a  lar g e sy st em  w i t h ou t  an y  ov er ar ch in g  p r in cip le t h at  a l low s e lem en t s t o  b e



i n t er p r et ed  in  t er m s o f  t h e i r  r o le in  p at t er n s t h at  sp an  t h e w h o le d esig n , d ev elop er s

can n o t  see t h e f o r est  f o r  t h e t r ees.  We need to be able to understand the role of an individual
part  in the whole without  delving into the details of the whole.

A " large-scale st ructure" is a language that  lets you discuss and understand the system  in broad

st rokes. A set  of high- level concepts or rules, or both, establishes a pat tern of design for an ent ire
system . This organizing pr inciple can guide design as well as aid understanding. I t  helps coordinate
independent  work because there is a shared concept  of the big picture:  how the roles of various
parts shape the whole.

Dev ise a p at t er n  o f  r u les o r  r o les an d  r e la t ion sh ip s t h at  w i l l  sp an  t h e en t i r e  sy st em  an d

t h at  a l low s som e u n d er st an d in g  o f  each  p ar t ' s p lace in  t h e w h o le—ev en  w i t h ou t

d et a i led  k n ow led g e o f  t h e p ar t ' s r esp on sib i l i t y .

Structure m ay be confined to one BOUNDED CONTEXT but  will usually span m ore than one, providing
the conceptual organizat ion to hold together all the team s and subsystem s involved in the project .
A good st ructure gives insight  into the m odel and com plem ents dist illat ion.

You can't  represent  m ost  large-scale st ructures in UML, and you don't  need to. Most  large-scale
st ructures shape and explain the m odel and design but  do not  appear in it .  They provide an ext ra
level of com m unicat ion about  the design. I n the exam ples of this chapter, you'll see m any inform al
UML diagram s on which I 've superim posed inform at ion about  the large-scale st ructure.

When a team  is reasonably sm all and the m odel is not  too com plicated, decom posit ion into well-
nam ed MODULES,  a certain am ount  of dist illat ion, and inform al coordinat ion am ong developers can
be sufficient  to keep the m odel organized.

Large-scale st ructure can save a project , but  an ill- fit t ing st ructure can severely hinder
developm ent . This chapter explores pat terns for successfully st ructur ing a design at  this level.

Fig u r e 1 6 .1 . Som e p at t er n s o f  lar g e- sca le st r u ct u r e
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Evolving Order

Many developers have experienced the cost  of an unst ructured design. To avoid anarchy, projects
im pose architectures that  const rain developm ent  in various ways. Som e technical architectures do
solve technical problem s, such as networking or data persistence, but  when architectures start
venturing into the arena of the applicat ion and dom ain m odel, they can create problem s of their
own. They often prevent  the developers from  creat ing designs and m odels that  work well for the
specifics of the problem . The m ost  am bit ious ones can even take away from  applicat ion developers
the fam iliar ity and technical power of the program m ing language itself. And whether technical or
dom ain or iented, architectures that  freeze a lot  of up- front  design decisions can becom e a
st rait jacket  as requirem ents change and as understanding deepens.

While som e technical architectures (such as J2EE)  have becom e prom inent  over the years, large-
scale st ructure in the dom ain layer has not  been explored m uch. Needs vary widely from  one
applicat ion to the next .

An up- front  im posit ion of a large-scale st ructure is likely to be cost ly. As developm ent  proceeds,
you will alm ost  certainly find a m ore suitable st ructure, and you m ay even find that  the prescribed
st ructure is prohibit ing you from  taking a design route that  would great ly clar ify or sim plify the
applicat ion. You m ay be able to use som e of the st ructure, but  you're forgoing opportunit ies. Your
work slows down as you t ry workarounds or t ry to negot iate with the architects. But  your
m anagers think the architecture is done. I t  was supposed to m ake this applicat ion easy, so why
aren't  you working on the applicat ion instead of dealing with all these architecture problem s? The
m anagers and architecture team s m ay even be open to input , but  if each change is a heroic bat t le,
it  is too exhaust ing.

Desig n  f r ee- f o r - a l l s p r od u ce sy st em s n o  on e can  m ak e sen se o f  as a  w h o le, an d  t h ey

ar e v er y  d i f f i cu l t  t o  m ain t a in . Bu t  ar ch i t ect u r es can  st r a i t j ack et  a  p r o j ect  w i t h  u p - f r on t

d esig n  assu m p t ion s an d  t ak e t oo  m u ch  p ow er  aw ay  f r om  t h e d ev elop er s/ d esig n er s o f

p ar t i cu lar  p ar t s o f  t h e ap p l icat ion . Soon , d ev elop er s w i l l  d u m b  d ow n  t h e ap p l icat ion  t o

f i t  t h e st r u ct u r e, o r  t h ey  w i l l  su b v er t  i t  an d  h av e n o  st r u ct u r e a t  a l l , b r in g in g  b ack  t h e

p r ob lem s o f  u n coor d in at ed  d ev elop m en t .

The problem  is not  the existence of guiding rules, but  rather the r igidity and source of those rules.
I f the rules governing the design really fit  the circum stances, they will not  get  in the way but
actually push developm ent  in a helpful direct ion, as well as provide consistency.

Therefore:

Let  t h is con cep t u a l  lar g e- sca le st r u ct u r e ev o lv e w i t h  t h e ap p l icat ion , p ossib ly  ch an g in g

t o  a  com p let e ly  d i f f er en t  t y p e o f  st r u ct u r e a lon g  t h e w ay . Don ' t  ov er con st r a in  t h e

d et a i led  d esig n  an d  m od el  d ecision s t h at  m u st  b e m ad e w i t h  d et a i led  k n ow led g e.

I ndividual parts have natural or useful ways of being organized and expressed that  m ay not  apply
to the whole, so im posing global rules m akes these parts less ideal. Choosing to use a large-scale
st ructure favors m anageabilit y of the m odel as a whole over opt im al st ructur ing of the individual
parts. Therefore, there will be som e com prom ise between unifying st ructure and freedom  to
express individual com ponents in the m ost  natural way. This can be m it igated by select ing the
st ructure based on actual experience and knowledge of the dom ain and by avoiding over-
const r ict ive st ructures. A really nice fit  of st ructure to dom ain and requirem ents actually m akes
detailed m odeling and design easier, by helping to quickly elim inate a lot  of opt ions.



The st ructure can also give shortcuts to design decisions that  could, in pr inciple, be found by
working on the individual object  level, but  would, in pract ice, take too long and have inconsistent
results. Of course, cont inuous refactor ing is st ill necessary, but  this will m ake it  a m ore
m anageable process and can help m ake different  people com e up with consistent  solut ions.

A large-scale st ructure generally needs to be applicable across BOUNDED CONTEXTS.  Through
iterat ion on a real project , a st ructure will lose features that  t ight ly bind it  to a part icular m odel
and evolve features that  correspond to CONCEPTUAL CONTOURS of the dom ain. This doesn't  m ean
that  it  will have no assum pt ions about  the m odel, but  it  will not  im pose upon the ent ire project
ideas tailored to a part icular local situat ion. I t  has to leave freedom  for developm ent  team s in
dist inct  CONTEXTS to vary the m odel in ways that  address their  local needs.

Also, large-scale st ructures m ust  accom m odate pract ical const raints on developm ent . For
exam ple, designers m ay have no cont rol over the m odel of som e parts of the system , especially in
the case of external or legacy subsystem s. This could be handled by changing the st ructure to
bet ter fit  the specific external elem ents. I t  could be handled by specifying ways in which the
applicat ion relates to externals. I t  m ight  be handled by m aking the st ructure loose enough to flex
around awkward realit ies.

Unlike the CONTEXT MAP,  a large-scale st ructure is opt ional. One should be im posed when costs and
benefits favor it ,  and when a fit t ing st ructure is found. I n fact , it  is not  needed for system s that  are
sim ple enough to be understood when broken into MODULES.  Lar g e- sca le st r u ct u r e sh ou ld  b e

ap p l ied  w h en  a st r u ct u r e can  b e f ou n d  t h at  g r eat ly  clar i f ies t h e sy st em  w i t h ou t  f o r cin g

u n n at u r a l  con st r a in t s on  m od el  d ev elop m en t . Becau se an  i l l - f i t t in g  st r u ct u r e is w or se

t h an  n on e, i t  i s b est  n o t  t o  sh oo t  f o r  com p r eh en siv en ess, b u t  r a t h er  t o  f in d  a m in im al

set  t h at  so lv es t h e p r ob lem s t h at  h av e em er g ed . Less is m or e.

A large-scale st ructure can be very helpful and st ill have a few except ions, but  those except ions
need to be flagged som ehow, so that  developers can assum e the st ructure is being followed unless
otherwise noted. And if those except ions start  to get  num erous, the st ructure needs to be changed
or discarded.

  

As m ent ioned, it  is no m ean feat  to create a st ructure that  gives the necessary freedom  to
developers while st ill avert ing chaos. Although a lot  of work has been done on technical
architecture for software system s, lit t le has been published on the st ructur ing of the dom ain layer.
Som e approaches weaken the object -or iented paradigm , such as those that  break down the
dom ain by applicat ion task or by use case. This whole area is st ill undeveloped. I 've observed a
few general pat terns of large-scale st ructures that  have em erged on various projects. I ' ll discuss
four in this chapter. One of these m ay fit  your needs or lead to ideas for a st ructure tailored to
your project .
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[  Team  LiB ]  

System Metaphor

Metaphorical thinking is pervasive in software developm ent , especially with m odels. But  the
Ext rem e Program m ing pract ice of "m etaphor"  has com e to m ean a part icular way of using a
m etaphor to br ing order to the developm ent  of a whole system .

  

Just  as a firewall can save a building from  a fire raging through neighboring buildings, a software
"firewall"  protects the local network from  the dangers of the larger networks outside. This
m etaphor has influenced network architectures and shaped a whole product  category. Mult iple
com pet ing firewalls—developed independent ly, understood to be som ewhat  interchangeable—are
available for consum ers. Novices to networking readily grasp the concept . This shared
understanding throughout  the indust ry and am ong custom ers is due in no sm all part  to the
m etaphor.

Yet  it  is an inexact  analogy, and its power cuts both ways. The use of the firewall m etaphor has led
to developm ent  of software barr iers that  are som et im es insufficient ly select ive and im pede
desirable exchanges, while offer ing no protect ion against  threats or iginat ing within the wall.
Wireless LANs, for exam ple, are vulnerable. The clar ity of the firewall has been a boon, but  all
m etaphors carry baggage. [ 1]

[ 1]  SYSTEM METAPHOR finally m ade sense to m e when I  heard Ward Cunningham  use this firewall exam ple in a
workshop lecture.

Sof t w ar e d esig n s t en d  t o  b e v er y  ab st r act  an d  h ar d  t o  g r asp . Dev elop er s an d  u ser s

a l i k e n eed  t an g ib le w ay s t o  u n d er st an d  t h e sy st em  an d  sh ar e a v iew  o f  t h e sy st em  as a

w h o le.

On one level, m etaphor runs so deeply in the way we think that  it  pervades every design. System s
have " layers"  that  " lay on top" of each other. They have "kernels"  at  their  "centers."  But
som et im es a m etaphor com es along that  can convey the cent ral them e of a whole design and
provide a shared understanding am ong all team  m em bers.

When this happens, the system  is actually shaped by the m etaphor. A developer will m ake design
decisions consistent  with the system  m etaphor. This consistency will enable other developers to
interpret  the m any parts of a com plex system  in term s of the sam e m etaphor. The developers and
experts have a reference point  in discussions that  m ay be m ore concrete than the m odel itself.

A SYSTEM METAPHOR is a loose, easily understood, large-scale st ructure that  it  is harm onious with
the object  paradigm . Because the SYSTEM METAPHOR is only an analogy to the dom ain anyway,
different  m odels can m ap to it  in an approxim ate way, which allows it  to be applied in m ult iple
BOUNDED CONTEXTS,  helping to coordinate work between them .

SYSTEM METAPHOR has becom e a popular approach because it  is one of the core pract ices of
Ext rem e Program m ing (Beck 2000) . Unfortunately, few projects have found really useful
METAPHORS,  and people have t r ied to push the idea into dom ains where it  is counterproduct ive. A
persuasive m etaphor int roduces the r isk that  the design will take on aspects of the analogy that
are not  desirable for the problem  at  hand, or that  the analogy, while seduct ive, m ay not  be apt .

That  said, SYSTEM METAPHOR is a well-known form  of large-scale st ructure that  is useful on som e
projects, and it  nicely illust rates the general concept  of a st ructure.



Therefore:

W h en  a con cr et e an alog y  t o  t h e sy st em  em er g es t h at  cap t u r es t h e im ag in at ion  o f  t eam

m em b er s an d  seem s t o  lead  t h in k in g  in  a  u sef u l  d i r ect ion , ad op t  i t  as a  lar g e- sca le

st r u ct u r e. Or g an ize t h e d esig n  ar ou n d  t h is m et ap h or  an d  ab so r b  i t  in t o  t h e UBI QUI TOUS

LANGUAGE. Th e SYSTEM METAPHOR sh ou ld  b o t h  f aci l i t a t e com m u n icat ion  ab ou t  t h e sy st em

an d  g u id e d ev elop m en t  o f  i t . Th is in cr eases con sist en cy  in  d i f f er en t  p ar t s o f  t h e sy st em ,

p o t en t ia l l y  ev en  acr oss d i f f er en t  BOUNDED CONTEXTS. Bu t  b ecau se a l l  m et ap h or s ar e

in ex act , con t in u al l y  r eex am in e t h e m et ap h or  f o r  ov er ex t en sion  o r  in ap t n ess, an d  b e

r ead y  t o  d r op  i t  i f  i t  g et s in  t h e w ay .

  

The "Naive Metaphor" and Why We Don't Need It

Because a useful m etaphor doesn't  present  itself on m ost  projects, som e in the XP com m unity
have com e to talk of the naive m etaphor ,  by which they m ean the dom ain m odel itself.

One t rouble with this term  is that  a m ature dom ain m odel is anything but  naive. I n fact , "payroll
processing is like an assem bly line" is likely a m uch m ore naive view than a m odel that  is the
product  of m any iterat ions of knowledge crunching with dom ain experts, and that  has been proven
by being t ight ly woven into the im plem entat ion of a working applicat ion.

The term  naive m etaphor  should be ret ired.

SYSTEM METAPHORS are not  useful on all projects. Large-scale st ructure in general is not  essent ial.
I n the 12 pract ices of Ext rem e Program m ing, the role of a SYSTEM METAPHOR could be fulfilled by a
UBI QUI TOUS LANGUAGE.  Projects should augm ent  that  LANGUAGE with SYSTEM METAPHORS or other
large-scale st ructures when they find one that  fit s well.

[  Team  LiB ]  



[  Team  LiB ]  

Responsibility Layers

Throughout  this book, individual objects have been assigned narrow sets of related responsibilit ies.
Responsibilit y-dr iven design also applies to larger scales.

  

W h en  each  in d iv id u al  ob j ect  h as h an d cr af t ed  r esp on sib i l i t i es, t h er e ar e n o  g u id el in es,

n o  u n i f o r m i t y , an d  n o  ab i l i t y  t o  h an d le lar g e sw at h s o f  t h e d om ain  t og et h er . To  g iv e

coh er en ce t o  a  lar g e m od el , i t  i s u sef u l  t o  im p ose som e st r u ct u r e on  t h e assig n m en t  o f

t h ose r esp on sib i l i t i es.

When you gain a deep understanding of a dom ain, broad pat terns start  to becom e visible. Som e
dom ains have a natural st rat ificat ion. Certain concepts and act ivit ies take place against  a
background of other elem ents that  change independent ly and at  a different  rate for different
reasons. How can we take advantage of this natural st ructure, m ake it  m ore visible and useful?
This st rat ificat ion suggests layering, one of the m ost  successful architectural design pat terns
(Buschm ann et  al. 1996, am ong others) .

Layers are part it ions of a system  in which the m em bers of each part it ion are aware of and are able
to use the services of the layers "below,"  but  unaware of and independent  of the layers "above."
When the dependencies of MODULES are drawn, they are often laid out  so that  a MODULE with
dependents appears below its dependents. I n this way, layers som et im es sort  them selves out  so
that  none of the objects in the lower levels is conceptually dependent  on those in higher layers.

But  this ad hoc layering, while it  can m ake t racing dependencies easier—and som et im es m akes
som e intuit ive sense—doesn't  give m uch insight  into the m odel or guide m odeling decisions. We
need som ething m ore intent ional.

Fig u r e 1 6 .2 . Ad  h oc lay er in g :  W h at  ar e t h ese p ack ag es ab ou t ?



I n a m odel with a natural st rat ificat ion, conceptual layers can be defined around m ajor
responsibilit ies, unit ing the two powerful pr inciples of layering and responsibilit y-dr iven design.

These responsibilit ies m ust  be considerably broader than those typically assigned to individual
objects, as exam ples will illust rate short ly. As individual MODULES and AGGREGATES are designed,
they are factored to keep them  within the bounds of one of these m ajor responsibilit ies. This
nam ed grouping of responsibilit ies by itself could enhance the com prehensibilit y of a m odular ized
system , since the responsibilit ies of MODULES could be m ore readily interpreted. But  com bining
high- level responsibilit ies with layering gives us an organizing pr inciple for a system .

The layering pat tern that  serves best  for RESPONSI BI LI TY LAYERS is the variant  called
RELAXED LAYERED SYSTEM (Buschm ann et  al. 1996, p. 45) , which allows com ponents of a
layer to access any lower layer, not  just  the one im m ediately below.

Therefore:

Look  at  t h e con cep t u a l  d ep en d en cies in  y ou r  m od el  an d  t h e v ar y in g  r a t es an d  sou r ces

o f  ch an g e o f  d i f f er en t  p ar t s o f  y ou r  d om ain . I f  y ou  id en t i f y  n at u r a l  st r a t a  in  t h e d om ain ,

cast  t h em  as b r oad  ab st r act  r esp on sib i l i t i es. Th ese r esp on sib i l i t i es sh ou ld  t e l l  a  st o r y  o f

t h e h ig h - lev el  p u r p ose an d  d esig n  o f  y ou r  sy st em . Ref act o r  t h e m od el  so  t h at  t h e

r esp on sib i l i t i es o f  each  d om ain  ob j ect , AGGREGATE, an d  MODULE f i t  n eat ly  w i t h in  t h e

r esp on sib i l i t y  o f  on e lay er .

This is a pret ty abst ract  descript ion, but  it  will becom e clear with a few exam ples. The satellite
com m unicat ions sim ulator whose story opened this chapter layered its responsibilit y. I  have seen
RESPONSI BI LI TY LAYERS used to good effect  in dom ains as various as m anufactur ing cont rol and
financial m anagem ent .

  

The following exam ple explores RESPONSI BI LI TY LAYERS in detail to give a feel for the discovery of a
large-scale st ructure of any  sort , and the way it  guides and const rains m odeling and design.



Example

In Depth: Layering a Shipping System

Let 's look at  the im plicat ions of applying RESPONSI BI LI TY LAYERS to the cargo shipping applicat ion
discussed in the exam ples of previous chapters.

As we rejoin the story, the team  has m ade considerable progress creat ing a MODEL-DRI VEN DESI GN

and dist illing a CORE DOMAI N.  But  as the design fleshes out , they are having t rouble coordinat ing
how all the parts fit  together. They are looking for a large-scale st ructure that  can bring out  the
m ain them es of their  system  and keep everyone on the sam e page.

Here is a look at  a representat ive part  of the m odel.

Fig u r e 1 6 .3 . A b asic sh ip p in g  d om ain  m od el  f o r  r ou t in g  car g oes

Fig u r e 1 6 .4 . Usin g  t h e m od el  t o  r ou t e a  car g o  d u r in g  b ook in g

The team  m em bers have been steeped in the dom ain of shipping for m onths, and they have
not iced som e natural st rat ificat ion of its concepts. I t  is quite reasonable to discuss t ransport
schedules ( the scheduled voyages of ships and t rains)  without  referr ing to the cargoes aboard
those t ransports. I t  is harder to talk about  t racking a cargo without  referr ing to the t ransport
carrying it .  The conceptual dependencies are pret ty clear. The team  can readily dist inguish two
layers:  "Operat ions" and the subst rate of those operat ions, which they dub "Capabilit y."



"Operational" Responsibilities

Act ivit ies of the com pany, past , current , and planned, are collected into the Operat ions layer. The
m ost  obvious Operat ions object  is Car g o ,  which is the focus of m ost  of the day- to-day act ivity of
the com pany. The Rou t e Sp eci f i cat ion  is an integral part  of Car g o ,  indicat ing delivery
requirem ents. The I t in er ar y  is the operat ional delivery plan. Both of these objects are part  of the
Car g o ' s  AGGREGATE,  and their  life cycles are t ied to the t im e fram e of an act ive delivery.

"Capability" Responsibilities

This layer reflects the resources the com pany draws upon in order to carry out  operat ions. The
Tr an si t  Leg  is a classic exam ple. The ships are scheduled to run and have a certain capacity to
carry cargo, which m ay or m ay not  be fully ut ilized.

True, if we were focused on operat ing a shipping fleet , Tr an si t  Leg  would be in the Operat ions
layer. But  the users of this system  aren't  worr ied about  that  problem . ( I f the com pany were
involved in both those act ivit ies and wanted the two coordinated, the developm ent  team  m ight
have to consider a different  layering schem e, perhaps with two dist inct  layers, such as "Transport
Operat ions" and "Cargo Operat ions.")

A t r ickier decision is where to place Cu st om er .  I n som e businesses, custom ers tend to be
t ransient :  they're interest ing while a package is being delivered and then m ost ly forgot ten unt il
next  t im e. This quality would m ake custom ers only an operat ional concern for a parcel delivery
service aim ed at  individual consum ers. But  our hypothet ical shipping com pany tends to cult ivate
long- term  relat ionships with custom ers, and m ost  work com es from  repeat  business. Given these

intent ions of the business users,  the Cu st om er  belongs in the potent ial layer. As you can see, this

was not  a technical decision.  I t  was an at tem pt  to capture and com m unicate knowledge of the
domain.

Because the associat ion between Car g o  and Cu st om er  can be t raversed in only one direct ion, the
Car g o  REPOSI TORY will need a query that  finds all Car g oes  for a part icular Cu st om er .  There were
good reasons to design it  that  way anyway, but  with the im posit ion of the large-scale st ructure, it
is now a requirem ent .

Fig u r e 1 6 .5 . A q u er y  r ep laces a b id i r ect ion a l  associa t ion  t h at  v io la t es
t h e lay er in g .

Fig u r e 1 6 .6 . A f i r st - p ass lay er ed  m od el



While the dist inct ion between Operat ions and Capabilit y clar ifies the picture, order cont inues to
evolve. After a few weeks of experim entat ion, the team  zeroes in on another dist inct ion. For the
m ost  part , both init ial layers focus on situat ions or plans as they are.  But  the Rou t er  (and m any
other elem ents excluded from  this exam ple)  isn't  part  of current  operat ional realit ies or plans. I t
helps m ake decisions about  changing those plans. The team  defines a new layer responsible for
"Decision Support ."

"Decision Support" Responsibilities

This layer of the software provides the user with tools for planning and decision m aking, and it
could potent ially autom ate som e decisions (such as autom at ically rerout ing Car g oes  when a
t ransport  schedule changes) .

The Rou t er  is a SERVI CE that  helps a booking agent  choose the best  way to send a Car g o .  This
places the Rou t er  squarely in Decision Support .

The references within this m odel are all consistent  with the three layers except  for one discordant
elem ent :  the " is preferred" at t r ibute on Tr an sp or t  Leg .  This at t r ibute exists because the
com pany prefers to use its own ships when it  can, or the ships of certain other com panies with
which it  has favorable cont racts. The " is preferred" at t r ibute is used to bias the Rou t er  toward
these favored t ransports. This at t r ibute has nothing to do with "Capabilit y."  I t  is a policy that
directs decision m aking. To use the new RESPONSI BI LI TY LAYERS,  the m odel will have to be
refactored.

Fig u r e 1 6 .7 . Ref act o r in g  t h e m od el  t o  con f o r m  t o  t h e n ew  lay er in g
st r u ct u r e



This factor ing m akes the Rou t e Bias Po l icy  m ore explicit  while m aking Tr an sp or t  Leg  m ore
focused on the fundam ental concept  of t ransportat ion capabilit y. A large-scale st ructure based on
a deep understanding of the dom ain will often push the m odel in direct ions that  clar ify its m eaning.

This new m odel now sm oothly fits into the large-scale st ructure.

Fig u r e 1 6 .8 . Th e r est r u ct u r ed  an d  r ef act o r ed  m od el

A developer accustom ed to the chosen layers can m ore readily discern the roles and dependencies
of the parts. The value of the large-scale st ructure increases as the com plexity grows.

Note that  although I 'm  illust rat ing this exam ple with a m odified UML diagram , the drawing is just  a
way of communicat ing  the layering. UML doesn't  include this notat ion, so this is addit ional
inform at ion im posed for the sake of the reader. I f code is the ult im ate design docum ent  for your
project , it  would be helpful to have a tool for browsing classes by layer or at  least  for report ing
them  by layer.

How Does This Structure Affect Ongoing Design?



Once a large-scale st ructure has been adopted, subsequent  m odeling and design decisions m ust
take it  into account . To illust rate, suppose that  we m ust  add a new feature to this already layered
design. The dom ain experts have just  told us that  rout ing rest r ict ions apply for certain categories
of hazardous m aterials. Certain m aterials m ay not  be allowed on som e t ransports or in som e
ports. We have to m ake the Rou t er  obey these regulat ions.

There are m any possible approaches. I n the absence of a large-scale st ructure, one appealing
design would be to give the responsibilit y of incorporat ing these rout ing rules to the object  that
owns the Rou t e Sp eci f i cat ion  and the Hazardous Material (HazMat)  code—nam ely the Car g o .

Fig u r e 1 6 .9 . A p ossib le d esig n  f o r  r ou t in g  h azar d ou s car g o

Fig u r e 1 6 .1 0 .

The t rouble is, this design doesn't  fit  the large-scale st ructure. The HazMat  Rou t e Po l icy

Ser v ice  is not  the problem ;  it  fit s neat ly into the responsibilit y of the Decision Support  layer. The
problem  is the dependency of Car g o  (an Operat ional object )  on HazMat  Rou t e Po l icy  Ser v ice

(a Decision Support  object ) . As long as the project  is com m it ted to these layers, this m odel cannot
be allowed. I t  would confuse developers who expected the st ructure to be followed.



There are always m any design possibilit ies, and we'll j ust  have to choose another one—one that
follows the rules of the large-scale st ructure. The HazMat  Rou t e Po l icy  Ser v ice is all r ight , but
we need to m ove the responsibilit y for using the policy. Let 's t ry giving the Rou t er  the
responsibilit y for collect ing appropriate policies before searching for a route. This m eans changing
the Rou t er  interface to include objects that  policies m ight  depend on. Here is a possible design.

Fig u r e 1 6 .1 1 . A d esig n  con sist en t  w i t h  lay er in g

A typical interact ion is shown in Figure 16.12 on the next  page.

Fig u r e 1 6 .1 2 .



Now, this isn't  necessarily a bet ter design than the other. They both have pros and cons. But  if
everyone on a project  m akes decisions in a consistent  way, the design as a whole will be m uch
m ore com prehensible, and that  is worth som e m odest  t rade-offs on detailed design choices.

I f the st ructure is forcing m any awkward design choices, then in keeping with EVOLVI NG ORDER,  it
should be evaluated and perhaps m odified or even discarded.

Choosing Appropriate Layers

Finding good RESPONSI BI LI TY LAYERS,  or any large-scale st ructure, is a m at ter of understanding the
problem  dom ain and experim ent ing. I f you allow EVOLVI NG ORDER,  the init ial start ing point  is not
cr it ical, although a poor choice does add work. The st ructure m ay well evolve into som ething
unrecognizable. So the guidelines suggested here should be applied when considering
t ransform at ions of the st ructure as m uch as when choosing from  scratch.

As layers get  switched out , m erged, split ,  and redefined, here are som e useful character ist ics to
look for and preserve.

Storytelling.  The layers should com m unicate the basic realit ies or pr ior it ies of the dom ain.
Choosing a large-scale st ructure is less a technical decision than a business m odeling
decision. The layers should br ing out  the pr ior it ies of the business.

Conceptual dependency .  The concepts in the "upper"  layers should have m eaning against  the
backdrop of the " lower"  layers, while the lower- layer concepts should be m eaningful standing
alone.

CONCEPTUAL CONTOURS.  I f the objects of different  layers should have different  rates of change
or different  sources of change, the layer accom m odates the shearing between them .

I t  isn't  always necessary to start  from  scratch in defining layers for each new m odel. Certain layers



show up in whole fam ilies of related dom ains.

For exam ple, in businesses based on exploit ing large fixed capital assets, such as factor ies or
cargo ships, logist ical software can often be organized into a "Potent ial"  layer (another nam e for
the "Capabilit y"  layer in the exam ple)  and an "Operat ions" layer.

Potent ial.  What  can be done? Never m ind what  we are planning to do. What  could  we do?
The resources of the organizat ion, including its people, and the way those resources are
organized are the core of the Potent ial layer. Cont racts with vendors also define potent ials.
This layer could be recognized in alm ost  any business dom ain, but  it  is a prom inent  part  of
the story in those businesses, such as t ransportat ion and m anufactur ing, that  have relat ively
large fixed capital investm ents that  enable the business. Potent ial includes t ransient  assets as
well,  but  a business dr iven prim arily by t ransient  assets m ight  choose layers that  em phasize
this, as discussed later. (This layer was called "Capabilit y"  in the exam ple.)

Operat ion.  What  is being done? What  have we m anaged to m ake of those potent ials? Like
the Potent ial layer, this layer should reflect  the reality of the situat ion, rather than what  we
want  it  to be. I n this layer we are t rying to see our own efforts and act ivit ies:  What  we are
selling, rather than what  enables us to sell.  I t  is very typical of Operat ional objects to
reference or even be com posed of Potent ial objects, but  a Potent ial object  shouldn't
reference the Operat ions layer.

I n m any, perhaps m ost , exist ing system s in dom ains of this kind, these two layers cover
everything (although there could be som e ent irely different  and m ore revealing breakdown) . They
t rack the current  situat ion and act ive operat ional plans and issue reports or docum ents about  it .
But  t racking is not  always enough. When projects seek to guide or assist  users, or to autom ate
decision m aking, there is an addit ional set  of responsibilit ies that  can be organized into another
layer, above Operat ions.

Decision Support .  What  act ion should be taken or what  policy should be set? This layer is for
analysis and decision m aking. I t  bases its analysis on inform at ion from  lower layers, such as
Potent ial or Operat ions. Decision Support  software m ay use histor ical inform at ion to act ively
seek opportunit ies for current  and future operat ions.

Decision Support  system s have conceptual dependencies on other layers such as Operat ions or
Potent ial because decisions aren't  m ade in a vacuum . A lot  of projects im plem ent  Decision Support
using data warehouse technology. The layer becom es a dist inct  BOUNDED CONTEXT,  with a
CUSTOMER/ SUPPLI ER relat ionship with the Operat ions software. I n other projects, it  is m ore deeply
integrated, as in the preceding extended exam ple. And one of the int r insic advantages of layers is
that  the lower layers can exist  without  the higher ones. This can facilitate phased int roduct ions or
higher- level enhancem ents built  on top of older operat ional system s.

Another case is software that  enforces elaborate business rules or legal requirem ents, which can
const itute a RESPONSI BI LI TY LAYER.

Policy.  What  are the rules and goals? Rules and goals are m ost ly passive, but  const rain the
behavior in other layers. Designing these interact ions can be subt le. Som et im es a Policy is
passed in as an argum ent  to a lower level m ethod. Som et im es the STRATEGY pat tern is
applied. Policy works well in conjunct ion with a Decision Support  layer, which provides the
m eans to seek the goals set  by Policy, const rained by the rules set  by Policy.

Policy layers can be writ ten in the sam e language as the other layers, but  they are som et im es
im plem ented using rules engines. This doesn't  necessarily place them  in a separate BOUNDED

CONTEXT.  I n fact , the difficulty of coordinat ing such different  im plem entat ion technologies can be
eased by fast idiously using the sam e m odel across both. When rules are writ ten based on a



different  m odel than the objects they apply to, either the com plexity goes way up or the objects
get  dum bed down to keep things m anageable.

Fig u r e 1 6 .1 3 . Con cep t u a l  d ep en d en cies an d  sh ear in g  p o in t s in  a  f act o r y
au t om at ion  sy st em

Many businesses do not  base their  capabilit y on plant  and equipm ent . I n financial services or
insurance, to nam e two, the potent ial is to a large extent  determ ined by current  operat ions. An
insurance com pany's abilit y to take on a new r isk by underwrit ing a new policy agreem ent  is based
on the diversificat ion of its current  business. The Potent ial layer would probably m erge into
Operat ions, and a different  layering would evolve.

One area that  often com es to the fore in these situat ions is com m itm ents m ade to custom ers.

Commitment .  What  have we prom ised? This layer has the nature of Policy, in that  it  states
goals that  direct  future operat ions, but  it  has the nature of Operat ions in that  com m itm ents
em erge and change as a part  of ongoing business act ivity.

Fig u r e 1 6 .1 4 . Con cep t u a l  d ep en d en cies an d  sh ear in g  p o in t s in  an
in v est m en t  b an k in g  sy st em



The Potent ial and Com m itm ent  layers are not  m utually exclusive. A dom ain in which both are
prom inent , say a t ransportat ion com pany with a lot  of custom  shipping services, m ight  use both.
Other layers m ore specific to those dom ains m ight  be useful too. Change things. Experim ent . But
it  is best  to keep the layering system  sim ple;  going beyond four or possibly five becom es unwieldy.
Having too m any layers isn't  as effect ive at  telling the story, and the problem s of com plexity the
large-scale st ructure was m eant  to solve will com e back in a new form . The large-scale st ructure
m ust  be ferociously dist illed.

Although these five layers are applicable to a range of enterprise system s, they do not  capture the
salient  responsibilit ies of all dom ains. I n other cases, it  would be counterproduct ive to t ry to force
the design into this shape, but  there m ay be a natural set  of RESPONSI BI LI TY LAYERS that  do work.
For a dom ain com pletely unrelated to those we've discussed, these layers m ight  have to be
com pletely or iginal. Ult im ately, you have to use your intuit ion, start  som ewhere, and let  the ORDER

EVOLVE.

[  Team  LiB ]  
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Knowledge Level

[ A KNOWLEDGE LEVEL is]  a group of objects that  describes how another group of objects
should behave. [ Mart in Fowler, "Accountabilit y,"  www.mart infowler.com ]

KNOWLEDGE LEVEL untangles things when we need to let  som e part  of the m odel itself be plast ic in
the user 's hands yet  const rained by a broader set  of rules. I t  addresses requirem ents for software
with configurable behavior, in which the roles and relat ionships am ong ENTI TI ES m ust  be changed
at  installat ion or even at  runt im e.

I n Analysis Pat terns (Fowler 1996, pp. 24–27) , the pat tern em erges from  a discussion of m odeling
accountabilit y within organizat ions, and it  is later applied to post ing rules in account ing. Although
the pat tern appears in several chapters, it  doesn't  have a chapter of its own because it  is different
from  m ost  pat terns in the book. Rather than m odeling a dom ain, as the other analysis pat terns
do, KNOWLEDGE LEVEL st ructures a m odel.

To see the problem  concretely, consider m odels of "accountabilit y."  Organizat ions are m ade up of
people and sm aller organizat ions, and define the roles they play and the relat ionships between
them . The rules governing those roles and relat ionships vary great ly for different  organizat ions. At
one com pany, a "departm ent"  m ight  be headed by a "Director"  who reports to a "Vice President ."
I n another com pany, a "m odule"  is headed by a "Manager"  who reports to a "Senior Manager."
Then there are "m at r ix"  organizat ions, in which each person reports to different  m anagers for
different  purposes.

A typical applicat ion would m ake som e assum pt ions. When those didn't  fit ,  users would start  to
use data-ent ry fields in a different  way than they were intended. Any behavior the applicat ion had
would m isfire, as the sem ant ics were changed by the users. Users would develop workarounds for
the behavior, or would get  the higher level features of the applicat ion shut  off. They would be
forced to learn com plicated m appings between what  they did in their  jobs and the way the
software works. They would never be served well.

When the system  had to be changed or replaced, developers would discover (sooner or later)  that
the m eanings of the features were not  what  they seem ed. They m ight  m ean very different  things
in different  user com m unit ies or in different  situat ions. Changing anything without  breaking these
overlaid usages would be daunt ing. Data m igrat ion to a m ore tailored system  would require
understanding and coding for all those quirks.

Example

Employee Payroll and Pension, Part 1

The HR departm ent  of a m edium -sized com pany has a sim ple program  for calculat ing payroll and
pension cont r ibut ions.



Fig u r e 1 6 .1 5 . Th e o ld  m od el , ov er con st r a in ed  f o r  n ew  r eq u i r em en t s

Fig u r e 1 6 .1 6 . Som e em p loy ees r ep r esen t ed  u sin g  t h e o ld  m od el

But  now, the m anagem ent  has decided that  the office adm inist rators should go into the "defined
benefit "  ret irem ent  plan. The t rouble is that  office adm inist rators are paid hourly, and this m odel
does not  allow m ixing. The m odel will have to change.

The next  m odel proposal is quite sim ple:  just  rem ove the const raints.



Fig u r e 1 6 .1 7 . Th e p r op osed  m od el , n ow  u n d er con st r a in ed

Fig u r e 1 6 .1 8 . Em p loy ees can  b e associa t ed  w i t h  t h e w r on g  p lan .

This m odel allows each em ployee to be associated with either kind of ret irem ent  plan, so each
office adm inist rator can be switched. This m odel is rejected by m anagem ent  because it  does not
reflect  com pany policy. Som e adm inist rators could be switched and others not . Or the janitor could
be switched. Managem ent  wants a m odel that  enforces the policy:

Office adm inist rators are hourly em ployees with defined-benefit  ret irem ent  plans.

This policy suggests that  the " job t it le"  field now represents an im portant  dom ain concept .
Developers could refactor to m ake that  concept  explicit  as an "Em p loy ee Ty p e ."

Fig u r e 1 6 .1 9 . Th e Ty p e ob j ect  a l low s r eq u i r em en t s t o  b e m et .



Fig u r e 1 6 .2 0 . Each  Em p loy ee Ty p e is assig n ed  a Ret i r em en t  Plan .

The requirem ents can be stated in the UBI QUI TOUS LANGUAGE as follows:

An Em p loy ee Ty p e  is assigned to either Ret i r em en t  Plan  or either payroll.

Em p loy ees  are const rained by the Em p loy ee Ty p e .

Access to edit  the Em p loy ee Ty p e  object  will be rest r icted to a "superuser,"  who will m ake
changes only when com pany policy changes. An ordinary user in the personnel departm ent  can
change Em p loy ees  or point  them  at  a different  Em p loy ee Ty p e .

This m odel sat isfies the requirem ents. The developers sense an im plicit  concept  or two, but  it  is
just  a nagging feeling at  the m om ent . They don't  have any solid ideas to pursue, so they call it  a
day.

A stat ic m odel can cause problem s. But  problem s can be just  as bad with a fully flexible system
that  allows any possible relat ionship to be presented. Such a system  would be inconvenient  to use
and wouldn't  allow the organizat ion's own rules to be enforced.

Fully custom izing software for each organizat ion is not  pract ical because, even if each organizat ion
could pay for custom  software, the organizat ional st ructure will likely change frequent ly.

So such software m ust  provide opt ions to allow the user to configure it  to reflect  the current
st ructure of the organizat ion. The t rouble is that  adding such opt ions to the m odel objects m akes
them  unwieldy. The m ore flexibilit y you add, the m ore com plex it  all becom es.

I n  an  ap p l icat ion  in  w h ich  t h e r o les an d  r e la t ion sh ip s b et w een  ENTI TI ES v ar y  in  d i f f er en t

si t u at ion s, com p lex i t y  can  ex p lod e. Nei t h er  f u l l y  g en er a l  m od els n o r  h ig h ly  cu st om ized

on es ser v e t h e u ser s'  n eed s. Ob j ect s en d  u p  w i t h  r ef er en ces t o  o t h er  t y p es t o  cov er  a

v ar ie t y  o f  cases, o r  w i t h  a t t r ib u t es t h at  ar e u sed  in  d i f f er en t  w ay s in  d i f f er en t

si t u at ion s. Classes t h at  h av e t h e sam e d at a an d  b eh av io r  m ay  m u l t ip ly  j u st  t o

accom m od at e d i f f er en t  assem b ly  r u les.

Nest led into our m odel is another m odel that  is about  our m odel. A KNOWLEDGE LEVEL separates
that  self-defining aspect  of the m odel and m akes its const raints explicit .

KNOWLEDGE LEVEL is an applicat ion to the dom ain layer of the REFLECTI ON pat tern, used in m any
software architectures and technical infrast ructures and described well in Buschm ann et  al. 1996.
REFLECTI ON accom m odates changing needs by m aking the software "self-aware,"  and m aking
selected aspects of its st ructure and behavior accessible for adaptat ion and change. This is done
by split t ing the software into a "base level,"  which carr ies the operat ional responsibilit y for the
applicat ion, and a "m eta level,"  which represents knowledge of the st ructure and behavior of the
software.

Significant ly, the pat tern is not  called a knowledge " layer."  As m uch as it  resem bles layering,
REFLECTI ON involves m utual dependencies running in both direct ions.

Java has som e m inim al built - in REFLECTI ON in the form  of protocols for interrogat ing a class for its



m ethods and so forth. Such m echanism s allow a program  to ask quest ions about  its own design.
CORBA has som ewhat  m ore extensive but  sim ilar REFLECTI ON protocols. Som e persistence
technologies extend the r ichness of that  self-descript ion to support  part ially autom ated m apping
between database tables and objects. There are other technical exam ples. This pat tern can also be
applied within the dom ain layer.

The KNOWLEDGE LEVEL provides two useful dist inct ions. First , it  focuses on the applicat ion dom ain,
in cont rast  to fam iliar applicat ions of REFLECTI ON.  Second, it  does not  st r ive for full generality. Just
as a SPECI FI CATI ON can be m ore useful than a general predicate, a very specialized set  of
const raints on a set  of objects and their  relat ionships can be m ore useful than a generalized
fram ework. The KNOWLEDGE LEVEL is sim pler and can com m unicate the specific intent  of the
designer.

Fow ler  Ter m in o log y POSA Ter m in o log y [ 2 ]

Knowledge Level Meta Level

Operat ions Level Base Level

[ 2]  POSA is short  for Pat tern-Oriented Software Architecture,  by Buschm ann et  al. 1996.

Com paring the term inology of KNOWLEDGE LEVEL and REFLECTI ON

Just  to be clear, the reflect ion tools of the program m ing language are not  for use in im plem ent ing
the KNOWLEDGE LEVEL of a dom ain m odel. Those m eta-objects describe the st ructure and behavior
of the language const ructs them selves. I nstead, the KNOWLEDGE LEVEL m ust  be built  of ordinary
objects.

The KNOWLEDGE LEVEL provides two useful dist inct ions. First , it  focuses on the applicat ion dom ain,
in cont rast  to fam iliar uses of REFLECTI ON.  Second, it  does not  st r ive for full generality. Just  as a
SPECI FI CATI ON can be m ore useful than a general predicate, a very specialized set  of const raints on
a set  of objects and their  relat ionships can be m ore useful than a generalized fram ework. The
KNOWLEDGE LEVEL is sim pler and can com m unicate the specific intent  of the designer.

Therefore:

Cr eat e a d ist in ct  set  o f  ob j ect s t h at  can  b e u sed  t o  d escr ib e an d  con st r a in  t h e st r u ct u r e

an d  b eh av io r  o f  t h e b asic m od el . Keep  t h ese con cer n s sep ar at e as t w o  " lev els,"  on e

v er y  con cr et e, t h e o t h er  r ef lect in g  r u les an d  k n ow led g e t h at  a  u ser  o r  su p er u ser  i s ab le

t o  cu st om ize.

Like all powerful ideas, REFLECTI ON and KNOWLEDGE LEVELS can be intoxicat ing. This pat tern should
be used sparingly. I t  can unravel com plexity by freeing operat ions objects from  the need to be
jacks-of-all- t rades, but  the indirect ion it  int roduces does add som e of that  obscurity back in. I f the
KNOWLEDGE LEVEL becom es com plex, the system 's behavior becom es hard to understand for
developers and users alike. The users (or superuser)  who configure it  will end up needing the skills
of a program m er—and a m eta- level program m er at  that . I f they m ake m istakes, the applicat ion
will behave incorrect ly.

Also, the basic problem s of data m igrat ion don't  com pletely disappear. When a st ructure in the
KNOWLEDGE LEVEL is changed, exist ing operat ions- level objects have to be dealt  with. I t  m ay be
possible for old and new to coexist , but  one way or another, careful analysis is needed.

All of these issues put  a m ajor burden on the designer of a KNOWLEDGE LEVEL.  The design has to be
robust  enough to handle not  only the scenarios presented in developm ent , but  also any scenario
for which a user could configure the software in the future. Applied judiciously, to the points where



custom izat ion is crucial and would otherwise distort  the design, KNOWLEDGE LEVELS can solve
problem s that  are very hard to handle any other way.

Example

Employee Payroll and Pension, Part 2: KNOWLEDGE LEVEL

Our team  m em bers are back, and, refreshed from  a night 's sleep, one of them  has started to close
in on one of the awkward points. Why were certain objects being secured while others were freely
edited? The cluster of rest r icted objects rem inded him  of the KNOWLEDGE LEVEL pat tern, and he
decided to t ry it  as a way of viewing the m odel. He found that  the exist ing m odel could already be
viewed this way.

Fig u r e 1 6 .2 1 . Recog n izin g  t h e KNOW LEDGE LEVEL im p l ici t  in  t h e ex ist in g
m od el

The rest r icted edits were in the KNOWLEDGE LEVEL,  while the day- to-day edits were in the
operat ional level. A nice fit .  All the objects above the line described types or longstanding policies.
The Em p loy ee Ty p e  effect ively im posed behavior on the Em p loy ee .

The developer was sharing his insight  with his colleagues when one of the other developers had
another insight . The clar ity of seeing the m odel organized by KNOWLEDGE LEVEL had let  her spot
what  had been bothering her  the previous day. Two dist inct  concepts were being com bined in the
sam e object . She had heard it  in the language used on the previous day but  hadn't  put  her finger
on it :

An Em p loy ee Ty p e  is assigned to either Ret i r em en t  Plan  or either payroll.

But  that  was not  really a statem ent  in the UBI QUI TOUS LANGUAGE.  There was no "payroll"  in the
m odel. They had spoken in the language they wanted ,  rather than the one they had. The concept
of payroll was im plicit  in the m odel, lum ped together with Em p loy ee Ty p e .  I t  hadn't  been so
obvious before the KNOWLEDGE LEVEL was separated out , and the very elem ents in that  key phrase
all appeared in the sam e level together . .  .  except  one.

Based on this insight , she refactored again to a m odel that  does support  that  statem ent .

The need for user cont rol of the rules for associat ing objects drove the team  to a m odel that  had
an im plicit  KNOWLEDGE LEVEL.



Fig u r e 1 6 .2 2 . Pay r o l l  i s n ow  ex p l i ci t , d ist in ct  f r om  Em p loy ee Ty p e.

Fig u r e 1 6 .2 3 . Each  Em p loy ee Ty p e n ow  h as a Ret i r em en t  Plan  an d  a
Pay r o l l .

KNOWLEDGE LEVEL was hinted at  by the character ist ic access rest r ict ions and a " thing- thing" type
relat ionship. Once it  was in place, the clar ity it  afforded helped produce another insight  that
disentangled two im portant  dom ain concepts by factor ing out  Pay r o l l .

KNOWLEDGE LEVEL,  like other large-scale st ructures, isn't  st r ict ly necessary. The objects will st ill
work without  it ,  and the insight  that  separated Em p loy ee Ty p e  from  Pay r o l l  could st ill have
been found and used. There m ay com e a t im e when this st ructure doesn't  seem  to be pulling its
weight  and can be dropped. But  for now, it  seem s to tell a useful story about  the system  and helps
developers grapple with the m odel.

  

At  first  glance, KNOWLEDGE LEVEL looks like a special case of RESPONSI BI LI TY LAYERS,  especially the
"policy"  layer, but  it  is not . For one thing, dependencies run in both direct ions between the levels,
but  with LAYERS,  lower layers are independent  of upper layers.

I n fact , KNOWLEDGE LEVEL can coexist  with m ost  other large-scale st ructures, providing an
addit ional dim ension of organizat ion.

[  Team  LiB ]  
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Pluggable Component Framework

Opportunit ies ar ise in a very m ature m odel that  is deep and dist illed. A PLUGGABLE COMPONENT

FRAMEWORK usually only com es into play after a few applicat ions have already been im plem ented in
the sam e dom ain.

  

W h en  a v ar ie t y  o f  ap p l i cat ion s h av e t o  in t er op er at e, a l l  b ased  on  t h e sam e ab st r act ion s

b u t  d esig n ed  in d ep en d en t ly , t r an sla t ion s b et w een  m u l t ip le  BOUNDED CONTEXTS l im i t

in t eg r at ion . A SHARED KERNEL i s n o t  f easib le f o r  t eam s t h at  d o  n o t  w or k  closely  t og et h er .

Du p l icat ion  an d  f r ag m en t at ion  r a ise cost s o f  d ev elop m en t  an d  in st a l la t ion , an d

in t er op er ab i l i t y  b ecom es v er y  d i f f i cu l t .

Som e successful projects break down their  design into com ponents, each with responsibilit y for
certain categories of funct ions. Usually all the com ponents plug into a cent ral hub, which supports
any protocols they need and knows how to talk to the interfaces they provide. Other pat terns of
connect ing com ponents are also possible. The design of these interfaces and the hub that  connects
them  m ust  be coordinated, while m ore independence is possible designing the inter iors.

Several widely used technical fram eworks support  this pat tern, but  that  is a secondary issue. A
technical fram ework is needed only if it  solves som e essent ial technical problem  such as
dist r ibut ion, or sharing a com ponent  am ong different  applicat ions. The basic pat tern is a
conceptual organizat ion of responsibilit ies. I t  can easily be applied within a single Java program .

Therefore:

Dist i l l  an  ABSTRACT CORE o f  in t er f aces an d  in t er act ion s an d  cr eat e a  f r am ew or k  t h at

a l low s d iv er se im p lem en t at ion s o f  t h ose in t er f aces t o  b e f r eely  su b st i t u t ed . Lik ew ise,

a l low  an y  ap p l icat ion  t o  u se t h ose com p on en t s, so  lon g  as i t  op er at es st r i ct l y  t h r ou g h

t h e in t er f aces o f  t h e ABSTRACT CORE.

High- level abst ract ions are ident ified and shared across the breadth of the system ;  specializat ion
occurs in MODULES.  The cent ral hub of the applicat ion is an ABSTRACT CORE within a SHARED KERNEL.
But  m ult iple BOUNDED CONTEXTS can lie behind the encapsulated com ponent  interfaces, so that  this
st ructure can be especially convenient  when m any com ponents are com ing from  m any different
sources, or when com ponents are encapsulat ing preexist ing software for integrat ion.

This is not  to say that  com ponents m ust  have divergent  m odels. Mult iple com ponents can be
developed within a single CONTEXT if the team s CONTI NUOUSLY I NTEGRATE,  or they can define
another SHARED KERNEL held in com m on by a closely related set  of com ponents. All these st rategies
can coexist  easily within a large-scale st ructure of PLUGGABLE COMPONENTS.  Another opt ion, in som e
cases, is to use a PUBLI SHED LANGUAGE for the plug- in interface of the hub.

There are a few downsides to a PLUGGABLE COMPONENT FRAMEWORK.  One is that  this is a very
difficult  pat tern to apply. I t  requires precision in the design of the interfaces and a deep enough
m odel to capture the necessary behavior in the ABSTRACT CORE.  Another m ajor downside is that
applicat ions have lim ited opt ions. I f an applicat ion needs a very different  approach to the CORE

DOMAI N,  the st ructure will get  in the way. Developers can specialize the m odel, but  they can't
change the ABSTRACT CORE without  changing the protocol of all the diverse com ponents. As a
result , the process of cont inuous refinem ent  of the CORE,  refactor ing toward deeper insight , is
m ore or less frozen in its t racks.



Fayad and Johnson (2000)  give a good look at  am bit ious at tem pts at  PLUGGABLE COMPONENT

FRAMEWORKS in several dom ains, including a discussion of SEMATECH CI M. The success of such
fram eworks is a m ixed story. Probably the biggest  obstacle is the m aturity of understanding
needed to design a useful fram ework. A PLUGGABLE COMPONENT FRAMEWORK should not  be the first
large-scale st ructure applied on a project , nor the second. The m ost  successful exam ples have
followed after the full developm ent  of m ult iple specialized applicat ions.

Example

The SEMATECH CIM Framework

I n a factory producing com puter chips, groups (called lots)  of silicon wafers are m oved from  one
m achine to another through hundreds of steps of processing unt il the m icroscopic circuit ry being
printed and etched into them  is com plete. The factory needs software that  can t rack each
individual lot , recording the exact  processing that  has been done to it ,  and then direct  either
factory workers or autom ated equipm ent  to take it  to the next  appropriate m achine and apply the
next  appropriate process. Such software is called a m anufactur ing execut ion system  (MES) .

Hundreds of different  m achines from  dozens of vendors are used, with carefully tailored recipes at
each step of the way. Developing MES software that  could deal with such a com plex m ix was
daunt ing and prohibit ively expensive. I n response, an indust ry consort ium , SEMATECH, developed
the CI M Fram ework.

The CI M Fram ework is big and com plicated and has m any aspects, but  two are relevant  here.
First , the fram ework defines abst ract  interfaces for the basic concepts of the sem iconductor MES
dom ain—in other words, the CORE DOMAI N in the form  of an ABSTRACT CORE.  These interface
definit ions include both behavior and sem ant ics.

Fig u r e 1 6 .2 4 . A h ig h ly  sim p l i f ied  su b set  o f  t h e CI M in t er f aces, w i t h
sam p le im p lem en t at ion s

I f a vendor produces a new m achine, they have to develop a specialized im plem entat ion of the
Pr ocess Mach in e  interface. I f they adhere to that  interface, their  m achine-cont rol com ponent
should plug into any applicat ion based on the CI M Fram ework.

Having defined these interfaces, SEMATECH defined the rules by which they could interact  in an
applicat ion. Any applicat ion based on the CI M Fram ework would have to im plem ent  a protocol that
hosted objects im plem ent ing som e subset  of those interfaces. I f this protocol were im plem ented,
and the applicat ion st r ict ly observed the abst ract  interfaces, then the applicat ion could count  on
the prom ised services of those interfaces, regardless of im plem entat ion. The com binat ion of those



interfaces and the protocol for using them  const itutes a t ight ly rest r ict ive large-scale st ructure.

Fig u r e 1 6 .2 5 . Th e u ser  p laces a lo t  in  t h e n ex t  m ach in e an d  log s t h e
m ov e in t o  t h e com p u t er .

The fram ework has very specific infrast ructure requirem ents. I t  is t ight ly coupled to CORBA to
provide persistence, t ransact ions, events, and other technical services. But  the interest ing thing
about  it  is the definit ion of a PLUGGABLE COMPONENT FRAMEWORK,  which allows people to develop
software independent ly and sm oothly integrate them  into im m ense system s. No one knows all the
details of such a system , but  everyone understands an overview.

  

How  can  t h ou san d s o f  p eop le w or k  in d ep en d en t ly  t o  cr eat e a  q u i l t  o f  m or e t h an  4 0 ,0 0 0

p an els?

A few sim ple rules provide a large-scale st ructure for the AI DS Mem orial Quilt ,  leaving the details
to individual cont r ibutors. Not ice how the rules focus on the overall m ission (m em orializing people
who have died of AI DS) , the features of a com ponent  that  m ake integrat ion pract ical, and the
abilit y to handle the quilt  in larger sect ions (such as folding it ) .

Her e ' s How  t o  Cr eat e a  Pan el  f o r  t h e Qu i l t

[ From  the AI DS Mem orial Quilt  Project  Web site, www.aidsquilt .org]

Design the panel

I nclude the nam e of the person you are rem em bering. Feel free to include addit ional
inform at ion such as the dates of bir th and death, and a hom etown. . .  .  [ P] lease lim it
each panel to one individual . .  .  .

Choose your m aterials



Rem em ber that  the Quilt  is folded and unfolded m any t im es, so durabilit y is crucial.
Since glue deter iorates with t im e, it  is best  to sew things to the panel. A m edium -weight ,
non-st retch fabric such as a cot ton duck or poplin works best .

Your design can be vert ical or horizontal, but  the finished, hem m ed panel m ust  be 3 feet
by 6 feet  (90 cm  x 180 cm )—no m ore and no less!  When you cut  the fabric, leave an
ext ra 2–3 inches on each side for a hem . I f you can't  hem  it  yourself, we'll do it  for you.
Bat t ing for the panels is not  necessary, but  backing is recom m ended. Backing helps to
keep panels clean when they are laid out  on the ground. I t  also helps retain the shape of
the fabric.

Create the panel

I n const ruct ing your panel you m ight  want  to use som e of the following techniques:

Appliqué:  Sew fabric, let ters and sm all m em entos onto the background fabric. Do
not  rely on glue—it  won't  last .

Paint :  Brush on text ile paint  or color- fast  dye, or use an indelible ink pen. Please
don't  use "puffy"  paint ;  it 's too st icky.

Stencil:  Trace your design onto the fabric with a pencil,  lift  the stencil,  then use a
brush to apply text ile paint  or indelible m arkers.

Collage:  Make sure that  whatever m aterials you add to the panel won't  tear the
fabric (avoid glass and sequins for this reason) , and be sure to avoid very bulky
objects.

Photos:  The best  way to include photos or let ters is to photocopy them  onto iron-on
t ransfers, iron them  onto 100%  cot ton fabric and sew that  fabric to the panel. You
m ay also put  the photo in clear plast ic vinyl and sew it  to the panel (off-center so it
avoids the fold) .

[  Team  LiB ]  



[  Team  LiB ]  

How Restrictive Should a Structure Be?

The large-scale st ructure pat terns discussed in this chapter range from  the very loose SYSTEM

METAPHOR to the rest r ict ive PLUGGABLE COMPONENT FRAMEWORK.  Other st ructures are possible, of
course, and even within a general st ructural pat tern, there is a lot  of choice about  how rest r ict ive
to m ake the rules.

For exam ple, RESPONSI BI LI TY LAYERS dictate a kind of factor ing of m odel concepts and their
dependencies, but  you could add rules that  would specify com m unicat ion pat terns between the
layers.

Consider a m anufactur ing plant  where software directs each part  to a m achine where it  is
processed according to som e recipe. The correct  process is ordered from  a Policy layer and
executed in an Operat ions layer. But  inevitably there will be m istakes m ade on the factory floor.
The actual situat ion will not  be consistent  with the rules of the software. Now, an Operat ions layer
m ust  reflect  the world as it  is,  which m eans that  when a part  is occasionally put  in the wrong
m achine, that  inform at ion m ust  be accepted uncondit ionally. Som ehow, this except ional condit ion
needs to be com m unicated to a higher layer. A decision-m aking layer can then use other policies
to correct  the situat ion, perhaps by rerout ing the part  to a repair process or by scrapping it .  But
Operat ions does not  know anything about  higher layers. The com m unicat ion has to be done in a
way that  doesn't  create two-way dependencies from  the lower layers to the higher ones.

Typically, this signaling would be done through som e kind of event  m echanism . The Operat ions
objects would generate events whenever their  state changed. Policy layer objects would listen for
events of interest  from  the lower layers. When an event  occurred that  violated a rule, the rule
would execute an act ion (part  of the rule's definit ion)  that  m akes the appropriate response, or it
m ight  generate an event  for the benefit  of som e st ill higher layer.

I n the banking exam ple, the values of assets change (Operat ions) , shift ing the values of segm ents
of a port folio. When these values exceed port folio allocat ion lim its (Policy) , perhaps a t rader is
alerted, who can buy or sell assets to redress the balance.

We could figure this out  on a case-by-case basis, or we could decide on a consistent  pat tern for
everyone to follow in interact ions of objects of part icular layers. A m ore rest r ict ive st ructure
increases uniform ity, m aking the design easier to interpret . I f the st ructure fits, the rules are likely
to push developers toward good designs. Disparate pieces are likely to fit  together bet ter.

On the other hand, the rest r ict ions m ay take away flexibilit y that  developers need. Very part icular
com m unicat ion paths m ight  be im pract ical to apply across BOUNDED CONTEXTS,  especially in
different  im plem entat ion technologies, in a heterogeneous system .

So you have to fight  the tem ptat ion to build fram eworks and regim ent  the im plem entat ion of the
large-scale st ructure. The m ost  im portant  cont r ibut ion of the large-scale st ructure is conceptual
coherence, and giving insight  into the dom ain. Each st ructural rule should m ake developm ent

easier.

[  Team  LiB ]  
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Refactoring Toward a Fitting Structure

I n an era when the indust ry is shaking off excessive up- front  design, som e will see large-scale
st ructure as a throwback to the bad old days of waterfall architecture. But  in fact , the only way a
useful st ructure can be found is from  a very deep understanding of the dom ain and the problem ,
and the pract ical way to that  understanding is an iterat ive developm ent  process.

A team  com m it ted to EVOLVI NG ORDER m ust  fearlessly rethink the large-scale st ructure throughout
the project  life cycle. The team  should not  saddle itself with a st ructure conceived of early on,
when no one understood the dom ain or the requirem ents very well.

Unfortunately, that  evolut ion m eans that  your final st ructure will not  be available at  the start , and
that  m eans that  you will have to refactor to im pose it  as you go along. This can be expensive and
difficult ,  but  it  is necessary .  There are som e general ways of cont rolling the cost  and m axim izing
the gain.

Minimalism

One key to keeping the cost  down is to keep the st ructure sim ple and lightweight . Don't  at tem pt  to
be com prehensive. Just  address the m ost  serious concerns and leave the rest  to be handled on a
case-by-case basis.

Early on, it  can be helpful to choose a loose st ructure, such as a SYSTEM METAPHOR or a couple of
RESPONSI BI LI TY LAYERS.  A m inim al, loose st ructure can nonetheless provide lightweight  guidelines
that  will help prevent  chaos.

Communication and Self-Discipline

The ent ire team  m ust  follow the st ructure in new developm ent  and refactor ing. To do this, the
st ructure m ust  be understood by the ent ire team . The term inology and relat ionships m ust  enter
the UBI QUI TOUS LANGUAGE.

Large-scale st ructure can provide a vocabulary for the project  to deal with the system  broadly,
and for different  people independent ly to m ake harm onious decisions. But  because m ost  large-
scale st ructures are loose conceptual guidelines, the team s m ust  exercise self-discipline.

Without  consistent  adherence by the m any people involved, st ructures have a tendency to decay.
The relat ionship of the st ructure to detailed parts of the m odel or im plem entat ion is not  usually
explicit  in the code, and funct ional tests do not  rely on the st ructure. Plus, the st ructure tends to
be abst ract , so that  consistency of applicat ion can be difficult  to m aintain across a large team  (or
m ult iple team s) .

The kinds of conversat ions that  take place on m ost  team s are not  enough to m aintain a consistent
large-scale st ructure in a system . I t  is cr it ical to incorporate it  into the UBI QUI TOUS LANGUAGE of the
project , and for everyone to exercise that  language relent lessly.

Restructuring Yields Supple Design



Second, any change to the st ructure m ay lead to a lot  of refactor ing. The st ructure is evolving as
system  com plexity increases and understanding deepens. Each t im e the st ructure changes, the

ent ire system  has to be changed to adhere to the new order. Obviously that  is a lot  of work.

This isn't  quite as bad as it  sounds. I 've observed that  a design with a large-scale st ructure is
usually m uch easier to t ransform  than one without . This seem s to be t rue even when changing
from  one kind of st ructure to another, say from  METAPHOR to LAYERS.  I  can't  ent irely explain this.
Part  of the answer is that  it  is easier to rearrange som ething when you can understand its current
arrangem ent , and the preexist ing st ructure m akes that  easier. Part ly it  is that  the discipline that  it
took to m aintain the earlier st ructure perm eates all aspects of the system . But  there is som ething
m ore, I  think, because it  is even easier to change a system  that  has had two previous st ructures.

A new leather jacket  is st iff and uncom fortable, but  after the first  day of wear the elbows have
flexed a few t im es and are becom ing easier to bend. After a few m ore wearings, the shoulders
have loosened up, and the jacket  is easier to put  on. After m onths of wear, the leather becom es
supple and is com fortable and easy to m ove in. So it  seem s to be with m odels that  are
t ransform ed repeatedly with sound t ransform at ions. Ever- increasing knowledge is em bedded into
them  and the pr incipal axes of change have been ident ified and m ade flexible,  while stable aspects
have been sim plified. The broader CONCEPTUAL CONTOURS of the underlying dom ain are em erging in
the m odel st ructure.

Distillation Lightens the Load

Another crucial force that  should be applied to the m odel is cont inuous dist illat ion. This reduces the
difficulty of changing the st ructure in various ways. First , by rem oving m echanism s, GENERI C

SUBDOMAI NS,  and other support  st ructure from  the CORE DOMAI N,  there m ay sim ply be less to
rest ructure.

I f possible, these support ing elem ents should be defined to fit  into the large-scale st ructure in a
sim ple way. For exam ple, in a system  of RESPONSI BI LI TY LAYERS,  a GENERI C SUBDOMAI N could be
defined in such a way that  it  would fit  within a single layer. With PLUGGABLE COMPONENTS,  a GENERI C

SUBDOMAI N could be owned ent irely by a single com ponent , or it  could be a SHARED KERNEL am ong a
set  of related com ponents. These support ing elem ents m ay have to be refactored to find their
place in the st ructure;  but  they m ove independent ly of the CORE DOMAI N,  and tend to be m ore
narrowly focused, which m akes it  easier. And ult im ately they are less cr it ical, so refinem ent
m at ters less.

The principles of dist illat ion and refactor ing toward deeper insight  apply even to the large-scale
st ructure itself. For exam ple, the layers m ay init ially be chosen based on a superficial
understanding of the dom ain;  they are gradually replaced with deeper abst ract ions that  express
the fundam ental responsibilit ies of the system . This sharpedged clar ity lets people see deep into
the design, which is the goal. I t  is also part  of the m eans, as it  m akes m anipulat ion of the system
on a large scale easier and safer.

[  Team  LiB ]  



[  Team  LiB ]  

Chapter Seventeen. Bringing the Strategy
Together

The preceding three chapters presented m any principles and techniques for dom ain-driven
st rategic design. I n a large, com plex system , you m ay need to br ing several of them  to bear on
the sam e design. How does a large-scale st ructure coexist  with a CONTEXT MAP? Where do the
building blocks fit  in? What  do you do first? Second? Third? How do you go about  devising your
st rategy?
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Combining Large-Scale Structures and BOUNDED

CONTEXTS

Fig u r e 1 7 .1 .

The three basic pr inciples of st rategic design (context , dist illat ion, and large-scale st ructure)  are
not  subst itutes for each other;  they are com plem entary and interact  in m any ways. For exam ple,
a large-scale st ructure can exist  within one BOUNDED CONTEXT, or it  can cut  across m any of them
and organize the CONTEXT MAP.

The previous exam ples of RESPONSI BI LI TY LAYERS were confined to one BOUNDED CONTEXT.  This is the
easiest  way to explain the idea, and it 's a com m on use of the pat tern. I n such a sim ple scenario,
the m eanings of layer nam es are rest r icted to that  CONTEXT,  as are the nam es of m odel elem ents
or subsystem  interfaces that  exist  within that  CONTEXT.

Fig u r e 1 7 .2 . St r u ct u r in g  a m od el  w i t h in  a  sin g le BOUNDED CONTEXT



Such a local st ructure can be useful in a very com plicated but  unified m odel, raising the com plexity
ceiling on how m uch can be m aintained in a single BOUNDED CONTEXT.

But  on m any projects, the greater challenge is to understand how disparate parts fit  together.
They m ay be part it ioned into separate CONTEXTS,  but  what  part  does each play in the whole
integrated system  and how do the parts relate to each other? Then the large-scale st ructure can
be used to organize the CONTEXT MAP.  I n this case, the term inology of the st ructure applies to the
whole project  (or at  least  som e clearly bounded part  of it ) .

Fig u r e 1 7 .3 . St r u ct u r e im p osed  on  t h e r e la t ion sh ip s o f  com p on en t s o f
d ist in ct  BOUNDED CONTEXTS

Suppose you want  to adopt  RESPONSI BI LI TY LAYERS,  but  you have a legacy system  whose
organizat ion is inconsistent  with your desired large-scale st ructure. Do you have to give up your
LAYERS? No, but  you have to acknowledge the actual place the legacy has within the st ructure. I n
fact , it  m ay help to character ize the legacy. The SERVI CES the legacy provides m ay in fact  be
confined to only a few LAYERS.  To be able to say that  the legacy system  fits within part icular
RESPONSI BI LI TY LAYERS concisely describes a key aspect  of its scope and role.

Fig u r e 1 7 .4 . A st r u ct u r e t h at  a l low s som e com p on en t s t o  sp an  lay er s



I f the legacy subsystem 's capabilit ies are being accessed through a FACADE,  you m ay be able to
design each SERVI CE offered by the FACADE to fit  within one layer.

The inter ior of the Shipping Coordinat ion applicat ion, being a legacy in this exam ple, is presented
as an undifferent iated m ass. But  a team  on a project  with a well-established large-scale st ructure
spanning the CONTEXT MAP could choose, within their  CONTEXT,  to order their  m odel by the sam e
familiar LAYERS.

Fig u r e 1 7 .5 . Th e sam e st r u ct u r e ap p l ied  w i t h in  a  CONTEXT an d  acr oss t h e
CONTEXT MAP as a  w h o le



Of course, because each BOUNDED CONTEXT is its own nam e space, one st ructure could be used to
organize the m odel within one CONTEXT,  while another was used in a neighboring CONTEXT,  and st ill
another organized the CONTEXT MAP.  However, going too far down that  path can erode the value of
the large-scale st ructure as a unifying set  of concepts for the project .
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Combining Large-Scale Structures and Distillation

The concepts of large-scale st ructure and dist illat ion also com plem ent  each other. The large-scale
st ructure can help explain the relat ionships within the CORE DOMAI N and between GENERI C

SUBDOMAI NS.

Fig u r e 1 7 .6 . M ODULES o f  t h e CORE DOMAI N  ( i n  b o ld )  an d  GENERI C SUBDOMAI NS

ar e clar i f ied  b y  t h e lay er s.

At  the sam e t im e, the large-scale st ructure itself m ay be an im portant  part  of the CORE DOMAI N.
For exam ple, dist inguishing the layering of potent ial, operat ions, policy, and decision support
dist ills an insight  that  is fundam ental to the business problem  addressed by the software. This
insight  is especially useful if a project  is carved up into m any BOUNDED CONTEXTS,  so that  the m odel
objects of the CORE DOMAI N don't  have m eaning over m uch of the project .
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Assessment First

When you are tackling st rategic design on a project , you need to start  from  a clear assessm ent  of
the current  situat ion.

Draw a CONTEXT MAP.  Can you draw a consistent  one, or are there am biguous situat ions?1 .

At tend to the use of language on the project . I s there a UBI QUI TOUS LANGUAGE? I s it  r ich
enough to help developm ent?

2 .

Understand what  is im portant . I s the CORE DOMAI N ident ified? I s there a DOMAI N VI SI ON

STATEMENT? Can you write one?
3 .

Does the technology of the project  work for or against  a MODEL-DRI VEN DESI GN?4 .

Do the developers on the team  have the necessary technical skills?5 .

Are the developers knowledgeable about  the dom ain? Are they interested  in the dom ain?6 .

You won't  find perfect  answers, of course. You know less about  this project  r ight  now than you
ever will in the future. But  these quest ions give you a solid start ing point . By the t im e you have
specific init ial answers to these quest ions, you'll have started get t ing insight  into what  m ost
urgent ly needs to be done. As t im e goes along, you can refine the answers—especially the CONTEXT

MAP, DOMAI N VI SI ON STATEMENT,  and any other art ifacts you've created—to reflect  changed
situat ions and new insights.
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Who Sets the Strategy?

Tradit ionally, architecture is handed down, created before applicat ion developm ent  begins, by a
team  that  has m ore power in the organizat ion than the applicat ion developm ent  team . But  it
doesn't  have to be that  way. That  way doesn't  usually work very well.

St rategic design, by definit ion, m ust  apply across the project . There are m any ways to organize a
project , and I  don't  want  to be too prescript ive. However, for any decision-m aking process to be
effect ive, som e fundam entals are required.

First , let 's take a quick look at  two styles that  I 've seen provide som e value in pract ice ( thus
ignoring the old "wisdom - from -on-high" style) .

Emergent Structure from Application Development

A self-disciplined team  m ade up of very good com m unicators can operate without  cent ral authority
and follow EVOLVI NG ORDER to arr ive at  a shared set  of pr inciples, so that  order grows organically,
not  by fiat .

This is the typical m odel for an Ext rem e Program m ing team . I n theory, the st ructure m ay em erge
com pletely spontaneously from  the insight  of any program m ing pair. More often, having an
individual or a subset  of the team  with som e oversight  responsibilit y for large-scale st ructure helps
keep the st ructure unified. This approach works well part icular ly if such an inform al leader is a
hands-on developer—an arbiter and com m unicator, and not  the sole source of ideas. On the
Ext rem e Program m ing team s I  have seen, such st rategic design leadership seem s to have
em erged spontaneously, often in the person of the coach. Whoever this natural leader is, he or she
is st ill a m em ber of the developm ent  team . I t  follows that  the developm ent  team  m ust  have at
least  a few people of the caliber to m ake design decisions that  are going to affect  the whole
project .

When a large-scale st ructure spans m ult iple team s, closely affiliated team s m ay begin to
collaborate inform ally. I n such a situat ion, each applicat ion team  st ill m akes the discoveries that
lead to the idea for a large-scale st ructure, but  then part icular opt ions are discussed by the
inform al com m it tee, m ade up of representat ives of the various team s. After assessing the im pact
of the design, part icipants m ay decide to adopt  it ,  m odify it ,  or leave it  on the table. The team s
at tem pt  to m ove together in this loose affiliat ion. This arrangem ent  can work when there are
relat ively few team s, when they are all com m it ted to coordinat ing with each other, when their
design capabilit ies are com parable, and when their  st ructural needs are sim ilar enough to be m et
by a single large-scale st ructure.

A Customer Focused Architecture Team

When a st rategy will be shared am ong several team s, som e cent ralizat ion of decision m aking does
seem  at t ract ive. The failed m odel of the ivory tower architect  is not  the only possibilit y. An
architecture team  can act  as a peer with various applicat ion team s, helping to coordinate and
harm onize their  large-scale st ructures as well as BOUNDED CONTEXT boundaries and other cross-
team  technical issues. To be useful in this, they m ust  have a m ind set  that  em phasizes applicat ion
development .



On an organizat ion chart , this team  m ay look just  like the t radit ional architecture team , but  it  is
actually different  in every act ivity. Team  m em bers are t rue collaborators with developm ent ,
discovering pat terns along with the developers, experim ent ing with various team s to reach
dist illat ions, and get t ing their  hands dir ty.

I  have seen this scenario a couple of t im es, when a project  ends up with a lead architect  who does
m ost  of the things on the following list .
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Six Essentials for Strategic Design Decision Making

Decisions must reach the entire team

Obviously, if everyone doesn't  know the st rategy and follow it ,  it  is irrelevant . This requirem ent
leads people to organize around cent ralized architecture team s with official "authority"—so that
the sam e rules will be applied everywhere. I ronically, ivory tower architects are often ignored or
bypassed. Developers have no choice when the architects' lack of feedback from  hands-on
at tem pts to apply their  own rules to real applicat ions results in im pract ical schem es.

On a project  with very good com m unicat ion, a st rategic design that  em erges from  the applicat ion
team  m ay actually reach everyone m ore effect ively. The st rategy will be relevant , and it  will have
the authority that  at taches to intelligent  com m unity decisions.

Whatever the system , be less concerned with the authority bestowed by m anagem ent  than with
the actual relat ionship the developers have with the st rategy.

The decision process must absorb feedback

Creat ing an organizing pr inciple, large-scale st ructure, or dist illat ion of such subt lety requires a
really deep understanding of the needs of the project  and the concepts of the dom ain. The only
people who have that  depth of knowledge are the m em bers of the applicat ion developm ent  team .
This explains why applicat ion architectures created by architecture team s are so seldom  helpful,
despite the undeniable talent  of m any of the architects.

Unlike technical infrast ructure and architectures, st rategic design does not  itself involve writ ing a
lot  of code, although it  influences all developm ent . What  it  does require is involvem ent  with the
applicat ion developm ent  team s. An experienced architect  m ay be able to listen to ideas com ing
from  various team s and facilitate the developm ent  of a generalized solut ion.

One technical architecture team  I  worked with actually circulated its own m em bers through the
various applicat ion developm ent  team s that  were at tem pt ing to use its fram ework. This rotat ion
pulled into the architecture team  the hands-on experience of the challenges facing the developers,
while it  sim ultaneously t ransferred the knowledge of how to apply the subt let ies of the fram ework.
St rategic design has this sam e need of a t ight  feedback loop.

The plan must allow for evolution

Effect ive software developm ent  is a highly dynam ic process. When the highest  level of decisions is
set  in stone, the team  has fewer opt ions when it  m ust  respond to change. EVOLVI NG ORDER avoids
this t rap by em phasizing ongoing change to the large-scale st ructure in response to deepening
insight .

When too m any design decisions are preordained, the developm ent  team  can be hobbled, without
the flexibilit y to solve the problem s they are charged with. So, while a harm onizing pr inciple can
be valuable, it  m ust  grow and change with the ongoing life of the developm ent  project , and it  m ust
not  take too m uch power away from  the applicat ion developers, whose job is hard enough as it  is.



With st rong feedback, innovat ions em erge as obstacles are encountered in building applicat ions
and as unexpected opportunit ies are discovered.

Architecture teams must not siphon off all the best and brightest

Design at  this level calls for sophist icat ion that  is probably in short  supply. Managers tend to m ove
the m ost  technically talented developers into architecture team s and infrast ructure team s,
because they want  to leverage the skills of these advanced designers. For their  part , the
developers are at t racted to the opportunity to have a broader im pact  or to work on "m ore
interest ing" problem s. And there is prest ige at tached to being a m em ber of an elite team .

These forces often leave behind only the least  technically sophist icated developers to actually build
applicat ions. But  building good applicat ions takes design skill;  this is a setup for failure. Even if a
st rategy team  creates a great  st rategic design, the applicat ion team  won't  have the design
sophist icat ion to follow it .

Conversely, such team s alm ost  never include the developer who perhaps has weaker design skills
but  who has the m ost  extensive experience in the dom ain. St rategic design is not  a purely
technical task;  cut t ing them selves off from  developers with deep dom ain knowledge hobbles the
architects' efforts further. And dom ain experts are needed too.

I t  is essent ial to have st rong designers on all applicat ion team s. I t  is essent ial to have dom ain
knowledge on any team  at tem pt ing st rategic design. I t  m ay sim ply be necessary to hire m ore
advanced designers. I t  m ay help to keep architecture team s part - t im e. I 'm  sure there are m any
ways that  work, but  any effect ive st rategy team  has to have as a partner an effect ive applicat ion
team .

Strategic design requires minimalism and humility

Dist illat ion and m inim alism  are essent ial to any good design work, but  m inim alism  is even m ore
crit ical for st rategic design. Even the slightest  ill f it  has a terr ible potent ial for get t ing in the way.
Separate architecture team s have to be especially careful because they have less feel for the
obstacles they m ight  be placing in front  of applicat ion team s. At  the sam e t im e, the architects'
enthusiasm  for their  pr im ary responsibilit y m akes them  m ore likely to get  carr ied away. I 've seen
this phenom enon m any t im es, and I 've even done it .  One good idea leads to another, and we end
up with an overbuilt  architecture that  is counterproduct ive.

I nstead, we have to discipline ourselves to produce organizing pr inciples and core m odels that  are
pared down to contain nothing that  does not  significant ly im prove the clar ity of the design. The
t ruth is, alm ost  everything gets in the way of som ething, so each elem ent  had bet ter be worth it .
Realizing that  your best  idea is likely to get  in som ebody's way takes hum ility.

Objects are specialists; developers are generalists

The essence of good object  design is to give each object  a clear and narrow responsibilit y and to
reduce interdependence to an absolute m inim um . Som et im es we t ry to m ake interact ions on
team s as t idy as they should be in our software. A good project  has lots of people st icking their
nose in other people's business. Developers play with fram eworks. Architects write applicat ion
code. Everyone talks to everyone. I t  is efficient ly chaot ic. Make the objects into specialists;  let  the
developers be generalists.



Because I 've m ade the dist inct ion between st rategic design  and other kinds of design to help
clar ify the tasks involved, I  m ust  point  out  that  having two kinds of design act ivity does not  m ean
having two kinds of people. Creat ing a supple design based on a deep m odel is an advanced
design act ivity, but  the details are so im portant  that  it  has to be done by som eone working with
the code. St rategic design em erges out  of applicat ion design, yet  it  requires a big-picture view of
act ivity, possibly spanning m ult iple team s. People love to find ways to chop up tasks so that  design
experts don't  have to know the business and dom ain experts don't  have to understand technology.
There is a lim it  to how m uch an individual can learn, but  overspecializat ion takes the steam  out  of
dom ain-driven design.

The Same Goes for the Technical Frameworks

Technical fram eworks can great ly accelerate applicat ion developm ent , including the dom ain layer,
by providing an infrast ructure layer that  frees the applicat ion from  im plem ent ing basic services,
and by helping to isolate the dom ain from  other concerns. But  there is a r isk that  an architecture
can interfere with expressive im plem entat ions of the dom ain m odel and easy change.  This can
happen even when the fram ework designers had no intent ion of venturing into the dom ain or
applicat ion layers.

The sam e biases that  lim it  the downside of st rategic design can help with technical architecture.
Evolut ion, m inim alism , and involvem ent  with the applicat ion developm ent  team  can lead to a
cont inuously refined set  of services and rules that  genuinely help applicat ion developm ent  without
get t ing in the way. Architectures that  don't  follow this path will either st ifle the creat ivity of
applicat ion developm ent  or will find their  architecture circum vented, leaving applicat ion
developm ent , for pract ical purposes, with no architecture at  all.

There is one part icular at t itude that  will surely ruin a fram ework.

Don't write frameworks for dummies

Team  divisions that  assum e som e developers are not  sm art  enough to design are likely to fail
because they underest im ate the difficulty of applicat ion developm ent . I f those people are not
sm art  enough to design, they shouldn't  be assigned to develop software. I f they are sm art
enough, then the at tem pts to coddle them  will only put  up barr iers between them  and the tools
they need.

This at t itude also poisons the relat ionship between team s. I 've ended up on arrogant  team s like
this and found m yself apologizing to developers in every conversat ion, em barrassed by m y
associat ion. ( I 've never m anaged to change such a team , I 'm  afraid.)

Now, encapsulat ing irrelevant  technical detail is com pletely different  from  the kind of prepackaging
I 'm  disparaging. A fram ework can place powerful abst ract ions and tools in developers' hands and
free them  from  drudgery. I t  is hard to describe the difference in a generalized way, but  you can
tell the difference by asking the fram ework designers what  they expect  of the person who will be
using the tool/ fram ework/ com ponents. I f the designers seem  to have a high level of respect  for
the user of the fram ework, then they are probably on the r ight  t rack.

Beware the Master Plan

A group of architects ( the kind who design physical buildings) , led by Christopher Alexander, were
advocates of piecem eal growth in the realm  of architecture and city planning. They explained very
nicely why m aster plans fail.



Without  a planning process of som e kind, there is not  a chance in the world that  the
University of Oregon will ever com e to possess an order anywhere near as deep and
harm onious as the order that  underlies the University of Cam bridge.

The m aster plan has been the convent ional way of approaching this difficulty. The m aster
plan at tem pts to set  down enough guidelines to provide for coherence in the environm ent  as
a whole—and st ill leave freedom  for individual buildings and open spaces to adapt  to local
needs.

. .  .  and all the various parts of this future university will form  a coherent  whole, because
they were sim ply plugged into the slots of the design.

. .  .  in pract ice m aster plans fail—because they create totalitar ian order, not  organic order.
They are too r igid;  they cannot  easily adapt  to the natural and unpredictable changes that
inevitably ar ise in the life of a com m unity. As these changes occur . .  .  the m aster plan
becom es obsolete, and is no longer followed. And even to the extent  that  m aster plans are

followed . . .  they do not  specify enough about  connect ions between buildings, hum an scale,
balanced funct ion, etc. to help each local act  of building and design becom e well- related to
the environm ent  as a whole.

. .  .  The at tem pt  to steer such a course is rather like filling in the colors in a child's color ing
book . .  .  .  At  best , the order which results from  such a process is banal.

. .  .  Thus, as a source of organic order, a m aster plan is both too precise, and not  precise
enough. The totality is too precise:  the details are not  precise enough.

. .  .  the existence of a m aster plan alienates the users [ because, by definit ion]  the m em bers
of the com m unity can have lit t le im pact  on the future shape of their  com m unity because
m ost  of the im portant  decisions have already been m ade.

—From  The Oregon Experim ent,  pp. 16–28 ( Alexander et  al. 1975)

Alexander and his colleagues advocated instead a set  of pr inciples for all com m unity m em bers to
apply to every act  of piecem eal growth, so that  "organic order"  em erges, well adapted to
circum stances.
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Epilogues

Although it  is very sat isfying working on a cut t ing-edge project  and experim ent ing with interest ing
ideas and tools, for m e it  is a hollow experience if the software does not  find product ive use. I n
fact , the t rue test  of success is how the software serves over a period of t im e. I  have been able to
follow the stor ies of som e of m y form er projects over the years.

I ' ll discuss here five of those, each of which m ade a serious at tem pt  at  dom ain-driven design,
though not  system at ically and not  by that  nam e, of course. All of these projects did deliver
software:  som e m anaged to carry through and produce a m odel-dr iven design, while one slipped
off that  t rack. Som e of the applicat ions cont inued to grow and change for m any years, while one
stagnated and one died young.

The PCB design software described in Chapter 1 was a sm ash hit  am ong beta users in the field.
Unfortunately, the start -up com pany that  had init iated the project  ut ter ly failed in its m arket ing
funct ion and was eventually euthanized. The software is now used by a handful of PCB engineers
who have old copies they kept  from  the beta program . Like any orphan software, it  will cont inue to
work unt il there is som e fatal change to one of the program s with which it  is integrated.

The loan software whose story was told in Chapter 9 thr ived and evolved along m uch the sam e
track for three years after the breakthrough I  wrote about . At  that  point , the project  was spun off
as an independent  com pany. I n the turm oil of this reorganizat ion, the project  m anager who had
led the project  from  the beginning was ejected, and som e of the core developers left  with him . The
new team  had a som ewhat  different  design philosophy, not  as fully com m it ted to object  m odeling.
But  they retained a dist inct  dom ain layer with com plex behavior and cont inued to value dom ain
knowledge on the developm ent  team . Seven years after the spin-off, the software cont inues to be
enhanced with new features. I t  is the leading applicat ion in its field and serves an increasing
num ber of client  inst itut ions, as well as being the largest  revenue st ream  for the com pany.

A New ly  Plan t ed  Ol iv e Gr ov e

Unt il the dom ain-driven approach is m ore widespread, the interest ing software on m any projects



will be built  in a short , highly product ive interval. Eventually the project  will t ransform  into
som ething m ore convent ional that  m ay not  be able to fully exploit ,  m uch less enhance, the power
of the deep m odels that  were dist illed earlier. I  could wish for m ore, but  t ruly those are successes
that  deliver sustained value to users over m any years.

On one project  I  paired with another developer to write a ut ilit y the custom er needed to produce
its core product . The features were fair ly com plicated and com bined in int r icate ways. I  enjoyed
the project  work and we produced a supple design with an ABSTRACT CORE.  When this software was
handed off, that  was the end of involvem ent  for everyone who had init ially developed it .  Because it
was such an abrupt  t ransit ion, I  expected that  the design features which supported the com binable
elem ents m ight  be confusing and m ight  get  replaced by m ore typical case logic. This did not
init ially happen. When we handed off, the package included a thorough test  suite and a dist illat ion
docum ent . The new team  m em bers used that  docum ent  to guide their  explorat ions, and as they
looked into things, they becam e excited by the possibilit ies the design presented. When I  heard
their com m ents a year later, I  realized that  the UBI QUI TOUS LANGUAGE had sparked across to the
other team  and stayed alive, cont inuing to evolve.

Sev en  Year s Lat er

Then, another year later, I  heard a different  story. The team  had encountered new requirem ents
that  the developers didn't  see any way to accom plish within the inherited design. They had been
forced to change the design alm ost  beyond recognit ion. As I  probed for m ore details, I  could see
that  aspects of our m odel would have m ade solving those problem s awkward. I t  is precisely during
such m om ents when a breakthrough to a deeper m odel is often possible, especially when, as in
this case, the developers had accum ulated deep knowledge and experience in the dom ain. I n fact ,
they had had a rush of new insights and ended up t ransform ing the m odel and design based on
those insights.

They told m e this story carefully, diplom at ically, expect ing, I  suppose, that  I  would be disappointed
by their  discarding of so m uch of m y work. I  am  not  that  sent im ental about  m y designs. The
success of a design is not  necessarily m arked by its stasis. Take a system  people depend on, m ake
it  opaque, and it  will live forever as untouchable legacy. A deep m odel allows clear vision that  can
yield new insight , while a supple design facilitates ongoing change. The m odel they cam e up with
was deeper, bet ter aligned with the real concerns of the users. Their design solved real problem s.
I t  is the nature of software to change, and this program  has cont inued to evolve in the hands of
the team  that  owns it .



The shipping exam ples scat tered through the book are loosely based on a project  for a m ajor
internat ional container-shipping com pany. Early on, the leadership of the project  was com m it ted
to a dom ain-driven approach, but  they never produced a developm ent  culture that  could fully
support  it .  Several team s with widely different  levels of design skill and object  experience set  out
to create m odules, loosely coordinated by inform al cooperat ion between team  leaders and by a
custom er- focused architecture team . We did develop a reasonably deep m odel of the CORE DOMAI N,
and there was a viable UBI QUI TOUS LANGUAGE.

But  the com pany culture fiercely resisted iterat ive developm ent , and we waited far too long to
push out  a working internal release. Therefore, problem s were exposed at  a late stage, when they
were m ore r isky and expensive to fix. At  som e point , we discovered specific aspects of the m odel
were causing perform ance problem s in the database. A natural part  of MODEL-DRI VEN DESI GN is the
feedback from  im plem entat ion problem s to changes in the m odel, but  by that  t im e there was a
percept ion that  we were too far down the road to change the fundam ental m odel. I nstead,
changes were m ade to the code to m ake it  m ore efficient , and its connect ion to the m odel was
weakened. The init ial release also exposed scaling lim itat ions in the technical infrast ructure that
threw a scare into m anagem ent . Expert ise was brought  in to fix the infrast ructure problem s, and
the project  bounced back. But  the loop was never closed between im plem entat ion and dom ain
modeling.

A few team s delivered fine software with com plex capabilit ies and expressive m odels. Others
delivered st iff software that  reduced the m odel to data st ructures, though even they retained
t races of the UBI QUI TOUS LANGUAGE.  Perhaps a CONTEXT MAP would have helped us as m uch as
anything, as the relat ionship between the output  of the various team s was haphazard. Yet  that
CORE m odel carr ied in the UBI QUI TOUS LANGUAGE did help the team s ult im ately to glue together a
system .

Although reduced in scope, the project  replaced several legacy system s. The whole was held
together by a shared set  of concepts, though m ost  of the design was not  very supple. I t  has itself
largely fossilized into legacy now, years later, but  it  st ill serves the global business 24 hours a day.
Although the m ore successful team s' influence gradually spread, t im e runs out  eventually, even in
the r ichest  com pany. The culture of the project  never really absorbed MODEL-DRI VEN DESI GN.  New
developm ent  today is on different  plat form s and is only indirect ly influenced by the work we
did—as the new developers CONFORM to their  legacy.

I n som e circles, am bit ious goals like those the shipping com pany init ially set  have been
discredited. Bet ter, it  seem s, to m ake lit t le applicat ions we know how to deliver. Bet ter to st ick to
the lowest  com m on denom inator of design to do sim ple things. This conservat ive approach has its
place, and allows for neat ly scoped, quick- response projects. But  integrated, m odel-dr iven
system s prom ise value that  those patchworks can't . There is a third way. Dom ain-driven design
allows piecem eal growth of big system s with r ich funct ionality, by building on a deep m odel and
supple design.

I ' ll close this list  with Evant , a com pany that  develops inventory m anagem ent  software, where I
played a secondary support ing role and cont r ibuted to an already st rong design culture. Others
have writ ten about  this project  as a poster child of Ext rem e Program m ing, but  what  is not  usually
rem arked upon is that  the project  was intensely dom ain-driven. Ever deeper m odels were dist illed
and expressed in ever m ore supple designs. This project  thr ived unt il the "dot  com " crash of 2001.
Then, starved for investm ent  funds, the com pany cont racted, software developm ent  went  m ost ly
dorm ant , and it  seem ed that  the end was near. But  in the sum m er of 2002, Evant  was approached
by one of the top ten retailers in the world. This potent ial client  liked the product , but  it  needed
design changes to allow the applicat ion to scale up for an enorm ous inventory planning operat ion.
I t  was Evant 's last  chance.

Although reduced to four developers, the team  had assets. They were skilled, with knowledge of
the dom ain, and one m em ber had expert ise in scaling issues. They had a very effect ive
developm ent  culture. And they had a code base with a supple design that  facilitated change. That



sum m er, those four developers m ade a heroic developm ent  effort  result ing in the abilit y to handle
billions of planning elem ents and hundreds of users. On the st rength of those capabilit ies, Evant
won the behem oth client  and, soon after, was bought  by another com pany that  wanted to
leverage their  software and their  proven abilit y to accom m odate new dem ands.

The dom ain-driven design culture (as well as the Ext rem e Program m ing culture)  survived the
t ransit ion and was revitalized. Today, the m odel and design cont inue to evolve, far r icher and
suppler two years later than when I  m ade m y cont r ibut ion. And rather than being assim ilated into
the purchasing com pany, the m em bers of the Evant  team  seem  to be inspir ing the com pany's
exist ing project  team s to follow their  lead. This story isn't  over yet .

No project  will ever em ploy every technique in this book. Even so, any project  com m it ted to
dom ain-driven design will be recognizable in a few ways. The defining character ist ic is a pr ior ity on
understanding the target  dom ain and incorporat ing that  understanding into the software.
Everything else flows from  that  prem ise. Team  m em bers are conscious of the use of language on
the project  and cult ivate its refinem ent . They are hard to sat isfy with the quality of the dom ain
m odel, because they keep learning m ore about  the dom ain. They see cont inuous refinem ent  as an
opportunity and an ill- fit t ing m odel as a r isk. They take design skill ser iously because it  isn't  easy
to develop product ion-quality software that  clearly reflects the dom ain m odel. They stum ble over
obstacles, but  they hold on to their  pr inciples as they pick them selves up and cont inue forward.

[  Team  LiB ]  
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Looking Forward

Weather, ecosystem s, and biology used to be considered m essy, "soft "  fields in cont rast  to physics
or chem ist ry. Recent ly, however, people have recognized that  the appearance of "m essiness" in
fact  presents a profound technical challenge to discover and understand the order in these very
com plex phenom ena. The field called "com plexity"  is the vanguard of m any sciences. Although
purely technological tasks have generally seem ed m ost  interest ing and challenging to talented
software engineers, dom ain-driven design opens up a new area of challenge that  is at  least  equal.
Business software does not  have to be a bolted- together m ess. Wrest ling a com plex dom ain into a
com prehensible software design is an excit ing challenge for st rong technical people.

We are nowhere near the era of laypeople creat ing com plex software that  works. Arm ies of
program m ers with rudim entary skills can produce certain kinds of software, but  not  the kind that
saves a com pany in its eleventh hour. What  is needed is for tool builders to put  their  m inds to the
task of extending the power and product ivity of talented software developers. What  is needed are
sharper ways of explor ing dom ain m odels and expressing them  in working software. I  look forward
to experim ent ing with new tools and technologies devised for this purpose.

But  though im proved tools will be valuable, we m ustn't  get  dist racted by them  and lose sight  of
the core fact  that  creat ing good software is a learning and thinking act ivity. Modeling requires
im aginat ion and self-discipline. Tools that  help us think or avoid dist ract ion are good. Efforts to
autom ate what  m ust  be the product  of thought  are naive and counterproduct ive.

With the tools and technology we already have, we can build system s m uch m ore valuable than
m ost  projects do today. We can write software that  is a pleasure to use and a pleasure to work on,
software that  doesn't  box us in as it  grows but  creates new opportunit ies and cont inues to add
value for its owners.

[  Team  LiB ]  
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Appendix The Use of Patterns in This
Book

My first  "nice car,"  which I  was given short ly after college, was an eight -year-old Peugeot .
Som et im es called the "French Mercedes,"  this car was well crafted, was a pleasure to dr ive, and
had been very reliable. But  by the t im e I  got  it ,  it  was reaching the age when things start  to go
wrong and m ore m aintenance is required.

Peugeot  is an old com pany, and it  has followed its own evolut ionary path over m any decades. I t
has its own m echanical term inology, and its designs are idiosyncrat ic;  even the breakdown of
funct ions into parts is som et im es nonstandard. The result  is a car that  only Peugeot  specialists can
work on, a potent ial problem  for som eone on a grad student  incom e.

On one typical occasion, I  took the car to a local m echanic to invest igate a fluid leak. He exam ined
the undercarr iage and told m e that  oil was " leaking from  a lit t le box about  two- thirds of the way
back that  seem s to have som ething to do with dist r ibut ing braking power between front  and rear."
He then refused to touch the car and advised m e to go to the dealership, fifty m iles away. Anyone
can work on a Ford or a Honda;  that 's why those cars are m ore convenient  and less expensive to
own, even though they are equally m echanically com plex.

I  did love that  car, but  I  will never own a quirky car again. A day cam e when a part icular ly
expensive problem  was diagnosed, and I  had had enough of Peugeots. I  took it  to a local charity
that  accepted cars as donat ions. Then I  bought  a beat -up old Honda Civic for about  what  the
repair would have cost .

Standard design elem ents are lacking for dom ain developm ent , and so every dom ain m odel and
corresponding im plem entat ion is quirky and hard to understand. Moreover, every team  has to
reinvent  the wheel (or the gear, or the windshield wiper) . I n the world of object -or iented design,
everything is an object , a reference, or a m essage—which, of course, is a useful abst ract ion. But
that  does not  sufficient ly const rain the range of dom ain design choices and does not  support  an
econom ical discussion of a dom ain m odel.

To stop with "Everything is an object "  would be like a carpenter or an architect  sum m ing up
houses by saying "Everything is a room ."  There would be the big room  with high-voltage out lets
and a sink, where you m ight  cook. There would be the sm all room  upstairs, where you m ight
sleep. I t  would take pages to describe an ordinary house. People who build or use houses realize
that  room s follow pat terns, pat terns with special nam es, such as "kitchen."  This language enables
econom ical discussion of house design.

Moreover, not  all com binat ions of funct ions turn out  to be pract ical. Why not  a room  where you
bathe and sleep? Wouldn't  that  be convenient . But  long experience has precipitated into custom ,
and we separate our "bedroom s" from  our "bathroom s."  After all,  bathing facilit ies tend to be
shared am ong m ore people than bedroom s are, and they require m axim um  privacy, even from  the
others who share the sam e bedroom . And bathroom s have specialized and expensive
infrast ructure requirem ents. Bathtubs and toilets typically end up in the sam e room  because both
require the sam e infrast ructure (water and drainage)  and both are used in pr ivate.

Another room  that  has special infrast ructure requirem ents is that  room  where you m ight  prepare
m eals, also known as the "kitchen."  I n cont rast  to the bathroom , a kitchen has no special pr ivacy
requirem ents. Because of its expense, there is typically only one, even in relat ively large houses.



This singular ity also facilitates our com m unal food preparat ion and eat ing custom s.

When I  say that  I  want  a three-bedroom , two-bath house with an open-plan kitchen, I  have
packed a huge am ount  of inform at ion into a short  sentence, and I 've avoided a lot  of silly
m istakes—such as put t ing a toilet  next  to the refr igerator.

I n every area of design—houses, cars, rowboats, or software—we build on pat terns that  have been
found to work in the past , im provising within established them es. Som et im es we have to invent
som ething com pletely new. But  by basing standard elem ents on pat terns, we avoid wast ing our
energy on problem s with known solut ions so that  we can focus on our unusual needs. Also,
building from  convent ional pat terns helps us avoid a design so idiosyncrat ic that  it  is difficult  to
com m unicate.

Although software dom ain design is not  as m ature as other design fields—and in any case m ay be
too diverse to accom m odate pat terns as specific as those used for car parts or room s—there is
nonetheless a need to m ove beyond "Everything is an object "  to at  least  the equivalent  of
dist inguishing bolts from  springs.

A form  for sharing and standardizing design insight  was int roduced in the 1970s by a group of
architects led by Christopher Alexander ( Alexander et  al. 1977) . Their "pat tern language" wove
together t r ied-and- t rue design solut ions to com m on problem s (m uch m ore subt ly than m y
"kitchen" exam ple, which has probably caused som e readers of Alexander to cr inge) . The intent
was that  builders and users would com m unicate in this language, and they would be guided by the
pat terns to produce beaut iful buildings that  worked well and felt  good to the people who used
them .

Whatever architects m ight  think of the idea, this pat tern language has had a big im pact  on
software design. I n the 1990s software pat terns were applied in m any ways with som e success,
notably in detailed design ( Gam m a et  al. 1995)  and technical architectures (Buschm ann et  al.
1996) . More recent ly, pat terns have been used to docum ent  basic object -or iented design
techniques (Larm an 1998)  and enterprise architectures (Fowler 2002, Alur et  al. 2001) . The
language of pat terns is now a m ainst ream  technique for organizing software design ideas.

The pat tern nam es are m eant  to becom e term s in the language of the team , and I 've used them
that  way in this book. When a pat tern nam e appears in a discussion, it  is FORMATTED I N SMALL CAPS

to call it  out .

Here is how I 've form at ted pat terns in this book. There is som e variat ion around this basic plan, as
I  have favored case-by-case clar ity and readabilit y over r igid st ructure. . .  .

[  Team  LiB ]  
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Pattern Name

[ I llust rat ion of concept . Som et im es a visual m etaphor or evocat ive text .]

[ Context . A br ief explanat ion of how the concept  relates to other pat terns. I n som e cases, a br ief
overview of the pat tern.

However, m uch of the context  discussion in this book is in the chapter int roduct ions and other
narrat ive segm ents, rather than within the pat terns.

  ]

[ Problem  discussion.]

Pr ob lem  su m m ar y .

Discussion of the resolut ion of problem  forces into a solut ion.

Therefore:

So lu t ion  su m m ar y .

Consequences. I m plem entat ion considerat ions. Exam ples.

  

Result ing context :  A br ief explanat ion of how the pat tern leads to later pat terns.

[ Discussion of im plem entat ion challenges. I n Alexander's or iginal form at , this discussion would
have been folded into the sect ion describing the resolut ion of the problem , and I  have often
followed Alexander's organizat ion in this book. But  som e pat terns dem and lengthier discussions of
im plem entat ion. To keep the core pat tern discussion t ight , I  have m oved such long
im plem entat ion discussions out , after the pat tern.

Also, lengthy exam ples, part icular ly those that  com bine m ult iple pat terns, are often outside the
pat terns.]
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GLOSSARY

Here are br ief definit ions of selected term s, pat tern nam es, and other concepts used in the book.

AGGREGATE

A cluster of associated objects that  are t reated as a unit  for the purpose of data changes.
External references are rest r icted to one m em ber of the AGGREGATE,  designated as the root .

A set  of consistency rules applies within the AGGREGATE'S boundaries.

an aly sis p at t er n

A group of concepts that  represents a com m on const ruct ion in business m odeling. I t  m ay be
relevant  to only one dom ain or m ay span m any dom ains (Fowler 1997, p. 8) .

ASSERTI ON

A statem ent  of the correct  state of a program  at  som e point , independent  of how it  does it .
Typically, an ASSERTI ON specifies the result  of an operat ion or an invariant  of a design
element.

BOUNDED CONTEXT

The delim ited applicabilit y of a part icular m odel. BOUNDI NG CONTEXTS gives team  m em bers a
clear and shared understanding of what  has to be consistent  and what  can develop
independent ly.

cl ien t

A program  elem ent  that  is calling the elem ent  under design, using its capabilit ies.

coh esion

Logical agreem ent  and dependence.

com m an d  ( a.k .a . m od i f ier )

An operat ion that  effects som e change to the system  ( for exam ple, set t ing a variable) . An
operat ion that  intent ionally creates a side effect .



CONCEPTUAL CONTOUR

An underlying consistency of the dom ain itself, which, if reflected in a m odel, can help the
design accom m odate change m ore naturally.

con t ex t

The set t ing in which a word or statem ent  appears that  determ ines its m eaning.
See also [ BOUNDED CONTEXT]

CONTEXT MAP

A representat ion of the BOUNDED CONTEXTS involved in a project  and the actual relat ionships
between them  and their  m odels.

CORE DOMAI N

The dist inct ive part  of the m odel, cent ral to the user 's goals, that  different iates the
applicat ion and m akes it  valuable.

d eclar at i v e d esig n

A form  of program m ing in which a precise descript ion of propert ies actually cont rols the
software. An executable specificat ion.

d eep  m od el

An incisive expression of the pr im ary concerns of the dom ain experts and their  m ost
relevant  knowledge. A deep m odel sloughs off superficial aspects of the dom ain and naive
interpretat ions.

d esig n  p at t er n

A descript ion of com m unicat ing objects and classes that  are custom ized to solve a general
design problem  in a part icular context . (Gam m a et  al. 1995, p. 3)

d ist i l l a t ion

A process of separat ing the com ponents of a m ixture to ext ract  the essence in a form  that
m akes it  m ore valuable and useful. I n software design, the abst ract ion of key aspects in a
m odel, or the part it ioning of a larger system  to br ing the CORE DOMAI N to the fore.

d om ain



A sphere of knowledge, influence, or act ivity.

d om ain  ex p er t

A m em ber of a software project  whose field is the dom ain of the applicat ion, rather than
software developm ent . Not  just  any user of the software, the dom ain expert  has deep
knowledge of the subject .

d om ain  lay er

That  port ion of the design and im plem entat ion responsible for dom ain logic within a LAYERED

ARCHI TECTURE.  The dom ain layer is where the software expression of the dom ain m odel lives.

ENTI TY

An object  fundam entally defined not  by its at t r ibutes, but  by a thread of cont inuity and
ident ity.

FACTORY

A m echanism  for encapsulat ing com plex creat ion logic and abst ract ing the type of a created
object  for the sake of a client .

f u n ct ion

An operat ion that  com putes and returns a result  without  observable side effects.

im m u t ab le

The property of never changing observable state after creat ion.

im p l ici t  con cep t

A concept  that  is necessary to understand the m eaning of a m odel or design but  is never
ment ioned.

I NTENTI ON- REVEALI NG I NTERFACE

A design in which the nam es of classes, m ethods, and other elem ents convey both the
original developer 's purpose in creat ing them  and their  value to a client  developer.



i n v ar ian t

An ASSERTI ON about  som e design elem ent  that  m ust  be t rue at  all t im es, except  during
specifically t ransient  situat ions such as the m iddle of the execut ion of a m ethod, or the
m iddle of an uncom m it ted database t ransact ion.

i t er a t ion

A process in which a program  is repeatedly im proved in sm all steps. Also,  one of those
steps.

l a r g e- sca le st r u ct u r e

A set  of high- level concepts, rules, or both that  establishes a pat tern of design for an ent ire
system . A language that  allows the system  to be discussed and understood in broad st rokes.

LAYERED ARCHI TECTURE

A technique for separat ing the concerns of a software system , isolat ing a dom ain layer,
am ong other things.

l i f e  cy cle

A sequence of states an object  can take on between creat ion and delet ion, typically with
const raints to ensure integrity when changing from  one state to another. May include
m igrat ion of an ENTI TY between system s and different  BOUNDED CONTEXTS.

m od el

A system  of abst ract ions that  describes selected aspects of a dom ain and can be used to
solve problem s related to that  dom ain.

MODEL- DRI VEN DESI GN

A design in which som e subset  of software elem ents corresponds closely to elem ents of a
m odel. Also,  a process of codeveloping a m odel and an im plem entat ion that  stay aligned
with each other.

m od el in g  p ar ad ig m

A part icular style of carving out  concepts in a dom ain, com bined with tools to create
software analogs of those concepts ( for exam ple, object -or iented program m ing and logic
programming) .



REPOSI TORY

A m echanism  for encapsulat ing storage, ret r ieval, and search behavior which em ulates a
collect ion of objects.

r esp on sib i l i t y

An obligat ion to perform  a task or know inform at ion (Wirfs-Brock et  al. 2003, p. 3) .

SERVI CE

An operat ion offered as an interface that  stands alone in the m odel, with no encapsulated
state.

sid e ef f ect

Any observable change of state result ing from  an operat ion, whether intent ional or not , even
a deliberate update.

SI DE- EFFECT- FREE FUNCTI ON

See [ f u n ct ion ]
STANDALONE CLASS

A class that  can be understood and tested without  reference to any others, except  system
prim it ives and basic librar ies.

st at e less

The property of a design elem ent  that  allows a client  to use any of its operat ions without
regard to the elem ent 's history. A stateless elem ent  m ay use inform at ion that  is accessible
globally and m ay even change that  global inform at ion ( that  is, it  m ay have side effects)  but
holds no pr ivate state that  affects its behavior.

st r a t eg ic d esig n

Modeling and design decisions that  apply to large parts of the system . Such decisions affect
the ent ire project  and have to be decided at  team  level.

su p p le d esig n

A design that  puts the power inherent  in a deep m odel into the hands of a client  developer
to m ake clear, flexible expressions that  give expected results robust ly. Equally im portant , it
leverages that  sam e deep m odel to m ake the design itself easy for the im plem enter to m old



and reshape to accom m odate new insight .

UBI QUI TOUS LANGUAGE

A language st ructured around the dom ain m odel and used by all team  m em bers to connect
all the act ivit ies of the team  with the software.

u n i f i cat ion

The internal consistency of a m odel such that  each term  is unam -biguous and no rules
contradict .

VALUE OBJECT

An object  that  describes som e character ist ic or at t r ibute but  carr ies no concept  of ident ity.

W HOLE VALUE

An object  that  m odels a single, com plete concept .

[  Team  LiB ]  
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