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Part |
Putting the Model To Work
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UBIQUITOUS LANGUAGE

To create a supple, knowledge-rich design callsfeersatile, shared team language, and a lively
experimentation with language that seldom happensoftware projects.

A project faces serious problems when its languaf@ctured. Domain experts use their jargon while
technical team members have their own languagealtiorediscussing the domain in terms of design.
The terminology of day-to-day discussions is disemted from the terminology embedded in the code
(ultimately the most important product of a softevaroject). And even the same person uses different
language in speech and in writing, so that the nmestive expressions of the domain often emerge in
transient form that is never captured in the cadeven in writing.

Translation blunts communication and makes knowdeztgnching anemic.

Yet none of these dialects can be a common langoecguse none serves all needs.

Therefore:

Use the model as the backbone of a language. Comitfie team to exercising that language
relentlessly in all communication within the team ad in the code. Use the same language in
diagrams, writing, and especially speech.

Iron out difficulties by experimenting with alternative expressions, which reflect alternative
models. Then refactor the code, renaming classesgthods, and modules to conform to the new
model. Resolve confusion over terms in conversatipm just the way we come to agree on the
meaning of ordinary words.

Recognize that a change in the language is a chartgehe model.

Domain experts should object to terms or structureshat are awkward or inadequate to convey
domain understanding; developers should watch formbiguity or inconsistency that will trip up
design.

With a UBIQUITOUS LANGUAGE , the model is not just a design artifact. It becoms integral to
everything the developers and domain experts do tether.

Also,

Play with the model as you talk about the system. &cribe scenarios out loud using the elements
and interactions of the model, combining conceptsiiways allowed by the model. Find easier ways
to say what you need to say, and then take thosewméleas back down to the diagrams and code.
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MODEL-DRIVEN DESIGN

Tightly relating the code to an underlying modeles the code meaning and makes the model relevant.

If the design, or some central part of it, doesmap to the domain model, that model is of litiigue,
and the correctness of the software is suspet¢heé®same time, complex mappings between models
and design functions are difficult to understand,an practice, impossible to maintain as the desig
changes. A deadly divide opens between analysiglasidn so that insight gained in each of those
activities does not feed into the other.

Therefore,

Design a portion of the software system to refle¢he domain model in a very literal way, so that
mapping is obvious. Revisit the model and modify ito be implemented more naturally in
software, even as you seek to make it reflect deepesight into the domain. Demand a single
model that serves both purposes well, in additiorotsupporting a fluent UBIQUITOUS LANGUAGE .
Draw from the model the terminology used in the dégn and the basic assignment of
responsibilities. The code becomes an expressiontlbé model, so a change to the code may be a
change to the model. Its effect must ripple throughhe rest of the project’s activities accordingly.
To tie the implementation slavishly to a model usuby requires software development tools and
languages that support a modeling paradigm, such asbject-oriented programming.

Eric Evans, DOMAIN-DRIVEN DESIGN, Addison-Wesley,0 Eric Evans, 2004.
Creative Commons Deed: Attribution 2.0 4



HANDS-ON MODELERS

If the people who write the code do not feel resiale for the model, or don’t understand how to emak
the model work for an application, then the moded hothing to do with the software. If developers
don't realize that changing code changes the mdiuh, their refactoring will weaken the model rathe
than strengthen it. Meanwhile, when a modeler gested from the implementation process, he or she
never acquires, or quickly loses, a feel for thestaints of implementation. The basic constrafnt o
MODEL-DRIVEN DESIGN—that the model supports an effective implementatind abstracts key insights
into the domain—is half-gone, and the resulting elsavill be impractical. Finally, the knowledge and
skills of experienced designers won't be transfitoeother developers if the division of labor mets

the kind of collaboration that conveys the subdlethf coding a1ODEL-DRIVEN DESIGN

Therefore,

Any technical person contributing to the model musspend some time touching the code,
whatever primary role he or she plays on the projetc Anyone responsible for changing code must
learn to express a model through the code. Every deloper must be involved in some level of
discussion about the model and have contact with dwin experts. Those who contribute in
different ways must consciously engage those whautth the code in a dynamic exchange of model
ideas through theuBIQUITOUS LANGUAGE .
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Part Il

Building Blocks of a MODEL-DRIVEN DESIGN

These patterns cast widely held best practicedjeicboriented design in the light of domain-driven
design. They guide decisions to clarify the moadel 0 keep the model and implementation aligned

with each other, each reinforcing the other’s dffeness. Careful crafting the details of individua

model elements gives developers a steady platfoym fvhich to apply the modeling approaches of

Parts Il and V.
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LAYERED ARCHITECTURE
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In an object-oriented program, Ul, database, ahdragupport code often gets written directly irfte t
business objects. Additional business logic is aldbd in the behavior of Ul widgets and database
scripts. This happens because it is the easiestavanake things work, in the short run.

When the domain-related code is diffused througth ularge amount of other code, it becomes
extremely difficult to see and to reason about.esfigial changes to the Ul can actually change
business logic. To change a business rule mayneeqticulous tracing of Ul code, database code, or
other program elements. Implementing coherent, tadiileen objects becomes impractical. Automated
testing is awkward. With all the technologies amgid¢ involved in each activity, a program must be
kept very simple or it becomes impossible to undei

Therefore,

Partition a complex program into LAYERS. Develop a design within eachAYER that is cohesive
and that depends only on the layers below. Followandard architectural patterns to provide
loose coupling to the layers above. Concentrate dlie code related to the domain model in one
layer and isolate it from the user interface, appkation, and infrastructure code. The domain
objects, free of the responsibility of displayinghemselves, storing themselves, managing
application tasks, and so forth, can be focused @xpressing the domain model. This allows a
model to evolve to be rich enough and clear enougb capture essential business knowledge and
put it to work.

Eric Evans, DOMAIN-DRIVEN DESIGN, Addison-Wesley,0 Eric Evans, 2004.
Creative Commons Deed: Attribution 2.0 7



ENTITIES (AKA REFERENCE OBJECTS)

Many objects are not fundamentally defined by ta#nibutes, but rather by a thread of continuityda
identity.

Some objects are not defined primarily by theirilattes. They represent a thread of identity thasr
through time and often across distinct represamatiSometimes such an object must be matched with
another object even though attributes differ. Ajeobmust be distinguished from other objects even
though they might have the same attributes. Mista#tentity can lead to data corruption.

Therefore,

When an object is distinguished by its identity, réher than its attributes, make this primary to its
definition in the model. Keep the class definitiorsimple and focused on life cycle continuity and
identity. Define a means of distinguishing each obft regardless of its form or history. Be alert to
requirements that call for matching objects by attibutes. Define an operation that is guaranteed
to produce a unique result for each object, possiplby attaching a symbol that is guaranteed
unique. This means of identification may come fronthe outside, or it may be an arbitrary
identifier created by and for the system, but it mst correspond to the identity distinctions in the
model. The model must define what imeansto be the same thing.
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VALUE OBJECTS

Many objects have no conceptual identity. Theseatbjdescribe some characteristic of a thing.

Tracking the identity oENTITIES is essential, but attaching identity to other otgecan hurt system
performance, add analytical work, and muddle theehby making all objects look the same.
Software design is a constant battle with compjeXNe must make distinctions so that special
handling is applied only where necessary.

However, if we think of this category of objectjast the absence of identity, we haven’'t added much
to our toolbox or vocabulary. In fact, these olgdthve characteristics of their own, and their own
significance to the modeThese are the objects that describe things.

Therefore:

When you care only about the attributes of an elenme of the model, classify it as asALUE

OBJECT. Make it express the meaning of the attributes itonveys and give it related functionality.
Treat the VALUE OBJECT as immutable. Don'’t give it any identity and avoidthe design
complexities necessary to maintaigNTITIES .
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SERVICES

Sometimes, it just isn’t a thing.

Some concepts from the domain aren’t natural toehasl objects. Forcing the required domain
functionality to be the responsibility of @uTITY or VALUE either distorts the definition of a model-
based object or adds meaningless artificial objects

Therefore:

When a significant process or transformation in thedomain is not a natural responsibility of an
ENTITY Or VALUE OBJECT, add an operation to the model as a standalone enface declared as a
SERVICE. Define the interface in terms of the language d@he model and make sure the operation
name is part of theuBIQUITOUS LANGUAGE . Make the SERVICE stateless.

Eric Evans, DOMAIN-DRIVEN DESIGN, Addison-Wesley,0 Eric Evans, 2004.
Creative Commons Deed: Attribution 2.0

10



MODULES (AKA PACKAGES)

Everyone useBODULES, but few treat them as a full-fledged part of thedel. Code gets broken down
into all sorts of categories, from aspects of #ahhical architecture to developers’ work assigrnsien
Even developers who refactor a lot tend to corttegrhselves witMODULES conceived early in the
project.

It is a truism that there should be low couplingWmEenmMoDULES and high cohesion within them.
Explanations of coupling and cohesion tend to ntaken sound like technical metrics, to be judged
mechanically based on the distributions of assimtiatand interactions. Yet it isn't just code being
divided intoMODULES, but concepts. There is a limit to how many thiagserson can think about at
once (hence low coupling). Incoherent fragmentsieds are as hard to understand as an
undifferentiated soup of ideas (hence high cohgsion

Therefore,

ChooseMODULES that tell the story of the system and contain a dwsive set of concepts. This

often yields low coupling between modules, but if doesn’t look for a way to change the model to
disentangle the concepts, or an overlooked concepiat might be the basis of amODULE that

would bring the elements together in a meaningful ay. Seek low coupling in the sense of concepts
that can be understood and reasoned about indepenalty of each other. Refine the model until it
partitions according to high-level domain conceptand the corresponding code is decoupled as
well.

Give theMODULES names that become part of th@BIQUITOUS LANGUAGE . MODULES and their
names should reflect insight into the domain.
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AGGREGATES

It is difficult to guarantee the consistency of mbes to objects in a model with complex association
Invariants need to be maintained that apply toetloselated groups of objects, not just discretects.
Yet cautious locking schemes cause multiple ugeirsiérfere pointlessly with each other and make a
system unusable.

Therefore:

Cluster the ENTITIES and VALUE OBJECTS into AGGREGATES and define boundaries around each.
Choose oneNTITY to be the root of eaclmGGREGATE, and control all access to the objects inside
the boundary through the root. Allow external objeds to hold references to the root only.
Transient references to internal members can be pasd out for use within a single operation only.
Because the root controls access, it cannot be llisided by changes to the internals. This
arrangement makes it practical to enforce all invarants for objects in theAGGREGATE and for the
AGGREGATE as a whole in any state change.

(Note: Many such schemes are possible. This seatitite book describes one particular set of rutes
detail.)
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FACTORIES

When creation of an object, or an entt@GREGATE becomes complicated or reveals too much of the
internal structure FACTORIESprovide encapsulation.

Creation of an object can be a major operatiotsiglfi but complex assembly operations do nohfit t
responsibility of the created objects. Combininghstesponsibilities can produce ungainly desigas th
are hard to understand. Making the client direcistmction muddies the design of the client, bineac
encapsulation of the assembled objeat@EREGATE, and overly couples the client to the
implementation of the created object.

Therefore,

Shift the responsibility for creating instances otomplex objects andAGGREGATES to a separate
object, which may itself have no responsibility ithe domain model but is still part of the domain
design. Provide an interface that encapsulates albmplex assembly and that does not require the
client to reference the concrete classes of the ebjs being instantiated. Create entire
AGGREGATES as a piece, enforcing their invariants.
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REPOSITORIES

A client needs a practical means of acquiring exfees to preexisting domain objects. If the
infrastructure makes it easy to do so, the devetopkthe client may add more traversable associgfi
muddling the model. On the other hand, they mayqusgies to pull the exact data they need from the
database, or to pull a few specific objects rathan navigating fromGGREGATEroots. Domain logic
moves into queries and client code, andakeTIES andvALUE OBJECTSbecome mere data containers.
The sheer technical complexity of applying mosttase access infrastructure quickly swamps the
client code, which leads developers to dumb-dovwerdibmain layer, which makes the model irrelevant.

Restating the problem:

A subset of persistent objects must be globallgssible through a search based on object attributes
Such access is needed for the rootsGEREGATESthat are not convenient to reach by traversalyThe
are usuall\ENTITIES, sometime¥ALUE OBJECTSwith complex internal structure, and sometimes
enumerate®ALUES. Providing access to other objects muddies impbdsstinctions. Free database
gueries can actually breach the encapsulation mfadto objects andGGREGATES Exposure of
technical infrastructure and database access misahgomplicates the client and obscures the
MODEL-DRIVEN DESIGN

Therefore:

For each type of object that needs global accesseate an object that can provide the illusion of
an in-memory collection of all objects of that typeSet up access through a well-known global
interface. Provide methods to add and remove objest which will encapsulate the actual insertion
or removal of data in the data store. Provide methds that select objects based on some criteria
and return fully instantiated objects or collectiors of objects whose attribute values meet the
criteria, thereby encapsulating the actual storagand query technology. Provide repositories only
for AGGREGATE roots that actually need direct access. Keep théient focused on the model,
delegating all object storage and access to tREPOSITORIES.
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Part Il

Refactoring Toward Deeper Insight

Using a proven set of basic building blocks alornipwonsistent language brings some sanity to the
development effort. This leaves the challenge tdalty finding an incisive model, one that captures
subtle concerns of the domain experts and can drpactical design. A model that sloughs off the
superficial and captures the essentialdeep modelThis should make the software more in tune with
the way the domain experts think and more respertsithe user’s needs.

Traditionally, refactoring is described in termscofle transformations with technical motivations.
Refactoring can also be motivated by an insight the domain and a corresponding refinement of the
model or its expression in code.

Sophisticated domain models are seldom developespethrough an iterative process of refactoring,
including close involvement of the domain experithwlevelopers interested in learning about the
domain.
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Supple Design

To have a project accelerate as development preeeedher than get weighed down by its own
legacy—demands a design that is a pleasure to wibhk inviting to change. A supple design.

Supple design is the complement to deep modeling.

Developers play two roles, each of which must lveeskby the design. The same person might well
play both roles—even switch back and forth in miisat-but the relationship to the code is different
nonetheless. One role is the developer of a clieimb, weaves the domain objects into the application
code or other domain layer code, utilizing capéb8iof the design. A supple design reveals a deep
underlying model that makes its potential clear Thent developer can flexibly use a minimal et o
loosely coupled concepts to express a range ofsicsrnin the domain. Design elements fit together i
a natural way with a result that is predictableady characterized, and robust.

Equally important, the design must serve the dgarlavorking to change it. To be open to change, a
design must be easy to understand, revealingsttraeunderlying model that the client developer is
drawing on. It must follow the contours of a deepdal of the domain, so most changes bend the
design at flexible points. The effects of its conlest be transparently obvious, so the consequerices
change will be easy to anticipate.
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Making Behavior Obvious

INTENTION-REVEALING INTERFACES

If a developer must consider the implementatioa obmponent in order to use it, the value of
encapsulation is lost. If someone other than tigiral developer must infer the purpose of an abjec
operation based on its implementation, that neveldg@er may infer a purpose that the operation or
class fulfills only by chance. If that was not theent, the code may work for the moment, but the
conceptual basis of the design will have been pbed; and the two developers will be working at
Cross-purposes.

Therefore,

Name classes and operations to describe their eftend purpose, without reference to the means
by which they do what they promise. This relievesie client developer of the need to understand
the internals. These names should conform to theBIQUITOUS LANGUAGE so that team members
can quickly infer their meaning. Write a test for abehavior before creating it, to force your
thinking into client developer mode.

SIDE-EFFECT-FREE FUNCTIONS

Interactions of multiple rules or compositions afaulations become extremely difficult to predithe
developer calling an operation must understanidnfdementation and the implementation of all its
delegations in order to anticipate the result. ibefulness of any abstraction of interfaces istéchif
the developers are forced to pierce the veil. Wittsafely predictable abstractions, the developerst
limit the combinatory explosion, placing a low @&j on the richness of behavior that is feasible to
build.

Therefore:

Place as much of the logic of the program as pos$#tinto functions, operations that return results
with no observable side effects. Strictly segregatmmmands (methods which result in
modifications to observable state) into very simpleperations that do not return domain
information. Further control side effects by movingcomplex logic intovALUE OBJECTS when a
concept fitting the responsibility presents itself.
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ASSERTIONS

When the side effects of operations are only definglicitly by their implementation, designs wih
lot of delegation become a tangle of cause andtefféde only way to understand a program is toetrac
execution through branching paths. The value oépsulation is lost. The necessity of tracing cotecre
execution defeats abstraction.

Therefore,

State post-conditions of operations and invariantsf classes andA\GGREGATES. If ASSERTIONS
cannot be coded directly in your programming languge, write automated unit tests for them.
Write them into documentation or diagrams where itfits the style of the project’s development
process.

Seek models with coherent sets of concepts, whigat a developer to infer the intended
ASSERTIONS, accelerating the learning curve and reducing theisk of contradictory code.
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Reducing Cost of Change

CONCEPTUAL CONTOURS

Sometimes people chop functionality fine to all@xillle combination. Sometimes they lump it lage t
encapsulate complexity. Sometimes they seek astamtsgranularity, making all classes and
operations to a similar scale. These are oversifiggliions that don’t work well as general rules.tBu
they are motivated by a basic set of problems.

When elements of a model or design are embeddaadrianolithic construct, their functionality gets
duplicated. The external interface doesn't saygherg a client might care about. Their meaning is
hard to understand, because different conceptiexed together.

On the other hand, breaking down classes and metadpointlessly complicate the client, forcing
client objects to understand how tiny pieces fifetiner. Worse, a concept can be lost completellf. Ha
of a uranium atom is not uranium. And of coursésritt just grain size that counts, but just whidre
grain runs.

Therefore:

Decompose design elements (operations, interfacelgsses, andGGREGATES) into cohesive units,
taking into consideration your intuition of the important divisions in the domain. Observe the
axes of change and stability through successive agforings and look for the underlying
CONCEPTUAL CONTOURS that explain these shearing patterns. Align the mael with the consistent
aspects of the domain that make it a viable area &howledge in the first place.

A supple design based on a deep model yields dessepof interfaces that combine logically to make
sensible statements in thBIQUITOUS LANGUAGEand without the distraction and maintenance barde
of irrelevant options.
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STANDALONE CLASSES

Even within avobuLE, the difficulty of interpreting a design increaseifdly as dependencies are
added. This adds to mental overload, limiting theigh complexity a developer can handle. Implicit
concepts contribute to this load even more thati@peferences.

Low coupling is fundamental to object design. Wheryou can, go all the way. Eliminatell other
concepts from the picture. Then the class will bearnpletely self-contained and can be studied and
understood alone. Every such self-contained clasgsificantly eases the burden of understanding
a MODULE .

CLOSURE OF OPERATIONS

Most interesting objects end up doing things tleartcbe characterized by primitives alone.

Therefore:

Where it fits, define an operation whose return tyje is the same as the type of its argument(s). If
the implementer has state that is used in the compation, then the implementer is effectively an
argument of the operation, so the argument(s) andeturn value should be of the same type as the
implementer. Such an operation is closed under theet of instances of that type. A closed
operation provides a high-level interface withoutmtroducing any dependency on other concepts.

This pattern is most often applied to the operatiohavALUE OBJECT Because the life cycle of an
ENTITYhas significance in the domain, you can't justjuomup a new one to answer a question. There
are operations that are closed undergMmiTytype. You could ask &mployee object for its
supervisor and get back anotiemployee . But in generalENTITIESare not the sort of concepts that
are likely to be the result of a computation. $otie most part, this is an opportunity to look ifothe
VALUE OBJECTS

You sometimes get halfway to this pattern. Theraggd matches the implementer, but the return type
is different, or the return type matches the regeand the argument is different. These operatames
not closed, but they do give some of the advantaigasOsure When the extra type is a primitive or
basic library class, it frees the mind almost achmasCcLOSURE

Eric Evans, DOMAIN-DRIVEN DESIGN, Addison-Wesley,0 Eric Evans, 2004.
Creative Commons Deed: Attribution 2.0 20



Declarative Design

There can be no real guarantees in handwrittewaodt To name just one way of evadAEBERTIONS
code could have additional side effects that wetespecifically excluded. No matter howoDEL-

DRIVEN our design is, we still end up writing proceduie@groduce the effect of the conceptual
interactions. And we spend so much of our timeimgiboilerplate code that doesn’t really add any
meaningor behavior. NTENTION-REVEALING INTERFACESand the other patterns in this chapter help, but
they can never give conventional object-orientesymms formal rigor.

These are some of the motivations betdedlarative designThis term means many things to many
people, but usually it indicates a way to writeragpam, or some part of a program, as a kind of
executable specification. A very precise descriptib properties actually controls the softwareit$n
various forms, this could be done through a refb@ctnechanism or at compile time through code
generation (producing conventional code automdgichhsed on the declaration). This approach allows
another developer to take the declaration at fabeev It is an absolute guarantee.

Many declarative approaches can be corrupted iflévelopers bypass them intentionally or
unintentionally. This is likely when the systendifficult to use or overly restrictive. Everyoneshi
follow the rules of the framework in order to ge¢ tbenefits of a declarative program.

A Declarative Style of Design

Once your design halSTENTION-REVEALING INTERFACES SIDE-EFFECTFFREE FUNCTIONS and
ASSERTIONS you are edging into declarative territory. Marfyttee benefits of declarative design are
obtained once you have combinable elements thatntonitate their meaning, and have characterized
or obvious effects, or no observable effects at all

A supple design can make it possible for the cloamte to use a declaratistyleof design. To
illustrate, the next section will bring togethensof the patterns in this chapter to make the
SPECIFICATIONmMore supple and declarative.

Drawing on Established Formalisms

Creating a tight conceptual framework from scrasckomething you can’t do every day. Sometimes
you discover and refine one of these over the eoofshe life of a project. But you can often usd a
adapt conceptual systems that are long establishgmlir domain or others, some of which have been
refined and distilled over centuries. Many busireggglications involve accounting, for example.
Accounting defines a well-developed setafliTIES and rules that make for an easy adaptation to a
deep model and a supple design.

There are many such formalized conceptual framesydnt my personal favorite is math. It is
surprising how useful it can be to pull out somé&twn basic arithmetic. Many domains include math
somewhere. Look for it. Dig it out. Specialized mat clean, combinable by clear rules, and people
find it easy to understand. One example from my gShares Math,” which will end this chapter.
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Part IV
Strategic Design
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Maintaining Model Integrity
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BOUNDED CONTEXT

Multiple models are in play on any large projecet When code based on distinct models is combined,
software becomes buggy, unreliable, and diffiaulibhderstand. Communication among team members
becomes confused. It is often unclear in what cdrgenodel shouldot be applied.

Therefore:

Explicitly define the context within which a modelapplies. Explicitly set boundaries in terms of
team organization, usage within specific parts ofte application, and physical manifestations such
as code bases and database schemas. Keep the mstigtly consistent within these bounds, but
don’t be distracted or confused by issues outside.
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CONTINUOUS INTEGRATION

Once aBOUNDED CONTEXThas been defined, we must keep it sound.

When a number of people are working in the samenDED CONTEXT, there is a strong tendency for
the model to fragment. The bigger the team, thgdrighe problem, but as few as three or four people
can encounter serious problems. Yet breaking dowrsystem into ever-smaller contexts eventually
loses a valuable level of integration and coherency

Therefore:

Institute a process of merging all code and otheniplementation artifacts frequently, with
automated tests to flag fragmentation quickly. Reletlessly exercise th&BIQUITOUS LANGUAGE to
hammer out a shared view of the model as the condspevolve in different people’s heads.

Eric Evans, DOMAIN-DRIVEN DESIGN, Addison-Wesley,0 Eric Evans, 2004.
Creative Commons Deed: Attribution 2.0 25



CONTEXT MAP

Translation
Map

An individualBOUNDED CONTEXTeaves some problems in the absence of a global. vihe context of
other models may still be vague and in flux.

People on other teams won't be very aware of titesth bounds and will unknowingly make changes
that blur the edges or complicate the interconnastiWhen connections must be made between
different contexts, they tend to bleed into eadtent

Therefore:

Identify each model in play on the project and defie itsBOUNDED CONTEXT. This includes the
implicit models of non-object-oriented subsystemd$\ame eachrBOUNDED CONTEXT, and make the
names part of theUBIQUITOUS LANGUAGE .

Describe the points of contact between the modelsytlining explicit translation for any
communication and highlighting any sharing.

Map the existingterrain. Take up transformations later.
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SHARED KERNEL

When functional integration is limited, the overtled CONTINUOUS INTEGRATIOKNaY be deemed too
high. This may especially be true when the teamsotibave the skill or the political organizatiom t

maintain continuous integration, or when a singlarh is simply too big and unwieldy. So separate
BOUNDED CONTEXT$night be defined and multiple teams formed.

Uncoordinated teams working on closely relatediappbns can go racing forward for a while, but
what they produce may not fit together. They cash gm spending more on translation layers and
retrofitting than they would have @®NTINUOUS INTEGRATIONIN the first place, meanwhile
duplicating effort and losing the benefits of a enomUBIQUITOUS LANGUAGE.

Therefore:

Designate some subset of the domain model that theo teams agree to share. Of course this
includes, along with this subset of the model, theubset of code or of the database design
associated with that part of the model. This explitly shared stuff has special status, and
shouldn’t be changed without consultation with theother team.

Integrate a functional system frequently, but someWwat less often than the pace afONTINUOUS
INTEGRATION within the teams. At these integrations, run thedsts of both teams.

CUSTOMER/SUPPLIER DEVELOPMENT TEAMS

Functionality is often partitioned such that ondsystem essentially feeds another; the second
performs analysis or other functions that feed baety little into the first. In such cases, the two
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subsystems commonly serve very different user coitiesy with different jobs, where different models
may be useful. The tool set may also be differeegning that program code cannot be shared.

The freewheeling development of the upstream teambe cramped if the downstream team has veto
power over changes, or if procedures for requestitagnges are too cumbersome. The upstream team
may even be inhibited, worried about breaking themstream system. Meanwhile, the downstream
team can be helpless, at the mercy of upstreamitg

Therefore:

Establish a clear customer/supplier relationship beveen the two teams. In planning sessions,
make the downstream team play the customer role tilve upstream team. Negotiate and budget
tasks for downstream requirements so that everyonenderstands the commitment and schedule.
Jointly develop automated acceptance tests that wilalidate the interface expected. Add these
tests to the upstream team'’s test suite, to be ruas part of its continuous integration. This testing
will free the upstream team to make changes withoutar of side effects downstream.

CONFORMIST

When two development teams have an upstream/dosamstrelationship in which the upstream has no
motivation to provide for the downstream team’sdseehe downstream team is helpless. Altruism may
motivate upstream developers to make promiseghleytare unlikely to be fulfilled. Belief in those
good intentions leads the downstream team to miakes fpased on features that will never be available
The downstream project will be delayed until thenteultimately learns to live with what it is givefin
interface tailored to the needs of the downstrezamtis not in the cards.

Therefore:

Eliminate the complexity of translation betweersOUNDED CONTEXTS by slavishly adhering to the
model of the upstream team. Although this cramps ta style of the downstream designers and
probably does not yield the ideal model for the apjcation, choosingCONFORMITY enormously
simplifies integration. Also, you will share auBIQUITOUS LANGUAGE Wwith your supplier team. The
supplier is in the driver’'s seat, so it is good tonake communication easy for them. Altruism may
be sufficient to get them to share information withyou.

ANTICORRUPTION LAYER

New systems almost always have to be integratédegtcy or other systems, which have their own
models. When control or communication is not adegjt@pull off aSSHARED KERNEDF
CUSTOMERSUPPLIER DEVELOPMENT TEAM$he interface can become more complex. Transldtipers
can be simple, even elegant, when bridging weligshesiBOUNDED CONTEXTSVith cooperative teams.
But when the other side of the boundary startead ithrough, the translation layer may take on aenmo
defensive tone.
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When a new system is being built that must haxagelinterface with another, the difficulty of rtey

the two models can eventually overwhelm the intérthe new model altogether, causing it to be
modified to resemble the other system’s modelpnim@ hoc fashion. The models of legacy systems are
usually weak, and even the exception that is walietbped may not fit the needs of the current jgtoje
Yet there may be a lot of value in the integratiammg sometimes it is an absolute requirement.

Therefore:

Create an isolating layer to provide clients with @inctionality in terms of their own domain model.
The layer talks to the other system through its esting interface, requiring little or no
modification to the other system. Internally, the &yer translates in both directions as necessary
between the two models.

SEPARATE WAYS

We must be ruthless when it comes to defining reougnts. If two sets of functionality have no
significant relationship, they can be completelyloase from each other.

Integration is always expensive, and sometimedgémefit is small.

Therefore:

Declare aBOUNDED CONTEXT to have no connection to the others at all, allowg developers to
find simple, specialized solutions within this smélkscope.
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OPEN HOST SERVICE

Typically for eactBOUNDED CONTEXTYou will define a translation layer for each camment with

which you have to integrate that is outside tleaTEXT Where integration is one-off, this approach of
inserting a translation layer for each external tgys avoids corruption of the models with a minimum
of cost. But when you find your subsystem in hegghahd, you may need a more flexible approach.

When a subsystem has to be integrated with margrgitbustomizing a translator for each can bog
down the team. There is more and more to maingid,more and more to worry about when changes
are made.

Therefore:

Define a protocol that gives access to your subsgst as a set o6ERVICES. Open the protocol so
that all who need to integrate with you can use itenhance and expand the protocol to handle new
integration requirements, except when a single tearnas idiosyncratic needs. Then, use a one-off
translator to augment the protocol for that specialcase so that the shared protocol can stay
simple and coherent.

PUBLISHED LANGUAGE

The translation between the models of BRUNDED CONTEXT$equires a common language.

Direct translation to and from the existing domaiadels may not be a good solution. Those models
may be overly complex or poorly factored. Theyprabably undocumented. If one is used as a data
interchange language, it essentially becomes framnencannot respond to new development needs.

Therefore:

Use a well-documented shared language that can exgss the necessary domain information as a
common medium of communication, translating as nessary into and out of that language.

Eric Evans, DOMAIN-DRIVEN DESIGN, Addison-Wesley,0 Eric Evans, 2004.
Creative Commons Deed: Attribution 2.0 30



Distillation

—James Clerk Maxwell, A Treatise on Electricity and
Magnetism, 1873

These four equations, along with the definitions of their
terms and the body of mathematics they rest on, express the
entirety of classical nineteenth-century electromagnetism.

How do you focus on your central problem and keemfdrowning in a sea of side issues?
Distillation is the process of separating the components okt to extract the essence in a form
that makes it more valuable and useful. A modaldstillation of knowledge. With every refactoring
to deeper insight, we abstract some crucial agfedmain knowledge and priorities. Now, stepping
back for a strategic view, this chapter looks aysma distinguish broad swaths of the model antilidis

the domain model as a whole.
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CORE DOMAIN

In designing a large system, there are so manyibotihg components, all complicated and all
absolutely necessary to success, that the essettemdadomain model, the real business asset, can be
obscured and neglected.

The harsh reality is that not all parts of the gesire going to be equally refined. Priorities mhesset.
To make the domain model an asset, the critica obthat model has to be sleek and fully leveraged
to create application functionality. But scarceghhy skilled developers tend to gravitate to techhi
infrastructure or neatly definable domain problgh®t can be understood without specialized domain
knowledge.

Therefore:

Boil the model down. Find thecORE DOMAIN and provide a means of easily distinguishing it fyrm
the mass of supporting model and code. Bring the nsbvaluable and specialized concepts into
sharp relief. Make the CORE small.

Apply top talent to the CORE DOMAIN, and recruit accordingly. Spend the effort in thecorE to
find a deep model and develop a supple design—suffnt to fulfill the vision of the system.
Justify investment in any other part by how it supprts the distilled CORE.
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GENERIC SUBDOMAINS

Some parts of the model add complexity without gapy or communicating specialized knowledge.
Anything extraneous makes tberRe DOMAIN harder to discern and understand. The model elpgs
with general principles everyone knows or detditst belong to specialties which are not your primar
focus but play a supporting role. Yet, however gien¢hese other elements are essential to the
functioning of the system and the full expressibthe model.

Therefore:

Identify cohesive subdomains that are not the motation for your project. Factor out generic
models of these subdomains and place them in sept@&ODULES. Leave no trace of your
specialties in them.

Once they have been separated, give their continigrdevelopment lower priority than theCoRrRE
DOMAIN , and avoid assigning your core developers to thasks (because they will gain little
domain knowledge from them). Also consider off-theshelf solutions or published models for these
GENERIC SUBDOMAINS.

DOMAIN VISION STATEMENT

At the beginning of a project, the model usuallgsit even exist, yet the need to focus its
development is already there. In later stages eéldpment, there is a need for an explanation @f th
value of the system that does not require an irtkdstpdy of the model. Also, the critical aspedtthe
domain model may span multig®UNDED CONTEXTS but by definition these distinct models can’t be
structured to show their common focus.

Therefore:

Write a short description (about one page) of theorRE DOMAIN and the value it will bring, the
“value proposition.” Ignore those aspects that do at distinguish this domain model from others.
Show how the domain model serves and balances digerinterests. Keep it narrow. Write this
statement early and revise it as you gain new ingig
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HIGHLIGHTED CORE

A DOMAIN VISION STATEMENidentifies thecORE DOMAININ broad terms, but it leaves the identification
of the specificOREmModel elements up to the vagaries of individuadrpretation. Unless there is an
exceptionally high level of communication on thentethevisioN STATEMEN®&lone will have little
impact.

Even though team members may know broadly whattitotes theCORE DOMAIN, different people

won’t pick out quite the same elements, and evers#ime person won't be consistent from one day to
the next. The mental labor of constantly filterthg model to identify the key parts absorbs
concentration better spent on design thinking,iarehuires comprehensive knowledge of the model.
The CORE DOMAIN must be made easier to see.

Significant structural changes to the code aredéal way of identifying theore DOMAIN, but they

are not always practical in the short term. In faoth major code changes are difficult to undertak
without the very view the team is lacking.

Therefore (as one form efGHLIGHTED CORE):

Write a very brief document (three to seven sparspages) that describes theore DOMAIN and
the primary interactions among CORE elements.

Therefore (as another form BIGHLIGHTED CORE):

Flag the elements of theeORE DOMAIN within the primary repository of the model, without
particularly trying to elucidate its role. Make it effortless for a developer to know what is in or
out of the CORE.

As a corollary and process opportunity:

If the distillation document outlines the essentia of theCORE DOMAIN, then it serves as a

practical indicator of the significance of a modethange. When a model or code change affects the
distillation document, it requires consultation with other team members. When the change is
made, it requires immediate notification of all tean members, and the dissemination of a new
version of the document. Changes outside theoRE or to details not included in the distillation
document can be integrated without consultation onotification and will be encountered by other
members in the course of their work. Then the devepers have the full autonomy that XP
suggests.

Although theviSION STATEMENT andHIGHLIGHTED COREinform and guide, they do not actually modify
the model or the code itself. PartitioniagNERIC SUBDOMAINSphysically removes some distracting
elements. Next we'll look at other ways to struatlyrchange the model and the design itself to make
the CORE DOMAIN more visible and manageable. . . .
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COHESIVE MECHANISMS

Computations sometimes reach a level of complédRay begins to bloat the design. The conceptual
“what” is swamped by the mechanistic “how.” A langember of methods that provide algorithms for
resolving the problem obscure the methods thatesgpthe problem.

Therefore:

Partition a conceptually COHESIVE MECHANISM into a separate lightweight framework.
Particularly watch for formalisms or well-documented categories of algorithms. Expose the
capabilities of the framework with anINTENTION -REVEALING INTERFACE . Now the other elements
of the domain can focus on expressing the problerwhat”), delegating the intricacies of the
solution (“how”) to the framework.

Factoring outGENERIC SUBDOMAINSeduces clutter, andOHESIVE MECHANISMServe to encapsulate
complex operations. This leaves behind a more fmtusodel, with fewer distractions that add no
particular value to the way users conduct theinties. But you are unlikely ever to find good hesm
for everythingin the domain model that is NnObRE TheSEGREGATED COREakes a direct approach to
structurally marking off th€eORE DOMAIN . . .
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SEGREGATED CORE

Elements in the model may partially serve tla&REDOMAIN and partially play supporting rolesoe
elements may be tightly coupled to generic ones. dnceptual cohesion of tberREmay not be
strong or visible. All this clutter and entanglerhehokes thecORE Designers can't clearly see the
most important relationships, leading to a weakgies

Therefore:

Refactor the model to separate theoRE concepts from supporting players (including ill-déined
ones) and strengthen the cohesion of tlmRE while reducing its coupling to other code. Factor
all generic or supporting elements into other objets and place them into other packages, even if
this means refactoring the model in ways that sepate highly coupled elements.

ABSTRACT CORE

— ‘\\ﬁ
[

5 4

Even thecorRe boMAINModel usually has so much detail that communigdtie big picture can be

difficult.

When there is a lot of interaction between subdomai separat®ODULES, either many references
will have to be created betwemiobDULES, which defeats much of the value of the partitigpior the
interaction will have to be made indirect, whichkes the model obscure.

Therefore:

Identify the most fundamental concepts in the modeknd factor them into distinct classes,
abstract classes, or interfaces. Design this absttamodel so that it expresses most of the
interaction between significant components. Placédiis abstract overall model in its owrMODULE ,
while the specialized, detailed implementation clags are left in their ownMODULES defined by
subdomain.
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Large-Scale Structure

Thousands of people worked independently to cteat&IDS Quilt.

In a large system without any overarching principlat allows elements to be interpreted in terms of
their role in patterns that span the whole dedigwgelopers cannot see the forest for the tréésneed
to be able to understand the role of an indivighzat in the whole without delving into the detaifsthe
whole.

A “large-scale structure” is a language that letswydiscuss and understand the system in broad
strokes A set of high-level concepts or rules, or bothiakkshes a pattern of design for an entire
system. This organizing principle can guide designvell as aid understanding. It helps coordinate
independent work because there is a shared cooftdm big picture: how the roles of various parts
shape the whole.

Devise a pattern of rules or roles and relationshipthat will span the entire system and that allows
some understanding of each part’s place in the whel—even without detailed knowledge of the
part’s responsibility.

EvoOLVING ORDER

Design free-for-alls produce systems no one carersakse of as a whole, and they are very difftoult
maintain. But architectures can straitjacket agobyvith up-front design assumptions and take too
much power away from the developers/designers niicpéar parts of the application. Soon, developers
will dumb down the application to fit the structuce they will subvert it and have no structurelit
bringing back the problems of uncoordinated devalept.

Therefore:

Let this conceptual large-scale structur@volve with the application, possibly changing to a
completely different type of structure along the wg. Don’t over constrain the detailed design and
model decisions that must be made with detailed kndedge.

Large-scale structure should be applied when a staiure can be found that greatly clarifies the
system without forcing unnatural constraints on moel development. Because an ill-fitting
structure is worse than none, it is best not to stw for comprehensiveness, but rather to find a
minimal set that solves the problems that have emged. Less is more.

What follows is a set of four particular patterrnidarge-scale structure that emerge on some prsject
and are representative of this kind of pattern.
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SYSTEM METAPHOR

Metaphorical thinking is pervasive in software depenent, especially with models. But the Extreme
Programming practice of “metaphor” has come to meaparticular way of using a metaphor to bring
order to the development of a whole system.

Software designs tend to be very abstract andtbagdasp. Developers and users alike need tangible
ways to understand the system and share a viemedytstem as a whole.

Therefore:

When a concrete analogy to the system emerges tlwptures the imagination of team members
and seems to lead thinking in a useful direction,dopt it as a large-scale structure. Organize the
design around this metaphor and absorb it into theJBIQUITOUS LANGUAGE . The SYSTEM
METAPHOR should both facilitate communication about the sygm and guide development of it.
This increases consistency in different parts of #hsystem, potentially even across different
BOUNDED CONTEXTS. But because all metaphors are inexact, continuglireexamine the metaphor
for overextension or inaptness, and be ready to dmit if it gets in the way.

RESPONSIBILITY LAYERS

Throughout this book, individual objects have bassigned narrow sets of related responsibilities.
Responsibility-driven design also applies to largeales.

When each individual object has handcrafted respibities, there are no guidelines, no uniformity,
and no ability to handle large swaths of the dontajiether. To give coherence to a large moded, it i
useful to impose some structure on the assignnfehbee responsibilities.

Therefore:

Look at the conceptual dependencies in your modehd the varying rates and sources of change
of different parts of your domain. If you identify natural strata in the domain, cast them as broad
abstract responsibilities. These responsibilitieswuld tell a story of the high-level purpose and
design of your system. Refactor the model so thaté responsibilities of each domain object,
AGGREGATE, and MODULE fit neatly within the responsibility of one layer.
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KNOWLEDGE LEVEL

Some
Knowlege

Behavioral
Strateg

Thing Type

Knowledge Level

Operational Level
Thing

A group of objects that describe how another grofipbjects should behave (from Martin Fowler's
Web site, www.martinfowler.com)

In an application in which the roles and relatidpstbetweerENTITIES vary in different situations,
complexity can explode. Neither fully general madebr highly customized ones serve the users’
needs. Objects end up with references to othestigpeover a variety of cases, or with attributes t
are used in different ways in different situatioBtasses that have the same data and behavior may
multiply just to accommodate different assemblyesul

Therefore:

Create a distinct set of objects that can be used tlescribe and constrain the structure and
behavior of the basic model. Keep these concerngpseate as two “levels,” one very concrete, the
other reflecting rules and knowledge that a user osuper-user is able to customize.

PLUGGABLE COMPONENT FRAMEWORK

Opportunities arise in a very mature model thaiéep and distilled. ALUGGABLE COMPONENT
FRAMEWORKuUsually only comes into play after a few applicati have already been implemented in the
same domain.

When a variety of applications have to interoperaliebased on the same abstractions but designed
independently, translations between multipdeJNDED CONTEXTSlimit integration. ASHARED KERNEL
is not feasible for teams that do not work clogebether. Duplication and fragmentation raise coéts
development and installation, and interoperabBitggomes very difficult.

Therefore:

Distill an ABSTRACT CORE of interfaces and interactions and create a frameurk that allows
diverse implementations of those interfaces to bedely substituted. Likewise, allow any
application to use those components, so long ajerates strictly through the interfaces of the
ABSTRACT CORE.
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