GRASP: DESIGNING OBJECTS
WITH RESPONSIBILITIES

Understanding responsibilities is key to good object-oriented design.

—Martin Fowler

Objectives
® Learn to apply five of the GRASP principles or patterns for OOD.

This chapter and the next contribute significantly to an understanding of core
00 design (O0OD). O0D is sometimes taught as some variation of the following:

After identifying your requirements and creating a domain
model, then add methods to the appropriate classes, and define
the messaging between the objects to fulfill the requirements.

Ouch! Such vague advice doesn’t help us, because deep principles and issues are
involved. Deciding what methods belong where and how objects should interact
carries consequences and should be undertaken seriously. Mastering OOD—and
this is its intricate charm—involves a large set of soft principles, with many
degrees of freedom. It isn’t magic—the patterns can be named (important!),
explained, and applied. Examples help. Practice helps. And this small step
helps: After studying these case studies, try recreating (from memory) the
Monopoly solution on walls with partners, and apply the principles, such as
Information Expert.

! ?
What's Next? Having introduced basic dynamic and static UML notation to support OO

design, this chapter introduces design principles. The next provides more
detailed case study examples applying these principles and UML modeling.

A R

UML Interaction  UML Class Object Design Object Design Designing
Diagrams Diagrams with GRASP Examples for Visibility
O —0O L O O
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7.1 UML versus Design Principles

JML and silver -~ Since the UML is si
d st . simply a standard vi
ullet thinking details doesn’t teach you how to th?flk Yllls

12 The UML is sometimos describod qs o objects—that’s a theme of this book.

“design tool” but that’s not quite right. ..

The critical design tool fo
: . n i r software development is a mind
cated in design principles. Tt is not the UML or any other techln't)logfell -

7.2 Object Design: Example Inputs, Activities, and Outputs

This section i ig-pi
summarizes a big-picture example of design in an iterative method:

What’s been done? — Prior activities (e.g., workshop) and artifacts.

m  How do things relate?
design.

— Influence of prior artifacts (e.g., use cases) on 00

®  How much design modeling to do, and how?
®  What’s the output?

Especially,
design.

I'd like you to understand how the analysis artifacts relate to object

What Are Inputs to Object Design?

Let’s start with “process” in
: puts. Assume we are devel i
NextGen project, and the following scenario is true:Ve Ppere working on the PO

e first two-day requir i i
y requirements workshop is finished. The chief architect and business agree to implement and test

some scenarios of Process Sale in the fi
i rst i -
timeboxed iteration. first three-week

ree of the twenty use cases—those that are the most
chitecturally significant and of high business value—have
en analyzed in detail, including, of course, the Process Sale
e case. (The UP recommends, as typical with iterative
et}}ods, analyzing only 10%-20% of the requirements i
ail before starting fo program.) "

Other artifacts have been st
: arted: Supplement ifica-
tion, Glossary, and Domain Model. P ary Specifica

vgramming experiments have resolved the show-stopper

hnical questions, such as whether i
R adava S i
rk on a touch screen. va Swing Uil

'lI(‘)I;e. chilef ar;hitect has drawn some ideas for the large-scale
tcal architecture, using UML package di is i
part of the UP Design Model. paciuge Cagrams. This is

at are the artifact inputs and their relationship to object design?! They are
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ual modeling language, knowing itg

OBJECT DESIGN: EXAMPLE INPUTS, ACTIVITIES, AND OUTPUTS

summarized in Figure 17.1 and in the following table.

‘teix?t defines the visible behavior that the soft- The Supplementary Specification defines the non-func-
must ultimately support—objects are designed to | tional goals, such as internalization, our objects must satisfy.
mplement) the use cases. In the UP, this OO design
ot surprisingly, the use case realization.

equence diagrams identify the system opera- The Glossary clarifies details of parameters or data coming

s, which are the starting messages on our inter- |in from the Ul layer, data being passed to the database, and
detailed item-specific logic or validation requirements, such
as the legal formats and validation for product UPCs (univer-
sal product codes).

ams of collaborating objects.

on contracts may complement the use case text | The Domain Model suggests some names and attributes of
4t the software objects must achieve in a system software domain objects in the domain layer of the software
The post-conditions define detailed achievements. | architecture.

Not all of these artifacts are necessary. Recall that in the UP all elements are
optional, possibly created to reduce some risk.

What Are Activities of Object Design?

We're ready to take off our analyst hats and puﬁ on our designer-modeler hats.

Given one or more of these inputs, developers 1) start immediately coding (ide-
p. 386 ally with test-first development), 2) start some UML modeling for the object
design, or 3) start with another modeling technique, such as CRC cards.?

In the UML case, the real point is not the UML, but visual modeling—using a
language that allows us to explore more visually than we can with just raw text.
In this case, for example, we draw both interaction diagrams and complemen-

D p. 277 tary class diagrams (dynamic and static modeling) during one modeling day.

And most importantly, during the drawing (and coding) activity we apply vari-
ous OO design principles, such as GRASP and the Gang-of-Four (GoF)
design patterns. The overall approach to doing the OO design modeling will be
based on the metaphor of responsibility-driven design (RDD), thinking
about how to assign responsibilities to collaborating objects.

This and subsequent chapters explore what it means
to apply RDD, GRASP, and some of the GoF design patterns.

1. Other artifact inputs could include design documents for an existing system being
3 modified. It’s also useful to reverse-engineer existing code into UML package dia-
grams to see the large-scale logical structure and some class and sequence diagrams.

2. All of these approaches are skillful depending on context and person.

I S



What Are the Outputs?
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On the modeling day,
either at the walls or w
eling for the difficult,

and database modeling with UMIL, drawings
forth.

UL 0
» Prototyping tools, sketches, ang S

Business

) Modeling
During UML drawin

modeling) that we are drawing the models

nicate, not to document. Of course, we exp
useful input to the definj

8, we adopt the realistic attitude (also promoted in agi]

primarily to understand and commy
ect some of the UML diagramsg to b

tion (or automated code generation with g UML tool) o
the code.
On Tuesday—still early in the three-week timeboxed iteration—the team stop
modeling and puts on progr.

ammer hats to avoid a waterfall men

tality of ovep.
ng.

modeling before programmi

Figure 17.1 illustrates some in
UML interaction and class dia
inputs during design; for exam

tracts, scanning the domaj
tion.

What’s been cr

puts and their relationship to the output of 3
gram. Notice that we may refer to these analysis
ple, re-reading the use case text or operation con-
n model, and reviewing the Supplementary Specifica-

Require-

eated during the modeling day (for example)?

specifically for object design, UML interaction

, class, and package diagrams
for the difficult parts of t

he design that we wished to explore before coding

TS
OBJECT DESIGN: EXAMPLE INPUTS, ACTIVITIES, AND OUTPU

Sample UP Artifact Relationships

Domain Model

* Sales
Sale 1 T Lineltem
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Use-Case Model
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, Supplementary
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the post-
conditions

R
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Figure 17.1 Artifact relationships emphasizing influence on OO desig
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7.3 Responsibilities and Responsibility-Driven Design

 representa-
wal gap p. 138

A plopular way of3t}.11n'king about the design of software objects and also larger-
scale components® is in terms of responsibilities, roles, and collaborations,

This is part of 31 .
[WMO2f rt of a larger approach called responsibility-driven design or RDD

(I)?Vl‘,%}zllg,ﬂv;le t(}innlr; }(l)f software objects as having responsibilities—an abstraction
o daSSieger’c’). o 1\2 gg\dL defines a ?e.s'p_onsibility as “a contract or obligation
b Cassil OMG 3bl. Resp9ns1b111t1es are related to the obligations or

ehavior of an object in terms of its role. Basically, these responsibilities f
the following two types: doing and knowing. , e

Doing responsibilities of an object include:

o do@ng something itself, such as creating an object or
doing a calculation

O initiating action in other objects

o controlling and coordinating activities in other objects
Knowing responsibilities of an object include:

O knowing about private encapsulated data

‘0 knowing about related objects

O knowing about things it can derive or calculate

Respoxisiinlities are assigned to classes of objects during object design. For
Eexzmp e, niay declgre that “?. Sale is responsible for creating SalesLineltems”
a doing), or “a Sale is responsible for knowing its total” (a knowing).

Ciltu%eline: For sofi;we}re d'omain objects, the domain model, because of the
i tri u1l:e: and a“ssoc1a’.c10n”s it illustrates, often inspires the relevant responsibil-
les related to “knowing.” For example, if the domain model Sale class has a

time attribute, it’s natural by the i
, goal of lo
o Bae cloca bt i w representational gap that a soft-

The trans_lation of responsibilities into classes and methods is influenced by the
granularity of the responsibility. Big responsibilities take hundreds of classes
and meich_ods. Little responsibilities might take one method. For example, th
gesponmblhty to “provide access to relational databases” may involve tvff)o ilune-}
red classeg a}r}d thousands of methods, packaged in a subsystem. By contrast
the responsibility to “create a Sale” may involve only one method in one class ’

A responsibility is not the same thing as a method—it’s an abstraction—but

GRASP: A METHODICAL APPROACH TO BASIC OO DESIGN

RDD also includes the idea of collaboration. Responsibilities are implemented
by means of methods that either act alone or collaborate with other methods
and objects. For example, the Sale class might define one or more methods to
know its total; say, a method named getTotal. To fulfill that responsibility, the
Sale may collaborate with other objects, such as sending a getSubtotal message

to each SalesLineltem object asking for its subtotal.

RDD is a Metaphor

RDD is a general metaphor for thinking about OO software design. Think of
software objects as similar to people with responsibilities who collaborate
with other people to get work done. RDD leads to viewing an OO design as a

community of collaborating responsible objects.

Key point: GRASP names and describes some basic principles to assign respon-
sibilities, so it’s useful to know—to support RDD.

GRASP: A Methodical Approach to Basic OO Design

GRASP: A Learning Aid for OO Design with Responsibilities

It is possible to name and explain the detailed principles and reasoning required
to grasp basic object design, assigning responsibilities to objects. The GRASP
principles or patterns are a learning aid to help you understand essential object
design and apply design reasoning in a methodical, rational, explainable way.
This approach to understanding and using design principles is based on patterns

of assigning responsibilities.
This chapter—and several others—uses GRASP as a tool to help master the
basics of OOD and understanding responsibility assignment in object design.

Understanding how to apply GRASP
for object design is a key goal of the book.

So, GRASP is relevant, but on the other hand, it’s just a learning aid to struc-
ture and name the principles—once you “grasp” the fundamentals, the specific
GRASP terms (Information Expert, Creator, ...) aren’t important.

methods fulfill ibilities. oY
responsibilities 5  What's the Connection Between Responsibilities, GRASP, and
UML Diagrams?

3. Thinking in terms of responsibilities can apply at any scale of software—from a small

object to a system of systems.
You can think about assigning responsibilities to objects while coding or while

o786
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modeling. Within the UML, drawing interaction diagrams becomes the occasion
for considering these responsibilities (realized as methods).

: Sale

I
|
|
I
i
|
|
1

makePayment(cashTendered)
Q Lt

_ create(cashTendered) | . payment

abstract, implies Sale objects have a }
responsibility to create Payments i
I
I

Figure 17.2 Responsibilities and methods are related.

Figure 17.2 indicates that Sale objects have been given a responsibility to create
Payments, which is concretely invoked with a makePayment message and han-
dled yvith a corresponding makePayment method. Furthermore, the fulfillment
of this responsibility requires collaboration to create the Payment object and
invoke its constructor.

Therefo?e, when we draw a UML interaction diagram, we are deciding on
responsibility assignments. This chapter emphasizes fundamental principles—
expressed in GRASP—to guide choices about assigning responsibilities. Thus,
you can apply the GRASP principles while drawing UML interaction diagrams
and also while coding. ,

What are Patterns?

E).(perienced OO developers (and other software developers) build up a reper-
toire .of both general principles and idiomatic solutions that guide them in the
creation of software. These principles and idioms, if codified in a structured for-
mat describing the problem and solution and named, may be called patterns.
For example, here is a sample pattern:

Pattern Name: Information Expert

Prpblem: What is a basic principle by which to assign
responsibilities to objects?

Solution: Assign a responsibility to the class that has the
information needed to fulfill it.

WHAT ARE PATTERNS?

In OO design, a pattern is a named description of a problem and solution that
can be applied to new contexts; ideally, a pattern advises us on how to apply its
solution in varying circumstances and considers the forces and trade-offs. Many
patterns, given a specific category of problem, guide the assignment of responsi-

bilities to objects.

Most simply, a good pattern is a named and well-known problem/solution
pair that can be applied in new contexts, with advice on how to apply it in
novel situations and discussion of its trade-offs, implementations, variations,

and so forth.

" Patterns Have Names—Important!

Software development is a young field. Young fields lack well-established names

for their principles—and that makes communication and education difficult.

Patterns have names, such as Information Expert and Abstract Factory. Naming

a pattern, design idea, or principle has the following advantages:

m It supports chunking and incorporating that concept into our understanding
and memory.

m = It facilitates communication.

When a pattern is named and widely published—and we all agree to use the
name—we can discuss a complex design idea in shorter sentences (or shorter
diagrams), a virtue of abstraction. Consider the following discussion between

two software developers, using a vocabulary of pattern names:

Jill: “Hey Jack, for the persistence subsystem, let’s expose the services with a
Facade. We'll use an Abstract Factory for Mappers, and Proxies for lazy material-

ization.”
Jack: “What the hell did you just say?!?”
Jill: “Here, read this...”

‘New Pattern’ is an Oxymoron

New pattern should be considered an oxymoron if it describes a new idea. The
very term “pattern” suggests a long-repeating thing. The point of design pat-
terns is not to express new design ideas. Quite the opposite—great patterns
attempt to codify existing tried-and-true knowledge, idioms, and principles; the
more honed, old, and widely used, the better.

Consequently, the GRASP patterns don’t state new ideas; they name and codify
widely used basic principles. To an OO design expert, the GRASP patterns—by
idea if not by name—will appear fundamental and familiar. That’s the point!
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The Gang-of-Four Design Patterns Book

The idea of named patterns in software comes from
Kent Beck (also of Extreme Programming fame) in
the mid 1980s.4 However, 1994 was a major milestone
in the history of patterns, OO design, and software
design books: The massive-selling and hugely influen-
tial book Design Patterns [GHJV95]5 was published,
authored by Gamma, Helm, Johnson, and Vlissides.
The book, considered the “Bible” of design pattern
books, describes 23 patterns for QO design, with
names such as Strategy and Adapter. These 23 pat-
terns, authored by four people, are therefore called the
Gang of Four® (or GoF) design patterns.

Design Pattern

Elements of

However, Design Patterns isn’t an introductory book; it assumes significant prior
OO design and programming knowledge, and most code examples are in C++.

Later—intermediate—chapters of this book, especially Chapter 26 (p. 435),
Chapter 36 (p. 587), and Chapter 37 (p. 621) introduce many of the most fre-
quently used GoF design patterns and apply them to our case studies. Also: See
“Contents by Major Topics” on page ix.

It is a key goal of this text to learn both GRASP and essential GoF patterns.

Is GRASP a Set of Patterns or Principles?

GRASP defines nine basic OO design principles or basic building blocks in
design. Some have asked, “Doesn’t GRASP describe principles rather than pat-

terns?” One answer is in the words of the Gang of Four authors, from the preface
of their influential Design Patterns book:

One person’s pattern is another person’s primitive building block.

Rather than focusing on labels, this text focuses on the pragmatic value of using
the pattern style as an excellent learning aid for naming, presenting, and

‘remembering basic, classic design ideas.

4. The notion of patterns originated with the (building) architectural patterns of Chris-
topher Alexander [AIS77]. Patterns for software originated in the 1980s with Kent
Beck, who became aware of Alexander’s pattern work in architecture, and then were
developed by Beck with Ward Cunningham [BC87, Beck94] at Tektronix.

5. Publishers list the publication date as 1995, but it was released October 1994.
6. Also a subtle joke related to mid-1970s Chinese politics following Mao’s death.

Where

WHERE ARE WE Now?

are We Now?

So far, this chapter has summarized the background for OO design:

1. The iterative process background—nPrior artifacts? How do they relate to
0O design models? How much time should we spend design modeling?

2. RDD as a metaphor for object design—a community of collaborating respon-
sible objects.

3. Patterns as a way to name and explain OO design ideas—GRASP for ba_sic
patterns of assigning responsibilities, and GoF for more adv_anced design
ideas. Patterns can be applied during modeling and during coding.

4. UML for OO design visual modeling, during which time both GRASP and
GoF patterns can be applied.

With that understood, it’s time to focus on some details of object design.

A Short Example of Object Design with GRASP

GRASP pai-

Creator

Following sections explore GRASP in more detail, but let’s start with a shor'ter
example to see the big ideas, applied to the Monopoly case study. There are nine
GRASP patterns; this example applies the following subset:

Creator
B Information Expert
m Low Coupling
m Controller

m High Cohesion

Probiem: Who creates the Square object?

One of the first problems you have to consider in QO design is: Who creates
object X? This is a doing responsibility. For example‘, in the Monopoly case study,
who creates a Square software object? Now, any object can create a Square, but
what would many OO developers choose? And why?

How about having a Dog object (i.e., some arbitrary class) be the cr‘eatOI:? No! W,e
can feel it in our bones. Why? Because—and this is the critical point—it doesn’t
appeal to our mental model of the domain. Dog doesn’t support low represen-
tational gap (LRG) between how we think of the domaln and a gtral.ghtfor—
ward correspondence with software objects. I've done this prgblem with hteral'ly
thousands of developers, and virtually every one, from 'Indla to the USAZ’- will
say, “Make the Board object create the Squares.” Interesting! It reflects an “intu-
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ition” that OO software developers often (exceptions are explored later) want
“containers” to create the things “contained,” such as Boards creating Squares,

By the way, why we are defining software classes with the names Square and
Board, rather than the names AB324 and ZC17? Answer: By LRG. This con.
nects the UP Domain Model to the UP Design Model, or our mental model of the
domain to its realization in the domain layer of the software architecture. .

With that as background, here’s the definition of the Creator pattern?:

Name: Creator

Problem: Who creates an A?

Solution: Assign class B the responsibility to create an instance of class
(this can be A if one of these is true (the more the better);

viewed as « - .

advice) B “contains” or compositely aggregates A.

B Brecords A.
8 B closely uses A.

® B has the initializing data for A.

Notice this has to do with responsibility assignment. Let’s see how to apply Cre-
ator. ,

First, a subtle but important point in applying Creator and other GRASP pat-
terns: B and A refer to software objects, not domain model objects. We first try to
apply Creator by looking for existing software objects that satisfy the role of B.
But what if we are just starting the OO design, and we have not yet defined any
software classes? In this case, by LRG, look to the domain model for inspiration,

Thus, for the Square creation problem, since no software classes are yet defined,
we look at the domain model in Figure 17.3 and see that a Board contains
Squares. That’s a conceptual perspective, not a software one, but of course we
can mirror it in the Design Model so that a software Board object contains soft-
ware Square objects. And then consistent with LRG and the Creator advice, the
Board will create Squares. Also, Squares will always be a part of one Board, and
Board manages their creation and destruction; thus, they are in a composite
aggregation association with the Board.

Recall that an agile modeling practice is to create parallel complementary
dynamic and static object models. Therefore, I've drawn both a partial sequence
diagram and class diagram to reflect this design decision in which I've applied a
GRASP pattern while drawing UML diagrams. See Figure 17.4 and Figure 17.5.
Notice in Figure 17.4 that when the Board is created, it creates a Square. For
brevity in this example, I'll ignore the side issue of drawing the loop to create all
40 squares.

7. Alternate creation patterns, such as Concrete Factory and Abstract Factory, are dis-
cussed later.

A SHORT EXAMPLE OF OBJECT DESIGN WITH GRASP

Containg
Yo
S afe
hoyme
e
Figure 17.3 Monopoly iteration-1 domain model.
| Codaf
_¢reate \:‘h LS

Boacd | & (N
- eyl Soma
\
{

Figure 17.4 Applying the Creator pattern in a dynamic model.

Figure 17.5 In a DCD of the Design Model, Board has a composite aggregation
association with Squares. We are applying Creator in a static model.
Information Expert

Problem: Who knows about a Square object, given a key?

The pattern Information Expert (often abbreviated to Expert)’ is one of the most
basic responsibility assignment principles in object design.
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Suppose objects need to be able to refer-

ence a particular Square, given its '

name. Who should be responsible for ? ?' ?
knowing a Square, given a key? Of

course, this is a knowing responsibility, 5= o)\d S‘“M"’( Rewa) t
but Expert also applies to doing. - - M‘—N) '

As with Creator, any object can be responsible, but what would many OO devel-
opers choose? And why? As with the Creator problem, most OO developers
chgose the Board object. It seems sort of trivially obvious to assign this responsi-
bll.lty tf’ a Board, but it is instructive to deconstruct why, and to learn to appl

this principle in more subtle cases. Later examples will get more subtle. i

Information Expert explains why the Board is chosen:

Name: Information Expert
Problem: Wha‘_c is a basic principle by which to assign responsibilities
to objects?
Solution: Assign a res ibili i
. ponsibility to the class that has th i
(advice) needed to fulfill it. 7 the information

A -responsibih:ty needs information for its fulfillment—information about other
obJects,_an object’s own state, the world around an object, information the object
can derlve,. and.so forth. In this case, to be able to retrieve and present any one
Square—given its name—some object must know (have the information) about
all the Sguares. We previously decided, as shown in Figure 17.5, that a software
Board will aggregate all the Square objects. Therefore, Board has the informa-

tion necessary to fulfill this res ibili i i
( ponsibility, Figure 17.6 ill i
Expert in the context of drawing, r e Hustrates applying

M’k
w8

) ol‘\*d‘g\&n( ‘\mml*

t
}
}
]
Figure 17.6 Applying Expert.

The next GRASP principle, Low Coupling,

e 1 explai h; i
principle of 00 desten plains why Expert is a useful, core

Low Coupling

Question: Why Board over Dog?

Expe_rt guides us to assign the responsibility to know a particular Square, given
a unique name, to the Board object because the Board knows about all the

- chp\ %)Mt(«mf)

A SHORT EXAMPLE OF OBJECT DESIGN WITH GRASP

Squares (it has the information—it is the Information Expert). But why does
Expert give this advice?

The answer is found in the principle of Low Coupling. Briefly and informally,
coupling is a measure of how strongly one element is connected to, has knowl-
edge of, or depends on other elements. If there is coupling or dependency, then
when the depended-upon element changes, the dependant may be affected. For
example, a subclass is strongly coupled to a superclass. An object A that calls on
the operations of object B has coupling to B’s services.

The Low Coupling principle applies to many dimensions of software develop-
ment; it’s really one of the cardinal goals in building software. In terms of object
design and responsibilities, we can describe the advice as follows:

Name: Low Coupling .
Problem: How to reduce the impact of change?

Solution: Assign responsibilities so that (unnecessary) coupling
(advice) remains low. Use this principle to evaluate alternatives.

We use Low Coupling to evaluate existing designs or to evaluate the choice
between new alternatives—all other things being equal, we should prefer a
design whose coupling is lower than the alternatives.

_ ‘ ! Boacd\ ’ | L:e@:!‘\m(('&\?ﬂ
‘ r
f !

v s oAU Savmees |

}
\
|
\ \
\
\
!
i

!

I
'

Roas X
anXALLSq@«m

- N ”

Y "\“SM;( (mote) cow‘»\\»c B FDO‘& kq% %QSB)A(Q {

Figure 17.7 Evaluating the effect of coupling on this design.

For example, as we've decided in Figure 17.5, a Board object contains many
Squares. Why not assign getSquare to Dog (i.e., some arbitrary other class)?
Consider the impact in terms of low coupling. If a Dog has getSquare, as shown
in the UML sketch in Figure 17.7, it must collaborate with the Board to get the
collection of all the Squares in the Board. They are probably stored in a Map col-
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lection object, which allows retrieval by a key. Then, the Dog can access and
return one particular Square by the key name.

But let’s evaluate the total coupling with this poor Dog design versus our origi.
nal design where Board does getSquare. In the Dog case, the Dog and the Boarq
must both know about Square objects (two objects have coupling to Square); in
the Board case, only Board must know about Square objects (one object hag
coupling to Square). Thus, the overall coupling is lower with the Board design,
and all other things being equal, it is better than the Dog design, in terms of
supporting the goal of Low Coupling.

At a higher-goal level, why is Low Coupling desirable? In other words, why
would we want to reduce the impact of change? Because Low Coupling tends to
reduce the time, effort, and defects in modifying software. That’s a short answer,
but one with big implications in building and maintaining software!

Key Point: Expert Supports Low Coupling

To return to the motivation for Information Expert: it guides us to a choice
that supports Low Coupling. Expert asks us to find the object that has most
of the information required for the responsibility (e.g., Board) and assign
responsibility there.

If we put the responsibility anywhere else (e.g., Dog), the overall coupling
will be higher because more information or objects must be shared away
from their original source or home, as the squares in the Map collection had
to be shared with the Dog, away from their home in the Board.

Applying UML: Please note a few UML elements in the sequence diagram in
Figure 17.7:

m The return value variable sqs from the getAllSquares message is also used
to name the lifeline object in sgs : Map<Square> (e.g., a collection of type
Map that holds Square objects). Referencing a return value variable in a
lifeline box (to send it messages) is common.

m  The variable s in the starting getSquare message and the variable s in the
later get message refer to the same object.

m The message expression s = get(name) : Square indicates that the type of s is
a reference to a Square instance.

Controller

A simple layered architecture has a UI layer and a domain layer, among others.
Actors, such as the human observer in the Monopoly game, generate Ul events,
such as clicking on a button with a mouse to play the game. The UI software
objects (in Java for example, a JFrame window and a JButton button) must then
react to the mouse click event and ultimately cause the game to play.

A SHORT EXAMPLE OF OBJECT DESIGN WITH GRASP

From the Model-View Separation Principle, we know the Ul objects should rot
contain application or “business” logic such as calculating a player’s move.
Therefore, once the Ul objects pick up the mouse event, they need to delegate
(forward the task to another object) the request to domain objects in the domain

layer.

The Controller pattern answers this simple question: What first object after or
beyond the UI layer should receive the message from the Ul layer?

To tie this back to system sequence diagrams, as a review of Figure 17.8 shows,
the key system operation is playGame. Somehow the human observer generates
a playGame request (probably by clicking on a GUI button labeled “Play Game”)

and the system responds.
:S ghm\
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Figure 17.8 SSD for the Monopoly game. Note the playGame operation.

Figure 17.9 illustrates a finer-grained look at what’s going on, assuming a Java
Swing GUI JFrame window and JButton button.8 Clicking on a JButton sends
an actionPerformed message to some object, often to the JFrame window itself,
as we see in Figure 17.9. Then—and this is the key point—the JFrame window
must adapt that actionPerformed message into something more semantically
meaningful, such as a playGame message (to correspond to the SSD analysis),
and delegate the playGame message to a domain object in the domain layer.

Do you see the connection between the SSD system operations and
the detailed object design from the UI to domain layer? This is important.

Thus, Controller deals with a basic question in OO design: How to connect the
UI layer to the application logic layer? Should the Board be the first object to
receive the playGame message from the Ul layer? Or something else?

8. Similar objects, messages, and collaboration patterns apply to .NET, Python, etc.
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In some OOA/D methods, the name controller was given to the application logic
object that received and “controlled” (coordinated) handling the request.
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Figure 17.9 Who is the Controller for the playGame system operation?

The Controller pattern offers the following advice:

Name: Controller

Problem: What first object beyond the UI layer receives and coordi-

nates (“controls”) a system operation?

Solution:
(advice)

Assign the responsibility to an object representing one of
these choices:

m Represents the overall “system,” a “root object,” a device
that the software is running within, or a major sub-
system (these are all variations of a facade controller).

m Represents a use case scenario within which the system
operation occurs (a use case or session controller)

Let’s consider these options:

Option 1: Represents the overall “system,” or a “root object”—such as an object
called MonopolyGame.

Option 1: Represents a device that the software is running within—this option
appertains to specialized hardware devices such as a phone or a bank cash
machine (e.g., software class Phone or BankCashMachine); it doesn’t apply in
this case.

Option 2: Represents the use case or session. The use case that the playGame
system operation occurs within is called Play Monopoly Game. Thus, a software

The | %

A SHORT EXAMPLE OF OBJECT DESIGN WITH GRASP

class such as PlayMonopolyGameHandler (appending “...Handler” or “...Se‘zs-
sion” is an idiom in OO design when this version is used).

Option #1, class MonopolyGame, is reasonable if there are only a few system
operations (more on the trade-offs when we discuss High Cohesion). Therefore,
Figure 17.10 illustrates the design decision based on Controller.

Mom \
3 Framel

Eo\‘ Sw\n
™ indon 0 ! Sychim

Figure 17.10 Applying the Controller pattern—using MonopolyGame.
Connecting the Ul layer to the domain layer of software objects.

High Cohesion

Based on the Controller decision, we are
now at the design point shown in the

sequence diagram to the right. The \
detailed design discussion of what comes
next—consistently and methodically ‘o\ GCame \
applying GRASP—is explored in a fol- '&_\b—"—'

\
1
lowing chapter, but right now we have e What
: |
!

two contrasting design approaches
worth considering, illustrated in Figure
17.11.
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Figure 17.11 Contrasting the level of cohesion in different designs.

Notice in the left-hand version that the MonopolyGame object itself does all the
work, and in the right-hand version it delegates and coordinates the work for the
playGame request. In software design a basic quality known as cohesion infor-
mally measures how functionally related the operations of a software element
are, and.also measures how much work a software element is doing. As a simple
contrasting example, an object Big with 100 methods and 2,000 source lines of
code (SLOC) is doing a lot more than an object Small with 10 methods and 200
source l}n.eg. And if the 100 methods of Big are covering many different areas of
rgspons1b1hty (such as database access and random number generation), then
Big has less focus or functional cohesion than Small. In summary, bot’h the
?;r}xloupt of code and the relatedness of the code are an indicator of an object’s
esion.

To be cl(?ar, bad cohesion (low cohesion) doesn’t just imply an object does work

only by'ltself; indeed, a low cohesion object with 2,000 SLOC probably collabo-

rates with many other objects. Now, here’s a key point: All that interaction tends

fg c}zllso dcreate bad (high) coupling. Bad cohesion and bad coupling often go hand-
-hand.

In terms of the contrasting designs in Figure 17.11, the left-hand version of
MonopolyQame has worse cohesion than the right-hand version, since the left-
hand version is making the MonopolyGame object itself do all the work, rather
than. delegatlng and distributing work among objects. This leads to the p’rinciple
of 'ngh Cohesion, which is used to evaluate different design choices. All other
things being equal, prefer a design with higher cohesion.

APPLYING GRASP TO OBJECT DESIGN

Name: High Cohesion

Problem: How to keep objects focused, understandable, and manage-
able, and as a side effect, support Low Coupling?

Solution: Assign responsibilities so that cohesion remains high. Use

(advice) this to evaluate alternatives.

We can say that the right-hand design better supports High Cohesion than the
left-hand version.

-Applying GRASP to Object Design

GRASP stands for General Responsibility Assignment Software Patterns.? The
name was chosen to suggest the importance of grasping these principles to suc-
cessfully design object-oriented software.

Understanding and being able to apply the ideas behind GRASP—while coding
or while drawing interaction and class diagrams—enables developers new to
object technology needs to master these basic principles as quickly as possible;
they form a foundation for designing OO systems.

There are nine GRASP patterns:

Creator Controller Pure Fabrication
Information Expert High Cohesion Indirection
Low Coupling Polymorphism Protected Variations

The remainder of this chapter reexamines the first five in more detail; the
remaining four are introduced in Chapter 25 starting on p. 413.

0 Creator

Problem Who should be responsible for creating a new instance of some class?

The creation of objects is one of the most common activities in an object-oriented
system. Consequently, it is useful to have a general principle for the assignment
of creation responsibilities. Assigned well, the design can support low coupling,
increased clarity, encapsulation, and reusability.

9. Technically, one should write “GRAS Patterns” rather than “GRASP Patterns,” but
the latter sounds better.

291




292

17 - GRASP: DESIGNING ORJECTS WITH RESPONSIBILITIES

Solution Assign class B the responsibility to create an instance of class A if one of these is

Example

true (the more the better):10

® B “contains” or compositely aggregates A.
B B records A.

B B closely uses A,

B B has t}'le initializing data for A that will be passed to A when it is created.
Thus B is an Expert with respect to creating A,

B is a creator of A objects.

If more than one option applies, usually prefer a class B which aggregates or
contains class A.

In the NextGen POS application, who should be responsible for creating a Sales-

Li'neItem instance? By Qreator, we should look for a class that aggregates, con-
tains, and so on, SalesLineltem instances. Consider the partial domain model in

Figure 17.12,

1 *
Product
L‘Sa:?s Description
ineltem
- -description
quantity price
itemID
|

Figure 17.12 Partial domain model.

Since a Sale contains (in fact, aggregates) many SalesLineltem objects, the Cre-
ator pattern suggests that Sale is a good candidate to have the responsibility of

creating SalesLineltem instances. This leads to the design of object interactions
shown in Figure 17.13.

This as§ignment of requnsibﬂities requires that a makeLineltem method be
defined in Sal.e. .Ql}ce again, the context in which we considered and decided on
these responsibilities was while drawing an interaction diagram. The method

section of a class diagram can then summarize the responsibility assignment
results, concretely realized as methods,

10.10tthe1‘ creation patterns, such as Concrete Factory and Abstract Factory, are explored
ater.

Discussion

traindications

Benefits

CREATOR

: Register : Sale

makeLineltem(quantity)

v

: SalesLineltem

Figure 17.13 Creating a SalesLineltem,

Creator guides the assigning of responsibilities related to the creation of objects,
a very common task. The basic intent of the Creator pattern is to find a creator
that needs to be connected to the created object in any event. Choosing it as the
creator supports low coupling.

Composite aggregates Part, Container contains Content, and Recorder records.
Recorded are all very common relationships between classes in a class diagram.
Creator suggests that the enclosing container or recorder class is a good candi-
date for the responsibility of creating the thing contained or recorded. Of course,
this is only a guideline,

Note that we turned to the concept of composition in considering the Creator
pattern. A composite object is an excellent candidate to make its parts.

Sometimes you identify a creator by looking for the class that has the initializ-
ing data that will be passed in during creation. This is actually an example of
the Expert pattern. Initializing data is passed in during creation via some kind
of initialization method, such as a Java constructor that has parameters. For
example, assume that a Payment instance, when created, needs to be initialized
with the Sale total. Since Sale knows the total, Sale is a candidate creator of the
Payment.

Often, creation requires significant complexity, such as using recycled instances
for performance, conditionally creating an instance from one of a family of simi-
lar classes based upon some external property value, and so forth. In these
cases, it is advisable to delegate creation to a helper class called a Concrete Fac-
tory or an Abstract Factory [GHJV95] rather than use the class suggested by
Creator. Factories are discussed starting on p. 440.

m Low coupling is supported, which implies lower maintenance dependencies
and higher opportunities for reuse. Coupling is probably not increased
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because the created class is likely already visible to the creator class, due tq
the existing associations that motivated its choice as creator.

B Low Coupling
Concrete Factory and Abstract Factory

m  Whole-Part [BMRSS96] describes a pattern to define aggregate objects that
support encapsulation of components.

11 Information Expert (or Expert)

Problem

Solution

Example

204

What is a general principle of assigning responsibilities to objects?

A Design Model may define hundreds or thousands of software classes, and an
application may require hundreds or thousands of responsibilities to be fulfilled,
During object design, when the interactions between objects are defined, we
make choices about the assignment of responsibilities to software classes. If
we've chosen well, systems tend to be easier to understand, maintain, and
extend, and our choices afford more opportunity to reuse components in future
applications.

Assign a responsibility to the information expert—the class that has the infor-
mation necessary to fulfill the responsibility.

In the NextGEN POS application, some class needs to know the grand total of a
sale.

- Start assigning responsibilities by clearly stating the responsibility.

By this advice, the statement is:
Who should be responsible for knowing the grand total of a sale?

By Information Expert, we should look for that class of objects that has the
information needed to determine the total.

Now we come to a key question: Do we look in the Domain Model or the Design
Model to analyze the classes that have the information needed? The Domain
Model illustrates conceptual classes of the real-world domain; the Design Model
illustrates software classes.

Answer:

1. Ifthere are relevant classes in the Design Model, look there first.

2. Otherwise, look in the Domain Model, and attempt to use (or expand) its

representations to inspire the creation of corresponding design classes.

INFORMATION EXPERT (OR EXPERT)

For example, assume we are just starting design work and there is no, or a min-
imal, Design Model. Therefore, we look to the Domain Model for information
experts; perhaps the real-world Sale is one. Then, we add a software class to the
Design Model similarly called Sale, and give it the responsibility of knowing its
total, expressed with the method named get7otal. This approach supports low
representational gap in which the software design of objects appeals to our con-
cepts of how the real domain is organized.

To examine this case in detail, consider the partial Domain Model in Figure
17.14.

Sale
time
1
Contains
1 *
- Product
Sales % 1 Description
Lineltem Described-by —
description
quantity price
itemiD

Figure 17.14 Associations of Sale.

What information do we need to determine the grand total? We need to know
about all the SalesLineltem instances of a sale and the sum of their subtotals. A
Sale instance contains these; therefore, by the guideline of Information Expert,
Sale is a suitable class of object for this responsibility; it is an information expert

for the work.

As mentioned, it is in the context of the creation of interaction diagrams that
these questions of responsibility often arise. Imagine we are starting to work
through the drawing of diagrams in order to assign responsibilities to objects. A
partial interaction diagram and class diagram in Figure 17.15 illustrate some

decisions.

t = getTotal Sale

— -

:Sale

time

New method ‘\ ................................... o) getTotaI()

Figure 17.15 Partial interaction and class diagrams.
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INFORMATION EXPERT (OR EXPERT)

We are not done yet. What info i .
. rmation d ; ©
subtotal? SalesLineltem.quantity and ;r;’g; 2%338 Ct;) dte.termine the line iter L The principle by which we assigned each responsibility was Information
tpiron.price. The Sales. Expert—placing it with the object that had the information needed to fulfill it.

Lineltem knows its quantit i i
' y and its associated P ption;
Expert, SalesLineltem should determine the SFSE)ZUCtDeSC”thn’ e ore i

expert. total; it is the information
Sale
In terms of an interacti i
action i i
Subtotal messages £ eachdljfg?;im, this means that the Sale should send gez. fime
desion is oh es 1 e SalesLineltems and sum the results: thi - -
gn is shown in Figure 17.16. ) V8 { = getTotal 1* st = getSubtotal lineltems[i1:
' SalesLineltem getTotal()
1 this notation will imply we
are iterating over all e 1.1: p := getPrice() SalesLineltem
elements of a collection Sale
—_— ] quantity
{= ge_t;otal o hme B gotSublotal()
: Sale 1*: st = getSubtotal lineltems[ i ] : R | Description
SalesLineltem getTotal() Product
roauc
Description
SalesLineltem description
price
quantity itemID
N
.................................. o| getsubtomg New method o o getprioe)

Figure 17.16 Calculating the Sal '
t
e total. Figure 17.17 Calculating the Sale total.

To fulfill the responsibility of knowing and answering its subtotal, a Sales-

Lineltem has to know the product price, Discussion Information Expert is frequently used in the assignment of responsibilities; it is

a basic guiding principle used continuously in object design. Expert is not meant
to be an obscure or fancy idea; it expresses the common “intuition” that objects

The ProductD iption i ; .
oductDescription is an information expert on answering its price; do th lated to the inf hey h
o things related to the information they have.

fore, SalesLineltem sends it a message asking for the product price there-
Notice that the fulfillment of a responsibility often requires information that is
spread across different classes of objects. This implies that many “partial” infor-
mation experts will collaborate in the task. For example, the sales total problem
ultimately required the collaboration of three classes of objects. Whenever infor-

mation is spread across different objects, they will need to interact via messages
to share the work.

The design is shown in Figure 17.17.

In conclusion, to fulfill the res

total, we assigned three res
lows,

p.onls.ib.ility of knowing and answering the sale’s
ponsibilities to three design classes of objects as fol-

Design Class Responsibility Expert usually leads to designs where a software object does those operations

Sale : that are normally done to the inanimate real-world thing it represents; Peter
knows sale total Coad calls this the “Do It Myself” strategy [Coad95]. For example, in the real

SalesLineltem . world, without the use of electro-mechanical aids, a sale does not tell you its
knows line item subtotal total; it is an inanimate thing. Someone calculates the total of the sale. But in

ProductDescription K : object-oriented software land, all software objects are “alive” or “animated,” and
nows product price they can take on responsibilities and do things. Fundamentally, they do things

related to the information they know. I call this the “animation” principle in

We considered and decided on these responsibilities in the context of drawing an object design,; it is like being in a cartoon where everything is alive.

interaction diagram. We could then summarize the methods in the method sec-

tion of a class diagram. The Information Expert pattern—like many things in object technology—has a

real-world analogy. We commonly give responsibility to individuals who have
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Contraindications

Benefits

Low COUPLING
17 - GRASP: DEsiGNING OBJECTS WITH RESPONSIBILITIES

the information necessary to fulfill a tagk, For example
should be responsible for creating a profit-and-logg stateme
has access to all the information necessary to create it~perh
cial officer. And just as software objects collaborate becauge
spread around, so it is with people. The company’s chief fin
ask accountants to generate reports on credits and debitg.

ponSl 1 i ” o« I Myself,” “Put
b'l't'es with data,” “That which knows, does, [0} P

1 ibilit1 N C Do It

wi th the Attributes They Work On.

In some situations, a solution suggested by Expert ig u
because of problems in coupling and cohesion (these Drinci

i se?
later in this chapter), low change impact, and increased reu

, dependency, _
1 £ how strongly one element is connected to, has knowl

i ling is
th low (or weak) coup
e elef‘rtfs :nz;y” is context dependent, but

For example, who should be responsible for saving a Sg/e

tainly, much of the information to be saved is in the Sg/e objec g is a measure 0

relies on other e

could argue that the responsibility lies in the Sqle class, Anc - . T ents;

sion of thig decision, each class would have its own servié:;sy . dent on too mal'}‘izzzezlii?nts include classes, subsystems, systems,

database. But acting on that reasoning leads to prob ‘ 4 ine it anyway.

and duplication. For example, the Sale class must now conty . ' . 1 n many other classes. Such classes

database handling, such ag that related to SQL and JDBC ( ~ ith high (or strong) coupling rﬁ. 1efs ﬁowing problems:

nectivity). The class no longer focuses on Jjust the pure applic 7 ' ndesirable; some suffer from the fo X -

a sale.” Now other kinds of responsibilities lower itg cohesion . s because of changes in related classes.

coupled to the technical database services of another subsys ‘ ' local changes e ‘ _

services, rather than Just being coupled to other objects in ¢ . er to understand in isolation. ditional presence of the

i i he ad
er to reuse because its use requires t

k ' s on which it is dependent. |
All these problems indicate violation of a basic architectura 7 | | R
for a separation of major system concerns, Keep applicatio . ~esponsibﬂity i eoplngrema

o ' . tudy:
. ; v ) . m a NextGen case s
intermingling different System concerns in the same compone ' ‘ the following partial class diagram fro
i i : ; ' ' \ ' Sale
Supporting a separation of major concerns mproves coupling , 7 : et :
design. Thus, even though by Expert we could find some ju _ Paym
the responsibility for databage services in the Sale class, for 0 - stance and associate it with the Sale.
, _ n

. Payment i . “records” a Payment
we need to create a . . . Register “rec !
ass should be responsible for this? Since a 81; s Register as a candidate

: , es
B Information encapsulation is maintained since objects us v al-world domain, the Cregtor Pattern ngid then send an addPaym_ent
mation to fulfill tasks, This usually supports low couplin - ng the Payment. The Register instance ¢ as a parameter. A possible

~ , n
more robust and maintainable systems. Low Coupling is | , to the Sale, passing along the new Payme o Figure 17.18,

teraction diagram reflecting this is shown 1

tion, thus encouraging more cohesive “lightweight” class de
easier to understand ang maintain. High cohesion is u
(another pattern discussed later).

_—

11. See Chapter 33 for a discussion of separation of concerns.
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Discussion Low Cogpling is a principle to keep in mind dur
underlylgg goal to continually consider. Tt is
apply while evaluating all design decisions
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—
makePayment()

: Register

1: create(}—> b : Payment

2: addPayment(p) —»

:Sale

Figure 17.18 Register creates Payment.

This assignment of responsibilities coup

the Payment class. les the Register class to knowledge of

Applying UML: Note that th
: : e Poyment inst i ici .
message 2 it can be referenced as‘); para £:£;108 is explicitly named p so that in

Figure 17.19 shows an alternative solution to creatin

ating it with the Sale. g the Payment and associ-

— “—‘ }
makePayment -
yment() @ 1: makePayment() Sale

1.1. create()

:Payment

Figure 17.19 Sale creates Payment.

Which desi :

In both ¢ ;égg’vl?:zgﬁ ats}jlgnment of responsibilities, supports Low Coupling?
Payment. Design 1, i Gil' }? Sale must eventually be coupled to knowledge of a
Register to Paymen,t-rlljw rich the Regzster creates the Payment, adds coupling of
doos not incroase th’ esign 2, in which the Sale does the creation of a Payment
Design 2 because i te co,uph?lg' Purely from the point of view of coupling prefel,-
how tro oatt ma1nta1n§ overall lower coupling. This example illl;strates

patterns—Low Coupling and Creator—may suggest different solutions.

I \ .
n practice, the level of coupling alone can’t be considered in isolation from

ing all design decisions; it is an
an evaluative prineciple that you

Ntraindications

Low COUPLING

In object-oriented languages such as C++, Java, and C#, common forms of coup-
ling from TypeX to TypeY include the following:

m TypeX has an attribute (data member or instance variable) that refers to a
TypeY instance, or TypeY itself.

m A TypeX object calls on services of a TypeY object.

m  TypeX has a method that references an instance of TypeY, or TypeY itself, by
any means. These typically include a parameter or local variable of type
TypeY, or the object returned from a message being an instance of TypeY.

m TypeXis a direct or indirect subclass of TypeY.
m TypeY is an interface, and TypeX implements that interface.

Low Coupling encourages you to assign a responsibility so that its placement
does not increase the coupling to a level that leads to the negative results that
high coupling can produce.

Low Coupling supports the design of classes that are more independent, which
reduces the impact of change. It can’t be considered in isolation from other pat-
terns such as Expert and High Cohesion, but rather needs to be included as one
of several design principles that influence a choice in assigning a responsibility.

A subclass is strongly coupled to its superclass. Consider carefully any decision
to derive from a superclass since it is such a strong form of coupling. For exam-
ple, suppose that objects must be stored persistently in a relational or object
database. In this case, you could follow the relatively common design practice of
creating an abstract superclass called PersistentObject from which other classes
derive. The disadvantage of this subclassing is that it highly couples domain
objects to a particular technical service and mixes different architectural con-
cerns, whereas the advantage is automatic inheritance of persistence behavior.

You cannot obtain an absolute measure of when coupling is too high. What is
important is that you can gauge the current degree of coupling and assess
whether increasing it will lead to problems. In general, classes that are inher-
ently generic in nature and with a high probability for reuse should have espe-
cially low coupling.

The extreme case of Low Coupling is no coupling between classes. This case
offends against a central metaphor of object technology: a system of connected
objects that communicate via messages. Low Coupling taken to excess yields a
poor design—one with a few incohesive, bloated, and complex active objects that
do all the work, and with many passive zero-coupled objects that act as simple
data repositories. Some moderate degree of coupling between classes is normal
and necessary for creating an object-oriented system in which tasks are fulfilled
by a collaboration between connected objects.

High coupling to stable elements and to pervasive elements is seldom a problem.

For example, a J2EE application can safely couple itself to the Java libraries
(java.util, and so on), because they are stable and widespread.
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Pick Your Battles

It is not high coupling per se that is the problem; it is high coupling to elementg
that are unstable in some dimension, such as their interface, implementation, op
mere presence. ’

ThlS. is an important point: As designers, we can add flexibility, encapsulate
details and implementations, and in general design for lower coupling in many
areas of the system. But, if we put effort into “future proofing” or lowering the
coupling when we have no realistic motivation, this is not time well spent.

You must pick your battles in lowering coupling and encapsulating things. Focus
on the pc_)ints of realistic high instability or evolution. For example, in the Next-
Qen project, we know that different third-party tax calculators (with unique
interfaces) need to be connected to the system. Therefore, designing for low
coupling at this variation point is practical.

B not affected by changes in other components

B simple to understand in isolation

B convenient to reuse

Coupling and cohesion are truly fundamental principles in design, and should
b‘e appreciated and applied as such by all software developers. Larry Constan-
tine, also a founder of structured design in the 1970s and a current advocate of
more attention to usability engineering [CL99], was primarily responsible in the
1960s for identifying and communicating coupling and cohesion as critical prin-
ciples [Constantine68, CMS74].

m Protected Variation

7.13 Controller

Problem

302

What first object beyond the UI layer receives and coordinates (“controls”) a sys-
tem operation?

System operations were first explored during the analysis of SSD. These are
the major input events upon our system. For example, when a cashier using a
PQS terminal presses the “End Sale” button, he is generating a system event
indicating “the sale has ended.” Similarly, when a writer using a word processor
presses the “spell check” button, he is generating a system event indicating “per-
form a spell check.”

A cgqtroller is the first object beyond the UI layer that is responsible for
receiving or handling a system operation message.

CONTROLLER

Solution Assign the responsibility to a class representing one of the following choices:

Example

m Represents the overall “system,” a “root object,” a device that the software is
running within, or a major subsystem—these are all variations of a facade

controller.

m Represents a use case scenario within which the system event occurs, often
named <UseCaseName>Handler, <UseCaseName>Coordinator, or <Use-
CaseName>Session (use case or session controller).

o TUse the same controller class for all system events in the same use
case scenario.

o Informally, a session is an instance of a conversation with an actor.
Sessions can be of any length but are often organized in terms of
use cases (use case sessions).

Corollary: Note that “window,” “view,” and “document” classes are not on this
list. Such classes should not fulfill the tasks associated with system events; they
typically receive these events and delegate them to a controller.

Some get a better sense of applying this pattern with code examples. Look ahead
in the Implementation section on p. 309 for Java examples of both rich client

and Web Uls.

The NextGen application contains several system operations, as illustrated in
Figure 17.20. This model shows the system itself as a class (which is legal and
sometimes useful when modeling).

System

endSale()
enterltem()
makeNewSale()
makePayment()

Figure 17.20 Some system operations of the NextGen POS application.

During analysis, system operations may be assigned to the class System in some
analysis model, to indicate they are system operations. However, this does not
mean that a software class named System fulfills them during design. Rather,
during design, a controller class is assigned the responsibility for system opera-

tions (see Figure 17.21).
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CONTROLLER

—
enteritem(id, quantity) ‘Register

presses button

>
enterltem(id, quantity) 'L:ProcessSaleHandler

Cagshier

Figure 17.22 Controller choices.

During design, the system operations identified during system behavior analy-
sis are assigned to one or more controller classes, such as Register, as shown in

Ul Layer :SaleJFrame Figure 17.23.
¢ -’SysteT—T Register T
- endSale()
, , teritem() —_—>
) Which class of object should be responsible for receiving thi en endSale()
g this
Domain <997 system event message? mat:ﬁ:wn?:rlﬁg enterltem()
Layer ma y makeNewSale()
Itis sometimes called the controller or coordinator. It does not makePayment()
. keNewReturn()
normally do the work, but delegates it to other objects. ont
¢ ¢ ¢ J enterReturnitem() makeNewReturn()
The contraller is a kind of "facade” onto the domain layer from enterReturnitem()
the interface layer.
Figure 17.21 What object should be the Controller for enterltem? tion of syst
: llocation of system
system operations alloca'] 0 desi
; ered during system operations during design,
Who should be the controller for system events such as enterltem and endSale? g:ﬁ:\\//ior analysig ’ using one facade controller
By the Controller pattern, here are some choices:
Represents the overall “system,” “root object,” Register, POSSystem —-——————— T T T -
device, or subsystem. ProcessSale HandleReturns
. dl
Represents a receiver or handler of all system ProcessSaleHandler, m Handler Handler
events of a use case scenario. ProcessSaleSession m—’
N ote tha}t in 13he domain of POS, a Register (called a POS Terminal) is a special- ﬁ,n;ﬁ:,t\]eénw%ab() endSale() enterReturnitem()
ized device with software running in it. kePayment() enterltem() makeNewReturn()
) . ma 4 makeNewSale() |
In terms of interaction diagrams, one of the examples in Figure 17.22 could be enterReturnitem() makePayment()
useful. makeNewReturn()
The S}Loice lr(If which of these classes is the most appropriate controller is influ- allocation of system
enc i ; :
ed by other factors, which the following section explores. operations during design,
using several use case
controllers
Figure 17.23 Allocation of system operations.
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pattern with code examples. Look ahead

. . .
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CONTROLLER

tem, such as POSSystem; or any other concept which the designer chooses to
represent the overall system or a subsystem, even, for example, ChessGame if it

was game software.

Facade controllers are suitable when there are not “too many” system events, or
when the user interface (UI) cannot redirect system event messages to alternat-
ing controllers, such as in a message-processing system.

If you choose a use case controller, then you will have a different controller for
each use case. Note that this kind of controller is not a domain object; it is an
artificial construct to support the system (a Pure Fabrication in terms of the
GRASP patterns). For example, if the NextGen application contains use cases
such as Process Sale and Handle Returns, then there may be a ProcessSaleHan-

dler class and so forth.

When should you choose a use case controller? Consider it an alternative when
placing the responsibilities in a facade controller leads to designs with low cohe-
sion or high coupling, typically when the facade controller is becoming “bloated”
with excessive responsibilities. A use case controller is a good choice when there
are many system events across different processes; it factors their handling into
manageable separate classes and also provides a basis for knowing and reason-
ing about the state of the current scenario in progress.

In the UP and Jacobson’s older Objectory method [Jacobson92], there are the
(optional) concepts of boundary, control, and entity classes. Boundary objects
are abstractions of the interfaces, entity objects are the application-indepen-
dent (and typically persistent) domain software objects, and control objects
are use case handlers as described in this Controller pattern.

A important corollary of the Controller pattern is that UI objects (for example,
window or button objects) and the UI layer should not have responsibility for
fulfilling system events. In other words, system operations should be handled in
the application logic or domain layers of objects rather than in the Ul layer of a
system. See the “Issues and Solutions” section for an example.

Web Uls and Server-Side Application of Controller

Please see p. 310 for a server-side example using Java Struts—a popular frame-
work.

A similar delegation approach can be used in ASPNET and WebForms: The
“code behind” file that contains event handlers for Web browser button clicks
will obtain a reference to a domain controller object (e.g., a Register object in the
POS case study), and then delegate the request for work. This is in contrast to
the common, fragile style of ASPNET programming in which developers insert
application logic handling in the “code behind” file, thus mixing application logic

into the Ul layer.

Server-side Web UI frameworks (such as Struts) embody the concept of the Web-
MVC (Model-View-Controller) pattern. The “controller” in Web-MVC differs
from this GRASP controller. The former is part of the UI layer and controls the

__ 807 . —



Benefits m Increased potential for reuse and pluggable interfaces—These benefits

nplementation The following examples use Java technologies for two common cases, a rich cli-
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Ul interaction and page flow. The GRASP controller is part of the domain laye,
and controls or coordinates the handling of the work request, essentially
unaware of what U technology is being used (e.g., a Web UL, a Swing U, .. ),

Also common with server-side designs when Java technologies are used is dels.
gation from the Web UI layer (e.g., from a Struts Action class) to an Enterprige
JavaBeans (EJB) Session object. Variant #2 of the Controller pattern—an object
representing a user session or use case scenario—covers this case. In this case,
the EJB Session object may itself delegate farther on to the domain layer of

objects, and again, you can apply the Controller pattern to choose a suitable
receiver in the pure domain layer.

All that said, the appropriate handling of server-side systems operations ig
strongly influenced by the chosen server technical frameworks and continues to

be a moving target. But the underlying principle of Model-View Separation can
and does still apply.

Even with a rich-client UI (e.g., a Swing UI) that interacts with a server, the
Controller pattern still applies. The client-side UI forwards the request to the
local client-side controller, and the controller forwards all or part of the request
handling to remote services. This design lowers the coupling of the UI to remote
services and makes it easier, for example, to provide the services either locally or
remotely, through the indirection of the client-side controller.

ensure that application logic is not handled in the interface layer. The
responsibilities of a controller could technically be handled in an interface
object, but such a design implies that program code and the fulfillment of
application logic would be embedded in interface or window objects. An
interface-as-controller design reduces the opportunity to reuse logic in
future applications, since logic that is bound to a particular interface (for
example, window-like objects) is seldom applicable in other applications. By
contrast, delegating a system operation responsibility to a controller sup-
ports the reuse of the logic in future applications. And since the application

logic is not bound to the interface layer, it can be replaced with a different
interface.

®  Opportunity to reason about the state of the use case—Sometimes we must
ensure that system operations occur in a legal sequence, or we want to be
able to reason about the current state of activity and operations within the
use case that is underway. For example, we may have to guarantee that the
makePayment operation cannot occur until the endSale operation has
occurred. If so, we need to capture this state information somewhere; the

controller is one reasonable choice, especially if we use the same controller
throughout the use case (as recommended).

ent in Java Swing and a Web UI with Struts on the server (a Servlet engine).

CONTROLLER

imi h in .NET WinForms and
that you should apply a similar approac .

ilselisl\?EI}l'I?t{%Veb;o};ms. A good practice in well-designed .NE%‘ (.oft.eri 1)gli1501;dnlz};
. i -Vi tion Principle

ers who violate the Model-View Separa.t " Is &

xill")tr(;iﬁ?;:;ion logic code in the event handlers 01:E 1{11 the tc}(zde(ﬁei‘l;r(l)(lin “Ziolgz

in the .NET event handie
th part of the Ul layer). Rather, in t : ; :
g:}?isned%rgﬁaos sFi)mply obtain a reference to a domain object (e.g., a Register

object), and delegate to it.

Implementation with Java Swing: Rich Client Ul

This section assumes you are familiar with basic Swmg. The ((;ogi) ioﬁ:?fozzzr;-
ments to explain the key points. A few comments: Notl_ce at X Har he Process:
SaleJFrame window has a reference to the domgm controlle . j thé i
RZgister. At ® I define the handler for the button click. At 3 Ids ovsirn he ery
message—sending the enterltem message to the controller in the doma yer.

package com.craiglarman.nextgen.ul.swingj

// imports..

i i typical window
in Java, a JFrame 1s a
pub{;; class érocessSaleJFrame extends JFrame

{

. ect
// the window has a reference to the ‘controller’ domain obje
private Register register;

// the window is passed the registeF, onscreatlon
public ProcessSaleJFrame (Register _register

{
}

register = _register;

// this button is clicked to pirform the
// system operation wenterItem
private JButton BTN _ENTER_ITEM;

is i he important method! .
;; igiz ;ss;o; thg message f£rom the UI layer to domain layer

private JButton getBTN_ENTER_ITEM()

¢ // does the button exist?
if (BTN_ENTER_I TEM != null)
return BTN _ENTER_ITEM;

// ELSE button needs to be initialized...

= Button();
N ENTER_ITEM = new J .
ggN—ENTER_ITEM.setText("Enter Item");

]
THIS IS THE KEY SECTION! .
;; in Java, this is how you define
// a click handler for a button
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@ BTN_{ENTER_ITEM .addActionListener (new ActionListener ()
?ublic void actionPerformed(ActionEvent e)
// Transformer is a utility class to
// transform Strings to other data types
- ﬂgnbsgéfse the JTextField GUI widgets have Strings
in:m 0 1_ = Transformer.toItemID(getTXT_ID().getText())-
gty = Transformer.tolInt (getTXT QTY().getText()); !

// here we cross the boundary from the
// UL layer to the domain layer

// delegate to the 'controller!

// > > > THIS IS THE KEY STATEMENT < < <

3] register.enterItem(id, qty);

}
} ); // end of the addActionListener call

return BTN_ENTER_ITEM;
} // end of method

/7 ..
} // end of class

Implementation with Java Struts: Client Browser and WebU!

ThlS. section assumes you are familiar with basic Struts. Notice at @ that to
ob’Faln a reference to the Register domain object on the server side, the Action
object must dig into the Servlet context. At ® I show the key messa;;re—sendin

the enterltem message to the domain controller object in the domain layer. ¢

package com.craiglarman.nextgen.ui.web;

// .. imports

;5 inbsgruts, an Action object is associated with a

we rowser button click, and invoked (on the server)
// when the button is clicked.

public class EnterItemAction extends Action {

// this is the method invoked on th
// when'the button is c¢licked on th: 2§§Z§§ browser
public ActionForward execute( ActionMapping mapping
ActionForm form, ’
HttpServletRequest request,
HttpServletResponse response )
throws Exception

5; ﬁgid:erv:r has a Repository object that
references to several thi i i
R // the POS “register” object ings, including
epository repository = (Re i
pository)getServliet ().
getServletContext().getAttribute(Constants.REPOSITORY_KEY);

310
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Register register = repository.getRegister();

// extract the itemID and gty from the web form
String txtId = ((SaleForm) form) .getItemID() ;
Sstring txtQty = ( (SaleForm) form) .getQuantity();

// Transformer is a utility class to

// transform Strings to other data types
ItemID id = Trangformer.toItemID(txtId);
int gty = Transformer.toInt (ExtQty);

// here we cross the boundary from the
// UI layer to the domain layer

// delegate to the 'domain controller'
// > > > THIS IS THE KEY STATEMENT < < <

register.enterItem(id, qty);

I
} // end of method
} // end of class

Bloated Controllers

Poorly designed, a controller class will have low cohesion—unfocused and han-
dling too many areas of responsibility; this is called a bloated controller. Signs

of bloating are:

m There is only a single controller class receiving all system events in the sys-
tem, and there are many of them. This sometimes happens if a facade con-
troller is chosen.

m The controller itself performs many of the tasks necessary to fulfill the sys-
tem event, without delegating the work. This usually involves a violation of
Information Expert and High Cohesion.

m A controller has many attributes, and it maintains significant information
about the system or domain, which should have been distributed to other
objects, or it duplicates information found elsewhere.

Among the cures for a bloated controller are these two:

1. Add more controllers—a system does not have to need only one. Instead of
facade controllers, employ use case controllers. For example, consider an
application with many system events, such as an airline reservation system.
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It may contain the following controllers:

Use case controllers

MakeReservationHandler

ManageSchedulesHandler

ManageFaresHandler

2. Design the controller so that it primarily delegates the fulfillment of each
system operation responsibility to other objects.

Ul Layer Does Not Handle System Events

To reiterate: An important corollary of the Controller pattern is that Ul objects
(for example, window objects) and the UI layer should not have responsibility
for handling system events. As an example, consider a design in Java that uses
a JFrame to display the information.

Assume the NextGen application has a window that displays sale information
and captures cashier operations. Using the Controller pattern, Figure 17.24
illustrates an acceptable relationship between the JFrame and the controller
and other objects in a portion of the POS system (with simplifications).

Notice that the SaleJFrame class—part of the UI layer—delegates the enterltem
request to the Register object. It did not get involved in processing the operation
or deciding how to handle it; the window only delegated it to another layer.

Assigning the responsibility for system operations to objects in the application
or domain layer by using the Controller pattern rather than the UI layer can
increase reuse potential. If a Ul layer object (like the SaleJFrame) handles a
system operation that represents part of a business process, then business pro-
cess logic would be contained in an interface (for example, window-like) object;
the opportunity for reuse of the business logic then diminishes because of its
coupling to a particular interface and application. Consequently, the design in
Figure 17.25 is undesirable.

Placing system operation responsibility in a domain object controller makes it
easier to reuse the program logic supporting the associated business process in
future applications. It also makes it easier to unplug the UI layer and use a dif-
ferent Ul framework or technology, or to run the system in an offline “batch”
mode,

Message Handling Systems and the Command Pattern

Some applications are message-handling systems or servers that receive
requests from other processes. A telecommunications switch is a common exam-

Fielated Patterns =

CONTROLLER

i i d controller is somewhat dif-
h systems, the design of the interface an :
?;;rll? Eii‘lﬁe d};tails r;re explored in a later chapter, but in essence, a comm;a
soluti(;n is to use the Command pattern [GHJV95] and Command Processor p

tern [BMRSS96], introduced in Chapter 37.

: Cashier

actionPerformed( actionEvent )

.

liwtem operation mess;etl

:SaleJFrame

Ul Layer

Domain Layer

e
. 1.1: makeLineltem(itemiD, at -Sale
:Register (—

Figure 17.24 Desirable coupling of UI layer to domain layer.

Command—In a message-handling system, e?ch message may be repre-
sented and handled by a separate Command object [GHIV 95].

Facade—A facade controller is a kind of Facade [GHJVI5].

. 0 . .
Layers—This is a POSA pattern [BMRSS96]. Plac1ng domain logic in the

. doglain layer rather than the presentation layer is part of the Layers
pattern. | | .
Pure Fabrication—This GRASP pattern is an arbitrary creation o

|

designer, not a software class whose name i.s iqspired by the Domain Model.
A use case controller is a kind of Pure Fabrication.
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Solution Assign a responsibility so that cohesion remains high. Use this to evaluate alter-
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Domain Layer

Problem How to keep objects focused, understandable, and manageable, and as a side
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presses button

Cashier
actionPerformed( actionEvent )
Itis undesirable for an interface
Ul L layer object such as a window to get
ayer :SaleJFrame involved in deciding how to handle

domain processes.

Business logic is embedded in the
presentation layer, which is not useful.

LR R R A
A T L R T e T T T T T T T

—

1: makeLineltem(itemID, qty)

:Sale

.<'O

SaleJFrame should not
send this message.

Figure 17.25 Less desirable coupling of interface layer to domain layer.

effect, support Low Coupling?

In terms of object design, cohesion (or more specifically, functional cohesion) is
a measure of how s.trongly related and focused the responsibilities of an element
are. An element with highly related responsibilities that does not do a tremen-

dous amount of work has high cohesion. These elements include classes, sub-
systems, and so on. ,

natives.

Example

HiGH COHESION

A class with low cohesion does many unrelated things or does too much work.
Such classes are undesirable; they suffer from the following problems:

m hard to comprehend

@ hard to reuse

@ hardto maintain

m delicate; constantly affected by change

Low cohesion classes often represent a very “large grain” of abstraction or have

taken on responsibilities that should have been delegated to other objects.

Let’s take another look at the example problem used in the Low Coupling pat-
tern and analyze it for High Cohesion.

Assume we have a need to create a (cash) Payment instance and associate it
with the Sale. What class should be responsible for this? Since Register records
a Payment in the real-world domain, the Creator pattern suggests Register as a
candidate for creating the Payment. The Register instance could then send an
addPayment message to the Sale, passing along the new Payment as a parame-
ter, as shown in Figure 17.26.

: Register : Sale

T

|
makePayment() _L
i create()

p : Payment

addPayment(p )

d

|
|
|
:
|
T |
| |
] t
| |
| w !
T Ll
: u
|
| |
! !

Figure 17.26 Register creates Payment.

This assignment of responsibilities places the responsibility for making a pay-
ment in the Register. The Register is taking on part of the responsibility for ful-
filling the makePayment system operation.

In this isolated example, this is acceptable; but if we continue to make the
Register class responsible for doing some or most of the work related to more
and more system operations, it will become increasingly burdened with tasks
and become incohesive.

Imagine fifty system operations, all received by Register. If Register did the work
related to each, it would become a “bloated” incohesive object. The point is not
that this single Payment creation task in itself makes the Register incohesive,
but as part of a larger picture of overall responsibility assignment, it may sug-
gest a trend toward low cohesion.
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Hi1GH COHESION

methods of the class are all related, but there are lots of them, and
a tremendous amount of supporting code; there may be hundreds
or thousands of methods. The class should split into a family of
lightweight classes sharing the work to provide RDB access.

3. High cohesion—A class has moderate responsibilities in one functional area
and collaborates with other classes to fulfill tasks.

o Assume the existence of a class called RDBInterface that is only
partially responsible for interacting with relational databases. It
interacts with a dozen other classes related to RDB access in order
to retrieve and save objects.

4. Moderate cohesion—A class has lightweight and sole responsibilities in a
few different areas that are logically related to the class concept but not to

each other.

o Assume the existence of a class called Company that is completely
responsible for (a) knowing its employees and (b) knowing its
financial information. These two areas are not strongly related to
each other, although both are logically related to the concept of a
company. In addition, the total number of public methods is small,
as is the amount of supporting code.

As a rule of thumb, a class with high cohesion has a relatively small number of
methods, with highly related functionality, and does not do too much work. It
collaborates with other objects to share the effort if the task is large.

A class with high cohesion is advantageous because it is relatively easy to main-
tain, understand, and reuse. The high degree of related functionality, combined
with a small number of operations, also simplifies maintenance and enhance-
ments. The fine grain of highly related functionality also supports increased

reuse potential.

The High Cohesion pattern—like many things in object technology—has a real-
world analogy. It is a common observation that if a person takes on too many
unrelated responsibilities—especially ones that should properly be delegated to
others—then the person is not effective. This is observed in some managers who
have not learned how to delegate. These people suffer from low cohesion; they
are ready to become “unglued.”

Another Classic Principle: Modular Design

Coupling and cohesion are old principles in software design; designing with
objects does not imply ignoring well-established fundamentals. Another of
these—which is strongly related to coupling and cohesion—is to promote modu-
lar design. To quote:

Modularity is the property of a system that has been decom-

posed into a set of cohesive and loosely coupled modules

[Booch94].
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We promote a modular design by creating methods and classes with high cohe-
sion. At the basic object level, we achieve modularity by designing each method
with a clear, single purpose and by grouping a related set of concerns into a
class.

Cohesion and Coupling; Yin and Yang

Bad cohesion usually begets bad coupling, and vice versa. I call cohe- 9
sion and coupling the yin and yang of software engineering because of

their interdependent influence. For example, consider a GUI widget class that
represents and paints a widget, saves data to a database, and invokes remote
object services. Not only is it profoundly incohesive, but it is coupled to many
(and disparate) elements.

In a few cases, accepting lower cohesion is justified.

One case is the grouping of responsibilities or code into one class or component
to simplify maintenance by one person—although be warned that such grouping
may also worsen maintenance. But suppose an application contains embedded
SQL statements that by other good design principles should be distributed
across ten classes, such as ten “database mapper” classes. Now, commonly only
one or two SQL experts know how to best define and maintain this SQL. Even if
dozens of object-oriented (OO) programmers work on the project, few OO pro-
grammers may have strong SQL skills. Suppose the SQL expert is not even a
comfortable OO programmer. The software architect may decide to group all the
SQL statements into one class, RDBOperations, so that it is easy for the SQL
expert to work on the SQL in one location.

Another case for components with lower cohesion is with distributed server
objects. Because of overhead and performance implications associated with
remote objects and remote communication, it is sometimes desirable to create
fewer and larger, less cohesive server objects that provide an interface for many
operations. This approach is also related to the pattern called Coarse-Grained
Remote Interface. In that pattern the remote operations are made more
coarse-grained so that they can to do or request more work in remote operation
calls to alleviate the performance penalty of remote calls over a network. As a
simple example, instead of a remote object with three fine-grained operations
setName, setSalary, and setHireDate, there is one remote operation, setData,
which receives a set of data. This results in fewer remote calls and better perfor-
mance.

m Clarity and ease of comprehension of the design is increased.
m Maintenance and enhancements are simplified.

B  Low coupling is often supported.

®  Reuse of fine-grained, highly related functionality is increased because a
cohesive class can be used for a very specific purpose.

RECOMMENDED RESOURCES

5 Recommended Resources

The metaphor of RDD especially emerged from the influential object work in
Smalltalk at Tektronix in Portland, from Kent Beck, Ward Cunningham,
Rebecca Wirfs-Brock, and others, Designing Object-Oriented Software [WWW0]
is the landmark text, and is as relevant today as when it was written. Wirfs-
Brock has more recently released another RDD text, Object Design: Roles,
Responsibilities, and Collaborations [WMO02].

Two other recommended texts emphasizing fundamental object design princi-
ples are Object-Oriented Design Heuristics by Riel and Object Models by Coad.
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