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Memento

Constrai nt Sol ver* sol ver = Constraint Sol ver::Instance();
_target->Mwve(-_delta);

sol ver->Set Menento(_state); // restore solver state

sol ver - >Sol ve();

}

Execut e acquiresaConst r ai nt Sol ver Menent o memento before it moves the graphic.
Unexecut e moves the graphic back, sets the constraint solver's state to the previous state, and finally
tells the constraint solver to solve the constraints.

* Known Uses

The preceding sample code is based on Unidraw's support for connectivity through its CSolver class

[VL9O].

Collectionsin Dylan [App92] provide an iteration interface that reflects the Memento pattern. Dylan's
collections have the notion of a"state" object, which is a memento that represents the state of the
iteration. Each collection can represent the current state of the iteration in any way it chooses; the
representation is completely hidden from clients. The Dylan iteration approach might be translated to
C++ asfollows:

tenpl ate <class Itenp
class Coll ection {
publi c:

Col l ection();

IterationState* Createlnitial State();

void Next(lterationState*);

bool IsDone(const IterationState*) const;

I[tem Currentlten{const lterationState*) const;
IterationState* Copy(const IterationState*) const;

voi d Append(const Iten®);
voi d Renove(const lten&);
/1

s

Createlnitial Statereturnsaninitiadlized | t er ati onSt at e object for the collection. Next
advances the state object to the next position in the iteration; it effectively increments the iteration index.
| sDone returnst r ue if Next has advanced beyond the last element in the collection. Cur rent | t em
dereferences the state object and returns the element in the collection to which it refers. Copy returns a
copy of the given state object. Thisis useful for marking a point in an iteration.

Givenaclass| t enType, we can iterate over a collection of itsinstances as follows!:

class Itenilype {

publi c:
voi d Process();
11

s

Col | ecti on<ItenType*> aCol | ecti on;
I[terationState* state;

state = aCollection.Createlnitial State();
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while (!aColl ection.lsDone(state)) {
aCol l ection. Currentltemstate)->Process();
aCol | ection. Next(state);

}

del ete state;
The memento-based iteration interface has two interesting benefits:

1. More than one state can work on the same collection. (The same istrue of the Iterator (257)
pattern.)

2. It doesn't require breaking a collection's encapsulation to support iteration. The memento is only
interpreted by the collection itself; no one else has access to it. Other approaches to iteration
require breaking encapsulation by making iterator classes friends of their collection classes (see
Iterator (257)). The situation is reversed in the memento-based implementation: Col | ecti on is
afriend of thel t er at or St at e.

The QOCA constraint-solving toolkit stores incremental information in mementos [HHMV 92]. Clients
can obtain a memento that characterizes the current solution to a system of constraints. The memento
contains only those constraint variables that have changed since the last solution. Usually only a small
subset of the solver's variables changes for each new solution. This subset is enough to return the solver
to the preceding solution; reverting to earlier solutions requires restoring mementos from the intervening
solutions. Hence you can't set mementos in any order; QOCA relies on a history mechanism to revert to
earlier solutions.

v Related Patterns

Command (233): Commands can use mementos to maintain state for undoabl e operations.

Iterator (257): Mementos can be used for iteration as described earlier.

F Y
p» Observer

4 Mediator

"Note that our example deletes the state object at the end of theiteration. But del et e won't get called if
Pr ocessl t emthrows an exception, thus creating garbage. Thisis a problem in C++ but not in Dylan,
which has garbage collection. We discuss a solution to this problem on page 266.

Abstract Factory + Adapter = Bridge = Builder = Chain of Responsibility = Command + Composite =
De tor » Facade » Factory Method = Flyweight + Interpreter # lterator » Mediator » Memento »
Observer * Prototype * Proxy + Singleton » State * Strategy + Template Method + Visitor
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¥ Intent

Define a one-to-many dependency between abjects so that when one object changes state, all its dependents are
notified and updated automatically.

v Also Known As

Dependents, Publish-Subscribe

v Motivation

A common side-effect of partitioning a system into a collection of cooperating classesis the need to maintain
consistency between related objects. Y ou don't want to achieve consistency by making the classes tightly coupled,
because that reduces their reusability.

For example, many graphical user interface toolkits separate the presentational aspects of the user interface from the
underlying application data [K P88, LV C89, P+88, WGM88]. Classes defining application data and presentations
can be reused independently. They can work together, too. Both a spreadsheet object and bar chart object can depict
information in the same application data object using different presentations. The spreadsheet and the bar chart don't
know about each other, thereby letting you reuse only the one you need. But they behave as though they do. When
the user changes the information in the spreadsheet, the bar chart reflects the changes immediately, and vice versa.

ohservers
I viinciers e— v s e— | [t e— | )
alb |c
w| 60 30110
y| 50| 30 |20
z|BO[ 1010

——— change notification
———-= requests, modification

subject

This behavior implies that the spreadsheet and bar chart are dependent on the data object and therefore should be
notified of any changein its state. And there's no reason to limit the number of dependent objects to two; there may
be any number of different user interfaces to the same data.

The Observer pattern describes how to establish these relationships. The key objectsin this pattern are subject and
observer. A subject may have any number of dependent observers. All observers are notified whenever the subject
undergoes a change in state. In response, each observer will query the subject to synchronize its state with the
subject's state.

Thiskind of interaction is also known as publish-subscribe. The subject is the publisher of notifications. It sends
out these notifications without having to know who its observers are. Any number of observers can subscribe to
receive notifications.
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v Applicability
Use the Observer pattern in any of the following situations:

. When an abstraction has two aspects, one dependent on the other. Encapsul ating these aspects in separate
objects lets you vary and reuse them independently.

. When a change to one object requires changing others, and you don't know how many objects need to be
changed.

. When an object should be able to notify other objects without making assumptions about who these objects
are. In other words, you don't want these objects tightly coupled.

v Structure

Subject observers e Observer
Attach{Cbserver) Update()
Detach{Obsarver) _ e
Notify) o ——— - — ] _ | forali o in observers |
o } o-=Update()
‘/—/LE‘ ConcreteObserver
: subject -} -{ observerState =
ConcreteSubject (g Lipdate() - subject-~GetState()
GetStatel) &---r 1 . e ohsamverState
SetState() refum subjectState
subjectState

¥ Participants
. Subject
o knowsits observers. Any number of Observer objects may observe a subject.
o provides an interface for attaching and detaching Observer objects.
. Observer
o defines an updating interface for objects that should be notified of changesin a subject.
. ConcreteSubject
o stores state of interest to ConcreteObserver objects.
o sends anotification to its observers when its state changes.
. ConcreteObserver
o maintains areference to a ConcreteSubject object.
o stores state that should stay consistent with the subject’s.

o implements the Observer updating interface to keep its state consistent with the subject's.
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v Collaborations

. ConcreteSubject notifies its observers whenever a change occurs that could make its observers state
inconsistent with its own.

. After being informed of a change in the concrete subject, a ConcreteObserver object may query the subject
for information. ConcreteObserver uses thisinformation to reconcile its state with that of the subject.

The following interaction diagram illustrates the coll aborations between a subject and two observers:

aConcreteSubject aConcreteObserver anotherConcreteObserver

L SetState()

il

Notify() L

|

Update()

E‘-etStaleJ }

- L

Updatel)

- GetStateJ
o

Note how the Observer object that initiates the change request postpones its update until it gets a notification
from the subject. Notify is not aways called by the subject. It can be called by an observer or by another kind
of object entirely. The Implementation section discusses some common variations.

v Consequences

The Observer pattern lets you vary subjects and observers independently. Y ou can reuse subjects without reusing
their observers, and vice versa. It lets you add observers without modifying the subject or other observers.

Further benefits and liabilities of the Observer pattern include the following:

1. Abstract coupling between Subject and Observer. All asubject knowsisthat it has alist of observers, each
conforming to the simple interface of the abstract Observer class. The subject doesn't know the concrete class
of any observer. Thus the coupling between subjects and observersis abstract and minimal.

Because Subject and Observer aren't tightly coupled, they can belong to different layers of abstractionin a
system. A lower-level subject can communicate and inform a higher-level observer, thereby keeping the
system's layering intact. If Subject and Observer are lumped together, then the resulting object must either
span two layers (and violate the layering), or it must be forced to live in one layer or the other (which might
compromise the layering abstraction).

2. Support for broadcast communication. Unlike an ordinary request, the notification that a subject sends
needn't specify its receiver. The notification is broadcast automatically to al interested objects that
subscribed to it. The subject doesn't care how many interested objects exist; its only responsibility is to notify
its observers. This gives you the freedom to add and remove observers at any time. It's up to the observer to
handle or ignore a notification.

3. Unexpected updates. Because observers have no knowledge of each other's presence, they can be blind to the
ultimate cost of changing the subject. A seemingly innocuous operation on the subject may cause a cascade
of updates to observers and their dependent objects. Moreover, dependency criteria that aren't well-defined or
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maintained usually lead to spurious updates, which can be hard to track down.

This problem is aggravated by the fact that the simple update protocol provides no details on what changed in
the subject. Without additional protocol to help observers discover what changed, they may be forced to work
hard to deduce the changes.

v Implementation

Several issues related to the implementation of the dependency mechanism are discussed in this section.

1. Mapping subjectsto their observers. The simplest way for a subject to keep track of the observersit should
notify is to store references to them explicitly in the subject. However, such storage may be too expensive
when there are many subjects and few observers. One solution isto trade space for time by using an
associative look-up (e.g., a hash table) to maintain the subject-to-observer mapping. Thus a subject with no
observers does not incur storage overhead. On the other hand, this approach increases the cost of accessing
the observers.

2. Observing more than one subject. It might make sense in some situations for an observer to depend on more
than one subject. For example, a spreadsheet may depend on more than one data source. It's necessary to
extend the Update interface in such cases to | et the observer know which subject is sending the notification.
The subject can simply passitself as a parameter in the Update operation, thereby letting the observer know
which subject to examine.

3. Who triggers the update? The subject and its observers rely on the notification mechanism to stay consistent.
But what object actually calls Notify to trigger the update? Here are two options:

a. Have state-setting operations on Subject call Notify after they change the subject's state. The
advantage of this approach is that clients don't have to remember to call Notify on the subject. The
disadvantage is that several consecutive operations will cause several consecutive updates, which may
be inefficient.

b. Make clients responsible for calling Notify at the right time. The advantage here is that the client can
wait to trigger the update until after a series of state changes has been made, thereby avoiding needless
intermediate updates. The disadvantage is that clients have an added responsibility to trigger the
update. That makes errors more likely, since clients might forget to call Notify.

4. Dangling references to deleted subjects. Deleting a subject should not produce dangling referencesin its
observers. One way to avoid dangling references is to make the subject notify its observers asit is deleted so
that they can reset their reference to it. In general, simply deleting the observersis not an option, because
other objects may reference them, or they may be observing other subjects as well.

5. Making sure Subject state is self-consistent before notification. It'simportant to make sure Subject stateis
self-consistent before calling Notify, because observers query the subject for its current state in the course of
updating their own state.

This self-consistency rule is easy to violate unintentionally when Subject subclass operations call inherited
operations. For example, the notification in the following code sequence is trigged when the subject isin an
inconsistent state:

void MySubject:: Operation (int newal ue) {
BaseC assSubj ect: : Oper ati on( newval ue) ;
[l trigger notification

_nmyl nstVar += newval ue;
/'l update subclass state (too |late!)

}

Y ou can avoid this pitfall by sending notifications from template methods (Template Method (325)) in
abstract Subject classes. Define a primitive operation for subclasses to override, and make Notify the last
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operation in the template method, which will ensure that the object is self-consistent when subclasses
override Subject operations.

void Text::Cut (TextRange r) {
Repl aceRange(r); /1 redefined in subclasses
Notify();

}

By the way, it's always a good idea to document which Subject operations trigger notifications.

. Avoiding observer-specific update protocols: the push and pull models. Implementations of the Observer

pattern often have the subject broadcast additional information about the change. The subject passes this
information as an argument to Update. The amount of information may vary widely.

At one extreme, which we call the push model, the subject sends observers detailed information about the
change, whether they want it or not. At the other extreme is the pull model; the subject sends nothing but the
most minimal notification, and observers ask for details explicitly thereafter.

The pull model emphasizes the subject's ignorance of its observers, whereas the push model assumes subjects
know something about their observers' needs. The push model might make observers less reusable, because
Subject classes make assumptions about Observer classes that might not always be true. On the other hand,
the pull model may be inefficient, because Observer classes must ascertain what changed without help from
the Subject.

. Specifying modifications of interest explicitly. Y ou can improve update efficiency by extending the subject's

registration interface to allow registering observers only for specific events of interest. When such an event
occurs, the subject informs only those observers that have registered interest in that event. One way to
support this uses the notion of aspects for Subject objects. To register interest in particular events, observers
are attached to their subjects using

voi d Subject::Attach(Qoserver*, Aspect& interest);

wherei nt er est specifiesthe event of interest. At notification time, the subject supplies the changed aspect
to its observers as a parameter to the Update operation. For example:

voi d Cbserver: : Updat e( Subject*, Aspect& interest);

. Encapsulating complex update semantics. When the dependency relationship between subjects and observers

is particularly complex, an object that maintains these relationships might be required. We call such an object
aChangeM anager . Its purpose is to minimize the work required to make observers reflect a changein their
subject. For example, if an operation involves changes to several interdependent subjects, you might haveto
ensure that their observers are notified only after all the subjects have been modified to avoid notifying
observers more than once.

ChangeManager has three responsibilities:

1. It maps a subject to its observers and provides an interface to maintain this mapping. This eliminates
the need for subjects to maintain references to their observers and vice versa.

2. It defines a particular update strategy.
3. It updates all dependent observers at the request of a subject.

The following diagram depicts a simple ChangeM anager-based implementation of the Observer pattern.
There are two specialized ChangeManagers. SimpleChangeManager is naive in that it always updates all
observers of each subject. In contrast, DAGChangeManager handles directed-acyclic graphs of dependencies
between subjects and their observers. A DAGChangeManager is preferable to a SimpleChangeM anager when
an observer observes more than one subject. In that case, a change in two or more subjects might cause
redundant updates. The DAGChangeManager ensures the observer receives just one update.

SimpleChangeM anager is fine when multiple updates aren't an issue.
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ChangeManager is an instance of the Mediator (273) pattern. In general there is only one ChangeManager,
and it isknown globally. The Singleton (127) pattern would be useful here.

9. Combining the Subject and Observer classes. Class libraries written in languages that lack multiple
inheritance (like Smalltalk) generally don't define separate Subject and Observer classes but combine their
interfaces in one class. That |ets you define an object that acts as both a subject and an observer without
multiple inheritance. In Smalltalk, for example, the Subject and Observer interfaces are defined in the root
class Object, making them available to all classes.

v Sample Code

An abstract class defines the Observer interface:

cl ass Subj ect;

cl ass Cbserver {

public:

virtual ~ Qbserver();

virtual void Update(Subject* theChangedSubject) = 0;
pr ot ect ed:

oserver ();
1

This implementation supports multiple subjects for each observer. The subject passed to the Updat e operation lets
the observer determine which subject changed when it observes more than one.

Similarly, an abstract class defines the Subject interface:

cl ass Subject {
public:
virtual ~Subject();

virtual void Attach(Qoserver*);
virtual void Detach(Qoserver*);
virtual void Notify();

pr ot ect ed:
Subj ect () ;

private:
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Li st <Cbserver*> * observers;

voi d Subject::Attach (Cbserver* 0) {
_observers->Append(0) ;

}

voi d Subject::Detach (Observer* o) {
_observers->Renpve(0);

}

void Subject::Notify () {
Li stlterator<Cbserver*> i (_observers);

for (i.First(); 'i.lsDone(); i.Next()) {
i.Currentltem()->Update(this);
}

}

Cl ockTi nmer isaconcrete subject for storing and maintaining the time of day. It notifies its observers every
second. Cl ockTi nmer provides the interface for retrieving individual time units such as the hour, minute, and
second.

class O ockTiner : public Subject {
publi c:
C ockTinmer();

virtual int GetHour();
virtual int GetMnute();
virtual int GetSecond();

void Tick();
b

TheTi ck operation gets called by an internal timer at regular intervals to provide an accurate time base. Ti ck
updatesthe C ockTi mer 'sinternal state and calls Not i f y to inform observers of the change:

void CockTinmer::Tick () {
/1 update internal tinme-keeping state
1.,
Notify();

}

Now we can defineaclassDi gi t al Cl ock that displays the time. It inherits its graphical functionality from a
W dget class provided by a user interface toolkit. The Observer interfaceis mixed into the Di gi t al O ock
interface by inheriting from Cbser ver .

class Digital Cock: public Wdget, public Observer {
public:

Di gital d ock(d ockTi nmer*);

virtual ~Digital Cock();

virtual void Updat e(Subject*);
/1 overrides Cbserver operation

virtual void Draw();
/1 overrides Wdget operation;
/1 defines howto draw the digital clock
private:
Cl ockTi ner* _subj ect;

}s
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Digital dock::Digital dock (CockTinmer* s) {
_subject = s;
_subj ect->Attach(this);

}

DigitalClock:: Digital dock () {
_subj ect ->Det ach(this);
}

Before the Updat e operation draws the clock face, it checks to make sure the notifying subject is the clock's
subject:

voi d Digital dock:: Update (Subject* theChangedSubject) {
i f (theChangedSubject == _subject) {
Draw() ;
}
}

void Digital dock::Draw () {
/1 get the new values fromthe subject

i nt hour = _subject->CetHour();
int mnute = _subject->CGetM nute();
/1l etc.

/1 draw the digital clock
}

An Anal ogC ock class can be defined in the same way.

cl ass Anal ogd ock : public Wdget, public Observer {
public:

Anal ogC ock(C ockTi ner*);

virtual void Update(Subject*);

virtual void Draw();

11

H
The following code creates an Anal ogC ock andaDbDi gi t al O ock that always show the same time:

C ockTinmer* timer = new O ockTi ner;
Anal ogd ock* anal ogd ock = new Anal ogd ock(timer);
Digital dock* digital Clock = new Digital dock(tiner);

Whenever thet i ner ticks, the two clocks will be updated and will redisplay themselves appropriately.

* Known Uses

Thefirst and perhaps best-known example of the Observer pattern appearsin Smalltalk Model/View/Controller
(MVC), the user interface framework in the Smalltalk environment [KP88]. MV C's Modél class plays the role of

Subject, while View isthe base class for observers. Smalltalk, ET++ [WGM88], and the THINK class library
[Sym93b] provide a general dependency mechanism by putting Subject and Observer interfaces in the parent class
for al other classesin the system.

Other user interface toolkits that employ this pattern are InterViews [LV C89], the Andrew Toolkit [P+88], and
Unidraw [VL90]. InterViews defines Observer and Observable (for subjects) classes explicitly. Andrew calls them
"view" and "data object," respectively. Unidraw splits graphical editor objectsinto View (for observers) and Subject
parts.
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v Related Patterns

Mediator (273): By encapsulating complex update semantics, the ChangeManager acts as mediator between subjects
and observers.

Singleton (127): The ChangeManager may use the Singleton pattern to make it unique and globally accessible.
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Allow an object to alter its behavior when itsinternal state changes. The object will appear to change its
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LU v \Votivation

Consider a class TCPConnection that represents a network connection. A TCPConnection object can be
in one of several different states: Established, Listening, Closed. When a TCPConnection object receives
requests from other objects, it responds differently depending on its current state. For example, the effect
of an Open request depends on whether the connection isin its Closed state or its Established state. The
State pattern describes how TCPConnection can exhibit different behavior in each state.

The key ideain this pattern is to introduce an abstract class called TCPState to represent the states of the
network connection. The TCPState class declares an interface common to all classes that represent
different operational states. Subclasses of TCPState implement state-specific behavior. For example, the
classes TCPEstablished and TCPClosed implement behavior particular to the Established and Closed
states of TCPConnection.

TCPConnection | 5 .| TCPstate
Openf) o--===-) Open()
Clasai) I Close()
Acknowledga() i Acknowladge()
i
I
state-=0pen() B | | |
TCPEstablished TCPListen TCPClosed
Openi) Open() Open(}
Close() Close() Close()
Acknowladge() Acknowladne() Acknowiedge()

The class TCPConnection maintains a state object (an instance of a subclass of TCPState) that represents
the current state of the TCP connection. The class TCPConnection delegates all state-specific requests to
this state object. TCPConnection uses its TCPState subclass instance to perform operations particular to
the state of the connection.

Whenever the connection changes state, the TCPConnection object changes the state object it uses. When
the connection goes from established to closed, for example, TCPConnection will replaceits
TCPEstablished instance with a TCPClosed instance.
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State

v Applicability
Use the State pattern in either of the following cases:

. An object's behavior depends on its state, and it must change its behavior at run-time depending
on that state.

. Operations have large, multipart conditional statements that depend on the object's state. This
state is usually represented by one or more enumerated constants. Often, several operations will
contain this same conditional structure. The State pattern puts each branch of the conditional in a
separate class. Thislets you treat the object's state as an object in its own right that can vary
independently from other objects.

v Structure

Context .;:;f' fate p State
Request() o Hanale(}
|
= A
state-=Handle() L |
ConcreteStateA ConcreteStateB
Handle() Handie)

v Participants

. Context (TCPConnection)

o definesthe interface of interest to clients.

o maintains an instance of a ConcreteState subclass that defines the current state.
. State (TCPState)

o defines an interface for encapsulating the behavior associated with a particular state of the
Context.

. ConcreteState subclasses (TCPEstablished, TCPListen, TCPClosed)

o each subclass implements a behavior associated with a state of the Context.

v Collaborations

. Context delegates state-specific requests to the current ConcreteState object.

. A context may passitself as an argument to the State object handling the request. Thislets the
State object access the context if necessary.
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. Context isthe primary interface for clients. Clients can configure a context with State objects.
Once a context is configured, its clients don't have to deal with the State objects directly.

. Either Context or the ConcreteState subclasses can decide which state succeeds another and under
what circumstances.

¥ Consequences

The State pattern has the following consequences:

1. It localizes state-specific behavior and partitions behavior for different states. The State pattern
puts al behavior associated with a particular state into one object. Because all state-specific code
livesin a State subclass, new states and transitions can be added easily by defining new
subclasses.

An adternative is to use data values to define internal states and have Context operations check the
data explicitly. But then we'd have look-alike conditional or case statements scattered throughout
Context's implementation. Adding a new state could require changing several operations, which
complicates maintenance.

The State pattern avoids this problem but might introduce another, because the pattern distributes
behavior for different states across several State subclasses. This increases the number of classes
and is less compact than asingle class. But such distribution is actually good if there are many
states, which would otherwise necessitate large conditional statements.

Like long procedures, large conditional statements are undesirable. They're monolithic and tend to
make the code less explicit, which in turn makes them difficult to modify and extend. The State
pattern offers a better way to structure state-specific code. The logic that determines the state
transitions doesn't reside in monolithici f or swi t ch statements but instead is partitioned
between the State subclasses. Encapsulating each state transition and action in a class elevates the
idea of an execution state to full object status. That imposes structure on the code and makes its
intent clearer.

2. It makes state transitions explicit. When an object definesits current state solely in terms of
internal data values, its state transitions have no explicit representation; they only show up as
assignments to some variables. Introducing separate objects for different states makes the
transitions more explicit. Also, State objects can protect the Context from inconsistent internal
states, because state transitions are atomic from the Context's perspective—they happen by
rebinding one variable (the Context's State object variable), not several [dCLF93].

3. State objects can be shared. If State objects have no instance variables—that is, the state they
represent is encoded entirely in their type—then contexts can share a State object. When states are
shared in thisway, they are essentially flyweights (see Flyweight (195)) with no intrinsic state,
only behavior.

v Implementation

The State pattern raises a variety of implementation issues:

1. Who defines the state transitions? The State pattern does not specify which participant defines the
criteriafor state transitions. If the criteria are fixed, then they can be implemented entirely in the
Context. It is generally more flexible and appropriate, however, to let the State subclasses
themselves specify their successor state and when to make the transition. This requires adding an
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interface to the Context that lets State objects set the Context's current state explicitly.

Decentralizing the transition logic in this way makesit easy to modify or extend the logic by
defining new State subclasses. A disadvantage of decentralization is that one State subclass will
have knowledge of at least one other, which introduces implementation dependencies between
subclasses.

2. Atable-based alternative. In C++ Programming Style [Car92], Cargill describes another way to
impose structure on state-driven code: He uses tables to map inputs to state transitions. For each
state, atable maps every possible input to a succeeding state. In effect, this approach converts
conditional code (and virtual functions, in the case of the State pattern) into atable look-up.

The main advantage of tablesistheir regularity: Y ou can change the transition criteria by
modifying data instead of changing program code. There are some disadvantages, however:

o A tablelook-up is often less efficient than a (virtual) function call.

o Putting transition logic into a uniform, tabular format makes the transition criterialess
explicit and therefore harder to understand.

o It'susualy difficult to add actions to accompany the state transitions. The table-driven
approach captures the states and their transitions, but it must be augmented to perform
arbitrary computation on each transition.

The key difference between table-driven state machines and the State pattern can be summed up
like this: The State pattern models state-specific behavior, whereas the table-driven approach
focuses on defining state transitions.

3. Creating and destroying State objects. A common implementation trade-off worth considering is
whether (1) to create State objects only when they are needed and destroy them thereafter versus
(2) creating them ahead of time and never destroying them.

Thefirst choice is preferable when the states that will be entered aren't known at run-time, and
contexts change state infrequently. This approach avoids creating objects that won't be used,
which isimportant if the State objects store alot of information. The second approach is better
when state changes occur rapidly, in which case you want to avoid destroying states, because they
may be needed again shortly. Instantiation costs are paid once up-front, and there are no
destruction costs at al. This approach might be inconvenient, though, because the Context must
keep references to all states that might be entered.

4. Using dynamic inheritance. Changing the behavior for a particular request could be accomplished
by changing the object's class at run-time, but thisis not possible in most object-oriented
programming languages. Exceptions include Self [US87] and other delegation-based languages
that provide such a mechanism and hence support the State pattern directly. Objectsin Self can
delegate operations to other objects to achieve aform of dynamic inheritance. Changing the
delegation target at run-time effectively changes the inheritance structure. This mechanism lets
objects change their behavior and amounts to changing their class.

v Sample Code

The following example gives the C++ code for the TCP connection example described in the Motivation
section. This example isasimplified version of the TCP protocol; it doesn't describe the complete

protocol or all the states of TCP connections.8
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First, we define the class TCPConnect i on, which provides an interface for transmitting data and
handles requests to change state.

cl ass TCPCct et St ream
cl ass TCPSt at e;

cl ass TCPConnection {
publi c:
TCPConnection();

voi d ActiveQpen();
voi d Passi veQpen();
void C ose();

void Send();
voi d Acknow edge();
voi d Synchroni ze();

voi d ProcessCct et (TCPCct et Streant) ;
private:

friend class TCPSt at e;

voi d ChangeSt at e( TCPSt at e*) ;
private:

TCPSt at e* _st at e;

H

TCPConnect i on keeps an instance of the TCPSt at e classinthe _st at e member variable. The
class TCPSt at e duplicates the state-changing interface of TCPConnect i on. Each TCPSt at e
operation takesa TCPConnect i on instance as a parameter, letting TCPSt at e access datafrom
TCPConnect i on and change the connection's state.

class TCPState {

publi c:
virtual void Transmt(TCPConnection*, TCPCctet Streant);
virtual void ActiveOpen(TCPConnection*);
virtual void PassiveQpen(TCPConnecti on*);
virtual void C ose(TCPConnection*);
virtual void Synchroni ze( TCPConnecti on*);
virtual void Acknow edge( TCPConnecti on*);
virtual void Send(TCPConnection*);

pr ot ect ed:
voi d ChangeSt at e( TCPConnecti on*, TCPSt ate*);

s

TCPConnect i on delegates all state-specific requeststo its TCPSt at e instance _st at e.
TCPConnect i on also provides an operation for changing this variable to anew TCPSt at e. The
constructor for TCPConnect i on initializes the object to the TCPCl osed state (defined | ater).

TCPConnecti on: : TCPConnection () {
_State = TCPC osed: : I nstance();

}

voi d TCPConnecti on:: ChangeState (TCPState* s) {
_state = s;

}

voi d TCPConnection:: ActiveQOpen () {
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_State->ActiveQOpen(this);
}

voi d TCPConnecti on:: PassiveQpen () {
_state->Passi veQpen(this);

}

voi d TCPConnection::Cose () {
_state->Cl ose(this);

}

voi d TCPConnecti on:: Acknow edge () {
_stat e->Acknow edge(this);

}

voi d TCPConnecti on:: Synchroni ze () {
_State->Synchroni ze(this);
}

TCPSt at e implements default behavior for all requests delegated to it. It can aso change the state of a
TCPConnect i on with the ChangeSt at e operation. TCPSt at e is declared afriend of
TCPConnect i on to giveit privileged access to this operation.

void TCPState:: Transmt (TCPConnection*, TCPCctetStreant) { }
voi d TCPSt ate: : ActiveQpen (TCPConnection*) { }

voi d TCPSt at e: : Passi veOpen ( TCPConnection*) { }

void TCPState:: d ose (TCPConnection*) { }

voi d TCPSt at e: : Synchroni ze (TCPConnection*) { }

voi d TCPSt at e: : ChangeSt ate (TCPConnection* t, TCPState* s) {
t - >ChangeSt at e(s) ;
}

Subclasses of TCPSt at e implement state-specific behavior. A TCP connection can be in many states:
Established, Listening, Closed, etc., and there's a subclass of TCPSt at e for each state. We'll discuss
three subclasses in detail: TCPEst abl i shed, TCPLi st en, and TCPCl osed.

cl ass TCPEst ablished : public TCPState {
publi c:
static TCPState* |nstance();

virtual void Transmt(TCPConnection*, TCPCctetStreant);
virtual void d ose(TCPConnection*);

i

class TCPListen : public TCPState {

publi c:
static TCPState* |nstance();
virtual void Send(TCPConnection*);
I

b

cl ass TCPCl osed : public TCPState {

publi c:

static TCPState* |Instance();

virtual void ActiveOpen(TCPConnection*);
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virtual void PassiveQpen(TCPConnecti on*);
/1

b

TCPSt at e subclasses maintain no local state, so they can be shared, and only one instance of each is
required. The unique instance of each TCPSt at e subclassis obtained by the static | nst ance
operation.®

Each TCPSt at e subclass implements state-specific behavior for valid requestsin the state:

voi d TCPC osed: : Acti veOpen (TCPConnection* t) {
/'l send SYN, receive SYN, ACK, etc.

ChangeSt at e(t, TCPEstablished::Instance());
}

voi d TCPC osed: : Passi veQpen ( TCPConnection* t) {
ChangeSt ate(t, TCPListen::Ilnstance());
}

voi d TCPEst abl i shed: : C ose (TCPConnection* t) {
/'l send FIN, receive ACK of FIN

ChangeState(t, TCPListen::Instance());

}
voi d TCPEst abl i shed:: Transmit (
TCPConnection* t, TCPCctet Streant o
) {
t->ProcessCctet (0);
}

voi d TCPLi sten:: Send (TCPConnection* t) {
/1 send SYN, receive SYN, ACK, etc.

ChangeSt at e(t, TCPEstablished::Instance());
}

After performing state-specific work, these operations call the Change St at e operation to change the
state of the TCPConnect i on. TCPConnect i on itself doesn't know athing about the TCP connection
protocol; it'sthe TCPSt at e subclasses that define each state transition and action in TCP.

* Known Uses

Johnson and Zweig [JZ91] characterize the State pattern and its application to TCP connection protocols.

Most popular interactive drawing programs provide "tools" for performing operations by direct
manipulation. For example, aline-drawing tool lets a user click and drag to create anew line. A selection
tool lets the user select shapes. There's usually a palette of such tools to choose from. The user thinks of
this activity as picking up atool and wielding it, but in reality the editor's behavior changes with the
current tool: When a drawing tool is active we create shapes, when the selection tool is active we select
shapes; and so forth. We can use the State pattern to change the editor's behavior depending on the
current tool.

We can define an abstract Tool class from which to define subclasses that implement tool-specific
behavior. The drawing editor maintains a current Tool object and delegates requeststo it. It replaces this
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object when the user chooses a new tool, causing the behavior of the drawing editor to change
accordingly.

Thistechniqueis used in both the HotDraw [Joh92] and Unidraw [VL90] drawing editor frameworks. It
allows clients to define new kinds of tools easily. In HotDraw, the DrawingController class forwards the
requests to the current Tool object. In Unidraw, the corresponding classes are Viewer and Tool. The
following class diagram sketches the Tool and DrawingController interfaces:

cuerrentT ool

DrawingController |, m Tool
MousePrassed]) HandleMousePress])
Processkeyboard() HandiehouseReleasel)
Initializel) HandieCharacter)
GefCursan)
Activate|)
CreationTool SelectionTool TextTool

Coplien's Envelope-Letter idiom [Cop92] isrelated to State. Envelope-Letter is atechnique for changing

an object's class at run-time. The State pattern is more specific, focusing on how to deal with an object
whose behavior depends on its state.

v Related Patterns

The Flyweight (195) pattern explains when and how State objects can be shared.

State objects are often Singletons (127).

&

p Strategy
4 Observer

8This exampleis based on the TCP connection protocol described by Lynch and Rose [LR93].

9This makes each TCPSt at e subclass a Singleton (see Singleton (127)).

i
Abstract Factory » Adapter » Bridge = Builder = Chain of Responsibility * Command « Composite »

Decorator * Facade = Factory Method = Flyweight = Imterpreter = lterator = Mediator = Memento »
Observer * Prototype « Proxy + Singleton = State + Strategy *+ Template Method » Visitor

http://lci.cs.ubbcluj.ro/~raduking/Books/Design%20Patterns/pat5hfs.htm (8 of 8) [21/08/2002 19:22:11]



Strategy

©

SEARCH

Intent

Also Known As
Motivation
Applicability
Structure
Participants
Collaborations
Consequences
Implementation
Sample Code
Known Uses
Related Patterns

Pattern Catalog | Conclusion

Strategy Object Behavioral

| Contents |ﬁ.|i|:|ntu Hﬂﬂdﬂ'5| Glossary | Notation | Foundation | Bibliography | Index | Pattern Map |

Case Study

v Intent

Define afamily of algorithms, encapsulate each one, and make them interchangeable. Strategy lets the
algorithm vary independently from clients that use it.

v Also Known AS

Policy

v Motivation

Many algorithms exist for breaking a stream of text into lines. Hard-wiring al such algorithmsinto the
classes that require them isn't desirable for several reasons:

. Clientsthat need linebreaking get more complex if they include the linebreaking code. That
makes clients bigger and harder to maintain, especially if they support multiple linebreaking
algorithms.

. Different agorithms will be appropriate at different times. We don't want to support multiple
linebreaking algorithms if we don't use them all.

. It'sdifficult to add new algorithms and vary existing ones when linebreaking is an integral part of
aclient.

We can avoid these problems by defining classes that encapsul ate different linebreaking algorithms. An
algorithm that's encapsulated in thisway is called a strategy.

Composition - COMPOSIor ™ Composilor
Traverse() Compose|)
Hepair) o /‘K
! | | |
I SimpleCompositor TeXCompaositor ArrayCompositor
compositor-=Compose()
Composal) Composaf) Composal)

Suppose a Composition class is responsible for maintaining and updating the linebreaks of text displayed
in atext viewer. Linebreaking strategies aren't implemented by the class Composition. Instead, they are
implemented separately by subclasses of the abstract Compositor class. Compositor subclasses
implement different strategies:

. SimpleCompositor implements a simple strategy that determines linebreaks one at atime.

. TeXCompositor implements the TeX agorithm for finding linebreaks. This strategy triesto
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Strategy

optimize linebreaks globally, that is, one paragraph at atime.

. ArrayCompositor implements a strategy that selects breaks so that each row has a fixed number
of items. It's useful for breaking a collection of icons into rows, for example.

A Composition maintains areference to a Compositor object. Whenever a Composition reformats its
text, it forwards this responsibility to its Compositor object. The client of Composition specifies which
Compositor should be used by installing the Compositor it desires into the Composition.

v Applicability
Use the Strategy pattern when

. many related classes differ only in their behavior. Strategies provide away to configure aclass
with one of many behaviors.

. you need different variants of an algorithm. For example, you might define algorithms reflecting
different space/time trade-offs. Strategies can be used when these variants are implemented as a
class hierarchy of algorithms [HO87].

. an agorithm uses data that clients shouldn't know about. Use the Strategy pattern to avoid
exposing complex, algorithm-specific data structures.

. aclass defines many behaviors, and these appear as multiple conditional statementsin its
operations. Instead of many conditionals, move related conditional branches into their own
Strategy class.

v Structure

Context {;Etratew m Strategy

Contextinterface!) Algorithminterface()
ConcrateStratoagqyA ConcretaStralegyB ConcreteStrategyC
Algorithminterfacsl) Algorithminierface() Algorithminterfaced)

v Participants

. Strategy (Compositor)

o declares an interface common to all supported algorithms. Context uses this interface to
call the algorithm defined by a ConcreteStrategy.

. ConcreteStrategy (SimpleCompositor, TeX Compositor, ArrayCompositor)

o implements the algorithm using the Strategy interface.
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. Context (Composition)
o isconfigured with a ConcreteStrategy object.
o maintains areference to a Strategy object.

o may define an interface that |ets Strategy access its data.

v Collaborations

. Strategy and Context interact to implement the chosen algorithm. A context may pass all data
required by the algorithm to the strategy when the algorithm is called. Alternatively, the context
can pass itself as an argument to Strategy operations. That lets the strategy call back on the
context as required.

. A context forwards requests from its clients to its strategy. Clients usually create and pass a
ConcreteStrategy object to the context; thereafter, clients interact with the context exclusively.
Thereis often afamily of ConcreteStrategy classes for a client to choose from.

¥ Consequences

The Strategy pattern has the following benefits and drawbacks:

1. Families of related algorithms. Hierarchies of Strategy classes define afamily of algorithms or
behaviors for contexts to reuse. Inheritance can help factor out common functionality of the
algorithms.

2. An alternative to subclassing. Inheritance offers another way to support a variety of algorithms or
behaviors. Y ou can subclass a Context class directly to giveit different behaviors. But this hard-
wires the behavior into Context. It mixes the algorithm implementation with Context's, making
Context harder to understand, maintain, and extend. And you can't vary the algorithm
dynamically. Y ou wind up with many related classes whose only difference is the algorithm or
behavior they employ. Encapsulating the algorithm in separate Strategy classes lets you vary the
algorithm independently of its context, making it easier to switch, understand, and extend.

3. Strategies eiminate conditional statements. The Strategy pattern offers an alternative to
conditional statements for selecting desired behavior. When different behaviors are lumped into
one class, it's hard to avoid using conditional statements to select the right behavior.
Encapsulating the behavior in separate Strategy classes eliminates these conditional statements.

For example, without strategies, the code for breaking text into lines could ook like

voi d Conposition::Repair () {

switch (_breakingStrategy) {

case SinpleStrategy:
ConposeW t hSi npl eConpositor();
br eak;

case TeXStrategy:
ConmposeW t hTeXConposi tor();
br eak;

I

}

/1l merge results with existing conposition, if necessary
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}

The Strategy pattern eliminates this case statement by delegating the linebreaking task to a
Strategy object:

voi d Conposition::Repair () {
_conposi t or - >Conpose();
/1l merge results with existing conposition, if necessary

}

Code containing many conditional statements often indicates the need to apply the Strategy
pattern.

4. A choice of implementations. Strategies can provide different implementations of the same
behavior. The client can choose among strategies with different time and space trade-offs.

5. Clients must be aware of different Srategies. The pattern has a potential drawback in that a client
must understand how Strategies differ before it can select the appropriate one. Clients might be
exposed to implementation issues. Therefore you should use the Strategy pattern only when the
variation in behavior is relevant to clients.

6. Communication overhead between Strategy and Context. The Strategy interface is shared by all
ConcreteStrategy classes whether the algorithms they implement are trivial or complex. Hence it's
likely that some ConcreteStrategies won't use all the information passed to them through this
interface; simple ConcreteStrategies may use none of it! That means there will be times when the
context creates and initializes parameters that never get used. If thisis an issue, then you'll need
tighter coupling between Strategy and Context.

7. Increased number of objects. Strategies increase the number of objectsin an application.
Sometimes you can reduce this overhead by implementing strategies as statel ess objects that
contexts can share. Any residual state is maintained by the context, which passesit in each request
to the Strategy object. Shared strategies should not maintain state across invocations. The
Flyweight (195) pattern describes this approach in more detail.

v Implementation

Consider the following implementation issues:

1. Defining the Strategy and Context interfaces. The Strategy and Context interfaces must give a
ConcreteStrategy efficient access to any data it needs from a context, and vice versa.

One approach is to have Context pass data in parameters to Strategy operations—in other words,
take the data to the strategy. This keeps Strategy and Context decoupled. On the other hand,
Context might pass data the Strategy doesn't need.

Another technique has a context pass itself as an argument, and the strategy requests data from the
context explicitly. Alternatively, the strategy can store areference to its context, eliminating the
need to pass anything at all. Either way, the strategy can request exactly what it needs. But now
Context must define a more elaborate interface to its data, which couples Strategy and Context
more closely.

The needs of the particular algorithm and its data requirements will determine the best technique.

2. Srategies as template parameters. In C++ templates can be used to configure a class with a
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strategy. Thistechnique is only applicableif (1) the Strategy can be selected at compile-time, and
(2) it does not have to be changed at run-time. In this case, the class to be configured (e.g.,
Cont ext ) isdefined as atemplate classthat hasa St r at egy class as a parameter:

tenpl ate <cl ass AStrat egy>

cl ass Context {
void Operation() { theStrategy. DoAl gorithm(); }
I .

private:
AStrategy theStrategy;

3
The classisthen configured with a St r at egy class when it's instantiated:

class MyStrategy {
publ i c:

voi d DoAl gorithm();
3

Cont ext <MySt r at egy> aCont ext ;

With templates, there's no need to define an abstract class that defines the interface to the
Strategy. Using St r at egy as atemplate parameter also letsyou bind a St r at egy toits
Cont ext statically, which can increase efficiency.

3. Making Strategy objects optional. The Context class may be simplified if it's meaningful not to
have a Strategy object. Context checks to see if it has a Strategy object before accessing it. If there
is one, then Context usesit normally. If thereisn't a strategy, then Context carries out default
behavior. The benefit of this approach is that clients don't have to deal with Strategy objects at all
unless they don't like the default behavior.

v Sample Code

Well give the high-level code for the Motivation example, which is based on the implementation of
Composition and Compositor classesin InterViews [LCI+92].

The Conposi ti on class maintains a collection of Conmponent instances, which represent text and
graphical elementsin adocument. A composition arranges component objects into lines using an
instance of a Conposi t or subclass, which encapsulates a linebreaking strategy. Each component has
an associated natural size, stretchability, and shrinkability. The stretchability defines how much the
component can grow beyond its natural size; shrinkability is how much it can shrink. The composition
passes these values to a compositor, which uses them to determine the best |ocation for linebreaks.

cl ass Conposition {

publi c:
Conposi tion(Conpositor*);
void Repair();

private:
Composi tor* _conpositor;
Conponent * _conponents; /1 the list of conponents
i nt _conponent Count ; /1 the nunber of conponents
int _lineWdth; /1l the Conposition's line width
int* _lineBreaks; /1 the position of |inebreaks
/1l in conponents
int _|ineCount; /1 the nunber of I|ines
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b

When a new layout is required, the composition asks its compositor to determine where to place
linebreaks. The composition passes the compositor three arrays that define natural sizes, stretchabilities,
and shrinkabilities of the components. It also passes the number of components, how wide the lineis, and
an array that the compositor fills with the position of each linebreak. The compositor returns the number
of calculated breaks.

The Conposi t or interface |lets the composition pass the compositor all the information it needs. Thisis
an example of "taking the data to the strategy":

cl ass Conpositor {
publi c:
virtual int Conpose(
Coord natural[], Coord stretch[], Coord shrink[],
i nt conmponent Count, int |ineWdth, int breaks[]
) =0
pr ot ect ed:
Composi tor();
1

Note that Conposi t or isan abstract class. Concrete subclasses define specific linebreaking strategies.

The composition callsits compositor in its Repai r operation. Repai r first initializes arrays with the
natural size, stretchability, and shrinkability of each component (the details of which we omit for
brevity). Then it calls on the compositor to obtain the linebreaks and finally lays out the components
according to the breaks (also omitted):

void Conposition::Repair () {
Coord* natural;
Coord* stretchability;
Coord* shrinkability;
i nt conponent Count ;
int* breaks;

/'l prepare the arrays with the desired conponent sizes
/1

/1 determ ne where the breaks are:
i nt breakCount;
breakCount = _conpositor->Conpose(
natural, stretchability, shrinkability,

conmponent Count, _|ineWdth, breaks
);
/1 lay out conponents according to breaks
11

}

Now let'slook at the Conposi t or subclasses. Si npl eConposi t or examines componentsalineat a
time to determine where breaks should go:

cl ass Sinpl eConpositor : public Conpositor {
publi c:
Si npl eConpositor();
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virtual int Conpose(
Coord natural[], Coord stretch[], Coord shrink[],
i nt conmponent Count, int lineWdth, int breaks[]

TeXConposi t or usesamore global strategy. It examines a paragraph at atime, taking into account
the components' size and stretchability. It also tries to give an even "color" to the paragraph by
minimizing the whitespace between components.

cl ass TeXConpositor : public Conpositor {
publi c:
TeXComnpositor();

virtual int Conpose(
Coord natural[], Coord stretch[], Coord shrink[],
i nt conmponent Count, int [ineWdth, int breaks[]

~
~ -

b
ArrayConposi t or breaksthe componentsinto lines at regular intervals.

cl ass ArrayConpositor : public Conpositor {
publi c:
ArrayConpositor(int interval);

virtual int Conpose(
Coord natural[], Coord stretch[], Coord shrink[],
i nt conmponent Count, int lineWdth, int breaks[]

These classes don't use al the information passed in Conpose. Si npl eConposi t or ignoresthe
stretchability of the components, taking only their natural widths into account. Te XConposi t or uses
all the information passed to it, whereas Ar r ay Conposi t or ignores everything.

To instantiate Conposi t i on, you passit the compositor you want to use:

Conposi tion* quick = new Conposition(new Sinpl eConpositor);
Conposition* slick = new Conposition(new TeXConpositor);
Composition* iconic = new Conposition(new ArrayConpositor(100));

Conposi t or 'sinterface is carefully designed to support all layout algorithms that subclasses might
implement. Y ou don't want to have to change this interface with every new subclass, because that will
require changing existing subclasses. In general, the Strategy and Context interfaces determine how well
the pattern achievesitsintent.

* Known Uses

Both ET++ [WGM88] and InterViews use strategies to encapsulate different linebreaking algorithms as
we've described.
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Inthe RTL System for compiler code optimization [JML92], strategies define different register allocation

schemes (RegisterAllocator) and instruction set scheduling policies (RISCscheduler, CI SCscheduler).
This provides flexibility in targeting the optimizer for different machine architectures.

The ET++SwapsManager calculation engine framework computes prices for different financial
instruments [EG92]. Its key abstractions are Instrument and YieldCurve. Different instruments are
implemented as subclasses of Instrument. YieldCurve calculates discount factors, which determine the
present value of future cash flows. Both of these classes delegate some behavior to Strategy objects. The
framework provides afamily of ConcreteStrategy classes for generating cash flows, valuing swaps, and
calculating discount factors. Y ou can create new calculation engines by configuring Instrument and
YieldCurve with the different ConcreteStrategy objects. This approach supports mixing and matching
existing Strategy implementations as well as defining new ones.

The Booch components [BV 90] use strategies as template arguments. The Booch collection classes
support three different kinds of memory allocation strategies: managed (allocation out of a pool),
controlled (allocations/deallocations are protected by locks), and unmanaged (the normal memory
allocator). These strategies are passed as template arguments to a collection class when it's instantiated.
For example, an UnboundedCollection that uses the unmanaged strategy isinstantiated as
UnboundedCaol | ect i on.

RApp isasystem for integrated circuit layout [GA89, AG90]. RApp must lay out and route wires that

connect subsystems on the circuit. Routing algorithms in RApp are defined as subclasses of an abstract
Router class. Router is a Strategy class.

Borland's ObjectWindows [Bor94] uses strategies in dialogs boxes to ensure that the user entersvalid

data. For example, numbers might have to be in a certain range, and a numeric entry field should accept
only digits. Validating that a string is correct can require atable |ook-up.

ObjectWindows uses Validator objects to encapsul ate validation strategies. Validators are examples of
Strategy objects. Data entry fields delegate the validation strategy to an optional Validator object. The
client attaches avalidator to afield if validation is required (an example of an optiona strategy). When
the dialog is closed, the entry fields ask their validators to validate the data. The class library provides
validators for common cases, such as a RangeValidator for numbers. New client-specific validation
strategies can be defined easily by subclassing the Validator class.

v Related Patterns

Flyweight (195): Strategy objects often make good flyweights.

Y
p 1emplate Method
4 State

Abstract Factory = Adapter = Bridge = Builder = Chain of Responsibility = Command « Composite »
Decorator * Facade » Factory Method * Flyweight = Imterpreter » lterator = Mediator = Memento »
Observer = Prototype + Proxy « Singleton = State + Strategy = Template Method = Visitor
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Template

v Intent

Define the skeleton of an algorithm in an operation, deferring some steps to subclasses. Template
Method lets subclasses redefine certain steps of an algorithm without changing the algorithm's structure.

* Motivation

Consider an application framework that provides Application and Document classes. The Application
classisresponsible for opening existing documents stored in an external format, such asafile. A
Document object represents the information in a document onceit's read from thefile.

Applications built with the framework can subclass Application and Document to suit specific needs. For
example, adrawing application defines DrawA pplication and DrawDocument subclasses; a spreadsheet
application defines SpreadsheetA pplication and SpreadsheetDocument subclasses.

—l.-l—cm::-
Document Application
Savel} AddDocument()
Dpen() Opanlocument)
Closeal} DoCreateDocument)
Doftead]) CanCpenDocumentii
AboutToOpenDocument’)
MyDocument | ----------1 MyApplication
DoRead(} DoCreateDocument() & 4------1 return new MyDocument =

CanCpenDocumeant()
AboutToOpenDocument()

The abstract Application class defines the algorithm for opening and reading a document in its
OpenDocument operation:

voi d Application::OQpenDocunent (const char* nane) {
i f (!CanCpenDocunent (nane)) {
/'l cannot handl e this docunent
return;

}

Docunent * doc = DoCreat eDocunent () ;

if (doc) {
_docs->AddDocunent (doc) ;
About ToOpenDocunent (doc) ;
doc- >Open();
doc- >DoRead() ;
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Template Method

}

OpenDocument defines each step for opening a document. It checks if the document can be opened,
creates the application-specific Document object, adds it to its set of documents, and reads the Document
from afile.

We call OpenDocument atemplate method. A template method defines an algorithm in terms of
abstract operations that subclasses override to provide concrete behavior. Application subclasses define
the steps of the algorithm that check if the document can be opened (CanOpenDocument) and that create
the Document (DoCreateDocument). Document classes define the step that reads the document
(DoRead). The template method also defines an operation that |lets Application subclasses know when
the document is about to be opened (AboutToOpenDocument), in case they care.

By defining some of the steps of an algorithm using abstract operations, the template method fixes their
ordering, but it lets Application and Document subclasses vary those steps to suit their needs.

v Applicability
The Template Method pattern should be used

. toimplement the invariant parts of an algorithm once and leave it up to subclasses to implement
the behavior that can vary.

. when common behavior among subclasses should be factored and localized in acommon class to
avoid code duplication. Thisis agood example of "refactoring to generalize" as described by
Opdyke and Johnson [0J93]. Y ou first identify the differencesin the existing code and then
separate the differences into new operations. Finally, you replace the differing code with a
template method that calls one of these new operations.

. to control subclasses extensions. Y ou can define a template method that calls "hook™ operations
(see Consequences) at specific points, thereby permitting extensions only at those points.

v Structure

AbstractClass

Tl

TemplateMethod{} &=-p==-==-=-====-=- F-’-rin'li[iumjpa rationi{)
PrimitiveQperation 1) _ .
PrimitiveQperalion2y) PrimitiveCperalion2()

;

ConcreteClass

PrimitiveOperationi()
PrimitiveCperation2()

¥ Participants

. AbstractClass (Application)
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o defines abstract primitive oper ations that concrete subclasses define to implement steps
of an algorithm.

o implements atemplate method defining the skeleton of an algorithm. The template method
calls primitive operations as well as operations defined in AbstractClass or those of other
objects.

. ConcreteClass (MyApplication)

o implements the primitive operations to carry out subclass-specific steps of the algorithm.

v Collaborations

. ConcreteClassrelies on AbstractClass to implement the invariant steps of the algorithm.

v Consequences

Template methods are a fundamental technique for code reuse. They are particularly important in class
libraries, because they are the means for factoring out common behavior in library classes.

Template methods lead to an inverted control structure that's sometimes referred to as "the Hollywood
principle,” that is, "Don't call us, we'll call you" [Swe85]. Thisrefers to how a parent class cals the
operations of a subclass and not the other way around.
Template methods call the following kinds of operations:

. concrete operations (either on the ConcreteClass or on client classes);

. concrete AbstractClass operations (i.e., operations that are generally useful to subclasses);

. primitive operations (i.e., abstract operations);

. factory methods (see Factory Method (107)); and

. hook operations, which provide default behavior that subclasses can extend if necessary. A hook
operation often does nothing by default.

It's important for template methods to specify which operations are hooks (may be overridden) and which
are abstract operations (must be overridden). To reuse an abstract class effectively, subclass writers must
understand which operations are designed for overriding.

A subclass can extend a parent class operation's behavior by overriding the operation and calling the
parent operation explicitly:

voi d Derivedd ass:: Qperation () {
/1 Derivedd ass extended behavi or
Par ent Cl ass: : Operation();

}

Unfortunately, it's easy to forget to call the inherited operation. We can transform such an operation into
atemplate method to give the parent control over how subclasses extend it. Theideaisto call a hook
operation from a template method in the parent class. Then subclasses can then override this hook
operation:
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voi d Parentd ass:: Operation () {
/1 Parent d ass behavi or
HookOper ati on();

}

HookQper at i on does nothing in Par ent Cl ass:
voi d Parent C ass:: HookOperation () { }
Subclasses override Hook Oper at i on to extend its behavior:

voi d Derivedd ass:: HookQperation () {
/1 derived class extension
}

v Implementation

Three implementation issues are worth noting:

1. Using C++ access control. In C++, the primitive operations that a template method calls can be
declared protected members. This ensures that they are only called by the template method.
Primitive operations that must be overridden are declared pure virtual. The template method itself
should not be overridden; therefore you can make the template method a nonvirtual member
function.

2. Minimizing primitive operations. An important goal in designing template methods isto minimize
the number of primitive operations that a subclass must override to flesh out the algorithm. The
more operations that need overriding, the more tedious things get for clients.

3. Naming conventions. Y ou can identify the operations that should be overridden by adding a prefix
to their names. For example, the MacApp framework for Macintosh applications [App89] prefixes
template method names with "Do-": "DoCreateDocument”, "DoRead", and so forth.

v Sample Code

The following C++ example shows how a parent class can enforce an invariant for its subclasses. The
example comes from NeXT's AppKit [Add94]. Consider aclass Vi ewthat supports drawing on the
screen. Vi ew enforces the invariant that its subclasses can draw into aview only after it becomes the
"focus," which requires certain drawing state (for example, colors and fonts) to be set up properly.

WecanuseaDi spl ay template method to set up this state. Vi ew defines two concrete operations,
Set Focus and Reset Focus, that set up and clean up the drawing state, respectively. Vi ew's
DoDi spl ay hook operation performsthe actual drawing. Di spl ay calls Set Focus before
DoDi spl ay to set up the drawing state; Di spl ay callsReset Focus afterwards to release the
drawing state.

void View :D splay () {
Set Focus();
DoDi spl ay() ;
Reset Focus();
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To maintain the invariant, the Vi ews clients always call Di spl ay, and Vi ew subclasses aways
override DoDi spl ay.

DoDi spl ay doesnothingin Vi ew:
void View :DoDisplay () { }
Subclasses override it to add their specific drawing behavior:

void MyView : DoDi splay () {
/! render the view s contents
}

* Known Uses

Template methods are so fundamental that they can be found in almost every abstract class. Wirfs-Brock
et al. [WBWW90, WBJI0] provide agood overview and discussion of template methods.

v Related Patterns

Factory Methods (107) are often called by template methods. In the Motivation example, the factory
method DoCreateDocument is called by the template method OpenDocument.

Strategy (315): Template methods use inheritance to vary part of an algorithm. Strategies use delegation
to vary the entire agorithm.

Y
p Visitor

4 Strategy

y
Abstract Factory + Adapter = Bridge = Builder = Chain of Responsibility = Command + Composite =
Decorator * Facade » Factory Method * Flyweight = Imterpreter » lterator = Mediator = Memento »
Observer = Prototype + Proxy = Singleton = State » Strategy = Template Method = Visitor

http://lci.cs.ubbcluj.ro/~raduking/Books/Design%20Patterns/pat5jfs.htm (5 of 5) [21/08/2002 19:23:20]



Visitor

©

SEARCH

Intent
Motivation
Applicability
Structure
Participants
Collaborations
Consequences
Implamentation
Sample Code
Known Uses
Related Patterns

Help | Intro | Case Study | Pattern Catalog | Conclusion

Visitor Object Behavioral

| Contents |'I3ui|:|t: to Hnﬂdusl Glossary | Notation | Foundation | Bibliography | Index | Pattern Map |

¥ Intent

Represent an operation to be performed on the elements of an object structure. Visitor lets you define a new
operation without changing the classes of the elements on which it operates.

v Motivation

Consider a compiler that represents programs as abstract syntax trees. It will need to perform operations on
abstract syntax trees for "static semantic" analyses like checking that all variables are defined. It will also need to
generate code. So it might define operations for type-checking, code optimization, flow analysis, checking for
variables being assigned values before they're used, and so on. Moreover, we could use the abstract syntax trees
for pretty-printing, program restructuring, code instrumentation, and computing various metrics of a program.

Most of these operations will need to treat nodes that represent assignment statements differently from nodes
that represent variables or arithmetic expressions. Hence there will be one class for assignment statements,
another for variable accesses, another for arithmetic expressions, and so on. The set of hode classes depends on
the language being compiled, of course, but it doesn't change much for a given language.

Node

TvpaCheck()

GenerateCodei)

PratiyPrint)
VariableRefNode AssignmentMNode
TypaCheck(} TypeCheack()
GenerateCoda() GenerateCode()
PrettyPrint]) PrettyPrint{)

This diagram shows part of the Node class hierarchy. The problem hereisthat distributing all these operations
across the various node classes leads to a system that's hard to understand, maintain, and change. It will be
confusing to have type-checking code mixed with pretty-printing code or flow analysis code. Moreover, adding
anew operation usually requires recompiling all of these classes. It would be better if each new operation could
be added separately, and the node classes were independent of the operations that apply to them.

We can have both by packaging related operations from each class in a separate object, called avisitor, and
passing it to elements of the abstract syntax tree asit's traversed. When an element "accepts' the visitor, it sends
arequest to the visitor that encodes the element's class. It aso includes the element as an argument. The visitor
will then execute the operation for that element—the operation that used to be in the class of the element.

For example, a compiler that didn't use visitors might type-check a procedure by calling the TypeCheck
operation on its abstract syntax tree. Each of the nodes would implement TypeCheck by calling TypeCheck on
its components (see the preceding class diagram). If the compiler type-checked a procedure using visitors, then it
would create a TypeCheckingVisitor object and call the Accept operation on the abstract syntax tree with that
object as an argument. Each of the nodes would implement Accept by calling back on the visitor: an assignment
node calls VisitAssignment operation on the visitor, while avariable reference calls VisitV ariableReference.
What used to be the TypeCheck operation in class AssignmentNode is how the VisitAssignment operation on
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Visitor

TypeCheckingVisitor.

To make visitors work for more than just type-checking, we need an abstract parent class NodeVisitor for all
visitors of an abstract syntax tree. NodeVisitor must declare an operation for each node class. An application that
needs to compute program metrics will define new subclasses of NodeVisitor and will no longer need to add
application-specific code to the node classes. The Visitor pattern encapsulates the operations for each
compilation phase in a Visitor associated with that phase.

NodeVisitor

VisitAssignment{AssignmentMNods)
VisitVarableReffVariabla Refiods)

A

| I

TypeCheckingVisitor CodeGeneratingVisitor
Visithssignment{AssignmentMode) Visithssignment{Assignmenthode)
VisitWariableRef{VariableRafNoda) VisitWariableRef{VariableHafModa)

Program Q—E-J Node

AcceptNodelisitor)

AssignmentMode VariableRelNode

Accept{ModaVisitor v) IIJ Accepl{ModeVistar v '?
i i
I ]

'.l—:b-"n.l'|5il.ﬁ.55|gnrnant[lhis:|ﬁ \r—::'l..l'islt‘u’ariablaFlall:thE]H

With the Visitor pattern, you define two class hierarchies: one for the elements being operated on (the Node
hierarchy) and one for the visitors that define operations on the elements (the NodeVisitor hierarchy). Y ou create
anew operation by adding anew subclassto the visitor class hierarchy. Aslong as the grammar that the
compiler accepts doesn't change (that is, we don't have to add new Node subclasses), we can add new
functionality smply by defining new NodeVisitor subclasses.

v Applicability
Use the Visitor pattern when

. an abject structure contains many classes of objects with differing interfaces, and you want to perform
operations on these objects that depend on their concrete classes.

. many distinct and unrelated operations need to be performed on objects in an object structure, and you
want to avoid "polluting” their classes with these operations. Visitor lets you keep related operations
together by defining them in one class. When the object structure is shared by many applications, use
Visitor to put operationsin just those applications that need them.

. the classes defining the object structure rarely change, but you often want to define new operations over
the structure. Changing the object structure classes requires redefining the interface to all visitors, which
is potentially costly. If the object structure classes change often, then it's probably better to define the
operationsin those classes.

v Structure
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Cllenl w| Visifor

VisitConcrateiementAiConcrateElementA}
VisitConcreteElementBfConcrateElemeaniB)

A

ConcrateVisitor ConcreteVisitor2
VisitConcreteElemantA{ConcreteElameanta) VisitConcreteElementa]Concrete Elementa)
VisitConcreteElementB{ ConcreteElementB) VisitConcreteElementB{ConcreteElementB)

| ObjectStructure | e Element

AcceptVisitor)

A

ConcreteElementA ConcreteElementB

OperationAl) OperationBi)

Accapt{Visitorv) Accapt(Visitor vy @
| |
| |
: ;

W= :-‘-IisitCnncreleElemenl.ﬁ.n:mis]H v==VisitConcreteE IementB(lhisﬁH

v Participants
. Vigtor (NodeVisitor)

o declaresaVisit operation for each class of ConcreteElement in the object structure. The
operation's name and signature identifies the class that sends the Visit request to the visitor. That
lets the visitor determine the concrete class of the element being visited. Then the visitor can
access the element directly through its particular interface.

. ConcreteVisitor (TypeCheckingVisitor)

o implements each operation declared by Visitor. Each operation implements a fragment of the
algorithm defined for the corresponding class of object in the structure. ConcreteVisitor provides
the context for the algorithm and storesitslocal state. This state often accumulates results during
thetraversal of the structure.

Element (Node)

o defines an Accept operation that takes a visitor as an argument.

ConcreteElement (AssignmentNode,V ariableRefNode)

o implements an Accept operation that takes a visitor as an argument.

ObjectStructure (Program)
o can enumerate its elements.
o may provide ahigh-level interface to allow the visitor to visit its elements.

o may either be a composite (see Composite (163)) or a collection such asalist or a set.
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* Collaborations

. A client that usesthe Visitor pattern must create a ConcreteVisitor object and then traverse the object
structure, visiting each element with the visitor.

. When an element isvisited, it calsthe Visitor operation that corresponds to its class. The element
suppliesitself as an argument to this operation to let the visitor accessits state, if necessary.

The following interaction diagram illustrates the collaborations between an object structure, avisitor, and

two elements:
anObjectStructure aConcrateElemeanta aConcreteElementB aConcreteVisitor
J‘ AcceptiaVisitor) J_
™ | VisitConcreteElementAjaConcreteElamentd)
I Oparationdl)
b
Accept{aVisitor) T
—| WigitConcreteElementB{aConcreteElementB)
OperationBi}
2

* Consequences

Some of the benefits and liabilities of the Visitor pattern are as follows:

1. Visitor makes adding new operations easy. Visitors make it easy to add operations that depend on the
components of complex objects. Y ou can define a new operation over an object structure ssmply by
adding anew visitor. In contrast, if you spread functionality over many classes, then you must change
each class to define a new operation.

2. Avisitor gathersrelated operations and separates unrelated ones. Related behavior isn't spread over the
classes defining the object structure; it'slocalized in avisitor. Unrelated sets of behavior are partitioned in
their own visitor subclasses. That simplifies both the classes defining the elements and the algorithms
defined in the visitors. Any algorithm-specific data structures can be hidden in the visitor.

3. Adding new ConcreteElement classesis hard. The Visitor pattern makesit hard to add new subclasses of
Element. Each new ConcreteElement givesrise to a new abstract operation on Visitor and a
corresponding implementation in every ConcreteVisitor class. Sometimes a default implementation can
be provided in Visitor that can be inherited by most of the ConcreteVisitors, but thisis the exception
rather than the rule.

So the key consideration in applying the Visitor pattern is whether you are mostly likely to change the
algorithm applied over an object structure or the classes of objects that make up the structure. The Visitor
class hierarchy can be difficult to maintain when new ConcreteElement classes are added frequently. In
such cases, it's probably easier just to define operations on the classes that make up the structure. If the
Element class hierarchy is stable, but you are continually adding operations or changing algorithms, then
the Visitor pattern will help you manage the changes.

4. Visiting across class hierarchies. An iterator (see Iterator (257)) can visit the objectsin a structure as it
traverses them by calling their operations. But an iterator can't work across object structures with
different types of elements. For example, the Iterator interface defined on page 263 can access only
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objectsof typel t em

tenplate <class ltene
class Iterator {
...
Item Currentltem() const;

3
Thisimpliesthat all elements the iterator can visit have a common parent class| t em

Visitor does not have thisrestriction. It can visit objects that don't have a common parent class. Y ou can
add any type of object to a Visitor interface. For example, in

class Visitor {
publi c:

1.

void VisitWType(MType*);

voi d Vi sitYourType(Your Type*);
3

MyType and Your Type do not have to be related through inheritance at all.

5. Accumulating state. Visitors can accumulate state as they visit each element in the object structure.
Without avisitor, this state would be passed as extra arguments to the operations that perform the
traversal, or they might appear as global variables.

6. Breaking encapsulation. Visitor's approach assumes that the ConcreteElement interface is powerful
enough to let visitors do their job. As aresult, the pattern often forces you to provide public operations
that access an element'sinternal state, which may compromise its encapsulation.

v Implementation

Each abject structure will have an associated Visitor class. This abstract visitor class declares a
VisitConcreteElement operation for each class of ConcreteElement defining the object structure. Each Visit
operation on the Visitor declares its argument to be a particular ConcreteElement, allowing the Visitor to access
the interface of the ConcreteElement directly. ConcreteVisitor classes override each Visit operation to
implement visitor-specific behavior for the corresponding ConcreteElement class.

The Visitor class would be declared like thisin C++:

class Visitor {

publi c:
virtual void VisitEl ement ACEl ement A*) ;
virtual void VisitEl enent B(El ement B¥);

// and so on for other concrete el enents
pr ot ect ed:
Visitor();

s

Each class of ConcreteElement implements an Accept operation that callsthe matching Vi si t. . . operation
on the visitor for that ConcreteElement. Thus the operation that ends up getting called depends on both the class

of the element and the class of the visitor.10

The concrete elements are declared as

cl ass El enent {
publi c:
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virtual ~Element();
virtual void Accept(Visitor& = 0;

pr ot ect ed:
El emrent () ;
3
class ElenentA : public Elenment {
publi c:
El emrent A() ;
virtual void Accept(Visitor& v) { v.VisitEl ementA(this); }
3
class ElenentB : public Element {
publi c:
El ement B() ;
virtual void Accept(Visitor& v) { v.VisitElenentB(this); }
3

A Conposi t eEl enent class might implement Accept likethis:

cl ass ConpositeEl ement : public Elenment {
publi c:

virtual void Accept(Visitor&);
private:

Li st<El ement*>* _chil dren;

b

voi d ConpositeEl enment:: Accept (Visitor& v) {
Listlterator<El enent*> i(_children);

for (i.First(); !i.lsDone(); i.Next()) {
i.Currentlten()->Accept(V);

}
v. Vi si t Conposi t eEl enent (this);

}

Here are two other implementation issues that arise when you apply the Visitor pattern:

1. Double dispatch. Effectively, the Visitor pattern lets you add operations to classes without changing
them. Visitor achieves this by using atechnique called double-dispatch. It's awell-known technique. In
fact, some programming languages support it directly (CLOS, for example). Languages like C++ and
Smalltalk support single-dispatch.

In single-dispatch languages, two criteria determine which operation will fulfill a request: the name of the
request and the type of receiver. For example, the operation that a GenerateCode request will call
depends on the type of node object you ask. In C++, calling Gener at eCode on an instance of

Var i abl eRef Node will call Vari abl eRef Node: : Gener at eCode (which generates code for a
variable reference). Calling Gener at eCode on an Assi gnment Node will call

Assi gnment Node: : Gener at eCode (which will generate code for an assignment). The operation
that gets executed depends both on the kind of request and the type of the receiver.

"Double-dispatch”" simply means the operation that gets executed depends on the kind of request and the
types of two receivers. Accept isadouble-dispatch operation. Its meaning depends on two types: the
Visitor's and the Element's. Double-dispatching lets visitors request different operations on each class of

element.11

Thisisthe key to the Visitor pattern: The operation that gets executed depends on both the type of Visitor
and the type of Element it visits. Instead of binding operations statically into the Element interface, you
can consolidate the operationsin a Visitor and use Accept to do the binding at run-time. Extending the
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Element interface amounts to defining one new Visitor subclass rather than many new Element
subclasses.

2. Who isresponsible for traversing the object structure? A visitor must visit each element of the object
structure. The question is, how doesit get there? We can put responsibility for traversal in any of three
places: in the object structure, in the visitor, or in a separate iterator object (see lterator (257)).

Often the object structure is responsible for iteration. A collection will simply iterate over its elements,
calling the Accept operation on each. A composite will commonly traverseitself by having each Accept
operation traverse the el ement's children and call Accept on each of them recursively.

Another solution isto use an iterator to visit the elements. In C++, you could use either an internal or
external iterator, depending on what is available and what is most efficient. In Smalltalk, you usually use
an internal iterator using do: and ablock. Since internal iterators are implemented by the object
structure, using an internal iterator is alot like making the object structure responsible for iteration. The
main difference isthat an internal iterator will not cause double-dispatching—it will call an operation on
the visitor with an element as an argument as opposed to calling an operation on the element with the
visitor as an argument. But it's easy to use the Visitor pattern with an internal iterator if the operation on
the visitor simply calls the operation on the element without recursing.

Y ou could even put the traversal algorithm in the visitor, although you'll end up duplicating the traversal
code in each ConcreteVisitor for each aggregate ConcreteElement. The main reason to put the traversal
strategy in the visitor is to implement a particularly complex traversal, one that depends on the results of
the operations on the object structure. Well give an example of such a case in the Sample Code.

v Sample Code

Because visitors are usually associated with composites, we'll use the Equi pnent classes defined in the
Sample Code of Composite (163) to illustrate the Visitor pattern. We will use Visitor to define operations for
computing the inventory of materials and the total cost for a piece of equipment. The Equi pnent classes are so
simple that using Visitor isn't realy necessary, but they make it easy to see what's involved in implementing the
pattern.

Here again isthe Equi pnent class from Composite (163). We've augmented it with an Accept operation to
let it work with avisitor.

cl ass Equi pnent {
public:
virtual ~Equi pment();

const char* Nanme() { return _nane; }

virtual Vatt Power();
virtual Currency NetPrice();
virtual Currency DiscountPrice();

virtual void Accept (Equi prentVisitor&);
pr ot ect ed:

Equi pment (const char*);
private:

const char* _nane;

3
The Equi pnent operations return the attributes of a piece of equipment, such asits power consumption and
cost. Subclasses redefine these operations appropriately for specific types of equipment (e.g., achassis, drives,
and planar boards).

The abstract class for all visitors of equipment has avirtual function for each subclass of equipment, as shown
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next. All of the virtual functions do nothing by default.

cl ass Equi pnentVisitor {
publi c:
virtual ~Equi pnentVisitor();

virtual void VisitFl oppyD sk(Fl oppyDi sk*);
virtual void VisitCard(Card*);

virtual void VisitChassis(Chassis?*);
virtual void VisitBus(Bus*);

/1 and so on for other concrete subclasses of Equi pnent
prot ect ed:
Equi pnent Visitor();

s

Equi prment subclasses define Accept in basically the same way: It callsthe Equi prent Vi si t or
operation that corresponds to the class that received the Accept request, likethis:

voi d Fl oppyDi sk:: Accept (EquipnentVisitor& visitor) {
visitor. VisitFl oppyD sk(this);

}

Equipment that contains other equipment (in particular, subclasses of Conposi t eEqui pnent inthe
Composite pattern) implements Accept by iterating over its children and calling Accept on each of them.
Thenit callsthe Vi si t operation as usual. For example, Chassi s: : Accept could traverse all the partsin
the chassis as follows:

voi d Chassis:: Accept (EquipnentVisitor& visitor) {

for (
Listlterator i(_parts);
l'i.lsDone();
i . Next ()
) A
i.Currentltem()->Accept(visitor);
}

visitor. VisitChassis(this);

}

Subclasses of Equi pnent Vi si t or define particular algorithms over the equipment structure. The
Pri ci ngVi si t or computes the cost of the equipment structure. It computes the net price of all simple
equipment (e.g., floppies) and the discount price of all composite equipment (e.g., chassis and buses).

class PricingVisitor : public Equi prentVisitor {
publi c:
PricingVisitor();

Currency& CGet Total Price();

virtual void VisitFloppyD sk(Fl oppyD sk*);
virtual void VisitCard(Card*);
virtual void VisitChassis(Chassis*);
virtual void VisitBus(Bus*);
11

private:
Currency _total;

}s

void PricingVisitor::VisitFl oppyD sk (Fl oppyDi sk* e) {
_total += e->NetPrice();
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}

void PricingVisitor::VisitChassis (Chassis* e) {
_total += e->DiscountPrice();
}

Pri ci ngVi si t or will compute the total cost of al nodes in the equipment structure. Note that

Pri ci ngVi si t or chooses the appropriate pricing policy for a class of equipment by dispatching to the
corresponding member function. What's more, we can change the pricing policy of an equipment structure just
by changing the Pri ci ngVi si t or class.

We can define avisitor for computing inventory like this:

class InventoryVisitor : public EquipnentVisitor {
publi c:
I nventoryVisitor();

I nventory& Getlnventory();

virtual void VisitFloppyD sk(Fl oppyD sk*);
virtual void VisitCard(Card*);

virtual void VisitChassis(Chassis*);
virtual void VisitBus(Bus*);

11

private:
I nventory _inventory;

b

Thel nvent or yVi si t or accumulates the totals for each type of equipment in the object structure.
I nvent oryVi si tor usesan| nvent ory classthat defines an interface for adding equipment (which we
won't bother defining here).

void InventoryVisitor::VisitFl oppyD sk (FloppyDi sk* e) {
_inventory. Accurmul at e(e);

}

void InventoryVisitor::VisitChassis (Chassis* e) {
_inventory. Accunmul at e(e);
}

Here'show we can usean | nvent or yVi si t or onan egquipment structure:

Equi pmrent * conponent ;
InventoryVisitor visitor;

conponent - >Accept (vi sitor);
cout << "lnventory "

<< component - >Name()

<< visitor.Cetlnventory();

Now we'll show how to implement the Smalltalk example from the Interpreter pattern (see page 248) with the

Visitor pattern. Like the previous example, this oneis so small that Visitor probably won't buy us much, but it
provides agood illustration of how to use the pattern. Further, it illustrates a situation in which iteration isthe
visitor's responsibility.

The object structure (regular expressions) is made of four classes, and al of them have an accept : method
that takes the visitor as an argument. In class SequenceExpr essi on, theaccept : methodis

accept: aVisitor
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N aVisitor visitSequence: self

In class Repeat Expr essi on, theaccept : method sendsthevi si t Repeat : message. In class
Al t ernati onExpressi on,itsendsthevi sit Al t er nati on: message. In class
Li t eral Expression,itsendsthevi sitLiteral: message.

The four classes also must have accessing functions that the visitor can use. For SequenceExpr essi on these
areexpr essi onl and expr essi on2; for Al t er nat i onExpr essi on theseareal t ernati vel and

al ternati ve2; for Repeat Expressi onitisrepetition;andforLiteral Expressi ontheseare
conponent s.

The ConcreteVisitor classis REMat chi ngVi si t or . Itisresponsible for the traversal because its traversal
algorithmisirregular. The biggest irregularity isthat aRepeat Expr essi on will repeatedly traverse its
component. The class REMat chi ngVi si t or hasan instance variablei nput St at e. Its methods are
essentially the same asthe mat ch: methods of the expression classes in the Interpreter pattern except they
replace the argument named i nput St at e with the expression node being matched. However, they till return
the set of streams that the expression would match to identify the current state.

Vi si t Sequence: sequenceExp
i nput State : = sequenceExp expressionl accept: self.
N sequenceExp expression2 accept: self.

vi sit Repeat: repeat Exp

| final State |

final State : = input State copy.

[input State isEnpty]

whi | eFal se:

[input State := repeat Exp repetition accept: self.
final State addAll: inputState].

N final State

visitAlternation: alternateExp
| final State original State |

original State : = inputState.
final State : = alternateExp alternativel accept: self.
i nputState : = original State.

final State addAll: (alternateExp alternative2 accept: self).
A final State

visitLiteral: literal Exp
| final State tStream |
final State : = Set new.
i nput St ate
do:

[:stream | tStream:= stream copy.
(t Stream next Avai | abl e:
literal Exp conmponents size
) = literal Exp conponents
ifTrue: [final State add: tStreani
].

N final State

* Known Uses

The Smalltalk-80 compiler has a Visitor class called ProgramNodeEnumerator. It's used primarily for algorithms
that analyze source code. It isn't used for code generation or pretty-printing, although it could be.

IRIS Inventor [Str93] is atoolkit for developing 3-D graphics applications. Inventor represents a three-
dimensional scene as a hierarchy of nodes, each representing either a geometric object or an attribute of one.
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Operations like rendering a scene or mapping an input event require traversing this hierarchy in different ways.
Inventor does this using visitors called "actions." There are different visitors for rendering, event handling,
searching, filing, and determining bounding boxes.

To make adding new nodes easier, Inventor implements a double-dispatch scheme for C++. The scheme relies
on run-time type information and a two-dimensional table in which rows represent visitors and columns
represent node classes. The cells store a pointer to the function bound to the visitor and node class.

Mark Linton coined the term "Visitor" in the X Consortium's Fresco Application Toolkit specification [LP93].

v Related Patterns

Composite (163): Visitors can be used to apply an operation over an object structure defined by the Composite
pattern.

Interpreter (243): Visitor may be applied to do the interpretation.

Y
p Discussion of Behavioral Patterns

4 Template Method

10we could use function overloading to give these operations the same simple name, like Vi si t , sincethe
operations are already differentiated by the parameter they're passed. There are pros and cons to such
overloading. On the one hand, it reinforces the fact that each operation involves the same analysis, albeit on a
different argument. On the other hand, that might make what's going on at the call site less obvious to someone
reading the code. It really boils down to whether you believe function overloading is good or not.

111f we can have double-dispatch, then why not triple or quadruple, or any other number? Actually, double-
dispatch isjust a special case of multiple dispatch, in which the operation is chosen based on any number of
types. (CLOS actually supports multiple dispatch.) Languages that support double- or multiple dispatch lessen
the need for the Visitor pattern.

§
Abstract Factory = Adapter « Bridge = Builder + Chain of Responsibility = Command = Composite
Decorator » Facade » Factory Method = Flyweight = Interpreter = lterator = Mediator = Memento =
Observer » Prototype = Proxy * Singleton « State « Strategy + Template Method « Visitor
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Encapsulating
Variation
Objects as

LUl v Encapsulating Variation
Should

Communication
HE TR Encapsulating variation is atheme of many behavioral patterns. When an aspect of a program changes

L BT frequently, these patterns define an object that encapsulates that aspect. Then other parts of the program
HEI  can collaborate with the object whenever they depend on that aspect. The patterns usually define an
ULEER N abstract class that describes the encapsul ating object, and the pattern derives its name from that object.12
Recelvars For example,

Summary

. aStrategy object encapsulates an algorithm (Strategy (315)),
. aState object encapsulates a state-dependent behavior (State (305)),

. aMediator object encapsulates the protocol between objects (Mediator (273)), and

. an lterator object encapsulates the way you access and traverse the components of an aggregate

object (Iterator (257)).

These patterns describe aspects of a program that are likely to change. Most patterns have two kinds of
objects: the new object(s) that encapsulate the aspect, and the existing object(s) that use the new ones.
Usually the functionality of new objects would be an integral part of the existing objects were it not for
the pattern. For example, code for a Strategy would probably be wired into the strategy's Context, and
code for a State would be implemented directly in the state's Context.

But not all object behavioral patterns partition functionality like this. For example, Chain of
Responsibility (223) deals with an arbitrary number of objects (i.e., achain), all of which may already
exist in the system.

Chain of Responsibility illustrates another difference in behaviora patterns: Not al define static
communication rel ationships between classes. Chain of Responsibility prescribes communication
between an open-ended number of objects. Other patterns involve objects that are passed around as
arguments.

¥ Objects as Arguments

Several patterns introduce an object that's always used as an argument. One of these is Visitor (331). A
Visitor object is the argument to a polymorphic Accept operation on the objectsit visits. The visitor is
never considered a part of those objects, even though the conventional alternative to the pattern isto
distribute Visitor code across the object structure classes.

Other patterns define objects that act as magic tokens to be passed around and invoked at a later time.
Both Command (233) and Memento (283) fall into this category. In Command, the token represents a
request; in Memento, it represents the internal state of an object at a particular time. In both cases, the
token can have a complex internal representation, but the client is never aware of it. But even here there
are differences. Polymorphism isimportant in the Command pattern, because executing the Command
object is a polymorphic operation. In contrast, the Memento interface is so narrow that a memento can
only be passed as avalue. So it'slikely to present no polymorphic operations at all to its clients.
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v Should Communication be Encapsulated or
Distributed?

Mediator (273) and Observer (293) are competing patterns. The difference between them is that Observer

distributes communication by introducing Observer and Subject objects, whereas a Mediator object
encapsul ates the communication between other objects.

In the Observer pattern, there is no single object that encapsulates a constraint. Instead, the Observer and
the Subject must cooperate to maintain the constraint. Communication patterns are determined by the
way observers and subjects are interconnected: a single subject usually has many observers, and
sometimes the observer of one subject is a subject of another observer. The Mediator pattern centralizes
rather than distributes. It places the responsibility for maintaining a constraint squarely in the mediator.

We've found it easier to make reusable Observers and Subjects than to make reusable Mediators. The
Observer pattern promotes partitioning and loose coupling between Observer and Subject, and that |eads
to finer-grained classes that are more apt to be reused.

On the other hand, it's easier to understand the flow of communication in Mediator than in Observer.
Observers and subjects are usually connected shortly after they're created, and it's hard to see how they
are connected later in the program. If you know the Observer pattern, then you understand that the way
observers and subjects are connected isimportant, and you aso know what connectionsto look for.
However, the indirection that Observer introduces will still make a system harder to understand.

Observersin Smalltalk can be parameterized with messages to access the Subject state, and so they are
even more reusable than they are in C++. This makes Observer more attractive than Mediator in
Smalltalk. Thus a Smalltalk programmer will often use Observer where a C++ programmer would use
Mediator.

¥ Decoupling Senders and Receivers

When collaborating objects refer to each other directly, they become dependent on each other, and that
can have an adverse impact on the layering and reusability of a system. Command, Observer, Mediator,
and Chain of Responsibility address how you can decouple senders and receivers, but with different trade-
offs.

The Command pattern supports decoupling by using a Command object to define the binding between a
sender and receiver:

anlnvoker aCommand aReceiver
(sender) (receiver)
Execute() Action()

The Command object provides a simple interface for issuing the request (that is, the Execute operation).
Defining the sender-receiver connection in a separate object lets the sender work with different receivers.
It keeps the sender decoupled from the receivers, making senders easy to reuse. Moreover, you can reuse
the Command object to parameterize areceiver with different senders. The Command pattern nominally
reguires a subclass for each sender-receiver connection, although the pattern describes implementation
techniques that avoid subclassing.
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The Observer pattern decouples senders (subjects) from receivers (observers) by defining an interface for

signaling changes in subjects. Observer defines alooser sender-receiver binding than Command, since a
subject may have multiple observers, and their number can vary at run-time.

aSubject anObserver anObserver  anObserver

{zender) (receiver) {receiver) {receiver)
|
Update(}
Update(} .|:|
Update(}

-

The Subject and Observer interfaces in the Observer pattern are designed for communicating changes.
Therefore the Observer pattern is best for decoupling objects when there are data dependencies between
them.

The Mediator pattern decouples objects by having them refer to each other indirectly through a Mediator
object.

aColleague aMediator aColleague aColleague
(sender/raceiver) {sender/recaiver) (senderraceiver)
i
- ]
L. i

T

A Mediator object routes requests between Colleague objects and centralizes their communication.
Consequently, colleagues can only talk to each other through the Mediator interface. Because this
interface is fixed, the Mediator might have to implement its own dispatching scheme for added
flexibility. Requests can be encoded and arguments packed in such away that colleagues can request an
open-ended set of operations.

The Mediator pattern can reduce subclassing in a system, because it centralizes communication behavior
in one classinstead of distributing it among subclasses. However, ad hoc dispatching schemes often
decrease type safety.
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Finally, the Chain of Responsibility pattern decouples the sender from the receiver by passing the request
along achain of potential receivers:

aClient aHandler aHandler aHandler
{sender) {receiver) {receiver) (receiver)
1
HandleHelp()
HandleHelp()
HandleHelp()

T T

Since the interface between senders and receiversis fixed, Chain of Responsibility may also require a
custom dispatching scheme. Hence it has the same type-safety drawbacks as Mediator. Chain of
Responsibility is a good way to decouple the sender and the receiver if the chain is already part of the
system's structure, and one of several objects may be in a position to handle the request. Moreover, the
pattern offers added flexibility in that the chain can be changed or extended easily.

¥ Summary

With few exceptions, behavioral design patterns complement and reinforce each other. A classin achain
of responsibility, for example, will probably include at |east one application of Template Method (325).
The template method can use primitive operations to determine whether the object should handle the
request and to choose the object to forward to. The chain can use the Command pattern to represent
requests as objects. Interpreter (243) can use the State pattern to define parsing contexts. An iterator can
traverse an aggregate, and a visitor can apply an operation to each element in the aggregate.

Behavioral patterns work well with other patterns, too. For example, a system that uses the Composite
(163) pattern might use avisitor to perform operations on components of the composition. It could use

Chain of Responsibility to let components access global properties through their parent. It could also use
Decorator (175) to override these properties on parts of the composition. It could use the Observer

pattern to tie one object structure to another and the State pattern to let a component change its behavior
as its state changes. The composition itself might be created using the approach in Builder (97), and it

might be treated as a Prototype (117) by some other part of the system.

Well-designed object-oriented systems are just like this—they have multiple patterns embedded in
them—>but not because their designers necessarily thought in these terms. Composition at the pattern
level rather than the class or object levels lets us achieve the same synergy with greater ease.

A
p» Conclusion

4 Visitor
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12This theme runs through other kinds of patterns, too. AbstractFactory (87), Builder (97), and Prototype
(117) dl encapsulate knowledge about how objects are created. Decorator (175) encapsulates
responsibility that can be added to an object. Bridge (151) separates an abstraction from its
implementation, letting them vary independently.

y
Abstract Factory « Adapter = Bridge + Builder = Chain of Responsibility = Command + Composite =
Decorator * Facade = Factory Method = Flyweight = Imterpreter = lterator = Mediator = Memento »
Observer * Prototype « Proxy * Singleton * State * Strategy +« Template Method  Visitor
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What o Expect
from Design
Patterns

A Brief History It's possible to argue that this book hasn't accomplished much. After all, it doesn't present any algorithms
The Pattern or programming techniques that haven't been used before. It doesn't give arigorous method for designing
Community systems, nor does it develop a new theory of design—it just documents existing designs. Y ou could

conclude that it makes a reasonable tutorial, perhaps, but it certainly can't offer much to an experienced
An Invitation . . :
object-oriented designer.

A Parting
Thought

We hope you think differently. Cataloging design patterns isimportant. It gives us standard names and
definitions for the techniques we use. If we don't study design patterns in software, we won't be able to
improve them, and it'll be harder to come up with new ones.

Thisbook isonly a start. It contains some of the most common design patterns that expert object-oriented
designers use, and yet people hear and learn about them solely by word of mouth or by studying existing
systems. Early drafts of the book prompted other people to write down the design patterns they use, and
it should prompt even more in its current form. We hope thiswill mark the start of a movement to
document the expertise of software practitioners.

This chapter discusses the impact we think design patterns will have, how they are related to other work
in design, and how you can get involved in finding and cataloging patterns.

v What to Expect from Design Patterns

Here are several ways in which the design patterns in this book can affect the way you design object-
oriented software, based on our day-to-day experience with them.

A Common Design Vocabulary

Studies of expert programmers for conventional languages have shown that knowledge and experience
isn't organized simply around syntax but in larger conceptual structures such as algorithms, data
structures and idioms [AS85, Cop92, Cur89, SS86], and plans for fulfilling a particular goal [SE84].
Designers probably don't think about the notation they're using for recording the design as much as they
try to match the current design situation against plans, algorithms, data structures, and idioms they have
learned in the past.

Computer scientists name and catalog algorithms and data structures, but we don't often name other
kinds of patterns. Design patterns provide a common vocabulary for designers to use to communicate,
document, and explore design aternatives. Design patterns make a system seem less complex by letting
you talk about it at a higher level of abstraction than that of a design notation or programming language.
Design patternsraise the level at which you design and discuss design with your colleagues.

Once you've absorbed the design patternsin this book, your design vocabulary will almost certainly
change. Y ou will speak directly in terms of the names of the design patterns. Y ou'll find yourself saying
things like, "Let's use an Observer here," or, "Let's make a Strategy out of these classes.”

A Documentation and Learning Aid

Knowing the design patterns in this book makes it easier to understand existing systems. Most large
object-oriented systems use these design patterns. People |earning object-oriented programming often
complain that the systems they're working with use inheritance in convoluted ways and that it's difficult
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to follow the flow of control. In large part this is because they do not understand the design patternsin
the system. Learning these design patterns will help you understand existing object-oriented systems.

These design patterns can also make you a better designer. They provide solutions to common problems.
If you work with object-oriented systems long enough, you'll probably learn these design patterns on
your own. But reading the book will help you learn them much faster. Learning these patterns will help a
novice act more like an expert.

Moreover, describing a system in terms of the design patterns that it uses will makeit alot easier to
understand. Otherwise, people will have to reverse-engineer the design to unearth the patterns it uses.
Having a common vocabulary means you don't have to describe the whole design pattern; you can just
name it and expect your reader to know it. A reader who doesn't know the patterns will have to look them
up at first, but that's still easier than reverse-engineering.

We use these patterns in our own designs, and we've found them invaluable. Y et we use the patternsin
arguably naive ways. We use them to pick names for classes, to think about and teach good design, and
to describe designs in terms of the sequence of design patterns we applied [BJ94]. It's easy to imagine
more sophisticated ways of using patterns, such as pattern-based CA SE tools or hypertext documents.
But patterns are a big help even without sophisticated tools.

An Adjunct to Existing Methods

Object-oriented design methods are supposed to promote good design, to teach new designers how to
design well, and to standardize the way designs are developed. A design method typically defines a set of
notations (usually graphical) for modeling various aspects of a design, along with a set of rules that
govern how and when to use each notation. Design methods usually describe problems that occur in a
design, how to resolve them, and how to evaluate design. But they haven't been able to capture the
experience of expert designers.

We believe our design patterns are an important piece that's been missing from object-oriented design
methods. The design patterns show how to use primitive techniques such as objects, inheritance, and
polymorphism. They show how to parameterize a system with an algorithm, a behavior, a state, or the
kind of objectsit's supposed to create. Design patterns provide away to describe more of the "why" of a
design and not just record the results of your decisions. The Applicability, Consequences, and
Implementation sections of the design patterns help guide you in the decisions you have to make.

Design patterns are especially useful in turning an analysis model into an implementation model. Despite
many claims that promise a smooth transition from object-oriented analysis to design, in practice the
transition is anything but smooth. A flexible and reusable design will contain objects that aren't in the
analysis model. The programming language and class libraries you use affect the design. Analysis
models often must be redesigned to make them reusable. Many of the design patterns in the catalog
address these issues, which iswhy we call them design patterns.

A full-fledged design method requires more kinds of patterns than just design patterns. There can also be
analysis patterns, user interface design patterns, or performance-tuning patterns. But the design patterns
are an essentia part, one that's been missing until now.

A Target for Refactoring

One of the problems in developing reusable software isthat it often has to be reorganized or refactored
[©J90]. Design patterns help you determine how to reorganize adesign, and they can reduce the amount
of refactoring you need to do later.

The lifecycle of object-oriented software has several phases. Brian Foote identifies these phases as the
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prototyping, expansionary, and consolidating phases [Foo92].

The prototyping phase isaflurry of activity as the software is brought to life through rapid prototyping
and incremental changes, until it meets aninitia set of requirements and reaches adolescence. At this
point, the software usually consists of class hierarchies that closely reflect entitiesin the initial problem
domain. The main kind of reuse is white-box reuse by inheritance.

Once the software has reached adolescence and is put into service, its evolution is governed by two
conflicting needs: (1) the software must satisfy more requirements, and (2) the software must be more
reusable. New requirements usually add new classes and operations and perhaps whole class hierarchies.
The software goes through an expansionary phase to meet new requirements. This can't continue for
long, however. Eventualy the software will become too inflexible and arthritic for further change. The
class hierarchies will no longer match any problem domain. Instead they'll reflect many problem
domains, and classes will define many unrelated operations and instance variables.

To continue to evolve, the software must be reorganized in a process known as refactoring. Thisisthe
phase in which frameworks often emerge. Refactoring involves tearing apart classes into special- and
general-purpose components, moving operations up or down the class hierarchy, and rationalizing the
interfaces of classes. This consolidation phase produces many new kinds of objects, often by
decomposing existing objects and using object composition instead of inheritance. Hence black-box
reuse replaces white-box reuse. The continual need to satisfy more requirements along with the need for
more reuse propel s obj ect-oriented software through repeated phases of expansion and
consolidation—expansion as new requirements are satisfied, and consolidation as the software becomes
more general.

expansion

more requirements more reuse

prototyping consolidation

This cycle is unavoidable. But good designers are aware of the changes that can prompt refactorings.
Good designers also know class and object structures that can help avoid refactorings—their designs are
robust in the face of requirement changes. A thorough requirements analysis will highlight those
requirements that are likely to change during the life of the software, and a good design will be robust to
them.

Our design patterns capture many of the structures that result from refactoring. Using these patterns early
in the life of a design prevents later refactorings. But even if you don't see how to apply a pattern until
after you've built your system, the pattern can still show you how to change it. Design patterns thus
provide targets for your refactorings.

v A Brief History

The catalog began as a part of Erich's Ph.D. thesis [Gam91, Gam92]. Roughly half of the current patterns

werein histhesis. By OOPSLA '91 it was officialy an independent catalog, and Richard had joined
Erich to work on it. John started working on it soon thereafter. By OOPSLA '92, Ralph had joined the
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group. We worked hard to make the catal og fit for publication at ECOOP '93, but soon we realized that a
90-page paper was not going to be accepted. So we summarized the catalog and submitted the summary,
which was accepted. We decided to turn the catalog into a book shortly thereafter.

Our names for the patterns have changed allittle along the way. "Wrapper" became "Decorator," "Glue"
became "Facade," "Solitaire” became "Singleton,” and "Walker" became "Visitor." A couple of patterns
got dropped because they didn't seem important enough. But otherwise the set of patternsin the catalog
has changed little since the end of 1992. The patterns themselves, however, have evolved tremendously.

In fact, noticing that something is a pattern is the easy part. All four of us are actively working on
building object-oriented systems, and we've found that it's easy to spot patterns when you look at enough
systems. But finding patterns is much easier than describing them.

If you build systems and then reflect on what you build, you will see patternsin what you do. But it's
hard to describe patterns so that people who don't know them will understand them and realize why they
are important. Experts immediately recognized the value of the catalog in its early stages. But the only
ones who could understand the patterns were those who had aready used them.

Since one of the main purposes of the book was to teach object-oriented design to new designers, we
knew we had to improve the catalog. We expanded the average size of a pattern from less than 2 to more
than 10 pages by including a detailed motivating example and sample code. We also started examining
the trade-offs and the various ways of implementing the pattern. This made the patterns easier to learn.

Another important change over the past year has been a greater emphasis on the problem that a pattern
solves. It's easiest to see a pattern as a solution, as a technique that can be adapted and reused. It's harder
to see when it is appropriate—to characterize the problems it solves and the context in which it's the best
solution. In general, it's easier to see what someone is doing than to know why, and the "why" for a
pattern is the problem it solves. Knowing the purpose of a pattern isimportant too, because it helps us
choose patterns to apply. It aso helps us understand the design of existing systems. A pattern author

must determine and characterize the problem that the pattern solves, even if you have to do it after you've
discovered its solution.

¥ The Pattern Community

We aren't the only ones interested in writing books that catal og the patterns experts use. We are a part of
alarger community interested in patternsin general and software-related patternsin particular.
Christopher Alexander isthe architect who first studied patterns in buildings and communities and
developed a"pattern language" for generating them. His work has inspired us time and again. So it's
fitting and worthwhile to compare our work to his. Then we'll look at others work in software-related
patterns.

Alexander's Pattern Languages

There are many ways in which our work is like Alexander's. Both are based on observing existing
systems and looking for patterns in them. Both have templates for describing patterns (although our
templates are quite different). Both rely on natural language and lots of examples to describe patterns
rather than formal languages, and both give rationales for each pattern.

But there are just as many ways in which our works are different:

1. People have been making buildings for thousands of years, and there are many classic examples
to draw upon. We have been making software systems for arelatively short time, and few are
considered classics.
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2. Alexander gives an order in which his patterns should be used; we have not.

3. Alexander's patterns emphasize the problems they address, whereas design patterns describe the
solutions in more detail.

4. Alexander claims his patterns will generate complete buildings. We do not claim that our patterns
will generate complete programs.

When Alexander claims you can design a house simply by applying his patterns one after another, he has
goals similar to those of object-oriented design methodol ogists who give step-by-step rules for design.
Alexander doesn't deny the need for creativity; some of his patterns require understanding the living
habits of the people who will use the building, and his belief in the "poetry” of designimplies alevel of
expertise beyond the pattern language itself.1 But his description of how patterns generate designs
implies that a pattern language can make the design process deterministic and repeatable.

The Alexandrian point of view has helped us focus on design trade-offs—the different "forces" that help
shape adesign. His influence made us work harder to understand the applicability and consequences of
our patterns. It also kept us from worrying about defining aformal representation of patterns. Although
such arepresentation might make automating patterns possible, at this stage it's more important to
explore the space of design patterns than to formalize it.

From Alexander's point of view, the patterns in this book do not form a pattern language. Given the
variety of software systems that people build, it's hard to see how we could provide a"complete” set of
patterns, one that offers step-by-step instructions for designing an application. We can do that for certain
classes of applications, such as report-writing or making aforms-entry system. But our catalog isjust a
collection of related patterns; we can't pretend it's a pattern language.

In fact, we think it's unlikely that there will ever be a complete pattern language for software. But it's
certainly possible to make one that is more complete. Additions would have to include frameworks and
how to use them [Joh92], patterns for user interface design [BJ94], analysis patterns [Coa92], and al the
other aspects of developing software. Design patterns are just a part of alarger pattern language for
software.

Patterns in Software

Our first collective experience in the study of software architecture was at an OOPSLA '91 workshop led
by Bruce Anderson. The workshop was dedicated to devel oping a handbook for software architects.
(Judging from this book, we suspect "architecture encyclopedia’ will be a more appropriate name than
"architecture handbook.") That first workshop has led to a series of meetings, the most recent of which
being the first conference on Pattern Languages of Programs held in August 1994. This has created a
community of people interested in documenting software expertise.

Of course, others have had this goal as well. Donald Knuth's The Art of Computer Programming [Knu73]
was one of the first attempts to catalog software knowledge, though he focused on describing algorithms.
Even so, the task proved too great to finish. The Graphics Gems series [Gla90, Arv9l, Kir92] is another
catalog of design knowledge, though it too tends to focus on algorithms. The Domain Specific Software
Architecture program sponsored by the U.S. Department of Defense [GM 92] concentrates on gathering
architectural information. The knowledge-based software engineering community tries to represent
software-related knowledge in general. There are many other groups with goals at least alittle like ours.

James Coplien’'s Advanced C++: Programming Styles and Idioms [Cop92] has influenced us, too. The
patterns in his book tend to be more C++-specific than our design patterns, and his book contains lots of
lower-level patterns as well. But there is some overlap, as we point out in our patterns. Jim has been
active in the pattern community. He's currently working on patterns that describe peopl€'srolesin
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software development organizations.

There are alot of other places in which to find descriptions of patterns. Kent Beck was one of the first
people in the software community to advocate Christopher Alexander's work. In 1993 he started writing a
column in The Smalltalk Report on Smalltalk patterns. Peter Coad has also been collecting patterns for
some time. His paper on patterns seems to us to contain mostly analysis patterns [ Coa92]; we haven't
seen his latest patterns, though we know he is still working on them. We've heard of several books on
patterns that are in the works, but we haven't seen any of them, either. All we can do islet you know
they're coming. One of these books will be from the Pattern Languages of Programs conference.

* An Invitation

What can you do if you are interested in patterns? First, use them and look for other patternsthat fit the
way you design. A lot of books and articles about patterns will be coming out in the next few years, so

there will be plenty of sources for new patterns. Develop your vocabulary of patterns, and useit. Use it
when you talk with other people about your designs. Use it when you think and write about them.

Second, be acritical consumer. The design pattern catalog is the result of hard work, not just ours but
that of dozens of reviewers who gave us feedback. If you spot a problem or believe more explanation is
needed, contact us. The same goes for any other catalog of patterns: Give the authors feedback! One of
the great things about patternsis that they move design decisions out of the realm of vague intuition.
They let authors be explicit about the trade-offs they make. This makes it easier to see what iswrong
with their patterns and to argue with them. Take advantage of that.

Third, look for patterns you use, and write them down. Make them a part of your documentation. Show
them to other people. Y ou don't have to be in aresearch lab to find patterns. In fact, finding relevant
patternsis nearly impossible if you don't have practical experience. Feel free to write your own catalog of
patterns...but make sure someone else helps you beat them into shape!

v A Parting Thought

The best designs will use many design patterns that dovetail and intertwine to produce a greater whole.
As Christopher Alexander says:

It is possible to make buildings by stringing together patterns, in arather loose way. A
building made like this, is an assembly of patterns. It is not dense. It is not profound. But it
is also possible to put patterns together in such away that many patterns overlap in the
same physical space: the building is very dense; it has many meanings captured in a small
space; and through this density, it becomes profound.

A Pattern Language [A1X+77, page xli]

&

» Glossary
4 Discussion of Behavioral Patterns

1See "The poetry of the language" [AIS+77].

§
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abstract class
A class whose primary purposeis to define an interface. An abstract class defers some or all of its
implementation to subclasses. An abstract class cannot be instantiated.

abstract coupling
Given aclass A that maintains a reference to an abstract class B, class A is said to be abstractly
coupled to B. We call this abstract coupling because A refers to atype of object, not a concrete
object.

abstract operation
An operation that declares a signature but doesn't implement it. In C++, an abstract operation
corresponds to a pure virtual member function.

acquaintancerelationship
A class that refers to another class has an acquaintance with that class.

aggor egate obj ect
An object that's composed of subobjects. The subobjects are called the aggregate's parts, and the
aggregate is responsible for them.

aggr egation relationship
The relationship of an aggregate object to its parts. A class defines this relationship for its instances
(e.g., aggregate objects).

black-box reuse
A style of reuse based on object composition. Composed objects reveal no internal detailsto each
other and are thus analogous to "black boxes."

class
A class defines an object's interface and implementation. It specifies the object's internal
representation and defines the operations the object can perform.

classdiagram
A diagram that depicts classes, their internal structure and operations, and the static relationships
between them.

class operation
An operation targeted to a class and not to an individual object. In C++, class operations are are
called static member functions.

concrete class
A class having no abstract operations. It can be instantiated.

constructor
In C++, an operation that is automatically invoked to initialize new instances.

coupling
The degree to which software components depend on each other.

delegation
An implementation mechanism in which an object forwards or delegates a request to another object.
The delegate carries out the request on behalf of the original object.
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design pattern
A design pattern systematically names, motivates, and explains ageneral design that addresses a
recurring design problem in object-oriented systems. It describes the problem, the solution, when to
apply the solution, and its consequences. It also gives implementation hints and examples. The
solution is a general arrangement of objects and classes that solve the problem. The solution is
customized and implemented to solve the problem in a particular context.

destructor
In C++, an operation that is automatically invoked to finalize an object that is about to be deleted.

dynamic binding
The run-time association of arequest to an object and one of its operations. In C++, only virtua
functions are dynamically bound.

encapsulation
The result of hiding a representation and implementation in an object. The representation is not
visible and cannot be accessed directly from outside the object. Operations are the only way to
access and modify an object's representation.

framewor k
A set of cooperating classes that makes up a reusable design for a specific class of software. A
framework provides architectural guidance by partitioning the design into abstract classes and
defining their responsibilities and collaborations. A developer customizes the framework to a
particular application by subclassing and composing instances of framework classes.

friend class
In C++, aclass that has the same access rights to the operations and data of a class as that classitself.

inheritance
A relationship that defines one entity in terms of another. Class inheritance definesanew classin
terms of one or more parent classes. The new classinheritsits interface and implementation from its
parents. The new classis called asubclass or (in C++) aderived class. Class inheritance combines
interface inheritance and implementation inheritance. Interface inheritance defines a new
interface in terms of one or more existing interfaces. Implementation inheritance defines a new
implementation in terms of one or more existing implementations.

instance variable
A piece of datathat defines part of an object’s representation. C++ uses the term data member .

interaction diagram
A diagram that shows the flow of requests between objects.

interface
The set of al signatures defined by an object's operations. The interface describes the set of requests
to which an object can respond.

metaclass
Classes are objectsin Smalltalk. A metaclassis the class of a class object.

mixin class
A class designed to be combined with other classes through inheritance. Mixin classes are usually
abstract.

obj ect
A run-time entity that packages both data and the procedures that operate on that data.
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object composition
Assembling or composing objects to get more complex behavior.

object diagram
A diagram that depicts a particular object structure at run-time.

object reference
A value that identifies another object.

operation
An object's data can be manipulated only by its operations. An object performs an operation when it
receives areguest. In C++, operations are called member functions. Smalltalk uses the term
method.

overriding
Redefining an operation (inherited from a parent class) in a subclass.

parameterized type
A type that leaves some constituent types unspecified. The unspecified types are supplied as
parameters at the point of use. In C++, parameterized types are called templates.

parent class
The class from which another class inherits. Synonyms are super class (Smalltalk), base class
(C++), and ancestor class.

polymor phism
The ability to substitute objects of matching interface for one another at run-time.

private inheritance
In C++, aclassinherited solely for itsimplementation.

protocol
Extends the concept of an interface to include the allowable sequences of requests.

receiver
The target object of arequest.

request
An object performs an operation when it receives a corresponding request from another object. A
common synonym for request is message.

signature
An operation's signature defines its name, parameters, and return value.

subclass
A class that inherits from another class. In C++, asubclassis caled aderived class.

subsystem
An independent group of classes that collaborate to fulfill a set of responsibilities.

subtype
A typeisasubtype of another if itsinterface contains the interface of the other type.

supertype
The parent type from which atype inherits.
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toolkit

A collection of classes that provides useful functionality but does not define the design of an
application.

type
The name of a particular interface.

white-box reuse
A style of reuse based on class inheritance. A subclass reuses the interface and implementation of its
parent class, but it may have access to otherwise private aspects of its parent.

'y
p» Guideto Notation

4 Conclusion

Abstract Factory = Adapter * Bridge * Builder + Chain of Responsibility » Command « Composite «
Decorator * Facade » Factory Method * Flyweight = Imterpreter » lterator = Mediator = Memento »
Observer * Prototype + Proxy + Singleton » State » Strategy + Template Method + Visitor
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abstract class
A class whose primary purposeisto define an interface. An abstract class defers some or al of its
implementation to subclasses. An abstract class cannot be instantiated.

abstract coupling
Given aclass A that maintains areference to an abstract class B, class A is said to be abstractly
coupled to B. We call this abstract coupling because A refers to atype of object, not a concrete
object.

abstract operation
An operation that declares a signature but doesn't implement it. In C++, an abstract operation
corresponds to a pure virtual member function.

acquaintancerelationship
A class that refers to another class has an acquaintance with that class.

aggr egate obj ect
An object that's composed of subobjects. The subobjects are called the aggregate's parts, and the
aggregate is responsible for them.

aggr egation relationship
The relationship of an aggregate object to its parts. A class defines this relationship for its
instances (e.g., aggregate objects).

black-box reuse
A style of reuse based on object composition. Composed objects reveal no internal details to each
other and are thus analogous to "black boxes."

class
A class defines an object's interface and implementation. It specifies the object's internal
representation and defines the operations the object can perform.

classdiagram
A diagram that depicts classes, their internal structure and operations, and the static relationships
between them.

class operation
An operation targeted to a class and not to an individual object. In C++, class operations are are
called static member functions.

concrete class
A class having no abstract operations. It can be instantiated.

constructor
In C++, an operation that is automatically invoked to initialize new instances.
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coupling
The degree to which software components depend on each other.

delegation
An implementation mechanism in which an object forwards or delegates a request to another
object. The delegate carries out the request on behalf of the original object.

design pattern
A design pattern systematically names, motivates, and explains a general design that addresses a
recurring design problem in object-oriented systems. It describes the problem, the solution, when
to apply the solution, and its consequences. It also gives implementation hints and examples. The
solution isageneral arrangement of objects and classes that solve the problem. The solution is
customized and implemented to solve the problem in a particular context.

destructor
In C++, an operation that is automatically invoked to finalize an object that is about to be deleted.

dynamic binding
The run-time association of arequest to an object and one of its operations. In C++, only virtua
functions are dynamically bound.

encapsulation
The result of hiding a representation and implementation in an object. The representation is not
visible and cannot be accessed directly from outside the object. Operations are the only way to
access and modify an object's representation.

framewor k
A set of cooperating classes that makes up areusable design for a specific class of software. A
framework provides architectural guidance by partitioning the design into abstract classes and
defining their responsibilities and collaborations. A developer customizes the framework to a
particular application by subclassing and composing instances of framework classes.

friend class

In C++, aclass that has the same access rights to the operations and data of a class as that class
itself.

inheritance
A relationship that defines one entity in terms of another. Class inheritance defines a new class
in terms of one or more parent classes. The new class inherits its interface and implementation
from its parents. The new classis called asubclassor (in C++) aderived class. Classinheritance
combinesinterface inheritance and implementation inheritance. Interface inheritance defines a
new interface in terms of one or more existing interfaces. Implementation inheritance defines a
new implementation in terms of one or more existing implementations.

instance variable
A piece of datathat defines part of an object's representation. C++ uses the term data member.
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inter action diagram
A diagram that shows the flow of requests between objects.

interface
The set of all signatures defined by an object's operations. The interface describes the set of
requests to which an object can respond.

metaclass
Classes are objectsin Smalltalk. A metaclassis the class of a class object.

mixin class
A class designed to be combined with other classes through inheritance. Mixin classes are usually
abstract.

obj ect
A run-time entity that packages both data and the procedures that operate on that data.

obj ect composition
Assembling or composing objects to get more complex behavior.

object diagram
A diagram that depicts a particular object structure at run-time.

obj ect reference
A value that identifies another object.

oper ation
An object's data can be manipulated only by its operations. An object performs an operation when
it receives arequest. In C++, operations are called member functions. Smalltalk uses the term
method.

overriding
Redefining an operation (inherited from a parent class) in a subclass.

parameterized type
A type that leaves some constituent types unspecified. The unspecified types are supplied as
parameters at the point of use. In C++, parameterized types are called templates.

parent class
The class from which another class inherits. Synonyms are super class (Smalltalk), base class
(C++), and ancestor class.

polymor phism
The ahility to substitute objects of matching interface for one another at run-time.
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privateinheritance
In C++, aclassinherited solely for itsimplementation.

protocol
Extends the concept of an interface to include the allowable sequences of requests.

receiver
The target object of arequest.

request
An object performs an operation when it receives a corresponding request from another object. A
common synonym for request is message.

signature
An operation's signature defines its name, parameters, and return value.

subclass
A class that inherits from another class. In C++, asubclassis called aderived class.

subsystem
An independent group of classes that collaborate to fulfill a set of responsibilities.

subtype
A typeis asubtype of another if its interface contains the interface of the other type.

supertype
The parent type from which atype inherits.

toolkit
A collection of classes that provides useful functionality but does not define the design of an
application.

type
The name of a particular interface.

white-box reuse
A style of reuse based on class inheritance. A subclass reuses the interface and implementation of
its parent class, but it may have access to otherwise private aspects of its parent.
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Class Diagram
Object Diagram

LLEEEDUE  \We use diagrams throughout the book to illustrate important ideas. Some diagrams are informal, like a

LU soreen shot of adialog box or a schematic showing atree of objects. But the design patterns in particular
use more formal notations to denote relationships and interactions between classes and objects. This
appendix describes these notations in detail.

We use three different diagrammatic notations:
1. A classdiagram depicts classes, their structure, and the static relationships between them.
2. Anobject diagram depicts a particular object structure at run-time.
3. Aninteraction diagram shows the flow of requests between objects.
Each design pattern includes at least one class diagram. The other notations are used as needed to
supplement the discussion. The class and object diagrams are based on OMT (Object Modeling

Technique) [RBP+91, Rum94].1 The interaction diagrams are taken from Objectory [JCJO92] and the
Booch method [Boo94]. These notations are summarized on the inside back cover of the book.

v Class Diagram

Figure B.1a showsthe OMT notation for abstract and concrete classes. A classis denoted by abox with
the class name in bold type at the top. The key operations of the class appear below the class name. Any
instance variables appear below the operations. Type information is optional; we use the C++
convention, which puts the type name before the name of the operation (to signify the return type),
instance variable, or actual parameter. Slanted type indicates that the class or operation is abstract.
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AbstractClassName ConcreteClassMame
AbstractOperation1(} Oparationi)
Tyoe AbstractOperation2{} Type Operaticn2()
instanceVariable
Type instanceVariable2

(&) Abstract and concrete classes

Client

(b) Participant Client class (left) and implicit Client class (right)

shapes
Drawing Shape

:

CreationTool [----------—- - LineShape - Color

(¢) Class relationships

Drawing

for each shape { T
Draw(} O —-——r-—===-==7~7] shape-=Draw()
}

{d} Pseudocode annotation

Figure B.1: Class diagram notation

In some design patternsit's helpful to see where client classes reference Participant classes. When a
pattern includes a Client class as one of its participants (meaning the client has a responsibility in the
pattern), the Client appears as an ordinary class. Thisistruein Flyweight (195), for example. When the
pattern does not include a Client participant (i.e., clients have no responsibilities in the pattern), but
including it nevertheless clarifies which pattern participants interact with clients, then the Client classis
shown in gray, as shown in Figure B.1b. An exampleis Proxy (207). A gray Client also makesit clear
that we haven't accidentally omitted the Client from the Participants discussion.

Figure B.1c shows various relationships between classes. The OMT notation for class inheritance is a

triangle connecting a subclass (LineShape in the figure) to its parent class (Shape). An object reference
representing a part-of or aggregation relationship is indicated by an arrowheaded line with adiamond at
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the base. The arrow points to the class that is aggregated (e.g., Shape). An arrowheaded line without the
diamond denotes acquaintance (e.g., a LineShape keeps a reference to a Color object, which other shapes
may share). A name for the reference may appear near the base to distinguish it from other references.2

Another useful thing to show iswhich classes instantiate which others. We use a dashed arrowheaded
lineto indicate this, since OMT doesn't support it. We call thisthe "creates' relationship. The arrow
points to the class that's instantiated. In Figure B.1c, CreationTool creates LineShape objects.

OMT also defines afilled circle to mean "more than one.” When the circle appears at the head of a
reference, it means multiple objects are being referenced or aggregated. Figure B.1c shows that Drawing

aggregates multiple objects of type Shape.

Finally, we've augmented OMT with pseudocode annotations to let us sketch the implementations of
operations. Figure B.1d shows the pseudocode annotation for the Draw operation on the Drawing class.

* Object Diagram

An object diagram shows instances exclusively. It provides a snapshot of the objectsin adesign pattern.
The objects are named "aSomething", where Something is the class of the object. Our symbol for an
object (modified dlightly from standard OMT) is arounded box with a line separating the object name
from any object references. Arrows indicate the object referenced. Figure B.2 shows an example.

[ aDrawing

shape((] #—

shape[i] #

—

[ s | [ oo |

Figure B.2: Object diagram notation

v Interaction Diagram

An interaction diagram shows the order in which requests between objects get executed. Figure B.3 isan
interaction diagram that shows how a shape gets added to a drawing.
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aCreationTool aDrawing aLineShape
| |
|
new LineShape :
Add{alinaShape)
-1 Refresh()
Draw()

Figure B.3: Interaction diagram notation

Time flows from top to bottom in an interaction diagram. A solid vertical lineindicates the lifetime of a
particular object. The naming convention for objects is the same as for object diagrams—the class name
prefixed by the letter "a" (e.g., aShape). If the object doesn't get instantiated until after the beginning of
time as recorded in the diagram, then its vertical line appears dashed until the point of creation.

A vertical rectangle shows that an object is active; that is, it is handling arequest. The operation can send
reguests to other objects; these are indicated with a horizontal arrow pointing to the receiving object. The
name of the request is shown above the arrow. A request to create an object is shown with a dashed
arrowheaded line. A request to the sending object itself points back to the sender.

Figure B.3 shows that the first request is from aCreationTool to create aLineShape. Later, aLineShapeis
Added to aDrawing, which prompts aDrawing to send a Refresh request to itself. Note that aDrawing
sends a Draw request to aLineShape as part of the Refresh operation.

A
p» Foundation Classes

4 Glossary

1OMT usestheterm "object diagram” to refer to class diagrams. We use "object diagram” exclusively to
refer to diagrams of object structures.

20MT aso defines associations between classes, which appear as plain lines between class boxes.
Associations are bidirectional. Although associations are appropriate during analysis, we feel they're too
high-level for expressing the relationships in design patterns, simply because associations must be
mapped down to object references or pointers during design. Object references areintrinsically directed
and are therefore better suited to the relationships that concern us. For example, Drawing knows about
Shapes, but the Shapes don't know about the Drawing they're in. Y ou can't express this relationship with
associations alone.

Abstract Factory » Adapter » Bridge » Builder = Chain of Responsibility = Command « Composite »
Decorator * Facade * Factory Method * Flyweight  Interpreter ¢ lterator = Mediator *+ Memento »
Observer * Prototype « Proxy + Singleton = State » Strategy * Template Method » Visitor
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List
lterator

L This appendix documents the foundation classes we use in the C++ sample code of several design
S patterns. We've intentionally kept the classes ssmple and minimal. We describe the following classes:

Rect
. List,anordered list of objects.

. lterator,theinterface for accessing an aggregate's objects in a sequence.

. Listlterator,aniterator for traversingali st .

. Poi nt , atwo-dimensional point.
. Rect , an axis-aligned rectangle.

Some newer C++ standard types may not be available on al compilers. In particular, if your compiler
doesn't define bool |, then define it manually as

typedef int bool;
const int true = 1;
const int false = 0;

v List

TheLi st classtemplate provides a basic container for storing an ordered list of objects. Li st stores
elements by value, which means it works for built-in types as well as class instances. For example, Li st
declaresalist of i nt s. But most of the patternsuse Li st to store pointersto objects, asinLi st . That
way Li st can be used for heterogeneous lists.

For convenience, Li st also provides synonyms for stack operations, which make code that usesLi st
for stacks more explicit without defining another class.

tenpl ate <class Itenp
class List {
publi c:
Li st (1 ong size = DEFAULT_LI ST_CAPACI TY);
Li st(List&);
~List();
Li st & operator=(const List&);

| ong Count () const;

Item& Get (|l ong index) const;
Item& First() const;

Item& Last() const;

bool Includes(const Item&) const;

voi d Append(const Iten®);
voi d Prepend(const Iteng);

voi d Renove(const Iten®);
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Foundation Classes

voi d Renovelast ();
voi d RenoveFirst();
voi d RenoveAll ();

|tem& Top() const;
voi d Push(const Iten®);
| t em& Pop();

b

The following sections describe these operations in greater detail.

Construction, Destruction, Initialization, and Assignment

Li st (1 ong si ze)
initializesthelist. The si ze parameter isahint for the initial number of elements.

Li st (List&
overrides the default copy constructor so that member data are initialized properly.

~Li st ()
freesthe list'sinternal data structures but not the elementsin the list. The classis not designed for
subclassing; therefore the destructor isn't virtual.

Li st & operator=(const List&)
implements the assignment operation to assign member data properly.

Accessing
These operations provide basic access to the list's elements.

| ong Count () const
returns the number of objectsin thelist.

Item& Get (Il ong index) const
returns the object at the given index.

Item& First() const
returns the first object in the list.

Item& Last () const
returns the last object in the list.

Adding

voi d Append(const |ten&)
adds the argument to the list, making it the last element.

voi d Prepend(const |teng)
adds the argument to the list, making it the first element.

Removing

voi d Renove(const |teng)
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removes the given element from the list. This operation requires that the type of elementsin the
list supports the == operator for comparison.

voi d RenoveFi rst ()
removes the first element from the list.

voi d Renovelast ()
removes the last element from the list.

voi d RenmoveAll ()
removes all e ements from thelist.

Stack Interface

Item& Top() const
returns the top element (when the List is viewed as a stack).

voi d Push(const Itenm&)
pushes the element onto the stack.

Item& Pop()
pops the top element from the stack.

v [terator

| t er at or isan abstract class that defines atraversal interface for aggregates.

tenpl ate <class Itenp
class lterator {
publi c:
virtual void First() = 0;
virtual void Next() = O;
virtual bool 1sDone() const = 0;
virtual Item Currentlten() const = 0;
pr ot ect ed:
I[terator();

s
The operations do the following:

virtual void First()
positions the iterator to the first object in the aggregate.

virtual void Next()
positions the iterator to the next object in the sequence.

virtual bool 1sDone() const
returnst r ue when there are no more objects in the sequence.

virtual Item Currentltem) const
returns the object at the current position in the sequence.

v Listlterator
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Li stlterator implementsthel t er at or interfaceto traverse List objects. Its constructor takes a
list to traverse as an argument.

tenpl ate <class Itenp
class Listlterator : public Iterator<itenr {
publi c:

Listlterator(const List<ltenp* alist);

virtual void First();

virtual void Next();

virtual bool |sDone() const;
virtual Item Currentlten() const;

}s
v Point

Poi nt represents a point in atwo-dimensional Cartesian coordinate space. Poi nt supports some
minimal vector arithmetic. The coordinates of a Poi nt are defined as

t ypedef float Coord;
Poi nt 's operations are self-explanatory.

cl ass Point {
publi c:
static const Point Zero;

Poi nt (Coord x = 0.0, Coord y = 0.0);

Coord X() const; void X(Coord x);
Coord Y() const; void Y(Coord y);

friend Point operator+(const Pointé& const Pointg&);
friend Point operator-(const Point& const Pointé&);
friend Point operator*(const Pointé& const Pointg&);
friend Point operator/(const Pointé& const Pointg&);

Poi nt & oper at or +=(const Poi nt &) ;
Poi nt & oper at or-=(const Poi nt &) ;
Poi nt & operator*=(const Point&);
Poi nt & oper at or/ =(const Poi nt &) ;

Poi nt operator-();

friend bool operator==(const Point& const Pointg&);
friend bool operator!=(const Point& const Pointg&);

friend ostream& operator<<(ostream& const Point&);
friend istream& operator>>(istrean® Point&);

b

The static member Zer o represents Poi nt (0, 0).

v Rect
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Rect represents an axis-aligned rectangle. A Rect isdefined by an origin point and an extent (that is,
width and height). The Rect operations are self-explanatory.

cl ass Rect {
publi c:
static const Rect Zero;

Rect (Coord x, Coord y, Coord w, Coord h);
Rect (const Point& origin, const Point& extent);

Coord Wdth() const; voi d Wdt h(Coord);
Coord Height() const; void Height(Coord);
Coord Left() const; voi d Left (Coord);

Coord Botton() const; void Botton{Coord);

Point& Origin() const; void Oigin(const Point&);
Poi nt & Extent () const; void Extent(const Point&);

voi d MoveTo(const Point&);
voi d MoveBy(const Point&);

bool |sEnpty() const;
bool Contains(const Point& const;

s

The static member Zer o is equivalent to the rectangle
Rect (Poi nt (0, 0), Point(0, 0));

a
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Alexander, Christopher xiii, 2, 356, 358
algorithm
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defining steps of 326
family of 317
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Anderson, Bruce xi, 357
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C4
Calder, Paul 33, 38
callback function 235

Caretaker
participant of MEMENTO 285, 285c, 286i

Cargill, Tom 308

CHAIN OF RESPONSIBILITY 223
combined with COMPOSITEL166, 232
compared with MEDIATOR 348
compared with OBSERVER 348
defined by parent references 166, 232
in catalog summary 8
use of delegation in 21

ChangeManager 299, 300c

Character 38, 38c

character
represented as object 38, 195-196

Cheshire Cat 155

Choices operating system
use of FACADE192

use of PROXY 209

class 14, 359
abstract, see abstract class
adapter, see adapter, class
compared with type 16
concrete, see concrete class
derived 360
friend, see friend class
inability to alter 24
inheritance, see inheritance
instance 15
library, seetoolkit
mixin, see mixin class
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notation for 15, 363
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subclass 15
template, see template
class diagram 363, 365c, 359
class hierarchy
adding operations to 356
connecting parallel 109, 258
explosion 25, 43, 151, 177
minimizing size of 113, 120, 177, 277, 317, 348
visiting multiple 336
class operation 359
alternatives provided by Singleton 128

Client
participant of ABSTRACT FACTORY 88c, 89

participant of ADAPTER 141, 141c
participant of BUILDER98, 98¢, 99i
participant of CHAIN OF RESPONSIBILITY 225ci, 226, 348i
participant of COMMAND 236, 236¢, 237i
participant of COMPOSITE 164c, 165
participant of FLYWEIGHT198c, 199
participant of INTERPRETER245c, 246
participant of PROTOTYPE 119, 119, 119c
client 11
isolating concrete classes from 89
ClockTimer 302
clone operation 117
used in PROTOTYPE 117
implementing 121
cloned object 117
initializing 121
CLOS 4, 260, 338
closure 260, 267
Coad, Peter 357

code structure
run-time versus compile-time 23

CodeGenerationVISITOR 332¢

Colleague
communicating with Mediator278, 282

participant of MEDIATOR 276c¢o, 277, 348i
COMMAND 233
combined with MEMENTO 239, 287
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in catalog summary 8
useinLexi 64
Command 60, 61c, 233, 233c, 239
configured in Menultem 61
history of 62
participant of COMMAND 236, 236c, 237i, 347i
command
C++ idiom, see functor
copying before execution 238
history, see history list
implemented through C++ templates 239, 240
intelligence of 238
common vocabulary 352

communication
encapsulated or distributed 346

between Strategy and Context 318
between Visitor and Element 337
compilation dependencies
reducing using FACADE188
Compiler 185, 186¢, 191
compiler
example in FACADELS85, 186¢, 188
implemented using VISITOR 331
Smalltalk, see RTL Smalltalk compiler
Component
participant of COMPOSITEL64c, 165, 168
participant of DECORATOR 177, 177c
COMPOSITE 163
caching children of 169
child management 167
combined with INTERPRETER 255
combined with ITERATOR 262
combined with VISITOR 339
compared with DECORATOR 219, 220
compared with INTERPRETER247
data structure for 169, 170
in catalog summary 8
interface of 167
Lexi'suse of 40
parent references 166
sharing components 166
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use in Model/View/Controller 5
Composite

participant of COMPOSITEL64c, 165, 1650, 168
CompositeEquipment 171
Composition 41, 42c, 315, 315¢, 320
composition, see object composition
Compositor 41, 42, 315, 315¢, 321

interface 41
CompressingStream 183c, 184
concrete class 15, 359

avoiding specification of 24

isolating clients from 89
ConcreteAggregate

participant of ITERATOR 259, 259c
ConcreteBuilder

participant of BUILDER98c, 99, 99i
ConcreteCommand

participant of COMMAND 236, 236¢, 238
ConcreteComponent

participant of DECORATOR 177, 177c
ConcreteDECORATOR

participant of DECORATOR 177c, 178
ConcreteElement

participant of VISITOR 334, 334c, 335i
ConcreteFactory

participant of ABSTRACT FACTORY 89
ConcreteFlyweight

participant of FLYWEIGHT198co, 199
ConcreteHandler

participant of CHAIN OF RESPONSIBILITY 225c, 226
Concretel mplementor

participant of BRIDGE 153c, 154
Concretel TERATOR

participant of ITERATOR 259, 259¢
ConcreteOBSERVER

participant of OBSERVER 294c, 295, 295i
ConcreteProduct

participant of ABSTRACT FACTORY 88, 89

participant of FACTORY METHOD 108, 108c
ConcretePROTOTY PE

participant of PROTOTYPE 119, 119¢

ConcreteState
participant of STATE 307, 307c
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ConcreteStrategy
participant of STRATEGY 316¢, 316

ConcreteSubject
participant of OBSERVER 294c, 295, 295i

ConcreteVisitor
participant 334, 334c, 335i
conditional statements
avoiding using STATE 307
avoiding using STRATEGY 317
consolidation phase of lifecycle 353
constraint solving 282, 283
see also ThingLab, QOCA
ConstraintSolver 283-284, 288
constructor 360
Context 252
participant of INTERPRETER245c, 246
participant of STATE 306, 306¢
participant of STRATEGY 316¢, 316
control flow
encapsulating, see MEDIATOR
inversion of 27
Coplien, James 125, 153, 160, 242, 313, 357

copy

deep 121
on write 210
shallow 121
CountingM azeBuilder 104
coupling 360
abstract 188, 278, 296, 359
loose 24, 26, 277, 347, see also decoupling
reducing 24, 187, 188, 223, 226
tight 24,
CreateM aze operation 84
ABSTRACT FACTORY variant (C++) 92
ABSTRACT FACTORY variant (Smalltalk) 94
BUILDER variant 102
FACTORY METHOD variant 114
PROTOTYPE variant (Smalltalk) 123, 125
creational pattern 10, 81
discussion of 135

Creator
participant of FACTORY METHOD 108, 108c
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Cursor, see ITERATOR
Cursor, see iterator, cursor
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B

BTree 202
base class, see class, parent
Beck, Kent xi, 357

Bedrock
use of DECORATOR 179, 180

behavioral pattern 10, 221
comparison between class and object scope 221
discussion 345

black-box reuse, see reuse, black-box

block, Smalltalk 270

BNF form 247
examples of 243, 248, 251

BombedM azeFactory 93

BombedMazeGame 115

BombedwWall 93, 94, 124

Booch Components
use of ITERATOR 270

use of STRATEGY 323
Booch, Grady xiii, 260
Booch method 363
Boolean
expression 251
variable 254
BooleanExp 252
Border 44, 45c, 460
BorderDecoratorl760, 176c¢, 180
BRIDGE 151
compared with ADAPTER 219
configured by ABSTRACT FACTORY 155
in catalog summary 8
Lexi's use of 58
use of delegationin 21
bridge 152

http://Ici.cs.ubbcluj.ro/~raduking/Books/Design%20Patterns/index-B.htm (1 of 2) [21/08/2002 19:30:10]


http://lci.cs.ubbcluj.ro/~raduking/Books/Design%20Patterns/chap5-0.htm#class-v-object-scope

Index

broadcast communication 296
BUILDER 97
compared with ABSTRACT FACTORY 105, 135

compared with PROTOTYPE 135

in catalog summary 8

use in compiler example 189
Builder

participant of BUILDER98, 98¢
Bureaucrat, CHAIN OF RESPONSIBILITY 232
Button 50c, 2230, 224ci, 229, 279
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Names of design patterns appear in small capitals: e.g., ADAPTER. Page numbers in bold indicate the
definition of aterm. Numbersin italicsindicate a diagram for the term. Letters after a diagram's page
number indicate the kind of diagram: a"c" denotes a class diagram, an "i" denotes an interaction
diagram, and an "0" denotes an object diagram. For example, 88co means that a class and object
diagram appears on page 88.

D

data member 360
DebuggingGlyph 182
DECORATOR 175
compared with ADAPTER 175, 184
compared with COMPOSITE44, 173, 219-220
compared with PROXY 216, 219-220
compared with STRATEGY 179
in catalog summary 8
Lexi's use of 45c, 460, 47
lightweight versus heavyweight 179
Decorator 176, 180
participant of DECORATOR 177, 177c, 1800
decorator 175
decoupling, see also coupling, loose
interface and implementation 154
senders and receivers 346
deep copy, see copy, deep
delegate 20, 144
delegation 20, 278, 360
compared with inheritance 20-21
implementing pluggabl e adapters with 144
patterns that rely on 21
dependency 293
managing complex 299
Dependents, see OBSERVER
derived class, see class, derived
design

d§avu 2

density 358

documenting with patterns 27, 352
for change 23

poetry of 356

for reuse 23
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design object model 353
design pattern 360
adjunct to design methodology 353
aspects of design varied by 30
benefits 351
catalog summary 8
catalog template 6
classification 10
compared with frameworks 28
diagram of relationships 12
documenting designs with 27, 352
essential elements 3
finding 355
history of 355
how to use 29
purpose 10
refactoring with 353
scope 10
selection of 28
table of 10
destructor 360
ensuring iterator'sis called 266
Dialog 223, 231
DiaogDirector 2740, 275ci, 278
DialogWindow 53, 54c, 55¢
DigitalClock 302

Director
participant of BUILDER98c, 99, 99i

DirectoryBrowser 144, 144c, 145c
discretionary glyph 75
dispatch
double 338
multiple 339
single 338
Doc 205, see also Lexi
Document 107, 107c, 233c, 234, 234c, 325, 325c

document
color 42, 322

formatting 40
logical structure 40
physical structure 35

http://Ici.cs.ubbcluj.ro/~raduking/Books/Design%20Patterns/index-D.htm (2 of 3) [21/08/2002 19:30:22]



Index

documenting design with patterns 27, 352

doesNotUnderstand message
used to implement CHAIN OF RESPONSIBILITY 229

used to implement PROXY 212, 215
Domain 192, 192c
Door 82c, 83

extensions for PROTOTYPE 123
double-dispatch, see dispatch, double
downcast 91
Dylan 4

use of MEMENTO 289
dynamic binding 14, 360
dynamic inheritance 309
dynamic_cast in C++ 91, 168
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definition of aterm. Numbersin italicsindicate a diagram for the term. Letters after a diagram's page
number indicate the kind of diagram: a"c" denotes a class diagram, an "i" denotes an interaction
diagram, and an "0" denotes an object diagram. For example, 88co means that a class and object
diagram appears on page 88.

E

e-mail address
reaching the authors xii

Eiffel 17, 21

Element
participant of VISITOR 334, 334c

encapsulation 11, 360
breaking with inheritance 19
breaking with VISITOR 337
preserving boundaries of 286
of algorithms, see STRATEGY
of complex update semantics, 299, see also ChangeM anager
of concept that varies 29, 54
of document analysis and traversal 71
of protocol between objects, see MEDIATOR
of how objects are created, see ABSTRACT FACTORY, BUILDER, PROTOTYPE
of traversal, see ITERATOR
of requests 59, see also COMMAND
of state-specific behavior, see STATE
EnchantedM azeFactory 93
envelope-letter idiom 313
Equipment 170, 340
EquipmentVisitor341
error accumulation
avoiding during undo/redo 239

ET++
use of ABSTRACT FACTORY 95

use of ADAPTER 126, 148

use of BRIDGE 160

use of BUILDER105

use of CHAIN OF RESPONSIBILITY 232
use of COMPOSITEL72

use of COMMAND 242

use of DECORATOR 182, 183

use of FACADE192
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use of FACTORY METHOD 115

use of FLYWEIGHT206

use of ITERATOR 261

use of MEDIATOR 281

use of OBSERVER 303

use of PROTOTYPE 120, 125

use of PROXY 216

use of STRATEGY 322-323
ET++SwapsManager

use of STRATEGY 323
ETgdb 125
expansion phase of lifecycle 353, 354
explosion, see class hierarchy, explosion
ExtendedHandler 228
external iterator, see iterator, external
extrinsic state, see state, extrinsic
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definition of aterm. Numbersin italicsindicate a diagram for the term. Letters after a diagram's page
number indicate the kind of diagram: a"c" denotes a class diagram, an "i" denotes an interaction
diagram, and an "0" denotes an object diagram. For example, 88co means that a class and object
diagram appears on page 88.

F

FACADE 185
compared with MEDIATOR 193, 282
in catalog summary 8
use in Choices 192

Facade
participant of FACADEL85c, 187, 187¢c

facade 185
FACTORY METHOD 107
in catalog summary 8
language-specific variants 112
parameterized with product identifier 110
used to implement ABSTRACT FACTORY 90, 91, 110
used to create an iterator 258
FileStream 183, 183c
FLYWEIGHT 195
combined with COMPOSITEL167, 200
combined with INTERPRETER247
combined with STATE 308
in catalog summary 9
Lexi'suse of 39
participant of FLYWEIGHT198, 198co
flyweight 196, 1960
managing shared 200
FlyweightFactory 204
participant of FLYWEIGHT198co, 199
FontDialogDirector 274, 2740, 275ci
Foote, Brian 353
forwarding requests 229
framework 26, 360
compared with design patterns 28
documenting with patterns 27
graphical editor 117
see Bedrock
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see Choices

seeET++

see HotDraw

see MacApp

see NEXTSTEP

see NeXT AppKit

see RApp

see RTL Smalltalk compiler

see Unidraw

trade-offs associated with 27
Fresco 344
friend class 360

used to grant Iterator privileged access to collection 262

used to support Memento287
functor 242
future cash flow 323
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definition of aterm. Numbersin italicsindicate a diagram for the term. Letters after a diagram's page
number indicate the kind of diagram: a"c" denotes a class diagram, an "i" denotes an interaction
diagram, and an "0" denotes an object diagram. For example, 88co means that a class and object
diagram appears on page 88.

G

gdb 126

generics 21

Glyph 38, 38c, 42c, 430, 45c¢, 460, 50c, 54c, 67¢
implemented as a flyweight 201-204
interface 39
interface for traversal 66

Glue, see FACADE

GlyphArraylterator67, 67c

GNU gdb 126

grammar 243
maintaining complex 247

Graphic 163c, 208c, 213

GraphicTool 117, 118c

guaranteed receipt of request 226

GUIlFactory 49, 50c, 51
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definition of aterm. Numbersin italicsindicate a diagram for the term. Letters after a diagram's page
number indicate the kind of diagram: a"c" denotes a class diagram, an "i" denotes an interaction
diagram, and an "0" denotes an object diagram. For example, 88co means that a class and object
diagram appears on page 88.

H

Hamlet 1
Handle/Body, see also BRIDGE
C++ idiom 155, 160
Handler
participant of CHAIN OF RESPONSIBILITY 225, 225ci, 348i

hardware platform
isolating application from 24

help
context-sensitive 223
on-line 223
HelpHandler 224, 224c, 227, 229
history list 62-64, 238
copying commands onto 238
Hollywood principle 327
hook operation 326, 328
in ABSTRACT FACTORY 109
in FACTORY METHOD 109
in PROXY 212
in TEMPLATE METHOD326, 328

HotDraw
use of STATE 313

hub of communication 274
hyphenation 64
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definition of aterm. Numbersin italicsindicate a diagram for the term. Letters after a diagram's page
number indicate the kind of diagram: a"c" denotes a class diagram, an "i" denotes an interaction
diagram, and an "0" denotes an object diagram. For example, 88co means that a class and object
diagram appears on page 88.

lconWindow 53, 54c, 151-152, 151c, 157
Image 2070, 208c, 213
ImageProxy2070, 208c

| mplementor
participant of BRIDGE 153c, 154

implicit receiver, seereceiver, implicit
incremental changes 287
inheritance 15, 360
C++, defined in 17
class versus interface 16
combined with polymorphism 18
compared with object composition 18, 178
compared with parameterized types 21
dynamic 309
Eiffel, defined in 17
implementation 17, 360
interface 17, 360
mixin, see mixin class
notation for 15, 364, 365c
proper use of 18
reuse through 18
Smalltalk, defined in 17
inorder traversal, see traversal, inorder
Instance, see also class, instance
ensuring unigqueness, see SINGLETON
variable 15, 360
instantiation 15
abstracting process of 48
notation for 15, 364, 365c
integrated circuit 323
interaction diagram 7, 366
in BUILDER99I
in CHAIN OF RESPONSIBILITY 224i, 348i
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in COMMAND 237i, 347i

in MEDIATOR 274i, 348i

in MEMENTO 286i

in OBSERVER 295i, 347i

in VISITOR 335i

Lexi'sVisitor74i
interface 13

benefits of programming to 18

bloat 257

conversion, see ADAPTER

for iteration 262

inheritance 13, 17

narrow versus wide in MEMENTO 285

specifying in C++ 17

simplifying subsystems, see FACADE
internal iterator, see iterator, internal
Interpreter 243

combined with COMPOSITE255

combined with VISITOR 247, 255

in catalog summary 9

InterViews
use of ABSTRACT FACTORY 95

use of ADAPTER 148
use of COMMAND 242
use of COMPOSITEL72
use of DECORATOR 182
use of FLYWEIGHTZ205
use of OBSERVER 303
use of SINGLETON133
use of STRATEGY 320,
intrinsic state, see state, intrinsic
inversion of control flow 27
invitation 358
Invoker
participant of COMMAND 236, 236c, 237i, 347i

IRIS Inventor
use of VISITOR 344

ITERATOR 257
combined with COMPOSITE362
combined with VISITOR 339
compared with VISITOR 336
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in catalog summary 9
usein Lexi 69

Iterator 67, 67c, 258c, 263, 372
participant of ITERATOR 259, 259¢

iterator 66, 257, 339
access to aggregate 262
active 260
aternativeto in Smalltalk 270
controlling 260
cursor 261
ensuring deletion of 266
external 260, 339, 269
interface to 261, 263
internal 260, 267, 339, see also ListTraverser
null 262, see also NullI TERATOR
over recursive structures 262
parameterized with an operation 267
passive 260
polymorphic 258, 261, 265
privileged access to Aggregate 262
robust 261
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definition of aterm. Numbersin italicsindicate a diagram for the term. Letters after a diagram's page
number indicate the kind of diagram: a"c" denotes a class diagram, an "i" denotes an interaction
diagram, and an "0" denotes an object diagram. For example, 88co means that a class and object
diagram appears on page 88.

K

Kit, see also ABSTRACT FACTORY
in InterViews 95
Knuth, Donald 357
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number indicate the kind of diagram: a"c" denotes a class diagram, an "i" denotes an interaction
diagram, and an "0" denotes an object diagram. For example, 88co means that a class and object
diagram appears on page 88.

L

lazy initialization 112
L eaf
participant of COMPOSITEL64c, 165, 1650, 168
Lempel-Ziv compression 183
Lexi 33
document structure 35
document traversal and analysis 64
look-and-feel standards 47
multiple window systems 51
user interface 33, 34
user operations 58

libg++
use of BRIDGE 160
lifecycle of software 353, 354
Linton, Mark 344
List 257, 257c, 258c, 263, 369
list box 274
list traversal 257
ListBox 2740, 275ci, 279
Listlterator 67, 257, 257c, 258c, 264, 372
ListTraverser 267
Literal Expression 244co, 344
implemented in Smalltalk 250
look-and-feel standards 87
support in Lexi 35, 47
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Names of design patterns appear in small capitals: e.g., ADAPTER. Page numbers in bold indicate the
definition of aterm. Numbersin italicsindicate a diagram for the term. Letters after a diagram's page
number indicate the kind of diagram: a"c" denotes a class diagram, an "i" denotes an interaction
diagram, and an "0" denotes an object diagram. For example, 88co means that a class and object
diagram appears on page 88.

M
MacApp
use of CHAIN OF RESPONSIBILITY 232
use of COMMAND 242
use of DECORATOR 179, 180
use of FACTORY METHOD 113, 115
Macbeth 1
MacFactory 50c

Macintosh 48, 52

MacroCommand235, 235c, 241

magic token 346

Manipulator 109, 110c

MapSite 82, 82c

Marriage of Convenience 149

Maze 82c, 84

MazeBuider 101

MazeFactory 92
as singleton 133

MazeGame 84, 114

MazePrototypeFactory122

MEDIATOR 273
combined with OBSERVER 299
compared with CHAIN OF RESPONSIBILITY 348
compared with FACADE282
compared with OBSERVER 346, 348
in catalog summary 9
use of delegation in 21

Mediator
communicating with Colleague 278, 282

participant of MEDIATOR 276c¢o, 277, 348i
omitting abstract class of 278

mediator 274
member function 361, see also operation
MEMENTO 283
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in catalog summary 9

Memento
combined with COMMAND 239, 287

participant of MEMENTO 285, 285c, 286i
memento 284

costs associated with 286

language support for 287
MemoryStream 183
Menu 50c, 233c
menu 233

configuring 60, 234

pull-down 58
Menultem 59, 61c, 233, 233c
metaclass 133, 361
method 361, see also operation
Microsoft Windows 52
mixin class 16, 16c¢, 361
Model/View/Controller 4, 5

use of COMPOSITES, 172

use of FACTORY METHOD 115

use of OBSERVER 5, 303

use of STRATEGY6
MonoGlyph 44, 45¢c

MoatifFactory 49, 50c

multiple dispatch, see dispatch, multiple

multiple inheritance, see also mixin class
used to implement class adapter 141
used to implement BRIDGE 156

MV C, see Model/View/Controller

Meyer, Bertrand 149
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definition of aterm. Numbersin italicsindicate a diagram for the term. Letters after a diagram's page
number indicate the kind of diagram: a"c" denotes a class diagram, an "i" denotes an interaction
diagram, and an "0" denotes an object diagram. For example, 88co means that a class and object
diagram appears on page 88.

N

naming conventions 29, 31
FACTORY METHOD 31, 113
TEMPLATE METHOD329
VISITOR 337

NeXT AppKit
use of ADAPTER 149

use of BRIDGE 160
use of CHAIN OF RESPONSIBILITY 232
use of TEMPLATE METHOD329

NEXTSTEP
use of ADAPTER 145

use of PROXY 208, 212, 216
Node 333c
NodeVisitor333c
nonterminal symbol 246

NonTerminal Expression
participant of INTERPRETER245c, 246

notification 294

null iterator, see iterator, null
Nulllterator67c, 67-68, 262
NXProxy208, 212
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diagram, and an "0" denotes an object diagram. For example, 88co means that a class and object
diagram appears on page 88.

O

object 11, 361
adapter, see adapter, object
acquaintance 22
aggregation 22
as argument to request 345
aspect of 298
avoiding dependence on implementation of 24
composition, see object composition
finding
granularity of 13, see also FLYWEIGHT
guts 179
reference 361
shared, see FLYWEIGHT
skin 179
specifying implementation of 14
specifying interface to 13
object composition 18, 361
compared with inheritance 18-20
compared with parameterized types 22
reuse through 19
object diagram 364, 361
Objectsfor States, see STATE
Object Modeling Technique 7, 14, 363, 364
Objective C 90, 120, 121, 135, 144
Objectory 363

ObjectWindows
use of ITERATOR 270

use of STRATEGY 323
ObjectWorks\Small Talk, see also Smalltalk
use of ADAPTER 148-149
use of DECORATOR 182
use of FACADE191
OBSERVER 293
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combined with MEDIATOR 278, 282

compared with CHAIN OF RESPONSIBILITY 346, 348
compared with MEDIATOR 346, 348

in Model/View/Controller 5

in catalog summary 8

limiting unexpected updatesin 296

Observer 300

combining with Subject 300
participant of OBSERVER 294c, 295, 295i, 300c, 347i

OMT, see Object Modeling Technique
operation 11, 361

Orbix

abstract 15, 359

adding to classes 335

avoiding dependence on specific 24
class, see class operation

concrete 327

dispatch, see dispatch

hook, see hook operation
overriding 16

primitive 327, 329

use of FACTORY METHOD 116

Originator

participant of MEMENTO 285, 285c, 286i

originator 284
overloading

used to implement PROXY 211
used to implement VISITOR 72, 337
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definition of aterm. Numbersin italicsindicate a diagram for the term. Letters after a diagram's page
number indicate the kind of diagram: a"c" denotes a class diagram, an "i" denotes an interaction
diagram, and an "0" denotes an object diagram. For example, 88co means that a class and object
diagram appears on page 88.

P

parameterized types 21, 361, see also template
compared with inheritance 22
compared with composition 22

parent class, see class, parent

parent references
defined in COMPOSITEL66

parser 247

part-whole, see recursive composition
see also aggregation

Pascal 4

passive iterator, see iterator, passive

PassivityWrapper 182

path

specifying multi-segment shapes 57
pattern language 356
Pattern Languages of Programs 357
pattern matching 243
persistence 209
Picture 163c, 1640
PLOP, see Pattern Languages of Programs
pluggable adapter 142

implementation of 144-145, 144c, 145c, 148, 149c
PM Factory 50c
PMIconWindow 151, 151c
PMWindow 151, 151c
PMWindowlImp 152, 152c, 158-159
Point 373
Policy, see STRATEGY
polymorphic iteration 258

implementing in C++ 261
polymorphism 14, 361

used with inheritance 18
postorder traversal, see traversal, postorder
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preorder traversal, see traversal, preorder
Preorderlterator67/
member functions 68-69

PricingVISITOR 341
PrintDialog 2230, 224i
private inheritance 361, see also inheritance, implementation

Product
participant of BUILDER 98c, 99

participant of FACTORY METHOD 108, 108c
product objects 49
changing at run-time 119
creating in ABSTRACT FACTORY 90
exchanging 89
family of 87
varying representation of 100
protection proxy, see proxy, protection
protocol 361
PROTOTYPE 117
compared with ABSTRACT FACTORY 126, 135
combined with COMMAND 238
compared with FACTORY METHOD 116, 120
in catalog summary 9
participant of PROTOTYPE 119, 119¢
used to implement ABSTRACT FACTORY 90
prototype 11/
prototype manager 121
prototyping phase of lifecycle 353
PROXY 207
combined with ITERATOR 262
compared with DECORATOR 220
in catalog summary 9

Proxy
participant of PROXY 209co, 209

proxy 207

protection 208, 210

remote 208, 210

virtual 208, 210
pseudocode 16, 16c, 365c
Publish-Subscribe, see OBSERVER
pull model 298
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pull-down menu, see menu, pull-down
purpose of design pattern, see design pattern, purpose
push model 298
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Q

QOCA
use of ADAPTER 143

use of INTERPRETER255
use of MEMENTO 291
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R

RApPp
use of STRATEGY 323

Real Subject
participant of PROXY 209co, 210

Receiver
participant of COMMAND 236, 236c¢, 237i, 238

receiver 361
decoupling from sender 346
implicit 224
Rect 374
Rectangle 20, 20c
recursive composition 36, see also COMPOSITE
iteration over 262
of document structure 36
of graphic elements 163
of part-whole structures 164
redesign, causes of 24
redo, see undo/redo
refactoring 326, 353
reference counting 210

RefinedAbstraction
participant of BRIDGE 153c, 154

regular expression 243
representing in Smalltalk 248
RegularExpression 244c
remote proxy, see proxy, remote
RepetitionExpression 244co, 343
implemented in Smalltalk 249
request 11, 361
automatic forwarding of 229
encapsulation of 59, see also COMMAND
guaranteed receipt of 226
representing 227
sequencing 234
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Responder 232

reuse
black-box 19, 354, 359

by composition 19

by parameterized types 21

by subclassing 19

code 26

designing for 24-25

frameworks 26

internal 25

maximizing 23

of implementation 18

toolkits 26

white-box 19, 354, 362
Rich Text Format 97
robust iterator, see iterator, robust
Room 82c, 83
RTF, see Rich Text Format
RTFReader 97, 97c

RTL Smalltalk compiler
use of COMPOSITEL72

use of STRATEGY 323
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S

scope of design pattern, see design pattern, scope
Scrollbar 50c

ScrollDecorator1760, 176¢

Scroller 45, 460

Self 4, 121, 309

sender

decoupling from receiver 346
SequenceExpression 244co, 343
implemented in Smalltalk 249
sequencing requests 234
shallow copy, see copy, shallow
Shape 139, 140c, 146
shrinkability 320
signature 13, 361
SimpleCompositor 42, 42c, 315, 315¢, 321
single static assignment form, SSA 172
single-dispatch, see dispatch, single
SINGLETON 127
C++ implementation 129, 131
in catalog summary 9
registry of 130
subclassing 130
used to implement ABSTRACT FACTORY 90
Singleton
participant of SINGLETON127c, 128
Sketchpad 125
SkipList 258c, 265
skiplist 258
Smalltalk-80, see also ObjectWorks\Smalltalk, Smalltalk/V
use of BUILDER105
use of COMPOSITEL72
use of FACTORY METHOD 115
use of INTERPRETER251
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use of ITERATOR 270
use of OBSERVER 303
use of SINGLETON133
use of VISITOR 344

Smalltak/V
use of INTERPRETER251

use of MEDIATOR 278, 281
smart pointers 209
smart references 209

software platform
isolating application from 24

Solitaire, see SINGELTON
SolverState283-284

SPECTak
use of INTERPRETER255

spelling checking 64
SpellingChecker 71-73
SpellingCheckerVisitor75
StandardM azeBuilder 103
STATE 305
C++ idiom for, see envelope-letter idiom
in catalog summary 9
use of delegation in 21

State
participant of STATE 306, 306C

state
accumulating during traversal 336

avoiding inconsistent 308
extrinsic 196

incremental changesto 287
intrinsic 196

sharing 308, see also FLYWEIGHT

state transitions
atomic 308

defining 308
table-driven 308
STRATEGY 315
compared with DECORATOR 179
in catalog summary 8
Lexi's use of 42
use in Choices 193
usein Model/View/Controller 6
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use of delegation in 21
Strategy 1800
making optional 320
participant of STRATEGY 316¢, 316
strategy 315
Stream 183, 183c
StreamDecorator183, 183c
stretchability 320
Stroustrup, Bjarne 160
structural pattern 10, 137
comparison between class and object scope 137
discussion of 219
subclass, see class, subclass

subclassing
extending functionality by 24

Subject 301
avoiding dangling references to 297
combining with Observer300
participant of OBSERVER 294c, 295, 295i, 300c, 347i
participant of PROXY 209co, 210
subject 294
mapping to observers 297
observing more than one 297
subsystem 361
simplifying interface to, see FACADE
subtype, see type, subtype
successor 224
connecting in chain 227
implementing chain of 225
superclass 361, see also class, parent
supertype, see type, supertype
Surrogate, see PROXY
Sutherland, Ivan 125
swaps 323
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Names of design patterns appear in small capitals: e.g., ADAPTER. Page numbers in bold indicate the
definition of aterm. Numbersin italicsindicate a diagram for the term. Letters after a diagram's page
number indicate the kind of diagram: a"c" denotes a class diagram, an "i" denotes an interaction
diagram, and an "0" denotes an object diagram. For example, 88co means that a class and object
diagram appears on page 88.

T

Target
participant of ADAPTER 141, 141c
TCP protocol 309
TCPConnection 305, 305c¢, 309
TCPState305, 305¢, 310
template 21, see also parameterized types
used to implement COMMAND 239
used to implement FACTORY METHOD 113
used to implement STRATEGY 319, 323
Template Method 325
calling Factory Methods116
in catalog summary 9
naming conventions for 329
used to implement ITERATOR 270
template method 326
terminal symbol 246
shared using FLYWEIGHT247
Terminal Expression
participant of INTERPRETER245c, 246
TEX 42, 97, 316
TeXCompositor 42c, 315, 315c, 322
TextShape 139, 140c, 146, 147

TextView
usein ADAPTER 139, 140c, 146

use in DECORATOR 176c, 1760
ThingLab 125
THINK
use of COMMAND 242
use of OBSERVER 303
Token, see MEMENTO
Tool 117, 118c, 313, 313c
toolkit 26, 233, 362
see Andrew
see Booch Components
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see Fresco
see InterViews
see IRIS Inventor
see Object Windows
see QOCA
see THINK
Transaction, see COMMAND
transaction 236
transparent enclosure 43, see also DECORATOR
traversal of aggregate objects, see also ITERATOR
across class hierarchies 336
assigning responsibility for in VISITOR 339
inorder, preorder, postorder 262
TreeAccessorDelegate 145, 145¢
TreeDisplay 142, 144, 144c, 145c
two-way adapter, see adapter, two-way
type 13
compared with class 16
C++, definitionin 17
Eiffel, definition in 17
Smalltalk, definitionin 17
subtype 13
supertype 13
type-checking 332
to identify requests at run-time 228
see also dynamic_cast
TypeCheckingVisitor332c
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Names of design patterns appear in small capitals: e.g., ADAPTER. Page numbers in bold indicate the
definition of aterm. Numbersin italicsindicate a diagram for the term. Letters after a diagram's page
number indicate the kind of diagram: a"c" denotes a class diagram, an "i" denotes an interaction
diagram, and an "0" denotes an object diagram. For example, 88co means that a class and object
diagram appears on page 88.

U

undo/redo 59-60, 62-64, 235, 238, 283, 287
avoiding error accumulation during 239

Unidraw
use of ADAPTER 143

use of CHAIN OF RESPONSIBILITY 232
use of COMMAND 232, 242

use of FACTORY METHOD 111

use of ITERATOR 270

use of MEDIATOR 282

use of MEMENTO 289

use of OBSERVER 303

use of PROTOTYPE 126

use of STATE 313

UnsharedConcreteFlyweight
participant of FLYWEIGHT 199

updates
encapsulating complex 299
limiting unexpected 296
protocol for in OBSERVER 296
triggering 297
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Names of design patterns appear in small capitals: e.g., ADAPTER. Page numbers in bold indicate the
definition of aterm. Numbersin italicsindicate a diagram for the term. Letters after a diagram's page
number indicate the kind of diagram: a"c" denotes a class diagram, an "i" denotes an interaction
diagram, and an "0" denotes an object diagram. For example, 88co means that a class and object
diagram appears on page 88.

V

Validator 323
VariableExp 252
VariableRefNode 333c
ViewManager 281, 2810
Virtual Constructor, see FACTORY METHOD
virtual memory framework 192
virtual proxy, see proxy, virtual
VISITOR 331
combined with INTERPRETER247, 255
in catalog summary 9
interaction diagram for Lexi 74
useinLexi 76
use in compiler example 190, 331
use of delegationin 21
Vigitor75, 337
participant of VISITOR 334, 334c
visitor 74, 332
Visual Component 176, 176c, 180
vocabulary, defining common 352
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Names of design patterns appear in small capitals: e.g., ADAPTER. Page numbers in bold indicate the
definition of aterm. Numbersin italicsindicate a diagram for the term. Letters after a diagram's page
number indicate the kind of diagram: a"c" denotes a class diagram, an "i" denotes an interaction
diagram, and an "0" denotes an object diagram. For example, 88co means that a class and object
diagram appears on page 88.

W

Wall 82c, 83
white-box reuse, see reuse, white-box
Widget 224c, 230, 275c, 278
widget 48, 87
Glyph hierarchy 50
WidgetFactory 87
Window 20c, 39, 54c, 55c, 152, 156
configuring with Windowlmp 57-58
interface 53
window systems 35
support in Lexi 51
WindowImp 55, 55c, 152, 152¢, 157
subclasses 55
Windows, see Microsoft Windows
WindowSystemFactory 57
Wrapper, see ADAPTER, DECORATOR
WYSIWYG 33
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Names of design patterns appear in small capitals: e.g., ADAPTER. Page numbers in bold indicate the
definition of aterm. Numbersin italicsindicate a diagram for the term. Letters after a diagram's page
number indicate the kind of diagram: a"c" denotes a class diagram, an "i" denotes an interaction
diagram, and an "0" denotes an object diagram. For example, 88co means that a class and object
diagram appears on page 88.

X

XlconWindow 151, 151c
XWindow 151, 151c
XWindowlmp 152, 152c, 158
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