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— Design pattern name, Aliases or Also Known As
— Problem, Intent or Goal

— Design patterns represent solutions to problems that arise — Forces, Constraints, Motivation
when developing software within a particular context — Context, Applicability
. jﬁ?patternﬁ‘]ﬁﬁ'ﬁﬂﬁ?ﬂ — Solution
« Structure
- Eﬁ?{%k’i « Participants
— PR « Collaboration
attern 5 i Ao « Implementation
patte ':j,H:;K — Evaluation, Resulting Context, Consequences
patternff] 52 ~ Related Patterns
— ki — Examples, Known uses
- .
5°]: creational patters Structural Patterns
» Factory Method
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. Prototype Composite
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* Builder e F
. acade
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B 7:  Adapter (—)
* Aliases: Wrapper

 Intent
— Convert the interface of a class into another interface
clients expect. Adapter lets classes work together that
couldn't otherwise because of incompatible interfaces.
* Motivation
— Sometimes a toolkit class that's designed for reuse isn't
reusable only because its interface doesn't match the
domain-specific interface an application requires.

Adapterfiz{(—)

* Applicability: Use the Adapter pattern when

— you want to use an existing class, and its interface does
not match the one you need.

— you want to create a reusable class that cooperates with
unrelated or unforeseen classes, that is, classes that
don't necessarily have compatible interfaces.

— (object adapter only) you need to use several existing
subclasses, but it's impractical to adapt their interface
by subclassing every one. An object adapter can adapt
the interface of its parent class.

Adapteri (=)

e Struct
class | Cliant | -1 Tavget | |mw |
adap[el' [ Heguesii) | | Spratbeguest) |
object Glient |+ Targer
adapter

Adapterfii (=)

* Participants
— Client. Target. Adaptee. Adapter

* Collaborations
— class adapter

delegation

— object adapter container

Adapterf = (1)

 Evaluation
— AL PR IR
— class adapter:
« JiiZadapt adapteel(t] -2, (& n Ll HE 4k adapteel1T N
— object adapter
« 1] Lladapt adaptee(f] T 12
— How much adapting does Adapter do?
— Pluggable adapters

— Using two-way adapters to provide transparency
« % %fclass adapter, F 2 B4k RSN

Adapterti z{(11)

» Implementation
— i F C++ 4k AL SZ Pl class adapter
— ¥ P iR % 3R S8 object adapter
— Pluggable adapters, —FhSZH T %
o SIS Ty X
o T FARHIN %
« BHMEAR
REFPTER TR AR R — AN e 4
BlE, R A ? hook 7K




Adapterf (/%)

» Related Patterns
— Bridge
— Decorator
— Proxy
» Examples
— DrawCli: COleDrawObj
— C++STL
— COM" fisite

ey S e | E‘

B 8: Bridge(—)
* Aliases: Handle/Body

¢ Intent

— Decouple an abstraction from its implementation so that
the two can vary independently

* Motivation
— TMEE “HhBEEI SRS E 7, e N ING
SETE L —ANMBE, ARG TR RS, ot
UL, FHARANUIES] “ahg 1) 5 L0 87
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Bridgeiz{(7)

» Applicability: Use the Bridge pattern when
— SRR ZITCTE A A B (3 1) S5 S W56 R
— MBI LI AT OB AT
— AN SEBURME A S ) (CJE 20U 4 1)
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Bridgeli (=)
e Struct
s
'—---—. g =Oparationimgd ), A
[e | | |
| operasonimen | [ opsratonimoty |

* Participants

— Client, Abstraction, RefinedAbstraction, Implementor,
Concretelmplementor

¢ Collaborations

Bridgef& (V1)

» Evaluation
— Hh IR SR 14 B, AT LAEIE AT 4
RIS
— PEETY RN FhG S SN SR T DAy
7t

— X B S LA

Bridgetis{(11)

» Implementation
— Only one Implementor
— Creating the right Implementor object
el e ? AR AR, BCH I factory
— Sharing implementors
o BUE . I HTEER
— Using multiple inheritance




Bridge#i(7V)
* Related Patterns
— Abstract Factory 1] LA K BRI 5 Bridge 3
— 55 Adaptertiz (111X 5
» Examples
— handle: 3ffhandle. 7 [handle

ﬁ . Handle/BOdy class StringRep {

Body friend class String;
,—_’_’ StringRep(const char *s);
T 0 ~StringRep();
n
<. t int count;
L/ Forwants
| [ S char *rep;
sl ——
n H b
¢
class String {
public:
Counted Handle/Body String();
[ String(const String &s);
T ‘. String &operator=(const String &s);
: ~String();

String(const char *s);

private:

StringRep *rep;
b

e, .
#5i3X 9: Composite(—)
* Intent
— Compose objects into tree structures to represent part-whole
hierarchies. Composite lets clients treat individual objects and
compositions of objects uniformly.
* Motivation
B EDUE TaboniiNey )nAlnb-Ren- I IDOE TIPSR SN g HEDTY
LT, KR G A SRl “ 25 3% (container) ”
— SIS R RA R D, RO RS
A TRE . A EL AR DD RE

Compositefizi( )

* Applicability: Use the Composite pattern when
— you want to represent part-whole hierarchies of
objects.
— you want clients to be able to ignore the
difference between compositions of objects and
individual objects. Clients will treat all objects

- BHAAE in the composite structure uniformly.
Gonrf () Yo
Compositet (=)
* Struct HL [ Jcomposite X % 45 14

* Participants
— Client, Component, Leaf, Composite

¢ Collaborations

aComposite

aComposite

((ateet | [ ateat | [ aLer |




Compositets =(IY)
 Evaluation

— defines class hierarchies consisting of primitive
objects and composite objects. & X T leaf
X B HMcomposite ] % [ Z KR M o s ERT |

— makes the client simple. & )" —ZUh kb I 5T 5%
SRPA TG

— makes it easier to add new kinds of components.
S T E B ) A1 1F

— can make your design overly general. {fif§ &4l T

JRAG, TCERGISER A S, ARSI 28
TSRS A LAk kb

Compositefz{(Tr)

* Implementation
— Explicit parent references
— Sharing components
— Maximizing the Component interface
— Declaring the child management operations
— Should Component implement a list of Components?
— Child ordering
— Caching to improve performance
— Who should delete components?
— What's the best data structure for storing components?

Compositefi = (73)

» Related Patterns

— Decorator. Flyweight. Iterator. Visitor
* Examples

— JTEMHT005UK

~ MFCH'fJCWnd

— AAF)ZIK: ActiveX Container

aPicture

aPicture aRectangle

aRectangle

Fi2 10: Facade(—)
e Intent
— Provide a unified interface to a set of interfaces in a
subsystem. Facade defines a higher-level interface that
makes the subsystem easier to use.
* Motivation
- ERG K T ARG MR, I —Macaded %, AT
RGP L Z ALt

D retp—
2 7 :' =

subsyutecs clrases

Facadel® ()

» Applicability: Use the Facade pattern when

— A AT R AN R T
TRGAEE AR, R IHE T MiZ I
REMLTRT SR, N TS

— BTG IMB ISR 73 1A D SRAFAE — E
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Facadeti (=)
 Struct

Facade

* Participants
— facade, subsystem classes

¢ Collaborations




Facadef = ()
* Evaluation
— LT RGRHEE D, TR T RS
Vi e P R Vs e
—— SEILALF AT R SR BR
— facadefb A IF ARG % ) AL VT 0] 7 RS
BEIE P
» Implementation

— U5 E € Lfacade, #HE—decouple, MM
SEARR T RGN
— Public versus private subsystem classes

Facadef& 3 (11.)

* Related Patterns
— facadeXt % [ B)#: singleton. abstract factory
* Examples

B 11: FlyWeight(—)
e Intent

— Use sharing to support large numbers of fine-grained
objects efficiently.

* Motivation
— O GIAPRLER/INIIRHE B SOk A BRI
PRENRE, DU T L B (flyweight) K SEILE
4 K ER S . Flyweightt 4] T AN A ) context
o, ARG EA RPIRES Aticontext &k £, 1 HAlL
IR Fficontexti] A8 4L,

FlyWeightF2 ()

» Applicability: Use the FlyWeight pattern when all
of the following are true:

— An application uses a large number of objects.

— Storage costs are high because of the sheer quantity of
objects.

— Most object state can be made extrinsic.

— Many groups of objects may be replaced by relatively few
shared objects once extrinsic state is removed.

— The application doesn't depend on object identity. Since
flyweight objects may be shared, identity tests will return
true for conceptually distinct objects.

FlyWeightf5:{( =)

 Struct
FrowalghtFaciory | Foywoight
GeFyweightiey) ¢ OpamtionaxrinscStan)
¥ i
¥ (yweightey] exists) |
i ety
S el
)
nisnsicSiae alS5ume
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FlyWeight5:{(JU)
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* Struct(4E)

[m - [PConcrsmeriymant | sConcraurrmion |

Mywaighis f U ) |"(~n-m;smu )

* Participants
— client, flyweight, concreteFlyweight, FlyweightFactory,
— UnsharedConcreteFlyweight

* Collaborations




FlyWeight#::(71)
* Evaluation
— XS PIRA 3 TP intrinsic and extrinsic
— WEAHE A IR RIEE A T KEA ),
AMIRAS P IE I VS AF AT E— 25 5 2% (]
— flyweight5jcomposite4 & . Flyweight Aleaf 7 i,
FHAZN R BEAE AN
* Implementation

— Removing extrinsic state, A AEME] LI P15 B
— AN EEE S k)
— Managing shared objects, 2/ /N hE B #5:411L

flyweight, AZUTREEEAY, B WIFlyweightFactory.

flyweightff)/Edir FIHIE B, 51 v-cminli

FlyWeightt# =, (75)
* Related Patterns
— 5 CompositetfizU41 A
— ] LA flyweight S State fll Strategy #3194 %2
» Examples
— Excelcellff & 5
+ IOleltemContainer}% I fLVF % J* R ILTF— A cel Dbt 4
o HflyweightsiHlcell ¥t % tearof i A
o SPIRAE A E B A S H AR M — A EED
—  “Design Patterns” H4i 3 (1) SCRY & 4 5% (1 61 1

Structural Patterns : Decorator

Structural Patterns : Proxy

T “1

Fecuestl) FApgusstl) @ === ===m=n

E= = =

Structural patterns/)» 4

» Adapter . bridge. facade
— adapter/f] T- P3N e 0 e 1 2 1) P e 4
— bridge/f] TH—/MIZ 5 20T B IS LG Rl ok
— facade T AR A M T RGw L—AHilfa 5 A
gz
« composite. decoratorfllproxy
— composite[H T3 X G4 & G514
— decorator T T~ X G4 Hr AOHA 3¢
— proxy A HARX S A2t — R
* flyweight
— EPRTARRL BN B[ —Fh A R % T B

Behavioral Patterns

* Chain of Responsibility *
¢ Command
 Interpreter *

* Iterator

*  Mediator *

* Memento *

* Observer

o State *

» Strategy

» Template Method *
* Visitor




Fiz( 12: Command(—)
* Aliases
— Action, Transaction
 Intent

— Encapsulate a request as an object, thereby letting you
parameterize clients with different requests, queue or log
requests, and support undoable operations.

* Motivation
— O SRAT B SR PAT I d el ok
— framework A £ 75 LA iy &1 3K 5 AL B SR (X 553 TF,
command5 3 ] LA FH 8 45 (K6 S 5480 1) B Froxf
S0 TTF o

— feiFil i 2 AP g AR A ANk R

Commandf ()

» Applicability: Use the Command pattern when :
— parameterize objects by an action to perform, %% []iJd
— specify, queue, and execute requests at different times
— support undo

support logging changes so that they can be reapplied in
case of a system crash

— structure a system around high-level operations built on
primitives operations transactions

Commandf& (=)

¢ Struct

‘ Client | | Invaker

receiver
ConcreteCommand

Execute() 0---——-—-| ———| recaiver->Act {]:j

state

* Participants

— Client, Command. ConcreteCommand. Invoker. Receiver

Command#:=;(PU)
¢ Collaborations

aReceiver aClient aCommand  aninvoker

W Actiani)

Command# (1)

» Evaluation
— Command decouples the object that invokes the operation from the
one that knows how to perform it.

— Commands are first-class objects. They can be manipulated and
extended like any other object.

— You can assemble commands into a composite command. An
example is MacroCommand.

— It's easy to add new Commands, because you don't have to change
existing classes.
* Implementation
— How intelligent should a command be?
— Supporting undo and redo
— Avoiding error accumulation in the undo process
— Using C++ templates

NP
Command#3{(73)
» Related Patterns

— Compositetz\ i H 2K 5 Bl command 41 &

— JysPlundo/redo, W LA HABAT W BEROKRE HURES, i
mementoti3. Command# /i #lhistory listZ 1, HJ LAH
prototypet =5 il 11 £

* Examples




#5132 Iterator(—)
¢ Aliases : Cursor

¢ Intent

— Provide a way to access the elements of an aggregate
object sequentially without exposing its underlying
representation.

* Motivation

— An aggregate object such as a list should give you a way
to access its elements without exposing its internal
structure.

— Separating the traversal mechanism from the List object
lets us define iterators for different traversal policies
without enumerating them in the List interface.

Iteratorfi =,( )

« Applicability: Use the Iterator pattern when :
— to access an aggregate object's contents without
exposing its internal representation.
— to support multiple traversals of aggregate objects.
— to provide a uniform interface for traversing
different aggregate structures (that is, to support
polymorphic iteration).

Iteratorf (=)

¢ Struct

* Participants
— Iterator. Concretelterator. Aggregate. ConcreteAggregate

¢ Collaborations

Iteratorf: (JU)

» Evaluation
— It supports variations in the traversal of an aggregate
— Iterators simplify the Aggregate interface
— More than one traversal can be pending on an aggregate
* Implementation
— ST LA R R
— Who controls the iteration?
« external iterator versus internal iterator
— Who defines the traversal algorithm?
« Aggregate A B 5 X5{7): —— Cursor mode
« iteratori& XAk —— iteratorI i 1 il gl
— How robust is the iterator?

Iteratorf5: (1)

* Implementation(%%)
— Additional Iterator operations.
o JEAHERAE: First, Next, IsDone, and CurrentItem
iterator 7 YR i
— Iterators may have privileged access
i& % Finternal iteratoriy

— Using polymorphic iterators

— Iterators for composites
% cursor 7 74 ffiterator
— Null iterators

NP
Iteratorfi (/)
* Related Patterns
— Composite: iterator’i; # F T-compositefs LI 5 & 4514
— Polymorphic iterators rely on factory methods to instantiate
the appropriate Iterator subclass.

» Examples
— COM enumerator: connectable object. ...
— C++STL
o #ESTLH, iteratorE_‘i‘t]’Zalgorithmfﬂcontainerﬂ"]*ﬁ‘%




TSN
A 14: Observer(—)
* Aliases : Dependents, Publish-Subscribe
* Intent
— Define a one-to-many dependency between objects so that
when one object changes state, all its dependents are
notified and updated automatically.
* Motivation
— ERG  SAN E OGRS EE M B, T Yedrix
SO S — B ?
— The key objects in this pattern are subject and observer
* One-to-many relationship
* A subject may have any number of dependent observers.

< All observers are notified whenever the subject undergoes a
change in state.

Observerfi =,( )

» Applicability: Use the Observer pattern when :

— When an abstraction has two aspects, one dependent on
the other. Encapsulating 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.

Observerfi (=)

 Struct
Eubject v J onserver
——| Updtef)
foe all 0 in chrsarees | l
o-»Lipcatn]) L|A
[ri——
Supict Update() ch-lr- L
GetSmnd) ©---F surm subloctStie oBRnrSEe
CorSatel) | retum subjor |S|.||ﬁ |

* Participants

— Subject. ConcreteSubject. Observer. ConcreteObserver

Observerf& z(JU)

¢ Collaborations

aConcreteSubject aConcreteQbserver anotherConcreteObserver

SotStated)

| Netify)

Update()

Update() A

GstSw‘.a-:’l‘|T
-

Observert& ()

* Evaluation
— Abstract coupling between Subject and Observer
— Support for broadcast communication
— Unexpected updates
» Implementation
— Mapping subjects to their observers.
— Observing more than one subject
— Who triggers the update? Client or subject?
— Making sure Subject state is self-consistent before notification
— subject|ijobserverf& i AF A 5 HL
— 1 [F)#f A ChangeManager

Observerfi 2(75)
* Related Patterns
— Mediator: HIMediatork x4 5 4 (1 5 it L
» Examples
— COM property page
— COM+ Event Model,
- MVC
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Fi 15: Strategy(—)
* Aliases : Policy

* Intent
— Define a family of algorithms, encapsulate each one, and
make them interchangeable. Strategy lets the algorithm
vary independently from clients that use it.

¢ Motivation
— LRI TR AT D), HEANE A Tl
Gl R ARE T EEVE I SRR SEIL,  Avr
HU BT I S S BB O A 1 S S TR

Strategy i 2 ( )

» Applicability: Use the Strategy pattern when :
— many related classes differ only in their behavior.
— you need different variants of an algorithm.
— an algorithm uses data that clients shouldn't know
about.

— a class defines many behaviors, and these appear
as multiple conditional statements in its

< R , . operations.
— AT LU R BB B A K, B P
strategy
He o —= He .
Strategy i (=) Strategy 52 (P0)
e Struct + Evaluation
comem strateqy P — Families of related algorithms
Contextinteriace() Algorithminiertaca() — An alternative to subclassing
)\ — Strategies eliminate conditional statements
- - ‘ - — Clients must be aware of different Strategies
- - o N r—— — Communication overhead between Strategy and Context

« Participants
— Strategy. ConcreteStrategy. Context
* Collaborations

— Strategy and Context interact to implement the chosen algorithm
— A context forwards requests from its clients to its strategy

— Increased number of objects
* Implementation
— Defining the Strategy and Context interfaces
— Strategies as template parameters
— Making Strategy objects optional

Strategy % 2( 1)
« Related Patterns
— flyweight: % J& i flyweight#H 2k Sz Bl strategy b %
» Examples
— ATL P COMX % (R R Y S HF

pep—— L & e
Travaise(l Composa()
Flipaain]) gy

| T ]

nnmpc:’n'-s-rmmwrl_ﬂ | l [ | |
| Gamposei) | |Cm|'|x::.|::| | [e— |
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i 16: Visitor(—)
* 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.

* Motivation
— ATIEANMREER T AR, — Rk 2
JEXAMEVE NG AT R SRRSO LA
AP FIETL
— JEIXRE AR AE AL B — AN RT3 B (visitor) . SRS
AE I Ty R AT G Ak iR S U R IR T 3R .




AN Hvisitor ) compiler s

Node
TypeCheck()
GeneraleCode()
PrettyPint()
TypeCheck() TypeCheck()
G teCode( G teCode()
PrettyPrint() PrettyPrint()

1 i visitor [ compilerfy] ¥

#9007 | Pr = Node
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Visitorf =( )

» Applicability: Use the Visitor pattern when

— WG RSS2, BATERIT—
SO AR T B ARSI

— B A GG R I ST IR R R I
A AR, OISR X e G2k

— B XK Z MR D, H2 %ﬁ%&k

gEM) L SRR . UK R 4502, Fst
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¢ Struct

Visitorfi (=)

[ concratavisnort | [canermwasnerz |
| =) I
]
-iuu.am.-a.. Eioment
T
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concrstettemania | | Comcmetiamant
Recapaianr l Arcapviamev] @
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Visitorfi 2 (1)

* Participants

— Client. Visitor. ConcreteVisitor. ObjectStructure. Element
ConcreteElement

* Collaborations
- chentﬁ'ﬁ@']}%*/\Concretethor, SR 5 1 T Ob'ectStructure

Visitori X (1)

* Evaluation

Visitor makes adding new operations easy

A visitor gathers related operations and separates unrelated ones
Adding new ConcreteElement classes is hard.

B AR RS, visitor th ] LASE

REHEM

visitor Z7 ) REDNTCERMPIRAS, T LLEE T 0 4

* Implementation

double-dispatch, AcceptSZH{ T double dispatch

This is the key to the Visitor pattern: The operation that
gets executed depends on both the type of Visitor and the
type of Element it visits.

Who is responsible for traversing the object structure?




Visitorfz(73)

* Related Patterns
— Composite: visitorf i #l Tl T composite i 3041 B i) 45
Fyep
» Examples
— GRS

H.fbBehavioral Patterns

Chain of Responsibility

— SRR, WL, decouple K IEAIE T
Interpreter

— (ERRIRE R, AEREFEER) “interpret” 1LFR
Mediator

— JHl—/ mediator>Kdecouple % [F] %5 .70
Memento

— X B ZAMBAER B P FRES
State

— AN GIEPIRSIAL K, BhA I ASHORAS X S S
Template Method

— FEHER T E CEAI A 4E, JURR e iR B

Behavioral Patterns/|> 4

» Strategy. Iterator. Mediator. State. command

— X GOk, e, 2. R
&ATA.

* Mediator. Observer
— Observerf 7 it subject fllobserverZ 8] [RIFA Kl A 1% 122
— mediatorfU 2 B AIGE PR, ) ALl

« command. Chain of Responsibility. interpreter
— command 5 I T T -4 ) 5 (4 PR
— Chain of Responsibility i) T iy 2§k 1Efffi b 2
— interpreter 1] T-5 A 45k s 8 A AT 2
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