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class CDrawObj : public CObject
{
/I Attributes
CDrawDoc* m_pDocument;

virtual int GetHandl ount(b-

virtual CPoint GetHandle(int nHandle);

virtual HCURSOR GetHandleCursor(int nHandle); N

virtual void SetLineColor(COLORREEF color); N

virtual void SetFillColor(CONORRER color): \ |
// Operations

virtual void Draw(CDC* pDC);

virtual void Draw Tracker(CDC* pDC, TackerState state);

virtual void MoveTo(const CRect& positon, CDrawView™ pView = NULL);

virtual int HitTest(CPoint point, CDrawView* pView, BOOL bSelected);

virtual BOOL Intersects(const CRect& rect);

virtual void MoveHandleTo(int nHandle, CPoint point, CDrawView* pView = NULL);

virtual void OnOpen(CDrawView™ pView);

virtual void OnEditProperties();

virtual CDrawObj* Clone(CDrawDoc* pDoc = NULL);

virtual void Remove();

virtual void Serialize(CArchive& ar);
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~ HAE A CDrawTool

class CDrawTool
{
// Constructors
public:
CDraWTool(DraWShape(Draw

// Overridables
virtual void OnLButtonDown(CDrawView* pView, UINT nFlags, const CPoint& poi
virtual void OnLButtonDblClk(CDrawView* pView, UINT nFlags, const CPoint& point
virtual void OnLButtonUp(CDrawView* pView, UINT nFlags, const CPoint& point);
virtual void OnMouseMove(CDrawView* pView, UINT nFlags, const CPoint& point);
virtual void OnEditProperties(CDrawView pView);
virtual void OnCancel();

// Attributes
DrawShape m_drawShape;

static CDrawTool* FindTool(DrawShape drawShape);
static CPtrList ¢_tools;
static DrawShape ¢ _drawShape;
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patterns

e

A physical arrangement of elément
Repeating;with some de ondence 1n successi . |

observations L

WyE. o, HYRPRERE o
In the book “Design Patterns”, the design patterns are descriptions (\

communicating that are customized to solve a
general design problem in a particular context

Design patterns represent solutlo% to problems that arise when
developing software within a particular context

o JLANIE XA

— idiom. technique. paradigm




pattern-5 framework
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Design pattern5 framework(%

a framework supplies the infrastructure and mechanis
that execute a policy for intefaction #

components with Qpen

frameworks are often said to abide by the Hollywood
Principle ("Don't call us, we'll call you.") \

L5 :
— Design patterns are more abstracqhan frameworks

— Design patterns are smaller architectural elements than frameworks

— Design patterns are less specialized than frameworks

framework S class library
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o« KT patternfilf 5T AT S
— A Pattern Lanéuage’ er Alexander, 1 e Y

— “Advanced C++: Programming Styles and Idioms”,
James Coplien, 1992 \

— “Design Patterns: Elements of Reusable Object-

Oriented Software”, GOF, 1995

— “Pattern-Oriented Software} Architecture: A System of
Patterns” (fai#% 4 “POSA”), GoV, 1996
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POSA: Architectural Patterns(1)

Architectural Patterns are very high-level structural patterns.

Also called “Conceptual

.ﬁ-’ . -
From Mud to Strueture: Organize components. '

: Organize components into layers where layer 1's services ar
only used by layer 1+1.

: Divide the task into several sequential processing

steps -- the output of task 1 is the {r’lput of task i+1.

: Several independent programs work cooperatively on a
common data structure.

Distributed Systems :Handle distributed computation.

: Introduce a broker component to to achieve better
decoupling of clients and servers -- brokers accept requests from
clients and forward the requests to servers, then return the results
back to the clients.




POSA: Architectural Patterns(2)

* Interactive Systems :Keep a program's functional core

independent of the user in OO
r : application nto pr%
output, and input.,Viewjand contro arts are usually observers -

of the model via t'l‘l‘e observer pattern.
: Divides the application up to \

heirarchies or MV C-like components. Each component is
dependent upon and and provides functionality for the a higher-
level component. There 1s only oge top-level component.

« Adaptable Systems : Design for change.

Encapsulate the fundamental services of the
application.

Divide the application into a meta-level and a base level
to make the application "self-aware". The meta level encapsulates
knowledge of the system; the base level encapsulates knowledge
about the problem domain.




POSA: Design Patterns(1)

 Structure Decomposition: Decompose subsystems and complex

components into cooperati .
: Define a com .
Prevent clients from directl ' jects, but provide a
interface for the ag@regate. '
* Organization of Work : Components collaborate to solve corﬁlix

problems.

The master divides a task among 1dentical (but independent)
slaves, the combines the slave's pastial results to arrive a solution.

 Access Control : Guard and control access to services and
components.

: Clients communicate with a representative (proxy) rather than the
target object itself. The proxy can perform pre- and post-processing to
provide validation checking, access control, remote object access, extra
computation, etc. See also Gamma et al's proxy pattern




POSA: Design Patterns(2)

Management: Handle homogenous collections of objects,
services and components in their entirety.

. Exte 17 t al's command pat&
adding an explicit comma i

; Seharate the the management of views from the code
required to present or control specific views. Similar to Gamma et &

Abstract Factory and Mediator.

Communication :Organize communication between
components. »

: Contain all system-specific communication
functionality in separate components so distributed peers can
communicate without loosing portability

: A dispatcher acts as an intermediate
layer between clients and servers. The dispatcher provides the
communication channel and a name service to hide physical locations.

: Same as Gamma et al's Observer pattern.




Idioms

* Also called “Programming Patterns™

* Idioms are low-level patterns,specific to a &\
programming language. ™ i ¥

I Simplifies memory management of |
shared objects providing reference counting. \

o AW
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— Design pattern name, A 4 Known As

Problem, Inten\or G*"

Forces, Constraints, Motivation

Context, Applicability \ :

Solution

e Structure

 Participants

» Collaboration

* Implementation
Evaluation, Resulting Context, Consequences
Related Patterns

Examples, Known uses




creational patterns

Abstract F?{CtOM

Builder
Factory Method(virtual constructor)

Prototype .

Singleton
* Finder




fiz 1: Factory Method (—)

e Aliases: virtual com
e Intent - . Al
L) 3

— Define an interface for creating an object, but let
subclasses decide which class to instantiate. Factory
Method lets a class defer instantiation to subclasses.

\ i

 Motivation .

— Frameworks use abstract classes to define and maintain
relationships between objects. A framework 1s often
responsible for creating these objects as well.




Factory MethodF = ()

. Applicability: Us%ctory Methoh‘
pattern when, - L Al
— a class can't anticipate the class of objects it
must create. \

— a class wants 1ts subclasses to specify the
objects 1t creates. »

— classes delegate responsibility to one of several
helper subclasses, and you want to localize the
knowledge of which helper subclass 1s the
delegate.




fdi: virtual constructor
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ffi: virtual constructor(%g)

e solution: O
— 1 FH{Envelope/Lette e/Body pattern e Y

~ H envelopeﬁ%handleiﬁﬁ RS2 AR 55 4 1 TR %
o ¥ |

— 1 Hl4fEstreamBh 25 BIEE N %
— 2 COMX} %




Factory Method/fi (=)

FactoryMeathody) .
AnOperation) o product = FactoryMsthod() 1

A A

ConcreteProduct |‘ ConcreleCreator

FactoryMethod({} O returm new EﬂmretEPmductH

 Participants

— Product. ConcreteProduct. Creator. ConcreteCreator

 (ollaborations




Factory Method#% = (JY)

e Evaluation ‘ -
- LA &R %i&ﬁﬁ%a‘%,%

(RS
— Bl T CreatorFAH N ) 1-2_1E 4 factory method&

B, RNy AR A 5K T B creator A T RAFAE, TN
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* (1) Provides hooks for subclasses. Z&=% Afactory method$&fIt Gk
AL, R A] DLE A ISR, ] CAGR ARSI 1 SLH
EL T IR IRE, BT R

* (2) Connects parallel class hierarchies




Factory Method# =X, (1)

Figure Manipulator

CreateManipulaton) DrownClick )
Drag()

UpClick()
L T

LineFigure TextFigure LineManipulator TextManipulator

CraateManiputator) CreataManipulaton]) DeawnClick() DowniClick()
Dirag(} Drragl}

o Uplick()




Factory M;thodﬁﬁ(f\)

* Implementatién
— (1) SRS e ARG A 1) SE L \
— (2) factory method ) Z %% :

— (3) Language-specific variants and issues
 SmallTalk, 1if FHZ&%Y
« C++, i lazy initialization$sz/8

— (4) Using templates to avoid subclassing




Factory Method /i (1)

» Related Patterns
— Abstract factory

— Prototype 3 -

« Examples

Application

Createllocumeaniti}
NewDocument() o
OpenDocument()

£

Document® doc = CreateDocumeant();
docs Addidoc);
dac—=0pen();

My Application

CreateDocument() O

refurn new MyDocument 1




fiz 2 : Abstract Factory(—

e Aliases: Kit ﬁ &\

 Intent

dependent objects without specifying their concrete
classes.

— Provide an interface for creating families of related or \

« Motivation »
= 79Tﬁ@‘ﬁ%*ﬁ%*ﬁ?é@i%*ﬁ@iﬁ%E‘Jﬁﬂ@iiﬁf, %I‘]
E X — Tt SR e N GE2R) . x H
T HREN R OFTATIE, ARG,




Abstract Factory(—)

» Applicability, Use tl}%ct Factory patt&\
when e e Y

— a system shoulé be independent of how its products are
created, composed, and represented. \

— a system should be configured with one of multiple
families of products. .

— a family of related product objects 1s designed to be
used together, and you need to enforce this constraint.

— you want to provide a class library of products, and you
want to reveal just their interfaces, not their
implementations.




Abstract Factory(—.)

Struct

AbairactFactony

CreafaPradueidl)
CragsteCroductE))

l

ConcreteFactory m ConcreteFactory2

CreateProductAl) | CraateProductid)
CrealaFroductBl) . CraateF roduciBy)

Participants:

— Client. AbstractFactory. ConcreteFactory. AbstractProduct.
ConcreteProduct

Collaborations




Abstract Factory(/U)

 Evaluation

— Lfactory method[)3 R Ny
« ZMactory @thO%ﬁ

e factory method— & s& virtual [1'

ConcreteFactory1 [ ConcreteFactory2

CrestaProductAll | CraataProductaf)
CreateP roductBi) i CraateProduciB]




Abstract Factory(11.)

« Evaluation(%£) -
. factoryTEpﬁducfé\ ﬁgf__ﬂ_ﬁ%@%, 53\%7 A 1'%! o .
-

» T2 Wproduct ik
o fRAUEANA] W 18] iproducti] AN, HIfEUE W
products 1] — 2
B \
» factory Xt % [ 7 V220 H M MproductZ H » B M5 i)
productPP SR ELAL IR A, B2 B factory 1 3528, 1
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Abstract Factory(75)

* Implementation ﬁ *.\

— Factories as singletons, 4->productj ﬁEE T HHRE '
— M factoryXf B n] L T o

— Creating the products, %+ producti L3¢ 2 115 L,

n] LU H prototype it 2\ SE IR IX L factories, 1] AN 44
X8 —N B 4050 2= W product i #45 H

—“I>concrete factory class

— Defining extensible factories, &I XJ Evaluation™' 2 31 /1)
i, AN S EA R TE Efactory [ 1 M. 5e 1A A




Abstract Factory(-)

* Related Patterns

— Factory Method\ Pro ngleton \“\
« Examples )

— WidgetFactory

CreateScrolifar)
CreateWindow(}




ffi: COMH [Fjclass factory

APl factory m bstract factory
IClassFactory 2abstract -

Createlnstance %hctory method

X 148E—coclass, class objectii /& Concrete Factory,

KA i %82 1 A TUnknown, COMR 42 ELIE ]
concrete product

— IPSFactoryBuffertl j&abstract fagtory 142
o 1H 1Y factory method @l EEX| 5t
— R P EREAEN S, ZERWE
— ConcreteFactory 4 /& —concrete product, FyLAn] LI JK/Z
HON7ARE /51t P = =1 v il N e Wi




P, =: Builder (—)

 Intent

— Separate the construction of a¢ s% X object from its
representation so that the same €@nstruction process can cr
. . - — L= E

different represen@tlonsh- - |

« Motivation

SRR TR, AV IR R0 I A \

IR I TG 2R
— “Hi R IE AR \
« Applicability, Use the Builder pattern when

— the algorithm for creating a complex object should be independent
of the parts that make up the object and how they're assembled.

— the construction process must allow different representations for
the object that's constructed.




Builder ()

Structure

- builder Builder

Construct} BuiidParty|

for alf objects in structura |
 builder—=BuildPart{)

1
1

ConcreteBuilder

BuildPart{}
GetResult()

Participants
— Director. Builder. ConcreteBuilder. Product




1

Builder (=)

 Collaborations

aClient

new CancrataBuilder

Construct()

GelHesult()

BuildParta()

aConcreteBuilder |

BuildPartB(}

EuikiPanc()




Builder (JL

 Evaluation

— It lets you vary a product'siint€rnal representatior&‘
— It isolates code‘lfor ns nd representation”.

— It gives you finer control over the construction process

N

* Implementation
— Builder interface(Assembly and construction)
— Why no abstract class for pfeducts?
— Empty methods as default in Builder.

» Related patterns

— Abstract Factory

« XJl: (1) builderEAEMIEILFE, &5 —FIRMI45 R,
(2) builderfs)i& 112 H 0 %




« Examples

Builder (11.)

— readers. parsers. conv

— the persistence()f O

ATFReader

ParseATF() 7
i
1
1
1
!

TextConverfer

t

while {1 = gt the naxt token} |

gwilch t Typs |
CHAR:

Builder—=ComverdCharacten|{ L Char)

FOMT:

ballder—=ComserFomChanget, Font)

FARA:
!

Bllder—=ComeenParagraphi)

=

CanvertCharacierchar)
CanvanfontChangsFontl
ConvertParagramy)

A

ASCIConverter

TeXConverier

TeutWidgetConverter

CormverCharacteschar)
GatASCHText{}

—-| ASCHTeoxt |

ConvenCharsctar|char)
ConvarFontiChangs|Font)
ConvenParagraghi)
GetTeXTaxi()

ComeertCharactes [char)
ComvertFontChange|{Font)
ComeerParagraphi)
GatTextWidgst()

-| TeXText |

TextWidget




i JU: Prototype(—)

 [Intent

— Specify the kinds of objcets eate using a
prototypical instance, anc new objects by *ﬁ\
copying this pretotype. -
* Motivation O
— =P OARRAE N R, ek AR BN 5. AR
DU IR S i, Hr XS 40 G AR B 2ok 51,
ISR 5 1 G S R 5 A SR o 2 K
* Applicability
— 77 A A AR AL RGN
— M R S A runtime I 4 TR 2 TR O T
— BRI Sproduct /2 K47 [ factory 2 (X




Prototype(—)

e Structure

Prototype

Felum o “i-“r of seff return copy of self =
* Participants
— Prototype. ConcretePrototype. Client
* (Collaborations




Prototype(—.)

 Evaluation

Adding and removing produ | '
Specifying new objects b ues, PEIKRGHR Sy
Configuring an a}hlication with classes dynamically G

PRk B productZE#B AN SL I Clone i /F e,
T CHHE SR A BN : CHclassA & first-class objects \

« Implementation
— Using a prototype manager A
— Implementing the Clone operation
 shallow copy versus deep copy
* Save & Load

— Initializing clones

« PIFYBOiIE




Prototype( L

» Related patterns
— Prototype-5j Abstract Facto

— factory method

B RN 1 3651

« Examples
— DrawCli(A\5€4%), music editor

Graphic

Maripuiatei) Draw{Pasifion)
Clonei}

RotateTool GraphicTool

b i ] -I. .I LI ] [} .
Manipulate]) Manipulatel) o Draw(Position)
Clone()

WholaNote Halfhote

p = prototype-=Clons(} "
while {user drags mouse) | Crraw(Position) Drraw(Position)
_ p—=Draw(new position) Clone() 9 7

! i
insert pinto drawing !
i T ) [
return copy of self return copy of self




Pz 1.: Singleton(—)

 Intent

— Ensure a class only  instance, and &\
provide a gl(ibal ess to 1t. T

« Motivation

— It's important for some classes to have exactly \

one 1nstance.
« Applicability, Use the Singletoh pattern when

— there must be exactly one instance of a class, and it must be
accessible to clients from a well-known access point.

— when the sole instance should be extensible by subclassing, and
clients should be able to use an extended instance without
modifying their code.




Singleton(—)

e Structure

Singleton

stafic Instance() O retum uniguelnstance
SinglefonOperation()
GetSingletonDatal)

static uniqueinstance
singletonDala

 Participants

— Singleton

 (Collaborations

— Clients access a Singleton instance solely through
Singleton's Instance operation.




Singleton(—.)

Evaluation

Controlled access to sole instanee %
Reduced name space 'l'r - a i |

Permits refinement of operations and representatlon, L ARREES

Permits a variable number of instances o
More flexible than class operations (static member functions in C+J>& :

XA AR PE B iE H] - Object-Based ! 1114 22 15 12
Implementation »

— Ensuring a unique instance

« % [Effi Hlazy initialize
« {7 global/static objectHJHk &

— Subclassing the Singleton class




Singleton(

« Related patterns
— Singleton5 HAth G5
singleton>k S H:A - _ |
Factory. Builder. Prototype%. N
A SEH TRIE AT EE X, AR
2 A5 T singletorrbiat ke 74 iR 75 52 N

« Examples »

— MFCH FJCWinAppiR A5l the App




. 7S: Finder(—)

Intent

— MASREER, RIE% T LB e T 1 5 &2

A%, BEAES  — : |
Alias LY - < '
— Object-retriever N

Motivation
- RGO, BPAREERS DR E, ERA R
S UUE R, HFinderiR [F] L4 G AN 5, BlE HLH 61
BT S (AR Z AR 9 A2 2R X RR)
Applicability, Use the Finder pattern when
— AT AR A AN F]ER 43 2 6] 2 ST .Client/Objectid: £z 11
— JEFRIOT G ) o P2 T i K
— view finder: The application demands user customizability of the
actions taken when a particular file format 1s encountered 1n the
browser.




Structure

Finder

table

 Participants

GetObject

product

product

constructor

product

— client. finder. product-table. constructor. product

Collaborations




Finder(—)

 Evaluation

= ﬁﬁﬂﬂﬁﬁ’]ﬁ%ﬁp&%% IR, AN $2 e BEUR A HT :
A IR v A [ &, ‘ .
— fEEREN SRR S R 3 S ]

ORI ZAEPICERBEO IR, T ST R

P ?

Implementation .
— ¢ product table PA S AH M. (5 BRI, PRk £ A2 (1A 24 1k
— & ~product A= iy i A Bl
— el briRproduct (SR TY, 2 AR 2 IS AU S AR R B
— Finder} % A& 5 1] DL & — singleton




Finder(VY)

* Related patterns ‘
— 5jSingletonfl) X 7l): single — N AN S
ﬁﬁFindeeréi’ﬁ%ﬁajfﬁ ﬁr %%%ﬁ%ﬂqﬁlu ok '
IS K ) ) B UK

— 5Prototype] X jl] \
— FAlfproduct ¥ AP BRH, FREE HARGI A s W

S -

« Examples

— moniker in COM

— fFNetscapeiags ', HEIMIMEZLEY, FHBFELE, A5 604H:
View




creational patterns/)> 4

o TR ZCHY SRR
— LRSI T AR r%m,ngﬁatr‘@\
B

‘ .
- factory method & %&fili, abstract factory &'t i3

» factory method. abstract factory. prototype#liih A%
B2 b B OB AR, AT
= prototype%;'% Fprototype manager
— factory method 75 4K fif = ereator=<
— abstract factory i e — AT IR E IR
— WRIEN A B HAR TR, BLAGE SR AL A
FHWR AR 2
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builderfF £ idi &
[FJproduct LUHEE et |
singletonfd ELACRFU B X, W] LLAIAE
ZMURIH T, A S5RERREK
finderfi 2\ 75 24 — & Ya [l A RN S5 B D) e
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