Tvorba informacnych systemov
5. prednaska — navrh, architektura, navrhove vzory



Principal goals of software design:

* Sufficiency:. handles the requirements
* Understandability: can be understood by intended audience
* Modularity: divided into well-defined parts

* Cohesion: organized so that like-minded elements are grouped
together

* Coupling: organized to minimize dependence between elements
* Robustness: can deal with wide variety of input

* Flexibility: can be readily modified to handle changes in
requirements

* Reusability: can use parts of the design and implementaion in
other applications

* Information hiding: module internals are hidden from others
* Efficiency: executes within acceptable time and space limits
* Reliability: executes with acceptable failure rate
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High cohesion Low coupling
(parts belong together) (minimal contact)

High cohesion and low coupling—Dbridge example




Poznamky

aby malo zmysel zaoberat sa architekturou a jej popisom, musi
tento popis skryt’ niektoré (menej podstatne) informacie

popis architektury je teda abstraktnym pohladom na systém

predpoklad: podstatné informacie su tie, ktoré sa tykaju vzt'ahov
medzi komponentami — architektura ostatné informacie skryva

externe viditelné vlastnosti = predpoklady o komponente, s
ktorymi mozu ostatné komponenty pocitat, napriklad:

* poskytovane sluzby,

* vykonnostne vilastnosti,

* spracovanie chybovych stavov,

* pouzitie zdiefanych zdrojov (pamat, zasobnik, kom. kapacita, ...),



Poznamky 2

Architektura pozostava z viac nez jednej struktury, napriklad:
* statické struktury: moduly/triedy ako kompilacné jednotky a vztahy ,je
sucCastou”, ,pouziva“, ,dedi” (v pripade tried) medzi nimi

* dynamickeé struktury: komponenty rozpoznatelné pocCas behu (procesy,
beziace programy, objekty, ...) a vztahy ,komunikuje s, ,Caka na“, ,posiela
udaje pre”, ,je spojeny smernikom s“ ... medzi nimi

* fyzické struktury: vztahy ,bezi na® medzi procesmi, programami, objektami
a pod. a hardverovymi zariadeniami; vztahy ,je spojeny s“ medzi
hardvérovymi zariadeniami

* definicia architektury nehovori o typoch komponentov ani vztahov



Poznamky 3

* kazdy systém ma architekturu
* potencialne (uz) neznamu

* architektiura méze byt dobra alebo zla — vzdy vzhfadom k
poziadavkam, ktoré su na system kladené
* umozni alebo zabrani dosiahnut systému pozadované vlastnosti



Architektura a navrh

Navrh obsahuje aj iné nez architektonické rozhodnutia,
napriklad:

* ake algoritmy a datove struktury budu pouzité vnutri modulov

* vzhlad pouzivatelskeho rozhrania



Priklad: Key Word In Context

system vezme riadky textu, vyrobi vsetky cyklicky posunuté
varianty a utriedi ich podla abecedy
priklad — vstup:

* hello world

* this is a software architecture
vystup:

* a software architecture this is

* architecture this is a software

* hello world

* |s a software architecture this

* software architecture this is a

* this is a software architecture

* world hello



Architektura ¢. 1

zdielane pamatové struktury

> Direct Memory Access
= Subprogram Call
System /O

Master Control

AR

Input Circular Shift

Alphabetizer ‘ Output

Characters Alphabetized
Index
Output
Input
; Medium

Medium




Viastnosti

* vykon (Cas, pamat): dobry
* [ahkost zmeny vnutornej reprezentacie udajov: nizka
* lahkost opakovaneho pouzitia komponentov: nizka



Architektura C. 2

skryvanie informacii

—3=- Subprogram Call Master Control
System /O

Input ‘

alph

=
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I

char [t
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| HvH H Alphabetic
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setchar
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Viastnosti

* vykon (Cas, pamat): pomerne dobry
* [ahkost zmeny vnutornej reprezentacie udajov: dobra
* lahkost opakovaného pouzitia komponentov: pomerne dobra



Architektura ¢. 3

pipes-and-filters

Input | Circular |—
Medium |7 |I'IFII.I‘|.' S hift

— Pipe

System I/O
Alphabetizer Qutput Output
Medium




Viastnosti

* vykon (Cas, pamat): pomerne slaby
* [ahkost zmeny vnutornej reprezentacie udajov: dobra
* lahkost opakovaného pouzitia komponentov: vyborna



Vykon (performance)

* vykon = (orientaCcna definicia) Cas potrebny na reakciu
systému resp. mnozstvo spracovanych udalosti za jednotku
casu

* riesenie na architektonickej urovni: minimalizovat
komunikaciu medzi komponentami (najma ak su na réznych
pocitaCoch, v roznych procesoch a pod.)



Bezpecnost (security)

* bezpecnost = schopnost systemu odolavat pokusom o
neopravnenym pristup, resp. narusenie cinnosti

* riesenia na architektonickej urovni:
* oddelenie funkcii kritickych z pohladu bezpecnosti

(autentifikacia, autorizacia, ...) do samostatnych
komponentov, ktoré su dobre oddelené a chranene a ktore
mozu byt overitelne korektne implementovaneée

* obmedzenie komunikacie medzi systemom a jeho okolim



Spolahlivost
(availability, reliability)

availability = pravdepodobnost, ze system je v danom
okamihu dostupny

reliability = pravdepodobnost, ze system da spravny vysledok
(resp. ze nezlyha)

rieSenia na architektonickej urovni:
* redundantne komponenty
* dobre riesena komunikacia o chybach a ich spracovanie

* Specialne komponenty pre spravu a monitorovanie (napr.
watchdog timers)



FunkcCnost' (functionality)

* funkCnost = systém poskytuje pozadované funkcie (potrebné
na plnenie uloh, pre riesenie ktorych bol vytvoreny)

* tato vlastnost v prevaznej miere nesuvisi s architekturou



Jednoduchost pouzitia (usability)

= ako rychlo a lahko sa pouzivatelia naucia pracovat so
systemom, do akej miery systém pomaha vyhnut sa
beznym pouzivatelskym chybam, Ci sa da so systémom
pracovat efektivne ...

tato vlastnost v prevaznej miere nesuvisi s architekturou
* vyplyva najma z kvality pouzivatel'ského rozhrania



Modifikovatelnost (modifiability)

* modifikovatelnost = ako lahko sa v systéme robia zmeny
(pridanie, odobranie, resp. zmena funkCnosti, prispésobenie
sa zmenam prostredia, restrukturalizacia, oprava chyb)

* podstatne zavisi od architektury

* namaha potrebna na vykonanie zmeny zavisi najma od
toho, aku velku Cast systemu je potrebné upravit
- jeden modul
- viac modulov
- potrebny je zasah do architektury



Modifikovatelnost' 2

Riesenie na architektonickej urovni:

* izolovat miesta moznych zmien do samostatnych
komponentov (a takto ich oddelit od zvysku systému
prislusnym rozhranim)



Portabilita

portabilita = ako lahko je system upravit tak, aby pracoval v
inom (hardvérovo-softvérovom) prostredi

sSpecialny pripad modifikovatelnosti

rieSenie na architektonickej urovni: uzavriet kod Specificky
pre platformu do jedného (resp. niekolko malo) modulov —
,portability layer*



Opakovana pouzitelnost
(reusability)

reusability = Casti systemu resp. jeho architektura moézu byt
opakovane pouzité v buducich systémoch

rieSenie na architektonickej urovni: volne vazby medzi
komponentami



Integrovatelnost (integrability)

* integrovatelnost = schopnost poskladat samostatne vyvinuté
komponenty do fungujuceho celku (resp. moznost pouzit’ pri
vytvarani systému uz existujuce komponenty)

* riesenie na architektonickej urovni:
* znizenie externej zlozitosti komponentov a interakCnych mechanizmov
* jasne rozdelenie zodpovednosti medzi komponenty

* (pri existujucich komponentoch samozrejme prispésobenie sa ich
rozhraniam)

suvisiaca vlastnost’: interoperabilita



DalSie faktory

* rychlost vytvorenia (time to market)

* napr. vyraznejsim pouzitim existujucich komponentov
* céena

* zavisi od architektury napr. tym, ake technologie sa pouziju
* ocCakavana zivotnost systému

* ak dlha — podstatna je modifikovatelnost a portabilita
(ovplyvnuje cenu a rychlost vytvorenia)



Vzory

Definicia: Vzor (pattern) je vopred pripravena mnozina
navrhovych (resp. analytickych alebo implementacnych)
rozhodnuti vhodnych pre istu situaciu, o ktorej su zname urcité
vlastnosti. Tuto mnozinu rozhodnuti je mozné ako celok
prevziat a po prislusnej uprave pouzit.

Vzory existuju na réznych Sucastou vzoru je obycCajne:
urovniach: — nazov

— architektonické vzory (Styly) — popis problému

— navrhove vzory — popis riesenia

— implementacné vzory (ididmy) — dbésledky aplikovania rieSenia

analytické vzory (vlastnosti rieSenia)




Priklady arch. stylov

* Data-Centered * Virtual Machine
* Repository * Interpreter
* Blackboard * Rule-Based System

* Data Flow * |ndependent Components
* Batch Sequential * Communicating Processes
* Pipes and Filters * Event Systems

e Call and Return - Implicit Invocation

* Main Program and Subroutine - Explicit Invocation

* Object Oriented
* Layered

tieto Styly nie su disjunktné !




Priklady architektonickych stylov
(Software Engineering, Modern Approaches)

* Dataflow architectures * Virtual machines
» Pipes and filters * Interpreters
» Batch sequential * Rule-based systems
* Independent components * Repository architectures
e Client-server systems » Databases
» Parallel communicating processes * Hypertext systems
* Event systems * Blackboards
» Service-oriented (added) » Layered architectures

Shaw and Garlan’'s categorization of software architectures
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Priklad C. 1: styl Layered

organizuje system do postupnosti vrstiev, z ktorych
kazda poskytuje definovanu mnozinu sluzieb

vrstva N je implementovana pomocou sluzieb vrstvy N-1
(alternativne: pomocou sluzieb vrstiev 1 az N-1)

da sa pouzit s roznymi typmi komponentov a konektorov

Version management

Object management

Databasesystem

Operating
5§y §tem

Iné priklady:
niektoré operacné
systémy, OSI
Reference Model, ...



Viastnosti

* Vyhody:
* prehladnost
* jednoduchost modifikacie, portabilita
* Nevyhody (najma pri striktnej verzii modelu):

* nie je vzdy mozné systém organizovat tymto spdésobom, pretoze
niektore sluzby mézu byt potrebné vo vSetkych vrstvach

* problém s efektivhostou

Kedy pouzit

* ked rozdelenie na vrstvy pomo6ze znizit zlozitost problému bez
ujmy na ostatnych vlastnostiach systemu

* ked je ddlezita portabilita



Priklad C. 2: Pipes and Filters

popisuje systém ako sériu postupnych transformacii udajov
komponenty:

* filtre — transformuju vstupné udaje na vystupné, nemaju trvaly vnutorny
stav, maju len minimalne vazby na okolie, bezia (navzajom) asynchrénne

konektory:
* pipes — bezstavoveé ,rury”, ktorymi prechadzaju udaje

Tl » T2 » T3 » T4

\ 4

5 —

priklady:

* jednoduchy kompilator, skripty v unix shelli, ...




VIastnosti
* Vyhody:

* jednoduchost - komponenty interaguju velmi obmedzenym sp6sobom
* [ahké opakované pouzitie komponentov
* [lahka paralelizovatelnost a distribuovatelnost
* Nevyhody:
* obmedzena pouzitelnost tohto Stylu (je tazkeé realizovat napr.
interaktivne aplikacie)
* cCasto nizky vykon

Kedy pouzit

ked je mozné vnimat systém ako sériu postupnych transformacii vstupnych
udajov na vystupné

ked je dblezita integrovatelnost existujucich a znovupouzitefnost
vyvinutych komponentov



Priklad C. 3: Repository

centralnym prvkom je strukturovany sklad udajov, s
ktorym pracuju jednotlivi (nezavisli) klienti
komponenty:

* sklad udajov — je pasivny

* klienti — maju navzajom nezavislé toky riadenia

konektory:

* dotazy a aktualizacie — ak sa odovzdava riadenie skladu udajov, tak

len za ucelom vykonania prislusnej operacie (Citanie/zapis)

priklady:

* klasicky® informacCny systém

* nastroje CASE zalozené na spoloCnej databaze



Vlastnosti stylu Repository

+ efektivny spdsob zdielania velkého mnozstva dat
+ ak ide o perzistentné udaje, da sa centralne riesit zalohovanie,

bezpeclnost, pristupoveé prava, zotavenie (repository manager)
lahka integracia novych klientov, ktori su schopni pracovat' s
udajmi v danej strukture

spolocny datovy model mdze byt prilis zlozity

zmeny v modeli su tazko realizovatelné

jednotlivi klienti mézu mat rézne poziadavky na zalohovanie,
bezpecnost, zotavenie ...

nie je jednoduche distribuovat repository na viacero pocitacov



Kombinované styly

Systémy malokedy obsahuju jeden architektonicky Styl, styly su
casto kombinovaneé:
* jednotlivé Casti systemu pouzivaju rozne styly
* na réznych urovniach dekompozicie sa pouzivaju rozne styly
* struktura systéemu sa da popisat viacerymi stylmi naraz,
napr..
- layered (je organizovany po vrstvach)
- repository (najspodnejsou vrstvou je spolocna db)

- client/server (jednotlivé vrstvy su realizované v samostatnych
procesoch, ktoré komunikuju stylom klient-server)



Navrh datoveho modelu:
navrhoveé vzory

Co to je navrhovy vzor

Néavrhovy vzor vysvétluje a popisuje né&jaky dil¢i problém se strukturou objektu. Kazdy
navrhovy vzor md ndsledujici strukturu:

g
Py
A

Py

Nizev vzoru. Nédzev je kréitké nejlépe jednoslovni oznacCeni.

Popis problému, ktery navrhovy vzor fesi.

Reseni, které ndvrhovy vzor pfindsi. Zde se nejlépe uplatiiuje kombinace diagramu
s textem.

Disledky pouZiti vzoru.



Design Patterns

Creational
Structural
Behavioral

Class scope
Object scope

Each pattern described by: Name, Intent, AKA, Motivation,
Applicability, Structure, Participants, Collaborations,
Consequences, Implementation, Sample Code, Known
Issues, Related Patterns

E.Gamma et al.: Design Patterns, Elements of Reusable
Object-Oriented Software, Addison-Wesley, 1995.
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Figure 1.1: Design pattern relationships



Purpose Design Pattern Aspect(s) That Can Vary
Creational | Abstract Factory (87) families of product objects
Builder (97) how a composite object gets created
Factory Method (107) subclass of object that is instantiated
Prototype (117) class of object that is instantiated
Singleton (127) the sole instance of a class
Structural | Adapter (139) interface to an object
Bridge (151) implementation of an object
Composite (163) structure and composition of an object
Decorator (175) responsibilities of an object
without subclassing
Facade (185) interface to a subsystem
Flyweight (195) storage costs of objects
Proxy (207) how an object is accessed; its location
Behavioral | Chain of Responsibility (223) | object that can fulfill a request

Command (233)

when and how a request is fulfilled

Interpreter (243) grammar and interpretation of a language
Iterator (257) how an aggregate’s elements are accessed,
traversed

Mediator (273) how and which objects interact with
each other

Memento (283) what private information is stored outside
an object, and when

Observer (293) number of objects that depend on another
object; how the dependent objects stay
up to date

State (305) states of an object

Strategy (315) an algorithm

Template Method (325) steps of an algorithm

Visitor (331) operations that can be applied to object(s)

without changing their class(es)

Table 1.2: Design aspects that design patterns let you vary




Abstract Factory

Provide an interface for creating families of related or
dependent objects without specifying their concrete classes

WidgetFactory [=—

CreateScroliBar()
CreateWindow()

MotifWidgetFactory

CreateScrollBar()
CreateWindow()

PMWidgetFactory

CreateScrollBar()
CreateWindow()

L T
SSE S T Em o EmeE EE S e e e T O S S S e o o omm R o e e e e e e SIS |

Client

Window

A

|

- PMWindow MotifWindow
ScrollBar =
--» PMScrollBar MotifScrollBar




Builder

Separate the construction of a complex object from its repre-

sentation so that the same construction process can create
different representations

RTFReader } BN
i g TexitConverter
unaer
ParseRTF() ; —
? > : ConvertCharacter(char)
' ConvertFontChange(Font)
: ConvertParagraph()
while (t = get the next token) { . A
switch t. Type { i
CHAR: ; | | ]
Fob#_illqer—:-CnnvenCharacter{t.char} * ASCIiConverter TeXConverter TextWidgetConverter
P Ahﬁﬂ?ﬂr- >ConvertFontChanget.Font) . | ConvertCharacter(char) ConvertCharacter(char) ConvertCharacter(char)
builder->ConvertParagraph() | GetASClIText() ConvertFontChange(Font) ConvertFontChange(Font)
} : ConvertParagraph() ConvertParagraph()
| GetTeXText() GetTextWidget()
'-s=  ASClText . TeXText * &= TextWidget




Factory Method

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

defer instantiation to subclasses.

Document L__ﬂ’f:)

Open()
Close()
Save()
Revert()

A

MyDocument

Application

CreateDocument()
NewDocument() o-
OpenDocument()

Document* doc = CreateDocument();
docs.Add(doc);
doc->0Open();

A

MyApplication

CreateDocument() O

e . T r——

return new MyDocument ’




Prototype

Specify the kinds of objects to create using a prototypical
Instance, and create new objects by copying this prototype.

Tool

Manipulate()

A

- =

RotateTool

Manipulate()

GraphicTool

prototype
k>—

Manipulate() o

p = prototype—>Clone()

while (user drags mouse) {
p—>Draw(new position)

insert p into drawing

MusicalNote

' Graphic
Draw(Position)
Clone()
Staff
Draw(Position)
Clone()

A

- =

WholeNote HalfNote
Draw(Position) Draw(Position)
Clone() ¢ Clone() ¢

1

return copy of self

return copy of selfﬂ




Singleton

Ensure a class only has one instance, and provide a global
point of access to it.

Singleton

static Instance() O --q--=-=------1 return uniquelnstance
SingletonOperation()
GetSingletonData()

static uniquelinstance
singletonData




Adapter

Convert the interface of a class into anothger interface clients
expect. Adapter lets classes work together that couldn't
otherwise because of incompatible interfaces.

text

TextView

GetExtent()

DrawingEditor - > Shape
BoundingBox()
CreateManipulator()
Line TextShape
BoundingBox() BoundingBox() o-
CreateManipulator() CreateManipulator() ©-

return text—->GetExtent()

return new TextManipulator




Bridge

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

imp :
Window <> Windowimp
DrawText() DevDrawText() |
DrawRect() O - - DevDrawLine() ;
 URTRRRPRRTRUFERPRRIERRPITTREEETIRPPPRLREeet - --~.mu-.ww.,a=.,+,“._.>,,\._._.__.,.*._.;;.-.-.-.;a-.w..,.,,uwﬁ.wm._w,._‘.;.;._....u;.-amu..-w-.«w,,..w_;,._._”, IPUTRIRTRRRRRRRERRPTURVETER! [RERPRTRRRPPRTRRRPRIPSSRRRRESSEERet s SN T
: imp->DevDrawLine ™
i_--| imp—>DevDrawLine
imp->DevDrawLine
imp—>DevDrawlLine
\ X
lconWindow TransientWindow XWindowimp PMWindowimp
DrawBorder() @ DrawCloseBox() @ DevDrawText() O g DevDrawLine()
: : DevDrawLine() ¢ : DevDrawText()
: : i !
[ I I i
[ s L m g . m
DrawRect() DrawRect() XDrawLine() XDrawString()
DrawText()




Composite

Compose objects into tree structures to represent part-whole
hierarchies. Composite lets clients treat individual objects and
compositions of objects uniformly.

Graphic L-I

Draw()
Add(Graphic)
Remove(Graphic)
GetChild(int)

A

- e mm mm omw

graphics
Line Rectangle Text Picture >
250 b Draw() Draw() ©--=====f----=macaca- forall g in graphics
Add(Graphicg) O-f----- | g.Draw

Remove(Graphic) i
GetChild(int) === add g to list of graphics =




Decorator

Attach additional responsibilities to an object dynamically.
Decorators provide a flexible alternative to subclassing for

extending

( aBorderDecorator

functionality. ~ \comeerent ¢

~

aScrollDecorator
aTextView w
component @ 7

The ScrollDecorator and BorderDecorator classes are subclasses of Decorator, an
abstract class for visual components that decorate other visual components.

VisualComponent [
Draw()
| 1 component
TextView Decorator
Draw() Draw() ©O---q-----"-"=-=-=====°=°="77
ScrollDecorator BorderDecorator
Draw() Drawl) S=s=e-rasparess
ScroliTo() DrawBorder()
scrollPosition borderWidth

component—>Draw()

™~

Decorator::Draw();
DrawBorder();




Facade

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.

client classes
-
L |

S

subsystem classes | . ‘




Flyweight

Use sharing to support large numbers of fine-grained objects
effiCientIy. FlyweightFactory |29 —o Flyweight

GetFlyweight(key) ¢ Operation(extrinsicState)
k :
if (flyweight[key] exists) { N
return existing flyweight;
}else {
create new flyweight;
add it to pool of flyweights;
return the new flyweight;
}
JAN
» ConcreteFlyweight » UnsharedConcreteFlyweight
Operation(extrinsicState) Operation(extrinsicState)
intrinsicState allState

Client

The following object diagram shows how flyweights are shared:

2 ] [ ]

]
i

. \ Y i
G ? =-
GF'W"'QMF““’W | r/;accmcreieFIyrv\feightw ( aConcreteFIyweight\ i

Lflyweights o ]

H
o \intrinsicState ) intrinsicState J §
| i




Proxy

Provide a surrogate or placeholder for another object to

control access to it.

-

-— o m wm

= o o e o e e o o e o e

if (image == 0) {

}

image—>Draw()

image = Loadlmage(fileName);

DocumentEditor Graphic
Draw()
GetExtent()
Store()
Load()
AN
Image @ = jag--------4 ImageProxy
Draw() IMage | Draw() o-
GetExtent() GetExtent() ©-
Store() Store()
Load() Load()
imagelmp fileName
extent extent

if (image == 0) {
return extent;
} else {

return image—>GetExtent();

}

=




Chain of Responsibility

Avoid coupling the sender of a request to its receiver by giving more than
one object a chance to handle the request. Chain the receiving objects
and pass the request along the chain until an object handles it.

:

Client L

Handler

successor

HandleRequest()

A

ConcreteHandler1

HandleRequest()

ConcreteHandler2

HandleRequest()

A typical object structure might look like this:
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Command

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

Application
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Add(Document)

Menu
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command

Clicked() @

Document

Open()
Close()
Cut()

Copy()
Paste()
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command->Execute()
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Interpreter

Given a language, define a representation for its grammar
along with an interpreter that uses the representation to

Interpret sentences in the language.
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Iterator

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

Createlterator() First()
Next()
IsDone()
ZX Currentltem()
ConcreteAggregate | -
L Concretelterator
Createlterator() Q@

L
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1
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return new Concretelteratnr{this}




Mediator

Define an object that encapsulates how a set of objects
Interact. Mediator promotes loose coupling by keeping
objects from referring to each other explicitly, and it lets you
vary their interaction independently. (ausmﬂx \
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Memento

Without violating encapsulation, capture and externalize an
object's internal state so that the object can be restored to
this state later.

Originator | »| Memento | memeng Caretaker
SetMemento(Mementom) @ GetState()
CreateMemento() ¢ : SetState()
A L
state : : state
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return new Memento(state) state = m—>GetState()




Observer

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

Subject observers ...I Observer
Attach(Observer) Update()
Detach(obsewm} for all o in cbservers {H
Notify() o------ --|  o->Update() TAY
}
A ConcreteObserver
|
. subject o- - - 4 observerState =

ConcreteSubject |« Update() subject->GetState()

O=-==F-1 =~ observerState
GetState() return subjectState
SetState()

subjectState




State

Allow an object to alter its behavior when its internal state

changes. The object will appear to change its class.

state -
TCPConnection ~ o 1CPState
Open() O------ : Open()
Close() : Close()
Acknowledge() | Acknowledge()
state—>Open() E"
TCPEstablished TCPListen TCPClosed
Open() Open() Open()
Close() Close() Close()
Acknowledge() Acknowledge() Acknowledge()




Strategy

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

Composition bcampaslmr b-l Compositor
Traverse() Compose()
Repair() o A
1 SimpleCompositor TeXCompositor ArrayCompositor
cnmposimr—}{:ﬁmpﬂseﬁ
Compose() Compose() Compose()




Template Method

Define a 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.

docs
Document ]"l— <> Application
Save() AddDocument()
Open() OpenDocument()
Close() DoCreateDocumenty()
DoRead() CanOpenDocument()
A AboutToOpenDocument()

MyDocument |<------ """ 7| MyApplication

DoRead() DoCreateDocument() ©4------4 return new MyDocument

CanOpenDocument()
AboutToOpenDocument()




Visitor

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

operates.
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Accept(NodeVisitor)
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VariableRefNode

Accept(NodeVisitorv) ©
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