L aboratorio di Sistemi Softwar e

Design Patterns 3

Indice degli argomenti
I

= Tipi di Design Patterns
» Creazional, strutturali, comportamentali
= Design Patterns
» Factory Method, Strategy, State, Decorator
» Composite, Iterator, Visitor
» Template Method, Abstract Factory, Builder, Singleton
» Proxy, Adapter, Bridge, Facade
* Mediator, Observer, Chain of Responsibility
» Command, Prototype
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Bibliografia
= UML
» Linguaggio per modellare un Sstema Software.
» Design Patterns— Elementsof Reusable Object-Oriented Software
o Cataogodi patterns di progettazione
= Refactoring — Improving the Design of Existing Code
» Catalogo di operazioni di Refactoring
= Eclipse |IDE + UML Plugin
* Ambiente di programmazione che supporta refactoring e UML.
= Trovatetutto nelle pagine web relative a questo cor so:
* http://www.cs.unibo.it/~solmi/teaching/labss 2002-2003.html
* http://www.cs.unibo.it/~|padovan/didattica.html %
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Ricevimento
I
= Metodo 1: il newsgroup

» Auvete a disposizione un newsgroup:
unibo.cs.informati ca.paradigmiprogrammazione

o Utilizzatelo il pit possibile; se nessuno risponde in due-tre
giorni, rispondera uno dei docenti

» Vauteremo anche la partecipazione a newsgroup
= Metodo 2: subito dopo lelezioni

» siamo avostra disposizione per chiarimenti

* inaulaealalavagna, in modo da rispondere a tutti
= Metodo 3: ricevimento su appuntamento

» Scrivete a |padovan@cs.unibo.it (A-L)

0 asolmi@cs.unibo.it (M-2) 7
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Template Method
(MM

= |ntent

* 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

= Applicability

* to implement 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 a common class to avoid code duplication

« to control subclasses extensions
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Template Method /2

(MM
n
Str ucture AbstractClass
TemplateMethod() C--p-----=------ PrimitiveOperation1()
PrimitiveOpetation ()
PrimitiveQpatalion2{) PrimitiveOperation2()
= Participants Z}
¢ AbstractClass ConcreteClass
. defines abstract primitive PrimitiveOperationd()
oper ations that concrete subclasses | PrimitiveOperation2()

define to implement steps of an
algorithm.

¢ implementsatemplate method
defining the skeleton of an

* ConcreteClass
algorithm. Thetemplate method

calls primitive operations as well *  implements the primitive operations to
as operations defined in carry out subclass-specific steps of the
AbstractClassor those of other agorithm.

objects.
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Template Method /3

= Collaborations

» ConcreteClass relieson AbstractClass to implement the
invariant steps of the algorithm

= Conseguences

» Template methods lead to an inverted control structure that's
sometimes referred to as "the Hollywood principle,” that is,
"Don't cal us, we'll call you"

 It'simportant 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 7
d
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Template Method example 1
(DM

(& Creator

@ decarate)
& fiter()

@ finalizer)

cf' preparel)

A

@ SimpleCreator O FancyCreator
@ fitter() @ fiter()

@ finalize) @ finalize()

@ prepare) @ preparel)
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Template Method example 2
(NN

= Application framework that provides Application and Document classes

docs
Document  blb——————"2 Application
Savel() AddDocument()
Opend) OpenbDocument|)
Close() DoCreatalocument()
DaReard) CanOpenDocument
}r\ AbautTolpenDocumenty)
MyDocument - -—-—-=----1 IyApplication
DoRead() DoCreateDocument(]  O------- return new MyDocument
CanOpenDocument])
AboutToOpenDocument()
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Template Method questions
NN

= TheTemplate Method relies on inheritance. Would it be
possibleto get the samefunctionality of a Template M ethod,
using object composition? What would some of thetradeoffs
be?
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Abstract Factory
IR

= |ntent

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

= Applicability
» asystem should be independent of how its products are created,
composed, and represented
» asystem should be configured with one of multiple families of products.

» afamily of related product objectsis designed to be used together, and
you need to enforce this constraint.

» youwant to provide aclasslibrary of products, and you want to reveal
just their interfaces, not their implementations.
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Abstract Factory /2

DD
AbstractFactory Client
= Structure CreateProduetal
CraatefroductS()
-l Productaz | [ Productht fu--,
; ;
Foctoyt |- Factory2 | :
CreteProductAl) | CreateProducta()
CrealeProductB() : GreateFroductB()
* Participants i--»f Productsz | [ Productat |a--i

¢ AbdractFactor

¢ declares aninterface for operationsthat create
abstract product objects. * definesaproduct object to be crested by
the corresponding concrete factory.

*  implementsthe AbstractProduct
interface.

e ConcreteFactory

«  implementsthe operationsto creste concrete
product objects.

e Client
¢ AbstractProduct

¢ usesonly interfaces declared by

* declaresaninterface for atype of product AbstractFactory and AbstractProd
object. classes
12
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Abstract Factory /3

M
= Collaborations

* Normally asingle instance of a ConcreteFactory classis
created at run-time. This concrete factory creates product
objects having a particular implementation.

» AbstractFactory defers creation of product objects to its
ConcreteFactory subclass

= Consequences
* Itisolates concrete classes
* It makes exchanging product families easy
* It promotes consistency among products
» Supporting new kinds of products is difficult
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Abstract Factory example 1
(DM

dirnterfaces © Display
@ AbstractFactory

& Display)
@ createButton)

@ createLabel)
@ getMarmel)

I____A____T

@ RegularFactory

@ FramedFactory

@ createButton()
@ createLabel()
@ getMamel)

@ createButton()
@ createLabel)
@ getMamel)
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Abstract Factory example 2
(NN

= User interfacetoolkit that supports multiple look -and-feel standards,

such as Motif and Presentation M anager

__________________________________________________________________
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WidgetFactory
CraateSeroifan]
Createindout) | Window |
ik
:——|-| PMWindow | |||mirwindw |-n--
i
i
MotitWidgetFactory - PMWidgetFactory | ——-o— oo - i
CreatsSeroliBar() l CreatnSerslBar() i
CrapateWindow() i CreateWindow() i
1 1
i i )
| :
i L--i PMScrollBar | |M0Iif54:ruIIHar |---
1
1
I

Client

Abstract Factory questions
DD

= |nthelmplementation section of this pattern, theauthors

discusstheidea of defining extensiblefactories. Since an

Abstract Factory iscomposed of Factory Methods, and each
Factory Method has only one signature, does this mean that
the Factory Method can only create an object in one way?
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Builder
11

= |ntent

» Separate the construction of a complex object from its
representation so that the same construction process can
create different representations

= Applicability
» theagorithm for creating a complex object should be

independent of the parts that make up the object and how
they're assembl ed.

* the construction process must alow different
representations for the object that's constructed.
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Builder /2
IUEEE——
=  Structure Director - builder Builder

Construch() " BuildPartf)
T

1
1
i
h
for all objects in structure | b=

builder—=BuildPart
} uilder—=BuildPart() ConcreteBuilder [-------

BuildPart{}
GetResult()

= Participants
e Builder

»  gpecifies an abstract interface for creating
parts of a Product object.

* Director
e constructs an object using the Builder

interface.
* ConcreteBuilder . Product
»  constructs and assembles parts of the product represents the complex object under
by implementing the Builder interface. construction. ConcreteBuilder buildsthe
»  definesand keepstrack of the representation it product'sinterna representation and defines
creates. the process by which it's assembled.

e providesaninterfacefor retrieving theproduct «  includes classes that define the constituent

parts, including interfaces for assemblin
the partsinto the final result.
© 2002-2003 Riccardo Solmi 18




Builder /3

= Collaborations
» Client creates Director object and configuresit with desired Builder object.
» Director notifies the builder whenever a part of the product should be built.
» Builder handles requests from the director and adds parts to the product.
» Theclient retrieves the product from the builder.

= Consequences
« Itletsyou vary aproduct'sinternal representation
* Itisolates code for construction and representation

It givesyou finer control over the construction process
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Builder /4
I

= Thefollowing interaction diagram illustrates how Builder and Director
cooper ate with a client.

aClient aDirector aConcreteBuilder
1 ) | i
new ConcrateBuilder ! !
]
new DiraclorfaConcrateBuilder) o
Construct() I BuildPartA()
BuildPartB(}
BuildPartC{)
GetHesulti) T

-
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Builder example 1
DM

& Builder

@ getResult()

Q‘“‘ processattributel)
c..'"' processTypel)
c.-'"' processiyalue)

i

® StructureBuilder

® TextBuilder

@ getResult()

@ processAttribute)
@ processTypel)
@ processyaluel)
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@ processAttribute])
@ proceszTypel]
@ processvalue()

)

Builder exa

mple 2

= A reader for the RTF document exchange format should be able to
convert RTF to many text formats. The problem is that the number of

possible conversionsis open-ended

RTFReader

ParseATF() §  |os

budlder

TextConverfer

while (1 = get the next token) |
switch £ Type |

=

ConvertCharacienchar
CanventFontChangs(Fontl
CanvertParagraphi)

A

GHAR:
Eilder—=ConverCharacter{L Char)
FONT,

bl — = ConvarnFontGhange(t Fant)
PARA:

Eulider—=ComverBaragraphi]
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ASCIConverter TeXConverter TextWidgetConverter

ConvertCharacterchar) ComenCharacterchar) CormerCharacteschar)

GatASCl Text{} ConvertFontChangs(Font) ComeertFontChangeiFont)
ConvenParagraphi) ComoerParagraphi)
GetTeXText() GetTextWidgst()

ASClText

rz




Builder questions
[

= Likethe Abstract Factory pattern, the Builder pattern
requiresthat you define an interface, which will be used by
clients to create complex objectsin pieces. How doesthe
Builder pattern allow one to add new methods to the
Builder'sinterface, without having to change each and every
sub-class of the Builder ?
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Singleton
(EEEET

= |ntent

» Ensure aclass only has one instance, and provide a globa
point of accesstoit.

= Applicability

» there must be exactly one instance of aclass, 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.
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Singleton /2

IR
|
Structure Singleton
Tl
static Instance() O---q---—------1 retum uniguelnsiance
SingletonOperation()

GetSingletonDatal)

static uniquelnstance
singletonlata

= Participants
e Singleton

»  definesan Instance operation that |ets clients access its unigque instance.
Instance is a class operation (that is, a static method in Java and a static
member function in C++).

e may beresponsible for creating its own unique instance.
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Singleton /3
[
= Collaborations

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

= Consequences

» Controlled access to sole instance

Reduced name space

Permits refinement of operations and representation

Permits a variable number of instances

More flexible than class operations
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Singleton example 1
(NN
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0.1

@ PrinterSingleton
# anlylnstance o id it

@ ohjectzSoFar: int
& ohlylhstance: Printersingleton

I

® PrinterSubclass

@ printC)

@ PrinterSubclazs)

Singleton example 2
(DN

It'simportant for some classesto have exactly oneinstance.
Although there can be many printersin a system, there
should be only one printer spooler. There should be only one
file system and one window manager. A digital filter will have
one A/D converter. An accounting system will be dedicated to
serving one company.
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Singleton questions
(EEEETTTT

= The Singleton pattern isoften paired with the Abstract
Factory pattern. What other creational or non-creational
patterns would you use with the Singleton pattern?
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Prototype
B

= |ntent
» Specify the kinds of objects to create using a prototypical instance, and
create new objects by copying this prototype.

= Applicability

» when a system should be independent of how its products are created,
composed, and represented; and

» when the classes to instantiate are specified at run-time, for example, by
dynamic loading; or

* toavoid building aclass hierarchy of factoriesthat parallelsthe class
hierarchy of products; or

» when instances of a class can have one of only afew different
combinations of state. It may be more convenient to install a corresponding
number of prototypes and clone them rather than instantiating the class

manually, each time with the appropriate state.
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- prototype
Client Protot,
Prototype /2 vpe
Operation(} @ Clons(}
(DR :
i
= Structure b
p = prototype-=Clone() | |
ConcretePrototypel ConcretePrototype2
Clone() ¢ Clongei) ¢

1 1
retum copy of sel%ﬂ return copy of sslf\:\‘

= Participants

* Prototype

« declares an interface for *Client

cloning itself. «creates anew object by asking a
« ConcretePrototype prototype to clone itself.
» implements an operation for

cloning itself.
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Prototype /3
([

= Collaborations
» A client asks a prototype to clone itself.

= Consequences
* hides the concrete product classes from the client
* Adding and removing products at run-time
» Specifying new objects by varying values
» Specifying new objects by varying structure
» Reduced subclassing
» Configuring an application with classes dynamically
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Prototype example 1

@ AnotherString

@ clonel)
@ zetText()
@ toString)

@ AnotherString)
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@ MyString

@ MyString()
@ clone)

O setText()
@ toStringl)

Prototype example 2

staves

Tool

Build an editor for music scores by customizing a general framework for
graphical editorsand adding new objects that represent notes, rests, and

Manipuiate()

prototype

RotateTool GraphicTool  [o—!
Manipulatel) Manipulate]) o

T

:

I

!

=]

p = prototype-=Clone()

while {user drags mouse) {
p—=Draw{new position)

1
nsert pinto drawing
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Graphic

Drvaw(Pasifion)
Cionef)

A

Staff

Draw(Position)
Clonel)

MusicalNote

WholeNote

HalfNote

Crrawi Position)
Clenef) @

Draw(Position)
Clone() 9

return copy of self

1 4 I[h
return copy of sel 7
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Prototype questions
IR

= Part 1: Whenshould thiscreational pattern be used over the
other creational patterns?

= Part 2: Explain the difference between deep vs. shallowcopy
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