Tutorial 3
More on Design patterns

Study Several Examples of
Design Patterns

Explain its relation to our course
projects
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Last lecture...

On design patterns

* \We explained what are patterns, what are
design patterns

 How are they categorized?
 How to apply them?
 How to identify them?
 How to assess them?
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Today...

1. Design patterns structures
Creational patterns
Structural patterns
Behavioural patterns

2. How are they related to each other?

3. Design patterns by examples
Some special design in OpenOME

4. Their relation to your course project

Spring 2005 ECE450H1S Software Engineering Il



1. The GOF Catalogue

e Creational

Abstract Factory, Builder, Factory method,
Prototype, Singleton

e Structural
Adapter, Bridge, Composite, Decorator, Facade,
Flyweight, Proxy

 Behavioural
Chain of Responsibility, Command, Interpreter,
Iterator, Mediator, Memento, Observer, State,
Strategy, Template Method, Visitor
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«stereobvpes
Client

#stereotypes
Director

+Construct] ] Product

wsferentvpes
Builder

{abstract}

+EBuildPart] ) :vaid {abstract }
+GetResult] ] : Product { abstract }

zstereotypes
ConcreteBuilder

+BuildPan] ] : waid
+GetResult] ] Product

zinstantiatess
biuilds

1
zsfereotvpes
Product

.:::_____ -

Builder

wstereotypes
Prototype

«sterentypes «stereotypes for all objects in structure {
AbstractFactory AbstractProduct buil der. Build Par()
{abstract } {ahstract } h ]
+CrealePraduct] | - AbstractProduct jabstacts returm builder.G etResult)
«stereatypes winstantiat ess ZElere ohypes
ConcreteFactory produces Product
+CreafeProduct[ | &bstractProduct. |~~~ AProduct |
Abstract Factory
astereotyper watereobypes . L
Product Creator AnCperation(] {
{abstract} {ahstract | product = Factortdethod);
#Factorddethad] T Product fabstract}
+AnCperation] 3
astereobypes
ConcreteCreator
asteretypes = wstereotypes
ConcreteProduct | #Factorethod(] : Product Client
zinstantiates: +iperation )
Factory method |
|
wztereotypes -
Singleton Operation(] {
+finstance: Singleton = new Singleton(] final} o .
“Sngieton(] |:| pratatype Clone();
'
Singleton
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{abstract}

+Clane[ ] - Protabype {abstract }

Zzlereolypes
ConcretePrototype
+Clane[ ] : Protatype

Prototype



«stereobypes
walerediypes Target wstereatypes wstereatypes
Client {abstract } Abstraction . Implementor
+FRlequest| ] batract) {abstract } me. {abstract }
+Cperation ) +operationlmpl ] {abstract }
+stereobypes #stereotypes - \ml' Y
Adapter adaptes Adaptee Aperatlon] | i ]
+Request]] - +5SpecificRequest] }lmp.OperﬂlmnIm ll;
zztereatypes
1 Conretetelmplementor
1
L, estereobypes +Operationimp( ]
Request]]{ . . P P
adaptee. SpecificRequest() RefinedAbstraction
}
p #stereatypes
Component
wstereotypes LN
Component +Cperation] ] {abstract ¥ component
{abstract } .
«stzrle_ uty{:e» +&dd[component: Compoanent] ;vaid ctuldren
L +Remove(component: Cofmponent] ; boolean
+EetChildlindex: int) : Companent
+peration( ]
#stereotypes #stereotypes
ConcreteComponent Decorator
1abstract } o
+Cperation] ] +peration] )
«stereolypes «stereobypes
L eaf Composite =
s
.
+Operation( ] +&dd[cormponent: Carnponent] void i
+Fernovelcomponent: Component] : boolean -
+GetChildlindex: int) . Component Crperation(] §
+Ciperation( ) carnpanent.Cperation();
|
1
I
|
Operalionil{ #stereobypes
peration
Eorall g in children { ConcreteDecorator
g.0peration(]; -
H -addedState: _ Operation(]{
i +Cperation ] - super.Operation(];
-AddedBehaviour ] ) AddedBehadou];
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wstereotypes
FlyweightFactory

+GetFlaweightkey: | : Flyweight

]
b
b
A

flvweighbs]

«stereotypes
Flyweight
{abstract }

1 [+Cperation]extrinzic State: ]

T
GetFlyweightlkey] {

if [flvsweight[k ey] exdats) {

retu fluweight[key);
i
flvweight[key] = new flvweight;
returm flyweight[k ey];

«atereotypes «atereotyper
ConcreteFlywight Unshare dConcreteFlyweight

+0peration extrinsic State: )

+0perationextrinzic State: )

Client
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wstereotypes
Facade

Facade
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«stereotvpes
Subject
{abstract }
+Request] ] {abstract }
#stereobypes zstereotvpes
RealSubject Proxy
+Request]] real Subject +Request[)
!
Request]{
real Subject Request();
i

Proxy



#stereotypes sterenbypes «stereobypes
Client Invoker [ Command
. tinterface
Kslt_;are D‘:rp = T +Executel ] {abstract }
Client andier “ee. sinstantiatess
{abstract } =~ creates
+HandleRequest] ] SUCCESSOr T
steraabypes = . «steraabypes
Receiver ConreteCommand
+&chion[ ] rec eiver +state:
+Execute[]
i
«stereotvpes I
ConcreteHandler Execute() {
receiver.Action(];
+HandleRequest] )
«stereotypes #stereotypes «stereatypes
Context Agqgregate Iterator
finteface } finterface }
+Createlteraton ] [beratar +First[ ] Object
+Mext( ] Object
+lsDone( ] : boalean
+Currentltem( ] - Object
wzterentypes #sterentypes
Client AbstractExpression .
{inketface }
+nterpret[context: Context) {abstract } ) )
zsterenbypes «Insc-tragailglsesﬁ Concretelterator
ConcreteAggregate | ___________ =
+Creakelteratan ] Iberator
i
E
#stereatypes #sterentypes Creat elterator] { )
Terminal Expression Monterminal Expression returr new Concretelterat orthis);
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Interpreter
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#stereotypes #stereobypes
Mediator - Colleague
{abstract;  Meditor finterface }
ConcreteMediator #stereobypes
ConcreteColleague
Mediator
#sterentypes #sterentypes
Subject Observer
1abstract } observers finterface }
+attach[observer: Observer] :woid w | +Update[ ] {abstract }
+Detach] observer; Observer] | void
+Matify ]
A " A
Motifw{]{
forall o on observers {
o Update();
¥
#sterentypes #sterentypes
ConcreteSubject ConcreteObserver
1
+subjectState: State - +Lipdate(]
+GErState] | | State subject
+5etState[state: State) void

Observer
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+stereatypes #stereatypes #stereatypes
Originator Memento Caretaker
refnento

-stabe: oo =i -shate:

+3Setkdementolm: bermemnt o) #hdementofstate: ]

+Creakebdemental ] :Memento #iGetStakel )
: . #SetStatel ]
1 "
N
i Sethdermnent albdermenta m)
i {
i state = m.Get State(];
i
I
I
:u

Createbdernental) |
retum new bderment of stake);
#atereotypes wstereotypes
Context state State
.~ finterface }
+Request|] +Handl e[ ] {abstract }
I\I'l
Request]{

state Handle()
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State

wstereotypes
ConcreteState

+Handle[ ]




#stereobypes
Context

sltrate gy |

+Zantextint etface] |

Strategy

#atereotypes
AbstractClass
{abstract }

+Templatebdethod] ] {final }
#PrimnitiveC peration| | {abstract }

#atereotypes
ConcreteClass

EPHmitiveO peration| )

«stereotvpes
Strategy
finteface }

+a&lgorthminterface] ] { abstract }

T

#ztereotypes
ConcreteStrate gy

+&lgorthrrinterface] ]

1

Termplaketdethaod(]{
F-"rimitiveOpersliun[];

*Template Method
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wstereobypes
Yisitor
finterface }

+¥izitC onc ereteElernent[ce: Concerete Elemnent) {abstract }

wstereobypes
Concrete ¥isitor

+¥izitC oncret e Elernentc e: ConcreteElernent)

Object Structure

wstereotypes

Element
finterface }
+accephly: Yisitor]

wstereotypes
ConcreteElement

+accephly: Yisitor]

+peratian] ]
Accephv: Yisitor] {
v YVisitC onretete Elernent(this];
*Visitor

Software Engineering Il



2. Relation among patterns

Legend: o | Abstract | Chain of
Factory | ~_ Responsibility
kN I
Creational e i AN :
Template | : !
Method #mtot:« pe : pEp— Interpreter
|
[ ] ¢ X ¢
Structural [ :
|
Mediator Singleton Visitor : ! Iterator
|
[ ] : x ¢
Behavioral : : :
1|
Observer Strategy | | Memento
Uses : : :
| |
1 11
!
S Builder State X Command
Refines |l
! I
!
e L —
Conflicts By

Ladan Tahvildari and Kostas Kontogiannis. “On the Role of Design Patterns
in Quality-Driven Re-engineering”

Spring 2005 ECE450H1S Software Engineering Il



A layered version

Builder Interpreter
[
r
Complex :
! Abstract =LEl ; [terator
npes T i
Factory , '
T 1 i
f r
N Strategy i Visitor
! ,-lr el
r
I
e . " Chain of
Observer Prototype Command Responsibility
\.\ -
NI [ .
i -
7 5
\‘L"H. - HT
. Template _ X o
o Singleton Method Memento
Primitive o e
DPs T e T
Mediator- — - — - -‘_ ——7
Legend:
] - - — - —
Creational Structural Behavioral Lses Refines Conflicts By
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3. Some Special design patterns In

our legacy software

1. MVC patterns
classic design pattern from SmallTalk

Most editors follows the pattern

2. Plugin patterns
OpenOME, Protegé, Eclipse

3. Meta-modelling patterns
Telos, EMF, UML, Protegée
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=%y =OpenOME  [ovs,sf.net]
=58 merc
+ com, keypoint
=Com,sixlegs.image.png
=edu,stanford,smi.probege:x, queri

=edu,stanford. smi.protegex, queri
»edu,stanford. smi. proteges, util
»edu,stanford. smi.protegex, widge | ]

=edu,stanford. smi.protegex, widge
=edu,stanford, smi.protegex, widge

&
+-
+- 8
+-
+-
+-
+-
o & nti
+ 'Eg'_-:, edu.stanford. smi, protege:s:. widget i Event Is possed
+ EH =edu,stanford,smi.probege:x, widge to the Controller
+ EH =edu,stanford,smi.probegesx, widge
+ EH =edu,stanford,smi.probegesx, widge
+-fff =edu.stanford.smi.proteges . widge
+- ff} edu.stanford.smi.proteges: . widget
+ E'g":, edu, skanford. smi, proteges: . widget " Controller chﬂnges
+ EH wedu.koronto. cs.ome Model u{"ﬂgw[;]
+--H7 B
- 8
o 8
+- [ =edu.toronto.cs.kelos Views qget data
+-fff =edu.toronto.cs.undo | View | View ilff— from Mgmdel
+- fff wedu.toronto.cs,uil -\. ’d
e . . . . . ,
#sterentypes #sterentypes "., ,"’
Subject Observer i e
{abstract } observers {interface } » o Model undates Vi
+Attachlobserver: Observer] T void v | +Lpdate( ] {abstract } - - 2l upaales views
+Detachf abserver: Qbserver] Dvoid - - when dalo changes
+Hotify ]
. )
M atifs] {
forall o on observers {
o Update();
h
#sterentypes #sterentypes
ConcreteSubject ConcreteObserver
1
+zubjectState: State - +LIpdate( )
+GelState] ] Stake subject
+5SetState(state: State] ;void
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3.2 Plugin patterns

System

AbstractPlugin
EHattribute

W<<abstract>> plugin_method()

Extension SubSystem
|

ConcretePlugin
E5attribute = value

®plugin_method()
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|- K W
AnnotakePlugin

3.2.1 OpenOME

GRLPlugin
ISkarPlugin

* AbstractPluginMethod.java
o — PluginMethod.java

0 ore « OMEPIugin.java

AhstractPlugintethod
&ddartribute

= - -

S M — OMEDefaultP!
etaultPlugin.java

IIP|ausiblednalysi

i A bunch of methods

Blah2

Ch LinkDestinationMethod

ChangetrkounceMathad — Extended by

ChangeLinkTvpelethod

CloseMethod

e edu.toronto.cs.ome.plugins

lolalololalolo)

CreateDependency
CreateElementMethod

= CreatelinkMethad 1 1
e tated — ERPIlugin.java
(—'E‘ CreatelinkGrouptethod . .
h
— NFRPIlugin.java
dependencyinalysis
ExportMethod 1 1
. — |StarPlugin.java
HideallButSubtres
HideSubtree
LawCuk "
MenuMethod
* Plugini run-tim
crpctao: s selected at run-time
]ec.ﬂud:Ch'i-lldMethod g ]
Blah - -
C:angeLinkDirectionMethod d e p e n d I n g O n th e I n p ut
DeleterMethod
DeselectMathod

class.ForName( ... )

Hidetethad

QODDDDDDODDD

0N OLDDHDDDD

PoDDDDD
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+ @ StraightenalMethod

++++++++++++++++++++++++++++++++++++++++++¢

PODDHODDDHDOHIDHIDDHDDHDOHDDHDOHHDHHDHDDHDDDDHD

o © OMEDefaulPlugin{CMEMode)
@ - getMenubarMethods(Yiew)

@ ... getPopupMethods]view)

@ getSaveMethod(Wiew)

@ . getToolbarMethods{Yiew)

]

MEDef aultPlugin
addattribute
Addattributesubmenu
Addattributesubsubmeny
AddChildrethod
ArrangenlMethod
ChangeLinkDestinationMethod
ChangeLinkDirectioniMethod
ChangeLinkSourceMethiod
ChangeLinkTypeMethod
Closemethod
CopyMethod

ZutMethod

DeletemMethod
DeselectMethod
ExpandMethod
ExpartMethod
HelpContentMethod
HidemMethod
HighlightMethod

Laywiouk
ModiFyCommentMethod
Memmethod

OpenMethod
PasteMethod
PromateChildMethod
Removeattribute
Removeattribubesubmeny
RenameMathod
ResizeMethiod
SavehsMethod
SavehssmiMethod
SaveMethod
SelectaliMethod
SelectBackgroundColarMethod
SelectiMethod

SplitMethod
StraightenalMethod
StraightenMethod
TogaleIntentiontMethod
Unexpandrethod
UrhidedliMathod
UrhighlightMethod



3.2.2 Protége

e ClsWidget, ExportPlugin, ImportPlugin,
ProjectPlugin, SlotWidget, TabWidget,
Widget

* Plugins are packaged into a JAR file,
under the “plugins” subdirectory

« OMETab.java Is a TabWidget plugin
packaged as
plugins/edu.toronto.cs.ome/OpenOME.jar
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3.2.3 Eclipse

& About Eclipse Platform Plug-ins host plug-in
"F‘rovider j Plug-in Marme: J Wersion ] Plug-in Id N~ p'ug_in class
Frlipse.org Ant Build Tool Core 30,0 org.eclipse, ant.core
Eclipse.arg Ank LT .01 ot g, eclipse, ant.ui
Eclipse.org Apache Ant 1.6.2 org.apache. ant WorkbenchPlugin
Eclipse.org Apache Lucene 1.3.1 org.apache. lucene -
Eclipse.org Automatic Updates Sched...  3.0.0 org.eclipse.update. scheduler
Eclipse.org Cheat Sheets 3001 org,eclipse, ui.cheatsheets ey = =
Eclipse.org Cornpare Suppart 3.0.0 org.eclipse.compare pluﬂ"“ ld- Drg.ECllﬂSE.UI
Eclipse.org Console 3.0.0 org, eclipse, ui.console i
Eclipse.org Core Boot 3.0.0 org.eclipse,core,boot - - - =
Eclipse.arg = e = ’ extension- editors views actionSets
Eclipse.org & About Eclipse Platform Features H -
Eelpoe et L N e o S T s T B aivs
Eclipse.org Provider 1 Feature Mame ‘ersion | Feature Id ]A-
Eclipse.org Eclipse.org Eclipse Java Development..,  3.0.1 org.eclipse, jdt _
Eclipse.org Eclipse.org Eclipse Java Development...  3.0.1 org,eclipse, jdt.source EHtEI'IdE[ plug-'"
Eclipse.org Eclipse.org Eclipse Modeling Framewo...  2.0.1 org.eclipse.emf
Eclipse.or Eclipse.org Eclipse Modeling Framewo..,  2.0.1 org.edlipse.emf.doc =
EcliEse.Urg Eclipse.org Eclipse Modeling Framewo,.,  2.0.1 org.eclipse,emf.source plug-l“ EIESS
Eclinee. of Eclipse.org Eclipse Platform 3.0 org,eclipse,platform
l_p :0rg Eclipse.org Eclipse Platform Plug-in De...  3.0.1 org.eclipse. platform. source 5
Ec Ipse.-org Eclipse.arg Eclipse Plug-in Developme...  3.0.1 org.edipse.pde Wl]rkhEﬂ[:hHEIpPlugln
Eclipse.org Eclipse.org Eclipse Plug-in Developme...  3.0.1 org.eclipse,pde, source
Eclipse.org Eclipse.org Eclipse Project SOk 301 org.eclipse, sdk
Eclipse.org Eclipse.org EMF Service Data Objects,..  2.0.1 org.eclipse.emf.ecore.sdo
Eclipse.org EMF Service Data Objects,..  2.0.0 org.eclipse.emf.ecore.sdo.doc H . H
Eclipse.org EMF Service Data Objects...  2.0.1 org.eclipse.emf.ecore,sdo.s.., EHtE"SID“' a[:t"]"SEts
e Eclipse.org Graphical Editing Framework.  3.0.1 org,eclipse,gef
= > Eclipse.org Graphical Editing Framewo..,  3.0.1 org.eclipse.gef .source - K ’
Eclipse.org Graphical Editing Framework Developer Resources |rg.ec|ipse.gef.sdk ﬂl:t“]“ E.EIIII:]EI[:F‘.: HEII]--’HEI“ Cl]r'li EI’I‘tS menu fem
Eclipse.org ULz 1.0.1 org.eclipse,uml2 -
= o o ' i class: HelpContentsAction
u Eclipse Java Development Tools p
Yersion: 3.0.1

Build id: 200403161125

action callback: Search->Help menu item
(c_)_Copyright Eclipsg contribu_tors and others 2000, 2004, All rights reserved,
BRI E A class: OpenHelpSearchPageAction

plug-in id: org.eclipse.heip.ui

More Info ‘ Plug-in Details |

http://www.eclipse.org/articles/Article-Plug-in-architecture/plugin architecture.htmi
And many articles on its plugin developments ... plugin.xml, feature.xml
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4. Think about these ...

 How would you classify the classes In
edu.toronto.cs.ome.OME into the MVC

pattern?
* Which design pattern is used by Web-
Service projects?

* Which basic design patterns are used by
the aforementioned Plugin patterns?
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5. Relation to your project

e Opportunities:

— You may add junit test cases to the code base to
reveal bugs (publish it to the bug tracking system)
and fix them (+5%)

— You may apply design patterns, refactoring
technigues on this legacy code base, showing as an
Improved complexity metrics (+2. 5%)

— You may tune the performance of the system to
speed up the display, load/save for scalable graphs
(+2.5%)

 Don’t forget your major project task (up to
100%!)

— To study the editor methods in the OpenOME and
adapt them to the OmniGraphEditor web service.
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