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Design Patterns: Set 3Design Patterns: Set 3

The VThe VISITORISITOR familyfamily
VVISITORISITOR

AACYCLICCYCLIC VVISITORISITOR

DDECORATORECORATOR

EEXTENSIONXTENSION OOBJECTBJECT

SSTATETATE

VVISITORISITOR

The VThe VISITORISITOR family allows new family allows new 
methods to be added to existing methods to be added to existing 
hierarchies without modifying the hierarchies without modifying the 
hierarchieshierarchies
Every derivative of the visited Every derivative of the visited 
hierarchy has a method in Vhierarchy has a method in VISITORISITOR

Dual dispatch: two polymorphic Dual dispatch: two polymorphic 
dispatchesdispatches

Example: Modem HierarchyExample: Modem Hierarchy

««interfaceinterface»»
ModemModem

+dial()+dial()
+send()+send()
+hangup()+hangup()
+receive()+receive()

HayesHayes ZoomZoom ErnieErnie

Example: Modem Hierarchy (cont’d)Example: Modem Hierarchy (cont’d)

««interfaceinterface»»
ModemModem

+dial()+dial()
+send()+send()
+hangup()+hangup()
+receive()+receive()
+accept(+accept(ModemVisitorModemVisitor))

HayesHayes ZoomZoom ErnieErnie

««interfaceinterface»»
ModemVisitorModemVisitor

+visit(+visit(HayesHayes))
+visit(+visit(ZoomZoom))
+visit(+visit(ErnieErnie))

UnixModemUnixModem
ConfiguratorConfigurator

WindowsModemWindowsModem
ConfiguratorConfigurator

Example: Modem Hierarchy (cont’d)Example: Modem Hierarchy (cont’d)

public interfacepublic interface ModemModem {{
public void public void dial(dial(StringString pno);pno);
public void public void hangup();hangup();
public void public void send(send(charchar c);c);
public char public char receive();receive();
public void public void accept(accept(ModemVisitor ModemVisitor v);v);

}}

public interface public interface ModemVisitorModemVisitor {{
public void public void visit(visit(HayesModemHayesModem modem);modem);
public void public void visit(visit(ZoomModemZoomModem modem);modem);
public void public void visit(visit(ErnieModemErnieModem modem);modem);

}}

Example: Modem Hierarchy (cont’d)Example: Modem Hierarchy (cont’d)

public class public class HayesModem HayesModem implements implements ModemModem {{
public void public void accept(accept(ModemVisitorModemVisitor v) {v) {

v.visit(v.visit(thisthis););
}}
/* rest of the implementation omitted *//* rest of the implementation omitted */

}}

public class public class UnixModemConfiguratorUnixModemConfigurator implements implements ModemVisitorModemVisitor {{
public void public void visit(visit(HayesModemHayesModem m) {m) {

m.setConfigurationString(m.setConfigurationString(""&s1=4&D=3&s1=4&D=3""));;
}}
public void public void visit(visit(ZoomModemZoomModem m) {m) {

m.setConfigurationValue(42);m.setConfigurationValue(42);
}}
public void public void visit(visit(ErnieModemErnieModem m) {m) {

m.setInternalPattern(m.setInternalPattern(""C is too slowC is too slow""));;
}}

}}
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Example: Modem Hierarchy (cont’d)Example: Modem Hierarchy (cont’d)

To configure a modem for Unix, To configure a modem for Unix, 
create an instance of the visitor and create an instance of the visitor and 
pass it to pass it to acceptaccept

The appropriate derivative calls The appropriate derivative calls 
visit(visit(thisthis))

New OS configuration can be added New OS configuration can be added 
by adding a new derivative of the by adding a new derivative of the 
visitorvisitor

VVISITORISITOR as a Matrixas a Matrix

Initialization of Initialization of 
Ernie in WindowsErnie in Windows

Initialization of Initialization of 
Ernie in UnixErnie in Unix

ErnieErnie

Initialization of Initialization of 
Zoom in WindowsZoom in Windows

Initialization of Initialization of 
Zoom in UnixZoom in Unix

ZoomZoom

Initialization of Initialization of 
Hayes in WindowsHayes in Windows

Initialization of Initialization of 
Hayes in UnixHayes in Unix

HayesHayes

WindowsWindowsUnixUnix

ObservationsObservations

In VIn VISITORISITOR
the visited hierarchy depends on the base class of the the visited hierarchy depends on the base class of the 
visitor hierarchyvisitor hierarchy
the base class of the visitor hierarchy has a function for the base class of the visitor hierarchy has a function for 
each derivative of the visited hierarchyeach derivative of the visited hierarchy

A cycle of dependencies ties all the visited A cycle of dependencies ties all the visited 
derivatives togetherderivatives together

difficult to compile incrementallydifficult to compile incrementally
difficult to add new derivatives of visited hierarchydifficult to add new derivatives of visited hierarchy

Visitor work well if the hierarchy is not modified Visitor work well if the hierarchy is not modified 
oftenoften

AACYCLICCYCLIC VVISITORISITOR

For a volatile hierarchyFor a volatile hierarchy
new derivatives are creatednew derivatives are created
quick compilation time is neededquick compilation time is needed

AACYCLICCYCLIC VVISITORISITOR breaks the breaks the 
dependency cycle by making the dependency cycle by making the 
visitor base class degenerate (i.e. it visitor base class degenerate (i.e. it 
has no methods)has no methods)

Example: Modem HierarchyExample: Modem Hierarchy

««interfaceinterface»»
ModemModem

+dial()+dial()
+send()+send()
+hangup()+hangup()
+receive()+receive()
+accept(+accept(ModemVisitorModemVisitor))

HayesHayes ZoomZoom ErnieErnie

««degeneratedegenerate»»
ModemVisitorModemVisitor

«interface»«interface»
HayesVisitorHayesVisitor

+visit+visit(Hayes)(Hayes)

«interface»«interface»
ZoomVisitorZoomVisitor

+visit+visit(Zoom)(Zoom)

«interface»«interface»
ErnieVisitorErnieVisitor

+visit+visit(Ernie)(Ernie)

UnixModemUnixModem
ConfiguratorConfigurator

Example: Modem Hierarcy (cont’d)Example: Modem Hierarcy (cont’d)

public interfacepublic interface ModemModem {{

public void public void dial(dial(StringString pno);pno);

public voidpublic void hangup();hangup();

public voidpublic void send(send(charchar c);c);

public charpublic char receive();receive();

public voidpublic void accept(accept(ModemVisitorModemVisitor v);v);

}}

public interfacepublic interface ModemVisitorModemVisitor {{

}}
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Example: Modem Hierarchy (cont’d)Example: Modem Hierarchy (cont’d)

public interface public interface ErnieModemVisitorErnieModemVisitor {{
public void public void visit(visit(ErnieModemErnieModem m);m);

}}

public classpublic class ErnieModemErnieModem implementsimplements ModemModem {{
public voidpublic void accept(accept(ModemVisitorModemVisitor v) {v) {

try try {{
ErnieModemVisitorErnieModemVisitor ev =ev =

((ErnieModemVisitorErnieModemVisitor)v;)v;
ev.visit(ev.visit(thisthis););

} } catchcatch ((ClassCastExceptionClassCastException e) { }e) { }
}}
/* rest of the implementation omitted *//* rest of the implementation omitted */

}}

Example: Modem Hierarchy (cont’d)Example: Modem Hierarchy (cont’d)

public class public class UnixModemConfiguratorUnixModemConfigurator implements implements 
ModemVisitorModemVisitor, , HayesVisitorHayesVisitor, , ZoomVisitorZoomVisitor, , 

ErnieVisitorErnieVisitor {{
public void public void visit(visit(HayesModemHayesModem m) {m) {

m.setConfigurationString(m.setConfigurationString(""&s1=4&D=3&s1=4&D=3""));;
}}
public void public void visit(visit(ZoomModemZoomModem m) {m) {

m.setConfigurationValue(42);m.setConfigurationValue(42);
}}
public void public void visit(visit(ErnieModemErnieModem m) {m) {

m.setInternalPattern(m.setInternalPattern(""C is too slowC is too slow""));;
}}

}}

ObservationsObservations

Breaking the dependency cycle Breaking the dependency cycle ⇒⇒
easier to add visited derivativeseasier to add visited derivatives
solution is much more complexsolution is much more complex
timing of the type casting is hard to timing of the type casting is hard to 
characterizecharacterize

AACYCLICCYCLIC VVISITORISITOR is like a sparse is like a sparse 
matrixmatrix

visitor classes do no have to implement visitor classes do no have to implement 
visit functions for all visited derivativesvisit functions for all visited derivatives

DDECORATORECORATOR

Allows attaching additional Allows attaching additional 
responsibilities to an object responsibilities to an object 
dynamically (i.e. at runtime)dynamically (i.e. at runtime)
Provides a flexible alternative to Provides a flexible alternative to 
subclassing for extending subclassing for extending 
functionalityfunctionality
Allows adding responsibilities to an Allows adding responsibilities to an 
object without adding methods to its object without adding methods to its 
interfaceinterface

Example: Loud Dial ModemExample: Loud Dial Modem

««interfaceinterface»»
ModemModem

+dial(…)+dial(…)
+setVolume(+setVolume(intint))

HayesModemHayesModem

ZoomModemZoomModem

ErnieModemErnieModem

LoudDialLoudDial
ModemModem

«delegates»«delegates»

itsModemitsModem

public void dial(…) {public void dial(…) {
itsModem.setVolume(11);itsModem.setVolume(11);
itsModem.dial(…);itsModem.dial(…);

}}

Example: Loud Dial Modem (cont’d)Example: Loud Dial Modem (cont’d)

public interface public interface Modem Modem {{
public voidpublic void dial dial StringString(pno);(pno);
public voidpublic void setSpeakerVolume(setSpeakerVolume(intint volume);volume);

}}

public classpublic class HayesModemHayesModem implementsimplements ModemModem {{
privateprivate StringString itsPhoneNumber;itsPhoneNumber;

private intprivate int itsSpeakerVolume;itsSpeakerVolume;

public voidpublic void dial(dial(StringString pno) {pno) {
itsPhoneNumber = pno;itsPhoneNumber = pno;

}}

public voidpublic void setSpeakerVolume(setSpeakerVolume(intint volume) {volume) {
itsSpeakerVolume = volume;itsSpeakerVolume = volume;

}   }}   }
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Example: Loud Dial Modem (cont’d)Example: Loud Dial Modem (cont’d)

public classpublic class LoudDialModemLoudDialModem implementsimplements ModemModem {{
privateprivate ModemModem itsModem;itsModem;

publicpublic LoudDialModemLoudDialModem((ModemModem m) {m) {
itsModem = m;itsModem = m;

}}

public voidpublic void dial(dial(StringString pno) {pno) {
itsModem.setSpeakerVolume(11);itsModem.setSpeakerVolume(11);
itsModem.dial(pno);itsModem.dial(pno);

}}

public voidpublic void setSpeakerVolume(setSpeakerVolume(intint volume) {volume) {
itsModem.setSpeakerVolume(volume);itsModem.setSpeakerVolume(volume);

}   }}   }

ObservationsObservations

Multiple decorators: base class decoratorMultiple decorators: base class decorator
supplies the delegation codesupplies the delegation code
actual decorators derive from the base class actual decorators derive from the base class 
and override only those methods they needand override only those methods they need

Cf.Cf.
Java I/O streams: Java I/O streams: 
BufferedReaderBufferedReader keyboard = keyboard = 

newnew BufferedReaderBufferedReader((
newnew InputStreamReaderInputStreamReader((SystemSystem.in));.in));

javax.swing.javax.swing.JScrollPaneJScrollPane

EEXTENSIONXTENSION OOBJECTBJECT

More complex than VMore complex than VISITORISITOR but more but more 
powerfulpowerful
Each object in the hierarchyEach object in the hierarchy

maintains a list of special extension objectsmaintains a list of special extension objects
provides a method that allows the extension provides a method that allows the extension 
object to be looked up by nameobject to be looked up by name

Extension object provides methods that Extension object provides methods that 
manipulate the original hierarchy objectmanipulate the original hierarchy object

Example: BillExample: Bill--ofof--MaterialsMaterials

PartPart

AssemblyAssembly

+getExtension(String)+getExtension(String)
+addExtension(String,+addExtension(String,

PartExtension)PartExtension)

««markermarker»»
PartExtensionPartExtension

««markermarker»»
BadPartExtensionBadPartExtension

PiecePartPiecePart

0..*0..*
««interfaceinterface»»

XMLPartExtensionXMLPartExtension

+getXMLElement()+getXMLElement()

XMLAssemblyXMLAssembly
ExtensionExtension

XMLPiecePartXMLPiecePart
ExtensionExtension

««interfaceinterface»»
CSVPartExtensionCSVPartExtension

+getCSV()+getCSV()

CSVAssemblyCSVAssembly
ExtensionExtension

CSVPiecePartCSVPiecePart
ExtensionExtension

0..*0..*

SSTATETATE

Allows an object to alter its behaviour Allows an object to alter its behaviour 
when its internal state changes when its internal state changes 

the object will appear to change its classthe object will appear to change its class

Typically used to change the behaviour Typically used to change the behaviour 
according to a state transition diagramaccording to a state transition diagram
Other implementations for an FSMOther implementations for an FSM

nested switch/case statementnested switch/case statement
transition tabletransition table

Example: Turnstile FSMExample: Turnstile FSM

LockedLocked

UnlockedUnlocked

coin/unlockcoin/unlock

pass/lockpass/lock

pass/alarmpass/alarm

coin/thankyoucoin/thankyou
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Example: TurnstileExample: Turnstile

TurnstileTurnstile

+coin()+coin()
+pass()+pass()
#lock()#lock()
#unlock()#unlock()
#thankyou()#thankyou()
#alarm()#alarm()

««interfaceinterface»»
TurnstileStateTurnstileState

+coin(Turnstile)+coin(Turnstile)
+pass(Turnstile)+pass(Turnstile)

TurnstileTurnstile
LockedStateLockedState

TurnstileTurnstile
UnlockedStateUnlockedState

Example: Turnstile (cont’d)Example: Turnstile (cont’d)
public interface public interface TurnstileState TurnstileState {{

public void public void coin(coin(TurnstileTurnstile t);t);
public void public void pass(pass(TurnstileTurnstile t);t);

}}

public class public class LockedTurnstileStateLockedTurnstileState implements implements TurnstileStateTurnstileState {{
public void public void coin(coin(TurnstileTurnstile t) {t) {

t.setUnlocked();t.setUnlocked();
t.unlock();t.unlock();

}}

public void public void pass(pass(TurnstileTurnstile t) { t.alarm(); }   t) { t.alarm(); }   
}}

public class public class UnlockedTurnstileStateUnlockedTurnstileState implementsimplements TurnstileStateTurnstileState {{
public void public void coin(coin(TurnstileTurnstile t) { t.thankyou(); }t) { t.thankyou(); }

public void public void pass(pass(TurnstileTurnstile t) {t) {
t.setLocked();t.setLocked();
t.lock();t.lock();

}   }}   }

Example: Turnstile (cont’d)Example: Turnstile (cont’d)
public classpublic class TurnstileTurnstile {{

private static private static TurnstileStateTurnstileState lockedState = lockedState = newnew LockedTurnstileStateLockedTurnstileState();();
private staticprivate static TurnstileStateTurnstileState unlockedState = unlockedState = newnew UnlockedTurnstileStateUnlockedTurnstileState();();

privateprivate TurnstileControllerTurnstileController turnstileController;turnstileController;
privateprivate TurnstileStateTurnstileState state = lockedState;state = lockedState;

publicpublic TurnstileTurnstile((TurnstileControllerTurnstileController action) {action) {
turnstileController = action;turnstileController = action;

}}

public voidpublic void coin()          { state.coin(coin()          { state.coin(thisthis); }); }
public voidpublic void pass()          { state.pass(pass()          { state.pass(thisthis); }); }
public voidpublic void setLocked()     { state = lockedState; }setLocked()     { state = lockedState; }
public voidpublic void setUnLocked()   { state = unlockedState; }setUnLocked()   { state = unlockedState; }
public booleanpublic boolean isLocked()   { isLocked()   { returnreturn state == lockedState; }state == lockedState; }
public booleanpublic boolean isUnlocked() { isUnlocked() { returnreturn state == unlockedState; }state == unlockedState; }
protected voidprotected void thankyou()   { turnstileController.thankyou(); }thankyou()   { turnstileController.thankyou(); }
protected voidprotected void alarm()      { turnstileController.alarm(); }alarm()      { turnstileController.alarm(); }
protected voidprotected void lock()       { turnstileController.lock(); }lock()       { turnstileController.lock(); }
protected voidprotected void unlock()     { turnstileController.unlock(); }unlock()     { turnstileController.unlock(); }

}}

SSTATETATE vs. Svs. STRATEGYTRATEGY

CommonCommon
context classcontext class
delegation to a polymorphic base class that delegation to a polymorphic base class that 
has several derivativeshas several derivatives

DifferenceDifference
SSTATETATE: derivatives hold a reference back to the : derivatives hold a reference back to the 
context classcontext class
SSTRATEGYTRATEGY: no such constraint or intent: no such constraint or intent

All instances of SAll instances of STATETATE are also instances of are also instances of 
SSTRATEGYTRATEGY

ObservationsObservations

Very strong separation between actions and the Very strong separation between actions and the 
logic of state machinelogic of state machine

action in the context classaction in the context class
logic distributed through the derivatives of the state logic distributed through the derivatives of the state 
classclass

Simple to change one without affecting the otherSimple to change one without affecting the other
reuse the context class with different state logicreuse the context class with different state logic
create subclasses of context class that modify the action create subclasses of context class that modify the action 
without affecting the logicwithout affecting the logic

CostsCosts
writing state derivatives is tediouswriting state derivatives is tedious
the logic is distributed, no single place to see it allthe logic is distributed, no single place to see it all

Null ObjectNull Object

StateState

StrategyStrategy

Template MethodTemplate Method

FactoryFactory
MonostateMonostate

SingletonSingleton
FacadeFacade

MediatorMediator
ObserverObserver

Acyclic VisitorAcyclic Visitor

Extension ObjectExtension Object

DecoratorDecorator

VisitorVisitor

CompositeComposite
Active ObjectActive Object

CommandCommand

Abstract ServerAbstract Server

BridgeBridge
AdapterAdapter Stairway to HeavenStairway to Heaven

ProxyProxy

Factory MethodFactory MethodPrototypePrototype

FlyweightFlyweight

InterpreterInterpreter

IteratorIterator

MementoMemento
BuilderBuilder

Chain of ResponsibilityChain of Responsibility

Design Patterns (revisited)Design Patterns (revisited)
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Principles, Patterns, and PracticesPrinciples, Patterns, and Practices

SystemSystem

ContextContext

TheoryTheory

PracticePractice

PrinciplesPrinciples
PatternsPatterns

AbstractionAbstraction
of practicesof practices

research,research,
experienceexperience

ForcesForces

needsneeds

concretizationconcretization

motivation,motivation,
synthesissynthesis

knowknow--howhow

ExaminationsExaminations

Examination datesExamination dates
May 15, 2006May 15, 2006
June 20, 2006June 20, 2006
September, 2006 (exact date to be September, 2006 (exact date to be 
announced)announced)

Confirm the times and places at Confirm the times and places at 
http://www.it.utu.fi/opetus/tentit/http://www.it.utu.fi/opetus/tentit/
If you are not a student of University of If you are not a student of University of 
Turku, you must register to receive the Turku, you must register to receive the 
creditscredits
Remember to enrol in time!Remember to enrol in time!

Examinations (cont’d)Examinations (cont’d)

Questions:Questions:
based on both lectures and course textbookbased on both lectures and course textbook
three questions, à 10 pointsthree questions, à 10 points
to pass the examination, at least 15 points to pass the examination, at least 15 points 
(50%) are required(50%) are required
questions are in English, but you can answer in questions are in English, but you can answer in 
English or in FinnishEnglish or in Finnish

Note: You can use the textbook in the Note: You can use the textbook in the 
examinationexamination

Fin.Fin.


