
CollectionPatterns

Dorin Sandu1

sandu@acm.org

August4, 2001

1School of ComputerScience– CarletonUniversity, 5302 Herzberg Laboratories,1125
ColonelBy Drive,Ottawa,Ontario,K1S 5B6



2



Contents

1 Collections 5
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

1.1.1 PatternSummary . . . . . . . . . . . . . . . . . . . . . . . . 6
1.2 Collection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

1.2.1 List . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
1.2.2 FixedList . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
1.2.3 Set . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
1.2.4 Map . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

1.3 Constructor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
1.4 Iterator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
1.5 Sorter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
1.6 Converter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
1.7 Patternsin Action . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

1.7.1 ClassContact . . . . . . . . . . . . . . . . . . . . . . . . . . 32
1.7.2 ClassContactManager. . . . . . . . . . . . . . . . . . . . . 33

Copyright c
�

2001, Dorin Sandu.
Permission is granted to copy for the PLoP 2001 conference. All other rights reserved.



4



C H A P T E R 1

Collections

Collectionsplay an importantrole in applicationdevel-
opmentby providing reusabledatastructuresto storesimilar elementsandbehavior
to store,retrieve,andmanipulatetheseelements.However, programmersstill have to
decidewhichtypeof collectionto usefor thejob athandand,in somesituations,which
collectionimplementation.In this chapterwe introducepatternsto helpselectingthe
right collectionfor a givendesignproblem.

1.1 Intr oduction

Collectionsareobjectswhichkeeptrackof groupsof relatedobjects.TheJavaCollec-
tionsFramework definesaseriesof classeswhichcanbeusedto storearbitraryobjects.
For example,anarraycanbeusedto storea fixedsequenceof objects,aVector can
beusedto storeavariablesequenceof objectsandaHashtable canbeusedto store
akeyedsequenceof objects.Theseclassesprovideprotocolto:

� additemsto thecollection.

� removeitemsfrom thecollection.

� accessitemsin thecollection.

� iterateover theitemsin thecollection.

� sorttheitemsin thecollection.

� searchfor anitem in thecollection.

By providing all this functionality, thecollectionsframework allows programmers
to concentrateon the applicationthey are implementing,as opposedto how datais
actuallystored. Ideally, a well designedobjectcanchangehow it representsits data
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6 Chapter 1 � Collections

internally just by changingthe type of collectionused,without affecting the clients
of that object. This increasescodingspeed,quality, and reusesincethe collections
framework provideswell-testedcollectionimplementations.

The Java CollectionsFramework comprisesthreeentities. First, therearethe in-
terfaces,which provide a contractbetweenthe collection clients and the collection
implementations,then the actualcollection implementationsand finally, a seriesof
algorithmswhichhelpwith sortingandsearching.

However, while the Java CollectionsFramework providesa lot of functionality,
therestill remainsthe problemof choosingthe right collection for the job at hand.
Givenaparticularimplementationproblem,onemustdecidewhichcollectionto choose
in orderto satisfytherequirementsof thatparticularjob, whetherthecollectionsareto
increaseaccessingspeed,minimizestoragespace,or both. In thischapter, weintroduce
a coupleof patternsthatattemptto makeyourdecisioneasier.

1.1.1 Pattern Summary

Table1.1 summarizestheproblemsaddressedby thepatternsin our patternlanguage
andtheir solutions. We describeList, Fixed List, Set, andMap asspecializationsof
the structuralpatternCollection, followed by the Constructor creationalpattern,and
endingwith Iterator, Sorter, andConverter asbehavioral patterns.

Pattern Problem Solution

Collection How do you representa
one-to-many relationship?

Useacollectionobject.
Ideally, thecollectionshould
beanimplementationof
eitherCollection or
Map interfaces,or oneof
their subclasses.

List How do you representan
indexedsequenceof an
unknown numberof
possiblyduplicated
elements?

Useavariable-array
implementationof theList
interface.

Fixed List How do you representan
indexedsequenceof a
known numberof possibly
duplicatedelements?

Useafixed-array
implementationof theList
interface.

Set How do you representa
non-indexedsequenceof an
unknown numberof unique
elements?

Useanimplementationof
theSet interface.
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Introduction 7

Pattern Problem Solution

Map How do you representa
non-indexedsequenceof an
unknown numberof
elementsthatneedto be
accessedby somearbitrary
key?

Useanimplementationof
theMap interface.

Constructor How do youconstructa
collectionwhenyou know
approximatelyhow many
elementsit will hold?

Constructthecollectionwith
theinitial capacitythe
numberof elementsyou
think it will storeduringits
lifetime.

Iterator How do youenumeratethe
elementsof acollection?

Usetheiteratorobject
returnedby the
iterator() method.

Sorter How do yousortthe
elementsof acollection?

Use
Collections.sort()
to sortaList view of your
collection.Providethesort
criteriain animplementation
of theComparator
interface.

Converter How do youconvert from
onecollectiontypeto
another?

Usethetargetcollection
constructorwith theoriginal
collectionasargument.

Table1.1: PatternProblemsandSolutions.

Therestof thechapteris structuredasfollows:

� In Section1.2 we describehow one-to-many relationshipsbetweentwo objects
canberepresentedbyusingimplementationsof theCollection interfacepro-
videdtheJava CollectionFramework. We describetheList, Fixed List, Set, and
Map minipatternsin Sections1.2.1,1.2.2,1.2.3,and1.2.4.

� In Section1.3 we describeConstructor canbeusedto createandinitialize col-
lectionswhenthenumberof elementscanbeestimatedin advance.

� In Section1.4 we describehow Iterator canbeusedto traversecollectionsone
elementata time.

� In Section1.5 we describehow Sorter can be usedto sort the elementsin a
collectionaccordingto somearbitrarycriteria.

� In Section1.6 we describehow Converter canbeusedto convert betweencol-
lectiontypes.
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8 Chapter 1 � Collections

1.2 Collection

An instanceof a classyou areimplementingis relatedto a numberof otherobjectsin
the system. This one-to-many relationshipis importantandyou decideto captureit
in code. The decisionis basedon the fact that the behavior of your objectmay also
involve therelatedobjects,for example,a drawing objectshouldbeableto accessall
its constituentfiguressuchthat, whenupdatingthe display, it cantell eachfigure to
updateits own regionof thedisplay.

How do you representa one-to-manyrelationship?

One solution that comesto mind is to have all objectson the many side of the
relationshipreferencetheobjecton theone side. For thedrawing examplementioned
above,eachfigureobjecthasto storethedrawing it belongsto in aninstancevariable.
ClassesDrawing andFigure have to beimplementedasfollows:

public class Drawing �
...�

public class Figure �
private Drawing drawing;
...�

Thisapproachdoesn’t quitework because,while eachfigureknowsto whichdraw-
ing it belongsto, thedrawing hasno accessto its figuresandtherefore,cannotinvoke
their displayupdatemethod. We cansolve this problemby having the objecton the
one sideof the relationship,the drawing, referenceall objectson the many side, the
figures.Onepossibleway to achievethis is to changetheimplementationsuchthatthe
drawing referencesthefirst figure,which referencesthenext figurein therelationship,
andsoon. Thesourcefor Drawing andFigure is asfollows:

public class Drawing �
private Figure figure;
...�

public class Figure �
private Figure next;
...�

Sonow thedrawing canaccessits figuresby traversingalinkedlist of figures,until
theaccessormethodfor thenext instancevariableof somefigure returnsnil indi-
catingthattheendof thefigureslist hasbeenreached.Otherpossibleimplementations
exist. For example,we canreplacethe linked list structurewith a moreefficient list
datastructure,possiblya doubly-linkedlist [4], soDrawing andFigure will look
asfollows:
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Collection 9

public class Drawing �
private Figure figure;
...�

public class Figure �
private Figure next, previous;
...�

Alternatively, insteadof a list, wecanuseanarrayof figures:

public class Drawing �
private Figure[] figures;
...�

public class Figure �
...�

Sincearraysareprimitive Java types,they canbefasterthanotherdatastructures.
However, this speedcomesat a costin flexibility becausearrayscanonly hold a fixed
numberof objectswhich hasto bespecifiedat creationtime. A betterapproachis to
usespecially-providedcollections,suchasVector andHashtable, providedin the
java.util package.Bothcollectionsstoretheirelementsin aninternalarraywhich
they grow to accomodatemoreelementswhenneeded.ThenDrawing andFigure
canberepresentedasfollows:

public class Drawing �
private Vector figures;
...�

public class Figure �
...�

Canwedo betterthanthis?By settingthetypeof figures to Vector we make
Drawing dependenton the implementationof theVector class.Shouldwe decide
later to changefigures to a Hashtable, we would actuallyhave to modify the
sourcecodeto changethetypes.While this seemsa minor issueat first, considerthat
you mayhave to changetheargumentandreturntypesof all themethodsthatdirectly
handletheinstancevariablefigures.

Assumingwe hadcontrolover the implementationof theclassesin java.util
package,onesolutionwould beto actuallysubclassVector andHashtable from
a commonabstractclass,andmake thetypeof figures betheabstractclass.Then
figures canholdeitheraVector or Hashtable instance.Uponcloseinspection
however, we realizethatothercollectionsmayalreadybe in a hierarchyof their own
and,sinceJavadoesnotsupportmultipleinheritance,it is probablynot feasibleto force
aclassrelationshipbetweenall collections.
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10 Chapter 1 � Collections

Alternatively, we canusetheJava interfacemechanism.Interfacesarenamedsets
of methodsdefinitions. Regular classescansupportdifferentinterfacesby providing
actualimplementationsfor themethodsdefinedby therespectiveinterfaces.Moreover,
interfacescanbeusedastypes,for example,they canbeusedin variabledeclarations,
or asmethodargumentandreturntypes. Therefore,for our implementation,we can
havebothVector andHashtable implementsomecollectioninterface,anddeclare
figures to beof thatinterfacetype.

Ononehand,wehavetheneedfor performanceand,ontheotherhandwehavethe
needto encapsulatedataandbehavior in orderto minimizecodeandmaximizereuse,
without having to refactorthe existing sourcecodetoo much. Therefore,in orderto
representa one-to-many relationship:

Usea collection object. Ideally, the collection should be an implemen-
tation of either Collection or Map interfaces, or one of their sub-
classes.

In the one-to-many relationshipyou are trying to capture,the one part is the in-
stanceof the classyou areimplementing,which hasan instancevariableholding the
many partor therelationship,in thiscase,acollection.Consider, for example,thecase
of thedrawing andits figures,which cannow beimplementedasfollows:

public class Drawing �
private Collection figures;
...�

public class Figure �
...�

The figures instancevariableis now of type Collection, an interfacede-
claredin java.util thatspecifiesmethoddefinitionsto dealwith adding,removing,
andtraversingthecollectionelements.Theadvantageof usingCollection is that
thefigures objectimplementationcanbevariedto suitdifferentneeds,for example,
shouldthenumberof figuresbesmall,a memoryimplementationcanbeused,should
thenumberof figuresincrease,adatabase-collectioncanbeused.

By expressingthe one-to-many relationshipas an implementationof one of the
Collection or Map interfaces,youachievethemaximumflexibility possible.First,
you minimize the codeby usingthe well definedinterfaceprotocolandsecond,you
maximizecodereuseby usinganalreadyimplementedcollection.

TheCollection interfaceis themostbasiccollectioninterfaceintroducedby the
JavaCollectionsFramework. It providesprotocolto addandremoveelementswithout
any assumptionaboutwhetherthecollectionis indexed,ordered,or whetherit allows
duplicates:

public interface Collection �
boolean add(Object object);
boolean addAll(Collection collection);
boolean remove(Object object);
boolean removeAll(Collection collection);
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Collection 11

...�

In contrastto theCollection interface,whichmakesnoassumptionsabouthow
theelementsarerepresented,theMap interfaceassumesthattheelementsaremapped
to someotherobjects:

public interface Map �
Object put(Object key, Object value);
Object remove(Object key);
...�

Java CollectionFramework specifiesprotocol for the basiccollectiondatatypes
shown in Figure1.1,andprovidesconcreteimplementationsof theseinterfacesin hi-
erarchiesrootedatAbstractCollection andAbstractMap classes.Addition-
ally, it providesa seriesof algorithmsthat performusefulcomputations,like sorting
andsearching,on theprovidedcollectionimplementationsor on any othercollection
implementingthegiveninterfaces.Theimplementationsprovide reusable data struc-
tures andthealgorithmsprovide reusable behavior.

<<interface>>

Collection

<<interface>>

Set
<<interface>>

List

<<interface>>

SortedSet

<<interface>>

Map

<<interface>>

SortedMap

Figure1.1: Collectionframework interfaces.

Giventhecollectioninterfacesandtheirimplementations,thequestionarises,which
interfacedo you chooseand,for that interface,which implementation?Theminipat-
ternspresentedin thenext sectionsattemptto answerthefirst question,while thesec-
ondquestionis answeredlaterin thechapter.

Also known asCollection, not to beconfusedwith the Java Collection inter-
face,this patternhasbeeninitially developedby Beck[2] for theSmalltalkcollections
framework, andhaslaterbeenmappedunderthesamenameto Java by Langr[5].

1.2.1 List

You arein a positionto usetheCollection patternto representa one-to-many relation-
shipbetweeninstancesof theclassyouareimplementingandsomeotherobjectsin the
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12 Chapter 1 � Collections

system.Instancesof your classwill referencea variablenumberof objectsandsome
of theseobjectsparticipatemorethanoncein therelationship.In theimplementation,
youwill identify theobjectsby their positionin therelationship.

How do you representan indexedsequenceof an unknown number of
possiblyduplicated elements?

At first glance,you canuseplain arraysbecausethey provide indexed accessto
elements.However, you do not know how many elementstherewill besoyouhave to
provide codeto managethearraysizeaselementsgetaddedor removed. Goingback
to thedrawing example,classDrawing canbedefinedas:

public class Drawing extends Object �
private Figure[] figures;
private int figuresCount;
...�

We implementthe drawing asan arrayof figures,representedby thefigures
instancevariable,initialized to somearbitrary-sizedarray. Theotherinstancevariable,
figuresCount storeshow many figuresthedrawing currentlyhas. It is initialized
to zerosincethe drawing containszerofiguresinitially. We implementthe methods
get() andset() to provide indexedaccessto thefigures.Themethodsdo nothing
but checkfor a valid index andaccessthefiguresarrayat thatindex:

public Figure get(int index) �
if(index < 0 || index > figures.length)
throw new java.lang.RuntimeException("index out of bounds");
return figures[index];�

public Figure set(int index, Figure figure) �
if(index < 0 || index > figures.length)
throw new java.lang.RuntimeException("index out of bounds");
Figure previous = figures[index];
figures[index] = figure;
return previous;�

In additionto indexed access,we mustprovide methodsthat managethe figures
arraysize. Theadd() methodtakescareof addinga new figure to thedrawing and,
whenthearrayfills, it allocatesa largerarrayandcopiestheexistentfiguresover:

public boolean add(Figure figure) �
if(figures.length == figuresCount) �

Figure[] newFigures = new Figure[figures.length * 3 / 2];
for(int i=0; i<figures.length; i++) �

newFigures[i] = figures[i];�
figures = newFigures;�

figures[figuresCount] = figure;
figuresCount = figuresCount + 1;
return true;�
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Collection 13

In asimilarway, theremove()methodremovesthegivenfigurefromthedrawing
andtakescareto left-shift by oneall thefiguresto theright of theindex of theremoved
figure:

public boolean remove(Figure figure) �
int i = 0;
for(; i<figuresCount; i++) �

Figure current = (Figure)figures[i];
if(current.equals(figure)) break;�

if(figuresCount == i) return false;
for(; i<figuresCount-1; i++) �

figures[i] = figures[i+1];�
figures[figuresCount-1] = null;
figuresCount = figuresCount - 1;
return true;�

This solutionhastwo major drawbacks. First, the methodsthat addandremove
figuresimplementadditionalbehavior to grow the figuresarrayasneeded.This be-
havior shouldbe implementedseparately, eitherin privatemethodsin a superclassor
in a totally differentclassthatcanbereusedin otherpartsof thesystem.Second,the
useof arraysimposesa strongcouplingbetweenDrawing andthefigures array.
For example,becausearraysdonot implementany of theCollection or Map inter-
faces,shouldyou decidelater to representfiguresasa linkedlist, you have to change
bothadd() andremove(), andfor thatmatterall methodsreferencingfigures,
to work with linkedlist protocol.

So you needto balancethe needto implementa collection that allows indexed
accessto anunknown numberof possiblyduplicatedelementswith theneedto reuse
somedefault implementation.Evenif youdecideto implementyourown collection,in
orderto maximizereuse,youshouldprovideanimplementationof theList interface.

Usea variable-array implementation of the List interface.

Because,as shown in Figure 1.1, List is a subclassof Collection, imple-
mentorsmustprovideall Collection protocolplusList-specificmethods.These
methodsprovide indexedelementaccess:

� Object get(int index). Thismethodreturnstheelementatthespecified
index in thereceiver.

� Object set(int index, Object element). This methodsetsthe
elementat the specifiedindex in the receiver to the specifiedelementand re-
turnstheelementpreviouslystoredat thatindex ornull if therewasnoelement
present.

� void add(int index, Object element). This methodsetsthe ele-
mentat thespecifiedindex in thereceiver to thespecifiedelement.Additionally,
it shiftsexistingelementsto theright of thespecifiedindex.

Copyright c
�

2001, Dorin Sandu.
Permission is granted to copy for the PLoP 2001 conference. All other rights reserved.



14 Chapter 1 � Collections

� Object remove(int index). This methodremoves the elementa the
specifiedpositionandreturnsit. Additionally, it shifts existing elementsto the
left of thespecifiedindex.

      abstract classes

AbstractCollection

AbstractList

A
�

bstractSequentialList

LinkedList

A
�

rrayList V
�

ector

Stack

Figure1.2:List interfaceimplementors.

Implementorsof theList interfacegrow to accomodateasmany elementsaspos-
sible. Java CollectionsFramework providesseveral implementationsorganizedin the
hierarchyshown in Figure1.2.They are:

AbstractList providesa skeletonimplementationof theList interfacewhich uses
an underlyingrandom-accessdatastructureto store its elements. This basic
implementationis intendedto be subclassedwith specializedimplementations
for therestof theList protocol.

AbstractSequentialList doesn’t implementtheList interfacebut it supportsits pro-
tocolbecauseit subclassesAbstractList. It providesabasicimplementation
intendedfor sequential-accesswhichcanbeextendedin subclasses.

Link edList implementsall optionalList operationsusinga backinglinked-listdata
structure.In additionto theList protocol,it providesstandardlinked-listmeth-
odsto access,add,andremovetheheadandtail of thelist.

ArrayList implementsall optionalList operationsusingabackingarraydatastruc-
turewhosesizeis increaseddynamically, asmoreelementsareadded.

Vector is conceptuallyequivalentwith ArrayList andis only provided for back-
wardcompatibilityto thecollectionsprovidedbeforeJava 2.

Stack doesn’t actuallyprovideanimplementationfor theList interfacebut, because
it subclassesfrom Vector it supportstheList protocol.Additionally, it pro-
videsthetraditionalstackmethodsfor pushing,popping,peeking,andchecking
whetherthestackis empty.
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By usingoneof thesecollectionto storethefiguresinsideadrawing object,wecan
rewrite theaboveexampleasfollows:

public class Drawing extends Object �
private List figures;

public Drawing() �
figures = new ArrayList();�

public Drawing(int maxFigures) �
figures = new ArrayList(maxFigures);�

public Figure get(int index) �
return (Figure)figures.get(index);�

public Figure set(int index, Figure figure) �
return (Figure)figures.set(index, figure);�

public boolean add(Figure figure) �
return figures.add(figure);�

public boolean remove(Figure figure) �
return figures.remove(figure);�

�

Written thisway, thedrawing implementationlooksmuchsimpler. This is because
themethodssimplydelegatetheirbehavior. Bothget() andset()methodsdelegate
to thecorrespondingmethodsprovidedby List. Thesamegoesfor theadd() and
remove() methods.Additionally, sincenow thefigures is of typeList we can
useany implementationof theList interface,in this caseanArrayList, andkeep
drawing methodsunchanged.

Thispatternis alsoknown asOrderedCollection [2] andasList or LinkedList [5].

1.2.2 Fixed List

You arein a positionto usetheCollection patternto representa one-to-many relation-
shipbetweeninstancesof theclassyouareimplementingandsomeotherobjectsin the
system.However, yourealizethatinstancesof yourclasswill alwaysreferenceatmost
acertainnumberof objectsandsomeof theseobjectsparticipatemorethanoncein the
relationship.In the implementation,you will identify the objectsby their positionin
therelationship.

How do you representan indexedsequenceof a known number of pos-
sibly duplicated elements?

Right away, you realizeyou canusearraysbecausethey provide indexedaccessto
elementsandhave fixedsize. However, on secondthought,arraysareoneof theJava
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16 Chapter 1 � Collections

built-in primitivesanddo not adhereto thecollectioninterfacespromotedby theJava
CollectionsFramework. Of courseyoucanusetheConverter patternto getacollection
typeyou needbut thatshouldbethe lastresort.Objectssimilar to thearraydatatype
exist:

� First,classjava.util.Arrays containsmethodstomanipulatearrays.There
aremethodsto convertthearrayto aList, sort,search,fill, andtestfor equality.

� Second,classjava.sql.Array is the mappingof the SQL typeARRAY to
Java.

� Third, classjava.lang.reflect.Array whichprovidesstaticmethodsto
dynamicallycreateandaccessJava arrays.This behavior is usedto accessthe
fieldsandmethodsof Javaobjectsandclasses.

You canconvert thearrayto aList instanceusingthefirst approach,or evenuse
oneof theList implementationsdirectly, but the resultinglist doesnot have a fixed
size.Youprobablyshouldnotusedtheothertwoapproacheseither, asjava.sql.Array
andjava.lang.reflect.Array are meantto be usedin the context of SQL
queriesand object reflectionand may be subjectto protocol changesin the future.
Thesolutionseemsto rely on a userimplementation,you eitherhave to implementa
new collectionor subclassArrayList or LinkedList andoverridetheappropri-
atemethods.Thefollowing implementsa new collection,FixedList, asa subclass
of AbstractList:

public class FixedList extends AbstractList �
private Object[] elements;
private int elementCount;

public FixedList() �
elements = new Object[10];
elementCount = 0;�

public FixedList(int maxElements) �
elements = new Object[maxElements];
elementCount = 0;�

public int size() �
return elements.length;�

public Object[] toArray() �
return (Object[])elements.clone();�

public Object get(int index) �
if(index < 0 || index > elements.length)
throw new java.lang.RuntimeException("index out of bounds");
return elements[index];�
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public Object set(int index, Object element) �
if(index < 0 || index > elements.length)
throw new java.lang.RuntimeException("index out of bounds");
Object previous = elements[index];
elements[index] = element;
return previous;�

public boolean add(Object element) �
if(elements.length == elementCount)

return false;
elements[elementCount] = element;
elementCount = elementCount + 1;
return true;�

public boolean remove(Object element) �
int i = 0;
for(; i<elementCount; i++) �

Object current = elements[i];
if(current.equals(element)) break;�

if(elementCount == i) return false;
for(; i<elementCount-1; i++) �

elements[i] = elements[i+1];�
elements[elementCount-1] = null;
elementCount = elementCount - 1;
return true;�

�

Thebulk of thecodeis identicalto thefirst approachwe took for theList pattern.
Internally, the fixed list storesits elementsin an arrayandusesa countto keeptrack
of how many elementsareadded.Theget() andset() methodsprovide indexed
accessto the elementsarray andmethodsadd() andremove() addand remove
elementsto andfrom the elementsarray. In contrastto the approachwe took for the
List pattern,theadd() methoddoesnot grow the elementsarraywhenit becomes
full.

The other solutionwould be to subclassFixedList from eitherArrayList
or LinkedList andonly overridetheadd() methodto behave asabove. By sub-
classingfrom ArrayList you becomedependenton its implementationwhich may
change.The sameappliesto LinkedList alongwith the fact that linked lists use
Entry objectsto wrapeachelement.Therefore:

Usea fixed-array implementation of the List interface.

You canprovide your own implementationof a fixed-arrayList asaboveor you
canusetheonethatJava provides.Theimplementationprovidedby Java canbeused
asfollows:

// ...inside class Arrays
public static List asList(Object[] a) �

Copyright c
�

2001, Dorin Sandu.
Permission is granted to copy for the PLoP 2001 conference. All other rights reserved.



18 Chapter 1 � Collections

return new ArrayList(a);�

So, to createa fixed-arrayList, onehasto invokeArrays.asList(new Ob-
ject[size]) wheresize is the size of the primitive array object usedby the
implementation. This methodactually returnsan ArrayList object, whereAr-
rayList is an inner-classprivateto theArrays class,not to beconfusedwith the
AbstractList subclassby thesamenamewhich usesa variable-arrayimplemen-
tation.

// Arrays
private static class ArrayList
extends AbstractList
implements java.io.Serializable �
private Object[] a;

ArrayList(Object[] array) �
a = array;�

public int size() �
return a.length;�

public Object[] toArray() �
return (Object[]) a.clone();�

public Object get(int index) �
return a[index];�

public Object set(int index, Object element) �
Object oldValue = a[index];
a[index] = element;
return oldValue;�

�

Besidesthe unfortunatenamecollision, you have to decidewhich implementa-
tion to use,asthe default doesnot provide add() andremove() which resultsin
UnsupportedOperationException being triggeredevery time thesetwo are
invoked.

This patternis alsoknown asArray [5].

1.2.3 Set

You arein a positionto usetheCollection patternto representa one-to-many relation-
shipbetweeninstancesof theclassyouareimplementingandsomeotherobjectsin the
system.Instancesof your classwill referencea variablenumberof objectswhich do
not participatemorethanoncein therelationship.Also, theorderof theobjectsin the
relationshipis not important,for example,you will not referenceany of theobjectsby
index.
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How do you representa non-indexedsequenceof an unknown number
of unique elements?

As in theList pattern,thefirst datastructurethatcomesto mindis arrays.However,
arraysdo not really matchthe requirementsbecauseof two problems.First, they are
indexed datastructuresandsecond,they do allow for duplicateelements. You can
still usethembut youhaveto providebehavior to removeduplicateelements,grow the
arrayasneeded,andusetheConverter patternto provideaJavaCollectionsFramework
interfaceto clients.

Stack is too specializedfor thegivenrequirementssoyou maychooseVector
for synchronizedaccessto its elementsor betweenLinkedList andArrayList
basedon therelativebenefitsof usinga backinglist or arrayimplementationandnon-
synchronizedaccessto storedelements.In all caseshowever, you have to dealwith
indexed accessandhave to write additionalbehavior to remove duplicateelements.
Theonly advantageoverarraysis thatall theseclassesprovidetheadequateinterfaces.

To solve theseproblems,the Java CollectionsFramework provides the required
accessprotocolin theSet interface.Therefore:

Usean implementation of the Set interface.

      abstract classes

AbstractCollection

AbstractSet

HashSet T
�

reeSet

Figure1.3:Set interfaceimplementors.

TheSet interface,asshown in Figure1.1is asubclassof Collection. In addi-
tion to Collection protocol,Set placesadditionalconstraintson theconstructors
to createsetobjectswithoutduplicateelements,andaddsthefollowing methods:

� boolean add(Object element). Thismethodaddsthegivenelementto
thereceiver it is not alreadypresent.

� boolean addAll(Collection elements). This methodaddsall ele-
mentsin thegivencollectionto thereceiver if they arenot alreadypresent.

� boolean equals(Object set). This methodreturnsa booleanindicat-
ing whetherthe receiver and the given setare equal. In contrastto the other
interfaces,implementorsof Set mustfirst checkwhetherthereceiverandgiven
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sethave thesamesizeandthenwhethereachelementin the receiver is present
in thegivenset(or equivalently, every elementin thegivensetshouldbe in the
receiver).

This requirementfor Set implementorsmakesimpossiblefor objectsto imple-
mentbothList andSet interfaces.

� int hashCode() This methodcomputesandreturnsthe hashvalueof the
receiver. Thehashvaluemustbecomputedasthesumof all theelementshash
values,wherethehashvalueof null is definedto bezero.

This requirementfor Set implementorsmakesimpossiblefor objectsto imple-
mentbothList andSet interfaces.

Java CollectionsFramework providesseveral implementationsfor theSet inter-
face,asshown in Figure1.3.They are:

AbstractSet providesaskeletonimplementationsof theSet interface.Thisbasicim-
plementationis designedto besubclassedby morespecializedimplementations.

HashSet implementstheSet interfaceusingan underlyinghash-tableimplementa-
tion. This implementationdoesnot provide any guaranteesfor theorderof the
elementsin theset.

TreeSetdoesn’t implementtheSet interfacedirectlybut it providestheSet protocol
by subclassingfrom classAbstractSet. This implementationprovidesguar-
anteeson how the elementsaresorted,ascendingorderby default or the order
specifiedby aComparator implementationprovidedin theconstructor.

1.2.4 Map

You arein a positionto usetheCollection patternto representa one-to-many relation-
ship betweeninstancesof the classyou are implementingandsomeotherobjectsin
thesystem.Instancesof your classwill referencea variablenumberof objectswhich
may participatemorethanoncein the relationship.Additionally, you needto access
the elementsin the collectionby someobject. Also, the orderof the objectsin the
relationshipis not important,for example,you will not referenceany of theobjectsby
index.

How do you representa non-indexedsequenceof an unknown number
of elementsthat needto be accessedby somearbitrary key?

At first glanceyou canusetwo arrays,onefor the keys andthe otheronefor the
values.Giventhekey object,you canfind theelementit is mappedto by first finding
the index of the key in the keys arrayandreturningthe objectat that index from the
valuesarray. Thisapproachposesthesameproblemsoutlinedin thepreviouspatterns.
First, we have to provide behavior to remove duplicatekeys andtheir corresponding
values.Second,asarraysarefixedsize,we needto providebehavior to resizethemas
moreelementsgetadded.Third, arraysdonot providecollectioninterfaces.
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Sincearraysdo not provide standardcollection interfaces,we can try the above
approachwith List implementations.However, we still have to provide additional
behavior to removeduplicatekeysandtheir values.

Theonly datastructuresthatdo not provideany orderon their elements,andgrow
asmoreelementsareadded,are implementorsof theSet interface. At first glance
we cansolve all aboveproblemsusingsets.We cannotusetwo sets,onefor keys and
onefor values,becausesetsarenotorderedandcannotidentify their elementsby their
index. Theonly approachwecanuseto provideapairobjectthatassociatesthekey and
valueandcomputesthehashvaluebasedon thekey andvaluehashvalues.However,
thislookslikeextrawork, westill haveto provideextrabehavior to wrapkeysandtheir
valuesinto pairsandto addthepairsto theset.

To solve theseproblems,the Java CollectionsFramework provides the required
accessprotocolin theMap interface.Therefore:

Usean implementation of the Map interface.

      abstract classes

AbstractMap

TreeMap WeakHashMapHashMap

Hashtable

Figure1.4:Map interfaceimplementors.

Because,asshown in Figure1.1,Map is a subclassof Collection, implemen-
torsmustprovideall Collection

� Object get(Object key). Thismethodreturnsthevaluefor thespecified
key.

� Object put(Object key, Object value). This methodassociates
thespecifiedvaluewith thespecifiedkey. It returnsthevaluethatwaspreviously
associatedwith thekey or null if therewasnone.

� Object remove(Object key). This methodremovesthe valueassoci-
atedwith the specifiedkey. It returnsthe valuethat waspreviously associated
with thekey or null if therewasnone.

Additionally, Map providesprotocolfor viewson theunderlyingimplementation:

� Set entrySet(). This methodreturnsa set view of the mappingsin the
receiver. Theelementsin this view areinstancesof Map.Entry.
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� Set keySet(). Thismethodreturnsa setview of thekeys in thereceiver.

� Collection values(). Thismethodreturnsacollectionview of thevalues
containedin thereceiver.

Java CollectionFramework providesseveral implementationsfor theMap, orga-
nizedin thehierarchyshown in Figurefig:mapimplementors.They are:

AbstractMap providesa skeletonimplementationof the Map interface. This basic
implementationis designedto be subclassedby morespecializedimplementa-
tions.

HashMap implementstheMap interfaceusinganunderlyinghash-tableimplementa-
tion. This implementationdoesnot provide any guaranteesfor theorderof the
elementsin theset.

TreeMap doesn’t implementtheMap interfacedirectly but it providestheMap pro-
tocol by subclassingfrom classAbstractMap. This implementationprovides
guaranteeson how the elementsare sorted,ascendingorderby default or the
orderspecifiedby aComparator implementationprovidedin theconstructor.

WeakHashMap is conceptuallyequivalentwith HashMap andit providesweak keys.
Weakkeys imply that thevaluewill be removedif no otherobjectbut themap
itself referencesthekey.

Hashtable is conceptuallyequivalentwith HashMap andis only providedfor back-
wardcompatibilityto thecollectionsprovidedbeforeJava 2.

1.3 Constructor

You arein a positionto usetheCollection patternto representa one-to-many relation-
ship betweeninstancesof the classyou are implementingandsomeotherobjectsin
the system. Instancesof your classwill referencea variablenumberof objectsand
youknow theapproximatenumberof objectsthatwill bestoredin thecollection.This
numberdoesnothaveto beexact,moreor lessobjectscanbeadded.Youdecideto use
anarray-basedimplementation,suchasArrayList, HashSet, or HashMap.

How do you construct a collection when you know approximately how
many elementsit will hold?

Considertheexampleof filling anArrayList with someobjects.Thefollowing
codedoesjustthatby addingonemillion dummy objectsto alist. Theoperationcreates
theArrayList instancewith thedefault constructorandfinishesaddingtheobjects
in 3164milliseconds:

public class ListTest �
public static void main(String[] args) �

List list = new ArrayList();
long startTime, stopTime;
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startTime = System.currentTimeMillis();
for(int i=0; i<1000000; i++) �

Object dummy = new ListTest();
list.add(dummy);�

stopTime = System.currentTimeMillis();

System.out.println(stopTime - startTime);�
�

This seemsratherexpensive. Canwe do better?We shouldfirst look at theimple-
mentationfor themethodadd:

public boolean add(Object o) �
ensureCapacity(size + 1);
elementData[size++] = o;
return true;�

Internally, ArrayList usesanarrayinstancevariable,elementData, to store
its elements.It usesanotherinstancevariable,size to keeptrack of the numberof
elementsin thearray. A new elementis alwaysinsertedat index size + 1. To make
surethe arrayhasenoughspaceto storethe elementto be added,ensureCapac-
ity() is invokedbeforethenew elementis added:

public void ensureCapacity(int minCapacity) �
modCount++;
int oldCapacity = elementData.length;
if (minCapacity > oldCapacity) �

Object oldData[] = elementData;
int newCapacity = (oldCapacity * 3)/2 + 1;
if(newCapacity < minCapacity)

newCapacity = minCapacity;
elementData = new Object[newCapacity];
System.arraycopy(oldData, 0, elementData, 0, size);�

�

This methodchecksto seeif the currentarray lengtholdCapacity is smaller
than the minimum capacityrequired,minCapacity. Shouldthis be the case,the
methodallocatesa new arrayof larger sizeandcopiesthe old elementsinto it. The
newly allocatedarrayis oneandhalf timeslargerthanthepreviousarrayso, if we go
backto ourexample,addingonemillion objectsto anArrayList causedits backing
arrayto be grown andcopiedmany times. The default constructorfor ArrayList
initializesthebackingarrayto size10 so,the11thelementcausesthearrayto grow to
size16andlaterto 25,38,58,88,133,etc.To avoid growing thearrayandcopying its
elementsover somany times,it would help tremendouslyif we couldpreallocatethe
arrayto sizeonemillion from thebeginning.Therefore:

Construct the collection with the initial capacity the number of ele-
mentsyou think it will storeduring its lifetime.

Copyright c
�

2001, Dorin Sandu.
Permission is granted to copy for the PLoP 2001 conference. All other rights reserved.



24 Chapter 1 � Collections

Java documentationfor the collectionsframework recommendsall collection in-
terfaceimplementationshave two constructors.The first is the void (no arguments)
constructorwhich createsan emptycollectionandthe second,a constructorwith an-
othercollectionasits argument,which createsa collectionwith thesameelementsas
its argument.Besidestheseconstructors,array-basedcollectionsimplementationspro-
videathird collectionthattakesasargumentanintegerrepresentingtheinitial capacity
of thecollection.Usingthis constructorfor theexampleabove,thecodebecomes:

public class ListTest �
public static void main(String[] args �

List list = new ArrayList(1000000);
long startTime, stopTime;

startTime = System.currentTimeMillis();
for(int i=0; i<1000000; i++) �

Object dummy = new ListTest();
list.add(dummy);�

stopTime = System.currentTimeMillis();
System.out.println(stopTime - startTime);�

�

Preallocatingthe array almost triples the speedwith which the ArrayList is
filled. Similar speedimprovementscanbe obtainedby specifyinga large initial ca-
pacitywith HashSet andHashMap. We rantheaboveexampleto obtaintheresults
shown in Table1.2.

default capacity initial capacity

ArrayList 3215 1161
HashSet 19278 9594

HashMap 19157 9524

Table1.2: Constructiontime in milliseconds.

In conclusion,whenyouareusinganarray-baseddynamiccollectionandyouhave
to adda largenumberof elements,you maywant to createthecollectionwith a large
enoughinitial capacityin orderto prohibit thecollectionto grow its backingarraytoo
many times.

Thispatternhasbeendevelopedinitially by AuerandBeckasHypoth-a-Sized Col-
lection, oneof their patternsfor efficientSmalltalkprogramming[1]

1.4 Iterator

You arein a positionto usetheCollection patternto representa one-to-many relation-
shipbetweeninstancesof theclassyouareimplementingandsomeotherobjectsin the
system.Clientsof yourobjecthave to processall theobjectsin thecollectionandyou
needto provide themwith accessto the referencedobjects.Processingordermayor
maynotbeimportant.
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How do you enumeratethe elementsof a collection?

To enumeratethroughtheelementsstoredinto anarray, you canuseeitherafor
or while construct.Considerthetaskof enumeratingtheelementsin anarrayusing
afor-statement:

for(int i=0; i<array.length; i++) �
Object element = array[i];
// perform element operation�

andawhile-statement:

int i = 0;
while(i<array.length) �

Object element = array[i++];
// perform element operation�

This approachwill also work with primitive arraysandList implementations.
For example,thefollowing codecreatesanArrayList holdingonemillion dummy
objectsandenumeratesthroughthemin 130milliseconds:

public class ListTest �
public static void main(String[] args) �

List list = new ArrayList(1000000);
for(int i=0; i<1000000; i++) �

Object dummy = new ListTest();
list.add(dummy);�

long startTime = System.currentTimeMillis();
for(int i=0; i<list.size(); i++) �

Object element = list.get(i);
// perform element operation�

long stopTime = System.currentTimeMillis();
System.out.println(stopTime - startTime);�

�

Thesamecodeabovewill executein 30 millisecondsfor enumeratingthroughob-
jectsstoredin a primitive arrayof the samesize. The differencein speedis because
all operationson anArrayList go throughonelevel of indirectionto operateon its
backingarray, for example,clientsof anArrayList callget(int index) which
in turnaccessesits backingarrayvia the[] operator.

Thefor andwhile constructscanonly be usedon indexeddatastructureslike
primitivearraysandList implementationssuchasArrayList andLinkedList.
You probablyhave to convertSet andMap objectsto arraysbeforeyou canenumer-
atetheir elements.This however posesanotherproblem: the default implementation
of toArray() in AbstractCollection createsa new arrayandcopiestheele-
mentsinto it:
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public Object[] toArray() �
Object[] result = new Object[size()];
Iterator e = iterator();
for (int i=0; e.hasNext(); i++)

result[i] = e.next();
return result;�

This methodis inheritedby mostcollection implementations.It is overridenby
ArrayList to performa slightly betterarray copy, andby LinkedList to deal
with thelinks betweenentries.

Ratherthanhaving to dealwith all this specialcases,it would be nice to be able
to enumeratetheelementsin a collectionpolymorphically. To do this for all typesof
collections,we have to move thetraversallogic insidethecollectionitself. Assuming
theclient controlsthetraversal,we canwrite thefollowing:

public class ArrayList implements List �
private int i = 0;

public boolean hasNext() �
return i != size();�

public Object next() �
return get(i++);�

�

This strategy however, forcesus to extendcollectionswith methodsdealingwith
differentkindsof traversals.A muchbetterway is to encapsulatethebehavior of each
traversalinto an Iterator [3] andhave the collectionsreturnsuchobjectsvia Factory
Methods [3]. Therefore:

Enumerate the elementsof a collection using the iterator object re-
tur nedby the iterator() method.

The Java CollectionsFramework implementsiteratorsvia Enumeration and
Iterator interfaces. Iteratorsoffer the samefunctionality with more appropriate
methodnamesand,additionally, permit clients to remove elementsfrom the under-
lying collectionduring the iteration. The two interfacesareso similar that, in fact,
Collections.enumeration() returnsanenumerationwrapperfor aniterator:

public static Enumeration enumeration(final Collection c) �
return new Enumeration() �

Iterator i = c.iterator();

public boolean hasMoreElements() �
return i.hasNext();�

public Object nextElement() �
return i.next();�

�
;�
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We canrewrite theexamplementionedaboveto useaniteratorasfollows:

public class ListTest �
public static void main(String[] args) �

List list = new ArrayList(1000000);
for(int i=0; i<1000000; i++) �

Object dummy = new ListTest();
list.add(dummy);�

Iterator iterator = list.iterator();
long startTime = System.currentTimeMillis();
while(enum.hasNext()) �

Object element = iterator.next();
// perform element operation�

long stopTime = System.currentTimeMillis();
System.out.println(stopTime - startTime);�

�

In additionto the regular iterator interface,List implementorsmustprovide an
additionaliterator, calledaListIterator. Thisiteratorisclientsto insertor replace
elementsasthey traversea list object.Additionally, clientscantraverselist objectsin
reverse,whithout having to reversethe list themselves. Also, list iteratorscanstart
iteratingat any givenindex in a list object.

We’veseeniteratorswork with Collection implementations.Whataboutmaps?
It turnsoutwehaveto traversemapsabit differently. Wecantraverseamapasasetof
keys,collectionof values,or setof key-valuemappings.Theorderof a mapis defined
astheorderin which theiteratorson themap’scollectionviews returntheir elements.
Somemapimplementations,like theTreeMap class,make specificguaranteesasto
their order;others,like theHashMap class,do not.

1.5 Sorter

You have usedtheCollection patternto representa one-to-many relationship.Clients
of your objecthave to processtheobjectsin thecollectionin a certainorderandyou
needto eithersort thecollectiondirectly or provide your clientswith a sortedview of
theobjectsin thecollection.

How do you sort the elementsof a collection?

You can provide your own sorting by implementingthe appropriatemethodsin
your class.For example,assumingthatyou wantto sortthefiguresin a drawing by in
increasingorderof their name,you canprovide asort() in thedrawing classto do
just that:

public class Drawing �
private List figures = new ArrayList();
...
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private void sort() �
// sort figures here�

...
public Iterator iterator() �

sort();
return figures.iterator();�

�

Thesort() methodsortsthefigures collectionin placejustbeforeaniterator
is returnedonit. Thedisadvantageof thisapproachis thatyouhaveto provideasorting
methodin everyclassthatneedsto sort its internalcollections.

Alternatively, you canprovide a specialimplementationof theIterator inter-
face.This new implementationsortsa copy of thefigurescollectionandtheniterates
over it. Thecodebecomes:

public class FigureIterator implements Iterator �
private Iterator iterator;
public FigureIterator(List figures) �

iterator = sort(figures).iterator();�
private List sort(List figures) �

// sort figures here�
public boolean hasNext() �

return iterator.hasNext();�
public Object next() �

return iterator.next();�
public void remove() �

iterator.remove() ��
�

public class Drawing �
private List figures = new ArrayList();
...
public Iterator iterator() �

return new FigureIterator(figures);�
�

This doesn’t seemappropriateeither, asFigureIterator pretty much hard-
wires how the figuresshouldbe sortedin the sort() method. Sincethe ordering
of the objectsis dictatedby how objectscompareto eachother, we can generalize
sort() to simply comparetwo figures,andimplementtheComparable interface
on thefigureobject:

public class SortingIterator implements Iterator �
...
private List sort(List objects) �

List sortedList = new ArrayList();
List unsortedList = objects.clone();
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while(!unsortedList.isEmpty()) �
Object smallest = get(0);
Iterator iterator = unsortedList.iterator();
while(iterator.hasNext()) �
Object current = iterator.next();
int status = smallest.compareTo(current);
if(status > 0) smallest = current;�

unsortedList.remove(smallest);
sortedList.add(smallest);�

return sortedList;�
...�

public class Figure implements Comparable �
...
public int compareTo(Object object) �

Figure figure = (Figure)object;
return getName().compareTo(figure.getName());�

�

Thesort()methodabovesimplymovesthesmallestelementfrom onecollection
to theendof anothercollectionuntil the first collectionbecomesempty. It is not the
mostefficient algorithm but it serves the purposeto show that the smallestelement
pickedis determinedby theoutcomeof thecompareTo() methodimplementedon
theobjectsin thecollection.With this approach,we havegeneralizedtheiterator, and
weonly haveto implementtheappropriatecomparisonmethodson theobjectsthatwe
planto sort. Is thisbetter?Not really, sinceobjectscancomparethemselveswith other
objectsin differentways.

In review, we have tried to placethesortbehavior into thedrawing itself, into the
iterator, andultimatelyontheobjectsstoredin thecollection.Neitherapproacheswork
well becausewe usuallyneedto sortobjectsdifferently in differentcases.To beable
to switch sortingalgorithmsat runtime, it looks like we needto placethe compari-
sonbehavior into separateobjectsthat canbe pluggedin to somesortingalgorithm.
Therefore:

UseCollections.sort() to sort a List view of your collection.
Provide the sort criteria in an implementation of the Comparator in-
terface.

TheinterfaceComparator is definedasfollows:

package java.util;
public interface Comparator �

int compare(Object anObject, Object anotherObject);
boolean equals(Object anObject);�

Methodcompare(Object anObject, Object anotherObject) com-
paresanObjectwith anotherObject. Thismethodis usedby animplementation
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of the Comparator interfaceto comparethe elementsof a collection, two at the
time, to determinewhich comesfirst. It returnsa negative integer if the receiver ob-
ject is lessthananObject, zeroif the objectsareequal,or a positive integer if the
receiverobjectis greaterthananObject. An implementationfor thesecondmethod,
equals(Object anObject) shouldnormally not be provided,asit is inherited
from Object.

Then,thesortingcanbedonein place,usinganinnerclassasfollows:

Collections.sort(figures, new Comparator() �
public int compare(Object anObject, Object anotherObject) �

Figure figure1 = (Figure)anObject;
Figure figure2 = (Figure)anotherObject;
return figure1.getName().compareTo(figure2.getName());�

�
)

As we cansee,the sortingcriteria canbe pluggedinto the algorithmthat sortsa
given collection. The result is that we free all objectsinvolved from providing the
pairwisecomparisonbehavior, andwe forcetheobjectthatactuallyneedsthefigures
to besortedto dothesorting.In thiscase,suchanobjectcanbea list boxproviding an
alphabeticallist of thefiguresin thedrawing.

1.6 Converter

You arein a positionto usetheCollection patternto representa one-to-many relation-
ship betweeninstancesof the classyou are implementingandsomeotherobjectsin
thesystem.Yourobjecthasto interactwith otherpartsof thesystemthatmayexpecta
differenttypeof collectionsoyouhaveto convertyourcollectionto matchtherequired
type.More precisely, youmayfind yourselfin oneof thesesituations:

� You have to convertyour collectionto or from anarray. This mayhappenwhen
youhaveto invokeJavamethodsthatreturnarrayprimitiveobjectsor takearray
primitivesasarguments.

� Youhaveto convertyourcollectionto or from anothercollectiontype.Thismay
happenbecauseyou have to dealwith oldercollectiontypes,suchasVector
or Hashtable which,althoughimplementtheappropriateList andMap inter-
faces,arereally slow due to the synchronizedaccess.Alternatively, you may
have to convertbetweentwo collectiontypes.

How do you convert fr om onecollection type to another?

Firstof all, in ouropinion,youshouldnotgiveyourclientsaccessto yourcollection
directly. This is becauseyour maingoal is to promoteencapsulation,in otherwords,
you don’t want to allow clientsto changeyour object’s internalstatedirectly. If you
createpublic accessormethodsto returnthe collection instancevariable,clientscan
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modify it at their discretion,not a really goodthing if your objectneedsto keeptrack
of theobjectsthatgetaddedto or removedfrom thecollection.

To avoid exposingtheinternalstateof your object,it is betterto applytheIterator
patternandprovide sequentialaccessto the objectsin the collection. Additionally,
your object shouldprovide behavior to add and remove elementsfrom the internal
collection.Thisway, thecollectiondoesnotgetmodifiedwithoutyourobjectknowing
aboutit, providing avery effectivefirewall againstchangefrom outside.

Of course,therearethoseoccasionsbeyondyour control,suchasa library written
by somebodyelsethatyoudon’t havethecodeto, nor thetimeor desireto modify and
youmustmakeuseof thegiveninterface.Someof theseinterfacesrequireyou to pass
collectionsfrom objectto objectand,evenmore,convertbetweencollectiontypes.The
first thing that comesto mind is to implementan Adapteror Bridgebetweenthe two
typesbut this seemslike overkill.

Onething for sure,in orderto preserveencapsulation,youshouldreturna shallow
copy of the collection,and this shallow copy shouldbe of the type expectedby the
conversion.Thiscanbeaccomplishedeasilyby iteratingthroughtheoriginalcollection
andaddingevery elementto a new instanceof the requiredcollectiontype. Consider
thefollowing examplewhereweconvert from aList typeto a Settype:

public class ConverterTest �
public static void main(String[] args) �

List list = new ArrayList(1000000);
for(int i=0; i<1000000; i++) �

Object dummy = new ConverterTest();
list.add(dummy);�

Set set = new HashSet(2000000);
Iterator iterator = list.iterator();
long startTime = System.currentTimeMillis();
while(iterator.hasNext()) �

Object element = iterator.next();
set.add(element);�

long stopTime = System.currentTimeMillis();
System.out.println(stopTime - startTime);�

�

We have to duplicatethis codeeverywherewe needto convert betweenlists and
sets. On onehandwe definitely like to convert the list to a set,or vice-versa,on the
otherhandwe would like to minimize thecodewe have to write. So, ratherthanuse
thecopy-and-pasteapproach,we canencapsulatethis behavior into a separateobject.
Java alreadyprovidesthis behavior in theform of Parametrized Constructor methods
in thecollectionclasses.Therefore:

Convert a collection to another collection type by using the target col-
lection constructor with the original collectionasargument.

Theparametrizedconstructorstake a Collection implementationasargument
andconstructa new collectionof thetypeof theclasstheconstructorbelongsto. The
abovecodecanbewrittenas:
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public class ConverterTest �
public static void main(String[] args) �

List list = new ArrayList(1000000);
for(int i=0; i<1000000; i++) �

Object dummy = new ConverterTest();
list.add(dummy);�

long startTime = System.currentTimeMillis();
Set set = new HashSet(list);
long stopTime = System.currentTimeMillis();
System.out.println(stopTime - startTime);�

�

Both approachestake around14571millisecondsto perform. However, by using
the constructorapproach,we make the codemore readableas it is obvious we are
building a setfrom a list. Anotheradvantageof this approachis thatconversionscan
bedoneon thefly, without introducinglocal variables:

doSomething(new HashSet(list));

A similar pattern,Duplicate Removing Set is usedby Kent Beck [2] to convert
betweencollectionsto setsfor the solepurposeto remove duplicateobjectsfrom the
original collection.

1.7 Patterns in Action

The following classesimplementa simplecontactmanager. To compileandrun the
examples,execute:

javac Contact.java ContactManager.java
java ContactManager

c� ategories:Map

ContactManager
c� ontacts:Set

f
	
irstName:String
l



astName:String
p� honeNumber:String

Contact

Figure1.5: Contactmanagerapplication.

1.7.1 ClassContact

ClassContactmodelsacontact.Contactobjectskeeptrackof thefirstandlastnames
of thecontactpeople,andtheir phonenumbers:
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package collections.example;

import java.lang.*;

public class Contact implements Comparable �
private String firstName;
private String lastName;
private String phoneNumber;

private Contact() �
// do nothing�

public Contact(String firstName, String lastName, String phoneNumber) �
this.firstName = firstName;
this.lastName = lastName;
this.phoneNumber = phoneNumber;�

public String getFirstName() �
return firstName;�

public String getLastName() �
return lastName;�

public String getPhoneNumber() �
return phoneNumber;�

public void setFirstName(String firstName) �
this.firstName = firstName;�

public void setLastName(String lastName) �
this.lastName = lastName;�

public void setPhoneNumber(String phoneNumber) �
this.phoneNumber = phoneNumber;�

public String toString() �
return(lastName + ", " + firstName + "..." + phoneNumber);�

�

1.7.2 ClassContactManager

A ContactManager keepstrack of a collectionof contactsorganizedin different
categories,for example,contactsaregroupedby the businesstype they run. Oneof
the requirementsis to disallow duplicatecontacts,so we choseto usethe Set pattern
to representcontacts.The categoriessimply label subsetsof the contactscollection,
sowe choseMap to associatenamesto collectionsof contacts.Additionally, we used
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Sorter to sortthecontactsalphabeticallybeforelisting themon theconsole:

package collections.example;

import java.io.*;
import java.lang.*;
import java.util.*;

public class ContactManager �
private Set contacts;
private Map categories;

public ContactManager() �
contacts = new HashSet();
categories = new HashMap();�

public ContactManager(int contactsCapacity, int categoriesCapacity) �
contacts = new HashSet(contactsCapacity);
categories = new HashMap(categoriesCapacity);�

public void addCategory(String category) �
if(categories.containsKey(category)) return;
categories.put(category, new ArrayList());�

public void addContact(Contact contact) �
contacts.add(contact);�

public boolean addContact(Contact contact, String category) �
addContact(contact);
List contactList = (List)categories.get(category);
if(contactList == null) return false;
return contactList.add(contact);�

public Iterator getCategories() �
return categories.keySet().iterator();�

public Iterator getContacts() �
return contacts.iterator();�

public String toString() �
// sort
List list = Arrays.asList(contacts.toArray());
Collections.sort(list, new Comparator() �

public int compare(Object object1, Object object2) �
int result;
Contact contact1 = (Contact)object1;
Contact contact2 = (Contact)object2;

result = contact1.getLastName().compareTo(contact2.getLastName());
if(result != 0) return result;
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result = contact1.getFirstName().compareTo(contact2.getFirstName());
if(result != 0) return result;

result = contact1.getPhoneNumber().compareTo(contact2.getPhoneNumber());
return result;�

�
);

// print
StringWriter result = new StringWriter();
PrintWriter writer = new PrintWriter(result);
Iterator iterator = list.iterator();
while(iterator.hasNext()) �

Contact contact = (Contact)iterator.next();
writer.println(contact);�

return result.toString();�

public static void main(String[] args) �
ContactManager manager = new ContactManager();
manager.addContact(new Contact("Elvis", "Presley", "342-4535"));
manager.addContact(new Contact("Tom", "Jones", "345-4542"));
manager.addContact(new Contact("Jimmy", "Dean", "374-2398"));
System.out.println(manager);�

�
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