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CHAPTER 1

Collections

Collectionsplay animportantrole in applicationdevel-
opmentby providing reusabledatastructuresto storesimilar elementsand behaior
to store,retrieve, andmanipulatetheseelements However, programmerstill have to
decidewhichtypeof collectionto usefor thejob athandand,in somesituationswhich
collectionimplementation.In this chapterwe introducepatternsto help selectingthe
right collectionfor a givendesignproblem.

1.1 Intr oduction

Collectionsareobjectswhich keeptrack of groupsof relatedobjects.The Java Collec-
tionsFrameavork definesa seriesof classesvhich canbeusedto storearbitraryobjects.
For example,anarraycanbe usedto storea fixed sequencef objects,a Vect or can
beusedto storeavariablesequencef objectsandaHasht abl e canbeusedto store
akeyedsequencef objects.Theseclassegprovide protocolto:

e additemsto thecollection.
e removeitemsfrom thecollection.
e accesstemsin thecollection.

iterateovertheitemsin the collection.

sorttheitemsin thecollection.

e searchfor anitemin thecollection.

By providing all this functionality, the collectionsframework allows programmers
to concentrateon the applicationthey areimplementing,as opposedo how datais
actuallystored. Ideally, a well designedbjectcanchangehow it representsts data
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6 Chapter 1 e Collections

internally just by changingthe type of collection used,without affecting the clients
of that object. This increasesoding speed,quality, and reusesincethe collections
framework provideswell-testedcollectionimplementations.

The Java CollectionsFrameavork compriseghreeentities. First, therearethein-
terfaces,which provide a contractbetweenthe collection clients and the collection
implementationsthen the actual collection implementationsand finally, a seriesof
algorithmswhich helpwith sortingandsearching.

However, while the Java CollectionsFramevork providesa lot of functionality,
therestill remainsthe problemof choosingthe right collection for the job at hand.
Givenaparticularimplementatiorproblem,onemustdecidewhich collectionto choose
in orderto satisfytherequirement®f thatparticularjob, whetherthe collectionsareto
increaseccessingpeedminimizestoragespaceor both. In thischapteywe introduce
acoupleof patternghatattemptto make your decisioneasier

1.1.1 Pattern Summary

Table 1.1 summarizeshe problemsaddressetby the patternsin our patternlanguage
andtheir solutions. We describelist, Fixed List, Set, and Map as specialization®f

the structuralpatternCollection, followed by the Constructor creationalpattern,and
endingwith lterator, Sorter, andConverter asbehaioral patterns.

| Pattern | Problem | Solution |

Collection | How doyourepresena Useacollectionobject.
one-to-maw relationship? Ideally, the collectionshould
beanimplementatiorof
eitherCol | ect i on or
Map interfacespr oneof
their subclasses.

List | How doyourepresenan Useavariable-array
indexedsequencef an implementatiorof theLi st
unknavn numberof interface.
possiblyduplicated
elements?

Fixed List | How doyourepresenan Useafixed-array
indexedsequencef a implementatiorof theLi st

known numberof possibly interface.
duplicatedelements?
Set | How doyourepresena Useanimplementatiorof
non-indexedsequencef an | theSet interface.
unknowvn numberof unique
elements?
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Introduction 7

| Pattern | Problem | Solution |
Map | How doyourepresenta Useanimplementatiorof
non-indxedsequencef an | theMap interface.
unknavn numberof
elementghatneedto be
accessetly somearbitrary
key?
Constructor | How doyou constructa Constructhecollectionwith
collectionwhenyou know theinitial capacitythe
approximatelyhow mary numberof elements/ou
elementst will hold? think it will storeduringits
lifetime.
Iterator | How doyou enumerat¢he Usetheiteratorobject

elementof acollection? returnedby the

i terator() method.
Sorter | How doyou sortthe Use

elementof acollection? Col I ections.sort()
tosortali st view of your
collection.Provide the sort
criteriain animplementation
of theConpar at or
interface.

Converter | How doyou corvertfrom Usethetargetcollection
onecollectiontypeto constructomwith theoriginal
another? collectionasargument.

Tablel.1: PatternProblemsandSolutions.

Therestof thechaptelis structuredasfollows:

e In Sectionl.2we describehow one-to-man relationshipsetweerntwo objects
canberepresentetly usingimplementationsf theCol | ect i on interfacepro-
videdthe Java CollectionFrameavork. We describethe List, Fixed List, Set, and
Map minipatterndn Sectionsl.2.1,1.2.2,1.2.3,and1.2.4.

e |n Sectionl.3 we describeConstructor canbe usedto createandinitialize col-
lectionswhenthe numberof elementsanbe estimatedn advance.

e In Sectionl.4 we describehow lterator canbe usedto traversecollectionsone
elementatatime.

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

e In Sectionl.6 we describehow Converter canbe usedto convert betweencol-
lectiontypes.
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8 Chapter 1 e Collections

1.2 Collection

An instanceof a classyou areimplementingis relatedto a numberof otherobjectsin
the system. This one-to-mag relationshipis importantandyou decideto captureit
in code. The decisionis basedon the factthatthe behaior of your objectmay also
involve the relatedobjects,for example,a drawing objectshouldbe ableto accessll
its constituentfiguressuchthat, whenupdatingthe display it cantell eachfigure to
updateits own region of the display

How do you representa one-to-manyrelationship?

One solutionthat comesto mind is to have all objectson the many side of the
relationshipreferencehe objecton the one side. For the drawving examplementioned
above, eachfigure objecthasto storethe drawing it belongsto in aninstancevariable.
Classedr awi ng andFi gur e haveto beimplementedasfollows:

public class Drawing {

L

public class Figure {
private Draw ng draw ng;

L

Thisapproachdoesnt quitework becausewhile eachfigure knowsto which draw-
ing it belongsto, the drawing hasno accesgo its figuresandtherefore cannotinvoke
their display updatemethod. We cansolve this problemby having the objecton the
one side of the relationship,the drawing, referenceall objectson the many side, the
figures.Onepossibleway to achiese thisis to changeheimplementatiorsuchthatthe
drawing referenceshefirst figure,which referenceshe next figurein therelationship,
andsoon. Thesourcefor Dr awi ng andFi gur e is asfollows:

public class Drawi ng {
private Figure figure;

)

public class Figure {
private Figure next;

L

Sonow thedrawing canaccessts figuresby traversingalinkedlist of figures,until
the accessomethodfor the next instancevariableof somefigure returnsni | indi-
catingthatthe endof thefigureslist hasbeenreached Otherpossiblemplementations
exist. For example,we canreplacethe linked list structurewith a more efficient list
datastructure possiblya doubly-linkedlist [4], soDr awi ng andFi gur e will look
asfollows:
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Collection 9

public class Drawing {
private Figure figure;

.

public class Figure {
private Figure next, previous;

}
Alternatively, insteadof alist, we canuseanarrayof figures:

public class Drawi ng {
private Figure[] figures;

.

public class Figure {
}

Sincearraysareprimitive Java types,they canbefasterthanotherdatastructures.
However, this speedcomesat a costin flexibility becausearrayscanonly hold afixed
numberof objectswhich hasto be specifiedat creationtime. A betterapproachis to
usespecially-preidedcollections,suchasVect or andHasht abl e, providedin the
j ava. uti | packageBoth collectionsstoretheirelementsn aninternalarraywhich
they grow to accomodatenoreelementsvhenneeded.ThenDr awi ng andFi gur e
canberepresentedsfollows:

public class Drawi ng {
private Vector figures;

.

public class Figure {
}

Canwe do betterthanthis? By settingthetypeof f i gur es to Vect or we make
Dr awi ng dependenbn theimplementatiorof the Vect or class.Shouldwe decide
laterto changef i gur es to a Hasht abl e, we would actually have to modify the
sourcecodeto changethe types. While this seemsa minor issueat first, considerthat
you may have to changethe argumentandreturntypesof all the methodghatdirectly
handletheinstancevariablef i gur es.

Assumingwe hadcontrol over the implementatiorof the classesn j ava. uti |
packagepnesolutionwould beto actuallysubclass/ect or andHasht abl e from
acommonabstracttlass,andmake thetype of f i gur es betheabstracttlass. Then
fi gur es canholdeitheraVect or orHasht abl e instance Uponcloseinspection
however, we realizethat other collectionsmay alreadybein a hierarchyof their own
and,sinceJaradoesnotsupporimultipleinheritanceit is probablynotfeasibleto force
aclassrelationshipbetweenrall collections.
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10 Chapter 1 e Collections

Alternatively, we canusethe Java interfacemechanisminterfacesarenamedsets
of methodsdefinitions. Regular classesan supportdifferentinterfacesby providing
actualimplementationgor themethodgefinedby therespectieinterfaces Moreover,
interfacescanbe usedastypes,for example,they canbeusedin variabledeclarations,
or asmethodargumentandreturntypes. Therefore for our implementationwe can
havebothVect or andHasht abl e implementsomecollectioninterface,anddeclare
fi gur es to beof thatinterfacetype.

Ononehand,we have the needfor performancend,onthe otherhandwe have the
needto encapsulatedataandbehaior in orderto minimize codeandmaximizereuse,
without having to refactorthe existing sourcecodetoo much. Therefore,in orderto
represend one-to-map relationship:

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

In the one-to-maw relationshipyou aretrying to capture,the one partis thein-
stanceof the classyou areimplementingwhich hasan instancevariableholding the
many partor therelationshipjn this casea collection. Considerfor example thecase
of thedrawing andits figures,which cannow beimplementedasfollows:

public class Drawing {
private Collection figures;

L

public class Figure {

L

The fi gur es instancevariableis now of type Col | ect i on, aninterfacede-
claredinj ava. uti | thatspecifieanethoddefinitionsto dealwith adding,removing,
andtraversingthe collectionelements.The advantageof usingCol | ect i on is that
thef i gur es objectimplementatiorcanbevariedto suitdifferentneedsfor example,
shouldthe numberof figuresbe small,a memoryimplementatiorcanbe used,should
thenumberof figuresincreasea database-collectiocanbeused.

By expressingthe one-to-mam relationshipas an implementationof one of the
Col | ecti on or Map interfacesyou achieve the maximumflexibility possible First,
you minimize the codeby usingthe well definedinterfaceprotocolandsecond,you
maximizecodereuseby usinganalreadyimplementectollection.

TheCol | ect i on interfaceisthemostbasiccollectioninterfaceintroducecdoy the
Java CollectionsFramavork. It providesprotocolto addandremove elementsvithout
ary assumptioraboutwhetherthe collectionis indexed,orderedor whetherit allows
duplicates:

public interface Collection {
bool ean add( Cbj ect object);
bool ean addAl | (Col | ection collection);
bool ean renove( Obj ect object);
bool ean renoveAl |l (Col | ection collection);
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.

In contrasto theCol | ect i on interface whichmakesno assumptionabouthow
theelementsarerepresentedhe Map interfaceassumeshatthe elementsaremapped
to someotherobjects:

public interface Map {
bj ect put (Obj ect key, hject value);
oj ect renmove(hj ect key);

-

Java Collection Framavork specifiesprotocolfor the basiccollection datatypes
shavn in Figure 1.1, andprovidesconcreteémplementation®f theseinterfacesin hi-
erarchiegootedat Abst r act Col | ecti on andAbst r act Map classesAddition-
ally, it providesa seriesof algorithmsthat performuseful computationslik e sorting
andsearchingpn the provided collectionimplementation®r on ary othercollection
implementingthe giveninterfaces.Theimplementationprovide reusable data struc-
tures andthe algorithmsprovide reusable behavior.

<<interface>> <<interface>>
Collection Map
<<interface>> <<interface>> <<interface>>
Set List SortedMap
<<interface>>
SortedSet

Figurel.1: Collectionframework interfaces.

Giventhecollectioninterfacesandtheirimplementationghequestiorariseswhich
interfacedo you chooseand, for thatinterface,which implementation?The minipat-
ternspresentedn the next sectionsattemptto answetthefirst questionwhile the sec-
ondquestionis answeredaterin the chapter

Also known asCollection, not to be confusedwith the Java Col | ect i on inter-
face this patternhasbeeninitially developedby Beck[2] for the Smalltalkcollections
framawork, andhaslaterbeenmappedunderthe samenameto Java by Langr[5].

1.2.1 List

You arein apositionto usethe Collection patternto representa one-to-man relation-
shipbetweerinstance®f theclassyou areimplementingandsomeotherobjectsin the
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12 Chapter 1 e Collections

system.Instance®f your classwill referencea variablenumberof objectsandsome
of theseobjectsparticipatemorethanoncein therelationship.In theimplementation,
youwill identify the objectsby their positionin therelationship.

How do you representan indexed sequenceof an unknown number of
possiblyduplicated elements?

At first glance,you canuseplain arraysbecausehey provide indexed accesgo
elementsHowever, you do not know how mary elementgherewill besoyou have to
provide codeto managehe arraysizeaselementgyetaddedor removed. Goingback
to thedrawing example,classDr awi ng canbedefinedas:

public class Drawi ng extends Cbject {
private Figure[] figures;
private int figuresCount;

.

We implementthe drawing as an array of figures,representedby thef i gur es
instancevariable,initialized to somearbitrary-sizecarray The otherinstancevariable,
fi gur esCount storeshow mary figuresthe drawing currentlyhas. It is initialized
to zerosincethe drawing containszerofiguresinitially. We implementthe methods
get () andset () to provide indexedaccesso thefigures. The methodsdo nothing
but checkfor avalid index andaccesghefiguresarrayat thatindex:

public Figure get(int index) {

if(index < 0 || index > figures.|ength)

throw new j ava. | ang. Runti neException("i ndex out of bounds");
return figures[index];

}
public Figure set(int index, Figure figure) {
if(index < 0 || index > figures.|ength)
throw new j ava. | ang. Runti neException("i ndex out of bounds");
Fi gure previous = figures[index];
figures[index] = figure;
return previous;
}

In additionto indexed accesswe mustprovide methodsthat managethe figures
arraysize. Theadd() methodtakescareof addinga new figure to the drawing and,
whenthe arrayfills, it allocatesalargerarrayandcopiesthe existentfiguresover:

public bool ean add(Figure figure) {
if(figures.length == figuresCount) {
Fi gure[] newFigures = new Figure[figures.length * 3/ 2];
for(int i=0; i<figures.length; i++) {
newri gures[i] = figures[i];

figures = newri gures;
figures[figuresCount] = figure;

figuresCount = figuresCount + 1;
return true;
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In asimilarway, ther enrove() methodremovesthegivenfigurefromthedrawing
andtakescareto left-shift by oneall thefiguresto theright of theindex of theremoved
figure:

public bool ean rempve(Figure figure) {
int i =0;
for(; i<figuresCount; i++) {
Figure current = (Figure)figures[i];
if(current.equal s(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 add andremove
figuresimplementadditionalbehavior to grow the figuresarray asneeded.This be-
havior shouldbeimplementedseparatelyeitherin privatemethodsn a superclassr
in atotally differentclassthatcanbereusedn otherpartsof the system.Secondthe
useof arraysimposesa strongcouplingbetweerDr awi ng andthef i gur es array
For example,becausarraysdo notimplementary of theCol | ect i on or Map inter
facesshouldyou decidelaterto represenfiguresasa linkedlist, you have to change
bothadd() andr enpve() , andfor thatmatterall methodsreferencing i gur es,
to work with linkedlist protocol.

So you needto balancethe needto implementa collection that allows indexed
accesgo anunknonvn numberof possiblyduplicatedelementswith the needto reuse
somedefaultimplementationEvenif you decideto implementyour own collection,in
orderto maximizereuseyou shouldprovide animplementatiorof theLi st interface.

Usea variable-array implementation of the Li st interface.

Becauseasshown in Figure 1.1, Li st is a subclasof Col | ecti on, imple-
mentorsmustprovide all Col | ect i on protocolplusLi st -specificmethods.These
methodsprovide indexedelementaccess:

e (bj ect get (int index).Thismethodreturngheelementatthespecified
index in therecever.

e (bject set(int index, Object elenent). This methodsetsthe
elementat the specifiedindex in the recever to the specifiedelementandre-
turnstheelemenpreviously storedatthatindex ornul | if therewasnoelement
present.

e void add(int index, Object el enment). Thismethodsetstheele-
mentatthespecifiedndex in thereceverto the specifiedelement. Additionally,
it shiftsexisting elementgo theright of the specifiedndex.
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14 Chapter 1 e Collections

e (bj ect renove(int index). This methodremoresthe elementa the
specifiedpositionandreturnsit. Additionally, it shifts existing elementgo the
left of the specifiedndex.

abstract classes

AbstractCollection

]

AbstractList

iy

AbstractSequentialList ArrayList Vector

LinkedList Stack

Figurel.2:Li st interfaceimplementors.

Implementoroftheli st interfacegrow to accomodatasmary elementaspos-
sible. Jara CollectionsFramevork providesseveralimplementation®rganizedn the
hierarchyshovn in Figure1.2. They are:

AbstractList providesa skeletonimplementatiorof the Li st interfacewhich uses
an underlyingrandom-accesdata structureto storeits elements. This basic
implementationis intendedto be subclassedvith specializedmplementations
for therestof theLi st protocol.

AbstractSequentialList doesntimplementhelLi st interfacebutit supportsts pro-
tocolbecausét subclasseAbst r act Li st . It providesabasicimplementation
intendedfor sequential-accesghich canbe extendedn subclasses.

Link edList implementsall optionalLi st operationsusingabackinglinked-listdata
structureIn additiontotheLi st protocol,it providesstandardinked-listmeth-
odsto accessadd,andremove the headandtail of thelist.

ArrayList implementsall optionalLi st operationsisinga backingarraydatastruc-
turewhosesizeis increasedlynamically asmoreelementsaareadded.

Vector is conceptuallyequivalentwith Arr ayLi st andis only provided for back-
ward compatibilityto thecollectionsprovidedbeforeJava 2.

Stack doesnt actuallyprovide animplementatiorfor theLi st interfacebut, because
it subclasseffom Vect or it supportghelLi st protocol. Additionally, it pro-
videsthetraditionalstackmethodsfor pushing,popping,peeking,andchecking
whetherthe stackis empty
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By usingoneof thesecollectionto storethefiguresinsidea draving object,we can
rewrite the above exampleasfollows:

public class Drawi ng extends Cbject {
private List figures;

public Drawi ng() {
figures = new ArrayList();

}

public Draw ng(int nmaxFigures) {
figures = new Arrayli st (maxFi gures);

}

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

}

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

}

public bool ean add(Figure figure) {
return figures.add(figure);

}

public bool ean rempve(Figure figure) {
return figures.renove(figure);

}
}

Written this way, the drawing implementationooks muchsimplet Thisis because
themethodssimply delegatetheirbehavior. Bothget () andset () methodslelegate
to the correspondingnethodsprovidedby Li st . The samegoesfor theadd() and
renove() methods.Additionally, sincenow thef i gur es is of typelLi st wecan
useary implementatiorof theLi st interface,in thiscaseanAr r ayLi st , andkeep
drawing methodsunchanged.

This patternis alsoknown asOrderedCollection [2] andasList or LinkedList [5].

1.2.2 Fixed List

You arein apositionto usethe Collection patternto represent one-to-mawy relation-
shipbetweerinstance®f theclassyou areimplementingandsomeotherobjectsin the
system However, yourealizethatinstance®f your classwill alwaysreferenceatmost
acertainnumberof objectsandsomeof theseobjectsparticipatemorethanoncein the
relationship.In the implementationyou will identify the objectsby their positionin
therelationship.

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

Right away, you realizeyou canusearraysbecausehey provide indexedaccesso
elementandhave fixed size. However, on secondhought,arraysare oneof the Jasa
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16 Chapter 1 e Collections

built-in primitivesanddo not adhereto the collectioninterfacespromotedby the Jasa
CollectionsFramavork. Of courseyou canusethe Converter patternto getacollection
type you needbut that shouldbe the lastresort. Objectssimilar to the arraydatatype
exist:

e First,clasg ava. uti |l . Arrays containamethod4o manipulatearrays.There
aremethoddo corvertthearraytoali st , sort,searchfill, andtestfor equality

e Secondclassj ava. sql . Array is the mappingof the SQL type ARRAY to
Java.

e Third, clasg ava. | ang. r ef | ect . Arr ay which providesstaticmethodgo
dynamicallycreateandaccesslava arrays. This behaior is usedto accesghe
fieldsandmethodsof Java objectsandclasses.

You cancorvertthearrayto aLi st instanceusingthefirst approachpr evenuse
oneof theLi st implementationglirectly, but the resultinglist doesnot have a fixed
size.Youprobablyshouldnotusedtheothertwo approachesither asj ava. sqgl . Arr ay
andj ava. | ang. refl ect. Array are meantto be usedin the context of SQL
queriesand object reflectionand may be subjectto protocol changesn the future.
The solutionseemdo rely on a userimplementationyou eitherhave to implementa
new collectionor subclassAr r ayLi st or Li nkedLi st andoverridethe appropri-
atemethods.Thefollowing implementsa new collection,Fi xedLi st , asasubclass
of Abstract Li st :

public class FixedList extends AbstractList {
private Object[] elenents;
private int el enentCount;

public FixedList() {
el enents = new bj ect[10];
el enent Count = 0;

}

public FixedList(int maxEl ements) {
el enents = new Obj ect [ maxEl enent s] ;
el ement Count = 0;

}

public int size() {
return el ements. | ength;
}

public Qbject[] toArray() {
return (Object[])el enents.clone();

}

public Object get(int index) {
if(index < 0 || index > el ements.|ength)
throw new j ava. | ang. Runti neException("i ndex out of bounds");
return el enments[index];

}
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public Object set(int index, Object elenment) {
if(index < 0 || index > el ements.|ength)
throw new j ava. | ang. Runti neExcepti on("i ndex out of bounds");
oj ect previous = el enents[index];
el enment s[ i ndex] el enent ;
return previous;

}

public bool ean add(Cbject elenent) {
if(elenments.|length == el enment Count)
return fal se;
el enent s[ el enent Count] = el enent;
el enent Count = el enent Count + 1;
return true;

}

public bool ean rempve(Cbject elenent) {
int i =0;
for(; i<elementCount; i++) {
oj ect current = elenents[i];
if(current.equal s(el enent)) break;

if(elenentCount == i) return fal se;
for(; i<elementCount-1; i++) {
elenents[i] = elements[i+1];

el enent s[ el enent Count-1] = nul|;
el ement Count = el enent Count - 1;
return true;

}
}

The bulk of the codeis identicalto thefirst approachwe took for the List pattern.
Internally; the fixed list storesits elementdn an arrayandusesa countto keeptrack
of how mary elementsareadded.Theget () andset () methodsprovide indexed
accesdo the elementsarray and methodsadd() andr enove() addandremove
elementgo andfrom the elementsarray In contrastto the approachwe took for the
List pattern,theadd() methoddoesnot grow the elementsarray whenit becomes
full.

The other solutionwould be to subclassFi xedLi st from eitherArraylLi st
or Li nkedLi st andonly overridetheadd() methodto behae asabove. By sub-
classingfrom Ar r ayLi st you becomedependenbn its implementatiorwhich may
change.The sameappliesto Li nkedLi st alongwith the factthatlinked lists use
Ent r y objectsto wrapeachelement.Therefore:

Usea fixed-array implementation of the Li st interface.

You canprovide your own implementatiorof a fixed-arrayLi st asabove or you
canusethe onethat Java provides. Theimplementatiorprovided by Java canbe used
asfollows:

/1 ...inside class Arrays
public static List asList(Cbject[] a) {
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18 Chapter 1 e Collections

return new Arraylist(a);

}

So, to createa fixed-arraylList, onehasto invoke Ar r ays. asLi st (new Qb-
ject[size]) wheresi ze is the size of the primitive array object usedby the
implementation. This methodactually returnsan Ar r ayLi st object, where Ar -
raylLi st is aninnerclassprivateto the Ar r ays class,notto be confusedwith the
Abstract Li st subclasdy the samenamewhich usesa variable-arraymplemen-
tation.

/'l Arrays

private static class Arrayli st

extends AbstractlLi st

i mpl ements java.io.Serializable {
private Object[] a;

ArrayList(Qoject[] array) {
a = array,;

}

public int size() {
return a.length;

}

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

}

public Object get(int index) {
return af[index];

}

public Object set(int index, Cbject elenent) {
bj ect ol dval ue = a[index];
a[index] = elenent;
return ol dval ue;

}
}

Besidesthe unfortunatenamecollision, you have to decidewhich implementa-
tion to use,asthe default doesnot provide add() andr enove() which resultsin
Unsuppor t edOper at i onExcept i on beingtriggeredevery time thesetwo are
invoked.

This patternis alsoknown asArray [5].

1.2.3 Set

You arein apositionto usethe Collection patternto represent one-to-map relation-
shipbetweerinstance®f theclassyou areimplementingandsomeotherobjectsin the
system.Instancef your classwill referencea variablenumberof objectswhich do
not participatemorethanoncein therelationship.Also, the orderof the objectsin the
relationshipis notimportant,for example,you will notreferenceary of the objectsby
index.
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How do you representa non-indexedsequenceof an unknown number
of unique elements?

Asin theList patternthefirst datastructurehatcomeso mindis arrays.However,
arraysdo not really matchthe requirementbecausef two problems.First, they are
indexed datastructuresand second,they do allow for duplicateelements. You can
still usethembut you have to provide behavior to remove duplicateelementsgrow the
arrayasneededandusetheConverter patternto provideaJava CollectionsFrameavork
interfaceto clients.

St ack is too specializedor the givenrequirementso you may chooseVect or
for synchronizedaccesdo its elementsor betweenLi nkedLi st andArrayLi st
basedn therelative benefitsof usinga backinglist or arrayimplementatiorandnon-
synchronizedaccesdo storedelements.In all caseshowever, you have to deal with
indexed accessand have to write additionalbehaior to remove duplicateelements.
Theonly advantageoverarraysis thatall theseclasseprovide theadequaténterfaces.

To solve theseproblems,the Java CollectionsFramavork provides the required
accesgprotocolin theSet interface.Therefore:

Usean implementation of the Set interface.

abstract classes

AbstractCollection

]

AbstractSet

%

HashSet TreeSet

Figurel1.3: Set interfaceimplementors.

TheSet interface,asshovnin Figurel.lis asubclas®f Col | ect i on. In addi-
tionto Col | ect i on protocol,Set placesadditionalconstrainton the constructors
to createsetobjectswithout duplicateelementsandaddsthe following methods:

e bool ean add( Obj ect el enent) . Thismethodaddsthegivenelemento
thereceverit is notalreadypresent.

e bool ean addAl | (Col | ecti on el ements). This methodaddsall ele-
mentsin thegivencollectionto thereceverif they arenotalreadypresent.

e bool ean equal s(oj ect set). This methodreturnsa booleanindicat-
ing whetherthe recever and the given setare equal. In contrastto the other
interfacesjmplementorf Set mustfirst checkwhetherthereceverandgiven
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sethave the samesize andthenwhethereachelementin the recever is present
in the givenset(or equivalently, every elementin the givensetshouldbein the
recever).

This requiremenfor Set implementorsnakesimpossiblefor objectsto imple-
mentbothLi st andSet interfaces.

e i nt hashCode() This methodcomputesandreturnsthe hashvalue of the
recever. Thehashvaluemustbe computedasthe sumof all the elementshash
valueswherethe hashvalueof nul | is definedto bezero.

This requiremenfor Set implementorsnakesimpossiblefor objectsto imple-
mentbothLi st andSet interfaces.

Java CollectionsFramevork provides severalimplementationdor the Set inter-
face,asshowvnin Figurel1.3. They are:

AbstractSet providesaskeletonimplementationsf theSet interface.Thisbasicim-
plementationis designedo besubclassetly morespecializedmplementations.

HashSet implementsthe Set interfaceusingan underlyinghash-tablémplementa-
tion. This implementatiordoesnot provide any guarantee$or the orderof the
elementsn theset.

TreeSetdoesntimplementtheSet interfacedirectly but it providestheSet protocol
by subclassindrom classAbst r act Set . Thisimplementatiorprovidesguar
anteeson how the elementsare sorted,ascendingorderby default or the order
specifiedby a Conpar at or implementatiorprovidedin the constructor

1.2.4 Map

You arein apositionto usethe Collection patternto represent one-to-map relation-
ship betweeninstanceof the classyou areimplementingand someother objectsin
the system.Instancef your classwill referencea variablenumberof objectswhich
may participatemorethanoncein the relationship. Additionally, you needto access
the elementsn the collectionby someobject. Also, the order of the objectsin the
relationshipis notimportant,for example,you will notreferenceary of the objectsby
index.

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

At first glanceyou canusetwo arrays,onefor the keys andthe otheronefor the
values.Giventhekey object,you canfind the elementit is mappedo by first finding
theindex of the key in the keys arrayandreturningthe objectat thatindex from the
valuesarray This approactposeghe sameproblemsoutlinedin the previouspatterns.
First, we have to provide behavior to remove duplicatekeys andtheir corresponding
values.Secondasarraysarefixedsize,we needto provide behaior to resizethemas
moreelementgietadded.Third, arraysdo not provide collectioninterfaces.

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



Collection 21

Sincearraysdo not provide standardcollectioninterfaces,we cantry the above
approachwith Li st implementations.However, we still have to provide additional
behavior to remove duplicatekeys andtheir values.

Theonly datastructureghatdo not provide ary orderontheir elementsandgrow
asmore elementsare added,areimplementorsof the Set interface. At first glance
we cansolve all above problemsusingsets.We cannotusetwo sets,onefor keys and
onefor values becauseetsarenot orderedandcannotidentify their elementsdy their
index. Theonly approachwe canuseto provideapair objectthatassociatethekey and
valueandcomputeghe hashvaluebasedon the key andvaluehashvalues.However,
thislookslik e extrawork, we still haveto provide extrabehaior to wrapkeys andtheir
valuesinto pairsandto addthe pairsto the set.

To solve theseproblems,the Java CollectionsFrameavork providesthe required
accesprotocolin theMap interface. Therefore:

Usean implementation of the Map interface.

abstract classes

AbstractMap Hashtable

HashMap TreeMap WeakHashMap

Figurel.4: Map interfaceimplementors.

Becauseasshown in Figurel.1, Map is asubclasof Col | ect i on, implemen-
torsmustprovideall Col | ecti on

e (bj ect get (Object key).Thismethodreturnshevaluefor thespecified
key.

e (bj ect put (Object key, Object val ue). This methodassociates
thespecifiedvaluewith thespecifieckey. It returnsthevaluethatwaspreviously
associateavith thekey or nul | if therewasnone.

e (bj ect renpve(bj ect key). This methodremovesthe value associ-
atedwith the specifiedkey. It returnsthe valuethatwas previously associated
with thekey or nul | if therewasnone.

Additionally, Map providesprotocolfor views onthe underlyingimplementation:

e Set entrySet (). This methodreturnsa setview of the mappingsin the
recever. Theelementsn thisview areinstance®f Map. Entry.
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e Set keySet (). Thismethodreturnsasetview of thekeysin therecever.

e Col | ecti on val ues() . Thismethodreturnsacollectionview of thevalues
containedn therecever.

Java Collection Framavork provides several implementationgor the Map, orga-
nizedin thehierarchyshowvn in Figurefig:mapimplementorsThey are:

AbstractMap providesa skeletonimplementationof the Map interface. This basic
implementationis designedo be subclassethy more specializedmplementa-
tions.

HashMap implementghe Map interfaceusinganunderlyinghash-tablémplementa-
tion. This implementatiordoesnot provide arny guarantee$or the orderof the
elementsn theset.

TreeMap doesnt implementthe Map interfacedirectly but it providesthe Map pro-
tocol by subclassingrom classAbst r act Map. Thisimplementatiorprovides
guarantee®n how the elementsare sorted,ascendingorder by default or the
orderspecifiedby a Conpar at or implementatiorprovidedin the constructor

WeakHashMap is conceptuallyequivalentwith HashMap andit providesweak keys.
Weakkeys imply thatthe valuewill beremovedif no otherobjectbut the map
itself referenceshekey.

Hashtable is conceptuallyequivalentwith HashMap andis only providedfor back-
ward compatibilityto the collectionsprovidedbeforeJava 2.

1.3 Constructor

You arein apositionto usethe Collection patternto represent one-to-map relation-
ship betweeninstanceof the classyou areimplementingand someother objectsin

the system. Instancesof your classwill referencea variablenumberof objectsand
you know theapproximatenumberof objectsthatwill be storedin the collection. This
numberdoesnothaveto be exact,moreor lessobjectscanbeadded.You decideto use
anarray-based@mplementationsuchasAr r ayLi st ,HashSet , or HashMap.

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

Considerthe exampleof filling anAr r ayLi st with someobjects.Thefollowing
codedoegustthatby addingonemillion durmy objectsto alist. Theoperatiorcreates
theArrayLi st instancewith the default constructormandfinishesaddingthe objects
in 3164milliseconds:

public class ListTest {
public static void main(String[] args) {
List list = new ArrayList();
long startTime, stopTine;

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



Constructor 23

startTime = SystemcurrentTimeM I 1lis();
for(int i=0; i<1000000; i++) {

bj ect dummy = new ListTest();

l'i st.add(dunmmy);

}

stopTime = SystemcurrentTineM I 1is();

Systemout. println(stopTine - startTinme);

}
}

This seemgatherexpensie. Canwe do better?We shouldfirst look attheimple-
mentatiorfor themethodadd:

public bool ean add(Cbj ect 0) {
ensureCapacity(size + 1);
el enent Dat a[ si ze++] = o0;
return true;

}

Internally; Arr ayLi st usesanarrayinstancevariable,el enent Dat a, to store
its elements.It usesanotherinstancevariable,si ze to keeptrack of the numberof
elementsn thearray A new elements alwaysinsertedatindex si ze + 1. To make
surethe array hasenoughspaceto storethe elementto be added,ensur eCapac-

i ty() isinvokedbeforethenew elements added:

public void ensureCapacity(int mnCapacity) {
nodCount ++;
int oldCapacity = el enentData.l ength;
if (mnCapacity > ol dCapacity) {
bj ect ol dData[] = el ement Dat a;
int newCapacity = (oldCapacity * 3)/2 + 1;
i f(newCapacity < minCapacity)
newCapacity = m nCapacity;
el enent Data = new (bj ect [ newCapaci ty];
System arraycopy(ol dData, O, elenentData, 0, size);

}
}

This methodchecksto seeif the currentarraylengthol dCapaci ty is smaller
thanthe minimum capacityrequired,m nCapaci t y. Shouldthis be the case,the
methodallocatesa new array of larger size and copiesthe old elementsnto it. The
newly allocatedarrayis oneandhalf timeslargerthanthe previousarrayso, if we go
backto ourexample,addingonemillion objectsto anAr r ayLi st causedts backing
arrayto be grown and copiedmary times. The default constructorfor Ar r ayLi st
initializesthe backingarrayto size10 so, the 11thelementtauseshearrayto grow to
sizel6andlaterto 25, 38,58,88,133,etc. To avoid growing thearrayandcopying its
elementsover so mary times, it would helptremendouslyf we could preallocatehe
arrayto sizeonemillion from thebeginning. Therefore:

Construct the collection with the initial capacity the number of ele-
mentsyou think it will storeduring its lifetime.
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Java documentatiorfor the collectionsframevork recommendsll collectionin-
terfaceimplementationsave two constructors.The first is the void (no aguments)
constructowhich createsan empty collectionandthe seconda constructowith an-
othercollectionasits agument,which createsa collectionwith the sameelementsas
its argument.Besidegheseconstructorsarray-basedollectionsimplementationgro-
vide athird collectionthattakesasargumentanintegerrepresentingheinitial capacity
of thecollection. Usingthis constructorfor theexampleabove, thecodebecomes:

public class ListTest {
public static void main(String[] args {
List list = new ArrayLi st (1000000);
long startTime, stopTine;

startTime = SystemcurrentTimeM I 1lis();
for(int i=0; i<1000000; i++) {
bj ect dumy = new ListTest();
l'ist.add(dummy);

stopTime = SystemcurrentTineM I 1is();
Systemout. println(stopTine - startTine);

}
}

Preallocatingthe array almosttriples the speedwith which the Arr ayLi st is
filled. Similar speedimprovementscanbe obtainedby specifyinga large initial ca-
pacitywith HashSet andHashMap. We ranthe above exampleto obtaintheresults
shaovnin Tablel.2.

| | defaultcapacity| initial capacity |

ArrayList 3215 1161
HashSet 19278 9594
HashMap 19157 9524

Tablel.2: Constructiortime in milliseconds.

In conclusionwhenyou areusinganarray-basedynamiccollectionandyou have
to adda large numberof elementsyou maywantto createthe collectionwith alarge
enoughinitial capacityin orderto prohibitthe collectionto grow its backingarraytoo
mary times.

This patternhasbeendevelopedinitially by AuerandBeckasHypoth-a-Szed Col-
lection, oneof their patterndor efficient Smalltalkprogramming1]

1.4 lterator

You arein apositionto usethe Collection patternto represent one-to-map relation-
shipbetweerinstance®f theclassyouareimplementingandsomeotherobjectsin the
system.Clientsof your objecthave to processll the objectsin the collectionandyou
needto provide themwith accesgo the referencedbjects. Processingrdermay or
may not beimportant.
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How do you enumeratethe elementsof a collection?

To enumeratéhroughthe elementsstoredinto anarray you canuseeitheraf or
orwhi | e construct.Considerthe taskof enumeratinghe elementsn anarrayusing
af or -statement:

for(int i=0; i<array.length; i++) {
bj ect elenment = array[i];
/1 perform el ement operation

}
andawhi | e-statement:

int i =0;

whi | e(i <array.length) {
oj ect elenent = array[i ++];
/1 perform el ement operation

}

This approachwill alsowork with primitive arraysandLi st implementations.
For example thefollowing codecreateanAr r ayLi st holdingonemillion dummy
objectsandenumeratethroughthemin 130milliseconds:

public class ListTest {
public static void main(String[] args) {
List list = new ArrayLi st (1000000);
for(int i=0; i<1000000; i++) {
bj ect dummy = new ListTest();
l'ist.add(dummy);

}

long startTime = SystemcurrentTimeM I lis();
for(int i=0; i<list.size(); i++) {

oj ect element = list.get(i);

/] perform el ement operation

long stopTime = SystemcurrentTimeM I lis();
Systemout. println(stopTine - startTinme);

}
}

The samecodeabove will executein 30 millisecondsfor enumeratinghroughob-
jectsstoredin a primitive array of the samesize. The differencein speeds because
all operation®onanAr r ayLi st gothroughonelevel of indirectionto operateonits
backingarray for example clientsof anAr r ayLi st callget (i nt i ndex) which
in turn accessetits backingarrayvia the[ ] operator

Thef or andwhi | e constructscanonly be usedon indexed datastructuredike
primitive arraysandLi st implementationsuchasAr r ayLi st andLi nkedLi st .
You probablyhave to corvert Set andMap objectsto arraysbeforeyou canenumer
atetheir elements.This however posesanotherproblem: the default implementation
oft oArray() in Abstract Col | ecti on createsanew arrayandcopiesthe ele-
mentsinto it:

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



26 Chapter 1 e Collections

public Qbject[] toArray() {
oj ect[] result = new oj ect[size()];
Iterator e = iterator();
for (int i=0; e.hasNext(); i++)
result[i] = e.next();
return result;

}

This methodis inheritedby most collectionimplementations.It is overridenby
ArraylLi st to performa slightly betterarray copy, andby Li nkedLi st to deal
with thelinks betweerentries.

Ratherthanhaving to dealwith all this specialcasesijt would be nice to be able
to enumeratehe elementdn a collectionpolymorphically To do this for all typesof
collections,we have to move the traversallogic insidethe collectionitself. Assuming
theclient controlsthetraversal,we canwrite the following:

public class ArrayList inplenments List {
private int i = 0;

public bool ean hasNext () {
return i != size();

}

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

}

This stratgly however, forcesusto extendcollectionswith methodsdealingwith
differentkindsof traversals.A muchbetterway is to encapsulatéhe behaior of each
traversalinto an Iterator [3] andhave the collectionsreturnsuchobjectsvia Factory
Methods [3]. Therefore:

Enumerate the elementsof a collection using the iterator object re-
turnedby thei t er at or () method.

The Java Collections Frameavork implementsiteratorsvia Enuner at i on and
I t erat or interfaces. Iteratorsoffer the samefunctionality with more appropriate
methodnamesand, additionally, permit clientsto remove elementsfrom the under
lying collectionduring the iteration. The two interfacesare so similar that, in fact,
Col | ecti ons. enurer at i on() returnsanenumeratiowrapperfor aniterator:

public static Enumeration enuneration(final Collection c) {
return new Enureration() {
Iterator i = c.iterator();

publ i c bool ean hasMreEl enents() {
return i.hasNext();
}

public Cbject nextElement() {
return i.next();
}

h
}
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We canrewrite the examplementionedabove to useaniteratorasfollows:

public class ListTest {
public static void main(String[] args) {
List list = new ArrayLi st (1000000);
for(int i=0; i<1000000; i++) {
bj ect dummy = new ListTest();
l'i st.add(dunmmy);

}

Iterator iterator = list.iterator();
long startTime = SystemcurrentTimeMIlis();
whi | e(enum hasNext ()) {

oj ect element = iterator.next();

/'l perform el ement operation

long stopTime = SystemcurrentTimeM I 1is();
Systemout. println(stopTine - startTinme);

}
}

In additionto the regulariteratorinterface,Li st implementoramustprovide an
additionaliterator, calledalLi st | t er at or . Thisiteratoris clientsto insertor replace
elementsasthey traversea list object. Additionally, clientscantraverselist objectsin
reverse,whithout having to reversethe list themseles. Also, list iteratorscan start
iteratingatany givenindex in alist object.

We'veseeriteratorsvork with Col | ect i on implementationsWhataboutmaps?
It turnsoutwe haveto traversemapsabit differently. We cantraversea mapasa setof
keys, collectionof values or setof key-valuemappings.Theorderof a mapis defined
astheorderin which theiteratorson the map’s collectionviews returntheir elements.
Somemapimplementationslik e the Tr eeMap class,malke specificguaranteeasto
their order;others/ike the HashMap class,do not.

1.5 Sorter

You have usedthe Collection patternto representi one-to-map relationship.Clients
of your objecthave to procesghe objectsin the collectionin a certainorderandyou
needto eithersortthe collectiondirectly 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,assuminghatyou wantto sortthefiguresin adrawing by in
increasingorderof their name,you canprovideasort () in thedrawing classto do
justthat:

public class Drawing {
private List figures = new ArraylList();
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private void sort() {
/] sort figures here

}

public Iterator iterator() {
sort();
return figures.iterator();

}
}

Thesort () methodsortsthef i gur es collectionin placejustbeforeaniterator
is returnedonit. Thedisadwantageof thisapproachs thatyouhaveto provideasorting
methodin every classthatneedgo sortits internalcollections.

Alternatively, you canprovide a specialimplementatiorof thel t er at or inter
face. This new implementatiorsortsa copy of thefigurescollectionandtheniterates
overit. Thecodebecomes:

public class Figurelterator inplements Iterator {
private lterator iterator;
public Figurelterator(List figures) {
iterator = sort(figures).iterator();

}

private List sort(List figures) {
/1 sort figures here

public bool ean hasNext () {
return iterator. hasNext();

public Ooject next() {
return iterator.next();

public void remove() {
iterator.remve() {

}
}

public class Drawing {
private List figures = new ArraylList();

public Iterator iterator() {
return new Figurelterator(figures);

}
}

This doesnt seemappropriateeither asFi gur el t er at or pretty much hard-
wires how the figuresshouldbe sortedin the sort () method. Sincethe ordering
of the objectsis dictatedby how objectscompareto eachother we can generalize
sort () tosimply comparetwo figures,andimplementthe Conpar abl e interface
onthefigureobject:

public class Sortinglterator inplenents Iterator {
private List sort(List objects) {

Li st sortedList = new ArrayList();
Li st unsortedList = objects.clone();
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whi | e(!unsortedList.isEmty()) {
oj ect smallest = get(0);
Iterator iterator = unsortedList.iterator();
whi |l e(iterator. hasNext()) {
Obj ect current = iterator.next();
int status = small est.conpareTo(current);
if(status > 0) smallest = current;

unsortedLi st.renmove(snal | est);
sortedLi st.add(snal | est);

}

return sortedList;

}
.

public class Figure inplenments Conparable {

public int conpareTo(Object object) {
Figure figure = (Figure)object;
return getNanme(). conpareTo(figure.getNanme());

}
}

Thesort () methodabove simply movesthesmalleselemenfrom onecollection
to the end of anothercollectionuntil thefirst collectionbecomesempty It is not the
most efficient algorithm but it senesthe purposeto shav that the smallestelement
pickedis determinedy the outcomeof theconpar eTo() methodimplementedn
the objectsin the collection. With this approachwe have generalizedheiterator, and
we only have to implementthe appropriat&comparisormethodson the objectsthatwe
planto sort. Is this better?Not really, sinceobjectscancomparehemseleswith other
objectsin differentways.

In review, we have tried to placethe sortbehaior into the drawing itself, into the
iterator andultimatelyontheobjectsstoredin thecollection.Neitherapproachework
well becauseave usuallyneedto sortobjectsdifferentlyin differentcases.To be able
to switch sorting algorithmsat runtime, it looks like we needto placethe compari-
sonbehaior into separatebjectsthat canbe pluggedin to somesorting algorithm.
Therefore:

UseCol | ections. sort () to sort alList view of your collection.
Provide the sort criteria in an implementation of the Conpar at or in-
terface.

TheinterfaceConpar at or is definedasfollows:

package java.util;

public interface Conparator {
int conpare(Cbject anCbject, Object another bject);
bool ean equal s(Obj ect anOhj ect);

}

Methodconpar e( Obj ect anChj ect, Obj ect anot her Cbj ect) com-
paresanChj ect with anot her Cbj ect . Thismethodis usedby animplementation
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of the Conpar at or interfaceto comparethe elementsof a collection, two at the
time, to determinewhich comesfirst. It returnsa negative integer if the recever ob-
jectis lessthananObj ect , zeroif the objectsare equal,or a positive integerif the
receverobjectis greatetthananObj ect . An implementatiorfor the secondnethod,
equal s(Obj ect anObj ect) shouldnormally not be provided, asit is inherited
from Obj ect .

Then,thesortingcanbedonein place,usinganinnerclassasfollows:

Col | ections. sort(figures, new Conparator() {
public int conpare(Cbject anCbject, Cbject anotherObject) {
Figure figurel = (Figure)anoject;
Fi gure figure2 = (Figure)another ject;
return figurel. getNane(). conpareTo(figure2.getNane());

}
)]

As we cansee,the sorting criteria can be pluggedinto the algorithmthat sortsa
given collection. The resultis that we free all objectsinvolved from providing the
pairwisecomparisorbehaior, andwe force the objectthat actuallyneedshe figures
to besortedto dothesorting. In this case suchanobjectcanbealist box providing an
alphabeticalist of thefiguresin thedrawing.

1.6 Converter

You arein apositionto usethe Collection patternto represent one-to-map relation-
ship betweeninstanceof the classyou areimplementingand someother objectsin

thesystem.Your objecthasto interactwith otherpartsof the systenthatmayexpecta
differenttype of collectionsoyou have to corvertyour collectionto matchtherequired
type. More precisely you mayfind yourselfin oneof thesesituations:

¢ You haveto corvertyour collectionto or from anarray This mayhapperwhen
you have to invoke Java methodshatreturnarrayprimitive objectsor take array
primitivesasarguments.

e Youhaveto corvertyour collectionto or from anothercollectiontype. Thismay
happerbecause/ou have to dealwith older collectiontypes,suchasVect or
or Hasht abl e which, althoughimplementtheappropriated_ist andMap inter-
faces,arereally slow dueto the synchronizedaccess.Alternatively, you may
have to corvertbetweerntwo collectiontypes.

How do you convert from onecollection type to another?

Firstof all, in ouropinion,youshouldnotgiveyour clientsaccesso your collection
directly. Thisis because/our maingoalis to promoteencapsulationin otherwords,
you don’t wantto allow clientsto changeyour object’s internal statedirectly. If you
createpublic accessomethodsto returnthe collectioninstancevariable,clients can
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modify it attheir discretion,not areally goodthing if your objectneedso keeptrack
of the objectsthatgetaddedio or removedfrom the collection.

To avoid exposingtheinternalstateof your object,it is betterto applythe Iterator
patternand provide sequentialaccesgo the objectsin the collection. Additionally,
your object should provide behaior to add and remove elementsfrom the internal
collection. This way, the collectiondoesnot getmodifiedwithoutyour objectknowing
aboutit, providing avery effective firewall againsitchangerom outside.

Of course therearethoseoccasiondeyondyour control, suchasalibrary written
by somebod\elsethatyou don't have the codeto, northetime or desireto modify and
you mustmake useof the giveninterface.Someof theseinterfacesequireyouto pass
collectionsfrom objectto objectand,evenmore,convertbetweercollectiontypes.The
first thing that comesto mind is to implementan Adapteror Bridge betweenthe two
typesbut this seemdik e overkill.

Onethingfor sure,in orderto presere encapsulationyou shouldreturna shallav
copy of the collection, and this shallov copy shouldbe of the type expectedby the
cornversion.Thiscanbeaccomplishe@asilyby iteratingthroughtheoriginal collection
andaddingevery elementto a new instanceof the requiredcollectiontype. Consider
thefollowing examplewherewe corvertfrom a List typeto a Settype:

public class ConverterTest {

public static void main(String[] args) {
List list = new ArrayLi st (1000000);
for(int i=0; i<1000000; i++) {
bj ect dunmy = new ConverterTest();
l'ist.add(dumy);

}

Set set = new HashSet (2000000);
Iterator iterator = list.iterator();
long startTime = SystemcurrentTimeM I lis();
whi | e(iterator. hasNext()) {
oj ect element = iterator.next();
set.add(el ement);

long stopTime = SystemcurrentTimeM I lis();
Systemout. println(stopTine - startTinme);

}
}

We have to duplicatethis codeeverywherewe needto corvert betweenlists and
sets. On onehandwe definitely like to corvertthe list to a set, or vice-versa,on the
otherhandwe would like to minimize the codewe have to write. So,ratherthanuse
the copy-and-pastepproachwe canencapsulatéhis behaior into a separatebject.
Java alreadyprovidesthis behavior in the form of Parametrized Constructor methods
in thecollectionclassesTherefore:

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

The parametrizedtonstructorgake a Col | ect i on implementatiorasargument
andconstructa new collectionof thetype of the classthe constructobelongsto. The
above codecanbewritten as:
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public class ConverterTest {
public static void main(String[] args) {
List list = new ArrayLi st (1000000);
for(int i=0; i<1000000; i++) {
bj ect dummy = new ConverterTest();
l'ist.add(dumy);

}

long startTime = SystemcurrentTimeMI1is();
Set set = new HashSet (list);

long stopTime = SystemcurrentTimeMI1is();
Systemout.println(stopTine - startTine);

}
}

Both approachesake around14571millisecondsto perform. However, by using
the constructorapproach we make the codemore readableasit is obvious we are
building a setfrom alist. Anotheradvantageof this approachs thatcorversionscan
bedoneonthefly, withoutintroducinglocal variables:

doSonet hi ng(new HashSet (list));

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

1.7 Patternsin Action

The following classedmplementa simple contactmanager To compileandrun the
examplesgexecute:

javac Contact.java ContactManager.java
java Cont act Manager

Contact

contacts:Set N -
ContactManager ———— > firstName:String
lastName:String

phoneNumber:String

categories:Map

Figurel.5: Contactmanagerpplication.

1.7.1 ClassContact

ClassCont act modelsacontact.Contactobjectskeeptrackof thefirstandlastnames
of the contactpeople andtheir phonenumbers:
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package col |l ecti ons. exanpl g;
i mport java.lang.*;

public class Contact inplenents Conparable {
private String firstNane;
private String | astNane;
private String phoneNunber;

private Contact() {
/1 do not hi ng

}

public Contact(String firstNane, String |astName, String phoneNunber) {
this.firstName = firstNane;
this.lastName = | ast Nane;
t hi s. phoneNunber = phoneNunber;

}

public String getFirstName() {
return firstNang;

}

public String getlLastName() {
return | ast Nane;

}

public String getPhoneNunmber () {
return phoneNunber;

}

public void setFirstNane(String firstNane) {
this.firstName = firstName;

}

public void setLastName(String |astNanme) {
this.lastName = | ast Nane;

}

public void setPhoneNunber (String phoneNunber) {
t hi s. phoneNunber = phoneNunber;

}
public String toString() {

return(lastNane + ", " + firstName + "..." + phoneNunber);
}

}

1.7.2 ClassContactManager

A Cont act Manager keepstrack of a collectionof contactsorganizedin different
catagyories,for example,contactsare groupedby the businesgype they run. One of
the requirementss to disallowv duplicatecontacts so we choseto usethe Set pattern
to representontacts. The cateyoriessimply label subsetof the contactscollection,
sowe choseMap to associatemamedo collectionsof contacts.Additionally, we used
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Sorter to sortthe contactsalphabeticallybeforelisting themon the console:
package col | ecti ons. exanpl €;

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

public class ContactManager {
private Set contacts;
private Map categori es;

publ i c Contact Manager () {
contacts = new HashSet ();
categori es = new HashMap();

}

publ i c Contact Manager (i nt contactsCapacity, int categoriesCapacity) {
contacts = new HashSet (contact sCapacity);
categori es = new HashMap(cat egori esCapacity);

}

public void addCategory(String category) {
i f (categories.contai nskey(category)) return;
cat egori es. put (category, new ArrayList());

}

public void addContact (Contact contact) {
contacts. add(contact);
}

public bool ean addCont act (Contact contact, String category) {
addCont act (cont act) ;
Li st contactList = (List)categories.get(category);
if(contactList == null) return fal se;
return contactlList.add(contact);

}

public Iterator getCategories() {
return categories. keySet().iterator();
}

public Iterator getContacts() {
return contacts.iterator();
}

public String toString() {

/1 sort

List list = Arrays. asList(contacts.toArray());

Col l ections.sort(list, new Conparator() {

public int conpare(Cbject objectl, Cbject object2) {

int result;
Contact contactl
Cont act contact?2

(Cont act) obj ect 1;
(Cont act) obj ect 2;

result = contact 1. getLast Nane().conpareTo(contact 2. get Last Narme());
if(result '=0) return result;
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result = contactl. getFirstNane().conpareTo(contact?2. getFirstNanme());
if(result !'=0) return result;

result = contact 1. get PhoneNunber (). conpareTo(cont act 2. get PhoneNurber ());
return result;

}
DE

/1 print
StringWiter result = new StringWiter();
PrintWiter witer = new PrintWiter(result);
Iterator iterator = list.iterator();
whi |l e(iterator. hasNext()) {
Contact contact = (Contact)iterator.next();
witer.println(contact);

}

return result.toString();

}

public static void main(String[] args) {
Cont act Manager manager = new Cont act Manager () ;
manager . addCont act (new Contact ("El vis", "Presley", "342-4535"));
manager . addCont act (new Cont act (" Tom', "Jones", "345-4542"));
manager . addCont act (new Cont act ("Ji nmy", "Dean", "374-2398"));
System out. printl n( manager);

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



36 Chapter 1 e Collections

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



Bibliography

[1] KenAuerandKentBeck. Patternsfor Efficient Smalltalk Programming.Pattern
Languages of Program Design 2, 1996.

[2] KentBeck. Smalltalk Best Practice Patterns. Prentice-Hall,1998.

[3] ErichGammaRichardHelm, RalphJohnsonandJohnVlissides.Design Patterns,
Elements of Reusable Object-Oriented Software. AddisonWeslegy, 1995.

[4] DonaldKnuth. The Art of Computer Programming: Fundamental Algorithms.
AddisonWesley, 1997.

[5] Jef Langr Essential Java Style Patterns for Implementation. Prentice-Hall 2000.

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



