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CHAPTER 1

User Interfaces

A pplicationuserinterfacesshouldbeeasyto build, mod-
ify, and maintain. The obvious way to meetthis goal is to have all developerscon-
sistentlyusecertainimplementatiorpatternssuchasthe Model View Contwoller [2],
ModelView Presentef4], Observer3], andthe patternlanguagdor developingform
stylewindows [1]. After building userinterfacesfor awhile now, we foundthatmore
detailsarerequiredto havetheapplicationinteractwith its userinterfacein aconsistent
way. In this chaptemwe introducethesenew patternsalongwith a setof patternghat
promoteuserinterfacereuse.

1.1 Intr oduction

Moderngraphicaluserinterfacesarehierarchicatollectionsof visualcomponentsuilt
aroundthe Compositepattern[3]. Top-level root componentssuchaswindows and
dialogs, manageprimitive and compositecomponentswherethe latter may contain
additionalnestedprimitive andcompositecomponentsAll componentsnteractwith
theapplicationvia someglue codethattells eachcomponentvhataspecof the appli-
cationmodelto operateon. In this chaptemwe will referto the userinterfaceobjectas
theobjectthatinitializestherootvisualcomponenalongwith its nestedszisualcompo-
nentscollection,visually positionstheminsidetheir parentcontainersandimplements
theglue codebetweerthe applicationandthe components.

User interfacecode, like with arny other codefor that matter shouldbe easyto
understandmodify, and extend. This is hardto achieve if programmersiseunique
programmingstyles. While eachof them may understandheir own code, it takes
alot moretime thandesiredto understandmodify, andextendsomebodyelses code.
Thereforeyouneedanapproactenablingall programmersnotjusttheoriginalone,to
work on aninterfaceimplementatiorwhithoutspendingoo muchtime understanding
somebodyelses code.
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Chapter 1 e User Interfaces

The obvious way to meetthis goalis to usean architecturethat standardizeshe
design. Patternsand patternlanguagesre excellentvehiclesfor expressingcommon
approacheso designsand architectures.For example, patternssuchas Model View
Contoller [2], Model View Presenteff4], Observer[3], andthe patternlanguageor
developingform stylewindows[1] alreadyprovide a partialsetof patterndor building
userinterfaces:

e TheModelView Contmwller patterndividesthe userinterfaceinto threeparts:the
model,theview, andthe controller Themodelrepresents.domainlevel object,
for example,it holdsapplicationdataandprovidesbehaior to accesandmodify
it. Theview representavisualcomponenthatrendershemodelontothescreen
andthe controllerchangeshe modelin responséo userinput. Therelationship
betweerthe model,view, andcontrolleris depictedn Figurel.1.

Figurel.1l: Model View Controllet

The Model View Presenterpatternis a variationof Model View Contmoller that
also divides the userinterfaceinto three parts: the model, the view, and the
presenter As with the Model View Contwoller pattern,the model representsa
domainlevel objectandthe view rendershe modelto the screen.Additionally,

the view handledow-level userinput eventswhich it forwardsto the presenter
The presentematchesa modelwith a view objectand modifiesthe modelin

responsdo the low-level eventsit recevvesfrom the view. This relationshipis

depictedn Figurel.2.

The Observempatternmanageshe notificationandupdatingbetweerdependent
objectscalledobsenersandsubjectslt describeshiow to notify obsererobjects
when a subjectchangesstate,without forcing the subjectto know the specific
classe®f the obsenrers. Model View Contmwoller andModel View Presenteruse
Observerto decouplethe modelfrom the view so, whenthe modelchangesit
notifiesall its views to update.This way, therecanbe mary views operatingon
the samemodelat the sametime, whithoutthe modelexplicitly knowing about
all of them.

You canuseModel View Contoller and Model View Presenterandstill develop

hardto maintaincode. Assumingyou will implementthe userinterfaceusingone of
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Introduction 7

Presenter

Figurel.2: Model View Presenter

thesepatternsandthevisualcomponent#n your userinterfacealreadyimplementone
of thesepatterns,you will have to setdependenciesjia Observer betweenthe user
interfacemodel and the visual components.In otherwords, eachvisual component
will have to obsene someaspectof the userinterfacemodel,and updateitself when
that model aspectchages. You will find the resultingdependeng graphis hardto
understanéndmaintain.

However, thereare somehigherlevel designdecisionsyou canapply alongwith
thesepatternsto improve userinterfacedesignandimplementation.We incorporated
thesadecisionsnto thepattern€EventHandler, CompletdJpdate andMultiple Update
andusedthesepatterngo refactorSubform Alternative SubformsSubformSelection
SubformMatch, and SubformMismatd. Usethesepatternsin one of the following
contets:

e You are developinga new userinterface Windows and dialogsare top-level
visual containerghatcontainatitle, border menubar, andothervisual compo-
nentssuchasbuttons,lists, andforms. Your userinterfaceis responsibldor the
layout of othervisual componentslt is alsoresponsibldor mappingmessages
generatedy the visual componentsnormally initiated from useractionsin the
userinterface to theappropriateactionsin themodels.Thistaskensuresheuser
interfaceandits visualcomponentaccuratelyeflectthe stateof themodels,and
thatit canhandleits own eventssuchaswindow or dialogclosing.

¢ You are developinga new formor subform.A form or a subformis justa simple
containerclass. It providesspacein which to layout othervisual component,
including other forms but not a window or a dialog. A form is similar to a
window in behaior, but it doesnot have the responsibilitiesassociatedvith
maintainingor manipulatinga title or menubar. Your new form is to be used
eventuallyasa componenbf otherwindows or forms, or both. Therefore your
windows anddialogscancontainforms,andyour forms cancontainforms.

Additionally, usethesepatternsvhen:

e Thevisualcomponentgontainedin your userinterfaceneedto be looselycou-
pled. Thevisualcomponentslependon the modelsandmustreflecttheir state.
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8 Chapter 1 e User Interfaces

However, whenyou updatea visual componentthis doesnot force the update
of anotherandanothey andso on. Rather a useractionin a visualcomponent,
requiresa changein the models,which in turn requiresa single updatein the

visual componentsbut that's wherethe processnds.For example,you arenot

building a spreadsheetiew wherea changedn a cell maytriggeralargenumber
of othercellsto updatetheir contents.

e Thevisualcomponentsisethe Observematternto notify the views of changes.
Visual componentgould invoke specificmethodsin the userinterfacebut this
would increasethe coupling betweenthem. Since mary windowing systems,
includingJava, alreadysupporthisform of notification,wefind thatmoredetails
arerequiredto handlethe eventnotificationfrom the visualcomponentandfor
updatingthevisualcomponents.

Within the global contets, our three synchronizationpatterns,Event Handler,
CompletdUpdate andMultiple Updatealongwith thefive subformpatterns Subform
AlternativeSubforms SubformSelection SubformMatch, and SubformMismatd, at-
temptto resohe the following globalforces:

e Userinterfacefunctionalitychangesoften. As anapplicationevolvesfrom early
prototypesto a shippedproduct, practical experiencesuggestshat its overall
look-and-feelwill changemuchmorethanthe underlyingbusinessnodel. Such
changeganoccurasaresultof changingousinesgequirementsportsto differ-
entplatforms,thedesireto construcia moreuserfriendly versionof aninterface
or from clientsrequestinga customuserinterface.Examplesf changesnclude
laying the componentsut differently, moving its componentgo anotheruser
interface,andchangingts behaior. All typesof changesnustbe easyto make
but not requirea rethinkingof the overall userinterfacedesign.

¢ A significantperiod mayelapsebetweerthe time a developerlast worked on a
userinterfaceand the time he is makingchangesto it. As a developerworks
on differentpartsof an application,weeksor even monthscango by beforehe
revisitsaview thathedeveloped.lt shouldnottake alongtime for thedeveloper
to remembeandunderstandhis view’'s implementation.

e Theoriginal developerof a userinterfaceis not alwaysthe samepersonthat
maintainsor extendst. Developeroftenchangegroupsor companiesluringthe
time requiredto develop a singleapplication. Therefore the original developer
maybeunavailableor unwilling to discusgheir previousdesignwith adeveloper
assignedo supporttheold view. As with theoriginal developer it shouldbeeasy
for the new oneto understandhe previous designandimplementatiorandfor
the samereasonsHowever, the easiera userinterfaces designis to understand
theeasieliit is to changdt. New developersoftenfeelthe needto make changes
to suittheir styles. Thesechangegomeat atime whenthe userinterfaceshould
be stabilizing,not changing.

e Tightly coupleduser interface componentsare difficult to meige or split. It
shouldbe possibleto merge or split userinterfaceswith minimal effort. Ide-
ally, when making changesit is desirableto refactorthe interfaceratherthan
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Introduction 9

throw it away andimplementit from scratch.The costof refactoringdecreases
significantlyif partsor entireuserinterfacescanbe mergedor split, for exam-
ple, one shouldbe ableto add and remove visual componentsvith minimum
disturbanceo the existing onesor to the userinterfaceitself. However, initial
refactoringincreaseslevelopmentimesandcosts.

Visual containes that havemanyconstaints betweertheir visual components,
sud astreeviewsandgrids, are difficult andtime consumingo update Updat-
ing onecomponentt atime is simpleto implementandunderstand However,
dueto the constraintsgyclical dependenciegndchangedo othercomponents,
avisualcomponentaybeupdatedseveraltimesbeforeafull updatecompletes.
This approachis inefficientandproducesa flickering effect on thewindow.

A large percentaye of timeis requiredfor userinterfacedevelopmentOneoften
hearsof view constructiorrequiring80% of the developmenteffort. Therefore,
it is importantto try to minimizethe costrequiredto developandmaintainuser
interfaces keepingyour effort level low at this part of development.However,

your views arewhatend-userseeandinteractwith, andyou musttake thetime
to make themvisually appealingeasyto use,andensurehe usermakesastrong
connectiorbetweerthemandyour application.

Ad hoc userinterface designsare difficult to support. Userinterfacesimple-
mentedn a consistentvay aremucheasierto understan@ndmaintainbecause
everyoneinvolved with the taskworks from the samedesignprinciple. Conse-
guently no developeris requiredto figure out whatthe otherhasdone. On the
otherhand,this canmake userinterfacestoo similar, constrainingnovelty and
innovation.

User interfacesmustbe userfriendly. A userinterfacethatis slow to reactto
eventsor updateitself in real-time,will frustrateany user Usersexpectrespon-
sive userinterfacesthat operatein real-time. However, this balancebetween
performancandthe compleity of theunderlyingframeawvork is hardto achieve.

1.1.1 Pattern Summary

Table1.1 summarizeshe problemsaddressetby the patternsin our patternlanguage
andtheir solutions. In the following sectionswe describethe threesynchronization
patternsEventHandler, CompleteUpdate and Multiple Update along with the five
subformpatternsSubform Alternative Subforms SubformSelection SubformMatch,
andSubformMismatd. Noneof themstandon their own, their dependenciesn each
otherareshavn in Figurel.3.

| Pattern| Problem | Solution |
ModelView | How doyou architectan Divide interactive
Contoller | interactve application? applicationinto threeparts:
model,view, andcontrollet

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



10
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Pattern | Problem | Solution
Event| How shouldaview, suchas | Inyouruserinterface create
Handler | aform, handleanevent andregistera handler
notificationmessagérom its | methodfor eachevent
obsenablevisual messagdrom your visual
components? component.
Complete| How to youimplement Assumeall visual
Update | behaior in theuser componentareout-of-date
interfaceto updatethevisual | andupdateeverything.
componentérom the
model?
Multiple | How doyouimplementa Have eachsubformnotify its
Updates| subformsuchthat,whenit parentwhenit changeghe

changests model,other
partsof themainuser
interfacedependingon this
model,updatetheir contents
to reflectthelatestchanges?

model. The parentshould
reactto changesn the
subformvia EventHandler
andupdateits children
componentyia Complete
Update

Subform| How doyoudesignpartsof | Groupthecomponentshat
userinterfacesto operateon | operateonthesamemodel
somemodelaspect? aspecinto subforms.

Alternative | How doyoudesignpartsof | Groupthecomponentshat
Subforms| userinterfacesto operateon | operateon every key
key variationsof some variationof somemodel
modelaspect? aspecinto subforms.Select
theappropriatesubformat
runtimeusingthe Subform
Selectiorpattern.

Subform| How doyou choosdrom a Have the parentkeeptrack

Selection| collectionof subformsbased| of subformsin acollection
on agivenkey variationof andhideall exceptthe
somemodelaspect? subformthatmatcheghe

givenkey variationof the
modelaspectSelectthe
subformusingeither
SubformMatch or Subform
Mismatd patterns.
Subform| How doyoudeterminghata | Implementa methodfor
Match | subformcanoperateona eachsubformthatdecides

givenkey variationof some
modelaspecbasedn
changegausedy the
parent?

whetherthesubformcan
operateonthegivenkey
variationof somemodel
aspect.
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| Pattern | Problem | Solution |

Subform| How doyoudeterminghata | Have eachsubformnotify its
Mismatd | subformcannotoperateona | parentwhenit cannolonger
givenkey variationof some | operateonthegivenkey
modelaspecbasedn variationof data.
changegausedy the
subform?

Tablel.1: PatternProblemsandSolutions.

The Model View Contoller patternrepresentshe core of the patternlanguage.It
providesthe overall architecturgor connectingmodels,views andcontrollers,andis
usedby the major userinterfaceframeawvorkstoday It is worth notingthat Java makes
useof a simplerversionof the Model iew Contmwller, denotedasthe model-delgate
This designmeigestheview andcontrollerinto a singleobjectthatinteractswith both
the modelandthe user In this chaptey we refer to the userinterface objectasthe
objectthatconstructshe delegateby combiningalreadyimplementeccomponentsik e
buttonsandlists, andthe glue codebetweerthe deleggateandthe model.

Model View Controller

!

Subform >t Event Handler

v

Alternative Subform

%7 Complete Update Multiple Update

Subform Selection

v

Subform Match

v

Subform Mismatch

Figure1.3: Patternlanguagelependencies.

Therestof thechaptelis structuredasfollows:

¢ In Sectionl.2,wedescribenow userinterfaceaisingeventHandlerhandleevent
notificationsfrom their visualcomponentsuchthatthe updateprocesdetween
the modelanddeleggatebecomesndependentrom the visual componentgen-
eratingthe eventsandfrom the modelsthathave changedstate.

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



12

Chapter 1 e User Interfaces

In Sectionl.3, we describehow CompleteUpdatecanbe usedto structurethe
updatecodefor a userinterfacesuchthatyou or ary otherfuture developercan
quickly andeasilyunderstandhe logic of the update.

In Section1.4, we describehow Multiple Update can be usedto managethe
updateof visualcomponentsirrangedn multiple subforms.

In Sectionl.5, we describehow Subformcanbe usedto divide a userinterface
into smallerinterfacesthat operateon a certainaspectof the model, suchthat
thesesmalleruserinterfacegeducethecompleity of thecodeandcanbereused
in differentotherpartsof the system.

In Sectionl.6,we describenow AlternativeSubformsanbe usedto createdif-
ferentsubformsto editkey variationsof the samemodelaspects.

In Sectionl.7, we describehow SubformSelectioncanbe usedto managethe
differentsubformsneededo edit differentvariationsof somemodelaspectat
runtime.

In Sectionl.8, we describehow SubformMatch is usedto chooseamonga col-
lection of given subformsto operateon a given key variation of somemodel
aspect.

In Sectionl.9, we describehow SubformMismatd can be usedto, oncethe
model aspectbeing edited changed prompt the userinterfaceto pick another
subformto operateon the new variationof the modelaspect.

In Section1.10, we implementa possibleuserinterfacefor the bank account
example presentedn the chapteron constructingobjectsearlierin this book.
The interface consistsof a main window, a dialog, and a couple of subforms
whoseimplementatioris anexampleof applyingthe above patterns.

1.2 EventHandler

Youhave incorporatedhe Observermpatterninto thedesignof your userinterface.This
may have beena deliberatedecisionor the result of using anotherpattern,suchas

ModelView Contoller or ModelView Presenterthatuseshe Observerpatternaspart

of its structure. Your userinterfaceobjectis interestedn receving event messages
from its obsenablevisual componentsvhenspecificeventsoccurin them. The user
interfaceneedgo collaboratewith oneor moremodelobjectsin orderto handlethese
notification messagesndthen updateits visual componentsn response.You want
your userinterfaceto updateits visual componentsn anorganizedJinearmannerso
thatcomponentsn correspondingegionsof the userinterfaceupdatetogetherrather
thananapparentandommanner

How should a userinterface handle event notifications fr om its obsew-
ablevisual componentssuchthat it doesnot createany updating depen-
denciesbetweenthe methodsand the number of updatesto the visual
componentsis minimized?

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



Event Handler 13

Considerthefollowing Java implementatiorof a TodoListwindow, asdepictedin
Figure 1.4. The applicationmodelconsistsof a collectionof todoitems,whereeach
itemisaSt ri ng object. Theusercanaddnew itemsto thelist by typing oneitem at
thetimein thetext field andclicking the Add button. The usercanremove itemsfrom
thelist by selectinganitem andclicking the Remore button.

_[r"' TodoList M=l E3
|package applicatiun| | | Add —|—— addButton
private release testing - | Remove removeButton
integrate changes
global release testing newltemField
packade application
chip fikes to clients itemsLlst
1| | ¥

Figurel.4: TodoListexample.

The underlyingmodelfor the TodoListwindow is a setof threeobjects,the todo
item collection,the todo item selection,andthe todo item beingedited. You encode
thesein classTodoLi st W ndow asinstancevariablesi t ens, sel ect edl t em
andnewl t em Additionally, TodoLi st W ndow createsijnitializes, and manages
eachvisualcomponentlongwith alist of eventlisteners:

public class TodoLi st Wndow {
private String newtem selectedltem
private ArraylList itens;

L

The usercantype in the text field, selectanitem in thelist or click the Add and
Remorve buttons.Handlermethodseedto bewritten for eachof theseevents.In Java,
you needto addlistenersto the appropriatevisual componentgcodenot shovn in the
interestof brevity) in orderfor the view to receve eventnotification messagefrom
them. You cando this by having the userinterfaceitself implementthe appropriate
interfaces.For example,TodoLi st W ndow handlessventsfrom the two buttonsvia
theAct i onLi st ener interface:

public class TodoLi st Wndow i npl ements ActionListener {

public void actionPerformed(Acti onEvent event) {

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



14 Chapter 1 e User Interfaces

JButton button = (JButton)event.getSource();
i f (button. getNane().equal s("AddButton")) {
addTodol tem();

}
i f (button. getNane().equal s("RermpveButton")) {
renmoveTodol ten();

}
}

L

Here, you have usedconditionalstatementdo determinewhich componentsent
the eventmessag@andhow to processt in a singlehandlermethod. However, thisis
inefficientasnow it becomedifficult to add,remove,or changehevisualcomponents.
To doso,you haveto editevery eventhandlemmethodto eitheraddor removethecode
for the givenvisual componentMoreover, if you changethe sourceof the event,you
mustalwaysrecompilethe method. Replaceableor plug-and-play componentwill
alsonotbeanoption.

Many obsenablevisualcomponentgangeneratedenticaleventmessagedf you
handleeachmessag#ith adifferentmethodit is easyto addandremovevisualobjects
asyou have to addor remove onehandlemrmethod.Therefore:

In your user interface, createand register a handler method for each
event messagdr om your visual components.

Do notregisterthevisualcomponentslirectly with theuserinterfacemodel.Rather
than letting the visual componentoperateon differentaspectof the userinterface
model,assuggestedy Model View Controller, have the userinterfaceobjectcoordi-
natethis process.So, implementthe eventhandlermethodsto pull informationfrom
the appropriatevisual componentsand invoke correspondingserviceson the model.
Thensimply updatethe visual componentdo reflectthe changes/ou just performed
on the model. Your handlermethodsshouldnot do ary updatingof the visual com-
ponentsthemseles. Instead,have your handlersusea single updatemethodthat is
responsibldor updatingall visualcomponents.

Goingbackto the TodoListexample,the Docurrent Li st ener for thetext field
sendghe TodoLi st Fr anme the messagehangedNewi t enti el d() everytime
the usertypesin the text field. The changedNewl t enfi el d() handlermethod
readsthe contentof thetext field into thenewl t eminstancevariable:

private void changedNew tenFiel d() {

if(getNewltenField().getText().length() == 0) {
setNewitem(nul 1) ;

} else {
set Newl t em( get Newl t enfi el d() . get Text());

}
updat e() ;

ThelLi st Sel ecti onLi st ener for thelist sendsthe TodoLi st Fr ane the
messagehangedl| t ensLi st () whentheuserselectsanitemin thelist. Thehan-
dlermethodreadsheselectedtemfrom thelist into theinstancevariablessel ect e-
dl t emandnew t em
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private void changedl temsList() {
String value = (String)itensVi ew. get Sel ect edVal ue();
set Sel ect edl ten(val ue);
set Newl t em(val ue) ;
updat e() ;

TheAdd andRemaovebuttonsuseanAct i onLi st ener tosendheTodoLi st -
Fr ame the messageaddTodol t em() andr enoveTodol t en() whenthe user
clicks on them, respectiely. The addTodol t em() handlermethodaddsthe new
item to the collection of existing items,whereagher enroveTodol t em() handler
methodremaovesthe currentlyselectedtem from the samecollection:

private void addTodoltem() {
getltens().add(getNewitem());
set Sel ectedltenmget New ten());
updat e();

private void renpveTodolten() {
getltens().renpve(get Sel ectedltem());
set Sel ectedltem(nul I);
setNewitem(nul 1) ;
updat e() ;

All handlermethodsinvoke a singleupdatemethodjust beforethey complete.The
userinterfacemodel is modified as a result of handlinguserevents, after which is
loadedbackinto the visual componentsduring updating,to force the view to reflect
thechangesn themodel.

Sinceonly a singleupdateis required the entireuserinterfacecanberefreshedn
a predictable coordinatemannerandredundanupdatesare avoided. After receving
an event messagethe userinterface object takes the requiredinformation from the
appropriatevisual componentandinvokesthe correspondingervicesn the models.
Theseactionschangehestatef themodelsand,consequentlythevisualcomponents
arenow in needof updateo reflectthelateststateof themodel. All visualcomponents,
all events,andall updatingis handlecthe sameway in all views.

As aresult,the userinterfacehashecomeeasierto maintain. To addthe capability
to handleanew eventmessagérom avisualcomponentaddanew handlemethod.To
remove the processingf anevent,deletethe correspondindgiandlermethod.To mod-
ify theway aneventmessagés processed;hangehe correspondindnandlermethod.
Even moreimportant,thereis alwaysoneandonly onemethodto look at for the ad-
dition, deletionor modificationto the way an eventmessagés handled which makes
it easyfor you or future developersto understandMoreover, no specialflagsor case
statementsirerequiredto processevents.

Onthedownside EventHandlermaymake updatingmorecomplex. For verylarge
userinterfacesa singleupdatemethodmaybecomeoo complex. To someextent,this
canbesolvedhaving the mainupdatemethodcoordinateseveralsmallerupdates.
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16 Chapter 1 e User Interfaces

1.3 CompleteUpdate

You have implementedyour userinterfacewith a clearseparatiorbetweenits model
andits views, for example,the visual componentglo not operatedirectly on aspects
of the modeland do not automaticallyupdatethemseleswhenthe model changes.
You have alsousedEventHandlerto captureusereventsfrom the visualcomponents.
You handletheseeventsin the userinterfaceobjectand,afteryou finish modifying the
model,you realizethe visual componentslisplayan out-of-dateversionof themodel.

How do you implement behavior in the user interface to update the
visual componentsfr om the model?

Changesn the model objectsmay be the resultof a useractionor the action of
anotherobjectthe userinterfacedoesnot know about. However, you wantto handle
bothcasesatonceandavoid redundang. The problemis youdo notalwaysknow what
haschangedn the modelsor which visualcomponentsieedupdating.

You arenot alwaysthe onewho will maintainyour views sotheview’s logic must
be easilyunderstood.You canoftenimprove performancey usingtricky implemen-
tationtechniquesHowever, thesetricks often complicateyour codeby makingit less
easyto readandcomprehendTherefore:

Assumeall visual componentsare out-of-date and update everything.

In mostcasestherewill be superfluousupdatesnhich may causethe displayto
flicker, especiallyon systemghatdo notdouble-tuffer their visualcomponentsgraph-
ics. However, if the userinterfaceis nottoo complex, mostcomputersarefastenough
to do the updateswithout recognizabldlicker. Write a specializedupdatemethodfor
everyvisualcomponentsindsubformsin your userinterface.Eachspecializedupdate
methodis responsibléor updatingits correspondingisualcomponent$rom informa-
tion in the models.Permiteachspecializedupdatemethodto load modelinformation
directly into thevisualcomponent®r computethe contentson the fly. Write a single,
mainupdatemethodthatinvokesall of the specializedipdatemethods.

Continuingwith the TodoListexample,updatemethodsmustbe written for all vi-
sualcomponents.The updatemethodfor the text field setsthe contentsof text field
to the stringin newi t emvariable. The updatemethodfor the selectionlist setsthe
contentsof the selectionlist to the collectionof i t ens andthe selectionto these-
| ect edl t emstring:

private void updateNew tenField() {
get Newl t emVi ew() . set Text (get Newl ten());

}

private void updateltensList() {
getltensList().setListData(getltens());
getltensList(). setSel ectedVal ue(get Sel ectedltem(), true);

}

Theupdatemethodgor the Add andRemae buttonsonly take careof enablingor
disablingthe buttonsdependingnwhethertheir eventsarepermitted. The Add button
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Complete Update 17

cannotbeclickedif thereis nothingtypedin thetext field (in otherwordsnewi t emis
null). TheRemave buttoncannotbeclickedif thereis no selectionmadein thelist (in
otherwordssel ect edl t emis null):

private void updateAddButton() {
get AddBut ton() . set Enabl ed(get New ten() != null);

}

private void updat eRenpveButton() {
get RenobveButton(). set Enabl ed(get Sel ectedlten() != null);

}

The coordinatingupdatemethod,which all handlermethodsuse,invokesthe spe-
cializedonesensuringall visualcomponentseflectthe currentstateof themodels:

private void update() {
updat eNewl t enFi el d() ;
updat el tenmsLi st ();
updat eAddBut t on() ;
updat eRenpveBut t on() ;

}

As aresult,the userinterfacemain coordinatingupdatemethodensureshatits vi-
sualcomponentseflectthecurrentstateof themodels.It is very easyto determinehow
the visual componentare updatedasthereis only onecorrespondingipdatemethod
to add,remove,or change This methoddoesnot make useof ary speciaboolearflags
to remembemwhich visualcomponentso update.Onthedownside this approachmay
causanfinite loopsand,in the caseof complex userinterfacesmaybetoo slow.

1.3.1 Variants
Infinite Loops

CompletdJpdatecancausenfinite loopswhenmessagesentto oneof thevisualcom-
ponentsn theupdatemethodtriggera new eventmessagérom thevisualcomponents,
causingthe subsequengxecutionof a handlermethod,which resultsin anotherinvo-
cationof the updatemethod,andso on. To preventthis situationfrom occurring,you
candisablethevisualcomponentérom generatinghenv eventmessagewhile theuser
interfaceis handlinganeventmessageln our example this involvesremaoving thelis-
tenersfrom thevisualcomponentsThedi sabl eLi st ener s methodremovesthe
Java listenersfrom the correspondingcomponentsand enabl eLi st ener s adds
themback. The netresultis you updateall visual componentsvhile thelistenersare
disabled:

private void update() {
di sabl eLi steners();
updat eNewl t enFi el d() ;
updat el tenmsLi st ();
updat eAddBut t on() ;
updat eRenoveBut t on() ;
enabl eLi steners();

}

private void disabl eListeners() {
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get Newl t enFi el d() . get Docunent (). renoveDocunent Li st ener (newl t enDocunent Li st ener);
getltensLi st().renoveli st Sel ectionLi stener(itemsLi st Sel ectionListener);

get AddBut t on() . renoveActi onLi st ener (addBut t onActi onLi st ener);

get RenpbveButton().renpveActi onli st ener (renoveButtonActi onLi st ener);

}

private void enablelListeners() {
get Newl t enFi el d() . get Docunent () . addDocunent Li st ener (newl t emDocunent Li st ener) ;
getltensLi st().addLi st Sel ecti onLi stener(itensLi stSel ecti onLi stener);
get AddBut t on() . addAct i onLi st ener (addBut t onActi onLi st ener);
get RenpbveButt on() . addActi onLi st ener (renoveButtonActi onLi stener);

}

Theuserinterfacecreateghelistenerswhenit builds the window, associatethem
with theappropriatecomponentandcacheghemin privateinstancevariable.You do
not createnew listeners(obseners)or visual componentgsubjects)when disabling
andenablingeventmessageasthis would be inefficient. You usethesereferenceso
enableanddisablethecorrespondindjstnerobjects.Takingthisapproachthemethods
for disablingand enablingare simpleto understancand modify. However, this does
openanothemplaceto modify whenereracomponents addedor deleted.

Stopping Recursive UpdatesWithout Disabling/Enabling Listeners

As mentionedbefore, the updatingof visual componentdy the userinterfacemay
generatadditionaleventmessagesSincethehandlingof theseaventmessagealways
invokesanupdatewhich may causemoreeventmessagesndsoon, theresultcanbe
anendlessoop of updatemessagegventmessageandhandlemresponses.

Ratherthandisablingandenablingthe objectsresponsibldor generatinghe new
eventmessagesyhich may be computationallyexpensve, anothersolutionis to dis-
cardary new eventmessagewhile alreadyprocessingne. To includethis ability, you
canadda new private instancevariableto your view calledupdat i ng andinitial-
izeit to f al se whencreatingyour view. In our example,the classdefinitionfor the
TodoLi st W ndowis modifiedasfollows:

public class TodolLi st Frane extends JFrame {
private bool ean updating = false;

private JTextField new tenfField;
private JList itensList;
private JButton addButton, renopveButton;

private String newtem selectedltem
private ArraylList itens;

: .
You alsoneedto provide thefollowing methods:

private boolean isUpdating() {
return updati ng;
}

private void begi nUpdating() {
updating = true;
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}
private void endUpdating() {

updating = fal se;

}
Next, you needto changeall handlemethodgo thefollowing format:

private void changedl temsList() {
if(isUpdating()) return;
String value = (String)getltensList().getSel ectedVal ue();
set Sel ect edl ten(val ue);
set Newl t em( val ue) ;
updat e();
}

Finally, youneedo removetheenabl eLi st ener () anddi sabl eLi st ener ()
methodsfor the mainupdatemethodandreplacethemby begi nUpdat i ng() and
endUpdat i ng():

private void update() {
begi nUpdati ng();
updat eNewl t enFi el d() ;
updat el tensLi st ();
updat eAddBut t on() ;
updat eRenpveBut t on() ;
endUpdat i ng();

}

Now, no handlemethodscanexecuteuntil the currentonehasfinished,including
its update.ln casesvheredifferentthreadssendandhandledifferenteventmessages,
thehandlerandupdatemethodsmustbe synchronized.

Partial Updates

As the userinterfaceimplementatiorstabilizes andrefactoringbecomedessandless
frequent,one canimprove the approachs performanceby implementingpartial up-
dates.In this caseyoucanmodify theupdatemethodgo updatethevisualcomponents
only whenthe informationin themdoesnot reflectwhatis in the models,ratherthan
always. Thisvariantmayalsoberequiredto stopary noticeabldlickeringof thevisual
compoenentsontenton slover machinesFor example theupdatemethodfor thetext
field canbewritten asfollows:

private void updateNew tenFiel d() {
i f(!getNewl tenField().getText().equals(getNewlten())) {
get Newl t emVi ew() . set Text (get Newl ten());

}
}

Anotherway to improve performancas to only updatethe visual componentshat
needupdating.To dothis, you haveto figureoutthedependencidsetweervisualcom-
ponentsand,for every eventhandlerinvoke only the updatemethodf its dependents.
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1.4 Multiple Update

Youareimplementinga subformusingthe Subformpattern.You have usedeventHan-
dler and CompleteUpdateto implementa numberof handlerandupdatemethodsto
keepthevisualcomponentisidethesubformup-to-datewith thesubformmodel. You
areusingthe subformasacomponeninsidealargeruserinterface,andthe subformis
relatedto the othercomponentén oneof threeways:

e Oneof thecomponentsnaybethe subformparent.
e Someof thecomponentsnay be childrenof the subform.

e Someof thecomponentsnay besiblingsof the subform.

The root of a subformis usually a window, dialog or, in Java, an applet. This
root objectcancontainadditionalsubformswhich, in turn, containothersubformsand
visual components Although an updatemay startanywherein this hierarchy ary or
all othersparticipantcomponentsindsubformsin the mainuserinterfacemay needto
go throughtheir own updateprocess.

How do you implement a subform suchthat, whenit changests model,
other parts of the main user interface dependingon this model, update
their contentsto reflectthe latestchanges?

We usesubformsasplug-and-playcomponentso they mustbe easyto install or
remove from the userinterface. For example,if you have anaddressiew thatworks
with a Canadianaddressyou may needto changethis to a US addressview when
working with a US addressbject. The switching betweensubformsshouldnot de-
manda large codingeffort andshouldnot affect the logic of the othercomponentsn
theuserinterface.

We alsotendto usesubformsin dynamicuserinterfaces. In someapplications,
ofteninvolving notebooksor tab controls,partsof the userinterfaceare swappeddy-
namically This requiresthatuserinterfaceobjectsandtheir updatemechanismsnust
work for all updatesituations notjust situationsnvolving specificsubforms.It would
bewisethennotto hardcodehe updatingbetweernviews.

Considerthe following Java implementationof a multiple TodoList window, as
depictedin Figurel1.5. This time we implementthe todolist asa subform,the corre-
spondingbuttons list andtext field areassembleih TodoLi st Panel , asubclas®f
JPanel . Theexampleconsistof asinglewindow with two child panels.Thewindow
andpanelssharecommonmodels:acollectionof todoi t ens, onesel ect edl t em
andthenew t emto be added.The functionality of thewindow is the sameasin the
original TodoList. However, you would like to have useractionsreflectin both pan-
els, for example,if anitemis removedfrom onelist, the changeshouldimmediately
reflectin the otherlist aswell.

public class TodoLi st Panel extends JPanel {

Todoli st Panel si bling;
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Figurel.5: Multiple TodoListexample.

private void renpveTodolten() {
getltenms().renmve(get Sel ectedltem());
set Sel ectedltemnul I);
setNewitem(nul 1) ;
get Si bl ing().update();
updat e();

It is notscaleabldor every subformto keeptrack of othersubformst need<o up-
date. Thetwo TodoListpanelsin thewindow cankeeptrack of eachotherand,when
onechangeshe model, tell the otheroneto updateitself from the nev model. Alter-
natively, you canusethe Observermpatternwith the two panelsplaying both the parts
of obsenersandsubjectsallowing eachpanelto be notified whenthe otherchanges.
However, both approachesreatedependenciebetweenthe panelswhenthe depen-
dencieshouldreally be betweerthe subformsandthe models.Therefore:
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Have each subform notify its parent when it changesthe model. The
parent should reactto changesin the subform via Event Handler and
updateits children componentsvia Complete Update.

We leave out the full implementatiorof the window and panelsin the interestof
brevity andfocuson how updatingoccurs. In short,the handlerandupdatemethods
for eachpanelarealmostidenticalto the examplesgivenbefore.However, in this situ-
ation,you musthandlethe factthat multiple panelsmayrequireupdating.The update
methodfor eachof the panelsnvokesthe updatemethoddor their visualcomponents,
asbefore:

public void update() {
begi nUpdati ng();
updat eNewl t enFi el d() ;
updat el tensLi st ();
updat eAddBut t on() ;
updat eRenpveBut t on() ;
endUpdat i ng();

}

Theeventhandlersrowever, triggerachangesventby invokingst at eChanged()
onthelistenerobject:

public voi d TodoLi st Panel extends JPanel {
private ChangelLi stener |istener;

publ i ¢ ChangelLi stener getChangelListener() {
return listener;

public void set ChangelLi st ener (ChangelLi stener |istener) {
this.listener = listener;

}

private void changedNew tenFiel d() {
if(getNew tenField().getText().length() == 0) {
setNewitem(nul 1) ;
} else {
set Newl t em( get Newl t enfi el d() . get Text());

get Changeli st ener (). st at eChanged( new ChangeEvent (this));
updat e();
}
private void changedl temsList() {
String value = (String)itensVi ew. get Sel ect edVal ue();
set Sel ect edl t em(val ue);
set Newl t em(val ue) ;
get Changeli st ener () . st at eChanged( new ChangeEvent (this));
updat e();
}
private void addTodolten() {
getltens().add(getNewitem());
set Sel ectedltemget New ten());
get Changeli st ener (). st at eChanged( new ChangeEvent (this));
updat e();
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private void renmpveTodolten() {
getltenms().renmve(get Sel ectedltem());
set Sel ectedltemnul I);
setNewitem(nul 1) ;
get Changeli st ener (). st at eChanged( new ChangeEvent (this));
updat e();
}

}

The listenerinstancevariableis usedto keeptrack of the listenerobjectprovided
by the parentwindow at constructiontime. This objectwill be notified every time
somechangeoccursin the TodoListpanel.ClassTodoLi st W ndow setsthelistener
to ainner classinstancethat, whennotified, invokesthe updatemethodfor the entire
window:

public class TodoLi st Wndow {
TodoLi st Panel panel 1, panel 2;

private void initConponents() {

get Panel 1() . set ChangeLi st ener (new ChangelLi stener () {
public void stateChanged(ChangeEvent event) {
update();

get Panel 2() . set ChangelLi st ener (new ChangelLi stener () {
public void stateChanged(ChangeEvent event) {
update();

}
}
}

private void update() {
begi nUpdati ng();
updat ePanel 1();
updat ePanel 2();
endUpdat i ng();

}
}

As aresult,from the singleinitiation point, updaterequestdraversethe mainuser
interfacecomponenhierarchy Eventually all subformsexecutetheir updatesandthe
componentsvill reflectanaccuratelisplayof the underlyingmodels.No magicflags
arerequiredby the approactandsubformsandcomponentganbe changedaddedor
removed without having to make major modificationsto existing subformsandcom-
ponents.The approachs so simplethatany developer not just the original one,can
work on aview thatusest without knowing muchaboutwhatcodingwasdonein the
pastor in otherviews.

Unlike the Model View Contmwller thatinitiatessynchronizatiorof the visualcom-
ponentdrom the models resultingin anunorderedipdatingof them,this patternsyn-
chronizesupdatingof the visual componentsafter all modelshave completedtheir
changeof state Jeadingto a moreuniform andorderedupdatingof the visual compo-
nents.
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Also, unlike the Model View Contmller, which forcesthe setupand maintenance
of dependenciebetweenall models,views and controllers,in the Multiple Update
pattern the dependencieareonly betweerthe parentandchildren,which areusually
maintainedoy the windowing system.

1.5 Subform

You areimplementinga graphicaluserinterface,possiblyusingthe Model View Con-
troller [2] patternaloneor in combinationwith the EventHandler, CompleteUpdate

or Multiple Updatepatterns.Eachview is responsibldor editing someaspecibf the
model,and someof the views arerelatedto eachotherasthey operateon the same
aspecbf themodel. For example the interfacefor a bankaccountmayallow usersto

editownerinformationalongwith accountinformation. The ownerinformationis one
aspecbf the bankaccountmodelthat canbe operatedn by text field visual compo-
nentsfor first andlast namesalongwith a combobox widget for the salutation.In a

similar way, the accountnformationis anotheraspecbf the bankaccounthatcanbe

operatedn by text fieldsfor balanceandinterestrate.

How do you designparts of user interfacesto operate on somemodel
aspect?

For the bankaccountexample,considerthe implementationof a dialog to edit a
bankaccountBankaccounthiave someintegerid, abalanceandowners,represented
by objectsof typePer son with | ast Nanme andf i r st Nane attributes.The defini-
tion for the classesnvolvedlooksasfollows:

public class AccountDial og {
private Account account;
private JDi al og franeg;

public Account show() {
get Frame() . show();
return getAccount();

}
public JDial og getFrame() {
/1 construct dialog here
return frang;
}
}

public class Account inplenents Cl oneable {
private Person owner;
private int id;
private float bal ance;

.

public class Person inplenents C oneable {
private String firstNane;
private String | astNane;
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Edit account |
Last name: lastNameLabel
| —|—— lastNameField
First name: firstNameLabel
| —I—— firstNameField
Balance: balanceLabel
—+—t+— balanceField

Cancel

Figurel.6: Accountdialog.

To implementthe dialogshavn in Figure1.6,you canhave the dialog frameman-
ageall thevisualcomponentsequiredto edit the account.You canaddthetext fields
for lastname first name balanceandthe correspondindabelsto the dialog framein
themethodget Fr ane() asfollows:

public JDial og getFrame() {
if(frane !'= null) return franeg;

frame = new JDi al og( parent,

true);

frame.setTitle("Edit account");
...layout code not shown...

f rame. get Cont ent Pane() .
f rame. get Cont ent Pane().
frame. get Cont ent Pane() .
f ranme. get Cont ent Pane() .
f ranme. get Cont ent Pane() .
frame. get Cont ent Pane() .
updat e();

return frame;

}

, constraints);

, constraints);
), constraints);
), constraints);
, constraints);

, constraints);

add( get Last NanmeLabel
add( get Last NanmeFi el d
add( get Fi r st NaneLabe
add( get Fi r st NaneFi el
add( get Bal ancelLabel (
add( get Bal anceFi el d(

0
0
I(
d(
)
)

Eachof themethodgyet Last NaneLabel () ,get Fi r st NamreLabel () ,get -
Bal ancelLabel () returnsaninstanceof JLabel instantiatedvith the appropriate
text. Themethodget Last NaneLabel () ,get Fi r st NameLabel () ,andget -
Bal ancelLabel () returninstance®f JText Fi el d constructedvith theappropri-
atelistenergthatinvoke methodgo editaspect®f theaccounbbject. Theupdat e()
methodattheendwill invokethe updatemethoddor everytext field to loadthecurrent
accounwaluedfor lastname first name andbalancento thetext fieldswhenthedialog
is created.Theinterfaceworks asdescribedn the EventHandler, CompleteUpdate

andMultiple Updatepatterns.

The major disadwantageof this implementations that you are creatingextra de-

pendenciebetweemccount Di
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how to edit the owner of the account. In otherwords, you are violating the Law of
Demetemwhich stateghat, in a givenmethod,oneshouldonly accesghe objectscre-
atedin themethod theinstancevariablesof therecever, theargumentsof the method,
or globalvariables.Considettheimplementatiorof themethoddor thelastnamefield:

private void updatelLastNameField() {
get Last NameFi el d() . set Text (get Account (). get Omner (). get Last Nane());

}

private voi d changedLast Nane() {
if(isUpdating()) return;
i f (getLast NaneFi el d().getText().length() == 0) {
get Account (). get Oaner (). set Last Name(nul 1) ;
} else {
get Account (). get Oaner (). set Last Nane( get Last NaneFi el d(). get Text());

updat e();

As you canseefrom this code thelastnameis accessedia:

get Account (). get Oaner (). get Last Nane()
get Account (). get Oaner (). set Last Nane()

This makesthe accountdialog dependenon personobjects.As aresult,a change

in the personprotocolthat involvesthesetwo methodswill affect the dialog imple-
mentationtoo. The samelogic appliesfor thefirst namefield. The obviousfix to this
problemis to implementextra methodsn the Account class:

public String getlLastNane() {
return get Oaner (). getLast Nane();

}

public void setlLastName(String |astNane) {
get Oaner (). set Last Nane( | ast Nane) ;

public String getFirstName() {
return get Omer (). getFirstNane();

}

public void setFirstName(String firstName) {
get Owner (). set Fi rst Name(first Name);

Technically this solvestheproblem,asnow you canreferto thelastandfirst names

of theownerin the dialogwith:

get Account () . get Last Nanme()
get Account () . get Fi r st Name()
get Account () . set Last Nanme()
get Account () . set First Name()

However, you notethatthe interfaceof the Account classhasincreasedy four

methodghatdo not really belongthere,for example,it doesnt really make ary sense
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to askanaccountfor its lastor first name. A muchbetterapproachis to forgetabout
modifying Account andhave someotheruserinterfaceobjectoperateon the owner
of the account. This new objectthat edits Per son objects,shouldgrouptoghether
all the visual componentsditing personobjectspreviously managedy the account
dialog. Therefore:

Group the componentsthat operate on the samemodel aspectinto sub-
forms.

personPanel

Last name: lastNameLabel
| —|—— lastNameField
First name: firstNameLabel
| —'—— firstNameField

Balance: balanceLabel

—+—t+— balanceField

Ok Cancel

Figurel.7: Accountdialogwith ownersubform.

Formsareimplementedn Javaassubclassesf JPanel classageneridightweight
container Like othercontainersa panelcanmanagea collectionof Jasa visual com-
ponentsandcanitself bemanagedy someothercontainer Theform to edit Per son
objectsis implementedasfollows:

public class PersonPanel extends JPanel {
private Person person;

publ i c PersonPanel (Person person) {
t hi s. person = person;
i ni t Conponents();

public Person getPerson() {
return person;

public void setPerson(Person person) {
this.person = person() {
updat e();
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As you may have noticed,the public interfaceof Per sonPanel is simple. The
constructoracceptsa personobjectasargumentandconstructghe visualcomponents
necessaryo editthelastandfirst namein the privatemethodi ni t Conponent s() :

private void initConponents() {
...layout code not shown...
add( get Last NaneLabel (), constraints);
add( get Last NanmeFi el d(), constraints);
add(get Fi rst NameLabel (), constraints);
add(get Fi rst NameFi el d(), constraints);

}

Othermethodsincludethe accessor$or the per son instancevariable. The set
methodinvokesthe privatemethodupdat e() to updatethe form to reflectthe state
of thenew persorobject. Theform alsocontainanethodgo editthelastandfirst name
of the personobject:

private void updatelLastNaneFiel d() {
get Last NameFi el d() . set Text (get Person() . get Last Nane());

}

private void updateFirstNaneFi el d() {
get Fi rst NanmeFi el d() . set Text (get Person().getFirstNane());

}

private void changedLast Nane() {
if(isUpdating()) return;
i f (getLast NaneFi el d().getText().length() == 0) {
get Person() . set Last Name(nul l);
} else {
get Person() . set Last Name( get Last NaneFi el d().get Text());

updat e();

private voi d changedFirst Name() {
if(isUpdating()) return;
i f(getFirstNameField().getText().length() == 0) {
get Person().setFirstName(null);
} else {
get Person() . set Fi rst Name(get Fi rst NaneFi el d(). get Text());

}
updat e();

Thesemethodswverepreviouslyimplementedn Account Di al og andyoumoved
them over to Per sonPanel with minor modifications,for example,now you use
get Per son() insteadof get Account (). get Oaner () . Thisis in accordance
to Demeters Law. Additionally, the implementationfor the accountdialog is now
muchsimpler asAccount Di al og now only hasto dealwith oneform to edit the
accountowner, asopposedo two labelsandtwo text fields asbefore. The dialogis
now createdasfollows:

public JDial og getFrame() {
if(franme !'= null) return frane;
frame = new JDi al og(parent, true);
frame.setTitle("Edit account");
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...layout code not shown...

f rame. get Cont ent Pane() . add( get Per sonPanel (), constraints);
f rame. get Cont ent Pane() . add( get Bal anceLabel (), constraints);
f rame. get Cont ent Pane() . add( get Bal anceFi el d(), constraints);
updat e();

return frame;

}

private PersonPanel getPersonPanel () {
i f(personPanel != null) return personPanel;
per sonPanel = new Per sonPanel ();
return personPanel ;

}

private voi d updatePersonPanel () {
get Per sonPanel (). set Per son(get Account (). get Owvner());

}

By creatinga separatesubformto edit Per son objects,the implementatiorfor
Account Di al og hasbeengreatly simplified andits dependencie® persontypes
reduced.As anaddedbonus,the subformto edit personscannow bereusedn other
userinterfaces As a matteror fact,to make thecodemoremodular you shouldimple-
menta subformfor theaccountoo.

This patternhasbeenpreviously proposedundera differentform by Bradacand
Fletcher1].

1.6 Alternative Subforms

You areimplementinga graphicaluserinterfaceand have usedthe Subformpattern
to groupthe visual componenténto subformsthat operateon differentaspectof the

model. You realizethatsomemodelaspectshangeat runtimeandthesechangesnay

modify the widget compositionof the associatedsubform. For example,the visual

componentsn the bankaccountinformationsubformmay have to changedepending
onthetypeof theaccounteingedited.

How do you designparts of userinterfacesto operateon key variations
of somemodel aspect?

Considerextendingthe accountdialog introducedfor the Subformpatternto edit
differentaccountsjn this case sazings andcheckingaccounts.n additionto the bal-
ance,savings accountsprovide a monthly interestrate, and checkingaccountskeep
trackof thenumberof checkdssuedo theaccounowneralongwith the serialnumber
of thelastprocessedheck:

public class Account inplenents Cl oneable {
private Person owner;
private int id;
private float bal ance;

public class Savi ngsAccount extends Account inplenents C oneable {
private float interestRate;
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public class Checki ngAccount extends Account inplements Cl oneable {
private String checkNunber;
private int checkCounter;

L

Because/ou have alreadyusedSubformandimplementedwnerandaccountsub-
forms,thecreationmethodfor Account Di al og lookslike:

public JDial og getFrame() {
if(franme !'= null) return frane;
frame = new JDi al og(parent, true);
frame.setTitle("Edit account");
...layout code not shown...
f rame. get Cont ent Pane() . add( get Per sonPanel (), constraints);
f rame. get Cont ent Pane() . add( get Account Panel (), constraints);
updat e();
return frang;
}
private Account Panel getAccountPanel () {
i f(accountPanel != null) return AccountPanel;
account Panel = new Account Panel ();
return account Panel ;
}
private void updat eAccount Panel () {
get Account Panel (). set Account (get Account ());
}

Theaccount Panel instancevariableis declaredof type Account andcanbe
aninstanceof eitherSavi ngsAccount orChecki ngAccount . ClassAccount -
Panel hasto decidehow to edit a givenaccountand, at first glance,shouldprovide
visualcomponentso edit bothtypesof accounts:

private void initConponents() {
...layout code not shown...
add( get Bal anceLabel (), constraints);
add(get Bal anceFi el d(), constraints);
add(get | nterestRateLabel (), constraints);
add(getlnterestRateField(), constraints);
add( get CheckNunber Label (), constraints);
add( get CheckNunber Fi el d(), constraints);
add( get CheckCount er Label (), constraints);
add( get CheckCounterField(), constraints);

}

The balancelabel andfield is usedby both accounts.The interestrate label and
field componentsre for savings accountsandthe checknumberand counterlabels
andfields for checkingaccounts. You have to implementcodeto interactwith the
componentsn suchaway thataccountinformationgetsdisplayedin the appropriate
fields. For example:

private void updatelnterestRateFiel d() {
i f (get Account ().isSavi ngsAccount ()) {
Savi ngsAccount savi ngsAccount = (Savi ngsAccount) get Account ();
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}

get I nterestRateFi el d(). set Text (savi ngsAccount. getlnterestRate());
} else {
getlInterestRateFi el d().setText(null);

}

private void changedl nterestRate() {

}

if(isUpdating()) return;
Savi ngsAccount savi ngsAccount = (Savi ngsAccount) get Account () ;
if(getlnterestRateField().getText().length() == 0) {
savgi nsAccount . set I nt erest Rat e( 0. 0f ) ;
} else {
Fl oat interestRate = new Fl oat (getlnterestRateField().getText());
savi ngsAccount . setInterest Rate(interestRate. fl oatVal ue());

}
updat e();

Similar codehasto beimplementedor the checkingaccount. As you may have
noted, for every methodthat updatesa component,you have to checkthe type of
the accountwith i sSavi ngsAccount () andi sChecki ngAccount () to de-
cidewhetherthe accounthasthe right information. This is cumbersomeo implement
for every widgetandit is not the only shortcomingof this method.Anotherdisadan-
tageis thatAccount Panel hasto manageall thevisualcomponentsor all thetypes
of accountswhich will bloatthe codeas more accounttypesare created. Oneway
to improve the situationis to separatéhe componentsnto differentgroupsandmove
thecodethatchecksfor theright type of theaccountaway from the updatemethodgo
someotherobject. Therefore:

Group the componentsthat operate on every key variation of some
modelaspectinto subforms. Selectthe appropriate subform at runtime
using the Subform Selection pattern.

Youimplementonesubformto edit savingsaccountsandonesubformto editchec-
ing accounts. Both are subclassesf JPanel , and are implementedas outlined in
the Subformpattern.So, ratherthanmanaginghevisualcomponentsiecessaryo edit
bothaccountsAccount Di al og manageshetwoforms. Themethodget Fr anme()
lazily createghedialogasfollows:

public JDial og getFrame() {

}

if(frame !'= null) return franeg;

frame = new JDi al og(parent, true);
frame.setTitle("Edit account");

...layout code not shown...

frame. get Cont ent Pane() . add( get Per sonPanel (), constraints);
f rame. get Cont ent Pane() . add( get Savi ngsAccount Panel (), constraints);
frame. get Cont ent Pane() . add( get Checki ngAccount Panel (), constraints);

updat e();
return frame;

private Savi ngsAccount Panel get Savi ngsAccount Panel () {

i f (savingsAccountPanel != null) return savi ngsAccount Panel ;
savi ngsAccount Panel = new Savi ngsAccount Panel ();
return savi ngsAccount Panel ;
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}

private Checki ngAccount Panel get Checki ngAccount Panel () {
i f (checki ngAccount Panel != null) return checki ngAccount Panel ;
checki ngAccount Panel = new Checki ngAccount Panel () ;
return checki ngAccount Panel ;

}

This simplifiesthingsa lot. Now, insteadof having oneaccountsubformknowing
how to editall accountsyou have mary accountsubformsspecializedo editonly one
typeof accounteach.Shouldyou needto createnew typesof accountsyou simply im-
plementthe new accountlassandthe correspondingubformto operateonit. Should
an accounttype becomeobsolete you only have to remove the accountclassandthe
associategubform.

This patternhasbeenpreviously proposedundera differentform by Bradacand
Fletcher1].

1.7 Subform Selection

You areimplementinga graphicaluserinterfaceand have usedthe Alternative Sub-
formspatternto implementsubformsto handlevariationsof somemodelaspect.You
now have to decidehow to manageall thesesubformssuchthatthe userinteractswith

the modelthroughthe appropriatesubform. For example,althoughtherearedifferent
subformdor differentaccountspnly onesubformshouldoperateontheaccountatany

onetime.

How do you choosefr om a collection of subforms basedon a givenkey
variation of somemodel aspect?

For the accountexample,you have to choosebetweenthe savings and checking
subformgsto edita givenaccount.At this point however, you aremoreconcernedvith
how the two subformsare managedisopposedo how oneis chosenover the othet
Thisis importantbecausgou mayneedalot of differentaccountsn thefutureandthe
costof maintainingthemshouldbe minimized.

Onceyou decideon which accountsubformto use,you caninstantiateandaddit
to the dialog frame. This is alright whenthe accounttype doesnot changeat runtime
andthe userinterfaceis static. Considerthe dialog shavn in Figure 1.8 wherethe
accountmodelchangedrom savingsto checkingtype asthe bankmanageselectghe
appropriateadio button. To achiere this behaior at runtime,you have to remove the
currentsubformfrom thedialogframe,instantiatehe otheroneandaddit to theframe
atexactly the samepositionasthe previousone.

This hasthe slight disadwantagethat you have to createa new subforminstance
everytime theaccountype changeswhich cangetexpensveif the subformhasto, in
turn, createalargenumberof componentsThealternatveis to, oncecreatedstorethe
formin aninstancevariable thewayyou have beenlazily initializing every component
sofar:

private Savi ngsAccount Panel get Savi ngsAccount Panel () {
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Figure1.8: Dynamicsubforms.
i f (savingsAccountPanel != null) return savi ngsAccount Panel ;
savi ngsAccount Panel = new Savi ngsAccount Panel ();

return savi ngsAccount Panel ;

private Checki ngAccount Panel get Checki ngAccount Panel () {
i f (checki ngAccount Panel != null) return checki ngAccount Panel ;
checki ngAccount Panel = new Checki ngAccount Panel () ;
return checki ngAccount Panel ;

}

Canyoudo betterthanthis? Considertthefactthatyou mayhave mary typesof ac-
countsubformsn thefuture,eachstoredin aninstancevariablein Account Di al og,
lazily initialized by theaccessomethod.Theonly methodsnvokingtheaccessorare
thecorrespondingubformupdatemethodsupdat eSavi ngsAccount () andup-
dat eChecki ngAccount () :

private void update() {

updat eSavi ngsAccount () ;
updat eChecki ngAccount () ;

L

private voi d updateSavi ngsAccount () {
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i f (get Account ().isSavi ngsAccount ()) {

get Savi ngsAccount Panel (). setVisible(true);

get Savi ngsAccount Panel (). set Account (get Account());
} else {

get Savi ngsAccount Panel (). set Vi si bl e(fal se);

}
. . .
private voi d updat eChecki ngAccount () {
i f (getAccount ().isCheckingAccount()) {

get Checki ngAccount Panel (). set Visi bl e(true);
get Checki ngAccount Panel (). set Account (get Account ());

} else {
get Checki ngAccount Panel (). set Vi si bl e(fal se);

}
}

For every subform,the updatemethoddecidesvhetherthe accounttanoperateon
the currentaccountand, shouldthat be the case makesthe subformvisible andtells
it to edit the account. If the subformis not suitedto edit the account,it is rendered
invisible. The global updatemethodcalls all the individual subformupdatemethods
with theendresultthatasuitableformis foundandpresentedo theuser An interesting
byproductof this approachs that,if no subformis foundto edittheaccountthe bank
managercannotedittheaccountfor example thereis no visible subform.

The updatemethodsfor all accountsubformslook the sameand one musthave
greatpatienceo typethemin. While someof you mayjump at the chanceandrushto
orderthatexotic egonomickeyboardyou couldnotjustify until now, you cansimplify
thingsa greatdealby storingthe subformsin a collection. Therefore:

Have the parent keeptrack of subforms in a collection and hide all
exceptthe subform that matchesthe given key variation of the model
aspect.Selectthe subform usingeither Subform Match or Subform Mis-
match pattern.

Ratherthan having an instancevariableand the correspondingaccessomethod
for every subform,now you areleft with only two variables,onefor the collectionof
subformsandonefor the currentlyselectedsubform:

public class AccountDial og {

private java.util.List accountPanels;
private Account Panel sel ect edAccount Panel ;
private Account account;

L

Firstthing you haveto dois to initialize thesevariables.Variablesel ect edAc-
count Panel will beinitialized whenthe dialogis createdduringthe updateproce-
dure. You initialize account Panel s to an Arr ayLi st in the constructor and
add the Savi ngsAccount Panel and Checki ngAccount Panel subformsto
thecollectionin themethodthatreturnsthe framefor the dialog:
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public JDialog getFrame() {
if(frane !'= null) return franeg;
frame = new JDi al og(parent, true);

addAccount Panel (new Savi ngsAccount Panel ());
addAccount Panel (new Checki ngAccount Panel ());

return franeg;

public void addAccount Panel (Account Panel panel) {
account Panel s. add( panel ) ;

public void rempveAccount Panel (Account Panel panel) {
account Panel s. renove( panel ) ;

}

Thenyou have to write the updatemethodto hide the currentlyselectedsubform,
pick the appropriatesubformfor the given accountusing the two patternswe will
presenshortly make it the currentlyselectedsubform,andshaow it to the user Since
subformamaydiffer in sizeandposition,it helpsto tell theparentto rearrangéts com-
ponentsyou do this by invoking pack () . Thelastthing in the method,you have to
tell the newly selectedsubformto edittheaccount:

private voi d updateAccountsPanel () {
get Sel ect edAccount Panel (). set Vi si bl e(fal se);
...select appropriate subform..
get Sel ect edAccount Panel (). set Visi bl e(true);
get Frame() . pack();
get Sel ect edAccount Panel (). set Account (get Account ());

}

As aresult,the Account Di al og becomesvery flexible asnow it can handle
aninfinite numberof accounttypes,whosesubformsyou canregisterwith addAc-
count Panel () andderaisterwith r enoveAccount Panel () . As youwill see
in the next two patternsthe dialogis now responsibleonly to managea collectionof
subformsnotto matchsubformsto givenaccounts.

This patternhasbeenpreviously proposedundera differentform by Bradacand
Fletcher1].

1.8 Subform Match

You areimplementinga graphicaluserinterfaceand have usedthe Alternative Sub-
formspatternto implementsubformsto handlevariationsof somemodelaspect.You
have alsousedSubformSelectiorto managehesesubforms.You now have to decide
how to choosethe appropriatesubformto displayto the userwhenthe modelaspect
changesTheaspecbf themodelchangestruntimeasaresultof someuseractionin
adifferentpartof the userinterface.For example , whencreatinga new bankaccount,
a bankmanagemay choosethe type of theaccountfrom radio buttons,which should
updatethe userinterfacewith the subformcorrespondindo the choseraccount. The
accountyperadiobuttonsarenot partof ary of theaccountsubforms.
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How do you determine that a subform can operate on a givenkey vari-
ation of somemodel aspectbasedon changescausedby the parent?

The accountsubformsare selectedbasedon the type of the account instance
variablein Account Di al og. To pick the appropriatesubform,you cancheckthe
type of the accountand, basedon that type, choosethe appropriatesubform. The
updatemethodfor theaccountpanelss:

private voi d updat eAccount sPanel () {

get Sel ect edAccount Panel (). set Vi si bl e(fal se);

i f (get Account ().isSavi ngsAccount ()) {
...select savings account subform..

} else if(getAccount().isCheckingAccount()) {
...select checking account subform..

} else {

set Sel ect edAccount Panel (nul 1) ;

get Sel ect edAccount Panel (). set Visi bl e(true);
get Frame() . pack();
get Sel ect edAccount Panel (). set Account (get Account ());

}

If you choosethe accountsubformthis way, you cannotregisteror dereagistersub-
forms at runtimevia theaddAccount Panel () andr enoveAccount Panel ()
methods.Ratherthan hardwiringthe selectionlogic into the updatemethod,you can
rely on the accountto tell you which subformto useto editit. So,for example,you
would have methodsin eachaccountto returnaninstanceof the subformthatcanbe
usedto editthatparticularaccountobject:

...In class SavingsAccount
public Account Panel get Subforn{) {
return new Savi ngsAccount Panel ();

...In class Checki ngAccount

public Account Panel get Subforn{) {
return new Checki ngAccount Panel ();

}

Thenyou canimplementthe updatemethodfor Account Di al og like:

private void updateAccountsPanel () {
get Frame() . renmove( get Sel ect edAccount Panel ());
set Sel ect edAccount Panel (get Account (). get Subform());
...layout code not shown...
get Frame() . add( get Sel ect edAccount Panel (), constraints);
get Frame() . pack();
get Sel ect edAccount Panel (). set Account (get Account ());

}

This way, Account Di al og doesnot have to decideon the subform,it simply
askstheaccounto provideit. Isthisagoodidea?Not really, sincenow you have made
accountsdependenbn the subformsby introducingthe get Subf or () protocol.
While it makes sensefor the subformsto dependon accountsthe sole purposefor
subformsis to edit accountsyou shouldbe ableto useaccountindependenthyof the
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subforms.Evenmore,this approactfails whenyou needto implementmorethanone
subformto edit differentviews of the sameaccountype.

Sofar, neitherthe dialog nor the accountshemselesseemappropriateo decide
which subformto useon a givenaccount.It seemsyou canonly placethis behaior in
thethird type of objectinvolved,the subformshemseles. Therefore:

Implement a method for eachsubform that decideswhether the sub-
form canoperateon the givenkey variation of somemodel aspect.

The only approachett is to allow eachsubformto decidewhetherit canoperate
on a givenaccount. To do this you write a methodnmat ch() in eachaccountpanel
classthat acceptsan accountasargumentandreturnsa booleanindicatingwhetherit
canedittheaccountor not:

...In class Savi ngsAccount Panel
public bool ean mat ch(Account account) {
return account.isSavi ngsAccount ();

...In class Checki ngAccount Panel

public bool ean mat ch(Account account) {
return account.isChecki ngAccount ();

}

Thenyou canrewrite the updatemethodfor the dialogto traversethe list of sub-
forms,queryeachonewhetheiit matcheghecurrentaccounobject,andselectheone
thatreturnstrue:

private voi d updateAccountsPanel () {
Iterator iterator = getAccountsPanel ().iterator();
whi |l e(iterator. hasNext()) {
Account Panel panel = (AccountPanel)iterator.next();
panel . set Vi si bl e(fal se);
i f (panel . mat ch(get Account())) {
panel . setVisible(true);
set Sel ect edAccount Panel (panel );

}

get Frame() . pack();
get Sel ect edAccount Panel (). set Account (get Account ());

}

If youfollow this approachyou distribute subformselectiorto the subformshem-
selwes. You canaddandremove subformsat runtimewhithout changingthe selection
criteriafor the existentsubforms.The systemis moremaintainableaswell sincenew
subformscanbeimplementedvithout having to changeary partsof the existing sys-
tem. The only disadantagéds that, shouldmorethanonesubormmatch,only the first
oneis selected.

This patternhasbeenpreviously proposedundera differentform by Bradacand
Fletcher1].
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1.9 Subform Mismatch

You areimplementinga graphicaluserinterfaceand have usedthe Alternative Sub-
formspatternto implementsubformsto handlevariationsof somemodelaspect.You
have alsousedSubformSelectiorto managehesesubforms.You now have to decide
how to choosethe appropriatesubformto displayto the userwhenthe modelaspect
changes.The aspeciof the modelchangesat runtime asa resultof someuseraction
in the currentlyselectedsubform. For example,whenfilling in the owneraddresgor
the bankaccount,a bankmanagesentersthe countryin the countryfield first, which
shouldupdatethe userinterfacewith the subformcorrespondindo theaddresgor that
country Thecountrytext field is partof every addressubform.

How do you determine that a subform cannot operate on a given key
variation of somemodel aspectbasedon changescausedby the sub-
form?

The userinteractswith a subformandcanchangédts underlyingmodel,thuscaus-
ing thesubformto beunsuitabldo operateonthatmodel.For theaddresgxample the
addresgype changesasedon the countryfield text, for examplefrom USAddr ess
to Canadi anAddr ess:

public class Address {
private String street;

public class USAddress extends Address {
private String state;
private String zi pCode;

public class Canadi anAddress extends Address {
private String province;
private String postal Code;

}

With the helpof the patterngresentedofar, you implementUSAddr essPanel
and Canadi anAddr essPanel subformswhich are storedin a collection inside
Addr essDi al og. SubformUSAddr essPanel usestext fields to edit the coun-
try, street,state zip codeandCanadi anAddr ess usedext fieldsto editthecountry,
street, province, and postalcode. The country field can acceptand shouldvalidate
stringslike 'US’ and’Canada’and,basedn this string,the subformshouldchangeo
beeitherUSAddr essPanel or Canadi anAddr essPanel .

Thesubformghemselescannotchangeheirtypesandsomehev have to tell their
parento choosdgheappropriatesubform.To dothis, you caninvoketheupdatemethod
of the parentwhich, in turn, will causethe appropriatesubformto be selected:

...In class USAddressPanel

private JTextField getCountryField() {
if(countryField !'= null) return countryFi el d;
countryField = new JTextField();
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countryFi el d. addAct i onLi st ener (new Acti onLi stener () {
public void actionPerformed(Acti onEvent event) {
changedCountry();

}
DE

return countryField;

}

private void countryChanged() {
i f(isUpdating()) return;
String country = get CountryFi el d. get Text();
i f(!isUSAddress(country)) {
get Parent (). update();

}

private bool ean i sUSAddress(String country) {
...validate country string...

1}

However, with this approachyou directly invoke the updatemethodof the parent.
That is, you assumethe parentimplementsan updatemethod,in otherwords, you
assumehe parentis implementedusingthe one of the CompleteUpdateor Multiple
Updatespatterns.The bestway to decouplethe implementatiorof the subformfrom
the implementationof its parentis to usethe event notification mechanisnof Java.
Therefore:

Have eachsubform notify its parent when it can no longer operate on
the givenkey variation of data.

Thebestway to notify the parentof changess to implementObserver The parent
will haveto provideanimplementatiorof theChangelLi st ener protocol,whichthe
panelsuseasfollows:

public class AddressPanel {
private Changeli stener |istener;

publ i ¢ ChangelLi stener getChangelListener() {
return listener;

public void setChangelLi st ener (ChangeLi stener |istener) {
this.listener = listener;

}
}

Then,youcanmodify thecount r yChanged() methodin USAddr essPanel
to simply invokethest at eChanged() methodonthelistener Thelistenermethod
takesasargumentaninstanceof ChangeEvent , awrappeifor thesourceof theevent,
in this casethe subform:

private void countryChanged() {
i f(isUpdating()) return;
String country = get CountryFi el d. get Text();
i f(!isUSAddress(country)) {
get Changeli st ener (). st at eChanged( new ChangeEvent (this));
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The only thing left to do is to implementthe parentto respondto changesn the
subforms.You do this by subscribingo the changeaventsgeneratedby the subforms.
Whencreatingthe subformsin Addr essDi al og, you alsoregisterthe changeavent
listeners:

public JDial og getFrame() {
if(frane !'= null) return frane;
frame = new JDi al og(parent, true);
Addr essPanel panel ;

Changeli stener |istener = new Changelistener() {
public void stateChanged(ChangeEvent event) {
updat e();

}

panel = new USAddr essPanel ();

panel . set Changeli st ener (listener);
addAddr essPanel (panel ) ;

panel = new Canadi anAddr essPanel ();
panel . set Changeli st ener (1 i stener);
addAddr essPanel (panel);

return frame;

}

As a result, the subformsare not dependentn the implementatiornof the parent
andyet canstill notify themof changesilt is up to the parentcontrolsto registerevent
handlersand,uponreceving changeavents,to chooseheappropriatesubformvia the
updatemechanism.

This patternhasbeenpreviously proposedundera differentform by Bradacand
Fletcher[1].

1.10 Patternsin Action

The following classesmplementa possibleuserinterfacefor the bankexamplepre-
sentedn an earlierchapter It consistsof classBankW ndow representinghe main
window to edit bankobjectsand Account Di al og, a dialogto createor edit bank
accounts.

1.10.1 ClassBankWindow

Theuserinterfacefor thebankwindow is shovnin Figure1.9. For its implementation
we usedEventHandlerandCompleteUpdate

inmport java.awt.*;

import java.awt.event.*;
inmport java.awt.image.*;

i mport javax.sw ng.*;

i mport javax.sw ng.event.*;
import java.util.*;
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LT” Accounts Browser M= E3
Accounts for Toronto Dominion: — [ accountsLabel
Savings account for Dorin Sandu with $1000.0 -~

Checking account for Dwight Deugo with $1200.0

accountsList
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Add... Edit... Remove

addButton editButton removeButton

Figure1.9: Window for editingBank objects.

public class BankW ndow {

private JFrame frane;

private JLabel accountslLabel;

private JScrol | Pane accountsScrol | Pane;

private JLi st accountsList;

private JPanel buttonsPanel;

private JButton addButton, editButton, renobveButton;

private Bank bank;
private Account sel ectedAccount;
private bool ean updati ng;

private BankW ndow() {
/1 do nothing

}

publ i ¢ BankW ndow( Bank bank) {
t hi s. bank = bank;

}

private Bank getBank() {
return bank;

}

private void setBank(Bank bank) {
thi s. bank = bank;

}

private Account get Sel ectedAccount () {
return sel ect edAccount;

}
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private void set Sel ect edAccount (Account sel ectedAccount) {
this. sel ectedAccount = sel ect edAccount;
}

public JFrame getFrame() {
if(frane !'= null) return franeg;
frame = new JFrane();
frame.setTitl e("Accounts Browser");
frame. set | conl mage(get | nage("l ogol6x16.gif"));
frame. set Locati on(100, 100);
frame. set Si ze(400, 300);

frame. get Cont ent Pane() . set Layout (new G i dBagLayout ());
Gri dBagConstraints constraints;

constraints = new GidBagConstraints();

constraints. gridx 0;

constraints. gridy 0;

constraints.fill = GidBagConstraints. HORI ZONTAL;
constraints.wei ghtx = 1.0;

constraints.weighty = 0.0;

constraints.insets = new I nsets(12, 12, 0, 12);

f rame. get Cont ent Pane() . add( get Account sLabel (), constraints);

constraints = new GidBagConstraints();

constraints. gridx 0;

constraints.gridy 1;

constraints.fill = GidBagConstraints. BOTH,

constraints.wei ghtx = 1.0;

constraints. wei ghty 1.0;

constraints.insets = new Insets(0, 12, 0, 12);

frame. get Cont ent Pane() . add( get Account sScrol | Pane(), constraints);

constraints = new GidBagConstraints();

constraints. gridx 0;

constraints.gridy 2;

constraints.fill = GidBagConstraints. HORI ZONTAL;
constraints.weightx = 1.0;

constraints. wei ghty 0.0;

constraints.insets = new I nsets(5, 12, 12, 12);

f rame. get Cont ent Pane() . add( get Butt onsPanel (), constraints);

frame. addW ndowLi st ener (new W ndowli stener () {
public void wi ndowActi vat ed(W ndowEvent event) {
// do not hi ng

}
public void wi ndowCd osed( W ndowEvent event) {
// do not hi ng

}

public void w ndowd osi ng(W ndowEvent event) {
System exi t(0);

}
public void w ndowbDeacti vat ed(W ndowEvent event) {
/1 do nothing

public void w ndowDei coni fi ed(W ndowEvent event) {
// do not hi ng
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}

public void wi ndow conifi ed( WndowEvent event) {
/1 do nothing

}
public void w ndowOpened( W ndowEvent event) {

update();
}
Dk
return frame;
}
private JLabel getAccountsLabel () {
i f(accountsLabel != null) return accountslLabel;
account sLabel = new JLabel ();
account sLabel . set Text ("Accounts for " + getBank().getName() + ":");
return account sLabel ;
}
private JScrol | Pane get AccountsScrol | Pane() {
i f(accountsScroll Pane != null) return accountsScroll Pane;

account sScrol | Pane = new JScrol | Pane(
get Account sList (),
Scrol | PaneConst ant s. VERTI CAL_SCROLLBAR_ALVWAYS,
Scrol | PaneConst ant s. HORI ZONTAL_SCROLLBAR_ALWAYS) ;
return accountsScrol | Pane;

}

private JList getAccountsList() {
i f(accountsList != null) return accountsList;
accountsLi st = new JList();
account sLi st. addLi st Sel ecti onLi st ener (new Li st Sel ectionListener() {
public void val ueChanged(Li st Sel ecti onEvent event) {
changedAccount sLi st ();

}
DE

return accountslLi st;

}

private JPanel getButtonsPanel () {
i f(buttonsPanel != null) return buttonsPanel;
butt onsPanel = new JPanel ();

but t onsPanel . set Layout (new G i dBagLayout ());
Gri dBagConstraints constraints;

constraints = new GidBagConstraints();
constraints.anchor = Gi dBagConstrai nts. EAST;
constraints.weightx = 1.0;

constraints.weighty = 0.0;

constraints.insets = new Insets(0, 0, 0, 0);
but t onsPanel . add(get AddButton(), constraints);

constraints = new GidBagConstraints();
constraints.anchor = Gi dBagConstrai nts. EAST;
constraints.wei ghtx = 0.0;
constraints.weighty = 0.0;

constraints.insets = new Insets(0, 5, 0, 0);
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but t onsPanel . add(get Edi t Button(), constraints);

constraints = new GidBagConstraints();
constraints.anchor = Gi dBagConstrai nts. EAST;
constraints. wei ghtx 0.0;

constraints. wei ghty 0.0;

constraints.insets = new Insets(0, 5 0, 0);

but t onsPanel . add( get RenpbveButton(), constraints);

return buttonsPanel;

}

private JButton get AddButton() {
if(addButton != null) return addButton;
addButton = new JButton("Add...");
addBut t on. set Mhenonic(' A’ );
addBut t on. addAct i onLi st ener (new ActionLi stener() {
public void actionPerformed(ActionEvent event) {
addAccount () ;

}
DE

return addButton;

}

private JButton getEditButton() {
if(editButton != null) return editButton;
editButton = new JButton("Edit...");
edi t Button. set Mhenonic(' E);
edi t Butt on. addAct i onLi st ener (new ActionLi stener() {
public void actionPerforned(Acti onEvent event) {
edi t Account () ;

}
Dk

return editButton;

}

private JButton get RenpbveButton() {
if(renmoveButton !'= null) return renmoveButton;
removeButton = new JButton("Renove");
renoveButt on. set Mhenmonic(’' R );
renoveBut t on. addAct i onLi st ener (new ActionLi stener() {
public void actionPerforned(Acti onEvent event) {
renmoveAccount () ;

}
DE

return renoveButton;

}

private void addAccount () {
Account account = new Savi ngsAccount ();
Account Di al og di al og = new Account Di al og(get Frane(), account, false);
Account result = dial og.show);
if(result !'=null) {
bank. openAccount (resul t);
set Sel ect edAccount (result);
updat e() ;
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}

private void editAccount() {
Account account = new Savi ngsAccount ();
try {
account = (Account)get Sel ect edAccount (). cl one();
} catch (d oneNot SupportedException exception) {
Systemout. println("could not create clone");
Systemexit(1l);

Account Di al og di al og = new Account Di al og(get Frane(), account, true);
Account result = dial og. show();
if(result !'= null) {
try {
get Sel ect edAccount (). cl one(result);
} catch (C oneNot SupportedException exception) {
Systemout.println("could not create clone");
Systemexit(1);

}
updat e();

}

private void remveAccount () {
bank. cl oseAccount (get Sel ect edAccount ());
set Sel ect edAccount (nul 1) ;
updat e();

private void begi nUpdating() {
updating = true;

}

private void endUpdating() {
updating = fal se;

private bool ean isUpdating() {
return updati ng;

}

private void update() {
begi nUpdati ng();
updat eAccount sLi st ();
updat eAddBut t on() ;
updat eEdi t Butt on() ;
updat eRenpveBut t on() ;
endUpdat i ng();

}

private void updateAccountsList() {
get Account sLi st (). set Li st Dat a( get Bank() . get Accounts().toArray());
get Account sLi st (). set Sel ect edVal ue( get Sel ect edAccount (), true);

}

private void updateAddButton() {
/1 always enabl ed
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}

private void updateEditButton() {
get Edi t Butt on() . set Enabl ed( get Sel ect edAccount () != null);

}
private void updateRemoveButton() {

get RenpbveBut t on() . set Enabl ed(get Sel ect edAccount() !'= null);
}

private void changedAccountsList() {
if(isUpdating()) return;
set Sel ect edAccount ( (Account ) get Account sLi st () . get Sel ect edVal ue());
updat e();

public void show() {
get Frame() . show();

private | mage getlnage(String theFileName) {
Tool kit tool kit= Tool kit.getDefaultToolkit();
try {
java.net.URL url = getd ass().get Resource(theFil eName);
return tool kit.createl nage( (I nageProducer) url.getContent());
} catch (Exception ex) {
Systemout.println("Failed to | oad resource " + theFileNane);

}

return null;

}

public static void main(String args[]) {
Bank bank = new Bank("Toronto Domi nion");
Per son person;
Account account;

person = new Person("Dorin", "Sandu");
account = new Savi ngsAccount (1000. Of, person, 1293, 3.2f);
bank. openAccount (account);

person = new Person("Dwi ght", "Deugo");
account = new Checki ngAccount (1200. 0f, person, 1294, "0", 25);
bank. openAccount (account);

new BankW ndow( bank) . show() ;

1.10.2 ClassAccountDialog

The userinterfacefor the accountdialog is shovn in Figure1.10. For its implemen-
tation we usedEventHandler, CompleteUpdate Subform SubformSelection and
Subf or m Mat ch.

import java.awt.*;
import java.awt.event.*;
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Mew account E |

s

Last name:
|Bandu | —— personPanel

First name:
| Dotin |
(.

>
® Savings (' Checking }— e

-

Z
Balance:

Interest rate: —— accountsPanel
3.2

OK Cancel

Figure1.10: Dialog for editing Account objects.

i mport javax.swi ng.*;
i mport javax.swi ng. event.*;
import java.util.*;

public class AccountDi al og {

private JFrane parent;

private JDi al og franeg;

private PersonPanel personPanel;

private JPanel choi cesPanel, accountsPanel, buttonsPanel;
private JRadi oButton savi ngsButton, checki ngButton;
private JButton okButton, cancel Button;

private Account account;

private java.util.List accountPanels;
private Account Panel sel ect edAccount Panel ;
private bool ean updating, editing;

private AccountDial og() {
// do not hi ng
}

public Account Di al og(JFrame parent, Account account, boolean editing) {
account Panel s = new ArrayList();
this.parent = parent;
this.account = account;
this.editing = editing;
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}

private Account getAccount() {
return account;
}

private void set Account (Account account) {
this.account = account;
}

private JFranme getParent() {
return parent;
}

private void setParent(JFrame parent) {
this.parent = parent;
}

private java.util.List getAccountPanels() {
return account Panel s;
}

private void set Account Panel s(java. util.List accountPanels) {
thi s. account Panel s = account Panel s;
}

private AccountPanel get Sel ectedAccountPanel () {
return sel ect edAccount Panel ;
}

private void set Sel ect edAccount Panel (Account Panel sel ect edAccount Panel ) {
thi s. sel ect edAccount Panel = sel ect edAccount Panel ;
}

public JDial og getFrame() {
if(frane !'= null) return franeg;
frame = new JDi al og(parent, true);
if(isEditing()) {
frame.setTitle("Edit account");
} else {
frame.setTitl e("New account");

}

f rame. get Cont ent Pane() . set Layout (new Gi dBagLayout ());
Gri dBagConstraints constraints;

constraints = new GidBagConstraints();

constraints.gridx = GidBagConstrai nts. REMAI NDER;
constraints.gridy = GidBagConstraints. RELATI VE;
constraints.fill = GidBagConstraints. HORI ZONTAL;
constraints.weightx = 1.0;

constraints.weighty = 0.0;

constraints.insets new | nsets(12, 12, 0, 12);
constraints. anchor Gri dBagConstrai nts. NORTH;
constraints.ipadx = 150;

f rame. get Cont ent Pane() . add( get Per sonPanel (), constraints);
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if(lisEditing()) {

constraint
constraint
constraint
constraint
constraint
constraint
constraint
constraint

s = new GidBagConstraints();

s.gridx = GidBagConstrai nts. REMAI NDER;
s.gridy = GidBagConstrai nts. RELATI VE;
s.fill = GidBagConstraints. HORI ZONTAL;
s.weightx = 0.0;

s.weighty = 0.0;

s.insets = new I nsets(12, 12, 0, 12);
s.anchor = GidBagConstrai nts. NORTH;

f rame. get Cont ent Pane() . add( get Choi cesPanel (), constraints);

}

constraints

constraints.
constraints.
constraints.
constraints.
constraints.
constraints.
constraints.

= new GidBagConstraints();
gridx = GidBagConstrai nts. REMAI NDER,

gridy Gri dBagConstrai nts. RELATI VE;
fill = GidBagConstraints. HORI ZONTAL;
wei ghtx = 0.0;

wei ghty = 0.0;

insets = new Insets(12, 12, 0, 12);
anchor = GidBagConstraints. NORTH;

frame. get Cont ent Pane() . add( get Account sPanel (), constraints);

constraints

constraints.
constraints.
constraints.
constraints.
constraints.
constraints.
constraints.

= new GidBagConstraints();
gridx = GidBagConstrai nts. REMAI NDER,

gridy Gri dBagConstrai nts. RELATI VE;
fill = GidBagConstraints. HORI ZONTAL;
wei ghtx = 0.0;

wei ghty = 1.0;

insets = new I nsets(12, 12, 12, 12);
anchor = GidBagConstraints. SOUTH;

frame. get Cont ent Pane() . add( get But t onsPanel (), constraints);

frame. set Resi zabl e(f al se);

updat e();

return franeg;

}

private PersonPanel getPersonPanel () {
i f(personPanel != null) return personPanel;

per sonPanel

= new Per sonPanel ();

return personPanel ;

}

private JPanel

get Choi cesPanel () {

i f(choicesPanel != null) return choi cesPanel ;

choi cesPanel

choi cesPanel

= new JPanel ();

. set Layout (new G'i dBagLayout ());

Gri dBagConstraints constraints;

constraints
constraints.
constraints.
constraints.
constraints.
choi cesPanel

= new Gri dBagConstraints();

anchor = G&idBagConstraints. VEST;

wei ght x 0.0;

wei ghty 0.0;

insets = new Insets(0, 0, 0, 0);
.add(get Savi ngsButton(), constraints);
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constraints = new GidBagConstraints();
constraints.anchor = Gri dBagConstrai nts. WEST;
constraints.weightx = 1.0;

constraints. wei ghty

0. 0;

constraints.insets = new Insets(0, 0, 0, 0);
choi cesPanel . add( get Checki ngButton(), constraints);

return choi cesPanel ;

}

private JRadi oButton get Savi ngsButton() {
i f(savingsButton != null) return savingsButton;
savi ngsButton = new JRadi oButton();
savi ngsBut t on. set Text (" Savi ngs") ;
savi ngsBut t on. addAct i onLi st ener (new Acti onLi stener() {
public void actionPerformed(ActionEvent event) {
creat eSavi ngsAccount () ;

}
hE

return savingsButton;

}

private JRadi oButton get CheckingButton() {

i f (checki ngButton
checki ngButton =

!'= null) return checki ngButton;
new JRadi oButton();

checki ngBut t on. set Text (" Checki ng");
checki ngBut t on. addAct i onLi st ener (new Acti onLi stener() {
public void actionPerformed(ActionEvent event) {
cr eat eChecki ngAccount () ;

}
E

return checki ngButton;

}

private JPanel getAccountsPanel () {

i f (account sPanel
accountsPanel = n

account sPanel . set

= null) return accountsPanel ;
ew JPanel ();

Layout (new Gri dBaglLayout ());

Gri dBagConstraints constraints;

Account Panel pane

panel = new Savin
addAccount Panel (p

gsAccount Panel () ;

constraints = new GidBagConstraints();

constraints. gridx
constraints.gridy
constraints. wei gh
constraints. wei gh
constraints. ancho
constraints.fill

account sPanel . add

anel ) ;
= 0;
=0
tx = 1.0;
ty = 1.0;

r = GridBagConstrai nts. NORTH;
= i dBagConstrai nts. HORl ZONTAL;
(panel, constraints);

panel = new Checki ngAccount Panel ();
addAccount Panel (panel ) ;
constraints = new GidBagConstraints();
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constraints. gridx
constraints. gridy
constraints. wei ght
constraints. wei ght
constraints.anchor = Gri dBagConstrai nts. NORTH;
constraints.fill = GidBagConstraints. HORI ZONTAL;
account sPanel . add( panel, constraints);

< X< 1
ninoo

1.0;
1.0;

return account sPanel ;

}

private JPanel getButtonsPanel () {
i f(buttonsPanel != null) return buttonsPanel ;
butt onsPanel = new JPanel ();

but t onsPanel . set Layout (new G i dBagLayout ());
Gri dBagConstraints constraints;

constraints = new GidBagConstraints();
constraints.anchor = Gi dBagConstrai nts. EAST;
constraints. wei ghtx 1.0;

constraints. wei ghty 0.0;

constraints.insets = new Insets(0, 0, 0, 0);
but t onsPanel . add(get kButton(), constraints);

constraints = new GidBagConstraints();
constraints.anchor = Gi dBagConstrai nts. EAST;
constraints.weightx = 0.0;

constraints.weighty = 0.0;

constraints.insets = new Insets(0, 5 0, 0);

but t onsPanel . add( get Cancel Button(), constraints);

return buttonsPanel;

}

private JButton get OkButton() {
if(okButton !'= null) return okButton;
okButton = new JButton("Ck");
okBut t on. set Mhenonic(’' O);
okBut t on. addAct i onLi st ener (new Acti onLi stener () {
public void actionPerformed(Acti onEvent event) {
get Frane() . di spose();

}
Dk
return okButton;
}
private JButton getCancel Button() {
if(cancel Button !'= null) return cancel Button;

cancel Button = new JButton("Cancel ");
cancel Button. set Mhenonic(’'C);
cancel But t on. addAct i onLi st ener (new Acti onLi stener () {
public void actionPerformed(Acti onEvent event) {
account = null;
get Frame() . di spose();

DK
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return cancel Button;

}

private void begi nUpdating() {
updating = true;
}

private void endUpdating() {
updating = fal se;

private bool ean isUpdating() {
return updati ng;
}

private bool ean isEditing() {
return editing;
}

private void update() {
begi nUpdati ng();
updat ePer sonPanel () ;
if(lisEditing()) {
updat eSavi ngsButton();
updat eChecki ngButton();

updat eAccount sPanel () ;
endUpdat i ng();

}

private voi d updatePersonPanel () {
get Per sonPanel (). set Per son(get Account (). get Ownner());
}

private void updateSavi ngsButton() {
get Savi ngsBut t on() . set Sel ect ed( get Account ().i sSavi ngsAccount ());

private voi d updat eChecki ngButton() {
get Checki ngButton(). set Sel ect ed( get Account (). i sChecki ngAccount ());
}

private voi d updat eAccount sPanel () {
Iterator iterator = getAccountPanels().iterator();
whi l e(iterator. hasNext()) {
Account Panel panel = (AccountPanel)iterator.next();
panel . set Vi si bl e(f al se);
i f (panel . match(getAccount())) {
panel . set Visi bl e(true);
set Sel ect edAccount Panel (panel );

}

get Frame() . pack();
get Sel ect edAccount Panel (). set Account (get Account ());

}

private void createSavi ngsAccount () {
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Savi ngsAccount savi ngsAccount = new Savi ngsAccount () ;
i f(getAccount() !'= null) {

savi ngsAccount . set Owner (get Account (). get Owner());

set Account ( savi ngsAccount);
updat e();

}

private void createChecki ngAccount () {
Checki ngAccount checki ngAccount = new Checki ngAccount ();
i f(getAccount() != null) {

checki ngAccount . set Oaner (get Account (). get Oaner ());

set Account ( checki ngAccount) ;
updat e() ;

}

public void addAccount Panel (Account Panel panel) {
account Panel s. add( panel ) ;

}

public void rempveAccount Panel (Account Panel panel) {
account Panel s. remove( panel ) ;

}

public Account show() {
get Frame() . show();
return getAccount();

}
}

1.10.3 ClassPersonPanel

Thepersomnpanelis shovn in Figure1.11. For its implementatiorwe usedEventHan-
dler, CompletdUpdate andSubform

i mport
i mport
i mport
i mport

Last name: — lastNameLabel
First name: — firstNameLabel
firstNameField lastNameField

Figurel.11: Panelfor editingPer son objects.

java.awt . *;

j ava. awt . event . *;

j avax. sw ng. *;

j avax. swi ng. event. *;

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



54 Chapter 1 e User Interfaces

inmport java.util.*;
public class PersonPanel extends JPanel {

private JLabel |astNaneLabel, firstNaneLabel;
private JTextField | astNameField, firstNameField;

private Person person;
private bool ean updating = fal se;

public PersonPanel () {
t hi s(new Person());
}

publ i c PersonPanel (Person person) {
t hi s. person = person;
i ni t Conponents();

}

public Person getPerson() {
return person;
}

public void setPerson(Person person) {
t hi s. person = person;
updat e() ;

private void initConponents() {
Gri dBagLayout |ayout = new Gi dBagLayout();
set Layout (| ayout);
Gri dBagConstraints constraints;

constraints = new GidBagConstraints();
constraints. gridx 0;

constraints. gridy 0;

constraints.fill = GidBagConstraints. HORI ZONTAL;
constraints.wei ghtx = 1.0;

constraints.insets = new Insets(0, 0, 0, 0);

add( get Last NaneLabel (), constraints);

constraints = new GidBagConstraints();
constraints. gridx 0;

constraints.gridy 1;

constraints.fill = GidBagConstraints. HORI ZONTAL;
constraints.weightx = 1.0;

constraints.insets = new Insets(0, 0, 0, 0);

add( get Last NanmeFi el d(), constraints);

constraints = new GidBagConstraints();
constraints. gridx 0;

constraints.gridy 2;

constraints.fill = GidBagConstraints. HORI ZONTAL;
constraints.weightx = 1.0;

constraints.insets = new Insets(5, 0, 0, 0);
add(get Fi rst NameLabel (), constraints);
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constraints = new GidBagConstraints();
constraints. gridx 0;

constraints.gridy 3;

constraints.fill = GidBagConstraints. HORI ZONTAL;
constraints.weightx = 1.0;

constraints.insets = new Insets(0, 0, 0, 0);
add(get Fi rst NameFi el d(), constraints);

updat e();

}

private JLabel getlLastNaneLabel () {
i f(lastNanmeLabel != null) return |astNaneLabel ;
| ast NaneLabel = new JLabel ();

| ast NanelLabel . set Hori zont al Al i gnnment (Swi ngConst ants. LEFT) ;
| ast NaneLabel . set Text ("Last nane:");
return | ast NaneLabel ;

}

private JTextFiel d getlLastNaneField() {
if(lastNameField !'= null) return | astNaneFi el d;
| ast NaneFi el d = new JText Fi el d();
| ast NaneFi el d. get Docunent () . addDocunent Li st ener (new Docurent Li st ener () {
public void changedUpdat e( Docunent Event event) {
changedLast NanmeFi el d() ;

public void insertUpdate(Docunent Event event) {
changedLast NaneFi el d() ;

public void renmpveUpdat e( Docunent Event event) {
changedLast NanmeFi el d() ;

}
DE

return | ast NaneFi el d;

}

private JLabel getFirstNaneLabel () {
i f(firstNanmeLabel != null) return firstNanmeLabel;
firstNameLabel = new JLabel ();
firstNanmeLabel . set Hori zont al Al i gnnent ( Swi ngConst ants. LEFT) ;
firstNameLabel . set Text ("First nane:");
return firstNanelLabel ;

}

private JTextFiel d getFirstNaneField() {
if(firstNameField !'= null) return firstNameField;
firstNameField = new JTextFiel d();
firstNameFi el d. get Docurent () . addDocurnent Li st ener (new Docunent Li s-
tener() {
public void changedUpdat e( Document Event event) {
changedFi r st NaneFi el d();

public void insertUpdate(Docunent Event event) {
changedFi r st NaneFi el d();

public void renmpveUpdat e( Docunent Event event) {
changedFi r st NanmeFi el d() ;
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}
DE

return firstNaneField;

}

private void begi nUpdating() {
updating = true;

private void endUpdating() {
updating = fal se;

}

private bool ean isUpdating() {
return updating;

}

public void update() {
begi nUpdati ng();
updat eLast NarmeLabel ()
updat eLast NanmeFi el d() ;
updat eFi r st NaneLabel () ;
updat eFi r st NaneFi el d()
endUpdati ng();

}

private voi d updatelLast NaneLabel () {
/1 do not hing

}

private void updateLastNaneFiel d() {
get Last NameFi el d() . set Text (get Person(). get Last Nane());

}

private voi d updateFirst NaneLabel () {
// do not hi ng

}

private voi d updateFirstNaneFi el d() {
get Fi rst NarmeFi el d() . set Text (get Person(). get Fi rst Nanme());

}

private void changedLast NaneFi el d() {
if(isUpdating()) return;
i f (getLast NaneFi el d().getText().length() == 0) {
get Person() . set Last Name(nul |);
} else {
get Person() . set Last Name( get Last NaneFi el d(). get Text());

[/ updat e();
}

private void changedFirstNanmeFiel d() {
if(isUpdating()) return;
i f (getFirstNaneField().getText().length() == 0) {
get Person().setFirstName(null);
} else {
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get Person() . set First Nanme(get Fi rst NaneFi el d().get Text());

//updat e();

}
}

1.10.4 ClassAccountPanel

For theimplementatiorof Account Panel , we usedeEventHandler, CompleteUp-
date andSubform

import java.awt.*;

i mport java.awt.event.*;

i mport javax.swi ng.*;

i mport javax.swi ng. event.*;
import java.util.*;

public class Account Panel extends JPanel {

private JLabel bal ancelLabel;
private JTextFiel d bal anceFi el d;

private Account account;
private bool ean updati ng;

private AccountPanel () {
/1 do nothing

}

publ i ¢ Account Panel (Account account) {
this.account = account;
i ni t Conponents();

}

public Account getAccount() {
return account;

}

public void set Account (Account account) {
this.account = account;
updat e();

public bool ean mat ch(Account account) {
return true;

}

protected void initComponents() {
Gri dBagLayout |ayout = new Gri dBagLayout();
set Layout (| ayout);
Gri dBagConstraints constraints;

constraints = new GidBagConstraints();
constraints.gridx = 0;

constraints. gridy 0;

constraints.fill = GidBagConstraints. HORI ZONTAL;

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



58 Chapter 1 e User Interfaces

constraints.weightx = 1.0;
constraints.insets = new Insets(0, 0, 0, 0);
add( get Bal ancelLabel (), constraints);

constraints = new GidBagConstraints();
constraints.gridx = 0;

constraints.gridy 1;

constraints.fill = GidBagConstraints. HORI ZONTAL;
constraints.weightx = 1.0;

constraints.insets = new Insets(0, 0, 0, 0);
add(get Bal anceFi el d(), constraints);

}

private JLabel getBal anceLabel () {
i f(bal anceLabel !'= null) return bal ancelLabel ;
bal anceLabel = new JLabel ();
bal ancelLabel . set Hori zont al Al i gnnent ( Swi ngConst ants. LEFT) ;
bal ancelLabel . set Text (" Bal ance: ") ;
return bal ancelLabel ;

}

private JTextFiel d getBal anceField() {
if(balanceField !'= null) return bal anceFi el d;
bal anceFi el d = new JText Fi el d();
bal anceFi el d. set Enabl ed(fal se);
return bal anceFi el d;

}

protected void begi nUpdating() {
updating = true;

protected void endUpdating() {
updating = fal se;

protected bool ean isUpdating() {
return updati ng;

}

protected void update() {
begi nUpdati ng();
updat eBal ancelLabel ();
updat eBal anceFi el d();
endUpdat i ng();

}

private voi d updateBal anceLabel () {
/1 do nothing

}

private void updateBal anceFiel d() {
get Bal anceFi el d() . set Text (String. val ueX (get Account (). get Bal ance()));
}
}
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1.10.5 ClassSavingsAccountPanel

Theuserinterfacefor the savingsaccounfpanelis shovn in Figurel.12. For its imple-
mentationwe usedeventHandler, CompletdJpdate Subform

SavingsAccountPanel

Balance: ——F+—— balanceLabel
Interest rate: — interestRatelLabel
interestRateField balanceField

Figure1.12: Panelfor editingSavi ngsAccount objects.

import java.awt.*;

i mport java.awt.event.*;

i mport javax.swi ng.*;

i mport javax.swi ng. event.*;
import java.util.*;

public class Savi ngsAccount Panel extends Account Panel {

private JLabel interestRatelabel;
private JTextField interestRateField;

publ i ¢ Savi ngsAccount Panel () {
t hi s(new Savi ngsAccount ());

}

publ i ¢ Savi ngsAccount Panel ( Savi ngsAccount account) {
super (account);

}

publ i ¢ Savi ngsAccount get Savi ngsAccount () {
return (Savi ngsAccount)super.getAccount ();

}

public bool ean mat ch(Account account) {
return account.isSavi ngsAccount ();

}

protected void initConmponents() {
super . i ni t Conponent s();
Gri dBagConstraints constraints;

constraints = new GidBagConstraints();
constraints.gridx = 0;

constraints.gridy 2;

constraints.fill = GidBagConstraints. HORI ZONTAL;
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constraints.weightx = 1.0;
constraints.insets = new Insets(5, 0, 0, 0);
add(get | nterestRatelLabel (), constraints);

constraints = new GidBagConstraints();
constraints.gridx = 0;

constraints.gridy = 3;

constraints.fill = GidBagConstraints. HORI ZONTAL;
constraints.weightx = 1.0;

constraints.insets = new Insets(0, 0, 0, 0);
add(getlnterestRateField(), constraints);

updat e();
}
private JLabel getlnterestRatelLabel () {
if(interestRateLabel != null) return interestRatelabel;
i nt erest Rat eLabel = new JLabel ();
i nt erest Rat eLabel . set Hori zont al Al i gnment (Swi ngConst ants. LEFT) ;
i nt erest Rat eLabel . set Text ("I nterest rate:");
return interestRatelabel ;
}

private JTextField getlnterestRateField() {
if(interestRateField != null) return interestRateField,
interestRateField = new JTextFiel d();
i nt er est Rat eFi el d. get Docunent () . addDocunent Li st ener (new Docunent Li s-
tener() {
public void changedUpdat e( Docurment Event event) {
changedl| nt erest Rat eFi el d();

public void insertUpdate(Docunent Event event) {
changedl| nt erest Rat eFi el d();

public void renmpveUpdat e( Docunent Event event) {
changedl nt erest Rat eFi el d();

}
DE

return interestRateField,

}

protected void update() {
super . update();
begi nUpdati ng();
updat el nt er est Rat eLabel ();
updat el nt erest Rat eFi el d() ;
endUpdati ng();

}

private void updatelnterestRatelLabel () {
/1 do not hing
}

private void updatelnterestRateField() {
getlnterestRateFi el d().set Text (String.val uedr (get Savi ngsAccount().getlnterestRate()));
}
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private void changedl nterestRateField() {
i f(isUpdating()) return;
if(getinterestRateField().getText().length() == 0) {
get Savi ngsAccount (). setl nterest Rate(0. 0f ) ;
} else {
Fl oat interestRate = new Fl oat (getlnterestRateField().getText());
get Savi ngsAccount (). setlnterestRate(interestRate.floatValue());

}
[/ updat e();

1.10.6 ClassCheckingAccountRanel

The userinterfacefor the checkingaccountpanelis shovn in Figure 1.12. For its
implementatiorwe usedeventHandler, CompleteUpdate Subform

CheckingAccountPanel

Balance: e balancelLabel
Last check processed: — checkNumberLabel
Checks issued: — checkCounterLabel

checkCounterField checkNumberField

Figure1.13: Panelfor editingChecki ngAccount objects.

import java.awt.*;

i mport java.awt.event.*;

i mport javax.swi ng.*;

i mport javax.swi ng. event.*;
import java.util.*;

public class Checki ngAccount Panel extends Account Panel {

private JLabel checkNunberLabel, checkCounterLabel;
private JTextField checkNunberFi el d, checkCounterFi el d;

publ i ¢ Checki ngAccount Panel () {
t hi s(new Checki ngAccount ());
}

publ i ¢ Checki ngAccount Panel ( Checki ngAccount account) {
super (account);
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publ i ¢ Checki ngAccount get Checki ngAccount () {
return (Checki ngAccount) super. get Account ();

}

public bool ean mat ch(Account account) {
return account.isChecki ngAccount ();

}

protected void initConmponents() {
super . i ni t Conponent s();
Gri dBagConstraints constraints;

constraints

constraints.
constraints.
constraints.
constraints.
constraints.

= new Gi dBagConstraints();

gridx = 0;
gridy = 2;
fill = GidBagConstraints. HORI ZONTAL;

wei ghtx = 1.0;
insets = new Insets(5, 0, 0, 0);

add( get CheckNunmber Label (), constraints);

constraints

constraints.
constraints.
constraints.
constraints.
constraints.

= new Gri dBagConstraints();

gridx = 0;
gridy = 3;
fill = GidBagConstraints. HORI ZONTAL;

wei ghtx = 1.0;
insets = new Insets(0, 0, 0, 0);

add( get CheckNunmber Fi el d(), constraints);

constraints

constraints.
constraints.
constraints.
constraints.
constraints.

= new GidBagConstraints();

gridx = 0;
gridy = 4;
fill = GidBagConstraints. HORI ZONTAL;

wei ghtx = 1.0;
insets = new Insets(5, 0, 0, 0);

add( get CheckCount er Label (), constraints);

constraints

constraints.
constraints.
constraints.
constraints.
constraints.

= new Gri dBagConstraints();

gridx = 0;
gridy = 5;
fill = GidBagConstraints. HORI ZONTAL;

wei ghtx = 1.0;
insets = new Insets(0, 0, 0, 0);

add( get CheckCounterField(), constraints);

updat e();
}

private JLabel

i f (checkNunberLabel != null) return checkNunber Label ;

get CheckNunber Label () {

checkNunber Label = new JLabel ();

checkNunber Label . set Hori zont al Al i gnnent ( Swi ngConst ants. LEFT) ;

checkNunber Label . set Text ("Last check processed:");
return checkNunber Label ;

}

private JTextFi el d get CheckNunberField() {

i f(checkNumberField !'= null)
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checkNunber Field = new JTextFiel d();
checkNunber Fi el d. get Docurent () . addDocunent Li st ener (new Docunent Li s-
tener() {
public void changedUpdat e( Docurment Event event) {
changedCheckNunber Fi el d();

public void insertUpdate(Docunent Event event) {
changedCheckNunber Fi el d() ;

public void renmpveUpdat e( Docunent Event event) {
changedCheckNunber Fi el d() ;

}
D
return checkNunberFi el d;
}
private JLabel getCheckCounterLabel () {
i f (checkCounterLabel != null) return checkCounterLabel;

checkCount er Label = new JLabel ();

checkCount er Label . set Hori zont al Al i gnnent ( Swi ngConst ant s. LEFT) ;
checkCount er Label . set Text (" Checks issued:");

return checkCount er Label ;

}

private JTextField get CheckCounterFiel d() {
i f(checkCounterField != null) return checkCounterField;
checkCounterField = new JText Fi el d();
checkCount er Fi el d. get Docunent (). addDocunent Li st ener (new Docunent Li s-
tener() {
public void changedUpdat e( Docunent Event event) {
changedCheckCount er Fi el d();

public void insertUpdate(Docunent Event event) {
changedCheckCount er Fi el d();

}

public void rempveUpdat e( Docunent Event event) {
changedCheckCount erFi el d();

}
DR

return checkCounterFi el d;

}

protected void update() {
super . update();
begi nUpdati ng();
updat eCheckNunber Label () ;
updat eCheckNunber Fi el d()
updat eCheckCount er Label (
updat eCheckCount er Fi el d(
endUpdat i ng();

}

private voi d updat eCheckNunber Label () {
/1 do nothing

}
private void updat eCheckNunberFiel d() {

)
).
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get CheckNunber Fi el d() . set Text ( get Checki ngAccount (). get CheckNunber ());

}

private voi d updat eCheckCounterLabel () {
/1 do nothing

}

private voi d updat eCheckCounterField() {

get CheckCount er Fi el d() . set Text (String. val ueOr (get Checki ngAccount (). get CheckCounter()));

}

private void changedCheckNumberFi el d() {
i f(isUpdating()) return;
i f (get CheckNunberFi el d().getText().length() == 0) {
get Checki ngAccount () . set CheckNunber (nul 1) ;
} else {

get Checki ngAccount () . set CheckNunber (get CheckNunber Fi el d(). get Text());

}
//updat e();

private void changedCheckCounterField() {
i f(isUpdating()) return;
i f (get CheckCounterField().getText().length() == 0) {
get Checki ngAccount () . set CheckCount er (0) ;
} else {
I nteger counter = new | nteger(get CheckCounterField().getText());
get Checki ngAccount () . set CheckCount er (counter.intValue());

}
//updat e();

1.11 Discussion

You canapply EventHandler, CompleteUpdate andMultiple Updatein two phases.
The first phasechangeshe statesof the userinterface modelsin responsedo end-

usereventsgeneratedy the visual componentsand the secondphaseupdatesthe

visualcomponentso reflectthe changesn the userinterfacemodel. Sincethe update
phasémmediatelyfollowsthehandlephasetheuserinterfacealwaysreflectsthelatest
changes.

Our patternsallow the userinterfaceto be modifiedeasily In orderto adda new
componentit is necessaryo write anupdatemethodfor it, andasmary handlemeth-
odsasrequired.In asimilar fashionto remove acomponentit is necessaryo remove
the correspondingipdatemethodandthe all of the handlermethods.Therefore gvery
componenis definedby oneupdateandmary handlemethodswhichis consistenfor
all the componentsSincethe updateandhandlermethodsacces®nly specificvisual
componentsthesecomponentganbe addedor removedwithout having to modify the
updateandhandlemethodgor the othercomponents.

Our patternsform expectationsn developers’minds. Any userinterfacecontains
handlerand updatemethodsand an easily identifiableinteractionbetweenthe visual
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componentandthe models. If thereis a problemin the handlingor updatingin re-
sponsdo auserevent,the developerknows exactly whatmethodgo examine.

If you decideto usethesethreepatternsonsistentlyyou cansummarizehemwith
thefollowing step-by-stepnstructions:

e Forevery userinterface,determindts statevariablesandassociatedbjects.

¢ Write a handlemethodfor eacheventa usercangeneratdrom interactingwith
the visual components Allow a handlermethodto modify only the modelob-
jectsandretrieveinformationfrom theimmediatevisualcomponentsut prohibit
it from directly modify arny othervisualcomponentsForcethelaststatemenin
eachhandlemethodto invoke the mainupdatemethodfor the entireuserinter-
face.

e Write a specializedupdatemethodfor every visual component. Eachmethod
is responsibldor updatingthe correspondingisual componenfrom the model
information. The methodis permittedto directly load stateinformation into
the visualcomponent®r cancomputethe contentsof the correspondingisual
componenbnthefly.

o Write asingle,mainupdatemethodthatinvokesall the specializedupdatemeth-
ods.

You canapplySubformto encapsulatpartsof userinterfacesn orderto reusehem
in otherpartsof the systemandto increasehe readabilityof the code. A simplerule
of thumbthathasworkedfor usin mary projectsis to implementa subformto edita
given object. This subformmay containvisual componentgo edit atomicaspectof
theobjectsuchasbooleansstrings,andcollectionsandothersubformgo editcomplex
aspect®f theobject.

You canuseAlternative Subforms SubformSelection SubformMatch, and Sub-
form Mismatd to dealwith highly dynamicuserinterfaces. To apply them usethe
following steps:

e Developasubformfor every specializatiorof theobjectthatneedsditing. Usu-
ally, the classof the objectin questionis partof a hierachyfor example,a spe-
cializationof someclass.Implementthe subformsin a similar hierarchy rooted
underJPanel in suchaway thattheir constructioninvokesthe constructiorof
theancestopanelsin thehierarchy

e Maketherootsubformin thehierarchykeeptrackof aChangeli st ener and
have eachsubformnotify thislistenereverytime it makesa changeo themodel
object.

e Decideon how andwheneachsubformcanedita givenobject. We recommend
you do this in ways otherthan directly probingfor the type of the objectvia
i nst anceof orget d ass().
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e For every subform,implementa mat ch() public methodthat takes a single
objectasargument. The objectshouldbe the type of the root of the hierarchy
of subforms mostoftenan abstractclass. The returnvalue hasto be a boolean
indicatingwhetherthe currentsubformcaneditthegivenobjector not, basecbn
thetestsdevelopedin previousstep.

e Storethe subformsin acollectioninsidethe main userinterface.Implementap-
propriatemethoddo add,remove, query, andtraversethis collectionasrequired.

¢ Modify theupdatemethodn themainuserinterfaceto detectusingthemat ch()
methoddevelopedpreviously, which subformin the collectioncanedita given
object,make thatsubformvisible, andhidetherestof them.
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