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C H A P T E R 1

User Interfaces

Applicationuserinterfacesshouldbeeasyto build, mod-
ify, andmaintain. The obvious way to meetthis goal is to have all developerscon-
sistentlyusecertainimplementationpatternssuchasthe Model View Controller [2],
ModelView Presenter[4], Observer[3], andthepatternlanguagefor developingform
stylewindows [1]. After building userinterfacesfor awhile now, we foundthatmore
detailsarerequiredto havetheapplicationinteractwith its userinterfacein aconsistent
way. In this chapterwe introducethesenew patternsalongwith a setof patternsthat
promoteuserinterfacereuse.

1.1 Intr oduction

Moderngraphicaluserinterfacesarehierarchicalcollectionsof visualcomponentsbuilt
aroundthe Compositepattern[3]. Top-level root components,suchaswindows and
dialogs,manageprimitive andcompositecomponents,wherethe latter may contain
additionalnestedprimitive andcompositecomponents.All componentsinteractwith
theapplicationvia somegluecodethattells eachcomponentwhataspectof theappli-
cationmodelto operateon. In this chapterwe will referto theuserinterfaceobjectas
theobjectthatinitializestherootvisualcomponentalongwith its nestedvisualcompo-
nentscollection,visuallypositionstheminsidetheirparentcontainers,andimplements
thegluecodebetweentheapplicationandthecomponents.

User interfacecode,like with any other codefor that matter, shouldbe easyto
understand,modify, andextend. This is hard to achieve if programmersuseunique
programmingstyles. While eachof them may understandtheir own code, it takes
a lot moretime thandesiredto understand,modify, andextendsomebodyelse’s code.
Therefore,youneedanapproachenablingall programmers,notjust theoriginalone,to
work on aninterfaceimplementationwhithoutspendingtoo muchtime understanding
somebodyelse’scode.
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6 Chapter 1 � User Interfaces

The obvious way to meetthis goal is to usean architecturethat standardizesthe
design.Patternsandpatternlanguagesareexcellentvehiclesfor expressingcommon
approachesto designsandarchitectures.For example,patternssuchasModel View
Controller [2], ModelView Presenter[4], Observer[3], andthe patternlanguagefor
developingform stylewindows[1] alreadyprovideapartialsetof patternsfor building
userinterfaces:

� TheModelView Controller patterndividestheuserinterfaceinto threeparts:the
model,theview, andthecontroller. Themodelrepresentsadomainlevel object,
for example,it holdsapplicationdataandprovidesbehavior to accessandmodify
it. Theview representsavisualcomponentthatrendersthemodelontothescreen
andthecontrollerchangesthemodelin responseto userinput. Therelationship
betweenthemodel,view, andcontrolleris depictedin Figure1.1.

Figure1.1: ModelView Controller.

� The Model View Presenterpatternis a variationof ModelView Controller that
also divides the user interfaceinto threeparts: the model, the view, and the
presenter. As with the Model View Controller pattern,the model representsa
domainlevel objectandtheview rendersthemodelto thescreen.Additionally,
theview handleslow-level userinput eventswhich it forwardsto thepresenter.
The presentermatchesa modelwith a view objectandmodifiesthe model in
responseto the low-level eventsit receivesfrom the view. This relationshipis
depictedin Figure1.2.

� TheObserverpatternmanagesthenotificationandupdatingbetweendependent
objectscalledobserversandsubjects.It describeshow to notify observerobjects
whena subjectchangesstate,without forcing the subjectto know the specific
classesof theobservers. ModelView Controller andModelView Presenteruse
Observerto decouplethe modelfrom the view so,whenthe modelchanges,it
notifiesall its views to update.This way, therecanbemany views operatingon
thesamemodelat thesametime, whithout themodelexplicitly knowing about
all of them.

You canuseModel View Controller andModel View Presenterandstill develop
hardto maintaincode. Assumingyou will implementthe userinterfaceusingoneof
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Introduction 7

Figure1.2: ModelView Presenter.

thesepatterns,andthevisualcomponentsin youruserinterfacealreadyimplementone
of thesepatterns,you will have to setdependencies,via Observer, betweenthe user
interfacemodeland the visual components.In otherwords,eachvisual component
will have to observe someaspectof the userinterfacemodel,andupdateitself when
that model aspectchages. You will find the resultingdependency graphis hard to
understandandmaintain.

However, therearesomehigher level designdecisionsyou canapply alongwith
thesepatternsto improve userinterfacedesignandimplementation.We incorporated
thesedecisionsinto thepatternsEventHandler, CompleteUpdate, andMultipleUpdate
andusedthesepatternsto refactorSubform, AlternativeSubforms, SubformSelection,
SubformMatch, andSubformMismatch. Usethesepatternsin oneof the following
contexts:

� You are developinga new user interface. Windows and dialogsare top-level
visualcontainersthatcontaina title, border, menubar, andothervisualcompo-
nentssuchasbuttons,lists,andforms. Your userinterfaceis responsiblefor the
layoutof othervisualcomponents.It is alsoresponsiblefor mappingmessages
generatedby thevisualcomponents,normally initiatedfrom useractionsin the
userinterface,to theappropriateactionsin themodels.Thistaskensurestheuser
interfaceandits visualcomponentsaccuratelyreflectthestateof themodels,and
thatit canhandleits own eventssuchaswindow or dialogclosing.

� You aredevelopinga new formor subform.A form or a subformis justasimple
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 behavior, but it doesnot have the responsibilitiesassociatedwith
maintainingor manipulatinga title or menubar. Your new form is to be used
eventuallyasa componentof otherwindowsor forms,or both. Therefore,your
windowsanddialogscancontainforms,andyour formscancontainforms.

Additionally, usethesepatternswhen:

� Thevisualcomponentscontainedin your userinterfaceneedto belooselycou-
pled. Thevisualcomponentsdependon themodelsandmustreflecttheir state.
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8 Chapter 1 � User Interfaces

However, whenyou updatea visual component,this doesnot force the update
of anotherandanother, andsoon. Rather, a useractionin a visualcomponent,
requiresa changein the models,which in turn requiresa singleupdatein the
visualcomponents,but that’s wheretheprocessends.For example,you arenot
building aspreadsheetview whereachangein acell maytriggera largenumber
of othercellsto updatetheir contents.

� ThevisualcomponentsusetheObserverpatternto notify theviewsof changes.
Visual componentscould invoke specificmethodsin the userinterfacebut this
would increasethe coupling betweenthem. Sincemany windowing systems,
includingJava,alreadysupportthisformof notification,wefind thatmoredetails
arerequiredto handletheeventnotificationfrom thevisualcomponentsandfor
updatingthevisualcomponents.

Within the global contexts, our three synchronizationpatterns,Event Handler,
CompleteUpdate, andMultiple Updatealongwith thefivesubformpatterns,Subform,
AlternativeSubforms, SubformSelection, SubformMatch, andSubformMismatch, at-
temptto resolve thefollowing globalforces:

� Userinterfacefunctionalitychangesoften.As anapplicationevolvesfrom early
prototypesto a shippedproduct,practicalexperiencesuggeststhat its overall
look-and-feelwill changemuchmorethantheunderlyingbusinessmodel.Such
changescanoccurasa resultof changingbusinessrequirements,portsto differ-
entplatforms,thedesireto constructamoreuser-friendly versionof aninterface
or from clientsrequestinga customuserinterface.Examplesof changesinclude
laying the componentsout differently, moving its componentsto anotheruser
interface,andchangingits behavior. All typesof changesmustbeeasyto make
but not requirea rethinkingof theoveralluserinterfacedesign.

� A significantperiodmayelapsebetweenthe timea developerlast workedon a
user interfaceand the time he is makingchangesto it. As a developerworks
on differentpartsof anapplication,weeksor evenmonthscango by beforehe
revisitsaview thathedeveloped.It shouldnot takea longtimefor thedeveloper
to rememberandunderstandhisview’s implementation.

� Theoriginal developerof a user interfaceis not alwaysthe sameperson that
maintainsor extendsit. Developersoftenchangegroupsor companiesduringthe
time requiredto developa singleapplication.Therefore,theoriginal developer
maybeunavailableor unwilling to discusstheirpreviousdesignwith adeveloper
assignedto supporttheoldview. As with theoriginaldeveloper, it shouldbeeasy
for the new oneto understandthe previousdesignandimplementationandfor
thesamereasons.However, theeasiera userinterface’s designis to understand
theeasierit is to changeit. New developersoftenfeel theneedto makechanges
to suit theirstyles.Thesechangescomeata timewhentheuserinterfaceshould
bestabilizing,not changing.

� Tightly coupleduser interfacecomponentsare difficult to merge or split. It
shouldbe possibleto merge or split userinterfaceswith minimal effort. Ide-
ally, whenmakingchanges,it is desirableto refactor the interfaceratherthan
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Introduction 9

throw it away andimplementit from scratch.Thecostof refactoringdecreases
significantly if partsor entireuserinterfacescanbe mergedor split, for exam-
ple, oneshouldbe able to addandremove visual componentswith minimum
disturbanceto the existing onesor to the userinterfaceitself. However, initial
refactoringincreasesdevelopmenttimesandcosts.

� Visual containers that havemanyconstraintsbetweentheir visualcomponents,
such astreeviewsandgrids,are difficult andtimeconsumingto update. Updat-
ing onecomponentat a time is simpleto implementandunderstand.However,
dueto theconstraints,cyclical dependencies,andchangesto othercomponents,
avisualcomponentmaybeupdatedseveraltimesbeforeafull updatecompletes.
Thisapproachis inefficientandproducesa flickeringeffecton thewindow.

� A largepercentageof timeis requiredfor userinterfacedevelopment.Oneoften
hearsof view constructionrequiring80%of thedevelopmenteffort. Therefore,
it is importantto try to minimizethecostrequiredto developandmaintainuser
interfaces,keepingyour effort level low at this part of development.However,
yourviewsarewhatend-usersseeandinteractwith, andyoumusttake thetime
to makethemvisuallyappealing,easyto use,andensuretheusermakesastrong
connectionbetweenthemandyourapplication.

� Ad hoc user interfacedesignsare difficult to support. User interfacesimple-
mentedin a consistentway aremucheasierto understandandmaintainbecause
everyoneinvolvedwith the taskworks from thesamedesignprinciple. Conse-
quently, no developeris requiredto figureout what theotherhasdone.On the
otherhand,this canmake userinterfacestoo similar, constrainingnovelty and
innovation.

� User interfacesmustbe user-friendly. A userinterfacethat is slow to reactto
eventsor updateitself in real-time,will frustrateany user. Usersexpectrespon-
sive user interfacesthat operatein real-time. However, this balancebetween
performanceandthecomplexity of theunderlyingframework is hardto achieve.

1.1.1 Pattern Summary

Table1.1 summarizestheproblemsaddressedby thepatternsin our patternlanguage
andtheir solutions. In the following sections,we describethe threesynchronization
patternsEventHandler, CompleteUpdate, andMultiple Updatealongwith the five
subformpatternsSubform, AlternativeSubforms, SubformSelection, SubformMatch,
andSubformMismatch. Noneof themstandon their own, their dependencieson each
otherareshown in Figure1.3.

Pattern Problem Solution

ModelView
Controller

How do youarchitectan
interactiveapplication?

Divide interactive
applicationinto threeparts:
model,view, andcontroller.
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10 Chapter 1 � User Interfaces

Pattern Problem Solution

Event
Handler

How shoulda view, suchas
a form, handleanevent
notificationmessagefrom its
observablevisual
components?

In youruserinterface,create
andregistera handler
methodfor eachevent
messagefrom yourvisual
component.

Complete
Update

How to you implement
behavior in theuser
interfaceto updatethevisual
componentsfrom the
model?

Assumeall visual
componentsareout-of-date
andupdateeverything.

Multiple
Updates

How do you implementa
subformsuchthat,whenit
changesits model,other
partsof themainuser
interfacedependingon this
model,updatetheir contents
to reflectthelatestchanges?

Haveeachsubformnotify its
parentwhenit changesthe
model.Theparentshould
reactto changesin the
subformvia EventHandler
andupdateits children
componentsvia Complete
Update.

Subform How do youdesignpartsof
userinterfacesto operateon
somemodelaspect?

Groupthecomponentsthat
operateon thesamemodel
aspectinto subforms.

Alternative
Subforms

How do youdesignpartsof
userinterfacesto operateon
key variationsof some
modelaspect?

Groupthecomponentsthat
operateon everykey
variationof somemodel
aspectinto subforms.Select
theappropriatesubformat
runtimeusingtheSubform
Selectionpattern.

Subform
Selection

How do youchoosefrom a
collectionof subformsbased
on agivenkey variationof
somemodelaspect?

Have theparentkeeptrack
of subformsin a collection
andhideall exceptthe
subformthatmatchesthe
givenkey variationof the
modelaspect.Selectthe
subformusingeither
SubformMatch or Subform
Mismatch patterns.

Subform
Match

How doyoudeterminethata
subformcanoperateona
givenkey variationof some
modelaspectbasedon
changescausedby the
parent?

Implementa methodfor
eachsubformthatdecides
whetherthesubformcan
operateon thegivenkey
variationof somemodel
aspect.
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Pattern Problem Solution

Subform
Mismatch

How doyoudeterminethata
subformcannotoperateon a
givenkey variationof some
modelaspectbasedon
changescausedby the
subform?

Haveeachsubformnotify its
parentwhenit canno longer
operateon thegivenkey
variationof data.

Table1.1: PatternProblemsandSolutions.

TheModelView Controller patternrepresentsthecoreof thepatternlanguage.It
providestheoverall architecturefor connectingmodels,views andcontrollers,andis
usedby themajoruserinterfaceframeworkstoday. It is worth notingthatJava makes
useof a simplerversionof theModelView Controller, denotedasthemodel-delegate.
Thisdesignmergestheview andcontrollerinto a singleobjectthatinteractswith both
the model and the user. In this chapter, we refer to the userinterfaceobjectas the
objectthatconstructsthedelegateby combiningalreadyimplementedcomponentslike
buttonsandlists,andthegluecodebetweenthedelegateandthemodel.

Model View Controller

Alternative Subform

Subform

Subform Selection

Subform Match

Subform Mismatch

Event Handler

Complete Update Multiple Update

Figure1.3: Patternlanguagedependencies.

Therestof thechapteris structuredasfollows:
� In Section1.2,wedescribehow userinterfacesusingEventHandlerhandleevent

notificationsfrom their visualcomponentssuchthattheupdateprocessbetween
themodelanddelegatebecomesindependentfrom thevisualcomponentsgen-
eratingtheeventsandfrom themodelsthathavechangedstate.
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12 Chapter 1 � User Interfaces

� In Section1.3, we describehow CompleteUpdatecanbe usedto structurethe
updatecodefor a userinterfacesuchthatyou or any otherfuturedevelopercan
quickly andeasilyunderstandthelogic of theupdate.

� In Section1.4, we describehow Multiple Updatecan be usedto managethe
updateof visualcomponentsarrangedin multiple subforms.

� In Section1.5,we describehow Subformcanbeusedto divide a userinterface
into smallerinterfacesthat operateon a certainaspectof the model,suchthat
thesesmalleruserinterfacesreducethecomplexity of thecodeandcanbereused
in differentotherpartsof thesystem.

� In Section1.6,we describehow AlternativeSubformscanbeusedto createdif-
ferentsubformsto edit key variationsof thesamemodelaspects.

� In Section1.7, we describehow SubformSelectioncanbe usedto managethe
differentsubformsneededto edit differentvariationsof somemodelaspectat
runtime.

� In Section1.8,we describehow SubformMatch is usedto chooseamonga col-
lection of given subformsto operateon a given key variation of somemodel
aspect.

� In Section1.9, we describehow SubformMismatch can be usedto, oncethe
model aspectbeing editedchanged,prompt the userinterfaceto pick another
subformto operateon thenew variationof themodelaspect.

� In Section1.10, we implementa possibleuserinterfacefor the bank account
examplepresentedin the chapteron constructingobjectsearlier in this book.
The interfaceconsistsof a main window, a dialog, anda coupleof subforms
whoseimplementationis anexampleof applyingtheabovepatterns.

1.2 Event Handler

YouhaveincorporatedtheObserverpatterninto thedesignof youruserinterface.This
may have beena deliberatedecisionor the result of using anotherpattern,suchas
ModelView Controller or ModelView Presenter, thatusestheObserverpatternaspart
of its structure. Your userinterfaceobject is interestedin receiving event messages
from its observablevisual componentswhenspecificeventsoccurin them. The user
interfaceneedsto collaboratewith oneor moremodelobjectsin orderto handlethese
notificationmessagesandthenupdateits visual componentsin response.You want
your userinterfaceto updateits visualcomponentsin anorganized,linearmanner, so
thatcomponentsin correspondingregionsof theuserinterfaceupdatetogetherrather
thananapparentrandommanner.

How shoulda user interface handleevent notifications fr om its observ-
ablevisual componentssuchthat it doesnot createanyupdating depen-
denciesbetweenthe methodsand the number of updatesto the visual
componentsis minimized?
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Event Handler 13

Considerthefollowing Java implementationof a TodoListwindow, asdepictedin
Figure1.4. Theapplicationmodelconsistsof a collectionof todo items,whereeach
item is aString object.Theusercanaddnew itemsto thelist by typingoneitem at
thetime in thetext field andclicking theAdd button.Theusercanremoveitemsfrom
thelist by selectinganitemandclicking theRemovebutton.

addButton

removeButton

newItemField

itemsLIst

Figure1.4: TodoListexample.

The underlyingmodelfor the TodoListwindow is a setof threeobjects,the todo
item collection,the todo item selection,andthe todo item beingedited. You encode
thesein classTodoListWindow as instancevariablesitems, selectedItem,
andnewItem. Additionally, TodoListWindow creates,initializes, andmanages
eachvisualcomponentalongwith a list of eventlisteners:

public class TodoListWindow �
private String newItem, selectedItem;
private ArrayList items;
...�

The usercantype in the text field, selectan item in the list or click the Add and
Removebuttons.Handlermethodsneedto bewritten for eachof theseevents.In Java,
you needto addlistenersto theappropriatevisualcomponents(codenot shown in the
interestof brevity) in order for the view to receive event notificationmessagesfrom
them. You cando this by having the userinterfaceitself implementthe appropriate
interfaces.For example,TodoListWindow handleseventsfrom thetwo buttonsvia
theActionListener interface:

public class TodoListWindow implements ActionListener �
...
public void actionPerformed(ActionEvent event) �
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14 Chapter 1 � User Interfaces

JButton button = (JButton)event.getSource();
if(button.getName().equals("AddButton")) �

addTodoItem();�
if(button.getName().equals("RemoveButton")) �

removeTodoItem();�
�
...�

Here, you have usedconditionalstatementsto determinewhich componentsent
theeventmessageandhow to processit in a singlehandlermethod.However, this is
inefficientasnow it becomesdifficult to add,remove,or changethevisualcomponents.
To doso,youhaveto editeveryeventhandlermethodto eitheraddor removethecode
for thegivenvisualcomponent.Moreover, if you changethesourceof theevent,you
mustalwaysrecompilethe method. Replaceable,or plug-and-play, componentswill
alsonot beanoption.

Many observablevisualcomponentscangenerateidenticaleventmessages.If you
handleeachmessagewith adifferentmethod,it iseasytoaddandremovevisualobjects
asyouhave to addor removeonehandlermethod.Therefore:

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

Do notregisterthevisualcomponentsdirectlywith theuserinterfacemodel.Rather
than letting the visual componentsoperateon differentaspectsof the userinterface
model,assuggestedby ModelView Controller, have theuserinterfaceobjectcoordi-
natethis process.So, implementthe eventhandlermethodsto pull informationfrom
the appropriatevisual componentsand invoke correspondingserviceson the model.
Thensimply updatethe visual componentsto reflectthe changesyou just performed
on the model. Your handlermethodsshouldnot do any updatingof the visual com-
ponentsthemselves. Instead,have your handlersusea singleupdatemethodthat is
responsiblefor updatingall visualcomponents.

Goingbackto theTodoListexample,theDocumentListener for thetext field
sendstheTodoListFrame themessagechangedNewItemField() every time
the usertypesin the text field. The changedNewItemField() handlermethod
readsthecontentsof thetext field into thenewItem instancevariable:

private void changedNewItemField() �
if(getNewItemField().getText().length() == 0) �

setNewItem(null);�
else �
setNewItem(getNewItemField().getText());�

update();�

TheListSelectionListener for the list sendstheTodoListFrame the
messagechangedItemsList() whentheuserselectsanitem in thelist. Thehan-
dlermethodreadstheselecteditemfrom thelist into theinstancevariablesselecte-
dItem andnewItem:
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Event Handler 15

private void changedItemsList() �
String value = (String)itemsView.getSelectedValue();
setSelectedItem(value);
setNewItem(value);
update();�

TheAddandRemovebuttonsuseanActionListener to sendtheTodoList-
Frame the messagesaddTodoItem() andremoveTodoItem() whenthe user
clicks on them, respectively. TheaddTodoItem() handlermethodaddsthe new
item to the collectionof existing items,whereastheremoveTodoItem() handler
methodremovesthecurrentlyselecteditemfrom thesamecollection:

private void addTodoItem() �
getItems().add(getNewItem());
setSelectedItem(getNewItem());
update();�

private void removeTodoItem() �
getItems().remove(getSelectedItem());
setSelectedItem(null);
setNewItem(null);
update();�

All handlermethodsinvokeasingleupdatemethodjust beforethey complete.The
user interfacemodel is modified as a result of handlinguserevents,after which is
loadedbackinto the visual components,during updating,to force the view to reflect
thechangesin themodel.

Sinceonly a singleupdateis required,theentireuserinterfacecanberefreshedin
a predictable,coordinatemannerandredundantupdatesareavoided. After receiving
an event message,the userinterfaceobject takes the requiredinformation from the
appropriatevisualcomponentsandinvokesthecorrespondingservicesin themodels.
Theseactionschangethestatesof themodelsand,consequently, thevisualcomponents
arenow in needof updateto reflectthelateststateof themodel.All visualcomponents,
all events,andall updatingis handledthesameway in all views.

As a result,theuserinterfacehasbecomeeasierto maintain.To addthecapability
to handleanew eventmessagefrom avisualcomponent,addanew handlermethod.To
removetheprocessingof anevent,deletethecorrespondinghandlermethod.To mod-
ify theway aneventmessageis processed,changethecorrespondinghandlermethod.
Evenmoreimportant,thereis alwaysoneandonly onemethodto look at for thead-
dition, deletionor modificationto theway aneventmessageis handled,which makes
it easyfor you or futuredevelopersto understand.Moreover, no specialflagsor case
statementsarerequiredto processevents.

Onthedownside,EventHandlermaymakeupdatingmorecomplex. For verylarge
userinterfaces,asingleupdatemethodmaybecometoocomplex. To someextent,this
canbesolvedhaving themainupdatemethodcoordinateseveralsmallerupdates.
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16 Chapter 1 � User Interfaces

1.3 CompleteUpdate

You have implementedyour userinterfacewith a clearseparationbetweenits model
andits views, for example,the visual componentsdo not operatedirectly on aspects
of the model anddo not automaticallyupdatethemselveswhen the modelchanges.
You havealsousedEventHandler to captureusereventsfrom thevisualcomponents.
Youhandletheseeventsin theuserinterfaceobjectand,afteryoufinishmodifying the
model,you realizethevisualcomponentsdisplayanout-of-dateversionof themodel.

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

Changesin the modelobjectsmay be the resultof a useractionor the actionof
anotherobjectthe userinterfacedoesnot know about. However, you want to handle
bothcasesatonceandavoid redundancy. Theproblemis youdonotalwaysknow what
haschangedin themodelsor whichvisualcomponentsneedupdating.

You arenot alwaystheonewho will maintainyour viewssotheview’s logic must
beeasilyunderstood.You canoften improve performanceby usingtricky implemen-
tationtechniques.However, thesetricks oftencomplicateyour codeby makingit less
easyto readandcomprehend.Therefore:

Assumeall visual componentsareout-of-dateand updateeverything.

In mostcases,therewill be superfluousupdateswhich may causethe display to
flicker, especiallyonsystemsthatdonotdouble-buffer theirvisualcomponents’graph-
ics. However, if theuserinterfaceis not too complex, mostcomputersarefastenough
to do theupdateswithout recognizableflicker. Write a specializedupdatemethodfor
everyvisualcomponentsandsubformsin youruserinterface.Eachspecializedupdate
methodis responsiblefor updatingits correspondingvisualcomponentsfrom informa-
tion in themodels.Permiteachspecializedupdatemethodto loadmodelinformation
directly into thevisualcomponentsor computethecontentson thefly. Write a single,
mainupdatemethodthatinvokesall of thespecializedupdatemethods.

Continuingwith theTodoListexample,updatemethodsmustbewritten for all vi-
sualcomponents.The updatemethodfor the text field setsthe contentsof text field
to the string in newItem variable. The updatemethodfor the selectionlist setsthe
contentsof the selectionlist to the collectionof items andtheselectionto these-
lectedItem string:

private void updateNewItemField() �
getNewItemView().setText(getNewItem());�

private void updateItemsList() �
getItemsList().setListData(getItems());
getItemsList().setSelectedValue(getSelectedItem(), true);�

Theupdatemethodsfor theAdd andRemovebuttonsonly takecareof enablingor
disablingthebuttonsdependingonwhethertheireventsarepermitted.TheAdd button
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Complete Update 17

cannotbeclickedif thereis nothingtypedin thetext field (in otherwordsnewItem is
null). TheRemovebuttoncannotbeclickedif thereis no selectionmadein thelist (in
otherwordsselectedItem is null):

private void updateAddButton() �
getAddButton().setEnabled(getNewItem() != null);�

private void updateRemoveButton() �
getRemoveButton().setEnabled(getSelectedItem() != null);�

Thecoordinatingupdatemethod,which all handlermethodsuse,invokesthespe-
cializedonesensuringall visualcomponentsreflectthecurrentstateof themodels:

private void update() �
updateNewItemField();
updateItemsList();
updateAddButton();
updateRemoveButton();�

As a result,theuserinterfacemaincoordinatingupdatemethodensuresthatits vi-
sualcomponentsreflectthecurrentstateof themodels.It is veryeasyto determinehow
thevisualcomponentsareupdatedasthereis only onecorrespondingupdatemethod
to add,remove,or change.Thismethoddoesnotmakeuseof any specialbooleanflags
to rememberwhichvisualcomponentsto update.On thedownside,thisapproachmay
causeinfinite loopsand,in thecaseof complex userinterfaces,maybetoo slow.

1.3.1 Variants

Infinite Loops

CompleteUpdatecancauseinfinite loopswhenmessagessentto oneof thevisualcom-
ponentsin theupdatemethodtriggeranew eventmessagefrom thevisualcomponents,
causingthesubsequentexecutionof a handlermethod,which resultsin anotherinvo-
cationof theupdatemethod,andsoon. To prevent this situationfrom occurring,you
candisablethevisualcomponentsfrom generatingnew eventmessageswhile theuser
interfaceis handlinganeventmessage.In ourexample,this involvesremoving thelis-
tenersfrom thevisualcomponents.ThedisableListeners methodremovesthe
Java listenersfrom the correspondingcomponents,andenableListeners adds
themback. Thenet resultis you updateall visualcomponentswhile the listenersare
disabled:

private void update() �
disableListeners();
updateNewItemField();
updateItemsList();
updateAddButton();
updateRemoveButton();
enableListeners();�

private void disableListeners() �
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getNewItemField().getDocument().removeDocumentListener(newItemDocumentListener);
getItemsList().removeListSelectionListener(itemsListSelectionListener);
getAddButton().removeActionListener(addButtonActionListener);
getRemoveButton().removeActionListener(removeButtonActionListener);�

private void enableListeners() �
getNewItemField().getDocument().addDocumentListener(newItemDocumentListener);
getItemsList().addListSelectionListener(itemsListSelectionListener);
getAddButton().addActionListener(addButtonActionListener);
getRemoveButton().addActionListener(removeButtonActionListener);�

Theuserinterfacecreatesthelistenerswhenit builds thewindow, associatesthem
with theappropriatecomponent,andcachesthemin privateinstancevariable.You do
not createnew listeners(observers)or visual components(subjects)whendisabling
andenablingeventmessagesasthis would be inefficient. You usethesereferencesto
enableanddisablethecorrespondinglistnerobjects.Takingthisapproach,themethods
for disablingandenablingaresimpleto understandandmodify. However, this does
openanotherplaceto modify wheneveracomponentis addedor deleted.

StoppingRecursive UpdatesWithout Disabling/Enabling Listeners

As mentionedbefore,the updatingof visual componentsby the userinterfacemay
generateadditionaleventmessages.Sincethehandlingof theseeventmessagesalways
invokesanupdatewhich maycausemoreeventmessages,andsoon, theresultcanbe
anendlessloop of updatemessage,eventmessage,andhandlerresponses.

Ratherthandisablingandenablingtheobjectsresponsiblefor generatingthenew
eventmessages,which maybecomputationallyexpensive, anothersolutionis to dis-
cardany new eventmessageswhile alreadyprocessingone.To includethisability, you
canadda new private instancevariableto your view calledupdating and initial-
ize it to false whencreatingyour view. In our example,theclassdefinition for the
TodoListWindow is modifiedasfollows:

public class TodoListFrame extends JFrame �
private boolean updating = false;

private JTextField newItemField;
private JList itemsList;
private JButton addButton, removeButton;

private String newItem, selectedItem;
private ArrayList items;
...�

You alsoneedto provide thefollowing methods:

private boolean isUpdating() �
return updating;�

private void beginUpdating() �
updating = true;
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�
private void endUpdating() �

updating = false;�

Next, youneedto changeall handlermethodsto thefollowing format:

private void changedItemsList() �
if(isUpdating()) return;
String value = (String)getItemsList().getSelectedValue();
setSelectedItem(value);
setNewItem(value);
update();�

Finally, youneedto removetheenableListener() anddisableListener()
methodsfor the mainupdatemethodandreplacethemby beginUpdating() and
endUpdating():

private void update() �
beginUpdating();
updateNewItemField();
updateItemsList();
updateAddButton();
updateRemoveButton();
endUpdating();�

Now, no handlermethodscanexecuteuntil thecurrentonehasfinished,including
its update.In caseswheredifferentthreadssendandhandledifferenteventmessages,
thehandlerandupdatemethodsmustbesynchronized.

Partial Updates

As theuserinterfaceimplementationstabilizes,andrefactoringbecomeslessandless
frequent,one can improve the approach’s performanceby implementingpartial up-
dates.In thiscase,youcanmodify theupdatemethodsto updatethevisualcomponents
only whenthe informationin themdoesnot reflectwhat is in themodels,ratherthan
always.Thisvariantmayalsoberequiredto stopany noticeableflickeringof thevisual
compoenentscontentonslowermachines.For example,theupdatemethodfor thetext
field canbewrittenasfollows:

private void updateNewItemField() �
if(!getNewItemField().getText().equals(getNewItem())) �

getNewItemView().setText(getNewItem());�
�

Anotherway to improveperformanceis to only updatethevisualcomponentsthat
needupdating.To dothis,youhaveto figureoutthedependenciesbetweenvisualcom-
ponentsand,for everyeventhandler, invokeonly theupdatemethodsof its dependents.
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1.4 Multiple Update

YouareimplementingasubformusingtheSubformpattern.YouhaveusedEventHan-
dler andCompleteUpdateto implementa numberof handlerandupdatemethodsto
keepthevisualcomponentsinsidethesubformup-to-datewith thesubformmodel.You
areusingthesubformasacomponentinsidea largeruserinterface,andthesubformis
relatedto theothercomponentsin oneof threeways:

� Oneof thecomponentsmaybethesubformparent.

� Someof thecomponentsmaybechildrenof thesubform.

� Someof thecomponentsmaybesiblingsof thesubform.

The root of a subformis usually a window, dialog or, in Java, an applet. This
rootobjectcancontainadditionalsubformswhich, in turn,containothersubformsand
visual components.Althoughan updatemaystartanywherein this hierarchy, any or
all othersparticipantcomponentsandsubformsin themainuserinterfacemayneedto
go throughtheir own updateprocess.

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

We usesubformsasplug-and-playcomponentsso they mustbe easyto install or
remove from theuserinterface.For example,if you have anaddressview thatworks
with a Canadianaddress,you may needto changethis to a US addressview when
working with a US addressobject. The switchingbetweensubformsshouldnot de-
manda largecodingeffort andshouldnot affect the logic of theothercomponentsin
theuserinterface.

We also tend to usesubformsin dynamicuserinterfaces. In someapplications,
often involving notebooksor tabcontrols,partsof theuserinterfaceareswappeddy-
namically. This requiresthatuserinterfaceobjectsandtheir updatemechanismsmust
work for all updatesituations,not just situationsinvolving specificsubforms.It would
bewisethennot to hardcodetheupdatingbetweenviews.

Considerthe following Java implementationof a multiple TodoList window, as
depictedin Figure1.5. This time we implementthe todo list asa subform,thecorre-
spondingbuttons,list andtext field areassembledin TodoListPanel, asubclassof
JPanel. Theexampleconsistsof asinglewindow with two child panels.Thewindow
andpanelssharecommonmodels:acollectionof todoitems, oneselectedItem,
andthenewItem to beadded.Thefunctionalityof thewindow is thesameasin the
original TodoList. However, you would like to have useractionsreflectin both pan-
els,for example,if anitem is removedfrom onelist, thechangesshouldimmediately
reflectin theotherlist aswell.

public class TodoListPanel extends JPanel �
TodoListPanel sibling;
...
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TodoListPanel

TodoListPanel

Figure1.5: Multiple TodoListexample.

private void removeTodoItem() �
getItems().remove(getSelectedItem());
setSelectedItem(null);
setNewItem(null);
getSibling().update();
update();�

�

It is notscaleablefor everysubformto keeptrackof othersubformsit needsto up-
date.Thetwo TodoListpanelsin thewindow cankeeptrackof eachotherand,when
onechangesthemodel,tell theotheroneto updateitself from thenew model. Alter-
natively, you canusethe Observerpatternwith the two panelsplayingboth theparts
of observersandsubjects,allowing eachpanelto benotifiedwhentheotherchanges.
However, both approachescreatedependenciesbetweenthe panelswhenthe depen-
denciesshouldreally bebetweenthesubformsandthemodels.Therefore:
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Have eachsubform notify its parent when it changesthe model. The
parent should react to changesin the subform via Event Handler and
update its childr en componentsvia Complete Update.

We leave out the full implementationof the window andpanelsin the interestof
brevity andfocuson how updatingoccurs. In short,the handlerandupdatemethods
for eachpanelarealmostidenticalto theexamplesgivenbefore.However, in thissitu-
ation,you musthandlethefact thatmultiple panelsmayrequireupdating.Theupdate
methodfor eachof thepanelsinvokestheupdatemethodsfor theirvisualcomponents,
asbefore:

public void update() �
beginUpdating();
updateNewItemField();
updateItemsList();
updateAddButton();
updateRemoveButton();
endUpdating();�

Theeventhandlershowever, triggerachangeeventby invokingstateChanged()
on thelistenerobject:

public void TodoListPanel extends JPanel �
private ChangeListener listener;
...
public ChangeListener getChangeListener() �

return listener;�
public void setChangeListener(ChangeListener listener) �

this.listener = listener;�
...
private void changedNewItemField() �

if(getNewItemField().getText().length() == 0) �
setNewItem(null);�
else �
setNewItem(getNewItemField().getText());�

getChangeListener().stateChanged(new ChangeEvent(this));
update();�

private void changedItemsList() �
String value = (String)itemsView.getSelectedValue();
setSelectedItem(value);
setNewItem(value);
getChangeListener().stateChanged(new ChangeEvent(this));
update();�

private void addTodoItem() �
getItems().add(getNewItem());
setSelectedItem(getNewItem());
getChangeListener().stateChanged(new ChangeEvent(this));
update();�
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private void removeTodoItem() �
getItems().remove(getSelectedItem());
setSelectedItem(null);
setNewItem(null);
getChangeListener().stateChanged(new ChangeEvent(this));
update();�

�

The listenerinstancevariableis usedto keeptrackof the listenerobjectprovided
by the parentwindow at constructiontime. This object will be notified every time
somechangeoccursin theTodoListpanel.ClassTodoListWindow setsthelistener
to a innerclassinstancethat,whennotified, invokestheupdatemethodfor theentire
window:

public class TodoListWindow �
TodoListPanel panel1, panel2;
...
private void initComponents() �

...
getPanel1().setChangeListener(new ChangeListener() �

public void stateChanged(ChangeEvent event) �
update();�

�
getPanel2().setChangeListener(new ChangeListener() �

public void stateChanged(ChangeEvent event) �
update();�

�
�
...
private void update() �

beginUpdating();
updatePanel1();
updatePanel2();
endUpdating();�

�

As a result,from thesingleinitiation point,updaterequeststraversethemainuser
interfacecomponenthierarchy. Eventually, all subformsexecutetheir updatesandthe
componentswill reflectanaccuratedisplayof theunderlyingmodels.No magicflags
arerequiredby theapproachandsubformsandcomponentscanbechanged,addedor
removedwithout having to make majormodificationsto existing subformsandcom-
ponents.Theapproachis so simplethatany developer, not just the original one,can
work on a view thatusesit without knowing muchaboutwhatcodingwasdonein the
pastor in otherviews.

Unlike theModelView Controller thatinitiatessynchronizationof thevisualcom-
ponentsfrom themodels,resultingin anunorderedupdatingof them,this patternsyn-
chronizesupdatingof the visual componentsafter all modelshave completedtheir
changeof state,leadingto a moreuniform andorderedupdatingof thevisualcompo-
nents.
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Also, unlike the Model View Controller, which forcesthe setupandmaintenance
of dependenciesbetweenall models,views and controllers,in the Multiple Update
pattern,thedependenciesareonly betweentheparentandchildren,which areusually
maintainedby thewindowing system.

1.5 Subform

You areimplementinga graphicaluserinterface,possiblyusingtheModelView Con-
troller [2] patternaloneor in combinationwith theEventHandler, CompleteUpdate,
or Multiple Updatepatterns.Eachview is responsiblefor editingsomeaspectof the
model,andsomeof the views arerelatedto eachotherasthey operateon the same
aspectof themodel.For example,theinterfacefor a bankaccountmayallow usersto
edit ownerinformationalongwith accountinformation.Theownerinformationis one
aspectof thebankaccountmodelthatcanbeoperatedon by text field visualcompo-
nentsfor first andlast namesalongwith a combobox widget for the salutation.In a
similar way, theaccountinformationis anotheraspectof thebankaccountthatcanbe
operatedon by text fieldsfor balanceandinterestrate.

How do you designparts of user interfaces to operate on somemodel
aspect?

For the bankaccountexample,considerthe implementationof a dialog to edit a
bankaccount.Bankaccountshavesomeintegerid, abalance,andowners,represented
by objectsof typePerson with lastName andfirstName attributes.Thedefini-
tion for theclassesinvolvedlooksasfollows:

public class AccountDialog �
private Account account;
private JDialog frame;
...
public Account show() �

getFrame().show();
return getAccount();�

public JDialog getFrame() �
// construct dialog here
return frame;�

�

public class Account implements Cloneable �
private Person owner;
private int id;
private float balance;
...�

public class Person implements Cloneable �
private String firstName;
private String lastName;
...�
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lastNameLabel

lastNameField

f
�
irstNameLabel

firstNameField

balanceLabel

balanceField

Figure1.6: Accountdialog.

To implementthedialogshown in Figure1.6,you canhave thedialogframeman-
ageall thevisualcomponentsrequiredto edit theaccount.You canaddthetext fields
for lastname,first name,balance,andthecorrespondinglabelsto thedialogframein
themethodgetFrame() asfollows:

public JDialog getFrame() �
if(frame != null) return frame;
frame = new JDialog(parent, true);
frame.setTitle("Edit account");
...layout code not shown...
frame.getContentPane().add(getLastNameLabel(), constraints);
frame.getContentPane().add(getLastNameField(), constraints);
frame.getContentPane().add(getFirstNameLabel(), constraints);
frame.getContentPane().add(getFirstNameField(), constraints);
frame.getContentPane().add(getBalanceLabel(), constraints);
frame.getContentPane().add(getBalanceField(), constraints);
update();
return frame;�

Eachof themethodsgetLastNameLabel(),getFirstNameLabel(),get-
BalanceLabel() returnsaninstanceof JLabel instantiatedwith theappropriate
text. ThemethodsgetLastNameLabel(),getFirstNameLabel(), andget-
BalanceLabel() returninstancesof JTextField constructedwith theappropri-
atelistenersthatinvokemethodsto editaspectsof theaccountobject.Theupdate()
methodat theendwill invoketheupdatemethodsfor everytext field to loadthecurrent
accountvaluesfor lastname,first name,andbalanceinto thetext fieldswhenthedialog
is created.The interfaceworksasdescribedin theEventHandler, CompleteUpdate,
andMultiple Updatepatterns.

The major disadvantageof this implementationis that you arecreatingextra de-
pendenciesbetweenAccountDialog andPerson by having thedialogitself know
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how to edit the owner of the account. In otherwords,you areviolating the Law of
Demeterwhich statesthat, in a givenmethod,oneshouldonly accesstheobjectscre-
atedin themethod,theinstancevariablesof thereceiver, theargumentsof themethod,
or globalvariables.Considertheimplementationof themethodsfor thelastnamefield:

private void updateLastNameField() �
getLastNameField().setText(getAccount().getOwner().getLastName());�

private void changedLastName() �
if(isUpdating()) return;
if(getLastNameField().getText().length() == 0) �

getAccount().getOwner().setLastName(null);�
else �
getAccount().getOwner().setLastName(getLastNameField().getText());�

update();�

As you canseefrom thiscode,thelastnameis accessedvia:

getAccount().getOwner().getLastName()
getAccount().getOwner().setLastName()

This makestheaccountdialogdependenton personobjects.As a result,a change
in the personprotocol that involvesthesetwo methodswill affect the dialog imple-
mentationtoo. Thesamelogic appliesfor thefirst namefield. Theobviousfix to this
problemis to implementextramethodsin theAccount class:

public String getLastName() �
return getOwner().getLastName();�

public void setLastName(String lastName) �
getOwner().setLastName(lastName);�

public String getFirstName() �
return getOwner().getFirstName();�

public void setFirstName(String firstName) �
getOwner().setFirstName(firstName);�

Technically, thissolvestheproblem,asnow youcanreferto thelastandfirst names
of theownerin thedialogwith:

getAccount().getLastName()
getAccount().getFirstName()
getAccount().setLastName()
getAccount().setFirstName()

However, you notethat the interfaceof theAccount classhasincreasedby four
methodsthatdo not really belongthere,for example,it doesn’t really make any sense
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to askanaccountfor its lastor first name.A muchbetterapproachis to forgetabout
modifyingAccount andhave someotheruserinterfaceobjectoperateon theowner
of the account. This new object that editsPerson objects,shouldgrouptoghether
all the visual componentsediting personobjectspreviously managedby the account
dialog.Therefore:

Group the componentsthat operateon the samemodelaspectinto sub-
forms.

balanceLabel

balanceField

personPanel

lastNameLabel

lastNameField

firstNameLabel

f
�
irstNameField

Figure1.7: Accountdialogwith ownersubform.

Formsareimplementedin Javaassubclassesof JPanel class,agenericlightweight
container. Like othercontainers,a panelcanmanagea collectionof Java visualcom-
ponents,andcanitself bemanagedby someothercontainer. Theform to editPerson
objectsis implementedasfollows:

public class PersonPanel extends JPanel �
private Person person;
...
public PersonPanel(Person person) �

this.person = person;
initComponents();�

public Person getPerson() �
return person;�

public void setPerson(Person person) �
this.person = person() �
update();�

...�
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As you mayhave noticed,thepublic interfaceof PersonPanel is simple. The
constructoracceptsa personobjectasargumentandconstructsthevisualcomponents
necessaryto edit thelastandfirst namein theprivatemethodinitComponents():

private void initComponents() �
...layout code not shown...
add(getLastNameLabel(), constraints);
add(getLastNameField(), constraints);
add(getFirstNameLabel(), constraints);
add(getFirstNameField(), constraints);�

Othermethodsincludethe accessorsfor theperson instancevariable. The set
methodinvokestheprivatemethodupdate() to updatethe form to reflectthestate
of thenew personobject.Theform alsocontainsmethodsto edit thelastandfirst name
of thepersonobject:

private void updateLastNameField() �
getLastNameField().setText(getPerson().getLastName());�

private void updateFirstNameField() �
getFirstNameField().setText(getPerson().getFirstName());�

private void changedLastName() �
if(isUpdating()) return;
if(getLastNameField().getText().length() == 0) �

getPerson().setLastName(null);�
else �
getPerson().setLastName(getLastNameField().getText());�

update();�
private void changedFirstName() �
if(isUpdating()) return;
if(getFirstNameField().getText().length() == 0) �

getPerson().setFirstName(null);�
else �
getPerson().setFirstName(getFirstNameField().getText());�

update();�

Thesemethodswerepreviouslyimplementedin AccountDialog andyoumoved
them over to PersonPanel with minor modifications,for example,now you use
getPerson() insteadof getAccount().getOwner(). This is in accordance
to Demeter’s Law. Additionally, the implementationfor the accountdialog is now
muchsimpler, asAccountDialog now only hasto dealwith oneform to edit the
accountowner, asopposedto two labelsandtwo text fields asbefore. The dialog is
now createdasfollows:

public JDialog getFrame() �
if(frame != null) return frame;
frame = new JDialog(parent, true);
frame.setTitle("Edit account");
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...layout code not shown...
frame.getContentPane().add(getPersonPanel(), constraints);
frame.getContentPane().add(getBalanceLabel(), constraints);
frame.getContentPane().add(getBalanceField(), constraints);
update();
return frame;�

private PersonPanel getPersonPanel() �
if(personPanel != null) return personPanel;
personPanel = new PersonPanel();
return personPanel;�

private void updatePersonPanel() �
getPersonPanel().setPerson(getAccount().getOwner());�

By creatinga separatesubformto edit Person objects,the implementationfor
AccountDialog hasbeengreatlysimplified andits dependenciesto persontypes
reduced.As anaddedbonus,thesubformto edit personscannow bereusedin other
userinterfaces.As amatteror fact,to makethecodemoremodular, youshouldimple-
menta subformfor theaccounttoo.

This patternhasbeenpreviously proposedundera differentform by Bradacand
Fletcher[1].

1.6 Alter nativeSubforms

You are implementinga graphicaluserinterfaceandhave usedthe Subformpattern
to groupthevisualcomponentsinto subformsthatoperateon differentaspectsof the
model.Yourealizethatsomemodelaspectschangeat runtimeandthesechangesmay
modify the widget compositionof the associatedsubform. For example,the visual
componentsin thebankaccountinformationsubformmayhave to changedepending
on thetypeof theaccountbeingedited.

How do you designparts of user interfacesto operateon keyvariations
of somemodelaspect?

Considerextendingthe accountdialog introducedfor the Subformpatternto edit
differentaccounts,in this case,savingsandcheckingaccounts.In additionto thebal-
ance,savings accountsprovide a monthly interestrate, andcheckingaccountskeep
trackof thenumberof checksissuedto theaccountowneralongwith theserialnumber
of thelastprocessedcheck:

public class Account implements Cloneable �
private Person owner;
private int id;
private float balance;
...�

public class SavingsAccount extends Account implements Cloneable �
private float interestRate;
...
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�
public class CheckingAccount extends Account implements Cloneable �
private String checkNumber;
private int checkCounter;
...�

BecauseyouhavealreadyusedSubformandimplementedownerandaccountsub-
forms,thecreationmethodfor AccountDialog lookslike:

public JDialog getFrame() �
if(frame != null) return frame;
frame = new JDialog(parent, true);
frame.setTitle("Edit account");
...layout code not shown...
frame.getContentPane().add(getPersonPanel(), constraints);
frame.getContentPane().add(getAccountPanel(), constraints);
update();
return frame;�

private AccountPanel getAccountPanel() �
if(accountPanel != null) return AccountPanel;
accountPanel = new AccountPanel();
return accountPanel;�

private void updateAccountPanel() �
getAccountPanel().setAccount(getAccount());�

TheaccountPanel instancevariableis declaredof typeAccount andcanbe
aninstanceof eitherSavingsAccount orCheckingAccount. ClassAccount-
Panel hasto decidehow to edit a givenaccountand,at first glance,shouldprovide
visualcomponentsto edit bothtypesof accounts:

private void initComponents() �
...layout code not shown...
add(getBalanceLabel(), constraints);
add(getBalanceField(), constraints);
add(getInterestRateLabel(), constraints);
add(getInterestRateField(), constraints);
add(getCheckNumberLabel(), constraints);
add(getCheckNumberField(), constraints);
add(getCheckCounterLabel(), constraints);
add(getCheckCounterField(), constraints);�

The balancelabel andfield is usedby both accounts.The interestrate label and
field componentsarefor savings accounts,andthe checknumberandcounterlabels
and fields for checkingaccounts. You have to implementcodeto interactwith the
componentsin sucha way thataccountinformationgetsdisplayedin theappropriate
fields.For example:

private void updateInterestRateField() �
if(getAccount().isSavingsAccount()) �

SavingsAccount savingsAccount = (SavingsAccount)getAccount();
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getInterestRateField().setText(savingsAccount.getInterestRate());�
else �
getInterestRateField().setText(null);�

�
private void changedInterestRate() �

if(isUpdating()) return;
SavingsAccount savingsAccount = (SavingsAccount)getAccount();
if(getInterestRateField().getText().length() == 0) �

savginsAccount.setInterestRate(0.0f);�
else �
Float interestRate = new Float(getInterestRateField().getText());
savingsAccount.setInterestRate(interestRate.floatValue());�

update();�

Similar codehasto be implementedfor the checkingaccount.As you may have
noted, for every methodthat updatesa component,you have to check the type of
the accountwith isSavingsAccount() andisCheckingAccount() to de-
cidewhethertheaccounthastheright information.This is cumbersometo implement
for every widgetandit is not theonly shortcomingof this method.Anotherdisadvan-
tageis thatAccountPanel hasto manageall thevisualcomponentsfor all thetypes
of accounts,which will bloat the codeasmoreaccounttypesarecreated.Oneway
to improve thesituationis to separatethecomponentsinto differentgroupsandmove
thecodethatchecksfor theright typeof theaccountaway from theupdatemethodsto
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 editsavingsaccountsandonesubformto editchec-
ing accounts.Both aresubclassesof JPanel, andare implementedasoutlined in
theSubformpattern.So,ratherthanmanagingthevisualcomponentsnecessaryto edit
bothaccounts,AccountDialogmanagesthetwo forms.ThemethodgetFrame()
lazily createsthedialogasfollows:

public JDialog getFrame() �
if(frame != null) return frame;
frame = new JDialog(parent, true);
frame.setTitle("Edit account");
...layout code not shown...
frame.getContentPane().add(getPersonPanel(), constraints);
frame.getContentPane().add(getSavingsAccountPanel(), constraints);
frame.getContentPane().add(getCheckingAccountPanel(), constraints);
update();
return frame;�

private SavingsAccountPanel getSavingsAccountPanel() �
if(savingsAccountPanel != null) return savingsAccountPanel;
savingsAccountPanel = new SavingsAccountPanel();
return savingsAccountPanel;
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�
private CheckingAccountPanel getCheckingAccountPanel() �
if(checkingAccountPanel != null) return checkingAccountPanel;
checkingAccountPanel = new CheckingAccountPanel();
return checkingAccountPanel;�

This simplifiesthingsa lot. Now, insteadof having oneaccountsubformknowing
how to edit all accounts,youhavemany accountsubformsspecializedto edit only one
typeof accounteach.Shouldyouneedto createnew typesof accounts,yousimply im-
plementthenew accountclassandthecorrespondingsubformto operateon it. Should
anaccounttypebecomeobsolete,you only have to remove the accountclassandthe
associatedsubform.

This patternhasbeenpreviously proposedundera different form by Bradacand
Fletcher[1].

1.7 Subform Selection

You are implementinga graphicaluserinterfaceandhave usedthe AlternativeSub-
formspatternto implementsubformsto handlevariationsof somemodelaspect.You
now have to decidehow to manageall thesesubformssuchthattheuserinteractswith
themodelthroughtheappropriatesubform.For example,althoughtherearedifferent
subformsfor differentaccounts,only onesubformshouldoperateontheaccountatany
onetime.

How do you choosefr om a collection of subforms basedon a given key
variation of somemodelaspect?

For the accountexample,you have to choosebetweenthe savings andchecking
subformsto edit a givenaccount.At this point however, you aremoreconcernedwith
how the two subformsaremanagedasopposedto how oneis chosenover the other.
This is importantbecauseyoumayneeda lot of differentaccountsin thefutureandthe
costof maintainingthemshouldbeminimized.

Onceyou decideon which accountsubformto use,you caninstantiateandaddit
to thedialogframe. This is alright whentheaccounttypedoesnot changeat runtime
and the userinterfaceis static. Considerthe dialog shown in Figure 1.8 wherethe
accountmodelchangesfrom savingsto checkingtypeasthebankmanagerselectsthe
appropriateradiobutton. To achieve this behavior at runtime,you have to remove the
currentsubformfrom thedialogframe,instantiatetheotheroneandaddit to theframe
at exactly thesamepositionasthepreviousone.

This hasthe slight disadvantagethat you have to createa new subforminstance
every time theaccounttypechanges,whichcangetexpensiveif thesubformhasto, in
turn,createa largenumberof components.Thealternativeis to, oncecreated,storethe
form in aninstancevariable,thewayyouhavebeenlazily initializing everycomponent
sofar:

private SavingsAccountPanel getSavingsAccountPanel() �
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Figure1.8: Dynamicsubforms.

if(savingsAccountPanel != null) return savingsAccountPanel;
savingsAccountPanel = new SavingsAccountPanel();
return savingsAccountPanel;�

private CheckingAccountPanel getCheckingAccountPanel() �
if(checkingAccountPanel != null) return checkingAccountPanel;
checkingAccountPanel = new CheckingAccountPanel();
return checkingAccountPanel;�

Canyoudobetterthanthis?Considerthefactthatyoumayhavemany typesof ac-
countsubformsin thefuture,eachstoredin aninstancevariablein AccountDialog,
lazily initializedby theaccessormethod.Theonly methodsinvokingtheaccessorsare
thecorrespondingsubformupdatemethods,updateSavingsAccount() andup-
dateCheckingAccount():

private void update() �
...
updateSavingsAccount();
updateCheckingAccount();
...�

private void updateSavingsAccount() �
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if(getAccount().isSavingsAccount()) �
getSavingsAccountPanel().setVisible(true);
getSavingsAccountPanel().setAccount(getAccount());�
else �
getSavingsAccountPanel().setVisible(false);�

�
private void updateCheckingAccount() �
if(getAccount().isCheckingAccount()) �

getCheckingAccountPanel().setVisible(true);
getCheckingAccountPanel().setAccount(getAccount());�
else �
getCheckingAccountPanel().setVisible(false);�

�

For everysubform,theupdatemethoddecideswhethertheaccountcanoperateon
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 theendresultthatasuitableform is foundandpresentedto theuser. An interesting
byproductof this approachis that,if no subformis foundto edit theaccount,thebank
managercannotedit theaccount,for example,thereis no visiblesubform.

The updatemethodsfor all accountsubformslook the sameandonemusthave
greatpatienceto typethemin. While someof youmayjumpat thechanceandrushto
orderthatexotic ergonomickeyboardyoucouldnot justify until now, youcansimplify
thingsagreatdealby storingthesubformsin acollection.Therefore:

Have the parent keep track 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.

Ratherthanhaving an instancevariableand the correspondingaccessormethod
for every subform,now you areleft with only two variables,onefor thecollectionof
subforms,andonefor thecurrentlyselectedsubform:

public class AccountDialog �
...
private java.util.List accountPanels;
private AccountPanel selectedAccountPanel;
private Account account;
...�

First thing you have to do is to initialize thesevariables.VariableselectedAc-
countPanel will beinitialized whenthedialogis created,duringtheupdateproce-
dure. You initialize accountPanels to an ArrayList in the constructor, and
add the SavingsAccountPanel and CheckingAccountPanel subformsto
thecollectionin themethodthatreturnstheframefor thedialog:
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public JDialog getFrame() �
if(frame != null) return frame;
frame = new JDialog(parent, true);
...
addAccountPanel(new SavingsAccountPanel());
addAccountPanel(new CheckingAccountPanel());
...
return frame;�

public void addAccountPanel(AccountPanel panel) �
accountPanels.add(panel);�

public void removeAccountPanel(AccountPanel panel) �
accountPanels.remove(panel);�

Thenyou have to write theupdatemethodto hide thecurrentlyselectedsubform,
pick the appropriatesubformfor the given accountusing the two patternswe will
presentshortly, make it thecurrentlyselectedsubform,andshow it to theuser. Since
subformsmaydiffer in sizeandposition,it helpsto tell theparentto rearrangeits com-
ponents;you do this by invokingpack(). Thelast thing in themethod,you have to
tell thenewly selectedsubformto edit theaccount:

private void updateAccountsPanel() �
getSelectedAccountPanel().setVisible(false);
...select appropriate subform...
getSelectedAccountPanel().setVisible(true);
getFrame().pack();
getSelectedAccountPanel().setAccount(getAccount());�

As a result, the AccountDialog becomesvery flexible as now it can handle
an infinite numberof accounttypes,whosesubformsyou canregisterwith addAc-
countPanel() andderegisterwith removeAccountPanel(). As you will see
in thenext two patterns,thedialog is now responsibleonly to managea collectionof
subforms,not to matchsubformsto givenaccounts.

This patternhasbeenpreviously proposedundera differentform by Bradacand
Fletcher[1].

1.8 Subform Match

You are implementinga graphicaluserinterfaceandhave usedthe AlternativeSub-
formspatternto implementsubformsto handlevariationsof somemodelaspect.You
have alsousedSubformSelectionto managethesesubforms.You now have to decide
how to choosethe appropriatesubformto displayto the userwhenthe modelaspect
changes.Theaspectof themodelchangesat runtimeasaresultof someuseractionin
a differentpartof theuserinterface.For example,whencreatinga new bankaccount,
a bankmanagermaychoosethetypeof theaccountfrom radiobuttons,which should
updatetheuserinterfacewith thesubformcorrespondingto thechosenaccount.The
accounttyperadiobuttonsarenot partof any of theaccountsubforms.
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How do you determine that a subform canoperateon a givenkeyvari-
ation of somemodelaspectbasedon changescausedby the parent?

The accountsubformsare selectedbasedon the type of the account instance
variablein AccountDialog. To pick the appropriatesubform,you cancheckthe
type of the accountand, basedon that type, choosethe appropriatesubform. The
updatemethodfor theaccountpanelsis:

private void updateAccountsPanel() �
getSelectedAccountPanel().setVisible(false);
if(getAccount().isSavingsAccount()) �

...select savings account subform...�
else if(getAccount().isCheckingAccount()) �
...select checking account subform...�
else �
setSelectedAccountPanel(null);�

getSelectedAccountPanel().setVisible(true);
getFrame().pack();
getSelectedAccountPanel().setAccount(getAccount());�

If you choosetheaccountsubformthis way, you cannotregisteror deregistersub-
forms at runtimevia theaddAccountPanel() andremoveAccountPanel()
methods.Ratherthanhardwiringtheselectionlogic into theupdatemethod,you can
rely on the accountto tell you which subformto useto edit it. So, for example,you
would have methodsin eachaccountto returnan instanceof thesubformthatcanbe
usedto edit thatparticularaccountobject:

...In class SavingsAccount
public AccountPanel getSubform() �
return new SavingsAccountPanel();�

...In class CheckingAccount
public AccountPanel getSubform() �
return new CheckingAccountPanel();�

Thenyoucanimplementtheupdatemethodfor AccountDialog like:

private void updateAccountsPanel() �
getFrame().remove(getSelectedAccountPanel());
setSelectedAccountPanel(getAccount().getSubform());
...layout code not shown...
getFrame().add(getSelectedAccountPanel(), constraints);
getFrame().pack();
getSelectedAccountPanel().setAccount(getAccount());�

This way, AccountDialog doesnot have to decideon the subform,it simply
askstheaccountto provideit. Is thisagoodidea?Not really, sincenow youhavemade
accountsdependenton the subformsby introducingthe getSubform() protocol.
While it makessensefor the subformsto dependon accounts,the solepurposefor
subformsis to edit accounts,you shouldbeableto useaccountsindependentlyof the
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subforms.Evenmore,this approachfails whenyou needto implementmorethanone
subformto edit differentviewsof thesameaccounttype.

So far, neitherthedialognor the accountsthemselvesseemappropriateto decide
whichsubformto useon a givenaccount.It seemsyou canonly placethis behavior in
thethird typeof objectinvolved,thesubformsthemselves.Therefore:

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

The only approachleft is to allow eachsubformto decidewhetherit canoperate
on a given account.To do this you write a methodmatch() in eachaccountpanel
classthatacceptsanaccountasargumentandreturnsa booleanindicatingwhetherit
canedit theaccountor not:

...In class SavingsAccountPanel
public boolean match(Account account) �

return account.isSavingsAccount();�
...In class CheckingAccountPanel
public boolean match(Account account) �

return account.isCheckingAccount();�

Thenyou canrewrite theupdatemethodfor the dialog to traversethe list of sub-
forms,queryeachonewhetherit matchesthecurrentaccountobject,andselecttheone
thatreturnstrue:

private void updateAccountsPanel() �
Iterator iterator = getAccountsPanel().iterator();
while(iterator.hasNext()) �

AccountPanel panel = (AccountPanel)iterator.next();
panel.setVisible(false);
if(panel.match(getAccount())) �

panel.setVisible(true);
setSelectedAccountPanel(panel);�

�
getFrame().pack();
getSelectedAccountPanel().setAccount(getAccount());�

If youfollow thisapproach,youdistributesubformselectionto thesubformsthem-
selves.You canaddandremovesubformsat runtimewhithoutchangingtheselection
criteria for theexistentsubforms.Thesystemis moremaintainableaswell sincenew
subformscanbeimplementedwithout having to changeany partsof theexisting sys-
tem.Theonly disadvantageis that,shouldmorethanonesubormmatch,only thefirst
oneis selected.

This patternhasbeenpreviously proposedundera differentform by Bradacand
Fletcher[1].
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1.9 Subform Mismatch

You are implementinga graphicaluserinterfaceandhave usedthe AlternativeSub-
formspatternto implementsubformsto handlevariationsof somemodelaspect.You
have alsousedSubformSelectionto managethesesubforms.You now have to decide
how to choosethe appropriatesubformto displayto the userwhenthe modelaspect
changes.The aspectof the modelchangesat runtimeasa resultof someuseraction
in thecurrentlyselectedsubform.For example,whenfilling in theowneraddressfor
the bankaccount,a bankmanagerentersthe countryin the countryfield first, which
shouldupdatetheuserinterfacewith thesubformcorrespondingto theaddressfor that
country. Thecountrytext field is partof everyaddresssubform.

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

Theuserinteractswith a subformandcanchangeits underlyingmodel,thuscaus-
ing thesubformto beunsuitableto operateonthatmodel.For theaddressexample,the
addresstypechangesbasedon thecountryfield text, for examplefrom USAddress
to CanadianAddress:

public class Address �
private String street;
...�

public class USAddress extends Address �
private String state;
private String zipCode;
...�

public class CanadianAddress extends Address �
private String province;
private String postalCode;
...�

With thehelpof thepatternspresentedsofar, you implementUSAddressPanel
and CanadianAddressPanel subformswhich are storedin a collection inside
AddressDialog. SubformUSAddressPanel usestext fields to edit the coun-
try, street,state,zip codeandCanadianAddress usestext fieldsto edit thecountry,
street,province, andpostalcode. The country field can acceptandshouldvalidate
stringslike ’US’ and’Canada’and,basedon this string,thesubformshouldchangeto
beeitherUSAddressPanel or CanadianAddressPanel.

Thesubformsthemselvescannotchangetheir typesandsomehow haveto tell their
parentto choosetheappropriatesubform.To dothis,youcaninvoketheupdatemethod
of theparentwhich, in turn,will causetheappropriatesubformto beselected:

...In class USAddressPanel
private JTextField getCountryField() �
if(countryField != null) return countryField;
countryField = new JTextField();

Copyright c
�

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



Subform Mismatch 39

countryField.addActionListener(new ActionListener() �
public void actionPerformed(ActionEvent event) �

changedCountry();�
�
);
return countryField;�

private void countryChanged() �
if(isUpdating()) return;
String country = getCountryField.getText();
if(!isUSAddress(country)) �

getParent().update();�
�
private boolean isUSAddress(String country) �

...validate country string...���

However, with this approach,you directly invoke theupdatemethodof theparent.
That is, you assumethe parentimplementsan updatemethod,in other words, you
assumethe parentis implementedusingthe oneof the CompleteUpdateor Multiple
Updatespatterns.Thebestway to decouplethe implementationof thesubformfrom
the implementationof its parentis to usethe event notificationmechanismof Java.
Therefore:

Have eachsubform notify its parent when it can no longer operateon
the givenkeyvariation of data.

Thebestway to notify theparentof changesis to implementObserver. Theparent
will haveto provideanimplementationof theChangeListener protocol,whichthe
panelsuseasfollows:

public class AddressPanel �
private ChangeListener listener;
...
public ChangeListener getChangeListener() �

return listener;�
public void setChangeListener(ChangeListener listener) �

this.listener = listener;�
�

Then,youcanmodify thecountryChanged() methodin USAddressPanel
to simply invoke thestateChanged() methodon thelistener. Thelistenermethod
takesasargumentaninstanceof ChangeEvent, awrapperfor thesourceof theevent,
in this case,thesubform:

private void countryChanged() �
if(isUpdating()) return;
String country = getCountryField.getText();
if(!isUSAddress(country)) �

getChangeListener().stateChanged(new ChangeEvent(this));�
�

Copyright c
�

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



40 Chapter 1 � User Interfaces

The only thing left to do is to implementthe parentto respondto changesin the
subforms.You do this by subscribingto thechangeeventsgeneratedby thesubforms.
Whencreatingthesubformsin AddressDialog, you alsoregisterthechangeevent
listeners:

public JDialog getFrame() �
if(frame != null) return frame;
frame = new JDialog(parent, true);
AddressPanel panel;
...
ChangeListener listener = new ChangeListener() �

public void stateChanged(ChangeEvent event) �
update();�

�
panel = new USAddressPanel();
panel.setChangeListener(listener);
addAddressPanel(panel);
panel = new CanadianAddressPanel();
panel.setChangeListener(listener);
addAddressPanel(panel);
...
return frame;�

As a result, the subformsarenot dependenton the implementationof the parent
andyetcanstill notify themof changes.It is up to theparentcontrolsto registerevent
handlersand,uponreceiving changeevents,to choosetheappropriatesubformvia the
updatemechanism.

This patternhasbeenpreviously proposedundera different form by Bradacand
Fletcher[1].

1.10 Patterns in Action

The following classesimplementa possibleuserinterfacefor the bankexamplepre-
sentedin an earlierchapter. It consistsof classBankWindow representingthe main
window to edit bankobjectsandAccountDialog, a dialog to createor edit bank
accounts.

1.10.1 ClassBankWindow

Theuserinterfacefor thebankwindow is shown in Figure1.9.For its implementation
weusedEventHandlerandCompleteUpdate.

import java.awt.*;
import java.awt.event.*;
import java.awt.image.*;
import javax.swing.*;
import javax.swing.event.*;
import java.util.*;
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accountsLabel

accountsList

addButton editButton removeButton

Figure1.9: Window for editingBank objects.

public class BankWindow �

private JFrame frame;
private JLabel accountsLabel;
private JScrollPane accountsScrollPane;
private JList accountsList;
private JPanel buttonsPanel;
private JButton addButton, editButton, removeButton;

private Bank bank;
private Account selectedAccount;
private boolean updating;

private BankWindow() �
// do nothing�

public BankWindow(Bank bank) �
this.bank = bank;�

private Bank getBank() �
return bank;�

private void setBank(Bank bank) �
this.bank = bank;�

private Account getSelectedAccount() �
return selectedAccount;�
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private void setSelectedAccount(Account selectedAccount) �
this.selectedAccount = selectedAccount;�

public JFrame getFrame() �
if(frame != null) return frame;
frame = new JFrame();
frame.setTitle("Accounts Browser");
frame.setIconImage(getImage("logo16x16.gif"));
frame.setLocation(100, 100);
frame.setSize(400, 300);

frame.getContentPane().setLayout(new GridBagLayout());
GridBagConstraints constraints;

constraints = new GridBagConstraints();
constraints.gridx = 0;
constraints.gridy = 0;
constraints.fill = GridBagConstraints.HORIZONTAL;
constraints.weightx = 1.0;
constraints.weighty = 0.0;
constraints.insets = new Insets(12, 12, 0, 12);
frame.getContentPane().add(getAccountsLabel(), constraints);

constraints = new GridBagConstraints();
constraints.gridx = 0;
constraints.gridy = 1;
constraints.fill = GridBagConstraints.BOTH;
constraints.weightx = 1.0;
constraints.weighty = 1.0;
constraints.insets = new Insets(0, 12, 0, 12);
frame.getContentPane().add(getAccountsScrollPane(), constraints);

constraints = new GridBagConstraints();
constraints.gridx = 0;
constraints.gridy = 2;
constraints.fill = GridBagConstraints.HORIZONTAL;
constraints.weightx = 1.0;
constraints.weighty = 0.0;
constraints.insets = new Insets(5, 12, 12, 12);
frame.getContentPane().add(getButtonsPanel(), constraints);

frame.addWindowListener(new WindowListener() �
public void windowActivated(WindowEvent event) �

// do nothing�
public void windowClosed(WindowEvent event) �

// do nothing�
public void windowClosing(WindowEvent event) �

System.exit(0);�
public void windowDeactivated(WindowEvent event) �

// do nothing�
public void windowDeiconified(WindowEvent event) �

// do nothing
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�
public void windowIconified(WindowEvent event) �
// do nothing�

public void windowOpened(WindowEvent event) �
update();�

�
);
return frame;�

private JLabel getAccountsLabel() �
if(accountsLabel != null) return accountsLabel;
accountsLabel = new JLabel();
accountsLabel.setText("Accounts for " + getBank().getName() + ":");
return accountsLabel;�

private JScrollPane getAccountsScrollPane() �
if(accountsScrollPane != null) return accountsScrollPane;
accountsScrollPane = new JScrollPane(

getAccountsList(),
ScrollPaneConstants.VERTICAL_SCROLLBAR_ALWAYS,
ScrollPaneConstants.HORIZONTAL_SCROLLBAR_ALWAYS);

return accountsScrollPane;�

private JList getAccountsList() �
if(accountsList != null) return accountsList;
accountsList = new JList();
accountsList.addListSelectionListener(new ListSelectionListener() �

public void valueChanged(ListSelectionEvent event) �
changedAccountsList();�

�
);
return accountsList;�

private JPanel getButtonsPanel() �
if(buttonsPanel != null) return buttonsPanel;
buttonsPanel = new JPanel();

buttonsPanel.setLayout(new GridBagLayout());
GridBagConstraints constraints;

constraints = new GridBagConstraints();
constraints.anchor = GridBagConstraints.EAST;
constraints.weightx = 1.0;
constraints.weighty = 0.0;
constraints.insets = new Insets(0, 0, 0, 0);
buttonsPanel.add(getAddButton(), constraints);

constraints = new GridBagConstraints();
constraints.anchor = GridBagConstraints.EAST;
constraints.weightx = 0.0;
constraints.weighty = 0.0;
constraints.insets = new Insets(0, 5, 0, 0);
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buttonsPanel.add(getEditButton(), constraints);

constraints = new GridBagConstraints();
constraints.anchor = GridBagConstraints.EAST;
constraints.weightx = 0.0;
constraints.weighty = 0.0;
constraints.insets = new Insets(0, 5, 0, 0);
buttonsPanel.add(getRemoveButton(), constraints);

return buttonsPanel;�

private JButton getAddButton() �
if(addButton != null) return addButton;
addButton = new JButton("Add...");
addButton.setMnemonic(’A’);
addButton.addActionListener(new ActionListener() �

public void actionPerformed(ActionEvent event) �
addAccount();�

�
);
return addButton;�

private JButton getEditButton() �
if(editButton != null) return editButton;
editButton = new JButton("Edit...");
editButton.setMnemonic(’E’);
editButton.addActionListener(new ActionListener() �

public void actionPerformed(ActionEvent event) �
editAccount();�

�
);
return editButton;�

private JButton getRemoveButton() �
if(removeButton != null) return removeButton;
removeButton = new JButton("Remove");
removeButton.setMnemonic(’R’);
removeButton.addActionListener(new ActionListener() �

public void actionPerformed(ActionEvent event) �
removeAccount();�

�
);
return removeButton;�

private void addAccount() �
Account account = new SavingsAccount();
AccountDialog dialog = new AccountDialog(getFrame(), account, false);
Account result = dialog.show();
if(result != null) �

bank.openAccount(result);
setSelectedAccount(result);
update();�
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�

private void editAccount() �
Account account = new SavingsAccount();
try �

account = (Account)getSelectedAccount().clone();�
catch (CloneNotSupportedException exception) �
System.out.println("could not create clone");
System.exit(1);�

AccountDialog dialog = new AccountDialog(getFrame(), account, true);
Account result = dialog.show();
if(result != null) �

try �
getSelectedAccount().clone(result);�
catch (CloneNotSupportedException exception) �
System.out.println("could not create clone");
System.exit(1);�

update();�
�

private void removeAccount() �
bank.closeAccount(getSelectedAccount());
setSelectedAccount(null);
update();�

private void beginUpdating() �
updating = true;�

private void endUpdating() �
updating = false;�

private boolean isUpdating() �
return updating;�

private void update() �
beginUpdating();
updateAccountsList();
updateAddButton();
updateEditButton();
updateRemoveButton();
endUpdating();�

private void updateAccountsList() �
getAccountsList().setListData(getBank().getAccounts().toArray());
getAccountsList().setSelectedValue(getSelectedAccount(), true);�

private void updateAddButton() �
// always enabled
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�

private void updateEditButton() �
getEditButton().setEnabled(getSelectedAccount() != null);�

private void updateRemoveButton() �
getRemoveButton().setEnabled(getSelectedAccount() != null);�

private void changedAccountsList() �
if(isUpdating()) return;
setSelectedAccount((Account)getAccountsList().getSelectedValue());
update();�

public void show() �
getFrame().show();�

private Image getImage(String theFileName) �
Toolkit toolkit= Toolkit.getDefaultToolkit();
try �

java.net.URL url= getClass().getResource(theFileName);
return toolkit.createImage((ImageProducer) url.getContent());�
catch (Exception ex) �
System.out.println("Failed to load resource " + theFileName);�

return null;�

public static void main(String args[]) �
Bank bank = new Bank("Toronto Dominion");
Person person;
Account account;

person = new Person("Dorin", "Sandu");
account = new SavingsAccount(1000.0f, person, 1293, 3.2f);
bank.openAccount(account);

person = new Person("Dwight", "Deugo");
account = new CheckingAccount(1200.0f, person, 1294, "0", 25);
bank.openAccount(account);

new BankWindow(bank).show();�
�

1.10.2 ClassAccountDialog

The userinterfacefor the accountdialog is shown in Figure1.10. For its implemen-
tation we usedEventHandler, CompleteUpdate, Subform, SubformSelection, and
Subform Match.

import java.awt.*;
import java.awt.event.*;
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personPanel

c� hoicesPanel

accountsPanel

Figure1.10:Dialog for editingAccount objects.

import javax.swing.*;
import javax.swing.event.*;
import java.util.*;

public class AccountDialog �

private JFrame parent;
private JDialog frame;
private PersonPanel personPanel;
private JPanel choicesPanel, accountsPanel, buttonsPanel;
private JRadioButton savingsButton, checkingButton;
private JButton okButton, cancelButton;

private Account account;
private java.util.List accountPanels;
private AccountPanel selectedAccountPanel;
private boolean updating, editing;

private AccountDialog() �
// do nothing�

public AccountDialog(JFrame parent, Account account, boolean editing) �
accountPanels = new ArrayList();
this.parent = parent;
this.account = account;
this.editing = editing;
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�

private Account getAccount() �
return account;�

private void setAccount(Account account) �
this.account = account;�

private JFrame getParent() �
return parent;�

private void setParent(JFrame parent) �
this.parent = parent;�

private java.util.List getAccountPanels() �
return accountPanels;�

private void setAccountPanels(java.util.List accountPanels) �
this.accountPanels = accountPanels;�

private AccountPanel getSelectedAccountPanel() �
return selectedAccountPanel;�

private void setSelectedAccountPanel(AccountPanel selectedAccountPanel) �
this.selectedAccountPanel = selectedAccountPanel;�

public JDialog getFrame() �
if(frame != null) return frame;
frame = new JDialog(parent, true);
if(isEditing()) �

frame.setTitle("Edit account");�
else �
frame.setTitle("New account");�

frame.getContentPane().setLayout(new GridBagLayout());
GridBagConstraints constraints;

constraints = new GridBagConstraints();
constraints.gridx = GridBagConstraints.REMAINDER;
constraints.gridy = GridBagConstraints.RELATIVE;
constraints.fill = GridBagConstraints.HORIZONTAL;
constraints.weightx = 1.0;
constraints.weighty = 0.0;
constraints.insets = new Insets(12, 12, 0, 12);
constraints.anchor = GridBagConstraints.NORTH;
constraints.ipadx = 150;
frame.getContentPane().add(getPersonPanel(), constraints);
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if(!isEditing()) �
constraints = new GridBagConstraints();
constraints.gridx = GridBagConstraints.REMAINDER;
constraints.gridy = GridBagConstraints.RELATIVE;
constraints.fill = GridBagConstraints.HORIZONTAL;
constraints.weightx = 0.0;
constraints.weighty = 0.0;
constraints.insets = new Insets(12, 12, 0, 12);
constraints.anchor = GridBagConstraints.NORTH;
frame.getContentPane().add(getChoicesPanel(), constraints);�

constraints = new GridBagConstraints();
constraints.gridx = GridBagConstraints.REMAINDER;
constraints.gridy = GridBagConstraints.RELATIVE;
constraints.fill = GridBagConstraints.HORIZONTAL;
constraints.weightx = 0.0;
constraints.weighty = 0.0;
constraints.insets = new Insets(12, 12, 0, 12);
constraints.anchor = GridBagConstraints.NORTH;
frame.getContentPane().add(getAccountsPanel(), constraints);

constraints = new GridBagConstraints();
constraints.gridx = GridBagConstraints.REMAINDER;
constraints.gridy = GridBagConstraints.RELATIVE;
constraints.fill = GridBagConstraints.HORIZONTAL;
constraints.weightx = 0.0;
constraints.weighty = 1.0;
constraints.insets = new Insets(12, 12, 12, 12);
constraints.anchor = GridBagConstraints.SOUTH;
frame.getContentPane().add(getButtonsPanel(), constraints);

frame.setResizable(false);
update();
return frame;�

private PersonPanel getPersonPanel() �
if(personPanel != null) return personPanel;
personPanel = new PersonPanel();
return personPanel;�

private JPanel getChoicesPanel() �
if(choicesPanel != null) return choicesPanel;
choicesPanel = new JPanel();

choicesPanel.setLayout(new GridBagLayout());
GridBagConstraints constraints;

constraints = new GridBagConstraints();
constraints.anchor = GridBagConstraints.WEST;
constraints.weightx = 0.0;
constraints.weighty = 0.0;
constraints.insets = new Insets(0, 0, 0, 0);
choicesPanel.add(getSavingsButton(), constraints);
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constraints = new GridBagConstraints();
constraints.anchor = GridBagConstraints.WEST;
constraints.weightx = 1.0;
constraints.weighty = 0.0;
constraints.insets = new Insets(0, 0, 0, 0);
choicesPanel.add(getCheckingButton(), constraints);

return choicesPanel;�

private JRadioButton getSavingsButton() �
if(savingsButton != null) return savingsButton;
savingsButton = new JRadioButton();
savingsButton.setText("Savings");
savingsButton.addActionListener(new ActionListener() �

public void actionPerformed(ActionEvent event) �
createSavingsAccount();�

�
);
return savingsButton;�

private JRadioButton getCheckingButton() �
if(checkingButton != null) return checkingButton;
checkingButton = new JRadioButton();
checkingButton.setText("Checking");
checkingButton.addActionListener(new ActionListener() �

public void actionPerformed(ActionEvent event) �
createCheckingAccount();�

�
);
return checkingButton;�

private JPanel getAccountsPanel() �
if(accountsPanel != null) return accountsPanel;
accountsPanel = new JPanel();

accountsPanel.setLayout(new GridBagLayout());
GridBagConstraints constraints;

AccountPanel panel;

panel = new SavingsAccountPanel();
addAccountPanel(panel);
constraints = new GridBagConstraints();
constraints.gridx = 0;
constraints.gridy = 0;
constraints.weightx = 1.0;
constraints.weighty = 1.0;
constraints.anchor = GridBagConstraints.NORTH;
constraints.fill = GridBagConstraints.HORIZONTAL;
accountsPanel.add(panel, constraints);

panel = new CheckingAccountPanel();
addAccountPanel(panel);
constraints = new GridBagConstraints();
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constraints.gridx = 0;
constraints.gridy = 0;
constraints.weightx = 1.0;
constraints.weighty = 1.0;
constraints.anchor = GridBagConstraints.NORTH;
constraints.fill = GridBagConstraints.HORIZONTAL;
accountsPanel.add(panel, constraints);

return accountsPanel;�

private JPanel getButtonsPanel() �
if(buttonsPanel != null) return buttonsPanel;
buttonsPanel = new JPanel();

buttonsPanel.setLayout(new GridBagLayout());
GridBagConstraints constraints;

constraints = new GridBagConstraints();
constraints.anchor = GridBagConstraints.EAST;
constraints.weightx = 1.0;
constraints.weighty = 0.0;
constraints.insets = new Insets(0, 0, 0, 0);
buttonsPanel.add(getOkButton(), constraints);

constraints = new GridBagConstraints();
constraints.anchor = GridBagConstraints.EAST;
constraints.weightx = 0.0;
constraints.weighty = 0.0;
constraints.insets = new Insets(0, 5, 0, 0);
buttonsPanel.add(getCancelButton(), constraints);

return buttonsPanel;�

private JButton getOkButton() �
if(okButton != null) return okButton;
okButton = new JButton("Ok");
okButton.setMnemonic(’O’);
okButton.addActionListener(new ActionListener() �

public void actionPerformed(ActionEvent event) �
getFrame().dispose();�

�
);
return okButton;�

private JButton getCancelButton() �
if(cancelButton != null) return cancelButton;
cancelButton = new JButton("Cancel");
cancelButton.setMnemonic(’C’);
cancelButton.addActionListener(new ActionListener() �

public void actionPerformed(ActionEvent event) �
account = null;
getFrame().dispose();�

�
);
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return cancelButton;�

private void beginUpdating() �
updating = true;�

private void endUpdating() �
updating = false;�

private boolean isUpdating() �
return updating;�

private boolean isEditing() �
return editing;�

private void update() �
beginUpdating();
updatePersonPanel();
if(!isEditing()) �
updateSavingsButton();
updateCheckingButton();�

updateAccountsPanel();
endUpdating();�

private void updatePersonPanel() �
getPersonPanel().setPerson(getAccount().getOwner());�

private void updateSavingsButton() �
getSavingsButton().setSelected(getAccount().isSavingsAccount());�

private void updateCheckingButton() �
getCheckingButton().setSelected(getAccount().isCheckingAccount());�

private void updateAccountsPanel() �
Iterator iterator = getAccountPanels().iterator();
while(iterator.hasNext()) �

AccountPanel panel = (AccountPanel)iterator.next();
panel.setVisible(false);
if(panel.match(getAccount())) �

panel.setVisible(true);
setSelectedAccountPanel(panel);�

�
getFrame().pack();
getSelectedAccountPanel().setAccount(getAccount());�

private void createSavingsAccount() �
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SavingsAccount savingsAccount = new SavingsAccount();
if(getAccount() != null) �

savingsAccount.setOwner(getAccount().getOwner());�
setAccount(savingsAccount);
update();�

private void createCheckingAccount() �
CheckingAccount checkingAccount = new CheckingAccount();
if(getAccount() != null) �

checkingAccount.setOwner(getAccount().getOwner());�
setAccount(checkingAccount);
update();�

public void addAccountPanel(AccountPanel panel) �
accountPanels.add(panel);�

public void removeAccountPanel(AccountPanel panel) �
accountPanels.remove(panel);�

public Account show() �
getFrame().show();
return getAccount();�

�

1.10.3 ClassPersonPanel

Thepersonpanelis shown in Figure1.11.For its implementationwe usedEventHan-
dler, CompleteUpdate, andSubform.

lastNameLabel

f
�
irstNameLabel

f
�
irstNameField lastNameField

Figure1.11:Panelfor editingPerson objects.

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;
import javax.swing.event.*;
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import java.util.*;

public class PersonPanel extends JPanel �

private JLabel lastNameLabel, firstNameLabel;
private JTextField lastNameField, firstNameField;

private Person person;
private boolean updating = false;

public PersonPanel() �
this(new Person());�

public PersonPanel(Person person) �
this.person = person;
initComponents();�

public Person getPerson() �
return person;�

public void setPerson(Person person) �
this.person = person;
update();�

private void initComponents() �
GridBagLayout layout = new GridBagLayout();
setLayout(layout);
GridBagConstraints constraints;

constraints = new GridBagConstraints();
constraints.gridx = 0;
constraints.gridy = 0;
constraints.fill = GridBagConstraints.HORIZONTAL;
constraints.weightx = 1.0;
constraints.insets = new Insets(0, 0, 0, 0);
add(getLastNameLabel(), constraints);

constraints = new GridBagConstraints();
constraints.gridx = 0;
constraints.gridy = 1;
constraints.fill = GridBagConstraints.HORIZONTAL;
constraints.weightx = 1.0;
constraints.insets = new Insets(0, 0, 0, 0);
add(getLastNameField(), constraints);

constraints = new GridBagConstraints();
constraints.gridx = 0;
constraints.gridy = 2;
constraints.fill = GridBagConstraints.HORIZONTAL;
constraints.weightx = 1.0;
constraints.insets = new Insets(5, 0, 0, 0);
add(getFirstNameLabel(), constraints);
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constraints = new GridBagConstraints();
constraints.gridx = 0;
constraints.gridy = 3;
constraints.fill = GridBagConstraints.HORIZONTAL;
constraints.weightx = 1.0;
constraints.insets = new Insets(0, 0, 0, 0);
add(getFirstNameField(), constraints);

update();�

private JLabel getLastNameLabel() �
if(lastNameLabel != null) return lastNameLabel;
lastNameLabel = new JLabel();
lastNameLabel.setHorizontalAlignment(SwingConstants.LEFT);
lastNameLabel.setText("Last name:");
return lastNameLabel;�

private JTextField getLastNameField() �
if(lastNameField != null) return lastNameField;
lastNameField = new JTextField();
lastNameField.getDocument().addDocumentListener(new DocumentListener() �

public void changedUpdate(DocumentEvent event) �
changedLastNameField();�

public void insertUpdate(DocumentEvent event) �
changedLastNameField();�

public void removeUpdate(DocumentEvent event) �
changedLastNameField();�

�
);
return lastNameField;�

private JLabel getFirstNameLabel() �
if(firstNameLabel != null) return firstNameLabel;
firstNameLabel = new JLabel();
firstNameLabel.setHorizontalAlignment(SwingConstants.LEFT);
firstNameLabel.setText("First name:");
return firstNameLabel;�

private JTextField getFirstNameField() �
if(firstNameField != null) return firstNameField;
firstNameField = new JTextField();
firstNameField.getDocument().addDocumentListener(new DocumentLis-

tener() �
public void changedUpdate(DocumentEvent event) �
changedFirstNameField();�

public void insertUpdate(DocumentEvent event) �
changedFirstNameField();�

public void removeUpdate(DocumentEvent event) �
changedFirstNameField();
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�
�
);
return firstNameField;�

private void beginUpdating() �
updating = true;�

private void endUpdating() �
updating = false;�

private boolean isUpdating() �
return updating;�

public void update() �
beginUpdating();
updateLastNameLabel();
updateLastNameField();
updateFirstNameLabel();
updateFirstNameField();
endUpdating();�

private void updateLastNameLabel() �
// do nothing�

private void updateLastNameField() �
getLastNameField().setText(getPerson().getLastName());�

private void updateFirstNameLabel() �
// do nothing�

private void updateFirstNameField() �
getFirstNameField().setText(getPerson().getFirstName());�

private void changedLastNameField() �
if(isUpdating()) return;
if(getLastNameField().getText().length() == 0) �

getPerson().setLastName(null);�
else �
getPerson().setLastName(getLastNameField().getText());�

//update();�

private void changedFirstNameField() �
if(isUpdating()) return;
if(getFirstNameField().getText().length() == 0) �

getPerson().setFirstName(null);�
else �
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getPerson().setFirstName(getFirstNameField().getText());�
//update();�

�

1.10.4 ClassAccountPanel

For the implementationof AccountPanel, we usedEventHandler, CompleteUp-
date, andSubform.

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;
import javax.swing.event.*;
import java.util.*;

public class AccountPanel extends JPanel �

private JLabel balanceLabel;
private JTextField balanceField;

private Account account;
private boolean updating;

private AccountPanel() �
// do nothing�

public AccountPanel(Account account) �
this.account = account;
initComponents();�

public Account getAccount() �
return account;�

public void setAccount(Account account) �
this.account = account;
update();�

public boolean match(Account account) �
return true;�

protected void initComponents() �
GridBagLayout layout = new GridBagLayout();
setLayout(layout);
GridBagConstraints constraints;

constraints = new GridBagConstraints();
constraints.gridx = 0;
constraints.gridy = 0;
constraints.fill = GridBagConstraints.HORIZONTAL;
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constraints.weightx = 1.0;
constraints.insets = new Insets(0, 0, 0, 0);
add(getBalanceLabel(), constraints);

constraints = new GridBagConstraints();
constraints.gridx = 0;
constraints.gridy = 1;
constraints.fill = GridBagConstraints.HORIZONTAL;
constraints.weightx = 1.0;
constraints.insets = new Insets(0, 0, 0, 0);
add(getBalanceField(), constraints);�

private JLabel getBalanceLabel() �
if(balanceLabel != null) return balanceLabel;
balanceLabel = new JLabel();
balanceLabel.setHorizontalAlignment(SwingConstants.LEFT);
balanceLabel.setText("Balance:");
return balanceLabel;�

private JTextField getBalanceField() �
if(balanceField != null) return balanceField;
balanceField = new JTextField();
balanceField.setEnabled(false);
return balanceField;�

protected void beginUpdating() �
updating = true;�

protected void endUpdating() �
updating = false;�

protected boolean isUpdating() �
return updating;�

protected void update() �
beginUpdating();
updateBalanceLabel();
updateBalanceField();
endUpdating();�

private void updateBalanceLabel() �
// do nothing�

private void updateBalanceField() �
getBalanceField().setText(String.valueOf(getAccount().getBalance()));�

�
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1.10.5 ClassSavingsAccountPanel

Theuserinterfacefor thesavingsaccountpanelis shown in Figure1.12.For its imple-
mentationwe usedEventHandler, CompleteUpdate, Subform.

SavingsAccountPanel

balanceLabel

interestRateLabel

interestRateField balanceField

Figure1.12:Panelfor editingSavingsAccount objects.

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;
import javax.swing.event.*;
import java.util.*;

public class SavingsAccountPanel extends AccountPanel �

private JLabel interestRateLabel;
private JTextField interestRateField;

public SavingsAccountPanel() �
this(new SavingsAccount());�

public SavingsAccountPanel(SavingsAccount account) �
super(account);�

public SavingsAccount getSavingsAccount() �
return (SavingsAccount)super.getAccount();�

public boolean match(Account account) �
return account.isSavingsAccount();�

protected void initComponents() �
super.initComponents();
GridBagConstraints constraints;

constraints = new GridBagConstraints();
constraints.gridx = 0;
constraints.gridy = 2;
constraints.fill = GridBagConstraints.HORIZONTAL;
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constraints.weightx = 1.0;
constraints.insets = new Insets(5, 0, 0, 0);
add(getInterestRateLabel(), constraints);

constraints = new GridBagConstraints();
constraints.gridx = 0;
constraints.gridy = 3;
constraints.fill = GridBagConstraints.HORIZONTAL;
constraints.weightx = 1.0;
constraints.insets = new Insets(0, 0, 0, 0);
add(getInterestRateField(), constraints);

update();�

private JLabel getInterestRateLabel() �
if(interestRateLabel != null) return interestRateLabel;
interestRateLabel = new JLabel();
interestRateLabel.setHorizontalAlignment(SwingConstants.LEFT);
interestRateLabel.setText("Interest rate:");
return interestRateLabel;�

private JTextField getInterestRateField() �
if(interestRateField != null) return interestRateField;
interestRateField = new JTextField();
interestRateField.getDocument().addDocumentListener(new DocumentLis-

tener() �
public void changedUpdate(DocumentEvent event) �

changedInterestRateField();�
public void insertUpdate(DocumentEvent event) �

changedInterestRateField();�
public void removeUpdate(DocumentEvent event) �

changedInterestRateField();�
�
);
return interestRateField;�

protected void update() �
super.update();
beginUpdating();
updateInterestRateLabel();
updateInterestRateField();
endUpdating();�

private void updateInterestRateLabel() �
// do nothing�

private void updateInterestRateField() �
getInterestRateField().setText(String.valueOf(getSavingsAccount().getInterestRate()));�
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private void changedInterestRateField() �
if(isUpdating()) return;
if(getInterestRateField().getText().length() == 0) �

getSavingsAccount().setInterestRate(0.0f);�
else �
Float interestRate = new Float(getInterestRateField().getText());
getSavingsAccount().setInterestRate(interestRate.floatValue());�

//update();�
�

1.10.6 ClassCheckingAccountPanel

The userinterfacefor the checkingaccountpanelis shown in Figure 1.12. For its
implementationweusedEventHandler, CompleteUpdate, Subform.

CheckingAccountPanel

balanceLabel

c� heckNumberLabel

c� heckCounterLabel

c� heckCounterField c� heckNumberField

Figure1.13:Panelfor editingCheckingAccount objects.

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;
import javax.swing.event.*;
import java.util.*;

public class CheckingAccountPanel extends AccountPanel �

private JLabel checkNumberLabel, checkCounterLabel;
private JTextField checkNumberField, checkCounterField;

public CheckingAccountPanel() �
this(new CheckingAccount());�

public CheckingAccountPanel(CheckingAccount account) �
super(account);�
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public CheckingAccount getCheckingAccount() �
return (CheckingAccount)super.getAccount();�

public boolean match(Account account) �
return account.isCheckingAccount();�

protected void initComponents() �
super.initComponents();
GridBagConstraints constraints;

constraints = new GridBagConstraints();
constraints.gridx = 0;
constraints.gridy = 2;
constraints.fill = GridBagConstraints.HORIZONTAL;
constraints.weightx = 1.0;
constraints.insets = new Insets(5, 0, 0, 0);
add(getCheckNumberLabel(), constraints);

constraints = new GridBagConstraints();
constraints.gridx = 0;
constraints.gridy = 3;
constraints.fill = GridBagConstraints.HORIZONTAL;
constraints.weightx = 1.0;
constraints.insets = new Insets(0, 0, 0, 0);
add(getCheckNumberField(), constraints);

constraints = new GridBagConstraints();
constraints.gridx = 0;
constraints.gridy = 4;
constraints.fill = GridBagConstraints.HORIZONTAL;
constraints.weightx = 1.0;
constraints.insets = new Insets(5, 0, 0, 0);
add(getCheckCounterLabel(), constraints);

constraints = new GridBagConstraints();
constraints.gridx = 0;
constraints.gridy = 5;
constraints.fill = GridBagConstraints.HORIZONTAL;
constraints.weightx = 1.0;
constraints.insets = new Insets(0, 0, 0, 0);
add(getCheckCounterField(), constraints);

update();�

private JLabel getCheckNumberLabel() �
if(checkNumberLabel != null) return checkNumberLabel;
checkNumberLabel = new JLabel();
checkNumberLabel.setHorizontalAlignment(SwingConstants.LEFT);
checkNumberLabel.setText("Last check processed:");
return checkNumberLabel;�

private JTextField getCheckNumberField() �
if(checkNumberField != null) return checkNumberField;
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checkNumberField = new JTextField();
checkNumberField.getDocument().addDocumentListener(new DocumentLis-

tener() �
public void changedUpdate(DocumentEvent event) �
changedCheckNumberField();�

public void insertUpdate(DocumentEvent event) �
changedCheckNumberField();�

public void removeUpdate(DocumentEvent event) �
changedCheckNumberField();�

�
);
return checkNumberField;�

private JLabel getCheckCounterLabel() �
if(checkCounterLabel != null) return checkCounterLabel;
checkCounterLabel = new JLabel();
checkCounterLabel.setHorizontalAlignment(SwingConstants.LEFT);
checkCounterLabel.setText("Checks issued:");
return checkCounterLabel;�

private JTextField getCheckCounterField() �
if(checkCounterField != null) return checkCounterField;
checkCounterField = new JTextField();
checkCounterField.getDocument().addDocumentListener(new DocumentLis-

tener() �
public void changedUpdate(DocumentEvent event) �
changedCheckCounterField();�

public void insertUpdate(DocumentEvent event) �
changedCheckCounterField();�

public void removeUpdate(DocumentEvent event) �
changedCheckCounterField();�

�
);
return checkCounterField;�

protected void update() �
super.update();
beginUpdating();
updateCheckNumberLabel();
updateCheckNumberField();
updateCheckCounterLabel();
updateCheckCounterField();
endUpdating();�

private void updateCheckNumberLabel() �
// do nothing�

private void updateCheckNumberField() �
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getCheckNumberField().setText(getCheckingAccount().getCheckNumber());�

private void updateCheckCounterLabel() �
// do nothing�

private void updateCheckCounterField() �
getCheckCounterField().setText(String.valueOf(getCheckingAccount().getCheckCounter()));�

private void changedCheckNumberField() �
if(isUpdating()) return;
if(getCheckNumberField().getText().length() == 0) �

getCheckingAccount().setCheckNumber(null);�
else �
getCheckingAccount().setCheckNumber(getCheckNumberField().getText());�

//update();�

private void changedCheckCounterField() �
if(isUpdating()) return;
if(getCheckCounterField().getText().length() == 0) �

getCheckingAccount().setCheckCounter(0);�
else �
Integer counter = new Integer(getCheckCounterField().getText());
getCheckingAccount().setCheckCounter(counter.intValue());�

//update();�
�

1.11 Discussion

You canapplyEventHandler, CompleteUpdate, andMultiple Updatein two phases.
The first phasechangesthe statesof the user interfacemodelsin responseto end-
usereventsgeneratedby the visual components,and the secondphaseupdatesthe
visualcomponentsto reflectthechangesin theuserinterfacemodel.Sincetheupdate
phaseimmediatelyfollowsthehandlephase,theuserinterfacealwaysreflectsthelatest
changes.

Our patternsallow the userinterfaceto bemodifiedeasily. In orderto adda new
component,it is necessaryto write anupdatemethodfor it, andasmany handlermeth-
odsasrequired.In asimilar fashion,to removeacomponent,it is necessaryto remove
thecorrespondingupdatemethodandtheall of thehandlermethods.Therefore,every
componentis definedby oneupdateandmany handlermethods,whichis consistentfor
all thecomponents.Sincetheupdateandhandlermethodsaccessonly specificvisual
components,thesecomponentscanbeaddedor removedwithouthaving to modify the
updateandhandlermethodsfor theothercomponents.

Our patternsform expectationsin developers’minds. Any userinterfacecontains
handlerandupdatemethodsandan easily identifiableinteractionbetweenthe visual
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componentsandthe models. If thereis a problemin the handlingor updatingin re-
sponseto auserevent,thedeveloperknowsexactlywhatmethodsto examine.

If youdecideto usethesethreepatternsconsistently, youcansummarizethemwith
thefollowing step-by-stepinstructions:

� For everyuserinterface,determineits statevariablesandassociatedobjects.

� Write a handlermethodfor eacheventa usercangeneratefrom interactingwith
the visual components.Allow a handlermethodto modify only the modelob-
jectsandretrieveinformationfrom theimmediatevisualcomponentsbut prohibit
it from directly modify any othervisualcomponents.Forcethelaststatementin
eachhandlermethodto invoke themainupdatemethodfor theentireuserinter-
face.

� Write a specializedupdatemethodfor every visual component.Eachmethod
is responsiblefor updatingthecorrespondingvisualcomponentfrom themodel
information. The methodis permittedto directly load stateinformation into
thevisualcomponentsor cancomputethecontentsof thecorrespondingvisual
componenton thefly.

� Write asingle,mainupdatemethodthatinvokesall thespecializedupdatemeth-
ods.

YoucanapplySubformto encapsulatepartsof userinterfacesin orderto reusethem
in otherpartsof thesystem,andto increasethereadabilityof thecode.A simplerule
of thumbthathasworkedfor us in many projectsis to implementa subformto edit a
givenobject. This subformmaycontainvisual componentsto edit atomicaspectsof
theobjectsuchasbooleans,strings,andcollectionsandothersubformsto editcomplex
aspectsof theobject.

You canuseAlternativeSubforms, SubformSelection, SubformMatch, andSub-
form Mismatch to dealwith highly dynamicuserinterfaces. To apply themusethe
following steps:

� Developasubformfor everyspecializationof theobjectthatneedsediting.Usu-
ally, theclassof theobjectin questionis partof a hierachy, for example,a spe-
cializationof someclass.Implementthesubformsin a similar hierarchy, rooted
underJPanel in sucha way thattheir constructioninvokestheconstructionof
theancestorpanelsin thehierarchy.

� Maketherootsubformin thehierarchykeeptrackof aChangeListener and
haveeachsubformnotify this listenerevery time it makesachangeto themodel
object.

� Decideon how andwheneachsubformcanedit a givenobject.We recommend
you do this in ways other thandirectly probing for the type of the object via
instanceof or getClass().
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� For every subform,implementa match() public methodthat takes a single
objectasargument.The objectshouldbe the type of the root of the hierarchy
of subforms,mostoftenanabstractclass.Thereturnvaluehasto bea boolean
indicatingwhetherthecurrentsubformcanedit thegivenobjector not,basedon
thetestsdevelopedin previousstep.

� Storethesubformsin a collectioninsidethemainuserinterface.Implementap-
propriatemethodsto add,remove,query, andtraversethiscollectionasrequired.

� Modify theupdatemethodin themainuserinterfaceto detect,usingthematch()
methoddevelopedpreviously, which subformin thecollectioncanedit a given
object,make thatsubformvisible,andhidetherestof them.
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