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Abstract

TheModel-View-Controller (MVC)architecture styleseparatessoftware into modelsrepresent-
ing core functionality, views which display the modelsto the user, and controllers which let the
userchangethe models. Althoughmore sophisticatedarchitectureshavesincebeendeveloped,
MVC is interestingto explore becauseits simplicitymakesit more acceptableto practitionersand
it is beginning to becomewell-knownin industry. However, MVC is rarely studiedwith regard to
systemscontainingmore thanonedomainmodel.Several issuesare eitherambiguousor missing
in the literature: thedistinctionbetweenviewsandcontrollers, thewaymodelstatesare updated
in a multiple-modelarchitecture,andthecreationof reusabledomain-specificcomponents.A pro-
gramwasdevelopedto investigatetheseissues,andthispaperdocumentsthecorrespondingdesign
decisions.MVC provedhelpful in creatinga multiple-modelsystemwith reusablecomponents,al-
thoughsomeweaknessesremain.
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Managingtheuser-interfacehasprovento bea difficult taskfor developers.Thereis substantial
complexity in ensuringthat informationis presentedaccuratelyto users,thatuserscancontrolthe
applicationappropriately, and that views anddomainobjectsaresynchronised.To managethe
complexity, referencearchitectureshave beendeveloped,suchasModel-View-Controller(MVC),
Presentation-Abstraction-Control(PAC), andtheir moresophisticatedsuccessors[4]. Visualuser-
interfacebuildershavespedupGUI generationin recentyears,but they donotexemptprogrammers
from consideringhow to build maintainableandreliableuser-interfacearchitectures.

Referencearchitecturescanbe viewed ashigh-level designpatterns— reusabledesignideas
which have beenimplementedin realapplications.A commonthemeamonguser-interfacestyles
is theseparationof functionalityfrom presentation.User-interfaceclassestypically presentdomain
classesto theuser, enablingtheuserto view andcontrolthedomain.Onebenefitis thepossibility
of representingthesamedomaininformationin differentways. Designerscanthereforetailor the
user-interfaceto fit certaintasksandusercharacteristics.

Our interestin user-interfacearchitecturestemsfrom ourefforts in relatingsoftwarearchitecture
to usability. We arestudyingpatternsfor usabilityandconsideringtheir implicationsfor software
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design.To this end,we recentlychoseMVC asa framework for the underlyingsoftware,on the
basisthatit wouldbeasimplebut effectivewayto developprototypes.However, weweresurprised
to find that theliteraturetypically discussesoverly simplesystems,whereonly onedomainobject
(model) is present. Thus,we developeda prototypecontainingseveral domainobjectsin order
to studyhow thevariouscomponentscaninteractwith eachother. The lessonslearnedshouldbe
relevantto anyoneconsideringtheuseof MVC.

Although more sophisticatedreferencearchitecturesexist (e.g. Arch, PAC-AMODEUS [4]),
MVC is still relevantto studyandrefine,for two reasons:� Despitethe proliferationof UI architectureswithin academia,it appearsthat they have not en-

joyedmuchapplicationin industry(see[12]). Beforefancierarchitecturesaretakenup, MVC
is a usefulsteppingstonefor developerswho have not previously workedwith UI architectural
patterns.TheJava FoundationClass(JFC)library is inspiredby MVC, andmakesit likely that
programmerswill increasinglyexperimentwith MVC in thefuture.� Therehavebeenfew attemptsto documentthecreationof multiple-modelsystems.Furthermore,
thoseapplicationswhichdocontainmorethanonemodelusuallydeviatesignificantlyfromMVC
conventions(e.g.[7, 9]).

This paperoutlinesproblemsin the currentdefinition of MVC. It thendescribesa timezone
application—“Marco”—whichletsusersdisplaythetimein acurrentlocation,andchooseandedit
locations(Figure1). Thesystemcontainsseveraldomainmodelsandhasbeendevelopedusingthe
basicconventionsof MVC. Althoughnot industry-scale,it doescontainenoughclassesto examine
thekey issuesin building multiple-modelMVC applications;includingabstractclasses,thereare6
models,21views,and8 controllers.

Figure 1. Major views in Marco: “Focus View” of current location and time, Location
Browser, and Location Change form. (See Section 4).
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TheModel-View-Controllerparadigmsuggeststhreeclasscategories [11]:
Models providethecorefunctionalityof thesystem(e.g.acarobject).
Views presentmodelsto theuser (e.g. a tableshowing propertiesof thecar). Therecanbemore

thanoneview of thesamemodel.
Controllers controlhow theuserinteractswith theview objectsandmanipulatemodelsor views

(e.g. anobjectenablingtheuserto changea carmodelusingthetableview). Thereis usuallya
one-to-onerelationshipbetweenviewsandcontrollers.
Modelsdo not directly call views. Instead,eachview registersitself with its model,and the

modelnotifiesall registeredobjectswhenever it is updated.This lets a developeraddor change
views without alteringthe model. It alsoensuresthat views aresynchronousbecauseeachview
reflectsthesamemodelstate.

In this section,we focuson oneparticularmodelin our timezoneapplication:theclock model.
This modelrunsin a separatethread,continuallyupdatingitself. Whenever it updates,thedigital,
analogue,andstatusviewsarenotified,andthey reflectthechangeby moving thehandsor changing
thedisplayedtext within their panels(Figure1 showsdigital andanalogueclockviews).

The digital view hasa panelwhich is createdandmonitoredby the digital view’s controller.
Whenthe controllerdetectsthe userpushinga timezonebutton, it sendsa messageto the clock
modelto setitself to thenew timezone.Again, themodelwill notify its views that it haschanged.
For illustration,thedigital controlleralsoallows theuserto alter thecolourof theview. This is a
differentkind of eventbecauseit will changeonly thedigital view; themodelwill not benotified
andtheanalogueview will thereforebeunaffected.

The static classdiagramis shown in Figure 2(a). View and ClockView encapsulategeneric
viewing capabilities. They ensurethateachconcreteview holdsa referenceto theclock model.
They alsodefineseveralmethodswhich let concreteviews initialise themselves,registerwith the
model,createacontrollerif necessary, andredraw themselveswhenever themodelupdates.
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Figure 2. (a) Static class model of ClockModel and its views and contr oller . (b) Static
class model of all domain models.

MVC’sefficacy is demonstratedby its widespreadinfluencein thedesignpatternsarena.Gamma
et al. [6] explain how Observer, Composite, andStrategy relateto SmalltalkMVC. Views are
Observers of models. Views areComposites containingtheir own informationaswell assub-
views. Controllersdefinea Strategy which moderatesthe behaviour of Views. A patternspe-
cifically aboutMVC hasalsobeendocumented[1], but it mainly coverstherelationshipsbetween
model,view, andcontroller, andonly describesa single-modelexample. In the next section,we



raisequestionsaboutMVC in thecontext of largeror morecomplex software.
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3.1.Roleof controllers

Theview andcontrolleraresupposedto createandmaintaintheuserinterface,trackuserevents,
andupdatethe modelwhenappropriate.If the designerunderstandsthe model,andknows how
the userinterfaceshouldbehave, it is quite straightforwardto constructa hybrid view-controller
class. Indeed,the Document-View architecturalpattern—exemplified by the Microsoft Founda-
tion Classes—doesexactly this, collapsingMVC’s view andcontrollerinto a singleclass.PAC’s
presentationclassdoeslikewise[3].

However, MVC callsfor separateview andcontrollerclassesin orderto providemoreflexibility
to theuserinteraction.With a modernuserinterfacetoolkit, the distinctionlosessomeof its rel-
evance[2] anda commonquestionaboutMVC is whetherthedistinctionis really necessary[13].
In particular, thereis usuallynoneedfor theprogrammerto sendeventsto theappropriatewidget;
theexternalenvironmentensuresthattheappropriatewidgetwill receiveevents. Separatingvisual
propertiesfrom event-handlingcapabilitiescanalsobe difficult, becausemodernwidgetsencap-
sulateappearanceandbehaviour. Nevertheless,therearestill somegoodreasonsto separateview
andcontroller. It canbehelpful to addnew buttons,keyboardshortcuts,andsoon,withoutdirectly
changingthe view. The key issueis creatinga workablepolicy which determineshow the class
typesareseparated.

3.2.Updating models

Consideranapplicationwheretheusercanselectseveralfile iconsatonce.In thiscase,eachicon
is aview of type“Icon” onaFile model.Anothermodel,perhapsonerepresentinganew directory,
will storethelist of File models.In MVC, thiscouldbedifficult to achieve. Theiconspresentviews
of File models,but thecontrollerof theseviews enablestheuserto changeDirectorymodels,not
File models.This deviatesfrom a basicrule of MVC, thataview-controllerpair is associatedwith
onemodel.It is nothardto seewhy this rule is in place.Allowing every controllerto interactwith
any modelin theapplication(or any controller)wouldcreateexcessivecoupling,sincetherecanbe
many differentcontrollersfor eachmodel. Thecouplingwould leadto unmaintainablecode,and
makeit impossibleto reusethecomponents.

MVC’s tendency to split control acrossall threecomponenttypeshasbeennotedpreviously
[3, 14]. Indeed,a variationcalledMVC++ hasbeendevised,in which controllerclassesmediate
betweenviews andmodels,andonly controllerscaninteractwith otherM-V-C groups[9]; PAC
takesa similar approach.TheVisualworksSmalltalkframework providesa broadcastingprotocol
enablingmessagesto besentdown the visual componentstructure,which canhelp reducedirect
couplingof views. This framework alsoprovidesspecialisedmodelclasses(e.g. AspectAdaptors)
which canhelpviewsto accessmodelscontainedwithin othermodels[8].

Thepresentwork aimedto investigatetheapplicabilityof MVC itself to amultiple-model,rather
than rely on a language-dependentframework (althoughit may be very reasonableto do this in
practice)or devisea new referencearchitecture.Thus,theprogramdescribedin Section4 did not
vary MVC in this way. Instead,aswill bediscussed,anevent-generationmechanismwasusedto
overcomethescaleabilityproblem.



3.3.Reusability of components

Reusablecomponenttechnologyhasbecomea widespreadissuein softwareengineeringin re-
centyears[10]. Developersarehungryfor autonomous,cohesive,dynamicpackageswhichcanbe
incorporatedinto target systemswithout having to devote largeamountsof time re-codingor re-
configuring.Reusabilitywasoneof thebenefitstoutedfor MVC a few yearsago,but this referred
to buttons,popup-menus,andsoon. Thesearewidgetsprovidedby mostmoderntoolkits.Whether
or not theMVC framework providesa betterway to usethesewidgetsmaystill be the subjectof
debate,but clearlymoderncomponentsshoulddomorethanjustactaswidgets.

To facilitategreaterreusein MVC, domain-specificpackagescanbecreated,eachconsistingof
onemodelclassandtheir associatedview andcontrollerclasses.The problemswith scaleability
andcontrol discussedabove suggestthat classesmay not be independentenoughto achieve this
goal.Modelsinteractwith othermodels.Viewsaddandremove subviews—whichareoftenviews
of differentmodels.Controllersreceive input throughoneview, andit mayoften be temptingto
permitthemto alterothermodels.Thus,thechallengefor MVC componentdevelopersis to create
autonomousmodel-view-controllerpackages.

TheJFClibrary is a stepin thisdirection,with a few semanticmodels,suchasTree,Table,and
List modelswith correspondingviewsandcontrollers.Theprogramwedevelopeddoeslikewisefor
domain-specificcomponents,suchasClocksandLocations.Theprogramprovidesaninsightinto
theconstructionof componentsin alanguage-independentmanner, by: (a)beingbasedonthemore
primitive AWT library, ratherthanJFC,and(b) avoiding the Javabeanlibrary, which facilitates
componentreuse. Although theseareuseful tools, their absenceimproved the proof-of-concept
argument.Furthermore,componentssuchasTreework well in isolation,but they still leave open
thequestionof combiningcomponentsin areliableandflexible manner. Thenext sectionconsiders
how higher-level components—suchasdatabasesof models—canbuild lower-level components.
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Thesampleprogramis calledMARCO (Multiple-AgentReal-timeClockObjects),implemented
in Java1.1. Theapplicationis aclockwhichcanshow thetimeatvariouslocationsin theworld.
Whereasthesingle-modelapplicationdiscussedabove “hard-coded”thelocations,MARCO reads
initial locationsfrom a file and the usercan changethe locationdatabasethroughthe interface
provided. A fixed databasestoresthe domainof timezonesfor the locationsalongwith common
names(e.g.“GreenwichMeanTime”).

Thereis a modelcalledMarcoModelwhich representsthe overall systemstate,similar to the
ApplicationModelconceptin VisualWorks[8]. Fromthis, therearethreetop-level “MarcoViews”,
i.e. viewsof MarcoModel.Eachcanberun asa separateprogram.EachMarcoView is composed
of viewsof lower-level models.In fact, it is alsopossibleto run all threeoverall viewsat thesame
time,andthesub-viewsof eachwill staysynchronisedwith eachother.

1. Mar coViewFocus Thisview (Figure1) containstwoclockviews,animageof thelocation,and
buttonswhich let theuserchangethelocationdetailsor switchto anotherlocation.
Whenthe userclicks on “View DifferentLocation”, a LocationBrowseris loaded.The usercan
browsethroughlocations,seetheir images,andchoosea new location. Whenever a new location
is chosen,themainview updatesits clocksandimage.Thereis no limit on thenumberof location
browserswhichcanbeopenatonce.



By clicking on “Edit this Location”, a Location ChangeForm is produced. This lets the user
modify the location’s name,timezone,andimage. Whena userchangesa location’s details,the
modificationspropagateto all otherviews. Whenan imageis updatedon the changeform, for
example, the imagewill also changein the main view and all location browsersin which that
locationis selected.Whena timezoneis updated,the two clocksupdate.If theuserchoseto edit
the currentlocation, thenselecteda new locationwith the browser, the changeform would still
relateto the initial location.Thus,changingdetailson the form would have no effect on themain
view. Theusercanhave any numberof browsersandchangeformsopenat thesametime. All are
keptsynchronous.
2. Mar coViewBackground This view shows a digital clock and lets the userchangetimezone
(insteadof location,to demonstrateflexibility). It is a toplevel window with just thedigital clock
view andthezone-choosingcomponentwhich is containedin theLocationChangeForm.
3. Mar coViewStatus Thisis amoretechnicalview, showing internalstatusstringsfor eachobject
andcouldbeusedfor developmentpurposes.
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5.1.Models

The MARCO systemconsistsof six domainmodelclasses,whoserelationshipsareshown in
Figure2(b). Themodelsare:

Mar coModel An overall applicationclasswhich exemplifiestheMediator pattern[6]. It stores
a ClockModel,a ZoneDBModel,anda LocationDBModelandalsoa referenceto the current
LocationModel. It fulfils our vision of componentreusabilityby demonstratinghow the other
componentscanbebroughttogetherto interactwith eachother. TheClockModeldoesnot know
abouttheotherclasses;nordo they know abouttheClockModel.

ClockModel A clock with an associatedtimezonewhich continuallyupdatesitself. It usesthe
TimeZonelibrary classto calculateappropriatetime.

ZoneModel A timezone,commonnameandJavaTimeZonelibrary ID.
LocationModel A locationwith aname,image,andassociatedZoneModel.
ZoneDBModeland LocationDBModel Classescapableof storing and manipulatinggroupsof

ZoneModelsandLocationModels(thelist is storedasa Vectorclass).

Componentautonomyis ensuredby stateinformationbeingstoredonly in MarcoModel; the
databases,for instance,donotstorethecurrentlocationor zone.All modelsextendJava’sObserv-
ableclass,which providesthe behaviour requiredto maintaina list of observersandnotify them
uponchangesto themodel(theclasscouldeasilybecreatedfor anotherprogramminglanguage).

Theinitialisationof modelsis shown in Figure3. MarcoModelrequestsbothdatabasesto parse
the files containingzoneand location information. It becomesan observer of thesedatabases,
explainedin Section6 (Problem5). It thensetsthecurrentlocationto thefirst itemin thelocation
database,andstartsthe clock, with this location’s timezone. The clock maintainsindependence
from otherpackagesby acceptingonly standardJavaTimeZoneobjects,ratherthanZoneModels.

5.2.Views

Thereis anabstractView classwhich: registersitself with themodelandstoresa referenceto the



model; definesan updatemethodwhich (a) checksthat the correctobjecthasnotified it and(b)
callsthe draw method,for objectsto inspectthemodelandredraw themselves;providesanempty
methodto createthecontroller, which subclassescanoverrideif they requirea controller;contains
conveniencemethodssetVerbosity()andgetString()whichenablesubclassestoeasilyobtainstrings
which portraythemodel’sstatesatvaryinglevelsof detail.

:MarcoModel :ZoneDBModel :ClockModel:MarcoDemo

ZoneDBModel()MarcoModel()

Create Zone objects
from zone file

addObserver(this)

:LocationDBModel

LocationModel(theZoneDBModel)

Create Location 
objects

from location fileaddObserver(this)

Obtain first Location in database

Initialise with zone of first Location

Figure 3. Initialisation of major models.

Thestructureof ViewsfollowstheCompositepat-
tern [6]. When a View is created,it constructs
its own widgetsand also addssub-views. The
sub-views look after themselves.Thus,theclock
views inside the main FocusView both observe
the Clock modelandupdatethemselvesaccord-
ingly. TheFocusView itself doesnot have to ob-
serve theClock.

View doesnotcontainareferenceto themodel,
becausethemodeltype is differentfor eachsub-
classof View. Instead,thereis an abstractview
classfor eachmodel,e.g. ClockView. This class
storesa referenceto the model,providesa con-
structorwhich setsthemodel,andcandefinethe
conveniencestring-handlingmethods.Model-
specificviewscanalsoperformmiscellaneousfunc-
tions specificto the modeltype. ClockView, for
instance,overridesthe updatemethodto impose
a minimumnumberof secondsbetweeneachre-
draw.

Theconcreteviewshaveoneor morewidgetswhichcanbeobtainedvia publicmethods.For in-
stance,thetimezoneselectionview providesonepanelshowing buttonsfor eachzone,andanother
statusbarlabelwhichshowsthezone’scommonnamewhenever themousehoversabove abutton.
A developerusingthisclasshasthefreedomto show only thebuttons,or thebuttonswith thestatus
bar, andthetwo widgetscanbeplacedin separatescreenlocations.
5.3.Controllers

It wasdecidedto explicitly distinguishbetweencontrollerswhich control throughuserinterac-
tion with specificviewsandthosewhich aregenericandcontrolamodeldirectly. Theoneclassin
thesecondcategory is theLocationChangeForm. It is initialisedwith themodelasa parameter,
anddisposesitselfwhentheuserhits the“OK” or “Cancel”buttons.Its independencemakesit easy
to addto existing views. Thecontrollerfor thelocationstatusview enablestheuserto producethe
form by double-clickingon thestatustext. Thiswill generatethelocationform, andwhentheuser
changeslocationdetails,themodelwill bealtered,andtheoriginal statusview will updateitself.

In this implementation,controllerswhichrelateto viewshaveseveralresponsibilities.First,they
implementJava’s event-handlerinterfacesto listen for appropriateevents,e.g. thezoneselection
controllerlistensfor occasionswhentheuserrolls themouseoverazonebuttonandtells theview’s
statusbar to update. Second,views delegateconstructionand maintenanceof button panelsto
controllers.Third, controllerscanbroadcastsemanticevents(e.g. zonechanged),to objectswho
have informedthecontrollerthatthey areinterestedin theseevents.

Following theinitialisationof models(Figure3, MarcoViewFocusis constructedwith its model.



It storesthemodelandbeginsto observeit. Thisisstandardprocedurefor all views,embodiedin the
View superclassconstructor. Anotherprocedureinheritedfrom View, initialise, beginsby call-
ing makeController. In thecaseof MarcoViewFocus,this is left blankbecauseno constructoris
required.initialise thencallsconstructInitialView to createadigital clockview, ananalog
clockview, anda locationimage.Thedigital clockview createsits controller. It thenconstructsits
own initial view, consistingof a labelto storethetimeonaswell asthecontrolpanelobtainedfrom
its controller. Finally, it callsdraw, which showsthecurrenttime. MarcoViewFocus.construct-
InitialView createsthe analogview andthe location imagein this sameway. It thenupdates
itself by calling its own draw method.Sincethesubviews updatethemselves,this methodis very
small;all it doesis updatethewindow title.

Incidentally, it might seemoddto have aninitialise method— why not usetheconstructor?
Theansweris thatinitialise createsa controller. Sincethecontrollerwill immediatelystorea
referenceto the view, it cannotbe calledfrom the view’s constructorbecausethe view reference
will not yetbevalid [1].

O���PQ -)�)
����)R58 �79	S�� -


� Problem 1: The view andcontrollercanbe separatedin differentways—seeSection 3.1.
Which is appropriatehere?

Solution: Controllers implement the methodswhich handle eventson the view’s widgets.
Somecouplingbetweenview andcontroller is still necessary, becausethe views mustconfigure
the widgetswith the appropriatelistener. For instance,the LocationStatusView mustinform its
displaypanelthat thelocationstatuscontrollerwill listen to button-clickingevents.However, the
level of couplingis non-critical,sincethis is theonly situationin whichthecontrolleris referredto.
Furthermore,mostevent-listeningoccursonbutton-panels,andthesearecreatedby thecontroller.

Thisapproachsplitspresentationacrosstwo classes,whichcouldleadto confusion.To minimise
complexity, viewsprovidesomemethodsfor thecontrollertoperformoutput,e.g.thezonedatabase
view providesmethodsto setthestatusbaraccordingto astringor a ZoneModelparameter.

Java’s event-handlingmechanismprovideda convenientway to usecontrollers—toensurethat
controllersimplementtheappropriateevent-handlers.For efficiency purposestheJava 1.1 toolkit
requiresspecificevent listeners,e.g. a mouselistener, a text componentlistener. This forcessome
couplingbetweenview andcontroller, becauseit meanstheview mustaddtheappropriatelistener
to eachwidget.

TheLocationBrowseris a controllerwith no views,but couldalsohave beenimplementedasa
view with text fields,connectedto a controllerwhich knowshow to handlethem.This wouldhave
beenrathercontrived,however, andled to avery tight couplingbetweenview andcontrol.Clearly,
theform’spurposeis to controlthemodel.Thereforeit wasreasonableto abandonthetypicalMVC
patternof one-to-oneview-controllerrelationships.
� Problem 2: Eachmodel-view-controllerpackageshouldrely on as few otherpackagesas

possible.
Solution: The relationship amongviewsand controllers is aligned with their models.That

is, if amodelM1 dependsuni-directionallyonM2, thenviewsandcontrollersof M1 canusetheM2

package,but notvice-versa.Thismeansthatapackageof amodelandits viewsandcontrollershas
its degreeof independencedeterminedby theindependenceof themodelalone.

To promoteindependenceof models,classassociationsshouldbeuni-directionalwherepossible.
In Figure2(b), ZoneModelandits associatedviews andcontrollers(“the Zonepackage”)is com-



pletely independent.Thedatabaseof Zones,ZoneDBModel,dependsonly on ZoneModel,so the
pair of classescould be reused,for example,in travel-relatedsoftware. In fact, thereareseveral
combinationsof packageswhichcouldeasilybecombinedandreused:T ZoneU , T ZoneDB,ZoneU ,
T LocationDB,Location,ZoneDB,ZoneU , T ClockU .

Alternative Solutions: One alternative designwould eliminate the databaseclassesand use
MarcoModelto directly storelists of LocationModelsandZoneModel.This would forceMarco-
View subclassesto allow usersto manipulatethelists. However, this is functionalitywhich would
be desirablein any applicationusingLocationandZone,andshouldconsequentlybe separated
from theapplication,hencetheneedfor databaseclasses.

� Problem 3: How can views

:LocationModel :ZoneDBController
Choice

USER :ZoneDBView
Choice

:Location
MControllerForm

Type image filename as "Melbourne.jpg"

Type location name as "Melbourne"

Click on AET zone button actionPerformed

Implicit because 
controller 
listens to View

Generate
ZoneChanged

event

zoneChanged(EventDetails)

Update
zone text field

Click on "OK" 

setLocationImage
("Melbourne.jpg")

setName
("Melbourne")

setZone("AET")

Implicit because form  
listens to
ZoneDBController

Figure 4. User edits Location.

andcontrollerspresentinformationre-
lating to one model and simultan-
eously enablea user to changean-
othermodel? For example,the Loca-
tion ChangeFormcontrolsaLocation-
Model, and the userselectsthe zone
from an inset Zone DatabaseView.
Thedilemmais thatthedatabaseview
presentsone model, but user events
on the databaseview affect another
model. If thezonedatabasecontroller
directlychangesthelocationmodel,or
instructsa locationcontrollerto doso,
a bi-directional dependency is intro-
duced.

Solution: Objects can generate
semanticevents to signal important
changes,and this avoids them hav-
ing to notify specificclasses.

Thehandlingof theabove example
is shown in Figure4. Whenit wasinitialised,theLocationChangeFormregistereditself to receive
semanticeventsfrom the insetzonedatabaseview. Whentheuserclicks on a buttonon thezone
database,the zonedatabasecontrollercatchesthe event. It generatesa ZoneDBEvent, a newly-
definedeventtypewhich storestheview thatwaschosen.A callbackmethodin thelocationform
receivesthis event,andupdatesthe zonetext field besidethe databaseview (if desired,the form
couldimmediatelychangetheunderlyingmodel).

Controller classesmaintaina list of classeswhich have registeredfor the event, and when
the userimplicitly requeststhe event via the user-interface(e.g. clicking on a zonebutton), a
methodis called to loop througheachregisteredclassand then call its callbackmethod(e.g.
zoneChanged(ZoneDBEvent theZoneDBEvent)).

Semanticevent generationis oneimportantway to scaleup MVC applications.Eventscanbe
refinedin moreabstracttermsasthey move upwardstowardshigher-level classes.This helpsto
reducecomplexity. Reusabilityis also facilitated; in this example,the zonedatabaseview does
needto know thespecificclasseswhich useit.

Semanticeventsareusedin variousframeworks,suchasActiveX, Javabeans,andtheBusiness
ObjectComponentArchitecture(BOCA) [5]. Often,thesecomponentseffectively representaview,



a model,or both,andevent typescouldbea user-interactionor aninternalchange.Also, widgets
typically usethisnotionto someextent;aswell asallowingcallbacksfor primitiveusereventssuch
asbutton-clicks,many widgetscannotify theprogramof suchhigher-level eventsasanitembeing
addedto a list. In thecontext of multiple-modelMVC, semanticeventsarebeneficialbecausethey
reducedirectreferencesbetweenobjects.

Alternative Solutions: It is not feasibleto usetheexisting Java eventandlistenerclasses,be-
causetheeventsdonotcarrythesemanticinformationrequired,e.g.theZoneModelwhichtheuser
requested.This is why new classeswererequired,aswell ascontrollersto keeplists of listeners.
However, thecodeto do this is minimal.

It would alsobepossibleto makecontrollersObservable,andlet interestedpartiesimplement
Observer to watchfor changes.This is really anotherversionof registeringfor events,but would
beanabuseof theObservableclass,sinceusereventsdo not really constitutechangesto thecon-
troller. Semanticeventsaremoreflexible, astherecanbemorethanonetypeof event,andthey are
conceptuallya morelogicalway to handlesemantic-level userrequests.
� Problem4: Somemodelsandviewshavetheirstatedefinedbyoneor moremodels.In thecase

of the locationbrowserview which enablesusersto switchbetweenLocationModels,thepresent
statecanbedefinedby theLocationModelwhichtheuserhasmostrecentlyselectedfrom thelist (a
propertyof thebrowserview). As theuserclickson list items,thecorrespondingimageview must
changeto reflectthecurrentmodel. A similar situationarisesfor MarcoViewFocus,whoseimage
view mustchangewhenMarcoModel’scurrentLocationModelchanges.

Solution: When a container view includesa view of a modelclass,and the particular model
object might change,a view of eachpossiblemodel object is createdupon initialisation and
whenever the possiblesetof modelschanges.Whenever the modelobject changes,the view is
cachedin memory and simply needsto bedisplayed.

For example,whentheLocationModeldatabasechanges,a list of views is created,onefor each
modelin thedatabase.Whenever theuserswitchesmodels,thepre-existingview is replacedby the
view of theselectedLocationModel.

Thisapproachhasthedisadvantagethatview objectsareupdatedwhenevertheirmodelschange,
even if they arenot visible. A moresophisticatedtechnique—perhapsbasedon Gammaet al.’s
Proxy pattern[6]—could prevent this by ensuringviews only updatethemselveswhen they are
visible.

Alternative Solutions: Perhapsa moreobvioussolutionis a “lazy” approach:simply createa
view of eachmodelwhenever it is required.This would certainlybeappropriateif theuserrarely
changedthecurrentmodel,or thereweremany models.This approachuseslessmemorythanthe
previous method,but will be slower. To improve speed,already-createdviews could be stored.
However, thiswouldbesimilar to thesolutiondescribedabove.

Alternatively, it would be possibleto createa new statemodelon initialisation, andcreatea
singleview to observeit. Nothingmorewouldneedbedoneto theview, becauseit wouldupdateas
themodelchanges.However, themodelwould bea copyof therealmodelin thedatabase,rather
thana reference,andthis meansthat whena usertried to changethe currentmodel,they would
bechanginga copyof it; therealmodelin thedatabasewould not beupdated.This complication
couldprobablybeworkedaround,but wouldposea largerisk of synchronisationerrors.
� Problem5: Somemodelsreferenceothermodels,andneedto know whenthey havechanged.

For example,theoverallapplicationmodel,MarcoModel,needsto know whenthecurrentLocation
changeszone,so it caninform the clock. However, to avoid a cyclic dependency, the changed
modelsshouldnotdirectlycommunicatewith themodelwhichreferencesthem.



Solution: Whenamodelstoresareferenceto anothermodel,it registersitself asanobserver
of that model.

:LocationModel :Location
MControllerForm

:Location
DBModel

:Marco
Model

:Location
DBViewBrowser

:MarcoView
Focus

set name etc.

User just 
updated 
LocationModel

setChanged

notifyObservers

update

setChanged

notifyObservers

update update

draw

update

draw

Figure 5. Updating views to reflect Location
details change (follo ws Figure 4).

Figure5 showswhathappenswhentheuser
changesdetailsonaLocationChangeForm.
It follows immediatelyfrom Figure4. The
Locationdatabasehasregisteredasan ob-
serverof eachof its Locations,andtherefore
knows that the LocationModelin question
hasbeenupdated.MarcoModel,in turn, is
observingthe LocationModel,andalsoup-
dates.As with thestandardMVC definition,
MarcoViewFocusnoticesthe changeto its
modelandalsoupdates(it redraws thewin-
dow title). All otherviews of the location
databasewill alsoupdate,suchasany Loc-
ationBrowserswhichareopen.

This approachis helpful to developersof
large systemswherehigh-level modelsde-
pendonlower-levelmodels,andthechanges
mustbe propagatedthroughout. It creates
someadditionaloverheadbecausehigher-
level views needto update,but it would be
possibleto createviews which only update
if thefeaturesthey aredisplayinghavechanged.
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The multiple-modelMVC programwasdevelopedquite smoothlyusingsomeof the concepts
describedin this paper. Initially, it wasanticipatedthe programwould act an illustration of the
overly-complex natureof MVC. However, the result was quite reasonable,with a good degree
of independenceamongpackagesanda manageablepolicy of combiningpackagestogether. The
design’s generalityis evidencedby the fact that it hasbeenimplementedin a fairly standardlan-
guage(i.e. Java), andrelied on the kinds of librarieswhich areavailable for mostmodernlan-
guages.

Someinherentweaknesseswith MVC doremain.It is difficult to separateviewsandcontrollers
in a totally cleanmanner, becausemoderntoolkitsusuallymix outputandinput. Eventhoughthere
will alwaysbesomecoupling,theseparationis likely to beworthwhilein many casesbecausethere
arealwaysgoingto bedifferentwaysof manipulatingthesameview.

Anotherweaknessis performance.Theregistrationmechanismhasbeenextendedhereto allow
modelsto observeothermodels.Furthermore,thesemanticevent-generationconcepthasalsobeen
introducedto copewith multiple packages.Both of thesepatternswill causesomeperformance
degradation.Themaintenanceof view lists doeslikewise,althoughoptimisations—likean image
view cache—arepossible.

Theprogramis largerthanmany previously-documentedMVC applications,andthereforeprovides



someinsightabouthow to integratedifferentmodel-view-controllerpackagesanddesignfor reuse.
However, with five domainclasses,it is hardly a heavyweight system. This leadsto the ques-
tion aboutwhethertheconceptsintroducedwould scalefurther. As long asthesoftwarecouldbe
brokeninto cohesive subsystems,it seemsfeasibleto suggestthat large-scalesystemsareableto
bedevelopedwith the ideasdescribedhere.In particular, this would bepossibleby definingclear
policiesfor splittingview andcontroller, applyingsemanticevents,ensuringthatmodelsstoreother
modelsasreferencesratherthanascopies,andhaving modelsregisterto observechangesonother
models.

Futurework shouldaim at establishingthe validity of theseideasby applying them to new
applications.It wouldalsobevaluableto enhancetheframework by applyingmoreflexibility . For
instance,a subview might adaptto the colour andlayout schemeof the view it is insertedinto.
Ultimately, theframework couldbeextendedfurtherto produceacode-generationtool. Thiswould
beveryhelpful,becausealargeamountof codein theprogramis of thetrivial-but-necessaryvariety,
and could easily be automated.Finally, we deliberatelychoseto avoid relying on a particular
languageor framework to improve generalisability. Nevertheless,it wouldbeusefulto investigate
whetherourfindingscouldassistwith developmentunderanexisting framework suchasJFC.
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