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Abstract

TheModel-View-Contoller (MVC) architecture style sepantessoftwake into modelsrepresent-
ing core functionality, views which display the modelsto the user and controllers which let the
user changethe models. Althoughmote sophisticatedarchitectures have since beendeveloped,
MVC is interestingto explore becausets simplicity makest more acceptableo practitionersand
it is beginning to becomewell-knownin industry However, MVC is rarely studiedwith regard to
systemgontainingmore thanonedomainmodel. Several issuesare eitherambiguousr missing
in theliterature: the distinctionbetweerviews and controllers, the way modelstatesare updated
in a multiple-modehrchitecture, andthe creationof reusabledomain-specificomponentsA pro-
gramwasdevelopedo investigatehesdssuesandthis paperdocumentshecorrespondinglesign
decisions MVC provedhelpfulin creatinga multiple-modebkystenwith reusablecomponentsal-
thoughsomeweaknessa®main.

1. Introduction

Managingthe userinterfacehasprovento bea difficult taskfor developers.Thereis substantial
complity in ensuringthatinformationis presente@ccuratelyto usersthatuserscancontrolthe
applicationappropriately and that views and domain objectsare synchronised. To managethe
compleity, referencearchitecturehave beendeveloped,suchasModel-View-Controller(MVC),
Presentation-Abstraction-Conti®AC), andtheir moresophisticateduccessorpt]. Visualuser
interfacebuildershave spedup GUI generatiornn recentyears putthey donotexemptprogrammers
from considerindhow to build maintainableandreliableuserinterfacearchitectures.

Referencearchitecturesan be viewed as high-level designpatterns— reusabledesignideas
which have beenimplementedn real applications.A commonthemeamonguserinterfacestyles
is theseparatiorf functionalityfrom presentationUserinterfaceclassesypically presentiomain
classego the user enablingthe userto view andcontrolthe domain.Onebenefitis the possibility
of representinghe samedomaininformationin differentways. Designersanthereforetailor the
userinterfaceto fit certaintasksandusercharacteristics.

Ourinterestin userinterfacearchitecturestemsrom our effortsin relatingsoftwarearchitecture
to usability. We arestudyingpatterndor usabilityandconsideringheir implicationsfor software



design. To this end,we recentlychoseMVC asa framevork for the underlyingsoftware,on the
basisthatit would beasimplebut effective wayto developprototypes However, we weresurprised
to find thattheliteraturetypically discussesverly simplesystemswhereonly onedomainobject
(model)is present. Thus, we developeda prototypecontainingseveral domainobjectsin order
to studyhow the variouscomponentganinteractwith eachother Thelessondearnedshouldbe
relevantto aryoneconsideringhe useof MVC.
Although more sophisticatedeferencearchitecturesxist (e.g. Arch, PAC-AMODEUS [4]),

MVC is still relevantto studyandrefine,for two reasons:

e Despitethe proliferationof Ul architecturesvithin academiait appearghatthey have not en-
joyed muchapplicationin industry (see[12]). Beforefancierarchitecturesretakenup, MVC
is a usefulsteppingstonefor developerswho have not previously workedwith Ul architectural
patterns.The Java FoundationClass(JFC)library is inspiredby MVC, andmakesit likely that
programmersvill increasinglyexperimentwith MVC in thefuture.

e Therehave beerfew attemptgo documenthecreationof multiple-modekystemsFurthermore,
thoseapplicationavhich docontainmorethanonemodelusuallydeviatesignificantlyfrom MVC
corventions(e.g.[7, 9]).

This paperoutlinesproblemsin the currentdefinition of MVC. It then describesa timezone
application—"Marco’—whicHetsuserdisplaythetimein a currentlocation,andchooseandedit
locations(Figurel). Thesystemcontainsseveraldomainmodelsandhasbeendevelopedusingthe
basiccorventionsof MVC. Althoughnotindustry-scaleit doescontainenoughclassego examine
thekey issuesn building multiple-modelMVC applicationsjncludingabstractlassesthereare6
models21 views,and8 controllers.
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Figure 1. Major views in Marco: “Focus View” of current location and time, Location
Browser, and Location Change form. (See Section 4).



2. MVC overview

The Model-View-Controllerparadigmsuggestshreeclasscategories [11]:

Models providethe corefunctionalityof the system(e.g.acarobject).

Views presenmodelsto the user (e.g. atableshaving propertiesof the car). Therecanbe more
thanoneview of thesamemodel.

Controllers controlhow the userinteractswith the view objectsandmanipulatenodelsor views
(e.g. anobjectenablingthe userto changea carmodelusingthetableview). Thereis usuallya
one-to-ongelationshipbetweerviews andcontrollers.

Modelsdo not directly call views. Instead,eachview registersitself with its model,andthe
model notifiesall registeredobjectswhenever it is updated. This lets a developeraddor change
views without alteringthe model. It alsoensureghatviews are synchronoudecausesachview
reflectsthe samemodelstate.

In this section,we focuson oneparticularmodelin our timezoneapplication:the clock model.
This modelrunsin a separatehread,continuallyupdatingitself. Wheneerit updatesthe digital,
analogueandstatusviewsarenotified,andthey reflectthechangeby moving thehandsor changing
thedisplayedext within their panelgFigure1 shavs digital andanalogueclock views).

The digital view hasa panelwhich is createdand monitoredby the digital view’s controller
Whenthe controllerdetectsthe userpushinga timezonebutton, it sendsa messageo the clock
modelto setitself to the new timezone.Again, the modelwill notify its views thatit haschanged.
For illustration, the digital controlleralsoallows the userto alterthe colourof theview. Thisis a
differentkind of eventbecauset will changeonly the digital view; themodelwill not be notified
andtheanalogueview will thereforebeunafected.

The static classdiagramis shovn in Figure 2(a). View and ClockView encapsulatgeneric
viewing capabilities. They ensurethateachconcreteview holdsa referenceo the clock model.
They alsodefineseveral methodswhich let concreteviews initialise themseles, registerwith the
model,createa controllerif necessaryandredrav themseleswheneer the modelupdates.
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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’sefficagy is demonstrately its widespreadnfluencein thedesignpatternsarena.Gamma
etal. [6] explain how Cbser ver, Conposi t e, andSt r at egy relateto SmalltalkMVC. Views are
Obser ver s of models. Views are Conposi t es containingtheir own informationaswell assub-
views. Controllersdefinea St r at egy which moderateshe behaiour of Views. A patternspe-
cifically aboutMVC hasalsobeendocumented(fl but it mainly coverstherelationshipdetween
model,view, andcontrolletr and only describesa single-modekexample. In the next section,we



raisequestionaboutMVC in the context of largeror morecomple software.

3. Aspects of MVC in need of clarification

3.1.Role of controllers

Theview andcontrolleraresupposedo createandmaintainthe userinterface frackuserevents,
and updatethe modelwhenappropriate.If the designerunderstandshe model,andknows how
the userinterfaceshouldbehae, it is quite straightforwardto constructa hybrid view-controller
class. Indeed,the Document-Vew architecturalpattern—aemplified by the Microsoft Founda-
tion Classes—doesxactly this, collapsingMVC’s view andcontrollerinto a singleclass. PAC’s
presentatiorclassdoeslikewise[3].

However, MVC callsfor separat@iew andcontrollerclassesn orderto provide moreflexibility
to the userinteraction. With a modernuserinterfacetoolkit, the distinctionlosessomeof its rel-
evance[2] anda commonguestionaboutMVC is whetherthe distinctionis really necessary13].
In particular thereis usuallyno needfor the programmeto sendeventsto the appropriatavidget;
the externalernvironmentensureshattheappropriatevidgetwill receve events. Separatingisual
propertiesirom event-handlingcapabilitiescanalso be difficult, becausemodernwidgetsencap-
sulateappearancandbehaiour. Neverthelesstherearestill somegoodreasongo separateiew
andcontroller It canbehelpful to addnew buttons keyboardshortcutsandsoon, withoutdirectly
changingthe view. The key issueis creatinga workablepolicy which determineshow the class
typesareseparated.

3.2.Updating models

Considemanapplicationwvheretheusercanselectseveralfile iconsatonce.In thiscasegachicon
is aview of type“lcon” onaFile model. Anothermodel,perhaponerepresenting new directory
will storethelist of File models.In MVC, thiscouldbedifficult to achieve. Theiconspresenviews
of File models,but the controllerof theseviews enableshe userto changeDirectory models,not
File models.This deviatesfrom a basicrule of MVC, thataview-controllerpairis associateavith
onemodel.lt is nothardto seewhy thisruleis in place.Allowing every controllerto interactwith
ary modelin theapplication(or ary controller)would createexcessve coupling,sincetherecanbe
mary differentcontrollersfor eachmodel. The couplingwould leadto unmaintainableode,and
makeit impossibleto reusethe components.

MVC’s tendeng to split control acrossall three componentypeshasbeennoted previously
[3, 14]. Indeed,a variationcalled MVC++ hasbeendevised,in which controllerclassesnediate
betweenviews andmodels,andonly controllerscaninteractwith other M-V-C groups[9]; PAC
takesa similar approach.The VisualworksSmalltalkframevork providesa broadcastingprotocol
enablingmessageto be sentdown the visual componenstructure which canhelp reducedirect
couplingof views. This framevork alsoprovidesspecialisednodelclassege.g. AspectAdaptors)
which canhelpviewsto accessnodelscontainedvithin othermodelg[8].

Thepresentvork aimedto investigateheapplicabilityof MVC itself to amultiple-modelrather
thanrely on a language-dependeframevork (althoughit may be very reasonabléo do this in
practice)or devisea new referencearchitecture.Thus,the programdescribedn Section4 did not
vary MVC in thisway. Insteadaswill be discussedan event-generatiomechanisnwasusedto
overcomethe scaleabilityproblem.



3.3.Reusability of components

Reusableeomponentechnologyhasbecomea widespreadssuein softwareengineeringn re-
centyears[10]. Developersarehungryfor autonomousgohesve, dynamicpackagesvhich canbe
incorporatednto target systemsawithout having to devote large amountsof time re-codingor re-
configuring.Reusabilitywasoneof the benefitstoutedfor MVC afew yearsago,but this referred
to buttons popup-menusandsoon. Thesearewidgetsprovidedby mostmoderntoolkits. Whether
or notthe MVC framevork providesa betterway to usethesewidgetsmay still be the subjectof
debateput clearlymoderncomponentshoulddo morethanjustactaswidgets.

To facilitategreaterreusein MVC, domain-specifipackagesanbe createdeachconsistingof
onemodelclassandtheir associatediew andcontrollerclasses.The problemswith scaleability
and control discussedbore suggesthat classegnay not be independenenoughto achieve this
goal. Modelsinteractwith othermodels.Views addandremore sutviews—whichareoftenviews
of differentmodels. Controllersreceve input throughoneview, andit may often be temptingto
permitthemto alterothermodels.Thus,thechallenggor MVC componentleveloperss to create
autonomousnodel-viav-controllerpackages.

TheJFClibrary is a stepin this direction,with a few semantianodels,suchasTree, Table,and
List modelswith correspondingiewsandcontrollers.The programwe developeddoedikewisefor
domain-specificomponentssuchasClocksandLocations.The programprovidesaninsightinto
theconstructiorof componenti alanguage-independemannerby: (a) beingbasednthemore
primitive AWT library, ratherthan JFC,and (b) avoiding the Javabeanlibrary, which facilitates
componenteuse. Although theseare usefultools, their absencemproved the proof-of-concept
agument. Furthermorecomponentsuchas Treework well in isolation, but they still leave open
thequestiorof combiningcomponent# areliableandflexible manner Thenext sectionconsiders
how higherlevel components—sucasdatabasesf models—carbuild lowerlevel components.

4. Multiple-model MVC application in action

Thesampleprogramis calledMARCO (Multiple-AgentReal-timeClock Objects) implemented
inJaval.l. Theapplicationis aclockwhich canshow thetime atvariouslocationsin theworld.
Whereaghe single-modehpplicationdiscusse@bove “hard-codedthe locations MARCO reads
initial locationsfrom a file andthe usercan changethe location databasehroughthe interface
provided. A fixed databasetoresthe domainof timezonedor the locationsalongwith common
namege.g.“GreenwichMeanTime”).

Thereis a modelcalled MarcoModelwhich representshe overall systemstate,similar to the
ApplicationModelconcepin VisualWbrks[8]. Fromthis, therearethreetop-level “MarcoViews”,
i.e. views of MarcoModel.Eachcanberun asa separatgrogram.EachMarcoMew is composed
of views of lower-level models.In fact, it is alsopossibleto run all threeoverall views atthe same
time, andthe sub-vievs of eachwill staysynchronisedvith eachothet

1. Mar coViewFocus Thisview (Figurel) containgwo clock views,animageof thelocation,and
buttonswhich let theuserchangehelocationdetailsor switchto anothedocation.

Whenthe userclicks on “View DifferentLocation”, a LocationBrowseris loaded. The usercan
browsethroughlocations,seetheirimages,andchoosea new location. Wheneer a new location
is chosenthe mainview updatests clocksandimage.Thereis nolimit onthe numberof location
browserswhich canbeopenatonce.



By clicking on “Edit this Location”, a Location ChangeForm is produced. This lets the user
modify the location’'s name timezone,andimage. Whena userchanges location’s details,the
modificationspropagateo all otherviews. Whenanimageis updatedon the changeform, for
example, the imagewill also changein the main view and all location browsersin which that
locationis selected Whena timezoneis updatedthe two clocksupdate.If theuserchoseto edit
the currentlocation, then selecteda new locationwith the browser the changeform would still
relateto the initial location. Thus,changingdetailson the form would have no effect on the main
view. Theusercanhave ary numberof browsersandchangegormsopenatthe sametime. All are
keptsynchronous.

2. Mar coViewBackground This view shows a digital clock andlets the userchangetimezone
(insteadof location,to demonstratéexibility). It is a toplevel window with just the digital clock
view andthe zone-choosingomponentvhichis containedn the LocationChangeForm.

3. Mar coViewStatus Thisis amoretechnicalview, shaving internalstatusstringsfor eachobject
andcouldbeusedfor developmentpurposes.

5. Design overview

5.1.Models

The MARCO systemconsistsof six domainmodelclasseswhoserelationshipsare shovn in
Figure2(b). Themodelsare:

Mar coModel An overall applicationclasswhich exemplifiesthe Medi at or pattern[6]. It stores
a ClockModel,a ZoneDBModel,and a LocationDBModeland also a referenceto the current
LocationModel. It fulfils our vision of componenteusabilityby demonstratindiow the other
componentganbebroughttogetherto interactwith eachother The ClockModeldoesnot know
aboutthe otherclassesnordo they know aboutthe ClockModel.

ClockModel A clock with an associatedimezonewhich continually updatestself. It usesthe
TimeZonelibrary classto calculateappropriatdime.

ZoneModel A timezonecommonnameandJava TimeZonelibrary ID.

LocationModel A locationwith aname jmage,andassociatedoneModel.

ZoneDBModeland LocationDBModel Classescapableof storing and manipulatinggroupsof
ZoneModelsaandLocationModelqthelist is storedasa Vectorclass).

Componentautonomyis ensuredby stateinformation being storedonly in MarcoModel; the
databasedor instancedo not storethe currentlocationor zone.All modelsextendJava’s Observ-
ableclass,which providesthe behaiour requiredto maintaina list of obsenersandnotify them
uponchangeso themodel(the classcouldeasilybe createdor anotheprogramminganguage).

Theinitialisation of modelsis shavn in Figure3. MarcoModelrequestdothdatabase® parse
the files containingzone and location information. It becomesan obserer of thesedatabases,
explainedin Section6 (Problemb). It thensetsthe currentlocationto thefirst itemin thelocation
databaseand startsthe clock, with this location’s timezone. The clock maintainsindependence
from otherpackagedy acceptingonly standardlava TimeZoneobjects ratherthanZoneModels.

5.2.Views

Thereis anabstractiew classwhich: registersitself with the modelandstoresa referenceo the



model; definesan updatemethodwhich (a) checksthat the correctobjecthasnotified it and (b)
callsthe drav method for objectsto inspectthe modelandredrav themseles;providesanempty
methodto createthe controller which subclassesanoverrideif they requirea controller;contains
conveniencanethodsset\erbosity(JandgetString()whichenablesubclassew easilyobtainstrings
which portraythemodel’s statesat varyinglevelsof detail.

Thestructureof ViewsfollowstheCompositeat-
tern[6]. Whena View is created,it constructs
its own widgetsand also addssub-vievs. The
sub-viavs look afterthemseles. Thus,the clock
views inside the main FocusView both obsere
the Clock modeland updatethemselesaccord-
ingly. The FocusView itself doesnot have to ob-
sene theClock.

View doesnotcontainareferenceo themodel,
because¢he modeltypeis differentfor eachsub-
classof View. Instead thereis an abstractview
classfor eachmodel,e.g. ClockView. This class
storesa referenceto the model, providesa con-
structorwhich setsthe model,andcandefinethe
corveniencestring-handlingnethods Model-
specificviewscanalsoperformmiscellaneoutunc-
tions specificto the modeltype. ClockView, for
instance overridesthe updatemethodto impose
Figure 3. Initialisation of major models. aminimumnumberof seconddetweeneachre-

draw.

Theconcreteviews have oneor morewidgetswhich canbeobtainedvia publicmethodsFor in-
stancethetimezoneselectionview providesonepanelshowning buttonsfor eachzone,andanother
statusharlabelwhich shovsthe zones commonnamewhene&er themousehoversabove a button.
A developerusingthis classhasthefreedomto show only the buttons,or the buttonswith the status
bar, andthetwo widgetscanbe placedin separatescreeriocations.
5.3.Controllers
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It wasdecidedto explicitly distinguishbetweercontrollerswhich controlthroughuserinterac-
tion with specificviews andthosewhich aregenericandcontrolamodeldirectly. Theoneclassin
the secondcateyory is the LocationChangeForm. It is initialised with the modelasa parameter
anddisposedtself whentheuserhitsthe“OK” or“Cancel”buttons.lts independencmakest easy
to addto existing views. The controllerfor thelocationstatusview enableghe userto producethe
form by double-clickingon the statugtext. Thiswill generatéhelocationform, andwhenthe user
changegocationdetails,themodelwill bealteredandthe original statusview will updatetself.

In thisimplementationgontrollerswhichrelateto views have severalresponsibilites. First, they
implementJava’s event-handleinterfacedo listenfor appropriatesvents,e.g. the zoneselection
controllerlistensfor occasionsvhentheuserrolls themouseover azonebuttonandtellstheview’s
statusbar to update. Second,views delegate constructionand maintenancef button panelsto
controllers. Third, controllerscanbroadcassemanticevents(e.g. zonechanged)fo objectswho
have informedthe controllerthatthey areinterestedn theseavents.

Following theinitialisationof models(Figure3, MarcoMewFocusis constructedvith its model.



It storeshemodelandbeginsto obsereit. Thisis standargrocedurdor all views,embodiedn the
View superclassonstructor Anotherprocedurenheritedfrom View, i ni ti al i se, beginsby call-
ing makeControl | er. In the caseof MarcoMewFocus,thisis left blankbecauseo constructois
required.i nitialisethencallsconstructlnitial Vi ewto createadigital clock view, ananalog
clock view, andalocationimage.Thedigital clock view creatests controllet It thenconstructsts
own initial view, consistingof alabelto storethetime onaswell asthecontrolpanelobtainedrom
its controller Finally, it callsdr aw, which shovsthe currenttime. Mar coVi ewFocus. const r uct -

I nitial Vi ewcreateghe analogview andthe locationimagein this sameway. It thenupdates
itself by calling its own dr aw method. Sincethe subviews updatethemseles, this methodis very
small;all it doesis updatethewindow title.

Incidentally it might seemoddto have ani ni ti al i se method— why notusethe constructor?
The answeiis thati ni ti al i se createsa controller Sincethe controllerwill immediatelystorea
referenceo the view, it cannotbe calledfrom the view’'s constructorbecausehe view reference
will notyetbevalid [1].

6. Lessons learned

e Problem 1: The view and controllercanbe separatedn differentways—seeSection 3.1.
Whichis appropriaténere?

Solution: Controllers implement the methodswhich handle events on the view’s widgets.
Somecoupling betweenview and controlleris still necessarybecausehe views mustconfigure
the widgetswith the appropriatdistener For instancethe Location StatusView mustinform its
displaypanelthatthe locationstatuscontrollerwill listento button-clickingevents. However, the
level of couplingis non-critical,sincethisis the only situationin whichthecontrolleris referredto.
Furthermoremostevent-listeningoccurson button-panelsandthesearecreatedoy the controller

Thisapproactsplitspresentatiocrosswo classesywhich couldleadto confusion.To minimise
complity, views provide somemethoddor thecontrollerto performoutput,e.g.thezonedatabase
view providesmethodgo setthe statusharaccordingo astringor aZoneModelparameter

Java’s event-handlingmechanisnprovided a corvenientway to usecontrollers—toensurehat
controllersimplementthe appropriatesvent-handlersFor efficiengy purposeghe Java 1.1 toolkit
requiresspecificeventlistenerse.g. amouselistener atext componentistener This forcessome
couplingbetweerview andcontroller becausé meangheview mustaddthe appropriatdistener
to eachwidget.

The LocationBrowseris a controllerwith no views, but couldalsohave beenimplementedasa
view with text fields,connectedo a controllerwhich knows how to handlethem. This would have
beenrathercontrived,however, andled to a verytight couplingbetweerview andcontrol. Clearly,
theform’spurposas to controlthemodel. Thereforat wasreasonablé abandorthetypicalMVC
patternof one-to-onevsiew-controllerrelationships.

e Problem 2: Eachmodel-viev-controller packageshouldrely on asfew other packagesas
possible.

Solution: The relationshipamongviews and controllers is aligned with their models. That
is, if amodelM; dependsini-directionallyon M,, thenviews andcontrollersof M1 canusethe M,
packagebut notvice-versa.This meanghatapackagef amodelandits views andcontrollershas
its degreeof independencdeterminedy theindependencef themodelalone.

To promoteindependencef models classassociationshouldbeuni-directionalwherepossible.
In Figure2(b), ZoneModelandits associatediews andcontrollers(“the Zonepackage™)is com-



pletelyindependentThe databasef Zones,ZoneDBModel,dependonly on ZoneModel sothe
pair of classexould be reusedfor example,in travel-relatedsoftware. In fact, thereare several
combinationf packagesvhich couldeasilybe combinedandreused:{Zone}, {ZoneDB,Zone},
{LocationDB,Location,ZoneDB,Zone}, {Clock}.

Alter native Solutions: One alternatve designwould eliminate the databaseclassesand use
MarcoModelto directly storelists of LocationModelsandZoneModel. This would force Marco-
View subclasse® allow usersto manipulatethelists. However, thisis functionality which would
be desirablein ary applicationusing Locationand Zone, and shouldconsequenthpe separated
from theapplication hencethe needfor databaselasses.

» Problem 3: How can views
andcontrollerspresentnformationre-

[ =] \“E‘ M‘“\ [ciemsien | zoepmgen | [zancpzconair | |gting to one model and simultan-
D estienamess & } } eously enablea userto changean-
0 ‘ e }} othermodel? For example,the Loca-
| | | . .
|

|
Click on AET zone bution | actionPerformed | _ Gen

tion Chang&~ormcontrolsaLocation-

Model, and the user selectsthe zone

oncChangeEventotals from an inset Zone DatabaseView.

Thedilemmais thatthe databaseiew

presentsone model, but user events

oo ; : on the databaseview affect another
} model. If the zonedatabaseontroller

} directly changeshelocationmodel,or

} instructsalocationcontrollerto do so,

|

|

|

|

|

neChan g ed
event

Zon DBC ntrolle:

Update
zone text field

\ setLocatif onlmage
("Melbourne.jpg")
setName
"Melbourne")

setZone("AET")

a bi-directional dependeng is intro-
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Solution: Objects can generate
semanticevents to signal important
changes,and this avoids them hav-
ing to notify specificclasses

Figure 4. User edits Location. The handlingof the abose example
is shavn in Figure4. Whenit wasinitialised,theLocationChangeFormregisteredtselfto receve
semanticaventsfrom theinsetzonedatabaseiew. Whenthe userclicks on a buttonon the zone
databasethe zonedatabaseontroller catcheshe event. It generates ZoneDBEvent, a newly-
definedeventtypewhich storesheview thatwaschosen A callbackmethodin thelocationform
recevesthis event, and updateghe zonetext field besidethe databaseiew (if desired,the form
couldimmediatelychangeheunderlyingmodel).

Controller classesmaintaina list of classeswhich have registeredfor the event, and when
the userimplicitly requestghe event via the userinterface(e.g. clicking on a zonebutton), a
methodis called to loop through eachregisteredclassand then call its callback method (e.g.
zoneChanged( ZoneDBEvent theZoneDBEvent)).

Semanticevent generatioris oneimportantway to scaleup MVC applications.Eventscanbe
refinedin moreabstractermsasthey move upwardstowardshigherlevel classes.This helpsto
reducecompleity. Reusabilityis alsofacilitated; in this example,the zonedatabaseview does
needto know thespecificclassesvhich useit.

Semantieventsareusedin variousframevorks, suchasActiveX, Javabeansandthe Business
ObjectComponenArchitecture(BOCA) [5]. Often,thesecomponentgffectively represenaview,

e —



amodel,or both, andeventtypescould be a userinteractionor aninternalchange.Also, widgets
typically usethis notionto someextent; aswell asallowing callbackgor primitive usereventssuch
ashbutton-clicks,mary widgetscannotify the programof suchhigherlevel eventsasanitem being
addedo alist. In the context of multiple-modelMVC, semanticventsarebeneficialbecaus¢hey
reducedirectreferencedetweerobjects.

Alter native Solutions: It is not feasibleto usethe existing Jasa eventandlistenerclassesbe-
causdheeventsdonotcarrythesemantianformationrequirede.g.theZoneModeWwhichtheuser
requestedThis is why new classesvererequired,aswell ascontrollersto keeplists of listeners.
However, the codeto do thisis minimal.

It would alsobe possibleto makecontrollersObsenable,andlet interestedpartiesimplement
Obsener to watchfor changes.This is really anotherversionof registeringfor events,but would
be analuseof the Obsenableclass,sinceusereventsdo not really constitutechangesgo the con-
troller. Semantieventsaremoreflexible, astherecanbemorethanonetypeof event,andthey are
conceptuallya morelogicalway to handlesemantic-leel userrequests.

e Problem4: Somemodelsandviewshavetheir statedefinedoy oneor moremodels.In thecase
of thelocationbrowserview which enableaisersto switch betweenLocationModelsthe present
statecanbedefinedby theLocationModelwhichtheuserhasmostrecentlyselectedrom thelist (a
propertyof the browserview). As theuserclicks onlist items,the correspondingmageview must
changeto reflectthe currentmodel. A similar situationarisesfor MarcoMewFocus,whoseimage
view mustchangevhenMarcoModels currentLocationModekchanges.

Solution: When a container view includesa view of a model class,and the particular model
object might change,a view of eachpossiblemodel object is createdupon initialisation and
whenever the possiblesetof modelschangesWhenever the model object changesthe view is
cachedin memory and simply needsto be displayed.

For example,whenthe LocationModeldatabasehangesa list of viewsis createdpnefor each
modelin the databaseWheneertheuserswitchesnodelsthepre-«isting view is replacedy the
view of theselected_ocationModel.

Thisapproacthasthe disadantagehatview objectsareupdatedvheneertheirmodelschange,
evenif they arenot visible. A more sophisticatedechnique—perhapsasedon Gammaet al.'s
Proxy pattern[6]—could prevent this by ensuringviews only updatethemseleswhenthey are
visible.

Alter native Solutions: Perhapsa more obvious solutionis a “lazy” approach:simply createa
view of eachmodelwheneerit is required. This would certainlybe appropriatéf the userrarely
changedhe currentmodel,or thereweremary models.This approactuseslessmemorythanthe
previous method,but will be slower. To improve speed already-creatediews could be stored.
However, this would be similarto the solutiondescribedabore.

Alternatively, it would be possibleto createa new statemodelon initialisation, and createa
singleview to obsereit. Nothingmorewould needbedoneto theview, becausé would updateas
the modelchangesHowever, the modelwould be a copy of therealmodelin the databaserather
thana referenceandthis meansthatwhena usertried to changethe currentmodel, they would
be changinga copy of it; therealmodelin the databasevould not be updated.This complication
couldprobablybeworkedaround but would posea largerisk of synchronisatiorrrors.

e Problem5: Somemodelsreferenceothermodels andneedto know whenthey have changed.
For example theoverall applicationrmodel,MarcoModel needgo know whenthe currentLocation
changeszone,soit caninform theclock. However, to avoid a cyclic dependenyg the changed
modelsshouldnot directly communicatevith the modelwhich referenceshem.



Solution: Whenamodelstoresareferenceto another model, it registersitself asan observer
of that model.

Figure5 shavswhathappensvhentheuser
changesletailsonalLocationChangd~orm.
It follows immediatelyfrom Figure4. The
Location databasdasregisteredas an ob-
senerof eachof its Locations andtherefore
knows that the LocationModelin question
hasbeenupdated.MarcoModel,in turn, is
observingthe LocationModel,andalsoup-
dates.As with thestandardMVC definition,
MarcoMewFocus noticesthe changeto its
modelandalsoupdategit redravs thewin-
dow title). All otherviews of the location
Lb databasevill alsoupdate suchasary Loc-
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|updated n
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:Location
DBModel
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| This approachs helpful to developersof

| large systemswherehigh-level modelsde-

‘ pendonlower-level modelsandthechanges
mustbe propagatedhroughout. It creates
some additional overheadbecausehigher
level views needto update but it would be

Figure 5. Updating views to reflect Location possibleto createviews which only update

details change (follows Figure 4). if thefeatureghey aredisplayinghave changed.

7. Discussion

The multiple-modelMVC programwasdevelopedquite smoothlyusingsomeof the concepts
describedn this paper Initially, it wasanticipatedthe programwould act anillustration of the
overly-complex natureof MVC. However, the resultwas quite reasonablewith a good degree
of independencamongpackagesnda manageablgolicy of combiningpackagesogether The
designs generalityis evidencedby the fact thatit hasbeenimplementedn a fairly standardan-
guage(i.e. Java), andrelied on the kinds of librarieswhich are available for mostmodernlan-
guages.

Someinherentweaknessewith MVC doremain.lt is difficult to separat&iews andcontrollers
in atotally cleanmanneybecausenoderntoolkits usuallymix outputandinput. Eventhoughthere
will alwaysbesomecoupling,theseparatiors likely to beworthwhilein mary casedbecaus¢here
arealwaysgoingto bedifferentwaysof manipulatinghe sameview.

Anotherweaknesss performanceTheregistrationmechanismhasbeenextendedhereto allow
modelsto obsenre othermodels.Furthermorethe semantievent-generatiosoncephasalsobeen
introducedto copewith multiple packages.Both of thesepatternswill causesomeperformance
degradation. The maintenancef view lists doeslikewise, althoughoptimisations—lile animage
view cache—argossible.

Theprogramis largerthanmary previously-documenteVC applicationsandthereforgprovides



someinsightabouthow to integratedifferentmodel-viev-controllerpackagesnddesignfor reuse.
However, with five domainclassesijt is hardly a hearyweight system. This leadsto the ques-
tion aboutwhetherthe conceptsntroducedwould scalefurther As long asthe softwarecould be
brokeninto cohesve subsystemsdi seemdeasibleto suggesthatlarge-scalesystemsare ableto

be developedwith the ideasdescribedhere.In particulay this would be possibleby definingclear
policiesfor splitting view andcontroller applyingsemantie@vents,ensuringhatmodelsstoreother
modelsasreferencesatherthanascopies,andhaving modelsregisterto obsere change®n other
models.

Futurework shouldaim at establishingthe validity of theseideasby applyingthemto new
applicationslt would alsobevaluableto enhanceheframevork by applyingmoreflexibility . For
instance,a sulview might adaptto the colour and layout schemeof the view it is insertedinto.
Ultimately, theframevork couldbeextendedurtherto producea code-generatiotool. Thiswould
beveryhelpful,becausalargeamountof codein theprogramis of thetrivial-but-necessaryariety,
and could easily be automated. Finally, we deliberatelychoseto avoid relying on a particular
languageor framavork to improve generalisability Neverthelessit would be usefulto investigate
whetherour findingscouldassistwith developmentunderanexisting framavork suchasJFC.
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