
THEWL++ ENVIRONMENTFORMODEL-DRIVENENGINEERING
OFCROSS-PLATFORMMOBILEAPPLICATIONS

by

BlerinaBazelli

Athesissubmittedinpartialfulfillmentoftherequirementsforthedegreeof

MasterofScience

DepartmentofComputingScience

UniversityofAlberta

©BlerinaBazelli,2014



Abstract

Withtheproliferationofmobiledevicesandtheadoptionofmobileapplications

asthede-factomediatorsformostdaily-lifeactivities,includingcommunication,

shoppingandedutainment,thesystematizationofmobilesoftwareengineeringhas

becomeanimportantresearchproblem. Mobile-applicationconstructionmustbe-

comemoresystematic,flexibleandadaptable,andlesscostlywithreducedtimeto

market.Code-generationtechniquesbasedondomain-specificlanguagespresent

bothopportunitiesandchallengesfortheconstructionofsuchapplications.Inthis

thesis,weproposeanabstractmodeltorepresentcatalogue-stylemobileapplica-

tionsandagraphicalcode-generationenvironment,namelyWL++,forcreating

suchmobileapplications,basedonspecificationsoftheapplicationback-enddata

modelanditsuser-interactionbehavior.Ourframeworkenablestherapiddevelop-

mentofmulti-platformmobileapplications,relyingonstate-of-the-arttechnologies

suchasWorklightandBackbone.js.Morespecifically,WL++allowsdevelopersto

creatediagrammaticmodelsoftheto-be-generatedapplication’slogicalmodeland

annotatethemwithinformationregardingtheuserinterfacewidgetsusedtointer-

actwiththemodelelements.Then,itproducesarelationalback-endforstoringthe

modeldata,asetofRESTfulAPIsforaccessingandupdatingtheback-end,and

amulti-platformapplicationthatreliesontheIBMWorklightframeworktoaccess

theAPIsandrendertherelevantdatathroughthechosenwidgets.Wedescribethe

WL++ mobile-appgenerationframeworkandweillustrateitsfunctionalitywith

threeapplications.
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Chapter1

Introduction

Theshiftfromutilitariancellphonesforcommunicatingthroughphonecallsand

textmessagestostylishdeviceswiththecapabilitiesofapersonalcomputerhap-

penedinaveryshorttimeframe.Theubiquitousavailabilityofthesedeviceshas

madethemtheprimarymodeofaccessinginformationandservicesontheInternet.

AccordingtoPew[32]asofMay2013,63%ofadultsmartphoneowners(inNorth

America)usetheirphonestogoonlineand34%ofsmartphoneInternetusersgo

onlinemostlyusingtheirphones,andnotusingsomeotherdevicesuchasadesktop

orlaptopcomputer.

Duetothebroadusageofmobiledevices(e.g.,smartphones,tablets),providers

arehighlymotivatedtodelivermobileapplicationstoenableuserstoaccesstheir

informationandservices.Thequestionthenbecomeschoosingaplatformonwhich

todelivertheseapplications. AndroidandiPhoneownersareequallycommon

withinthecell-ownerpopulationasawhole(Figure1.1),althoughthisratiodif-

fersacrossvariousdemographicgroups[1]. Giventhismarketpicture,applica-

tiondevelopersarehighlymotivatedtodelivertheirapplicationsatleastonboth

platforms.Ifoneweretofollowtraditionalsoftware-engineeringmethodologies,

mobile-applicationdevelopmentwouldneedtocomplywiththenativeprogram-

minglanguagesofeachtargetoperatingsystem:forinstance,Androidapplications

requiretheknowledgeoftheJavaprogramminglanguagewhereasiPhoneappli-

cationsaredevelopedinObjectiveC.Paralleldevelopmentonmultipleplatforms

impliesincreasedeffort,highercost,andmoredifficultmaintenanceandevolution,

challengesthatgetexacerbatedbythehighly-competitivemobile-appmarket.
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Figure1.1:PlatformChoices(2011-2013)[1]

TechnologiessuchasPhonegap1andIBMWorklight2 offermiddlewareser-

vicesonwhichdeveloperscancreatedynamicweb-basedapplicationsthatcanbe

compiledintoplatform-specificcode.Theseapplicationsareinfactdynamicweb

applicationsthatrunonthedevice’sinternalbrowser(webview);theylookand

feellikenativeapplicationsduetotheaforementionedtechnologies[33]thatenable

theuseofnativeUserInterface(UI)widgetsandaccesstothedevice’shardware

components(e.g.,camera,accelerometer,GPSetc.).Althoughnativeapplications

providefullaccesstothedevice’sfeaturesandofferbetteruserexperienceinterms

ofperformance[6],cross-platformapplicationsareavalidchoicewhentheappli-

cationuser-interactionmodelisrelativelysimple,theapplicationdoesnotneedto

meetextremelyfastresponsetimes,anddevelopmentresourcesareatapremium.

1.1 ThesisOverview

TherecentriseofframeworkssuchasPhonegapandIBM Worklight,technolo-

giessuchasHTML5,CSS3andJQueryMobile,offergreatpotentialinthefieldof

1http://phonegap.com
2http://www-03.ibm.com/software/products/en/worklight
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cross-mobileapplicationdevelopment.Also,giventhenumberofmobileapplica-

tionsthatalreadyexist,onecouldsaythattheyplayanimportantroleinourlives.

However,developingmobileapplicationsisatimeconsumingprocessandneeds

developerswithexpertise.Bycombiningalltheaforementionedtechnologies,we

wouldbeabletobuildaframeworkthatcouldallowmobileapplicationsdevelopers

tocreatecross-platformmobileapplicationseasilyandefficiently.

Thisworkfocusesonabroadfamilyofapplicationsnamelycatalogue-styleap-

plications.Thiscategoryofapplicationsexhibitstohaveseveralcommonalities

suchasdatainsertion,review,deletionetc.Focusingonthisclassofapplications

enablesustodevelopamodeloftheapplicationdataandtheservicesmanipulating

thisdata.Consequently,weassumethatthedataelementsare(a)structureden-

titiesconsistingofmultimediaattributes,and(b)collectionsoftheseentities. We

furtherpostulatethatthemostimportant(andtypicallydesired)featuresforthese

applicationsare(a)creationofnewentitiestobeaddedtoapplicationrepository,

(b)retrievalof(potentiallyescalating)entitydetailsgivenanentityidentifier,(c)

facetedsearch(givenacombinationofentitypropertiesanddesiredvalueranges

forthemreturnacollectionthatmatchestheinputcriteria),and(d)entity-state

manipulationthroughRESTfulAPIsaccessingandupdatingselectedinstances.

RoyFielding,inhisdissertation[10]explainedREST(RepresentationalState

Transfer)asanarchitecturalstylethatreliesonastatelessandsimpleclient-server

communication.RESTtakesadvantageoftheexistingHTPPprotocolandclient

applicationsmaysendHTTPrequeststhroughthisprotocoltoaRESTfulwebser-

viceinordertocreate,retrieve,modify,ordeletedata.Theseactionsareperformed

throughpredefinedmethodsnamelyGET,POST,PUTandDELETE.Moreover,a

RESTfulwebservicereliesonresourceswhichareconceptualentitiesrepresented

bynouns.Theaforementionedmethodsmaychangeornotanentity.Forinstance,

theGETmethodonlyretrievesentitiesandthereforecannotchangeitscontacts

whereasthePOST,PUT,andDELETEmethodsareabletochangeexistingentities

permanently. OtherarchitecturalstylesincludeDCOM(DistributedComponent
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ObjectModel)3,CORBA(CommonObjectRequestBrokerArchitecture)4,SOAP

(SimpleObjectAccessProtocol)5toreplaceDCOMandCORBA,RPC(Remote

ProcedureCall)6etc. ARESTfulserviceisusuallypreferredespeciallywhenit

comesinmessagingframeworksformobilewebservices;aRESTmobileweb

server(MWS)outperformsaSOAPMWS,intermsofserverutilizationandre-

questwaitingtime[2],andintermsofefficiencyandscalability[26].Furthermore,

RESTfulservicesallowthetransmissionofdifferentdataformats,includingJSON,

whichismorelightweightthanXMLwhichistypicallytransmittedthroughSOAP.

1.2 Contributions

Tosupportthesystematicdevelopmentofsuchmulti-platformapplications,first

weproposeanabstractmodeldescribingcatalogue-basedapplicationsandsecond,

acode-generationenvironmentintegratedwithintheEclipseIDEnamelyWL++.

Thetargetaudienceofthisframeworkisdevelopers.Therefore,WL++ aimsinas-

sistingdevelopersingeneratingtheapplication’sfront-enduserinterface,itslocal

andback-endstorageandtheRESTfulAPIsnecessaryfortheabovefunctionalities.

Furthermore,itisalsocapableofgeneratingmobileclientsthatcanbedeployedin

multipleplatformsbasedonexistingback-ends.Thepluginuserinterfaceiscom-

posedofaneditingareaandasetofpredefinedwidgets.Throughdraganddrop

actionsofwidgetsintotheeditingareausersarecapableofcreatinglinksamong

componentsinordertobuildtheproperdiagramsthatdescribetheapplication’s

architecture.Then,theapplicationsdiagramsareconvertedintosourcecode,ina

model-drivenengineeringprocess. Usersarealsoabletoeithergeneratemobile

applicationsthataredeployedlocallyorapplicationsaccompaniedbyback-ends.

Furtheremore,WL++ cantakeasinputanexistingback-endserviceintheformof

theAPIsitusestoaccesstheback-endandconstructthemodelingpartoftheap-

plicationdiagraminareverseengineeringprocess.Finally,thecode-construction

3http://technet.microsoft.com/en-us/library/cc958799.aspx
4http://www.corba.org/
5http://www.w3.org/TR/soap/
6http://technet.microsoft.com/en-us/library/cc787851(v=ws.10)

.aspx

4



frameworkincludesageneralmonitoringservicethatobservestheAPIcallsand

thedataexchangedbetweentheapplicationandtheback-endserver.Thisdatais

optionallystoredintoadatabaseinJSONformat,inordertobeconsumedbya

downstreamdomain-specificanalysis-and-recommendationalgorithm.Themoni-

toringcomponentcouldbeusedtoforwardrecommendationsaspush-notifications

tothemobileapplication.Consequently,thisworkmakesthreeimportantcontribu-

tions:

First,itproposesamodelinglanguageforspecifyingthedatamodelsandtheuser

interactionofcatalogue-styleapplications.

Second,itoffersanintegratedenvironmentforenablingdeveloperstospecifyand

generatetheirapplications.

Third,itevaluatesthismodel-drivenmethodologywiththreeexampleapplications:

acontactmanagerapplicationtostorecontactsinformation,anapplicationtokeep

trackofone’sdailyphysicalactivityandanapplicationoperatedbynurseswhen

visitingtheirpatients.

1.3 ThesisOutline

Therestofthisthesisisorganizedasfollows.Chapter2reviewsthebackground

ofthiswork,intermsofthetechnologiesthathavegivenrisetothepopularityof

mobileweb-basedapplicationsandtherelatedresearchonsystematizingthede-

velopmentofmobileapplications.InChapter3,wedescribethearchitectureand

thetoolsbasedonwhichtheframeworkwasbuilt. Wealsopresentthefeaturesof

WL++ andhowtheinputapplicationmodelistranslatedintothedesiredsource

code.InChapter4wedescribetheprocessofgeneratingacontactmanagerapplica-

tionbyusingtheWL++applicationspecificationplugin.Theprocessofgenerating

twoadditionalmobileapplications(PhysitivityandHourlyRounds)isdescribedin

detailinSection5.Finally,weconcludewithadiscussionaboutourfutureplansin

Chapter6.
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Chapter2

LiteratureReview

Inthischapter,wediscusstherelatedresearchbystartingwithanoverviewofthe

differencesbetweennativeandcross-platformmobileapplications(Section2.1).

Then,weintroduceandcomparetheexistingframeworksusedtodeploycross-

platformapplicationsintodifferentplatforms(Section2.2).Next,wedescribethe

Model-View-Controllerpatternandhighlighttheimportanceofapplyingitwhen

developingwebapplications(Section2.3).Finally,weintroducetheconceptof

DomainSpecificLanguages(DSLs)andmentionseveralpopularDSLdesigning

tools(Section2.4).Finally,adiscussionaboutcodegenerationtools(Section2.4.3)

followsalongwithseveralprojectsmotivatedbytheobjectivetosupportthedevel-

opmentofbothnativeandcross-platformmobileapplications(Section2.5).

2.1 Native&Cross-PlatformMobileApps

Largesoftwareproviders,suchasGoogle,Apple,andNokiatonameafew,have

beencompetingagainsteachotherinofferingSoftwareDevelopmentKits(SDKs)

tosupportdevelopersinbuildingmobileapplicationsontheirplatforms.Typically,

eachoneoftheseSDKsincludesadeviceemulatorfortestingpurposes.AnSDK

assumesexpertisewithasingleprogramminglanguageandproducesmobileappli-

cationsthatcanonlybedeployedonthecorrespondingplatform.Forinstance,to

developapplicationstargetingtheAndroidplatform,developersshoulddownload

theAndroidSDKandbefluentinJava. Ontheotherhand,thedevelopmentof

iPhone/iPadapplicationsrequiresthedownloadoftheXcodeIDEandtheknowl-
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edgeoftheObjective-Cprogramminglanguage.Thismeansthatdevelopersdedi-

catesomecognitiveeffortinordertobecomefamiliarwithitsunderlyingprogram-

mingmodel.Although,nativeapplicationsareabletotakefulladvantageofallthe

device’sfeaturesandthuspotentiallyofferabetteruserexperience,theyarefunda-

mentallylimitedintheirdeploymentscopeandconsequentlyintheiradoption.

Theoperatingsystemmarketsharechangesrapidlyandthereforeitisdiffi-

cult,practicallyimpossible,topredictwhichoperatingsystem(s)willbecomemore

prevalenteveninthenearfuture[17].Itshouldalsobenotedthattheoperating

systems’marketsharemaychangeperregionmakingthedecisionofwhatoper-

atingsystemstosupportevenharder. Withthatbeingsaid,inthecasewherean

applicationaimstobeusedbyalargepopulation,ideallyitshouldbedevelopedto

runonatleastthetopthreeorfourdominantoperatingsystems.

However,developinganapplicationformultipleoperatingsystemstakesasig-

nificantamountoftimeastheapplicationmustbedevelopedandtestedmultiple

times.Italsorequireseitherdevelopershavingmultipleskills(i.e.,abletopro-

gramindifferentprogramminglanguages)orseveralteamsofdevelopersworking

oneachapplicationseparately.Tomakemattersworse,multipleapplicationsare

moredifficulttobemaintained.Finally,whenthereisaneedforanupdate,changes

shouldbeimplementedandsendtoalltheoperatingsystemsseparatelywhereasin

theweb-basedapplicationscasechangesareimplementedmuchfasterandupdates

aresenttoallthedevicesatthesametimeregardlesstheiroperatingsystems.

Itisonlyrelativelyrecentlythatcross-platformdevelopmenttools,suchas

Phonegap1,becameabletoaccessthehardwareofmobiledevices,suchasac-

celerometer,cameraandGPS.Thisabilityhasbeeninstrumentalintheadoption

ofthecross-platformmobile-applicationdevelopmentpractice.Atthesametime

theoverallfunctionalityandcapabilitiesofthesetoolshavebeencontinuouslyim-

proving.Onedimensionofimprovementarisesfromthefactthattheunderlying

technologiesleveragedbythesetools,(i.e.,HTML5,CSS3,andJavaScript)arecon-

tinuouslyimproving.Inaddition,mostcross-platformtools,includingPhonegap,

canbeextendedwithspecial-purposeplug-ins,writteninthenativeprogramming

1http://phonegap.com/
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languageofeachtargetplatform,toleverageeachplatform’sspecificfeatures.The

Phonegapcommunityhasbeenveryactiveinthisregardandawidevarietyofplug-

inshavealreadybeenimplemented.Asanexample,thereisaplug-inforAndroid

deviceswhichproducesnativenotifications;thegenerationofthesenotifications

andtheircontextarecontrolledbyPhonegapinJavaScript.Finally,substantial

progresshasbeenmadeindevelopinguser-interactionextensionsthatimitatethe

look-and-feelofpurelynativeapplications,(i.e.,JQueryMobile2,SenchaTouch3,

andapp-UI4)andtechniquestoimprovetheapplicationresponsiveness(i.e.,with

imagepreloading,andhardwareacceleration).

2.2 MobileApplicationConstructionIDEs

InTable2.1wepresentalistofcross-platformmobileapplicationtools,with

Phonegap,RhomobileandAppceleratorbeingthemostpopularamongthem[19].

WhilePhonegapandRhomobilefollowasimilarphilosophy,Appceleratordiffers

significantlyintermsofthewayitaccessesnativefeaturesthroughaJavaScript

APIandthetypeofthegeneratedapplication(web-basedvs.native).IBMWork-

lightisafullmobileapplicationplatformbuiltontopofPhonegap.Theadvantages

ofWorklightoverPhonegapincludetheapplicationserver,amobile-browsersim-

ulatorandasetofadaptersusedtoachievethecommunicationofanapplication

withaback-end.Thecommonalityamongthefirstthreelistedframeworksisthe

factthatthefinalapplicationisaweb-basedapplicationalthoughtheyofferthe

abilitytogeneratehybridandnativeapplicationsbyusingprogramminglanguages

specifictoeachplatform(e.g.,Phonegapapplicationscantakeadvantageofnative

featuresthroughplugindevelopedinthetargetedplatformlanguage).Ontheother

hand,asmentionedbefore,AppceleratorTitanium,MoSync,andifactr(basedon

Xamarin),produceasoutputanativeapplication.Infact,althoughAppceletator

supportsfourplatformstodate,thewayithasbeendevelopedmakesthesupportof

moreplatformsharder.

2http://jquerymobile.com/
3http://www.sencha.com/products/touch
4http://triceam.github.io/app-UI/
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Framework MobileOSSupport Language IDE
OpenSource
Licence

Generated
Application

Phonegap

iPhone,Android,
Blackberry,WebOS,
WindowsMobile,
Symbian,Bada

HTML,CSS,
Javascript

Dependingon
theIDE
supported
bytheOS

ApachePublic,
Licencev2

Web-based

Rhomobile
iPhone,Android,
WindowsMobile

HTML,CSS,
Javascript,Ruby

RhoStudio MIT Web-based

IBMWorklight
iPhone,Android,
WindowsMobile,
Blackberry

HTML,CSS,
Javascript

Eclipse No Web-based

AppceleratorTitanium
iPhone,Android,
WindowsMobile,
Blackberry

Javascript TitaniumStudio
ApachePublic,
Licencev2

Native

MoSync
iPhone,Android,
WindowsMobile,
Blackberry,Symbian

C/C++ Eclipse GPLv2 Native

ifactr
iPhone,Android,
WindowsMobile,
Blackberry,Symbian

C# VisualStudio No Native

Table2.1:Comparisonofpopularcross-platformmobileframeworksbasedonthe
OStheysupport,developinglanguage,IDE,Licenceandthetypeoftheoutput
application

Cross-platformapplicationsrequirelesseffortandfewerresourcesthannative

applicationsfortheirdevelopmentandmaintenance;consequentlytheytendtobe

lessexpensivethantheirnativecounterparts.Furthermore,technologiessuchas

HTML,CSSandJavascriptarewidelyusedandthereforeitismucheasierto

findskilleddeveloperswhoarefamiliarwiththemthatitistofinddevelopers

withexpertiseineachnativetechnologystack.Thesearethemainreasonswhy

multi-platformapplicationdevelopmentisbeginningtoemergeasthemorepopu-

larmobile-applicationdevelopmentparadigm.

2.3 TheModel-View-ControllerPattern

Withoutusingtherighttoolsandapplyingtheproperarchitecturalpatternsusu-

allywebapplicationsbecomedifficulttodebugandmaintainasthecodegrows.

Thisusuallyleadstolessefficientwritingandrepetitivecode.TheModel-View-

Controller(MVC)conceptwasintroducedin1988asanextremelyusefulsoftware

engineeringpatternusedtobuilduserinterfacesinSmalltalk-80[21].

Accordingtothe MVCarchitecturalpattern,anyapplication(desktop,mo-

bileand/orweb-based)canbestructuredintothreemaincomponents(Model(s),
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View(s),Controller(s)).Theapplication’smodelsrepresenttheapplication’sdata.

Viewsareresponsibleforthedatatobedisplayed.Aviewmaybecomposedof

UIcomponentssuchasbuttons,inputforms,datefieldsetc.andallowsusersto

interactwiththeapplication.Moreover,multipleviewscanbedevelopedasnested

sub-viewswithinasingleview.Thisisconsideredasagoodpracticeasitallows

smallerviewstobereusedwithinthesameoracrossapplications.Finally,con-

trollershandletheuserinputandupdatethepropermodelswhennecessary.

Althoughtheconceptremainsthesame,thereisavarianceofimplementations

oftheMVCpattern.IntheActiveModelMVCpattern,whenthemodelischanged,

itnotifiestheproperviewswhereasinthePassiveModelMVCpattern,themodel

doesnottakeanyactionandtheControllerisresponsibletonotifytheviewswhen

amodelchanges.Inthefirstcase,wehavetheObserverSynchronizationaccording

towhichmultipleviewsshareasingledatamodel.TheViewactsasanObserverto

theModelandtherefore,whentheModelisupdated,theViewisnotifiedregarding

thechangeandthenrequeststhenewdata[13].Inthesecondcase,thecontroller

needstohaveareferenceoftheviewstobeupdated(FlowSynchronization)[12].

WhentheMVCpatternisnotappliedinthedevelopmentstageofanapplica-

tiontheaforementionedobjectstendtobetightlycoupled.Therearesignificant

benefitsregardingtheMVCpattern.First,itdecouplesviews/modelsbyallowing

thecontrollertakingcareofeventsthatmayindicatedatachangesandthus,notify

theproperviewstochangeaswellbydisplayingthemodifieddata. Withthatbe-

ingsaid,MVCalsoallowsthedevelopmentofmultipleuserinterfaceswithoutthe

needofmodifyingthebusinesslogic.Thecodeiseasilydebuggableandmaintain-

ableasalthoughuserinterfacesmaychangeovertimethemainfunctionalityofthe

applicationusuallyremainsthesame.Furthermore,byapplyingtheMVCpattern,

aprojectcouldbedevelopedbyateamofdeveloperswheresmallgroupscould

workontheUserInterface,ModelsandBusinesslogic(Controller).Thistech-

niqueallowsteamstodevelopapieceofsoftwarewithouttheneedtoknowallthe

requirementsfromtheinitialphaseoftheproject.Forinstance,thebusinesslogic

canbedevelopedeveniftheuserinterfacerequirementsarenotfullydelivered.
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2.3.1 Model-View-*Frameworks

Asmentionedbefore,thereisawidevarietyofpatternssuchasMVC,(ModelView

ViewModel)MVVP,(ModelViewPresenter(MVP).Generally,theModeland

Viewcomponentsremainthesameacrossallthesepatterns.Thelastcomponent

however,maybeaController(e.g.,MVC),aPresenter(e,g.,MVP)oranythingthat

worksbestforthedeveloper.InthiscasewehavetheModelView*(MV*)pattern.

JavaScriptframeworksdonotusuallyfollowtheMVCpatterninitsstrictdefinition

andthereforetheybelongtothecategoryofMV*frameworks.

ThereareseveralsuchMV*clientsideJavaScriptframeworks/libraries(e.g.,

Angular.js,Backbone.js,knockout.js,Ember.js)developedforsinglepagewebap-

plications.Angular.jsisalsoreferredasMVWwhereWstandsfor"whateverworks

foryou"[24].However,dependingontheapplicationtobedevelopedsomeframe-

worksmaybemoresuitablethanothers.Generally,beforedecidingonwhatframe-

workoneshouldusethefollowingfactorsmaybeconsidered:1)theamountof

AJAXcalls(communication)withaback-end,2)thestructure’ssimilaritywiththe

back-end(aRESTfulservicecomposedofclassesthatmayrepresentthemodels

ontheclientside),3)event-binding(viewsarenotifiedonmodelchangeevents

andautomaticallyadapt),4)dependenceonotherlibraries,5)documentationand

strongcommunitythatcouldsupportdevelopers,6)evolutionandimprovement

overtime(e.g.,bugfixes,newfeatures).McKeachie[23]comparedthemostpopu-

larJavaScriptMV*frameworksintermsofmaturity,community,size,dependency

etc.Thematurityofaframeworkisusuallydeterminedbyfactorssuchasthenum-

berofusers,thedocumentation(howoftenitisupdated),howstableistheAPI

etc.Takingintoaccountthesefactors,Backbone.jsseemstobethemostmature

frameworkfollowedbyAngularJS,KnockoutandEmber.js.Fromthecommunity

perspectiveMcKeachieconsideredasagoodfactortheGitHubwatchersindicator.

Basedonthat,themostestablishedframeworksareBackbone.jsandAngularJS.

Anotherfactorthatmayplayarolewhendecidingonwhichframeworkfitsone’s

needsisitssize(sincetheseframeworksmayresideontheclientside,theloading

timeisimportantasaframeworkwithfewlinesofcodeisloadedmuchfaster).

Someframeworkshavestrongdependenciesonotherlibrarieswhereasothersnot
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(whileallowingtheusertoimportthelibrariesoftheirownpreferences)andthere-

forearemorelightweight.InFigure2.1,Backbone.js,Spine,KnockoutandCanJS

areonlyafewkilobytesandthatisthereasonwhytheyareusuallyreferredasli-

brariesandnotframeworks.Ontheotherhand,Ember,BatmanandAngular.jsare

consideredmoreasframeworksratherthanlibraries.

Figure2.1:ComparisonofMV*frameworks/librariesbasedontheirsizeinkB[23]

2.4 Model-BasedCode-Generation

Environments

InthissectionwebrieflyexplainwhataDomainSpecificLanguage[37]isand

whatareitsbenefitsoveraGeneralPurposeLanguage. Then,wementionfew

Model-To-CodecodegenerationenvironmentssuchasXPand,AcceleoandXtext

andexplainhowthemodelsdefinedbydevelopersaretranslatedintosourcecode.

2.4.1 DomainSpecificLanguages

ADomainSpecificLanguage(DSL)isalanguagefocusedonaspecificdomain

space[37].Therefore,itisonlyworthusingitwhensolvingaproblemthatbe-

longsinthedomainthattheDSLisdesignedfor[11].Domainspecificlanguages

havebecomeverypopular.TheCSSmarkuplanguage,HTML,SQLandMATLAB

arefewexamplesoftheplethoraofDSLsthatexistandarebroadlyadoptedand

usednowadays.InordertodesignaDSL,itisimportantfirsttoanalyzeindetail

theapplicationdomainbyextractingallthefeatures(commonandlesscommon
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(applicationspecific)).DefininganewDSLhasadvantagesanddrawbacks;first,

althoughDSLsenhancequality,productivity,reliability,maintainability,portability

andreusabilityofthecode,thereisacostregardingthedesigningandtheimple-

mentationaswellastestingtheDSLinmultiplecasestudies.

2.4.2 DSLDesigningTools

ToolsthatsupportthedevelopmentofDSLscancomeinaformofeithertextual

syntacticeditorsorgraphicaleditors.SometextualsyntacticeditorsincludeXtext5,

EMFText6andMPS7.Thesetoolsallowdeveloperstodefinethetextsyntaxfortheir

ownDSLsfromanECore8metamodelandofferseveralfeaturessuchassyntax

coloring,valuevalidationandquickfixesproposals.Apparently,theseeditorshave

notbeendevelopedasstandalonebutareusuallytailoredasexternalpluginsto

existingIDEssuchasEclipse(Xtext,EMFText)andIntelliJIDEA9(EPS).

Besidesthetextualeditorsthroughwhichuserscandescribeanapplication

modelviaaDSL,therearemanyGraphicalEditors(e.g.,GMF,MetaEdit+,AToM,

Spray)thatsupportthedescriptionofapplicationmodelsthroughagraphicalrepre-

sentationofthespecificDSL’sfeatures.Therehavebeeneffortstocomparepopular

graphicalDSLeditors;however,theresultsvaryaseachgraphicaleditorexhibits

tohaveadvantages/disadvantagesoverothercompetitors.Beatenset.al.[3]com-

paredthreeDSLgraphicaleditors(GMF,MetaEdit+andAToM)intermsoftheir

architectureanddevelopmentprocess.BothMetaEdit+andAToMarestandalone

applicationswhereasGMFisanEclipseplugin. Also,AToMandGMFarefree

andcanbeadoptedmostlybyresearcherswhereasMetaEdit+isofferedthrougha

licenseandthereforeismoresuitableforindustrialpurposes.Forourframework

wechosetouseGMFasitisanopensourcetoolandcanbeusedwithintheEclipse

environment(whichwewerealreadyfamiliarwith). Otherstudies[38]revealed

thatSpraywouldbeagreatsolutionforresearchpurposesbecauseitisopensource

andhasastrongcommunitythatsupportsandkeepsdevelopingit.Furthermore,

5http://www.eclipse.org/Xtext/
6http://www.emftext.org/index.php/EMFText
7http://www.jetbrains.com/mps/
8http://www.eclipse.org/modeling/emf/?project=emf
9http://www.jetbrains.com/idea/
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SprayisalsobuiltontopofEMFjustliketheGMFtool.Ontheotherhand,Mag-

icDrawmaybeagoodsolutionforindustrialenvironments.Itisofferedthrougha

license,iswell-documentedandhasaneasy-to-useuserinterface.

Finally,toolsfordevelopingprogramminglanguagesandDomainSpecificLan-

guagesincludeXtext10andtoolstogeneratecodebasedontheDSLincludeXtend11

andAcceleo12).Theaforementionedframeworks/toolkitsuseaneditorthatrequires

theusertoinsertseveralcommandsbasedontheDSLspecifiedinordertogener-

atethedesiredoutput.Thetranslationofthesecommandstoactualcode(output)

isdonethroughtoolssuchasXtendandAcceleo. Xtendalsooffersasimplistic

waytowriteJavacodewhichlateristransformedintoactualJavacode.However,

bothXtendandAcceleoareabletoperformmodeltotexttransformations. More

specifically,theyrelyontemplateswhichadevelopercreatedandcodeisinjected

inthesetemplatesaccordingtotheapplicationmodels.Theymaygetasinputan

EcoreMetamodelandgenerateanytypeoffiles(.java,.txt,.htmletc.)accordingto

thetemplates.

2.4.3 CodeGenerators

ModelDrivenEngineeringtechniquesaimtogeneratecodefromahighlevel

modelwhichisdescribedinaDSL.CodeGenerationEnvironmentsserveastools

thattakeasinputthehighlevelmodel(eitherinatextualordiagrammaticform)

andgeneratethedesiredcode.However,thetypeoftheoutput(generatedcode)

canonlybedeterminedbythedeveloperandtherefore,codegenerationtoolswork

basedontemplates.Forinstance,wesupposethatwehavedevelopedaDSLforan

onlineshoppingwebsite.Torepresentaproduct,weusetwoattributes:nameand

price.Wedefinesuchamodelusingthefollowingsyntax:

1 Product[
2 name:String,
3 price:Double
4 ]

10http://www.eclipse.org/Xtext/
11http://www.eclipse.org/xtend/
12http://www.eclipse.org/acceleo/
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Then,thedevelopersdecidethattheabovecodemustbetransformedintoa

Javaclass.Therefore,throughspecificrules,thecomponentsoftheDSLmustbe

associatedwiththedesiredcomponentsoftheto-be-generatedJavaclassthrougha

templatewhichwouldberepresentedbythecodesnippetbelow:

1 class<<this.name>>{
2 <<FOREACHattributeASattrITERATORit>>
3 private<<attr.type>><<attr.name>>;
4 <<ENDFOREACH>>
5 }

TheoutputthenwouldbeaJavaclassaccordingtothetemplatealongwiththe

informationretrievedfromtheinstancemodeldefinedintheDSL:

1 classProduct{
2 Stringname;
3 Doubleprice;
4 }

Inordertoperformmodeltocodetransformations,onewouldneedacode

transformationlanguagetoolsuchasXPand13,Xtend14orAcceleo15.XPandand

AcceleoareofferedthroughtheEclipseModelToTextProject(M2T).Allthose

toolsareabletoparsethemodelandbasedonspecifictemplatestogivethedesired

output.

2.5 MobileApplicationDevelopmentTools

Thereareseveralmobileappdevelopmenttoolswhereeachonehasdifferentgoals

toaccomplish.Cabanaforexampleisamulti-platformmobiledevelopmentsys-

temdevelopedtobeusedbystudentsinintroductorycomputer-sciencecourses[9].

Studentsareabletocreatecross-platformmobileapplicationsbymodelingthem

asasetofnodes,connectedtoeachother.Thenodesrepresentscreens,buttons

andcustomcodemodulesresponsiblefortheapplications’logic,whichmustbe

implementedinJavaScript. Although,Cabanameetsitseducational/pedagogical

13http://www.eclipse.org/modeling/m2t/?project=xpand
14http://www.eclipse.org/xtend/
15http://www.eclipse.org/acceleo/
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objectives,itsfeaturesdonotprovidesufficientsupportforthedevelopmentof

realapplications.First,itsuser-interactionmodelintermsofascreen-navigation

graphislimitedandmakesthedevelopmentofcomplexentitiesdifficult. More

importantly,however,itdoesnotsupportthegenerationofback-ends,whichisan

essentialpartforthemajorityofmobileapplications.

TheworkclosesttooursisMD2,amodel-drivenapproachforcross-platform

applicationdevelopment[16]. MD2definesadomain-specificlanguageinterms

ofwhichtheto-be-generatedapplicationisrepresentedasasetofnestedmodels.

ThelanguagewasdevelopedinXtextandtherefore,thetoolusedtogeneratethe

codeisXtend. Then,sourcecodeisgeneratedforAndroidandiOSplatforms

throughtheAndroidandiOSenginerespectively.Furthermore,aback-end(Java

Service)isgeneratedfortheapplicationswithcapabilitiesofsimpleCRUD(Cre-

ateRetrieveUpdateDelete)operations.Thisgivestheabilityofcommunication

betweentheapplicationandthelocal/remoteback-end.TheMD2frameworkis

clearlymotivatedbysimilarobjectivesasourwork.However,itadoptsadifferent

code-constructionmethodologythatinvolvestwodifferentcompilersforthetwo

targetplatforms.ThisdecisionimpliesthatMD2coversfewerplatformsthanour

framework,requiresmorecomplexapplicationmodeling,andcanpotentiallyresult

inbetterperformingapplicationswithmorevariedandversatilelook-and-feel.

Ontheotherhand,ourWL++ frameworkfocusesonaparticularclassofap-

plications,withfairlysimpleinteractionconstraintswhichcanbemetbyadopting

acommonmiddlewarelayerthatcanbecompiledintomoreplatforms.Theend

usersofourtoolaredevelopers;wethereforetookintoconsiderationthefactthat

thegeneratedcodemustbeunderstandableandmaintainableovertime.Tothatend,

WL++ adoptsBackbone.js16,aJavaScriptframeworkthatenablesthecleansep-

aration(andsmoothintegration)ofuser-interfacefrom(with)business-logiccon-

cerns.Also,thegeneratedsourcecodeincludescommentstoassistdevelopersin

makingfurtherchanges. Webelievethatthecapabilitiesofcross-platformframe-

workshavebeenexpandedandthereforeapplicationsgeneratedbythesetoolsare

becomingmorecompetitivetonativeones.Besides,thecodebasethatisshared

16http://backbonejs.org/
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amongdifferentplatforms(Android,iOS,Windows)makesthempopularbytar-

getinglargergroupsofusers.Finally,throughWL++,developerscanalsogenerate

mobileclientsbasedonexistingback-ends,afunctionalitythatismissingfrom

MD2.

Ribeiroetal.[29]developedaDSLforMobileApplications,namelyXIS-

Mobile.FollowingtheMDDapproach,theyextendedtheXISUMLprofileproject

throughwhichdeveloperscanmodelwebapplications[8].AccordingtotheXMI

Mobileapproach,anativeapplicationcanbegeneratedbydefiningfourmajor

views:EntitiesView(thatrepresenttheentitiesoftheapplication),UseCasesView

(responsiblefortheoperationsthatcouldbeperformedonthedata),Architectural

View(allowstheconnectionoftheapplicationwithexternalentities/services)and

theUser-InterfaceView(wherenavigationsanduserinterfacecomponentsarebe-

ingdefined).ThroughtheXIS-Mobilelanguage,simplenativeapplicationstarget-

ingtheAndroidandtheWindowsPhoneplatformsaregenerated.Intheirwork,

theevaluatedtheirlanguagebydevelopingaTo-DoListapplication.However,this

workisstillinitsveryinitialsteps.

Botturietal.[4]triedtosolvetheproblemofinteroperabilityofmobileappli-

cationbyextractedthecommonfeaturesofseveralmobileapplicationplatforms

(Android,WindowsPhone,iOS).Therefore,theyattemptedtodesignasinglever-

sionofanapplicationthatcouldeventuallybetranslatedintotheaplatformspecific

application(e.g.,Android)byusingModel-Drivenengineeringtechniques.Sofirst,

developersneedtospecifythestructural,behaviouralandnavigationalaspectsof

thetobegeneratedapplication.Then,transformationrulesmapeachplatforminde-

pendentcomponenttoaplatformspecificone.Therefore,thegeneratedapplication

isalsoanativeapplicationandseveraltransformationrulesforeachplatformshould

becreated.

Currently,thereisaplethoraofmobileapplicationsavailableinthemarket.

TheavailableSDKsallowthecommunitytodevelopapplicationsatarapidpace.

Gasimovetal.[14]examinedtheexistingmobileapplicationsandcategorized

themintofourmajorcategoriesbasedontheirpurpose:(a)transaction,(b)con-

tentdissemination,(c)socialnetworking,and(d)personalproductivityandleisure
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based. Moreover,theymentionedthemainchallengesregardingthedevelopment

ofmobileapplications(powerconsumption,cross-platformcompatibilityandsoft-

warequality)andproposedtheideaofstandardizationofmobilehardware/software

protocols[18].OurWL++ frameworkisgenerallytargetedtowardspersonalpro-

ductivityandleisureapplicationsandhasbeeninspiredbytwodifferentmobile

applicationsthatourgrouphadalreadydeveloped,beforeembarkingintheeffort

tosystematizemobile-applicationdevelopmentwithaframework. Morespecifi-

cally,wehavealreadyimplementedtwomulti-platformself-managementmobile

applicationsfore-health,namelyEASIandPhysitivity[36],anditisonthebasis

ofthisexperiencethatwearedevelopingWL++.

18



Chapter3

TheWL++ Application
ConstructionFramework

InthischapterwediscussthesoftwarearchitectureofWL++andhowthisarchitec-

tureemergesfromthethreemajorcomponentsitintegrates.Thefirstcomponentis

IBMWorklight,acomprehensivecross-platformmobile-applicationdevelopment

anddeploymentenvironment(Section3.1).ThesecondcomponentisBackbone,

aframeworkthatdefinestheorganizationoftheproducedmobileapplications,in

amannerthatshouldfacilitatetheprocessofextendingandmaintainingthemin

thefuture(Section3.2).Finally,thethirdcomponentisourownWL++ appli-

cationmodelingplugin,thatreliesontheGraphicalModelingFramework(GMF)

fordesigningandconstructingmobileapplications.InSections3.3and3.4we

explainthemetamodelthatledtotheconstructionoftheWL++ pluginandthe

clustersofcomponentsitincludes. Next,wepresentthecodegenerationengine

ofWL++ alongwiththetemplatesandexternallibrariesusedtogeneratecross-

platformapplicationswithsupportingback-ends(Section3.6).Section3.7and

Section3.8describetheback-endgeneratedandthecodestructureofthemobile

applicationrespectively.Finally,Section3.9liststhestepstobefollowedinor-

dertogenerateamobileapplicationfromanexistingback-endthroughareverse

engineeringprocess.
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3.1 Cross-PlatformApplicationswithIBM

Worklight

IBMWorklightisatooldesignedtosupportmulti-platformapplicationdevelop-

ment.Tothatend,itprovidesanintuitivestructureforcross-platformapplications.

WechosetheWorklightIDEasitisafullmobileapplicationplatformleveraging

apowerfulJavascriptlibrary(Phonegap)throughwhichitaccessesnativefeatures

ofthemobiledevices.Phonegaphasbeenbroadlyadoptedbycross-platformmo-

bileapplicationdevelopersasitsupportsawidevarietyofplatforms.TheIBM

Worklightframeworkiscomposedofseveralcomponents:

•WorklightStudio

Itallowsthedevelopmentofnative,hybridandstandardwebmobileappli-

cations.TheWorklightframeworkisbuiltontopofPhonegap,aJavascript

libraryalsoknownasCordova.Therefore,itsupportsalltheplatformssup-

portedbyPhonegap(e.g.,Android,iOS,Windows).Phonegapisawelldoc-

umentedlibrarythatallowstheaccesstodevices’APIsthroughnativecode

andtherearealreadyplentyofopensourcemobileapplicationsdeveloped

basedonthat. WorklightStudioalsooffersa“WhatYouSeeIsWhatYou

Get”(WYSIWYG)editor,whichallowsdeveloperstopreviewtheHTML

pagesbeforetheyarecompliedinarealbrowser.

•WorklightServer

Itallowsthecommunicationbetweenthemobileapplicationandtheremote

back-endbyusingadapters.Theseadaptersbelongtotheserver-sideofthe

applicationandservethepurposeofsending/retrievingdatafromback-ends

from/totheclientapplication.Adaptersarecomposedofseveralprocedures

(functions)beinginvokedbytheclientapplicationwhenacommunication

withaback-endisrequired.Then,theback-endreturnsthedatawhichis

receivedwithintheadapterandfinallytransmittedintheclientapplication

(Figure3.1). Worklightgivestheoptionofchoosingamongfourdifferent

adapters:(a)HTTPadapter,(b)SQLadapter,(c)CastIronadapterand(d)
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JMSadapter.TheHTTPadapterisusedincaseswhereRESTfulorSOAP

servicesneedtobeinvokedwhereastheSQLadapterisusedwhenthereisnot

amiddlewarebetweentheapplicationandtheexternaldatabase.Therefore,

itisdevelopedtoexecuteSQLqueriesinordertoperformoperationssuchas

insert,update,deleteetc.Finally,theCastIroncanbeusedtoretrievedata

fromenterprisedatasourcesandtheJMSadapterallowsthecommunication

withaJMS-enabledmessagingprovider.

Figure3.1:Theroleofadaptersinclient-servercommunication[15]

•WorklightDeviceRuntimeComponents

AlthoughPhonegapofferstheabilitytoaccessnativedevicefeaturesacross

multipleplatformsthroughasinglecodebase(HTML5,CSS3,JavaScript),

IBMWorklightgoesastepfurtherbyprovidingsignificantadvantagesover

usingonlythePhonegaplibrarytobuildcross-platformmobileapplication.

Morespecifically, Worklightintegratessecurityfeaturesbyhavinganon-

deviceencryptionandofflineauthentication. Also,theruntimeskinning

featureallowsdeveloperstoadapttheapplicationinruntimeaccordingly

dependingonthemobiledeviceitrunson(intermsofoperatingsystem,

screenresolutionetc.).

•WorklightConsole

ThroughtheConsole,developerscanviewtheirdeployedapplications
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alongwiththeirenvironments. Byaddinganewenvironmentdevelopers

areabletoviewtheapplicationthroughthebrowseronawebsimulator

associatedwiththeaddedenvironment(Android,iOSetc.)(Figure3.2).

Eachsimulatorhasdifferentpropertiessuchasdevice’sdimensionsand

thereforedeveloperscanusethesepropertiestofullytesttheirapplication

ondifferentdevices. Furthermore,developerscanalsotesttheCordova

API(accelerometer,camera,geolocation,networketc.). Forinstance,to

testtheaccelerometerincaseofanaccelerometerimplementationdevel-

operscansetthepropervaluesthroughtheconsoleandthencheckthe

simulator’sresponse.Finally,theconsoleallowstheadditionofseveralsim-

ulatorsatthesametimesidebysidewhichisusefulforcomparisonpurposes.

Figure3.2:TheWorklightMobileBrowserSimulator

•ApplicationCenter

Itprovidesanenterpriseapplicationstoreforsharingapplicationsacrossan

organizationforuseinthatorganization.

Resourcescommontoallplatformsexistinacommondirectory.Platform-

specificoptimizationsandskinningcanbedoneonaper-platformbasis,through
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environment-specificdirectories.Thecontentsoftheenvironment-specificdirec-

toriesareintegratedwiththoseofthegeneral-purposedirectoriesinordertocom-

pileplatform-specificapplications.Atcompilationtime,platform-specificCSSand

Javascriptassetsareconcatenatedwiththecorrespondingplatform-independent

ones,andplatform-specificHTMLfilesandimagesreplacesimilarlynamed

platform-independentones.Thismodelisdictatedbytheinterpretationrulesof

thecorrespondinglanguages.InCSSandJavascript,subsequentdefinitionsreplace

existingones;thereforeconcatenationensuresthatplatform-independentspecifica-

tionswillbeappliedaslongasnoplatform-specificoneshavenotbeendefined.

ThisisnotthecasewithHTML,andthisiswhyassetreplacementisrequired.This

latterbehavior,however,impliesthatHTMLtemplatesneedtobedefinedatboth

levelsinourcasewillbemerged,notreplaced.Only,templateswiththesamename

thatareredefinedwillbereplaced.

3.2 ModularUserInterfaceswithBackbone

BackboneisoneamonganewbreedofJavaScripttoolsconceivedtosuperimpose

aconceptualstructure,akintothemodel-view-controllerpattern,towebapplica-

tionsthroughmodels,collections,andviews. Withthisstructure,itispossibleto

constructasetofreusablecomponentsthatcanbeutilizedbymultipleapplications.

Themodelconstructsupportskey-valuebindingsandcustomevents.Essentially

followingtheinversion-of-controlpattern,whenthestate,i.e.,value,ofthemodel

changes,interestedviews,i.e.,viewsassociatedwiththemodelkey,getnotified.

Closelyrelatedisthecollectionconstruct:collectionsgroupmodelsandprovidea

APIformodelmanipulation.Additionalfunctionalitycanbeaddedtobothmodels

andcollections.Backbonealsoprovidesthecapabilitytomapmodelsandcollec-

tionstoaRESTfulinterface,thussupportingthearchivingofthemodelstatein

back-endrepositories.Inaddition,inWL++ wehaveaddedfunctionalitytomap

modelsdirectlytostoragelocallyonamobiledevice.

TheBackbone-relationallibrarysupportsthecreationofmultiplemodelsand

collections,withexplicitlydefinedrelationstooneanother,thatmaybereused
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acrossallWL++applications.Eachmodelalsocontainsdomain-specificattributes

andfunctionalities,whichareeasilymodifiedwhilemaintainingthesamestructure

ofrelations.Inthismanner,weareabletoeffectivelydesignanddevelopreusable

logicalmodelsfortheapplicationfamily,ratherthanreusableindividualdatastruc-

tures,whichiswhattheBackbonemodelseffectivelyare.

AtthepresentationlayerBackboneprovidestheviewconstruct.Typically,a

viewisassociatedwithamodel(oracollection)andanelementontheHTML

page,anditisresponsibleforrenderingthecontentsofthe(collectionof)model(s)

(Figure3.3).Viewsalsodeclareeventsandthelogictohandlethoseevents.Each

viewistypicallyassociatedwithanHTMLtemplate,andmaycontainsub-views

whichindependentlyhandletheirowncontent.Inourarchitecture,nestedviews

arecreatedfortheexistingmodelstobedisplayed,andtypicallyforthemembers

ofacollection.

Figure3.3:TheinteractionamongBackbonecomponents[31]

TherouterhandlestheURLchangesthroughhashtags.Inordertonavigate

fromonescreentoanother,theoldviewmustbedestroyed(itisagoodpractise

todestroyoldviewsinordertoavoidmemoryleaks)andthenewviewmustbe

initialized.Whenaneventoccurs,suchasabuttonclickforexample,thenthehash

tagmaychange.Everyhashtagismappedtoafunctionwithintherouterwhich

initializesthenewviewwiththepropermodelorcollectiontoprovidethedata

neededfromthetemplatetoberendered(Figure3.4).Backbonedependsonthe

underscore.jslibrarythatservesasatemplatingengineusedtogeneratetheHTML

tobeinjectedintotheDOM.However,Backboneallowstheuseofothertemplating

librariesaswellsuchashandlebars.js.
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1 app.Router=Backbone.Router.extend:{
2 routes:{
3 url_1:function_1,
4 url_2:function_2,
5 ...
6 url_n:function_n
7 },
8
9 function_1:function{
10 varview=newView({
11 model:model
12 collection:collection
13 });
14 }
15 ...
16 }

Figure3.4:TheBackboneRouter

3.2.1 BackboneTemplatingEngine

Typically,ineachBackboneviewasingle(ormultiple)template(s)arecompiledus-

ingtheunderscore’slibrarycommand_template(‘templatetobecompiled’).Every

templateiscomposedofthetextthatisdisplayedwithoutmodifications,essentially

thegenericandreusabletext,andmultiplevariables(eachonespecifictoeachpar-

ticularapplication). Whenatemplateiscompiled,thesevariablestakethevalue

passedtothetemplateasaparameter.Byusingtheunderscore.jslibrarydevel-

operscandeclarevariableswithintheirtemplatesbyusingthedelimetersoftheir

choice(“%”inourcase).Wheneverthecompileridentifiesavariable,itreplacesit

withthepropervaluethatusuallyisextractedfromthemodelsand/orcollectionsof

models.Allthetemplatesaredefinedasmultiplescriptsoftype“template”within

usuallyasingleHTMLfileandarerenderedwheneverthetemplatebelongstothe

viewto-be-rendered.Becausetheviewsdifferacrossapplications,thesescriptsare

generatedthroughtheapplicationspecificationpluginbasedontheviews,models

andtheirattributes.

InFigure3.5anexampleofsuchatemplateispresented.Aswecanseethere

aretwovariablesdeclared:“data.name”and“data.age”(the“data”variableisa

JSONobject)(Figure3.33a). AlsothescriptincludesHTMLtagsthatwillbe

parsedandinterpretedbyawebbrowser.Thetemplateisrenderedthroughthe
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1 <scripttype="template"id="tmpl">
2 <div>
3 <h2>Name:%data.name%</h2>
4 <h2>Age:%data.age%</h2>
5 </div>
6 </script>

(a)Templatetobecompiled

1 vartemplate=_.template($("#tmpl").html());
2 $el.append(template(data));

(b)CompilingandaddingthetemplateintotheDOMwhilepassingthedataobjectasa
parameter

1 <div>
2 <h2>Name:Tom</h2>
3 <h2>Age:23</h2>
4 </div>

(c)TheHTMLaddedintotheDOM

1 Name:Tom
2 Age: 23

(d)Thetexttobedisplayed

Figure3.5:Anexampleofanunderscoretemplate

underscorefunction_.template()andthenthe“data”objectispassedasaparameter

(Figure3.33b).Aftertheproperdataisinjectedintothevariables,theoutputcan

beappendedintotheDOM(Figure3.5d).

3.3 TheWL++ Metamodel

Inthissection,wefirstdescribethelogicalmodelofcatalogue-styleapplications

andhowthismodelcorrespondstospecificBackbonecomponents.Then,wedefine

themetamodelnecessarytobuildourapplicationspecificationplugin.

3.3.1 TheLogicalModelofWL++ Applications

ThelogicalmodelunderlyingthedesignofWL++ applicationframeworkiscon-

ceivedtosupportmanyofthefeaturesonewouldexpectfromacatalogue-style

application.Userscanrecordentriesofdifferenttypes,whichcanlaterbemodified
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ordeleted.Theseentriesarepersistentonthedevice,andcanbearchivedatthe

serversidethroughaRESTfulinterfaceforremotestorage[7].Pastentriescanbe

displayedasalistwhereeachlistitemallowstheeditingoftheentry. Moreover,

thelistisfilterablebasedonpropertiesofthedatamodel.Thisarchitecturealso

allowsmanypointsofcustomization,suchas,forexample,totheattributesofthe

modelsandthetemplatesoftheviews.Limitedcouplingbetweenthecomponents

ofthesystemallowforviewstoberearrangedandcustomizedasnecessary.

Thedevelopmentoffamiliesofapplicationsthroughtheadoptionandrefine-

mentofarchitectureframeworksinspecificcontextsisanestablishedsoftware-

reusepractice.Inprinciple,theobjectiveindesigninganddevelopingapplication

frameworksis(a)toimplementgeneralbehaviorsthatmanyapplicationinstances

shareinreusablecomponents,and(b)todesignaprocessforsystematicallyand

consistentlyspecializingandintegratingthesecomponentsinthecontextofspe-

cificapplications.TheModel-DrivenEngineering(MDE)methodologyadvocates

thedefinitionofabstractmodels,capturingthebehaviorsofafamilyofrelated

applications,andtheirsystematictransformationintoexecutableanddeployable

assets[20,30].Followingthisparadigm,theprocessofgeneratingasoftwaresys-

temisfasterandlesserror-proneasthecodegeneratedhasbeenpreviouslytested.

Furthermore,asmodelsrepresentabstractionsofpartsofthesystems,itismuch

easiertobeunderstoodbyusers/developers.AccordingtoWeigertandWeil[40]

theapplicationofmodel-drivenengineeringmethodshasledtomultiplebenefits

suchasproductivityandqualityimprovement.Byconcealinglow-levelcodedetails

throughtheuseofmodelsresultsintomorestableandreusablemodelsthroughout

thesystem.Inaddition,inspectionsonthegeneratedcodehavebecomesparserdue

tothelesserror-proneauto-generatedcode.

InFigure3.6wecanseetheconceptualmodeloftheWL++ applicationfam-

ily,composedofthemajorBackbonecomponents(models,views,andnavigations).

ThecoreoftheapplicationmodelistheApplicationitself,whichconsistsofmod-

els,viewsandadapters.Eachmodelmayhavemultiplerepresentationssuchastext,

location,date,imageetc.Ontheotherhand,aviewmaybeeitheradashboard,a

formview,alistvieworaloginview.Theseviewsareassociatedwithmodels
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Figure3.6:ConceptualModelofcatalogue-basedapplications

whichrepresentthedatatoberenderedanddisplayedtotheend-users.Further-

more,sincethereisnocontrollerinBackbone,viewsarealsoresponsibleforevent

handling.Forthispurpose,the“click”eventcomponentisavailablethroughwhich

developerscanadd“click”eventsandspecifytheactionstobeperformedwhen

suchaneventistriggered.Also,a“function”componentrepresentsacustomized

functionthatcanbeimplementedmanuallybythedeveloperlateron.

3.3.2 TheMetamodelDefinition

Basedontheaboveconceptualmodel,weconstructedametamodelusingtheEm-

faticlanguage1.Emfaticisalanguagethathasbeendevelopedtorepresentina

textualformEcoremodelsbyusingaspecialsyntax.Afterwedefinedallthecom-

ponentsoftheapplication’smodel,wegeneratedtheEcoreMetamodelbyusingthe

EuGENia2tool.TheEcoremetamodeldiagramisdepictedinFigure3.7.Through

theEmfaticlanguage,wecancreatethebasicobjectstobedisplayedaswidgets

intheapplicationspecificationplugin’suserinterfaceandalsoallowthepermitted

connectionsamongtheseobjects.Currently,thereisabasicsetofwidgetsthatare

essentialinthedevelopmentofacompletemobileapplication.Thesewidgetsare

separatedinsixclustersasshowninFigure3.7:(a)Objects,(b)Connections,(c)UI

Components-Variables(d)Views(e)Eventsand(f)BackEnd.TheObjectscluster

1http://www.eclipse.org/epsilon/doc/articles/emfatic/
2http://www.eclipse.org/epsilon/doc/eugenia/
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Figure3.7:TheECoreMetamodelRepresentation
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includeshighlevelcomponentssuchastheApplicationDiagramfortheviewsand

theModelCollectionforthemodels.TheConnectionsclusterincludesthenavi-

gationlinkstoconnecttheviewsbyrepresentingthiswaythescreennavigations.

TheUIComponents-Variablesclusterhasallthewidgetsrelatedtotheuserinter-

facethatallowuserstoinsertdatawithdifferenttypes(e.g.,Numeric,Date,Text,

HiddenTextetc.). DifferenttypesofviewsareavailablewithintheViewsclus-

ter.Viewsrepresentforms,lists,dashboardsetc.TheEventscluster’swidgetsare

addedwithintheViewsandrepresenteventsorfunctionstobeexecutedwhenan

eventistriggered.Finally,fromtheBack-Endclusterusersmayselectthetypeof

Worklightadaptersthatsuitstheirneedsinordertogenerateasupportingback-end

totheapplication.

Figure3.8:AgraphicaleditorisgeneratedfromaMetamodelbyusingtheEuGE-
Niatool

Finally,weusetheEuGENiatooltogeneratetheGMFeditorbasedonthemeta-

modelspecified.Infact,therearefourpluginsgenerated(Figure3.8):

(a)Diagrameditorplugin:Theapplicationspecificationpluginconsistingoftheed-

itorandthepalette.TheGMFframeworkprovidesonlyagroupofwidgetsnamely

Objects.Nevertheless,weareabletocustomizethewaythewidgetsappearinthe

palettebyusingtheEpsilonObjectLanguage. Basically,wecreatedafilewith

a.eolextensionthatspecifiesthedifferentclustersofwidgets.Thisfilemustbe

placedalongwiththeEcoremetamodelfilebeforethepluginisgenerated.

(b)Editplugin:Itincludesalltheprovidersnecessaryforthemodelelementstobe

displayedontheuserinterface.Italsohasalabelpropertyforallthemodelswhich

isdisplayedalongwiththemodelwhendroppedontheeditingarea.

(c)Editorplugin:Theeditorpluginisageneratedexampleeditortocreateand

configureinstancesofamodel.
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(d)Testplugin:Itprovidestemplatesandmethodstoparsetheresourcesetcreated

fromametamodelinstance.

EuGENiaisatoolthatfacilitatesthegenerationoftheEcoremetamodelandthe

aboveplugins.However,thisprocesscanalsobedonemanuallythroughtheGMF

Dashboard(Figure3.9)byfirstselectingtheEcoremetamodelandthengenerating

thecomponentsasfollows:.genmodel⇒.gmfgraph⇒.gmftool⇒.gmfmap.The

generateddiagramprojectisanEclipsepluginprojectthatcanbeexportedand

installedassuch.

Figure3.9:GMFDashboardOverview[27]

3.3.2.1 Constraints

Duringtheconstructionphaseofthemetamodel,theEmfaticlanguageprovides

constraint-relatedcommands.Definingconstraintsisimportantasitassistsusers

whilecreatingtheirowndiagrams(componentsmaybeadded/connectedonlyto

specificonesetc.).Forthispurpose,wewereabletodefineseveralconstraintsthat

couldleadtovaliddiagramsandmakethebuildingofdiagramsaneasierprocess

byremindingdeveloperstheactionsthatareallowedandtheonesthatarenot.

First,Viewscanonlybeaddedwithintheapplication’sdiagramobjectsandalso

aModelwithintheModelCollectionobject. Byfollowingthisrule,viewsand

modelsareseparatedandthereforeamodelcanbere-usedacrossmultipleviews.

Also,theNavigationConnectionisabletoonlyconnectViews.Therelation

amongviewsandmodelsisindicatedthroughtheviews’properties(wheremodels
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canbedeclared).Therefore,inordertobeconsistent,thereisonlyallowedtoadd

aNavigationbetweentwoviews,whichrepresentsthenavigationfromascreento

another.

AWorklightAdaptermustbeplacedoutsideoftheApplicationDiagramand

theModelCollectionasconceptuallyitdoesnotbelongtoanyoftheseobjects.

UIandVariablescomponentscanbeonlyaddedwithinmodels.Themetamodel

specifiesalistofsuchcomponentsthatcanbeincludedinamodelcomponent.In

thecasethatwedesiretochangetheordertheyappearontheFormView,wecould

modifytheaforementionedlistbyreorderingthewidgets.

Finally,EventscomponentscanbeonlyattachedtoViews.Sincetheviews

representtheuserinterfacethroughwhichusersareabletointeractwiththeap-

plication,eventssuchastheclickeventandcustomfunctions(thatcanperform

calculationsand/ormodifymodels’attributevalues)canbeattachedinalistform

totheproperviews.

3.4 TheApplicationSpecificationPlugin

Weconceptualizedaneasy-to-usegraphicaluserinterfacewithadrag-and-dropin-

teraction.Theapplicationspecificationpluginiscomposedofthreeparts:(a)the

editingarea,(b)thepropertyconsoleand(c)thepalette(Figure3.10).Theediting

areaallowsthecreationofapplicationdiagramsthroughtheavailablewidgetscon-

tainedinthepalette.Asmentionedbefore,thepredefinedwidgetsareseparatedin

sixgroups(Objects,Connections,UIComponents-Variables,Views,Events,Back-

End)sothatdeveloperscaneasilyfindandselectthewidgettheyneed.Widgetscan

bedraggedanddroppedintheeditingarea.However,duetotherestrictionsspec-

ifiedwhilegeneratingthemetamodel,somewidgetsmustbeplacedwithinother

components.Eachoneofthecomponentsmayhavemultiplepropertieswhichare

displayedinthepropertyconsoleafterawidgetisplacedintheeditingareaandis

selected.Belowweexplainthecomponentscontainedineachclusteralongwith

theirproperties.

➢Objects
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Figure3.10:TheWL++ ApplicationSpecificationPlugin

TheApplicationDiagramisthemaincomponentthatconsistsoftheviewsof

theto-be-generatedapplication.Therefore,thereisarestrictionrulewhichpermits

onlyViewcomponentstobeaddedintheapplicationdiagram.TheApplication

Diagramhasonepropertynamely“name”thatindicatestheapplication’stitleand

isdisplayedontopofthefirstscreenoftheapplication.

EachModel correspondstoaBackbonemodelcomponent. Amodelhasa

“name”propertythatisessentialwhenitcomestodeclaringthemodelstothe

properViews.Usuallyanapplicationconsistsofseveralmodels.Allthesemodels

aredeclaredwithintheModelCollectionobject.

➢Connections

Theconnectionsamongviewsaredeclaredby“Navigation”arrows.Thesecon-

nectionscanbeaddedonlybetweenviewsandessentiallyrepresenttheBackbone’s

routingsystem.ANavigationtypeofconnectionhasthreeproperties:name,from

andto,wherefromandtoaretheconnectedviews.

➢Events

Everyapplicationofferssomeeventstoallowend-userstointeractwithitand

alsoeventhandlingmethodstoprocesstheinputinformation.Wehavedefinedthe

ClickeventasawidgetthatmaybeaddedintotheViewsanditcaneitherperform

actionswithinanexistingbutton(e.g.,SavebuttonincludedbydefaultinaForm

View)ornewbuttonsthatarecreatedwheneventsareaddedintotheviews.The

propertiesofaClickeventare:Name:thelabelofthebutton,Model:themodel
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associatedwiththeevent(e.g.,amodel’sattributemaychangewhilethisevent

takesplace),ID:thebutton’sID(ifthereisnosuchbuttonID,thenitiscreated

automatically),Alert:thealertpropertyisusefulandcanbeusedincasewherewe

haveaspecialmessagetodisplaywhenabuttonisclicked(forinstance,amessage

informingtheuserthattheentryhasbeensavedsuccessfully).

Mostofthetimes,applicationshavefunctionsthatmaycomputeandreturna

valuebasedonuser’sinput.Therefore,insuchcases,weneedaFunctionwidget

representingacustomfunction.Inourcase,theFunctionwidgethasfiveproperties:

Name:itindicatesthefunction’sname,Model:themodelsassociatedwithit(this

essentiallymeansthatattributesofthismodelcanchangevalues),SetAttribute

Value:thecommandtobeexecutedwhiletheattributeofthemodelisspecifiedto

change,AlertwhichissimilartotheAlertattributeoftheClickeventabove.

➢UIComponents-Variables

TheTextwidgetcanbeaddedasanattributetoamodel.Ithasalabelproperty,

whichisdefinedbytheuserduringthecreationoftheUMLdiagram.Thiswid-

getappearsasatextfieldwherethemobile-applicationusermayentertheirtextual

input.TheHiddenTextwidgetisdisplayedasaninputboxonthemobileapplica-

tionuserinterface;however,thetypedsymbolsarehiddenandappearasstars.This

widgetmaybeusefulincasesofuserregistration/loginforms.SimilarlytotheText

andHiddenTextwidgets,theNumericwidgetisalsodisplayedasalabelalong

withanumericinputfield,acceptingnumericalvaluesasinput.Thistypeofwidget

wouldbeappropriateincasesoftelephonenumbers,productprices,ageetc.

TheClockwidgetrepresentsadate-timepickerintheapplicationuserinterface,

initializedwiththedevice’stime.TheDatewidgetresultsinadate-timepickerin

theapplicationuserinterface,implementedusingtheMobiscrollJavaScriptlibrary.

TheLocationwidgetcanbeusedtoindicatethatanattributeisalocationrepre-

sentedbyapairoflatitude-longitudecoordinates.Thewidgetaccessesthedevice’s

GPSthroughtheHTML5GeolocationAPIandstoresthesevaluesinthelocalmo-

bileapplication’sdatabase. ACheckboxisrepresentedbyalabelalongwitha

checkbox.TheImagewidgetappearsasanimageboxalongwithabuttontoup-

loadimagesbyselectingpicturesfromthemobiledevice’spicturelibrary.Itcould
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beeasilyexpandedintoawidgetaccessingthedevice’scamerainordertocapture

picture/videoinstances.Sometimes,thereisaneedforaninternalvariablethatdoes

nothaveavisualrepresentation.Suchkindofvariablesaredeclaredbyusingthe

Variablewidget.

➢Views

AtypicalmobileapplicationhasmultipleviewsandusuallyaDashboardthat

assiststhenavigationamongtherestoftheviews.Basedontherequirementsand

theexperiencewegainedfromtwoapplicationsbelongingtothefieldofhealthcare

developedfromscratchweconcludedthatfourtypesofViewobjectsaresufficient

tobuildafullyfunctionalcatalogue-basedapplication. Theavailableviewsare

listedandexplainedanalyticallybelow.

Asmentionedbefore,DashboardsincludeotherViewsandthereforetheypro-

videawaytonavigatefromthemainscreentoFormsandLists.Bydefaultthe

Dashboardiscomposedofseveralicons/buttonsthatrepresenttheViews.Icons

specifictoeachviewareprovidedwiththeframework;however,developersare

abletomodifythembyreplacingtheexistingiconswithcustomizedones.The

Dashboardwidgethasfewproperties:Model:themodelassociatedwiththisview,

WLAdapter:theadapterincasewhereaninteractionwithaback-endshouldtake

place,Procedure:theadapter’sproceduretobecalled,RetrieveFrom:theREST

URL,RetrieveWhen:aconditionthatservesasafilteringfunctionwhendatais

retrieved,RetrieveAttributes:theattributestoberetrieved,SaveTo:thecollection

wherethedatamustbestored(locally).

TheLoginViewservesthepurposeofuserverificationwhenthereisaback-

endinvolvedandusersmustlogininordertohaveaccesstothedataorenternew

datawhichneedstobestoredinanexternaldatabase.Figure3.11showsaLogin

viewcomposedofaTextwidgetfortheusernameinputandaHiddenTextwidget

forthepassword.

TheFormViewisresponsiblefordisplayingthemodelattributesrepresenta-

tionstotheend-users.Throughthisviewusersareabletoentertheirentriesand

savethedatalocallyorremotely.AFormViewhasthefollowingproperties:Model:

themodelassociatedwiththeView,DisplayAttributes:thecorrespondingmodel
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Figure 3.11: Login View

may have multiple attributes; however, we may need to display only a subset. This

is possible through theDisplay Attributesproperty where a developer may declare

the attributes to be displayed in the Form View. TheList Viewis an optional wid-

get, which serves as a view where all the existing entries are displayed. By clicking

a list item, it gives the users the ability to delete an entry or edit it and save it again.

The List View properties include:Model,Retrieve From: The REST URL or the

collection to retrieve the entries to be displayed in the list,Retrieve When: a condi-

tion,Retrieve Attributes: attributes to be retrieved from an external or local source,

Display Attributes: the list of attributes to be displayed,Edit: a boolean property

indicated whether a list is editable or not.

➢Worklight Adapters

The IBM Worklight Framework offers several ways to achieve an interaction

with different kind of back-ends. We have decided to support two of them (HTTP,

SQL) as they are the most commonly used. Through theHTTP Adapter, mobile

applications can interact with a back-end via a RESTful web service that is also

generated by theWL++ application specification plugin. TheSQL Adapterwid-

get is used when a direct connection between the client application and an existing

database is required. In this case, there is a local database and therefore the adapter

is responsible for the execution of the SQL queries.
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3.5 TheProcessofCodeGeneration

Adevelopermaydevelopanapplicationeitherfromscratchorbasedonanexist-

ingback-end.Theformerrequirestheanalysisoftheapplicationtobegenerated

intomodelsandviewswhereasthelatterimpliesthatthemodelsalongwiththeir

attributesareimplicitintheAPI.Therefore,therearetwowaysofgeneratingcode:

(a)fromscratch,and(b)basedonanexistingRESTfulback-endsorSchemas.Al-

thoughbothcasesrequiredifferentsteps,theprocessissimilarfromthepointwhere

theapplication’smodelsaredefined.Belowwebrieflyexplaintheprocessofgen-

eratingcodeinbothcasesbyreferringtotheWL++ components.Amoredetailed

explanationisgiventhroughexamplesinSections3.9and4.

3.5.1 DefiningtheApplication’sData

Inthecasewhereanapplicationisdevelopedfromscratch,thereshouldbeatleast

aModelCollectionandanApplicationDiagramcomponentpopulatedwithmodels

andviewsrespectively.Inordertodefinethemodels,thedeveloperhastocreatea

newinstanceofthemetamodelbypopulatingaModelCollectionwidgetwiththe

necessarymodels.Themodeldefinitiondependsonthedeveloper’sperceptionof

theapplication.Thismeansthatadevelopermayspecifydifferentmodelsfrom

anotherdeveloperwithbothsetofmodelstogeneratesimilarapplicationsinterms

offunctionality.Next,UI-componentwidgetsareaddedwithineachmodeltorep-

resentthemodel’sattributes.Sinceeachrepresentationisassociatedwithaspecific

type,developersdonotneedtodefinetheattributes’types.Essentially,themodels

andtheirattributesrepresenttheapplication’sdataaswementionedbeforeinthe

Model-View-Controllerpattern.

SofartheModelCollectioncomponentiscreatedfromscratch.However,in

thecasewherethereisalreadyanexistingdesignthatmakesexplicitthemodelsof

theapplication,thentheModelCollectioncouldbegeneratedbasedonthatdesign.

WL++ supportstwodifferentcodegenerationcomponents:(a)basedonRESTful

back-endsthatreturnJSONresponseswheninvoked,and(b)XSDSchemas.In

thefirstcase,thedevelopergivesasinputanURIthatisautomaticallyinvokedby
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WL++. Alternatively, developers can also give as input a JSON response. Then, a

JSON parser parses the response in order to display the model’s attributes extracted

to the developer. This process is done when clicking the “Extract Attributes from

JSON” button (Figure 3.12). At this point developers can add, delete, or modify the

attributes extracted and then generate a representation of the models (XMI file) that

is compatible with theWL++code generation engine. This step is done by clicking

the “Generate XMI” button (Figure 3.12). Based on the XMI representation, a

new diagram that depicts theModel Collectioncomponents with the models and

attributes is generated.

Figure 3.12: The set of buttons of theWL++ plugin

3.5.2 Defining the Views and Navigations

When the models are defined, the next step is to create the user interface in terms of

views and the router in terms of navigations among the views. Each view may rep-

resent a dashboard, form or list of items and therefore it is associated with specific

models. Although the construction of models is not necessary to be done before

the construction of views, it is more convenient as views must be associated with

the proper models. When the views are added in the application diagram, the de-

veloper specifies the routing among them by adding navigations from one view to

another. After the completion of the diagram, the “Generate Code” button is clicked

to generate the application (and the back-end) (Figure 3.12).
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3.6 CodeGenerationEngine

Alongwiththegenerationofthe.diagramplugin,therearegeneratedseveralJava

interfacesandimplementationclassesrepresentingthecomponentsoftheEcore

metamodel.Forinstance,anodeisrepresentedasaJavaclasswhiletheelements

thatthisnodemaycontainasalistofattributes(alongwithgettersandsetters

methods).

InFigure3.13wecanseehowtheJavaimplementationofthecomponentsde-

finedintheEcoremetamodelisrelatedtotheBackbonecomponents.First,the

Modelclasshasa“name”attributewhichcorrespondstotheBackbonemodel’s

name,alistofrepresentationswhicharetheBackbonemodel’sattributes.Each

attributehasadefaultvalueandisdeclaredwithinthestoreobjectinordertobe

storedinthedevice’sdatabase.Therefore,theattributes“name”and“listofat-

tributes”areinformationtobeinjectedinthetemplatespecifiedbythe“template”

attribute.(Figure3.13a,3.13b).

AViewentityisassociatedwithaspecific(collectionof)model(s)andisre-

sponsiblefortheHTML-basedtemplateswhichthisViewexpectstobeappended

intheDOMelement(Figure3.13c).TheoutputViewfilefollowstheBackbone

view’sstructureanditincludesthetemplates’initializationandthehandlingofthe

eventsthatmayoccurwhiletheend-userinteractswiththeapplication.Forexam-

ple,aneventmaybeaclickofabuttonorachangeofanattributevalue;ifsuch

eventsoccurthentheviewhandlesthemthroughproperfunctions.The“render”

functionrendersthetemplatebyaddingspecificdataextractedfromtheassociated

withtheview(collectionof)model(s)(Figure3.13d).

Finally,theNavigationentityincludesalistofroutesandthecorresponding

functions.Theroutesareextractedfromtheconnectionsamongthedifferentviews

(storedasa<from,to>combination)whilethefunctionsareresponsibleforinitial-

izingthenewviewbypassingtheproper(collectionof)model(s)(Figure3.13e).

Thisinformationisdeclaredwithinthepropertyconsole.TheJSRouteralsocon-

tainsa“changePage”functionthattakesasparameterthepagetoberendered.This

functionfirstdestroystheoldview(s)andthenitreplacesthemwiththenewone.
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1 Model{
2 name,
3 <listofattributes>,
4 }

(a)Model

1 Models.name=Backbone.RelationalModel.extend({
2 relations[],
3 store:{<listofattributes>},
4 defaults{<listofattributes>}
5 });

(b)JSModel

1 View{
2 name,
3 model(s),
4 event(s),
5 <listoftemplates>
6 }

(c)View

1 Views.name=Backbone.View.extend({
2 initialize:function(){...},
3 events:{...},
4 render:function(){...}
5 });

(d)JSView

1 Navigation {
2 <listofroutes>
3 <listofroutingfunctions>
4 }

(e)Navigation

1 Router.Routing=Backbone.Router.extend({
2 initialize:function(){...},
3 routes:{
4 <listofroutes>:<listofroutingfunctions>
5 },
6 changePage:function(page){...}
7 });

(f)JSRouter

Figure3.13: TheJavaclasses(3.13a,3.13c,3.13e)andthecorresponding
JavaScriptBackboneentities(3.13b,3.13d,3.13f)

TheaboveimplementationsoftheJavaclasses,representonlytheskeletonof
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theclasseswhiletheymisssignificantfunctionality.Therefore,additionalmethods

wereaddedinordertobeabletoaddtheproperfunctionalityandgeneratethe

desiredoutput.Thesemethodsaremainlyresponsibleforthecalculationofnew

valuesandtemplaterendering(bypassingdatatothepropertemplates).

AninstanceoftheEcoremetamodeliscreatedwhenanewWL++ projectis

initializedthroughtheEclipseIDE.Then,twofilesaregenerated:(a)a.diagram

filerepresentingthediagrameditor(editingareaandpalette)and(b)a.wlppfile

thatrepresentstheinformationofthediagraminatextualformatandisupdated

whenthedeveloperhitstheSavebutton.Basically,GMFproducesarepresentation

setofthecomponentsdepictedinthediagraminaseparatefilethatincludesall

theinformationregardingthemodels,attributes,theirrepresentations,connections

andlabels.Figure3.14showsanexampleofa.wlppfilethatisproducedfroma

diagramcontainingaFormViewwidgetwithinanApplicationDiagramwidget.

Figure3.14:Theresourcesetdisplayedinatreeviewrepresentinganexample
graphicaldiagramcomposedofaFormViewview

TheplugingeneratedbyEuGENiaprovidesuswithclassesthatareabletoparse

theapplication’sdiagramrepresentationfile.Therefore,whiletraversingthere-

sourceset,foreachcomponent(e.g.,model,view,navigation,adapter)aninstance

ofthecorrespondingtothatcomponentJavaclassisinitialized.Infact,components

areassociatedwiththeproperpredefinedtemplates.AswecanseeinFigure3.15,

theresourceset(XMIrepresentation)oftheapplicationdiagramistheinputthatis

parsedbytheWL++ codegenerationengineinordertoidentifythemodes,views
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and properties and initialize the proper Java classes (we will get back to this point

in the future). Since there are templates defined within the Java implementation of

the resources, the proper data is passed into these templates that are then rendered

by producing the desired output (mobile application files, back-end related files).

Figure 3.15: Model to Code Transformation withWL++

3.6.1 The StringTemplate Templating Engine

TheWL++ plugin integrates theStringTemplate3Java Templating Engine based

on which the output files are generated.StringTemplateis a lightweight and ver-

satile library as it allows the use of self-defined delimiters while defining the vari-

ables. These templates are rendered by the Java classes generated based on our

Ecore metamodel and populated by several methods where additional functional-

ity and calculations have been manually added. Generally, these templates include

the structure of the files to be generated and multiple parameters that represent

customized functions to be injected based on the diagram built. In fact, by using

theStringTemplateengine, it is possible to inject data within the templates by ei-

ther defining a “get” attribute that return the value of a specific attribute or a “get”

method returning a calculated value or a list of values within the Java class. Then

the attribute’s (method’s) name is declared as an attribute within the template and

it gets the results returned by the Java class when the template is rendered. For ex-

ample, a form view may have several events (click, blur, change etc.) These events

3http://www.stringtemplate.org/
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1 events:{
2 obj.events;separator=",\n"
3 }

(a)TheeventssectionoftheFormViewStringTemplate

1 publicVector<String>getEvents(){
2
3 ...
4
5 returnevents;
6 }

(b)CompilingandaddingthetemplateintotheDOMwhilepassingthedataobjectasa
parameter

1 events:{
2 "click#Save-btn" : "save",
3 "change[id̂='Name']" : "attributeFromElementId",
4 "blur[id̂='Name']" : "attributeFromElementId",
5 "change[id̂='Age']" : "numberFromElementId",
6 "blur[id̂='Age']" : "numberFromElementId"
7 }

(c)CompilingandaddingthetemplateintotheDOMwhilepassingthedataobjectasa
parameter

Figure3.16:AnexampleofatemplatebeingrenderedbytheStringTemplateengine

accordingtotheBackbonedocumentationmustbedefinedwithintheviewthey

belongto.Therefore,inthetemplatewedefinetheskeletonoftheeventssection

thatfollowstheBackbonestructure(Figure3.16).Typically,foreacheventthere

isavariablewhichismappedtothe“get”methoddefinedintheJavaclass. When

thetemplateisrenderedthenthe“getEvents”methodisexecuted.Thereturnstate-

mentreturnstheeventstothetemplatewhichthenreplacestheattribute“events”

withthelistofeventsseparatedbyanewline(Figure3.16c)asindicatedbythe

separator=“,\n”command.

WL++ includestwelvemaintemplatesassociatedwitheachoneofthefollow-

ingcomponents:

•Views:Dashboard,LoginView,FormView,ListView

Theviewscorrespondtothepagesthatausermaynavigateto.Theseviews

areconstructedbasedonthepredefinedtemplatesandtheapplicationdia-
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gram.Atemplateconsistsoftheskeletonofaparticularviewwhichthenis

populatedwithuserinterfacecomponentsrepresentedbythewidgetsspeci-

fiedintheapplicationspecificationdiagram.

•Core:ClientModel,UIRepresentation

Amodeliscreatedbasedonthemodel’sattributesaddedduringthecon-

structionprocessoftheapplication’sdiagram. Developersareresponsible

fordefiningtheirownmodelsandspecifyingtheirattributes. Astheseat-

tributescorrespondtoUIrepresentations,wehavedefinedafilethatincludes

alltheUIrepresentationsofeachattribute.Forinstance,atextwidgetis

representedbyatextinputformwhileacheckboxwidgetbyalabelanda

checkboxcomponent.

•Router:Applications’Router

Therouterplaystheroleofthecontroller;itassociatesURLstoviewsin

ordertoallowend-userstonavigatefromonescreentoanother.Thistem-

platespecifiestherouter’ssyntaxaccordingtoBackbonewheretheroutes

areaddedbasedonthenavigationarrowsamongviewscreatedthroughthe

WL++ graphicaleditor.

•WLAdapter: adapter-impl,adapter-xmlThesefilesareconstructedbyfol-

lowingtheskeletonofatypicalWorklightadapter.Besidesthedefaultpro-

ceduresperformingCRUDoperations,specificparametersarereplacedwith

theproperdataretrievedfromtheapplication’sdiagram.Thisdataconsists

oftheRESTservice’sURI,port,parameterspassedtotheRESTfulservice

etc.Alternatively,inthecaseoftheSQLadaptertheusername,password,

databasenameandportmustbedeclared.

•REST:ServerModel,REST,Database

TheServerModelreflectstheclientmodel(Backbonemodel)andisimple-

mentedinJava.Therefore,atemplaterepresentingaJavaclassisfilledwith

attributesretrievedfromtheapplication’smodel.Sinceeachattributeisas-

sociatedwithaJavatype(e.g.,textwidgetcorrespondstoaStringattribute,
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aGPSlocationtoasetoftwodoubleattributesetc.) wedefinetheseat-

tributesandgenerategettersandsettersmethodsforeachoneofthem.The

Database.Javafilefocusesonthecommunicationoftheservicewiththeexter-

nalDatabaseandtherefore,thereresidetheCRUDoperationsimplemented.

Finally,theRESTURIpathsaredefinedintheREST.Javafile.

Therearealsodefinedfewsub-templatesrelatedtospecificmodulessuchasthe

local-storagemodule.Thesesub-templatesareinjectedbythecode-construction

engineintothemaintemplateswhenneeded.Forinstance,thelocal-storagetem-

plateisusedfordatathatneedstobestoredintoaweb-sqldatabaseonthedevice.

3.6.2 ExternalLibraries

BesidesthePhonegaplibrarywhichisbuiltwithinWorklight,themainJavaScript

libraryusedisBackbone.js.However,wehaveusedfewextraexternallibrariesthat

areexplainedindetailbelow.

•MobiScroll

MobiScroll4isalightweightlibrary(approximately20kB)thatprovidesde-

veloperswithnativelookinguserinterfacewidgetsregardingdateandtime

data.End-userscanselectadatebyscrollingorincreasing/decreasingdate

valuesthroughplus/minusbuttons.Italsoincludesathemingfeaturethrough

whichadevelopercanspecifywhetheradatetimepickerwidgetshouldlook

likeanativeAndroidcomponentoraniOSoneforexample.Thiscanbeeas-

ilydefinedthroughtheparameter“theme”as“theme:android”or“theme:

ios”respectively.AlthoughMobiScrollstartedasafreedatetimepickerwid-

get,nowithasexpandeditsfunctionalityandoffersmanymorewidgetssuch

asCalendar,Range,Color,Rating,Temperatureetc.However,usersneedto

purchasethenewversionofthislibrary.

•FastClickFastClick5isanopensourceprojectaimingtoeliminatethedelay

oftheevent-to-be-firedafterauserhastouchedthedevice’sscreen.This

4http://mobiscroll.com/
5https://github.com/ftlabs/fastclick

45



delayisrelativelysmall(approximately300ms)andithappensduetothe

factthatthedevice’sbrowserwaitstodetectiftherewillbeasecondtouch

(incaseofwhereausermayintendtoperformadoubletap). However,

whendevelopingcross-platformapplications,theresponsivenessisimportant

andtherefore,suchlibrariesareextremelyhelpfulinmakingweb-basedapps

behaveasnativeones.

•JQueryMobile

Thereisawidevarietyoflibraries/frameworks(suchasSenchaTouch,

JQueryMobile,PhoneJS6,KendoUI7)thatareabletohandleevents,allow

navigationamongdifferentpages,makerequeststoexternalwebservices

anddatabasesthroughAJAXcalletc. Thoseframeworksaredesignedto

createresponsiveweb-basedapplicationsbyleveragingHTML5andCSS3

features.PhoneJSandKendoUIarebuiltbasedonJQuerywhereasSencha

Touchhasadifferentphilosophyandfundamentaldifferencesfromthe

oneofJQuery[28]. Althoughbothframeworksatthispointaremature

witharichdocumentationincludingmanyexamplesanddemos,Sencha

TouchappearstobeamorepropersolutionforGraphics-Drivenapplications

whereasJQueryismainlyusedforForm-Drivenapplications. Moreover,

JQueryMobilesyntaxismucheasierandclosertotheHTMLsyntaxwithout

beingcomplicatedbyJavaScriptcodeasithappensinthecaseofSencha

Touch. AlthoughSenchaTouchisdevelopedespeciallyformobileapps

andseemstobefastercomparedtoJQueryMobile,JQueryMobilecovers

alargeareaofbrowsersandmobiledevices[28].Previousexperiencewith

JQueryMobileandthenatureofapplicationweintendtodevelopplayedan

importantroleinitsadoptionandintegrationintheWL++ framework.

•BackboneWebSQL

6http://propertycross.com/phonejs/
7http://www.telerik.com/kendo-ui
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TheBackbone WebSQL8libraryprovidesanimplementationoftheBack-

bone.syncoptioninordertosyncdatafrom/totheapplicationandtheWeb-

SQL.ByusingtheWebSQLDatabaseAPIdeveloperscancreatedatabases

thatcanbequeriedusingvariousSQLstatements.

3.7 ThegeneratedBack-End

Alongwiththemobileapplicationthatisdeployedonamobilephoneandruns

locally,theWL++ plugingeneratesaRESTfulAPIthroughwhichthemobileap-

plicationcansend/receivedatato/fromexternaldatabases.Thiscommunicationis

establishedviaasetofbuilt-inadapterswithintheWorklightframework(Section

3.1). Morespecifically,throughtheHTTPadapteramobileapplicationisableto

connectwithaRESTfulwebservice.TheRESTAPIssupportedbyourplugin

implementtheCRUDandfilteringoperationsrelyingontheattributesoftheap-

plicationmodels.Filteringisoftenusefulwhenwehavetodealwithlonglistsof

entries.Forexample,ashoppingcatalogthatcontainsalargenumberofdifferent

productswouldnotbepossibletobereviewedinordertofindaspecificproduct

quickly.

InFigure3.17wecanseetheoutputlayersoftheWL++ applicationspecifica-

tionplugin.ThegenerationoftheRESTfulwebservicedependsonthepresenceof

anHTTPadapter.Whensuchanadapterisdetectedbythecodegenerationengine,

thenaRESTfulwebserviceisgenerated.Thewebservice’sfilesarecompatible

withawebserviceimplementedusingtheJersey9framework.

Tothatend,wedevelopedagenericadapterthroughthe Worklightinterface

whichiscustomizedbasedonthemobileapplicationtobegenerated.TheHTTP

adapterisdeployedbytheWorklightserver(SeetoplayerofFigure3.17).The

communicationbetweentheapplicationandtheback-endwouldbealsopossibleby

usingAJAXrequests.Although,theWorklightadaptersalsouseAJAX,theyoffer

advantagessuchassecurityandtransparencyoftheretrieveddataamongothers.

Acommoncharacteristicofthelatestmobileapplicationsisthatof“pushno-

8https://github.com/MarrLiss/backbone-websql
9https://jersey.Java.net/
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Figure 3.17: The different layers of the auto-generated components

tifications”. As users interact with the application by storing/receiving data, the

application often responds through notifications, typically containing information

extracted based on the user’s interaction history or that of his/her peers. For this

purpose,WL++ includes a monitoring service which lives on the server side and

keeps track of all the API calls that have been invoked. It also records the data ex-

changed between the mobile application and the back-end server in a JSON format.

Therefore, this data can be further analyzed and used in order to make recommen-

dations by sending notifications from the server to the mobile device.

3.8 Application Code Structure

The output of theWL++code generation engine is a “gen” folder, that includes the

application files and the corresponding back-end files, assuming that the application

design indicates the need for a back-end. The structure follows a typical Worklight

project (Figure 3.18). This practice allows developers to quickly set up a Work-

light project and transfer the files from the generated folder to the corresponding
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Figure3.18:TheIBMWorklightProjectStructure.Threeenvironmentshavebeen
added(Android,Blackberry10andiPhone)

Worklightproject,tobedeployed.

AWorklightapplicationconsistsofthreemainfilecategoriesrepresenting(a)

referencesrequiredfortheapplicationdevelopmentanddeployment,(b)theap-

plicationanditsadapters,and(c)server-customizationcomponents. Whenanew

projectiscreated,thenatypical“HelloWorld”applicationisautomaticallygener-

atedbytheframework.ThisprojectiscomposedofseveralJavaScript,HTML,and

CSSfilesunderthe“common”folder.

Therefore,theWL++-producedfilesareallstoredunderthe“common”folder.

Basically,thisfoldercontainsallthefilessharedamongthetargetedenvironments

(Figure3.18). AusermayaddnewenvironmentssuchasAndroidoriOSwhen

neededinordertobeabletoextendoroverridethecommonfilessotheapplication

maylook/behavedifferentlywhiledeployedindifferentplatforms.Furthermore,

a Worklightprojecthasfilesresponsiblefortheframework’sinitialization(e.g.,

theinitOptions.jsfileensuresthatthe WorklightJavaScriptframeworkisinitial-
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ized).Thesefiles,aregeneratedautomaticallyandimportedintotheHTMLfiles

byWL++,asithappenswhilecreatinganewWorklightproject.

WhileBackbonedoesnotrequireanyspecialstructureregardingthefiles,the

experiencewegainedfromtheparalleldevelopingofprototypeapplicationsledus

tothedecisiontocategorizethegeneratedfilesintofourseparatefolders:(1)libs,

(2)models,(3)viewsand(4)router(Figure3.18).Thispracticeassiststheprocess

ofnavigationandmodificationoftheproperfileswhenneeded.

ThelibsfoldercontainsalltheessentiallibrariessuchasBackbonerelatedli-

braries,JQueryandJQueryMobileaswellasotherlibrariesrelatedtospecialwid-

gets(e.g.,Mobiscroll.jsandunderscore.js).Themodelsfoldertypicallycontains

theJavaScriptfilesthatdescribeallthemodelsoftheapplication. Whenthereisa

collectionofmodels,itisalsoplacedinthesamefileasthecorrespondingmodel

fromwhichitiscomposedof.Theviewsfolderisresponsiblefortheuser-interface

rendering.Usually,aviewisassociatedwitha(collectionof)model(s)andren-

derstherelevantinformationintospecifictemplatecomponents.Finally,therouter

foldercontainstheURLpathsandthefunctionsforcreatingtheproperviewsac-

cordingtotheURLs.Whenusersnavigatefromoneviewtoanotherthentherouter

createstheproperviewsandrendersthemaccordingtothetemplateassociatedwith

eachview(and/orsub-view).

AWorklightprojectmayhaveoneormultipleadaptersinordertocommunicate

withexistingback-endsandallofthemresideintheadaptersfolder.Apparently,

anapplicationthatdoesnotrequireanyconnectionwithaback-end,doesnotneed

anyadapterstobeimplemented.Theneedforaback-endisindicatedbythedevel-

operwhenaWorklightAdapterwidgetisaddedintheapplicationdiagram,created

usingtheWL++ plugin.Inthiscase,twomorefoldersaregenerated:(a)the

adaptersfolderand(b)therestAPIfolder.Foreachadapter,twofilesaregenerated

namely,adapter.xmlandadapter-impl.js.ThisstructureisspecifiedbyWorklight;

morespecifically,whenanewadapterisadded,anewfolderiscreatedunderthe

generaladaptersfolder.Theadapter.xmlfilehasimportantinformationrelatedto

theback-end,suchastheURLandtheportnumberofthewebservice,andalso,

thenamesoftheprocedures(functions)whichareimplementedintheadapter-

50



impl.jsfile.Essentially,theadapter.xmlfileplaystheroleofthecontrollerwhich

invokestheproperproceduresaneventistriggeredontheapplicationside.There-

fore,Worklightdecides(a)theorganizationofthefront-endfiles(HTML,CSSand

JavaScript)and(b)thehigh-levelstructureoftheRESTAPIsthatwilllinktore-

motedatabasesthroughaRESTfulAPI,whereasBackbonedecidesinsomemore

detailthestructureofthefiles.

Besidestheadapterfiles,WL++ generatestherestAPIfolderwhichhasmul-

tipleJavafilesinordertobecopiedinaWebServiceproject.Thecodeisrespon-

sibleforthecommunicationoftheapplication(throughtheadapter)witharemote

databasethroughasetofRESTfulAPIs.TheAPIscorrespondtobasicCRUDand

filteringoperations(searchbyspecificattributes). Morespecifically,thefirsttime

themobileapplicationislaunched,aremotedatabaseiscreatedwithtwotables,(a)

fordatastorageand(b)forAPImonitoringpurposes. Whennewdataisentered,

thenthecorrespondingprocedureisinvokedinordertosendaPOSTrequestto

theserverwiththedataentered;therefore,theWebServicestoresthisinformation

inthedatabasewhilethemonitoringservicekeepstrackoftheAPIcallsandthe

transmitteddata.

3.9 ReverseEngineeringwithWL++

Sofarwehavedescribedthegenerationofamobileapplicationwithasupported

back-endfromamodelingdiagramassumingthattheredoesnotexistanyback-

endandthereforeitmustbegeneratedbytheWL++ plugin.However,thereare

existingback-endsthatneedmobileclientsinordertoaccessthedatathroughpre-

definedAPIs.ThedatamodelsareimplicitintheAPIandtherefore,wedeveloped

aprocessforsemi-automaticallyextractingdatamodelsfromtheseAPIsinsteadof

definingthemfromscratchasexplainedbefore.Belowweexplaintheprocessof

constructingmodelsandgeneratecross-platformmobileclientsthroughRESTful

back-endsthatsupportJSONresponses(Section3.9.1)andthroughXMLSchema

Definitions(XSDs)(Section3.9.2).
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3.9.1 Constructing ModelsfromJSONResponsesofRESTful

WebServices

Theapplicationspecificationpluginisabletotakeasinputtheexistingback-end

intermsoftheAPIsitusesandconstructthemainmodelsbasedontheretrieved

responseafteranAPIcallhasbeeninvoked.

ThereverseengineeringcomponentrequiresasinputeitherRESTfulURLs

specifiedbythedeveloper(includinginstancevaluesforthequeryparameters)or

theJSONresponsereturnedaftertheURLinvocation.Forexample,wecouldgive

asinputthefollowingURLthatretrievesthe“SoulSurfer”moviedetails(e.g.,

“releasedate”,“rating”,“actors”)fromtheRottenTomatoesMovieDatabase10.

TheURIrequiresanAPIkeywhichmeansthattheusermustobtainoneby

registeringfirst,thequery(inthiscasethetitleofthemovieforwhichthedetails

aretobefound)andthetotalnumberofpagestobereturned.

“http://api.rottentomatoes.com/api/public/v1.0/movies.json?apikey=apikey&q=Soul

%20Surfer&page_limit=1”

ThefirststepistoanalyzetheURLbyusingtheSteiner’sURLanalysismethod

andextractthequeryparameters[34].AccordingtotheSteiner’sRESTURLanal-

ysistool,anURLiscomposedofthebase,path,methodname(e.g.,GET,POST)

andtheparameters.Inourcase,theURLiscomposedofthreeparameters:apikey,

qandpage_limit.Theseparametersalongwiththeirvaluesarestoredinorderto

bedisplayedtothedeveloperlateronalongwiththeparametersextractedfromthe

JSONresponse.Therefore,WL++ consumestheaboveURLandsendsanHTTP

request.TheJSONresponse(Figure3.19)isparsedwhiletheparametersandtheir

instancevaluesarestoredanddisplayedintheWL++ console(alongwiththe

attributesextractedfromtheURLitself)(seeFigure3.20).TheWL++ console

representsatablewithfourcolumns.ThecolumnAttributesincludestheparame-

tersextractedfromtheURLandtheJSONresponse.Thecolumn“Type”represents

thetypeofeachattribute(e.g.,Text,Numeric,Date)whereasthecolumn“Instance

10http://www.rottentomatoes.com/
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value”isthevalueoftheparameterforwhichweneedtodeterminethetypeofthe

parameter.Finally,thecolumn“Response/Request”indicatesthesourceofeach

attribute(ResponseiftheattributewasextractedfromtheJSONresponseandRe-

questiftheattributewasextractedfromtheURL).

1 {
2 "total":2,
3 "movies":[{
4 "id":''771037147",
5 "title":"SoulSurfer",
6 "year":2011,
7 "mpaa_rating":"PG",
8 "runtime":106,
9 "critics_consensus":"",
10 "release_dates":{
11 "theater":"2011-04-08",
12 "dvd":"2011-08-02"
13 },
14 "ratings":{
15 "critics_rating":"Rotten",
16 "critics_score":46,
17 "audience_rating":"Upright",
18 "audience_score":76
19 }

Figure3.19:AsubsetoftheAPIinvocationresponse

The“Type”columnisautomaticallypopulatedwiththetypeofeachattribute.

TheJSONresponsehasnoinformationregardingthetypeofattributes.Therefore,

weattemptedtodeterminetheirtypesfromtheirinstancevalues.Forexample,

bycheckingifaStringcanbeconvertedintoanIntegeroraDatetype,wecan

annotatethisattributeasoftypeNumericorDaterespectively(Algorithm1).Gen-

erally,ifaninstancevalueistypeofInteger,DoubleorFloatthentheattributeis

annotatedasNumeric.FortheDatetype,wecheckifaninstancevaluehasthe

sameformatasseveralpredefinedDateformats(Figure3.21).Aswecanseein

Figure3.19,althoughtheattribute“dvd”hasavalueof“2011-08-02”whichisre-

turnbytheserviceasaString,itisautomaticallyannotatedwiththetypeDatein

theWL++ console(Figure3.20)asitmatchesthedateformatdefinedinline7of
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Figure3.20:TheWL++ consolepopulatedwithattributesretrievedfromanAPI
invocation

Figure3.21.

Algorithm1Determininganattribute’stypebasedonitsinstancevalue

1:procedureGETATTRIBUTETYPEFROMINSTANCEVALUE(attribute)
2: if(attribute.getInstanceValue()is(IntegerorDoubleorFloat))then
3: returnNumeric;

4: if(attribute.getInstanceValue()isBoolean)then
5: returnCheckbox;

6: if(attribute.getInstanceValue()isDate)then
7: returnTimestamp;

8: if(attribute.getInstanceValue()isString)then
9: returnText;

However,therearecaseswherethetypeofanattributeisnotdeterminedcor-

rectly.Forexample,theattribute“year”hasaninstancevalueof“2011”.This

valueisannotatedasNumeric(asitcansuccessfullybeconvertedintoanumber

anditdoesnotmatchanyofthedateformats)althoughitrepresentsaDatetype

ofattribute.Forthesecases,thepluginallowsdeveloperstomodifythetypeof

theattributesbysimplyclickingonthetypecellnexttothespecificattributeand

selectingthepropertypefromadrop-downlistoftypes(Figure3.22).Further-

more,throughtheAddandDeletebuttons(atthebottomoftheWL++ console),

developerscanaddnewattributes,anddeleteexistingones.

Whentheprocessofdefiningtheattributesiscompleted,byclickingthe“Gen-

erateXMI”button,anXMIrepresentationofthemodelcomposedoftheattributes

shownintheconsoleisgenerated(Figure3.23).TheXMIrepresentationfollows
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1 "M/dd/yyyy"
2 "dd.M.yyyy"
3 "M/dd/yyyyhh:mm:ssa"
4 "dd.M.yyyyhh:mm:ssa"
5 "dd.MMM.yyyy"
6 "dd-MMM-yyyy"
7 "yyyy-mm-dd"
8 "yyyy-MMM-dd"

Figure3.21:Thedateformatsdefinedtodetermineifaninstancevalueistypeof
Date

Figure3.22:Manuallydefiningthetypeofanattribute

thestructureoftheXMIgeneratedbytheGMFframework.Essentially,thisisthe

.wlppfilethatwasgeneratedduringtheforwardcodegenerationprocess(Section

3.6).Therefore,weusedatemplatetopopulatewithmodels,theirattributesand

typesasrequiredbytheGMFframeworkinordertoinitializeaninstancemodel-

ingdiagramandthentogeneratetheapplicationfilesusingtheWL++ application

specificationplugin.

Consequently,thenextstepistoconverttheXMIrepresentationofthemodel(s)

intoagraphicalrepresentationwheredeveloperscanaddviewsandnavigations,and

associatetheviewswiththepropermodels.Themodelalongwiththeattributes

thatweregeneratedautomaticallyfromtheinvocationoftheAPIisdepictedin

Figure3.24.BecauseeachattributewasannotatedwithatypebyWL++,themodel

appearstohavebeencreatedbyselectingtheproperwidgetsfromthepalette(the

typesoftheattributescorrespondtothetypesofthewidgetsdefinedwithinthe

palette).Forexample,fortheURLparameter“title”andtheresponseparameter

“synopsis”theTextwidgetwasused.The“runtime”attributerepresentsthelength

ofthemovieinminutesandthereforeitstypewasidentifiedasaNumericwidget.

Boththe“critics_score”andthe“audience_score”areparametersthatrepresentthe

55



1 <?xmlversion="1.0"encoding="UTF-8"?><WLPP:JSModel
xmi:version="2.0"xmlns:xmi="http://www.omg.org/
XMI"xmlns:xsi="http://www.w3.org/2001/
XMLSchema-instance"xmlns:WLPP="http://
ualberta.ca">

2 <modelCollection>
3 <ModelsName="movies.json">
4 <representationsxsi:type="WLPP:Text"Name="

title"/>
5 <representationsxsi:type="WLPP:Numeric"Name="

runtime"/>
6 <representationsxsi:type="WLPP:Date"Name="

theater"/>
7 <representationsxsi:type="WLPP:Numeric"Name="

critics_score"/>
8 <representationsxsi:type="WLPP:Numeric"Name="

audience_score"/>
9 <representationsxsi:type="WLPP:Text"Name="

synopsis"/>
10 </Models>
11 </modelCollection>
12 </WLPP:JSModel>

Figure3.23:TheXMIgeneratedbasedontheJSONresponse

scoreofthemoviegiveninanumberthatrangesfrom0to100.Theybothare

specifiedasNumericwidgetswhereasthe“theatre”attributeisdepictedasaDate

widgetsinceitrepresentsthedatewhenthemoviewasreleased.

Finally,whennewviewsareaddedtotheapplicationdiagram,amobileap-

plicationcanbegeneratedbyfollowingthesameprocessasintheforwardcode

generation(Section3.5.1).Toillustratethisprocess,thedevelopermayaddthree

views:aFormViewandaListViewtodisplaythemovie-relateddata,andaDash-

boardfornavigationpurposesasshowninFigure3.25.BoththeFormViewandthe

ListViewareassociatedwiththe‘Movie”modelthroughtheviews’propertiesas

showninFigure3.26.ThecodegeneratedresultsintheMovieDatabaseapplication,

twoscreenshotsofwhicharedepictedinFigure3.27.
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Figure3.24:ThemodelgeneratedfromtheAPIinvocation

Figure3.25:Theapplicationdiagramcreatedforthemoviedatabaseexample

Figure3.26:ThepropertiessectionoftheFormView
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(a) Dashboard View (b) Form View

Figure 3.27: Screenshots of the application generated based on the model extracted
from the API invocation
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3.9.2 ConstructingModelsfromXSDSchemas

AnotherwayofconstructingmodelsbyusingWL++isbygivingasinputanXML

schemaDefinition(XSD).XSDschemasdescribethestructureofXMLdocuments.

WL++ hasabuilt-inXSDParsingcomponentwhichparsesthegivenfileinorder

toconstructthepropermodels.BelowwecanseeanexampleofanXSDschema

(Figure3.28).

1 <?xmlversion="1.0"?>
2 <xs:schemaxmlns:xs="http://www.w3.org/2001/

XMLSchema">
3 <xs:elementname="note">
4 <xs:complexType>
5 <xs:sequence>
6 <xs:elementname="to"type="xs:string"/>
7 <xs:elementname="from"type="xs:string"/>
8 <xs:elementname="heading"type="xs:string"/>
9 <xs:elementname="body"type="xs:string"/>
10 </xs:sequence>
11 </xs:complexType>
12 </xs:element>
13 </xs:schema>

Figure3.28: AnexampleofanXMLschema. (Source: http://www.
w3schools.com/schema/)

XSDsarecomposedofcomplexandprimitivetypesofattributes.UnlikeJSON,

anXSDschemaexplicitlyprovidestypeinformationforeachelementattributeand

thereforethetype-inferencestepaboveisnotnecessary.Forexample,inFigure

3.28,theelementnoteisacomplextypecomposedofseveralelements:to,from,

headingandbodyandalltheseelementsaretypeofStringasindicatedbythe“type”

attributeoftheelement.Thestepstobefollowedtogenerateamobileapplication

fromtheXSDschemaofFigure3.28arelistedbelow:

Step1.

First,thetoolparsestheXSDschemainordertoextractalltheelementsalong

withotherinformationsuchastheir“name”and“type”attributes.Theparsingis

donebyusingtheXerces2JavaParser11librarywhichisalsoabletovalidateXSDs.

11http://xerces.apache.org/xerces2-j/
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Typically,eachcomplextypethatincludesprimitivetypescanberepresentedasa

model.Therefore,aftertheparsingprocessiscompleted,thecomplexelements

extractedfromtheXMLschemacanbeconvertedintomodels. Morespecifically,

acomplexelementrepresentsamodelanditsprimitiveelementsthemodel’sat-

tributes.SincetheXSDschemahasalsothetypesoftheattributeswedonotneed

instancevaluesasinthecaseoftheJSONresponsetodetermineeachattribute’s

type.Inourexample,WL++ detectsonemodelnamelynoteincludingfourString

attributes(to,from,headingandbody).Thesetofthedetectedmodelsisthencon-

vertedintoanXMIrepresentation(Figure3.29)usingourexistingtemplate(that

wasusedpreviouslyduringthemodelsgenerationfromJSONresponses).

1 <?xmlversion="1.0"encoding="UTF-8"?>
2 <WLPP:JSModelxmi:version="2.0"xmlns:xmi="http://

www.omg.org/XMI"xmlns:xsi="http://www.w3.org
/2001/XMLSchema-instance"xmlns:WLPP="http://
ualberta.ca"><modelCollection>

3 <ModelsName="Note">
4 <representationsxsi:type="WLPP:Tex"Name="to"/>
5 <representationsxsi:type="WLPP:Text"Name="from

"/>
6 <representationsxsi:type="WLPP:Text"Name="

heading"/>
7 <representationsxsi:type="WLPP:Text"Name="body

"/>
8 </Models>
9 </modelCollection>
10 </WLPP:JSModel>

Figure3.29:TheXMIgeneratedbasedontheXMLschemainFigure3.28

AslongastheXMIrepresentationofthemodelsisgenerated,aWL++ ap-

plicationdiagramcanbealsogenerated.However,thisdiagramdoesnotinclude

viewsandnavigationswhichhavetobeaddedmanuallybythedeveloper.The

modelscouldbealsomodifiedbyadding,editing,ordeletingattributes.Inthisex-

amplewenoticedthatthelabelsoftheattributestoandfromarereservedwordsin

SQL.BecauseSQLqueriesareexecutedtocreatethelocaldatabaseandtostore/re-

trievedata,thedevelopermustavoidusingreservedwordsthatmaycausepotential
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Figure3.30:ThemodelcollectioncreatedfromtheXMLschema.Twomoreat-
tributes(time,myLocation)weremanuallyadded

conflicts.Thereforetheyshouldeithermodifytheselabelsbeforegeneratingand

launchingtheapplicationorchangethemodelattributes’svaluesaftertheapplica-

tionisgenerated.Consequently,wesupposethatthedeveloperdecidestomodify

thetolabeltosendToandthefromlabeltosendFromastheformersolutioniseas-

ierandmoreefficient.Thedeveloperalsoaddstwomoreattributestothemodel

namelytimewhichisaClockwidgetandmyLocationoftypeLocation(Figure

3.30).Theattributetimewillbeinitializedwiththedeviceslocaltimeandrepresent

thedate/timecreationofthenotewhereasthemyLocationattributewillindicatethe

user’slocationwhenthenoteissaved.

Step2.

Aftertheadditionoftheviewsandadapter(s)(ifnecessary)thenanapplication(and

back-end)aregeneratedbyclickingthe“GenerateCode”button.Forthisexample,

thedeveloperhasaddedonlythreeviews,aDashboard,aFormViewandaList

Viewtodisplaythestorednotes.InFigure3.31theFormViewoftheapplication

isdepictedalongwiththeListViewwereexistingnotesaredisplayed.Aswecan

seeinFigure3.32thelocationoftheuserisstoredasasetoflatitudeandlongitude

values.

Step3.
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(a) Form View (b) List View

Figure 3.31: Screenshots of the NoteApp application generated based on the model
extracted from the XSD schema

As the set of views has been constructed, the last step is to define the navigations

among them by adding connection links that are translated into the application’s

router. Finally, if we suppose that there is a back-end service consuming XML data

instead of JSON, theWL++plugin can produce XML instances of the data entered

based on the model created following the XSD structure. According to our example,

the XML produced by the addition of two data models is depicted in Figure 3.33.

62



Figure3.32:ThelocaldatabasewheretheinformationoftheNoteAppapplication
isstored.

1 <note>
2 <sendTo>Peter</sendTo>
3 <sendFrom>Amy</sendFrom>
4 <heading>Book-Library</heading>
5 <body>Pleasedon'tforgetthebook!</body>
6 <time>"2014-08-19T05::16:00.000Z"</time>
7 <myLocation>{"latitude":53.527018399999996,"

longitude":-113.52650299999999}</myLocation>
8 </note>

1 <note>
2 <sendTo>Amy</sendTo>
3 <sendFrom>Peter</sendFrom>
4 <heading>Late</heading>
5 <body>I'mrunninglate.Toomuchtraffic.</body>
6 <time>"2014-08-19T05:17:00.000Z"</time>
7 <myLocation>{"latitude":53.527009199999995,"longitude

":-113.52650639999999}</myLocation>
8 </note>

Figure3.33:XMLdataproducedafterthecreationoftwosamplenotes
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Chapter4

ContactManager:AnIllustrative
Example

Inthischapter,wedescribetheprocessofgeneratingaContactManagerapplication

byusingtheWL++ applicationspecificationplugin.Theapplicationiscomposed

oftwoparts(a)aclientapplicationthatcanbeinstalledondevicessupporting

awidevarietyofplatformsand(b)aRESTfulback-endservicethatallowsthe

accessofanexternaldatabaseforthepurposeofstoringandretrievingcontacts.

Morespecifically,theContactManageraimsinaddingcontacts(alongwithaset

ofattributessuchasname,phonenumber,e-mailetc.)bystoringthemlocallyon

themobiledeviceandexternallyonaremotedatabase.Also,thesecontactsshould

bedisplayedinalistwhereuserswouldbeabletoeditand/ordeletethem.Finally,

thereisafilteringoperationregardingcontact’sattributes;forinstance,“searchby

name”,“searchbye-mail”or“searchbycustomquery”.

Thistypeofapplicationhasbeenalreadybuiltbydevelopersmultipletimesasit

isconsideredanapplicationthatincludesmanyfeaturesandillustratessuccessfully

theuseofnewframeworks/technologies. Wefoundplentyofimplementationsin

publiccoderepositoriesandpersonalblogs[5,22,25].Belowweexplainindetail

thestepsthatneedtobefollowedinordertogenerateaContactManagerapplica-

tionusingtheWL++ applicationspecificationplugin:

Step1.ThroughtheEclipseIDEwefirstcreateaGeneralProject(Figure4.1).

Step2.Then,werightclickonthecreatedprojectandselectNewWLPPDiagram

whichcreatesaninstanceofaWL++modelingdiagram(Figure4.2).Wenamethis
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Figure4.1:CreatingaNewGeneralProject

metamodelinstance“cm”.Anewsetoffilesiscreatedwithextensions.wlppand

.wlpp_diagram(Figure4.3).Theformerincludesinformationregardingthedomain

modelwhilethelattercontainsgraphicalrelatedinformation.Boththesefilesare

tightlyassociatedaswhenthe.wlpp_diagramfileismodifiedandthe“Save”button

isclicked,thenthe.wlppfileisautomaticallyupdatedwiththenewinformation.

Similarly,whenthethe.wlppfileismodified,itsgraphicalrepresentationisalso

updated.Afteranewprojectiscreated,the.wlpp_diagramfileisselectedbydefault

andthereforeweareabletoseethetoolsthatareavailableforcreatingadiagram

inthepalette.

Step3.Thediagramiscomposedoftwomajorcomponents:(a)theapplicationdi-

agramwhichcontainstheviewsthatwillbeaddedlateron,and(b)theapplication

modelcollectionforthemodelstobedefined.Therefore,wefirstdragtheAppli-

cationDiagramwidgetfromthepalette(fromtheObjectscluster)anddropitin

theeditingarea. Wenameit“ContactManager”asthisindicatestheapplication’s
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Figure4.2:CreatingaNewMetamodelInstance

title.Then,wedraganddropaModelCollectionwidgetnexttoourApplication

Diagram(Figure4.4).

Step4.Atthispointthedeveloperhastodecidethemodelsthattheapplication

iscomposedof.Thisprocessdependsonthedeveloperandtheirperceptionofthe

application.InthecaseoftheContactManager,weassumethatthereisamodel

representingaContact.Therefore,weselecttheModelwidgetfromthepalette,

dragittotheeditingareaandlabelit“Contact”.

Next,weaddasetofattributestotheContactmodel.Thereisnolimitonthe

numberofattributestobeaddedandthereforewecanaddalltheattributeswe

considerimportantforatypicalContactManagerapplication.Forthisparticular

example,wewereinfluencedbyasimilarapplication,whichwasdevelopedus-

ingthePhonegapframework[5].Therefore,weincludedsomeoftheproperties

belongingtotheEmployeeDirectoryapplication(i.e.,Name,LastName,Phone

Number,E-mailandPicture).Thesepropertiesaredeclaredwithinourmodelby
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Figure4.3:ApplicationSpecificationPluginUserInterface

Figure4.4:TheapplicationdiagramaftertheadditionoftheApplicationDiagram
andtheModelCollectionwidgets

selectingtheproperwidgettypes.Therefore,forthepropertiesName,LastName

andE-mailweselectedtheTextwidgetasitrepresentsatextfieldontheapplica-

tion’sgraphicaluserinterfacewhereasforthePhoneNumberattributeweselected

theNumericwidget.Thelatterappearsasanumberfieldontheuserinterface

(thus,itonlyacceptsnumericalvalues). WedecidedtohaveaBirthdayproperty

soweaddedaDatewidgetaswell.Finally,forthePictureattributewedragged

anddroppedtheImagewidgettoourmodel.Thiswidgetiscomposedofanim-

ageboxandabuttontoselectimagesfromthemobiledevice’simagelibrary.The

orderinwhichtheaforementionedattributeswereaddedtoourmodelisthesame
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astheonetheyappearontheformviewtobedisplayedonthemobiledevice.In

thecasewherewewouldliketochangetheproperties’order(forexample,tohave

thepropertyE-mailappearbeforethepropertyPhoneNumber),wecouldsimply

modifytheorderoftheproperties’listontheapplicationdiagramandre-generate

theapplication).Alternatively,wecouldmodifythegeneratedHTMLfile(Figure

4.5).

Figure4.5:Themodelcollectionincludingamodelnamely“Contact”alongwith
severalrepresentation

Step5.Next,weaddtheproperviewstotheApplicationDiagram.Firstwedrag

anddropaDashboardviewwidgetwhichcontainstwomoreviewsandserves

thepurposeofnavigationthroughthedifferentviews.The“AddContact”viewis

aFormViewandmustbeconnectedbyaNavigationtypeofconnectiontothe

dashboardincasewherewewouldliketonavigatetothisviewviathedashboard.

IfwedecideourcontactstobedisplayedinalistweshouldalsoaddaListView

andconnectittoourdashboard(Figure4.6).Sofar,wealreadyhavetheapplication

diagramthatresultstoacross-platformmobileapplicationtobedeployedlocally

onthemobiledevicestoringourcontacts’informationona WebSQLdatabase

(devicebrowser’sstorage)[39].
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Figure4.6:TheContactManagerApplicationDiagram

Step6.WecontinuebyaddingaWorklightAdapter(Figure4.6)togenerateaback-

endserviceforourapplicationbydraggingtheHTTPAdapterwidgettotheediting

area(anadaptercannotbeaddedintheApplicationDiagramortheModelCol-

lection).Alongwiththeadapter,aRESTful-servicethatnotonlysupportsCRUD

andfilteringoperationsbutalsocreatesthedatabasestructureisgenerated.The

databasestructureisdefinedbyourmodel’sattributes.Forexample,inourcasethe

database’stablewouldbecomposedofsevencolumnsnamelyid,Name,LastName,

PhoneNumber,EMail,BirthdayandPicture(forthepicture’spath).

Step7.Finally,inordertogeneratetheoutput,weclickthe“GenerateCode”

buttonwhichislocatedatthebottomofthepalette. Whenthecodegeneration

processiscompleted,afoldercontainingtheapplication’sfilesnamely“gen”

isgenerated.Figure4.7depictsthestructureoffilesoftheoutputfolder. The

“adapters”folderisgeneratedonlywhenthereisa Worklightadapteronthe

application’sdiagram.The“js”folderhastheJavaScriptcode(libraries,models,

views,router)ofthemobileapplication.Finally,the“restApi”foldercontainsthe

filesrelatedtotheRESTfulwebservice.InFigure4.8,wecanseeasubsetofthe

RESTAPIsgenerated. Thepathsareconstructedbasedontheadapter’sname,

theapplication’snameandthemodel’snamewhichtheAPIisreferredto.Allthe

contactsstoredinthedatabasecanbealsoaccessedthroughabrowserbyentering
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thefollowingURL(ifusingaserverthatrunslocallyonport8080):

“http://localhost:8080/REST/ContactManager/Contacts”

TheaboveURLtriggeresthe“getContacts”methodwhichwhenexecuted

returnsallthecontactsstoredinthedatabaseinaJSONformat. Throughthe

followingURLswecansearchcontactsbyattributessuchas(a)byid,(b)byname

or(c)byacustomizedquerysuchas“id>1andname=‘Ray”’:

(a)“http://localhost:8080/REST/ContactManager/Contacts/search/id”,

(b)“http://localhost:8080/REST/ContactManager/Contacts/search/name”,

(c)“http://localhost:8080/REST/ContactManager/Contacts/search/q”

Figure4.7:Thefilestructureofthegeneratedfolder

Inordertodeploythegeneratedapplication,theoutputfilesthatcorrespond

totheapplicationneedtobecopiedtoaWorklightprojectandtheonesrelatedto

theRESTfulwebservicetoawebserviceproject.TheIBMWorklightframework

allowsdeveloperstoadddifferentenvironmentsandthereforesupportmultiplemo-

bileplatforms.Bydoingthis,itiseasytoexportinstallationfilesforeachplatform

andusethemtoinstallthegeneratedapplicationonrealmobiledevices. More
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specifically, the effort of a developer that needs to deploy the generated application

in different platforms has to do with the generation and extraction of the installation

files specific to each platform. On the other hand, the generated RESTful web ser-

vice must be uploaded on an online server so that the application is able to access

the external database through the APIs that were defined. Each API call is moni-

tored by the monitoring service that keeps a record of it on a table of the external

database. The specific API and the data sent through the service are stored in a

JSON format.

Figure 4.10 depicts the storyboard of the Contact Manager application (four

views and the available navigations from one view to another). For instance, users

can navigate from the “Dashboard” to the “Add Contact” or “My Contacts” view

and from the “Add Contact” to the “My Contacts” view. The navigation is possible

through the event handling that exists within the views (e.g., when theSavebutton

is clicked on the “Add Contact” view, then the application navigates to the list view

that contains the contacts). From the list view, end-users can either navigate back

to the dashboard or edit a specific entry (“Edit Contact”). Finally, Figure 4.9 shows

three different screenshots of the generated application (Figure 4.9a, 4.9b, 4.9c)

along with two screenshots of the Employee Directory that was developed from

scratch by Christophe Coenraets (Figure 4.9e, 4.9e). The first two ((Figure 4.9a,

4.9b) represent the data entry screen (Form View) which is conceptually related

to the Employee Directory view in Figure 4.9d whereas the Figures 4.9c and 4.9e

show the entries of the Contact Manager and Employee Directory respectively in a

list view.

Figure 4.10: Storyboard of the Contact Manager Application
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1 @Path("/Contacts")
2 publicclassRest{
3
4 privateDatabaseCRUDDB;
5
6 publicRest()throwsClassNotFoundException,SQLException{
7 DB=newDatabaseCRUD();
8 }
9
10 @POST
11 @Path("/createDB")
12 @Produces(MediaType.TEXT_PLAIN)
13 publicStringcreateDB()throwsClassNotFoundException,

SQLException{
14 DB.createDB();
15 return"DatabaseCreated";
16 }
17
18 @GET
19 @Produces(MediaType.JSON)
20 publicStringgetContacts()throwsClassNotFoundException,

SQLException{
21 returnDB.getContacts();
22 }
23
24 @GET
25 @Path("search/{id}")
26 @Produces(MediaType.JSON)
27 publicStringgetContactById(@PathParam("id")Stringid)

throwsSQLException,ClassNotFoundException{
28 returnDB.getContactById(id);
29 }
30
31 @GET
32 @Path("search/{name}")
33 @Produces(MediaType.JSON)
34 publicStringgetContactByName(@PathParam(''name'')String

name)throwsSQLException,ClassNotFoundException{
35 returnDB.getContactByName(Name);
36 }
37
38 @GET
39 @Path("search/q")
40 @Produces(MediaType.JSON)
41 publicStringgetContactByQuery(@ContextUriInfouriInfo)

throwsSQLException,ClassNotFoundException{
42 Stringquery=uriInfo.getRequestUri().getQuery();
43 returnDB.getContactByQuery(query);
44 }
45 }

Figure4.8:AsubsetoftheRESTAPIsgeneratedbyWL++codegenerationengine
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(a) (b) (c)

(d) (e)

Figure 4.9: The Contact Manager app generated withWL++ (a-c) and the Em-
ployee Directory app [5] (d-e)
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4.1 ContactManagervs.EmployeeDirectory

InthisSection wecomparetheContact Managerapplicationgeneratedby

WL++ withtheEmployeeDirectoryintermsoffunctionalityandlinesofcode

(LOC)fordifferentfilecategories(Table4.2).ThelatterisaPhonegapapplication

developedmanuallybyChristopheCoenraets[5].

4.1.1 FunctionalityComparison

Bothapplicationshavesimilaritiesintermsoffunctionalityandarchitectureasthey

bothusetheBackbone.jslibrary.InthecaseoftheContactManager,themain

modelisasingleContactwhereasinthecaseoftheEmployeeDirectorythemodel

isanEmployee.Bothapplicationscandisplayaninstanceofthemodelandalso

alltheexistingmodelsincludedinthemodelcollection(Figure4.9a-4.9d,4.9c-

4.9e).Thereisalsoa"Home"buttonthroughwhichuserscannavigatetotheHome

pageanda"Search"inputfiledtosearchforcontacts/employeesbasedonspecific

keywords.However,inthecaseoftheContactManager,theContactsareaddedone

byonebytheusersusinganinputform.Ontheotherhand,theEmployeeDirectory

assumesthatthereisadatabasethatincludesalltheemployeesandthereforeituses

severalSQLqueriestopopulatethelistofemployees. Table4.1presentesthe

similaritiesanddifferencesofbothappsintermsoffunctionality.

Functionality EmployeeDirectory ContactManager
Insertnewentries Form Database
Viewasingleentry
Browsethroughalistofentries
Searchentriesbasedonkeywords
Navigatetohomescreen

Table4.1:ComparisonoftheEmployeeDirectoryappandtheContactManager
appintermsoffunctionality

4.1.2 LOCComparison

IntotaltheEmployeeDirectoryiscomposedof1344LOCwhereastheContact

Managerapplicationhas753LOC(excludingtheLOCbelongingtotheback-end

astheEmployeeapplicationdoesnothaveaback-endimplementation).TheSQL
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queriesregardingthepopulationofthelistofemployeesconsistof116LOC.How-

ever,thisfunctionalitycanbemappedtotheformviewoftheContactManager

applicationthatisusedasaninputformtoaddnewcontacts.Belowfollowsade-

scriptionofthedifferencesbetweenthetwoapplicationintermsoffunctionality,

filecategories,andlinesofcode:

•HTML:ThiscategoryincludestheLOCofalltheHTMLfiles.Bothappli-

cationsaresinglepageapplicationsandtherefore,thereisoneHTMLfile

whichcontainsthemostessentialtemplates/libraryimportsthatarealways

presentineveryapplication.

HTML Models Views
Other

JavaScript
Templates CSS WLAdapters

REST
service

Total
(excludingback-end)

EmployeeDirectory 26 31 202 469 167 449 0 0 1344
ContactManager 92 55 196 117 21 272 158 445 753

Table4.2:ComparisonoftheEmployeeDirectoryAppandContactManagerApp
basedontheLinesofCode(LOC)

•Models:TheEmployeeDirectoryapplicationarchitectureisverysimilarto

theContactManagerastheybothleveragetheBackbone.jslibrarytoseparate

theuserinterfacefromtheapplicationlogic.Therefore,wecomparedthe

LOCofthemodeldefinedontheEmployeeDirectory(model:Employee)

overtheLOCdefinedontheContactManager(model:Contact).

•Views:InthecaseoftheEmployeeDirectoryapp,thereisasinglefilerep-

resentingtheviewsoftheapplicationwhichconsistsof202LOC.Onthe

otherhand,ContactManagerhasthreeseparatefilesrepresentingeachview.

WL++ generatesadifferentfileforeachviewinordertofacilitatethemain-

tenanceoftheapplicationinthelaterstagesofdevelopment.TheLOCinthe

caseoftheContactManagerapplicationareintotal196.

•OtherJavaScript: ThereareadditionalJavaScriptfilesinbothapplica-

tions. TheEmployeeDirectoryhandlesthecommunicationwiththede-

vice’sdatabasebydoingamanualconstructionofSQLqueriesinorderto

fetch/storedatainthedatabase.However,forthispurpose,WL++ usesthe
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Backbone-WebSQL1library(asmentionedinSection3.6.2,whichisrespon-

siblefortheretrieval/storageofthedata.Furthermore,inthiscategory,we

haveincludedthefileincludingthecodethatinstantiatesallthemodels,col-

lections,viewsandthelocaldatabase.

•Templates:Althoughtherearemultipletemplatesdefined,wecountedthe

LOCofthetemplatesthatwereusedforthisapplication. Morespecifically,

wecalculatedthetotalLOCofthetemplatesbysubtractingtheLOCofthe

initialHTMLfile(beforethecodegeneration)andtheHTMLfile(afterthe

codegeneration).Bydoingthis,weknowhowmanyLOChavebeenadded

intheinitialHTMLfileandtherefore,howmanyLOCofthetemplateshave

beenusedforthisspecificapplication.Inourcasetherewere21LOCadded.

OntheotherhandtheEmployeeDirectoryhasfivetemplates(167LOCin

total),whichareusedwhenusersnavigatefromonescreentoanother.

•CSS:WedefinedourCSSfileasastaticfile,whichisthesameforeveryap-

plicationtobegenerated.ThisfileiscopiedintheCSSfolderofthegenerated

applicationthesamewaythelibrariesarecopiedtothelibfolder.Thisway,

moreCSSfilescanbeaddedandswitchedaccordingtothedeveloper’spref-

erences.Inourcase,theCSSfilehas272LOCcomparedtotheEmployee

Directorythathas449LOC.

•WLadapters&RestfulWebService:Although,theEmployeeDirectorydoes

nothaveaback-end,wehaveincludedtheWL++-adaptersandtheRESTful

serviceback-endinthechartinordertocalculatethetotalLOCgeneratedby

WL++.Sincetheback-endiscomposedoftheadaptersandtheweb-service,

intotalthereare603LOC.

1https://github.com/MarrLiss/backbone-websql
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Chapter5

EvaluatingtheWL++ Framework

Inthepreviouschapterwehavealreadydescribedthestepsfollowedtodevelopthe

ContactManagerapplicationbyusingWL++ asproofofconcept.Inthischapter,

asameansofevaluatingourWL++ framework,wedescribetworeal-worldappli-

cationswehavedevelopedwithWL++:(a)aphysicalactivitytrackingapplication

toincreaseone’sdailyphysicalactivity(Section5.1)and(b)apatients’visiting

applicationtosupportnursesgoingthroughtheirrounds(Section5.2).Foreach

oftheseapplications,wediscussthemotivationbehindtheirdevelopmentandthe

developmentprocessusingWL++.Wealsoreportsomedescriptivestatisticsonthe

applicationsizeandcomplexityreflectingthedegreetowhichWL++ contributed

totheoverallapplicationdevelopment.

5.1 Physitivity:APhysicalActivityTracking

App

Physitivityisacrossplatformmobileapplicationthataimstoencourageusersto

increasetheirdailyphysicalactivity.Wheninstalled,itisawareofafewtypicalac-

tivities(walk,run,bikeorclimbingstairs)but,moreinterestingly,itenablesusers

todefinenewtypesofactivitiesbasedontheirowneverydaylife,suchasdoing

laundryorshovelingsnowforexample.Theapplicationisalsoawareoftheuser’s

calendarandlocation.Whileactive,theapplicationlocatestheuser’slocationevery

15minutes,suggestsnearbyactivitiesbasedontheuser’scalendaravailabilityand

displaysanalert. Whenusersengagesinanactivity,theycanrecordtheactivity’s
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durationandintensity,inunitsrelativetotheactivity.Forexample,whenrecord-

ingstairclimbing,thenumberofstepsisrecordedandthequalitativetempoofthe

activity,i.e.,light,moderate,andvigorous.Additionally,usersmayprovidemean-

ingfultagstoeachactivity.Atanytime,usersmayseetheirhistory,basedonthe

activitytypesandchosentags,oragraphicaloverview.Whenthephysicalactivity

isoutdoors,theappusesthesmart-phoneGPStosimplify(andimprovethequality

of)datarecording.Ifusersplantoperformanactivitysuchaswalk,runorbike

fromtheircurrentlocationtoadestinationlocation,theycansimplyindicatethe

twolocationsonamapandstart.Untilusersindicatethatanactivityhasstopped,

thedeviceGPSwillperiodicallyrecordtheuser’scurrentlocationandthusrecord

theactivitytraceandtime.Ofcourse,userscanalwaysaddnewpastentriesand

editordeleteexistingones.

PhysitivityhasbeendevelopedbeforeWL++ aspartofthe“Smart-Condo”

coursebasedonrequirementsdeveloped with OccupationalTherapistsand

Physical-Activityexpertsduringthiscourse.Simultaneously,EASI,anapplication

forpeoplewithdiabeteswasalsodevelopedbyadifferentteamwithinthecontext

ofthesamecourseatduringthesametimeframe. WithEASIuserswereableto

recordtheirbloodglucose,food,physicalactivityandinsulinintake[35].Based

ontheexperiencegainedfromboththeseapplicationsintermsofarchitecture,

functionalityanduserinterfacecomponents,WL++ wascreated.Forevaluation

purposes,weattemptedtore-developPhysitivitybyusingtheWL++ framework.

TheapplicationdiagramofPhysitivityisshowninFigure5.1.Belowarelistedthe

mainstepstobefollowedinordertocreatetheapplicationdiagramandgenerate

Physitivity:

Step1.

Firstweaddthemandatorycomponents(ApplicationDiagramfortheviewsand

ModelCollectionforthemodels).Next,wecontinuebydefiningthemodelsalong

withtheirattributeswithintheModelCollectionsection.Inthiscase,theModel

Collectioniscomposedoffivemodelsnamely:“Activity”,“Walk”,“Run”,“Per-

sonalActivity”and“Stairs”.The“Walk”and“Run”activitiesaresimilarconceptu-
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allyandthereforesharesimilarattributes.Morespecifically,severalattributeswere

addedfortheseactivitiesnamely:fromLocation,toLocation,fromTime,toTime,

duration,light,moderate,vigorous.

ForthefromLocationandtoLocationattributeswedraganddroptheText

widgetfromthepalette.Asaresult,boththeseattributesaredisplayedastextin-

putfieldswhereend-usersareabletotypetheirlocationbygivingmeaningfultags

(e.g.,“home”,“office”,“university”etc.).ForthefromTimeandtoTimeattributes

theClockwidgetisselectedasitneedstobeinitializedwiththedevice’slocaltime.

Sincewehavethetimeanactivitystartsandends,let’ssupposedthattheapplica-

tionshouldalsodisplaythedurationofanactivitytotheusers.Forthispurpose,we

alsoaddaNumericwidgetnamelyduration.Lateronwewillexplainwherethe

calculationtakesplaceandhowitisindicatedbythedeveloperthoughtheapplica-

tiondiagram.Finally,threeCheckboxwidgetsareaddedrepresentingtheactivity’s

intensity(light,moderateandvigorous).Ideally,aRadioButtonwidgetwouldbe

moresuitableinthiscasesinceonlyoneoptionhastobeselected.However,as

currentlytheplugindoesnotsupportaradiobuttonwidget,wechosethecheckbox

oneassumingthatend-userswillonlycheckoneofthethreeavailableoptions.

Figure5.1:PhysitivityApplicationDiagram

Next,weadda“Stairs”modelwhichiscomposedofthreeattributes:(a)de-
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scription,(b)locationand(c)stairs.ThedescriptionisaTextwidgetandrepre-

sentsthelocationofthestairstaken.Userscanspecifythelocationbyusingoneor

multipletags.ThelocationattributeisaLocationwidgetthatgetsthecurrentloca-

tionoftheuserusingthemobiledevice’sGPS.TheLocationwidgetdoesnothave

auserinterfacecomponentbutisonlyrepresentedbyasetoflatitude-longitude

valuesthatarestoredonthedevice’slocalstorage.Finally,thestairsattributeisa

Numericwidgetrepresentingthetotalnumberofthestairstaken.

Step2.

Afterthedefinitionofthemodels,wepopulatetheApplicationDiagramcomponent

withtheessentialviews.Themainscreenoftheviewtobedisplayedwhenthe

applicationislaunchedisaDashboardView(namelyActivities)whichleadsto

therestoftheviews(theonesthatareconnectedtotheDashboard).Foreach

ActivitywithintheModelCollection,weaddaFormViewandthus,therearefour

formviewsintotal: Walk,Run,Stairs,PersonalActivity.Finally,wecontinueby

addingtwoseparatedListViews:(a)MyActivitieswhichincludesalltheactivities

exceptfromPersonalActivitiesand(b)MyPersonalActivitiesusedtostoreonly

personalactivities.Theform/listviewsareassociatedwithaparticular(collection

of)model(s)throughtheirproperties(specifiedintheWL++ propertyconsole).

Step3.

Sofar,onlythemodelsandtheviewshavebeenspecified. However,weneed

toaddthenavigationsfromoneviewtoanother.Thenavigationisindicatedby

addingnavigationlinksamongtheviewstobeconnected.AswecanseeinFigure

5.1,theActivitiesDashboardscreenleadstoalltheFormviews(Walk,Run,Stairs,

PersonalActivity)andalsototheListviews(MyActivities,MyPersonalActivi-

ties).Furthermore,whenaRunorStairsactivityisadded,end-usersnavigateto

theMyActivitieslistwhereasinthecaseofaPersonalActivityintheMyPersonal

Activitieslist.

Totriggerevents,theClickwidgetfromtheEventsclusterisselected. By

addingthiswidgettotheviews,thereisaclickeventthatcanbetriggeredunder

specificconditionsspecifiedthroughtheClickwidgetproperties.First,wespecify

anIDfortheeventandasexplainedinsection3.4inthecasewherethisIDdoes
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notexist,aneweventiscreated.Forinstance,theWalkviewhastwosuchevents:

(a)startand(b)end.Theproperty“SetAttributeValue”oftheClickwidgethas

beensetas:“fromTime=newDate()”.Thus,whenthe“StartWalking”buttonis

clicked,thefromTimeattributeoftheWalkmodelisinitializedwiththedevice’s

localtime.Similarly,whenthe“StopWalking”buttonisclicked,thetoTimeat-

tributeisinitializedwiththedevice’stime.Byhavingthestarting/endingtimeof

theactivity,wecansimplycalculateandsetthevalueofthedurationattributewhen

the“Save”buttonisclicked.

WhentheApplicationDiagramandtheModelCollectionarepopulated,then

the“GenerateCode”buttonmustbeclickedtogeneratethePhysitivityapplication.

5.1.1 PhysitivityvsWL++ Physitivity

Inthissectionwecomparethetwoapplications:(a)thePhysitivitydevelopedas

acourseprojectand(b)thePhysitivitygeneratedusingourWL++ frameworkin

termsoffunctionalityalongwithsomecodestatistics.

5.1.1.1 FunctionalityComparison

Asdescribedbefore,Physitivityexhibitssomefeaturesthatarenotgenerated

throughWL++.First,itusesthemobile-phone’sGPStolocatetheuserandit

integratesGooglemaps.Therefore,itisabletodisplayone’swalking/runningpath

onaGooglemapbylocatingtheusereveryminute.Itisalsointegratedwiththe

Googlecalendarservice(aslongastheuserlogsinwithavalidGoogleaccount)

whichitusestosendnotificationsregardingactivitiestobeperformedwhilethe

usersarenotbusy(accordingtotheircalendar’sfreetimeslots). Despiteofthe

user’savailability,therecommendationsaremadebasedontheuser’scurrentlo-

cationandhistoryofactivities. Morespecifically,whenauserislocatedwithina

rangeof500metersoftheplacewhereanactivityhasalreadytakenplace,theuser

isnotifiedtore-performthisparticularactivity.Furtherfore,itusesthedevice’s

accelerometertocountthenumberofstairswhenastairsactivitystarts.Finally,

alltheactivitiesarepresentedtotheusersthroughagraphicalrepresentationforan

easieroverview(permonth,week,day)thatshowstheoverallprogress.
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ByusingourWL++ frameworkwewereabletogenerateasimplerversionof

thisapplication.InTable5.1wecomparethetwoapplicationsintermsoffunc-

tionality.Thecellsindicatedwithxrepresentthefunctionalitythatcurrentlycannot

begeneratedthroughtheWL++ framework.However,theimplementationofthe

accelerometer,graphicalrepresentationsofdataaswellastheintegrationofgoogle

servicesisamatterofextensionstothecurrentplugin.SimilarlytotheImage

widgetthatisabletotakeanimageusingthedevice’scameraorchoosinganexist-

ingimage,othercomponentsthataccessthedevice’sfeaturesthroughtheCordova

APIscanbeaddedbyextendingtheWL++ applicationspecificationplugin.

Functionality Physitivity WL++ -Physitivity
Dashboard
ViewperActivity
Add/Edit/DeleteActivity
TaggingActivities
ColorThemedActivities x
Date/TimePicker
GPSLocation
GoogleMaps x
ActivityIntensity
HistoryofActivities
Back-ButtonNavigation
HomeNavigation
Accelerometer x
GoogleCalendar x
Notifications x
Filtering
ComputeDuration/Activity
GraphicalRepresentation/Chart x

Table5.1:ComparisonofthePhysitivityappwiththeWL++ Physitivityappin
termsoffunctionality

5.1.1.2 LOCComparison

Inordertogiveanoverviewoftheamountofcodegeneratedautomaticallythrough

theframework,wecategorizedthefilesintospecificcategoriessimilarlyaswedid

withtheContactManagerapplication.Table5.2depictsthelinesofcodeofthe

PhysitivitycomparedtothelinesofcodeoftheapplicationgeneratedwithWL++.

First,weobservethatforeachfilecategorytheprototypeapplicationprevailsre-

gardingthelinesofcode. Bothapplicationshavethesamemodelsexceptfrom
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theBikingmodel(includedintheprototypeapp). Becausethefunctionalityis

similartotheWalk/Runactivities,theBikingactivityisnotincludedintheauto-

generatedapplication.AswecanseeinTable5.2,thenumberofLOCregarding

theModelsisverycloseforthetwoapplications(266and213forthePhysitivity

andWL++Physitivityrespectively).TheHTMLfilecategoryasforPhysitivityhas

618LOCcomparedto135fortheWL++ Physitivity.Theformerincludesmore

templatesandhasslightlymorecomplicateduserinterface.Moreover,foreachac-

tivityuserscaneitherselecttoaddanewactivitythatwillbeperformedatthesame

timeorapastactivity.Forallthesecases,therearedifferenttemplatesalthougha

singletemplatecouldbeusedandchangedontheflywhenneeded.Thisisabad

practicewhichleadstoahighnumberofLOCandmakesthemaintenancedifficult.

ThesamepracticeisobservedwiththeViewsandtheTemplates.TheCSSrelated

filescontainthemesandmorespecificallyaspecialJQuerythemethatwasneeded

inordertobeabletomarkeachactivitycategorywithadifferentcolor.Finally,the

OtherJavascriptcategoryincludesfilessuchastheBackbonerouterandthemain

javascriptfileresponsibleforthelaunchoftheapplication.

HTML Models Views
Other

JavaScript
Templates CSS Total

Total
(ExcludingLOCnotused)

Physitivity 618 226 1741 430 534 1478 5067 2473
WL++-++Physitivity 135 213 771 164 89 272 1644 1644

Table5.2:ComparisonofthePhysitivityappandWL++ Physitivityappinterms
ofLinesofCode(LOC)

Asmentionedabove,theprototypeapplicationincludespiecesoffunctional-

itythatwerenotgeneratedbyusingthecurrentversionofWL++.Foreachone

oftherequirements(listedinTable5.2andmarkedwithx),wecountedtheLOC

referringtoeachoneofthem.Inotherwords,theLOCforeachrequirementin-

dicatethemanualeffortneededtoimplementaspecificfunctionality.Therefore,

inTable5.3wecanseethetotalLOCforeachfunctionalitythatisincludedinthe

prototypePhysitivityappbutnotgeneratedinthePhysitivityversiondevelopedus-

ingtheWL++ framework.Intotalthereare829LOCthatneedtobemanually

addedinthegeneratedversionofPhysitivity(1644LOC).Thisessentiallymeans

thatdevelopersusingtheWL++ pluginwouldgenerate66,48%ofthePhysitivity
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code.Furthermore,sincePhysitivityhasalreadygonethroughmaintenance(few

requirementschanged,andBackbone.jswasintegratedinalaterphaseofthede-

velopment),thereareintotal2594LOCthatarenotusedfromtheapplication

(althoughthesepartsofcodearespreadthroughouttheapp,abigpartofitresides

intheCSSfile).

Functionality HTML CSS JavaScript TotalLOC
ColorThemedActivities 1 0 20 21
GoogleMaps 7 0 238 245
Accelerometer 0 0 79 79
GoogleCalendar 0 0 98 98
Notifications 9 9 95 95
GraphicalRepresentation/Chart 55 14 222 291
Total 63 14 752 829

Table5.3:LOCofthefunctionalitythathasbeenimplementedinPhysitivitybut
notgeneratedinWL++-Physitivity

ThetoplayerofFigure5.2showsthreescreenshotsofthePhysitivityapplica-

tion(Figure5.2a,5.2b,5.2c)whereasthebottomlayerthecorrespondingscreen-

shotsofthesameapplicationgeneratedusingtheWL++ framework(Figure5.2d,

5.2e,5.2f).Aswecansee,thedashboardslooksimilarintermsofthelayoutused

(Figure5.2a,5.2d).ThePhysitivityapplicationhastwoadditionalfunctionalities

(achievementsandsettings)thatarenotincludedintheWL++ Physitivity.The

secondsetofscreenshots((Figure5.2b,5.2e)showsaninstanceoftheadditionof

anewWalkingactivity.Asmentionedbefore,Physitivityhasbeenintegratedwith

GoogleMapsandrequiresavalidInternetconnectiontobeabletokeeptrackof

theuser’slocation.Besidesthat,thetwoapplicationshavesimilarheaders(both

includea“Back”buttonwhichkeepstrackofthenavigationhistoryanditisable

totaketheusertothepreviousaccessedscreen).The“Save”buttoninPhysitivity

islocatedinthemainareawhereasintheWL++ Physitivityintheheader.Essen-

tially,inthefirstcaseusersneedtohitthe“Save”buttontostoptheactivityandin

thesecondthe“StopWalking”button.However,byhitting“Save”inbothapplica-

tions,theactivitydetailsarestoredonthedevice.Furthermore,bothapplications

storeastartingandendingtimeoftheactivity.Inthefirstcase,thisisdoneinthe

background,sincethetimeisnotshownontheuserinterface. Morespecifically,
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whenthe“Start”and“Stop”buttonsareclicked,atimestampattributeisattachedto

thecorrespondingactivitymodel.Inourcase,userscanseethetimeontheirscreen

andareabletomodifyitifthisisapastactivity.Furthermore,foreachactivity

therearethreeoptionsofactivityintensity(Low,Medium,HighforPhysitivityand

Light,Moderate,VigorousinthecaseofWL++ Physitivity).Finally,thelastset

ofscreenshots(Figure5.2c,5.2f)representsaninstanceoftheDate/Timepicker

widget.Usersareabletoaddpastentriesoredittheirexistingentriesbymodifying

thestarting/endingtimeoftheiractivities.
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(a) (b) (c)

(d) (e) (f)

Figure 5.2: Physitivity (a-c) andWL++ Physitivity (d-f)
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5.2 HourlyRounds:APatient’sVisitingApp

OperatedByNurses

TheHourlyRoundsisamobileapplicationintendedtobeoperatedbynurses.

NursesworkingintheGlenroseRehabilitationHospitalcameincontactwiththe

ComputingScienceDepartmentaskingforamobileapplicationthatcouldassist

themduringthepatients’visitingprocess.Morespecifically,thenursehastocheck

onapatienteveryhour.Ifthepatientisawaketheyaskthreequestions:(a)“Do

youneedtogotothetoilet?”(b)“Doyouhavepain?”and(c)“Doyouneed

anything?”.Theycanalsomakeacommentofanythinginterestingaboutthepa-

tient(e.g.,incasewherethepatientissleepingorhasarequest).Thisprocessis

calledHourlyRounding.Sofar,nurseshavebeenprintingoutformswiththeabove

questionsthattheyfillouteverytimetheyvisitapatient.Althoughfillingoutthe

formsdoesnottakeasignificantamountoftime,ithasbeennoticedthatseveral

timesmorethanonenursesmayvisitthesamepatientsimultaneously. Moreover,

thecollecteddataisnotquiteusefulsinceitcannotbeprocessedoranalyzedinany

way.

TherequirementsweredevelopedbythenursesrequestingtheHourlyRounds

application.First,theyrequestedanapplicationwithaback-endincludingnurses

andpatienthospitalizedalongwithfewinformationsuchastheirroomnumbers.

Essentially,oneveryshift,thelistofthepatients’roomstobevisitedmustbe

displayedonthenurse’smobiledevice.Asthenursegoesaround,sheshouldbe

abletoseetheformwiththequestionstobeanswered,commentandsavetheentry.

Whentheentryissuccessfullysaved,shemustbeabletoseethenextpatientto

bevisited.Ontopofthat,afteranhourofthelastvisitofapatient,thispatient

shouldre-appearonthelist.Finally,alltheinformationenteredbythenursesmust

bestoredpermanentlyonasingledatabase.Belowarelistedthestepsthatdescribe

thedevelopmentoftheHourlyRoundsapplicationbyusingtheWL++ application

specificationplugin:

Step1.

Basedontherequirementswegotfromthenurses,weusedtheWL++ framework
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togenerateaprototypeoftheHourlyRoundsapplication.Themodelingdiagram

developedforthisapplicationisdepictedInFigure5.5. Aswecanseewehave

declaredtwomodels,(a)Visitand(b)Entry.TheVisitmodelrepresentsthepa-

tienttobevisitedandhastwoattributes:(a)bedforthebednumberwhichisa

Numericwidgetand(b)aVariablewidgetnamelycheckedwhichrepresentsthe

statusofthevisit;ifitsvalueissettotrueitmeansthatanursehasalreadychecked

onthepatient,otherwisethevaluesissettofalse.TheEntrymodelisrelatedto

thelogofeachpatient.Accordingtotherequirementswehavethreequestionsand

acommentingsection.Therefore,wedeclaredthequestionsasCheckboxwidgets

sincetheanswerhasonlytwostates(yes/no)whereasforthecommentingsection

weusedtheTextwidget.Althoughthecheckboxesarenamedas“q1”(firstques-

tion),“q2”(secondquestion),“q3”(thirdquestion),thispropertyfunctionsasthe

checkbox’sID.Onthemobiledevicewehavetherealquestionsdisplayed(thetext

thathasbeensetthroughthecheckboxes’labelproperty(Figure5.3)).Finally,the

lastattributeoftheEntrymodelisaClockwidgetthattimestampstheentrywhile

itissaved.Byaddingthiswidget,nursesdonotneedtomanuallysetthetimeevery

timetheyvisitapatient.

Figure5.3:Propertiesofthecheckboxwidget

Step2.

Next,weconstructtheapplicationdiagramasfollows:first,weaddaDashboard

view(namelyRounds).ThroughtheDashboard,nursescannavigatetotwoavail-

ablelistviews(a)Visitsand(b)Entries.TheVisitslistispopulatedwiththepa-

tients’tobevisited.Thislistisinitializedwhentheapplicationisconnectedtothe

back-endrequestingthevisitsthroughaRESTfulAPI.Asnursesbrowsethrough

thepatients’listwhichonlyincludesthenumberofthepatients’beds,theycan

clickonacertainbedandviewtheformtobefilled.Whentheyhitthe“Save”but-

ton,theynavigatebacktothepatients’listasindicatedthroughthe“Navigation”
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linkfromtheEntryviewtotheVisitsview.TheEntriesviewcontainsalltheforms

thathavebeenalreadysaved.Theonlypathtoviewthelistoftheexistingentries

isthroughtheDashboard.Therefore,bynavigatingbacktotheDashboard,theEn-

triesviewcanbeeasilyaccessed.Eachentrycanbeeditedandre-saved(which

resultstoanupdateoftheinformationlocallyandexternally).

Step3.

WealsodefinedanadapterinordertogenerateaRESTfulwebserviceforour

application. Theneedforaback-endistwofold:(a)tobeabletoretrievethe

patientstobevisitedanddisplaythisinformationtothenursesthroughtheirmobile

devicesand(b)tostoretheformsthathavebeenfilledoutonanexternaldatabase.

Thenameoftheadapterandtheprocedureresponsiblefortherequestthatneeds

tobesentandretrievethevisitsisindicatedonproperviews;inourcase,this

informationisincludedwithintheDashboardview(Figure5.4).Thismeansthat,

whentheapplicationislaunched,theinformationretrievedfromtheback-endis

storedontheVisitCollectionanddisplayedontheVisitslistview.

Figure5.4:PropertiesoftheDashboardview

InTable5.4,wehavelistedtherequirementsandmarkedtheonesthatweresuc-

cessfullyaccomplishedbygeneratingtheHourlyRoundsapplication.Themobile

applicationandtheback-endweregeneratedbyWL++.Wefirstmanuallyentered

sampledatainthedatabaseandthenruntheapplicationinordertotestit.Aswe

cansee,thevisitsweredisplayedinalistviewandwhenclickedtheyledtoaform

withthreequestionsandacommentingsection(Figure5.6c). Whenaformwas

filledoutandsaved,wewereabletoseethisentrylocallythroughtheEntrieslist
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Figure5.5:HourlyRounds-ApplicationDigram

viewandexternallyontheEntriestableofthedatabase.Thecheckedvariablewere

“false”bydefaultbutconvertedto“true”whenanentrywassaved.Throughthe

listproperties,wespecifiedthattheentriesthatshouldbedisplayedaretheonesfor

whichthecheckedvariableis“false”.Therefore,thepatientsthathadbeenvisited

byanursewerenolongerdisplayedonthelist.Thefunctionalitythatwehadto

implementmanuallywastodisplayonthelistthepatientsthathadnotbeenvisited

foranhour.Sincewehadthetimestampofthelastvisitofthepatient,itwaseasy

toaddanhourandcompareitwiththedevice’stime.Ifthisdifferencewasequal

orgreaterthananhour,thenthecheckedvariable’svaluewasbecoming“false”

againandthelistwasre-rendered.Nonetheless,thisfunctionalitycouldbealsoim-

plementedontheback-endsidebyaddingatrigger(specialrule)onthedatabase.

Morespecifically,whenanentryissaved,thenthroughthetriggerweinstantiate

anewvariablewiththetimethatthepatientmustbevisitednextandmodifythe

“checked”variabletofalse.Regardingtheuserinterface,weslightlymodifiedthe

CSSfileinordertochangethecoloursandstyleofthetitleandtheinformation

displayedonthelist. Wealsoreplacedthedefaultimageswithcustomizedones
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(Figure5.6e).Finally,duringthedemooftheapplicationtonurses,theynoticed

thattheanswerstothethreequestionswererecordedas“true”and“false”(Figure

5.6d).Therefore,wemodifiedthesevaluesto“Yes”and“No”instead(Figure5.6f).

TheHourlyRoundsapplicationwillbetrialedsoonbyfewnursesattheGlenrose

RehabilitationHospital.

Requirement ManualEffortNeeded
GetVisitsfromaback-end No
Displayvisitstothenurse No
Associateavisitwithapatient No
Displayaformforeachpatient No
Savetheformlocally No
Savetheformexternally No
Displayalistofalltheentries No
Removepatientsfromthelistwhenanursevisitsthem No
Addpatientsthathavenotbeenvisitedforanhour Yes

Table5.4:Themanualeffortneededtoaccomplisharequirement
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(a) (b) (c)

(d) (e) (f)

Figure 5.6: Hourly Rounds before the manual modification (a-d) and after (e-f)
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5.3 ComparisonofApplicationsinTermsof

Complexity

ByintegratingtheBackbonelibraryinourWL++ framework,weachievedto

generatesimilarapplicationsintermsofarchitecture.Therefore,Backboneoffers

developerstheabilitytoquicklylearnthestructureoftheapplicationsandtherefore

resultsinamoreefficientmaintenanceprocess.However,asweobservedbyall

thegeneratedapplications(ContactManagerinSection4,PhysitivityinSection

5.1andHourlyRoundsinSection5.2),theyallhavedifferentrequirementsand

thereforeonemaybemorecomplexcomparedtotheothersintermsofthenumber

ofcomponentsitneedstobegeneratedandtheplethoraofthegeneratedfilesas

well.

Inordertocomparetheapplicationsbasedontheircomplexityweconstructed

Table5.5,wherewecanseethenumberofthedifferentcomponentsgenerated

foreachoneoftheapplicationsthathavebeendiscussedbefore.Basedonthese

results,Physitivityseemstobethemostcomplexapplicationthatwasgenerated

intermsofmodels,viewsandtemplates.Forthisapplicationinparticular,we

hadtousesevenviewsintotaltorepresentthedifferentactivitiesaswellasthe

listsoftheactivities.Ontheotherhand,theContactManagerandHourlyRounds

applicationshavethreeandfourviewsrespectively. TheContactManagerwas

usedasanexampleandassuchistheleastcomplexapplicationofallcomposedof

aDashboard,aFormandaListview.

Models Views Routers Templates HTMLfiles Adapters Time(sec)
ContactManager 1 3 1 7 1 1 307
Physitivity 5 7 1 12 1 0 955
HourlyRounds 2 4 1 9 1 1 486

Table5.5:Complexitycomparisonamongthegeneratedapplications

Forsinglepageapplicationagoodpracticeistohavethetemplatesinasingle

HTMLfile(wherethelibrariesarealsoimported)andthus,foreveryapplication

thatisgeneratedthroughtheWL++ plugin,thereisasingleHTMLfilealong

withasingleBackboneroutercomponent.Finally,theContactManagerandthe

93



HourlyRoundsapplicationshavesupportedback-endsandthereforetheyincludea

WorklightadaptereachcomparedtothePhysitivitywhichwasdevelopedforlocal

useonly.

Finally,wemeasuredthetimeneededtogeneratetheapplicationsusingthe

WL++applicationspecificationplugin.Thetimethatwasrequiredtocreatetheap-

plicationdiagramandspecifythepropertiesofeachcomponentis307seconds,955

secondsand486secondsfortheContactManager,PhysitivityandHourlyRounds

respectively.

Therefore,foradeveloperwhoisfamiliarwiththeWL++ pluginandalready

knowstheconstraintsoftheexistingmetamodel,thetimethattakestogeneratea

catalogue-basedcross-platformmobileapplicationisonlyfewminutes.Theleast

complexapplication(Contact Manager)tookapproximately3minuteswhereas

Physitivity(anapplicationthathadamorecomplexcomposition)tookapproxi-

mately16minutes. Usually,thetimethattakestodevelopanapplicationfrom

scratchmaytakeseveralweeksorevenmonths.Forexample,theprototypeofthe

Physitivityapplicationtookapproximately2-3monthstobedeveloped.However,

usingtheWL++ plugintocreatetheapplicationdiagramthatrepresentsit,the

timetogenerateabout66%oftheapplicationwassignificantlyreducedtoonly16

minutes.

Ontopofthat,thefilesarestructuredintofolderstofacilitatetheprocessofde-

ployingtheapplicationwithinaWorklightproject.Ifadeveloperhadtoconstruct

fromscratchalltheapplicationfiles,notonlyitwouldtakesignificantlymoretime

towritethesourcecodebutalsothefirstversionofthecodewouldbemoreer-

rorproneandtherefore,thenecessarydebuggingwouldalsobeevenmoretime

consuming.
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Chapter6

Conclusions&FutureDirections

Inthisthesis,wepresentedtheWL++ frameworkbuiltbyintegratingthreema-

jortools:IBMWorklight,Backbone.jsandtheGraphicalModelingFramework.

TheWL++ applicationspecificationpluginleveragesmodel-drivenengineering

techniquestocreatecross-platformmobileapplicationsalongwithsupportedback-

ends.BeforedevelopingourWL++ plugin,wefirstdefinedageneralmodelthat

describescommonfeaturesofasubsetofapplicationsfallingunderthecatalogue-

basedcategory.Basedonthismodel,wedevelopedasetofwidgets,throughwhich

developersareabletodesigntheproperapplicationdiagramsandgeneratemobile

applications.

Backbone.jsplayedanimportantroleasitseparatestheuserinterfacefrom

thebusinesslogicofthegeneratedapplications.Ourproposedframeworkalsoof-

fersflexibilitytodevelopersbydecidingwhethertheywanttheirapplicationtobe

connectedtoexternaldatabasesviaRESTfulAPIsornot.RESTfulAPIsareauto-

maticallygeneratedbasedonthemodelsdefinedandtheirattributes.TheseAPIs

supportbasicCRUD/Filteringbyspecificattributesoperationsandthedefinitionof

theexternaldatabasestructure.Additionally,thereverseengineeringcomponentof

theWL++ pluginallowstheautomaticconstructionofmodelsbasedonexisting

RESTfulwebservicesorXSDschemas.

Thecontributionofthisworkisthreefold:

•Wehavedesignedamodelinglanguagetospecifydatamodelsanduser

interfacecomponentsofcatalogue-styleapplications.Morespecifically,

themodelinglanguageiscomposedofcomponentstospecifythedatamod-
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elsoftheapplication,theirattributesthroughpredefineduserinterfacecom-

ponentssuchasText,Numeric,Checkbox,Imageetc.Moreover,themodel-

inglanguageincludesviewcomponentsalongwitheventssuchastheclick

eventalongwithcustomizedfunctions. Developersareabletodefinethe

navigationsamongviewsbyusingtheNavigateToconnectionlink.Finally,

back-endscanbegeneratedbyspecifyingtheproperWorklightAdapters.

•Wehavedevelopedaframeworktoallowdevelopersgeneratingeasily

andefficientlycross-platformapplications.TheWL++ applicationspec-

ificationpluginoffersdeveloperstoabilitytospecifythenecessarycompo-

nentsthroughdraganddropactions.Theavailablewidgetsaregroupedinto

clusterstofacilitatetheprocessoftheapplicationmodelconstruction.Two

linesofcodegenerationareavailable:(a)fromscratch,and(b)basedon

existingRESTfulAPIsandXSDschemas.Throughthereverseengineering

process,theModelCollectioncomponentwherethemodelsarespecifiedis

generatedinasemi-automaticway.

•Wehaveevaluatedourframeworkbyusingthreeexampleapplications:

(a)aContactManagerApplication,(b)Physitivity:aPhysicalActivity

TrackingApplicationand,(c)HourlyRounds:anApplicationOperated

byNurseswhileVisitingtheirPatients. TheContactManagerapplica-

tionwasdevelopedtoillustratetheprocessadeveloperfollowsinorderto

generateanapplication. AprototypeofthePhysitivityappwasdeveloped

fromscratchpriortotheWL++ frameworkdevelopmentandthereforewe

attemptedtore-generateit.Finally,theHourlyRoundsapplicationwasre-

questedbythenursesoftheGlenroseRehabilitationHospital.Asshownby

thetimemeasuredtogeneratetheseapplicationthemanualeffortneededbya

developerinordertogeneratethemfromscratchissignificantlyreduced.The

timeneededtocreatetheaforementionedapplicationsrangesfromapprox-

imately5minutesto16minuteswhereasanapplicationsuchasPhysitivity

maketakeuptoseveralmonthstobedeveloped.

Inthefuture,weaimtoaddmoreessentialwidgets/attributessuchasradiobut-
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tonsandlabels.Alsoweplantointegrateandallowthedesignofmorecomplicated

datamodelstructures(e.g.,nestedmodels,inheritancefromanabstractmodel).

ThedesignofmultipleCSSfileswouldbedesiredasitallowsuserstochoosethe

userinterfacethatbetterfitstheirneeds.Finally,regardingthereverseengineering

process,wewouldliketoextendWL++ insuchawaywheretheintegrationof

multipleRESTfulwebserviceswouldbepossible.
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