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(1) Software & Software Engineering

Software:

» Computersoftwareistheproductthatsoftwareprofessionalsbuildandthensupportoverthelongterm.

» Itencompassesprogramsthatexecutewithinacomputerofanysizeandarchitecture,contentthatis
presentedasthecomputerprogramsexecute,anddescriptiveinformationinbothhardcopyandvirtual
formsthatencompassvirtuallyanyelectronicmedia.

Characteristics of software :
[1] Softwareisdevelopedorengineered;itisnotmanufacturedintheclassicalsense:

»  Althoughsomesimilaritiesexistbetweensoftwaredevelopmentandhardwaremanufacturing,butfew activities are
fundamentallydifferent.

» Inbothactivities,highqualityisachievedthroughgooddesign,butthemanufacturingphasefor
hardwarecanintroducequalityproblemsthansoftware.

[2] Softwaredoesn’t“wearout.”

» Hardwarecomponentssufferfromthegrowingeffectsofdust,vibration,abuse,temperatureextremes,
andmanyotherenvironmentalmaladies.Statedsimply,thehardwarebeginstowearout.

» Softwareisnotsusceptibletotheenvironmentalmaladiesthatcausehardwaretowearout.Intheory,
therefore,thefailureratecurveforsoftwareshouldtaketheformofthe“idealizedcurve™.

» Whenahardwarecomponentwearsout,itisreplacedbyasparepart.

» Therearenosoftwarespareparts.

»  Everysoftwarefailureindicatesanerrorindesignorintheprocessthroughwhichdesignwastranslated
intomachineexecutablecode.

» Therefore,thesoftwaremaintenancetasksthataccommodaterequestsforchangeinvolveconsiderably
morecomplexitythanhardwaremaintenance.

» However,theimplicationisclear—softwaredoesn’twearout. Butitdoesdeteriorate.

Increased failure
rate due to side
effects

“Infant “Wear out" —___
mortality”

Failure rate
Failure rate

/ Actual curve

Idealized curve

Time Time
HardwareFailurecurve Software Failurecurve

[3] Althoughtheindustryismovingtowardcomponent-basedconstruction,mostsoftwarecontinuestobe custombuilt.

» Asoftwarecomponentshouldbedesignedandimplementedsothatitcanbereusedinmanydifferent programs.
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» Modernreusablecomponentsencapsulatebothdataandtheprocessingthatisappliedtothedata,

enablingthesoftwareengineertocreatenewapplicationsfromreusableparts.

» Inthehardwareworld,componentreuseisanaturalpartoftheengineeringprocess

Difference between program andsoftware

Program Software

1) Small insize. 1) Large insize.

2) Authorshimselfisuser-soul. 2) Largenumber.

3) Singledeveloper. 3) Teamdeveloper.

4) Adoptdevelopment. 4) Systematicdevelopment.

5) Lack properinterface. 5) Well defineinterface.

6) Large properdocumentation. 6) Welldocumented
Software Myths:

Software myths are beliefs about software and the process used to build it.

(1) ManagementMyths:
Myth 1:
Wealreadyhaveabookthat sfullofstandardsandproceduresforbuildingsofiware. Won 'tthatprovide

mypeoplewitheverythingtheyneedtoknow?

Reality:

Thebookofstandardsmayverywellexist,butisitused?
Aresoftwarepractitionersawareofitsexistence?
Doesitreflectmodernsoftwareengineeringpractice?Isitcomplete?Isitadaptable?
[sitstreamlinedtoimprovetime-to-deliverywhilestillmaintainingafocusonquality?
Inmanycases,theanswertoallofthesequestionsisno.

Myth 2:
If we get behind schedule, we can add more programmers and catch up.

Reality:

Softwaredevelopmentisnotamechanisticprocesslikemanufacturing.

As new people are added, people who were working must spend time educating thenewcomers,
therebyreducingtheamountoftimespentonproductivedevelopmenteftort.
Peoplecanbeaddedbutonlyinaplannedandwell-coordinatedmanner.

Myth 3:

Ifldecidetooutsourcethesoftwareprojecttoathirdparty,Icanjustrelaxandletthatfirmbuildit.

Reality:

[fanorganizationdoesnotunderstandhowtomanageandcontrolsoftwareprojectsinternally, it
willinvariablystrugglewhenitoutsourcessoftwareprojects.
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(2) CustomerMyths:
Myth 1:
Ageneralstatementofobjectivesissufficienttobeginwritingprograms—wecanfillinthedetailslater.
Reality:

e Although a comprehensive and stable statement of requirements is not always possible,an
ambiguous*‘statementofobjectives”isarecipefordisaster.
¢ Unambiguousrequirementsaredevelopedonlythrougheffectiveandcontinuouscommunication

betweencustomeranddeveloper.
Myth2:

Softwarerequirementscontinuallychange,butchangecanbeeasilyaccommodatedbecausesoftwareis flexible.

Reality:
o ltistruethatsoftwarerequirementschange,buttheimpactofchangevarieswiththetimeat which it
isintroduced.

e  Whenrequirementschangesarerequestedearlythecostimpactisrelativelysmall.

e However, as time passes, the cost impact grows rapidly—resources have been committed, a
designframeworkhasbeenestablished,andchangecancauseupheavalthatrequiresadditional
resourcesandmajordesignmodification.

(3) Practitioner’sMyths:
Myth 1:
Once we write the program and get it to work, our job is done.
Reality:

¢ Industrydataindicatethatbetween60and80percentofalleffortexpendedonsoftwarewillbe

expendedafteritisdeliveredtothecustomerforthefirsttime.
Myth 2:

Until I get the program “running” I have no way of assessing its quality.
Reality:

e Oneofthemosteffectivesoftwarequalityassurancemechanismscanbeappliedfromthe
inceptionofaproject—thetechnicalreview.
o Softwarereviewsarea“qualityfilter”thathavebeenfoundtobemoreeftectivethantestingfor

findingcertainclassesofsoftwaredefects.
Myth 3:
The only deliverable work product for a successful project is the working program.
Reality:

e Aworkingprogramisonlyonepartofasoftwareconfigurationthatincludesmanyelements.
e Avarietyofworkproducts(e.g.,models,documents,plans)provideafoundationforsuccessful
engineeringand,moreimportant,guidanceforsoftwaresupport.
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Myth 4:

Softwareengineeringwillmakeuscreatevoluminousandunnecessarydocumentationandwillinvariably
slow usdown.

Reality:

¢ Softwareengineeringisnotaboutcreatingdocuments.
e [tisaboutcreatingaqualityproduct.

e Betterqualityleadstoreducedrework.

¢ Andreducedreworkresultsinfasterdeliverytimes.

Software Engineering:

» SoftwareEngineeringistheapplicationofasystematic,disciplined,quantifiableapproachtothe
development,operation,andmaintenanceofsoftware;thatis,theapplicationofengineeringto software.

A Layered Technology:

Tools o
~— Methods ’
\ Process /

Figure: Software Engineering Lavers

A quality Focus:

» Everyorganizationisrestonitscommitmenttoquality.

» Totalqualitymanagement,SixSigma,orsimilarcontinuousimprovementcultureanditisthisculture
ultimatelyleadstodevelopmentofincreasinglymoreeffectiveapproachestosoftwareengineering.

» Thefoundationthatsupportssoftwareengineeringisaqualityfocus.

Process:
» The software engineering process is the glue that holds the technology layers together and enables
rationalandtimelydevelopmentofcomputersoftware.
> Process defines a framework that must be established for effective delivery of software engineering technology.
» Thesoftwareprocessformsthebasisformanagementcontrolofsoftwareprojectsandestablishesthe
contextinwhichtechnicalmethodsareapplied,workproductsareproduced, milestonesareestablished,
qualityisensured,andchangeisproperlymanaged.
Methods:

» Softwareengineeringmethodsprovidethetechnicalaspectsforbuildingsoftware.

» Methodsencompassabroadarrayoftasksthatincludecommunication,requirementsanalysis,design
modeling,programconstruction,testing,andsupport.

» Softwareengineeringmethodsrelyonthesetofmodelingactivitiesandotherdescriptivetechniques.



Unit-1

Tools:

» Softwareengineeringtoolsprovideautomatedorsemi-automatedsupportfortheprocessandthe methods.
» Whentoolsareintegratedsothatinformationcreatedbyonetoolcanbeusedbyanother,asystemfor the support of software
development, called CASE (computer-aided software engineering), is established.

(2) Process&GenericProcessModel

» Asoftwareprocessisdefinedasacollectionofworkactivities,actions,andtasksthatareperformed
whensomeworkproductistobecreated.

» Eachoftheseactivities,actions,andtasksresidewithinaframeworkormodelthatdefinestheir
relationshipwiththeprocessandwithoneanother.

Software process

Process framework

Umbrella activities

framework activity # 1

software engineering action #1.1

waork tosks

work products

quul'lry assurance points
project milestones

Task sets

software engineering action #1.k

work tosks

Task sets work products

quality assurance points
project milestones

framework activity # n

software engineering action #n.1

work fasks

work producis

quality assurance points
project milestones

Task sets

software engineering action #n.m

work tosks

work products

qunlily assurance points
project milestones

Task sets

» Figure: Generic Process Model
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» Eachframeworkactivityispopulatedbyasetofsoftwareengineeringactions.

» Eachsoftwareengineeringactionisdefinedbyatasksetthatidentifiestheworktasksthataretobe
completed,theworkproductsthatwillbeproduced,thequalityassurancepointsthatwillberequired,
andthemilestonesthatwillbeusedtoindicateprogress.

» A generic process framework for software engineering defines five framework activities—
communication,planning,modeling,construction,anddeployment.

» Inaddition,itdefinesasetofumbrellaactivities.

Process Flow:

"1 Processflow—describeshowtheframeworkactivitiesandtheactionsandtasksthatoccurwithineach
frameworkactivityareorganizedwithrespecttosequenceandtime.

—| Communicafion Planning Modeling Construction Deployment

[a] Linear process flow

—=| Communicafion - F'|n:|nning Mndeling Construction Deployment

2

|b) lerative process flow

F'|n:|nning —

/—"J Modeling

=—| Communication

!ncrerner.-r -— Deployment Construction
released

[c) Evolutionary process flow

—+| Communication |— Flanning I

Modeling Time —-

Consfruction Dep|ame nt |—

[d) Parallel process flow

'] Alinearprocessflowexecuteseachofthefiveframeworkactivitiesinsequence,beginningwith

communicationandculminatingwithdeployment.

1 Aniterativeprocessflowrepeatsoneormoreoftheactivitiesbeforeproceedingtothenext.

'] Anevolutionaryprocessflowexecutestheactivitiesina“circular”manner.Eachcircuitthroughthefive
activitiesleadstoamorecompleteversionofthesoftware.

'] Aparallelprocessflowexecutesoneormoreactivitiesinparallelwithotheractivities.
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(3) UmbrellaActivities

'] Softwareengineeringprocessframeworkactivitiesarecomplementedbyanumberofumbrella activities.
1 Ingeneral,umbrellaactivitiesareappliedthroughoutasoftwareprojectandhelpasoftwareteam
manageandcontrolprogress,quality,change,andrisk.

Typical umbrella activities include:

Softwareprojecttrackingandcontrol—allowsthesoftwareteamtoassessprogressagainsttheprojectplan
andtakeanynecessaryactiontomaintaintheschedule.

Riskmanagement—assessesrisksthatmayaffecttheoutcomeoftheprojectorthequalityoftheproduct.
Softwarequalityassurance—definesandconductstheactivitiesrequiredtoensuresoftwarequality.

Technicalreviews—assessessoftwareengineeringworkproductsinanefforttouncoverandremoveerrors
beforetheyarepropagatedtothenextactivity.

Measurement—defines and collects process, project, and product measures that assist the team in
deliveringsoftwarethatmeetsstakeholders needs;canbeusedinconjunctionwithallotherframeworkand umbrellaactivities.

Software configuration management—manages the effects of change throughout the software process.

Reusability management—defines criteria for work product reuse (including software components) and establishes
mechanisms to achieve reusable components.

Workproductpreparationandproduction—encompassestheactivitiesrequiredtocreateworkproducts
suchasmodels,documents,logs,forms,andlists.

(4) Prescriptive ProcessModels

] Prescriptive process models were originally proposed to bring order to the chaos of software development.
] Traditionalmodelshavebroughtacertainamountofusefulstructuretosoftwareengineeringworkand
haveprovidedareasonablyeftectiveroadmapforsoftwareteams.
"1 Followingareprescriptiveprocessmodels:
—  Waterfallmodel
—  IncrementalModel

= RADModel
—  Evolutionary ProcessModel

* PrototypeModel
= SpiralModel
= Concurrent ProcessModel
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(5) Waterfall ProcessModel

Thewaterfallmodel,sometimescalledtheclassiclifecycle,suggestsasystematic,sequentialapproachto software development
that ~ begins  with  customer  specification  of  requirements  and  progresses  through
planning,modeling,construction,anddeployment,culminatinginongoingsupportofthecompleted software.

= Communication 2
project inifiofion Planning | _ Medeling

i f ey asfimafing : -
requirements gathering e analysis 'Eﬂ:g;tru:hnn Deployment
fracking design bk alivary
support
feadback

Figure: Waterfall Model
Limitations:

Thenatureoftherequirementswillnotchangeverymuchduringdevelopment;duringevolution.
Themodelimpliesthatyoushouldattempttocompleteagivenstagebeforemovingontothenext stage.
Doesnotaccountforthefactthatrequirementsconstantlychange.
Italsomeansthatcustomerscannotuseanythinguntiltheentiresystemiscomplete.
Themodelimpliesthatoncetheproductisfinished,everythingelseismaintenance.
Surprisesattheendareveryexpensive

Someteamssitidealforotherteamstofinish
Therefore,thismodelisonlyappropriatewhentherequirementsarewell-understoodandchangeswill

N Y Y O [ O

befairlylimitedduringthedesignprocess.

When to use waterfall model?

Requirementsareverywellknown,clearandfixed

Product definition isstable

Technology isunderstood
Therearenoambiguousrequirements
Ampleresourceswithrequiredexpertiseareavailablefreely

0 I O I

The project isshort
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(6) Incremental ProcessModel

[

]
L]
L]

Theincrementalmodelcombineselementsoflinearandparallelprocesstlows.
Theincrementalmodelapplieslinearsequencesinastaggeredfashionascalendartimeprogresses.
Eachlinearsequenceproducesdeliverable“increments”ofthesoftware.
Forexample,word-processingsoftwaredevelopedusingtheincrementalparadigmmightdeliverbasic
filemanagement,editing,anddocumentproductionfunctionsinthefirstincrement;moresophisticated
editinganddocumentproductioncapabilitiesinthesecondincrement;spellingandgrammarcheckingin

|:’ Communication

D Planning

I:‘ Modeling {analysis, design)

increment # n

|:| Consiruction (code, test)
I:] Deployment (delivery, feedback) D_D_D.D_‘:l
.. delivery of

increment # 2 ® nth increment

B‘:H: delivery of

increment # 1 2nd increment

E_D_D_D—D delivery of
1st increment

Project Calendar Time
thethirdincrement;andadvancedpagelayoutcapabilityinthefourthincrement.

Software Functionality and Features

Figure: Incremental Process Model

Advantages:

0 O O O

Generatesworkingsoftwarequicklyandearlyduringthesoftwarelifecycle.
Thismodelismoreflexible—lesscostlytochangescopeandrequirements.
Itiseasiertotestanddebugduringasmalleriteration.
Inthismodelcustomercanrespondtoeachbuilt.

Lowers initial deliverycost.
Easiertomanageriskbecauseriskypiecesareidentifiedandhandledduringiteration.

Disadvantages:

]
]
[

Needsgoodplanninganddesign.
Needsaclearandcompletedefinitionofthewholesystembeforeitcanbebrokendownandbuilt incrementally.
Totalcostishigherthanwaterfall.

When to use waterfall model?

N

Thismodelcanbeusedwhentherequirementsofthecompletesystemareclearlydefinedand understood.
Majorrequirementsmustbedefined;however,somedetailscanevolvewithtime.
Thereisaneedtogetaproducttothemarketearly.

Anewtechnologyisbeingused.

Resourceswithneededskillsetarenotavailable.

Therearesomehighriskfeaturesandgoals.

10
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(7) RAD(RapidApplicationDevelopment)ProcessModel

0

[tisatypeofincrementalmodel.InRADmodelthecomponentsorfunctionsaredevelopedinparallelas

iftheywereminiprojects.

Thedevelopmentsaretimeboxed,deliveredandthenassembledintoaworkingprototype.
Thiscanquicklygivethecustomersomethingtoseeanduseandtoprovidefeedbackregardingthe

deliveryandtheirrequirements.

Team 1

Business

modeling

Advantages:
Reduced developmenttime.

(N O A O

Team 3
Team 2 .
Business
Business modeling
modeling
Data
Data modeling —‘
modeling
Data Process
modeling modeling ‘
Process
Process modeling Application
modeling generation
Application
Application generation Testing &
generation tmrnover
Testing &
Testing & furnover
turnover

Figure: Rapid Application Development Model

Increasesreusabilityofcomponents

Quick initial reviewsoccur

Encourages customerfeedback
Integrationfromverybeginningsolvesalotofintegrationissues.

Disadvantages:
] ForlargebutscalableprojectsR ADrequiressufficienthumanresources.
'] Projectsfailifdevelopersandcustomersarenotcommittedinamuchshortenedtime-frame.
1 Problematicifsystemcannotbemodularized.
'] Notappropriatewhentechnicalrisksarehigh(heavyuseofnewtechnology).
When to use RAD model?
RADshouldbeusedwhenthereisaneedtocreateasystemthatcanbemodularizedin2-3monthsof time.
Itshouldbeusedifthere’shighavailabilityofdesignersformodelingandthebudgetishighenoughto

]
]

affordtheircostalongwiththecostofautomatedcodegeneratingtools.

RAD SDLC model should be chosen only if resources with high business knowledge are availableand

thereisaneedtoproducethesysteminashortspanoftime(2-3months).

11
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(8) Prototype processmodel

0

Thebasicideahereisthatinsteadoffreezingtherequirementsbeforeadesignorcodingcanproceed,a
throwawayprototypeisbuilttounderstandtherequirements.
Thisprototypeisdevelopedbasedonthecurrentlyknownrequirements.
Byusingthisprototype,theclientcangetan“actualfeel "ofthesystem,sincetheinteractionswith
prototypecanenabletheclienttobetterunderstandtherequirementsofthedesiredsystem.
Prototypingisanattractiveideaforcomplicatedandlargesystemsforwhichthereisnomanualprocess
orexistingsystemtohelpdeterminingtherequirements.
Theprototypeareusuallynotcompletesystemsandmanyofthedetailsarenotbuiltintheprototype.
Thegoalistoprovideasystemwithoverallfunctionality.

Quick plan

Communication

Modeling
Quick design

Deployment

Delivery

& Feedback Cfonsfrucﬂom
o

prototype

Figure: Prototype Model

Advantages:

]
[

L]
L]
L]
L]

Usersareactivelyinvolvedinthedevelopment

Since in this methodology a working model of the system is provided, the users get a better
understandingofthesystembeingdeveloped.

Errorscanbedetectedmuchearlier.

Quickeruserfeedbackisavailableleadingtobettersolutions.
Missingfunctionalitycanbeidentifiedeasily

Confusingordifficultfunctionscanbeidentified

Disadvantages:

]
]

[

Leadstoimplementingandthenrepairingwayofbuildingsystems.
Practically,thismethodologymayincreasethecomplexityofthesystemasscopeofthesystemmay
expandbeyondoriginalplans.
Incompleteapplicationmaycauseapplicationnottobeusedasthefullsystemwasdesigned.

12
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When to use Prototype Model?

L]
L]

Prototypemodelshouldbeusedwhenthedesiredsystemneedstohavealotofinteractionwiththeend users.
Typically,onlinesystems,webinterfaceshaveaveryhighamountofinteractionwithendusers,arebest
suitedforPrototypemodel.Itmighttakeawhileforasystemtobebuiltthatallowseaseofuseand
needsminimaltrainingfortheenduser.
Prototypingensuresthattheendusersconstantlyworkwiththesystemandprovideafeedbackwhichis
incorporatedintheprototypetoresultinauseablesystem. Theyareexcellentfordesigninggoodhuman computer
interfacesystems.

(9) Spiral processmodel

] ItwasoriginallyproposedbyBarryBoehm,thespiralmodelisanevolutionarysoftwareprocessmodel
thatcouplestheiterativenatureofprototypingwiththecontrolledandsystematicaspectsofthe waterfallmodel.
'] Itprovidesthepotentialforrapiddevelopmentofincreasinglymorecompleteversionsofthesoftware.
] Thespiraldevelopmentmodelisarisk-drivenprocessmodelgeneratorthatisusedtoguidemulti-
stakeholderconcurrentengineeringofsoftwareintensivesystems.
1 Ithastwomaindistinguishingfeatures.Oneisacyclicapproachforincrementallygrowingasystem’s
degreeofdefinitionandimplementationwhiledecreasingitsdegreeoftisk.
] Theotherisasetofanchorpointmilestonesforensuringstakeholdercommitmenttofeasibleand
mutuallysatisfactorysystemsolutions.
Planning
estimation
scheduling
risk analysis
Communication “
S
(( - Medeling
( v ) cxncz.lysis
k ‘ . design
'-'
DZ:::;';EM C:::ds;ruction
feedback fost
Figure: Spiral Process Model
] Thefirstcircuitaroundthespiralmightresultinthedevelopmentofaproductspecification;subsequent passes around the
spiral might be used to develop a prototype and then progressively more sophisticatedversionsofthesoftware.
1 Eachpassthroughtheplanningregionresultsinadjustmentstotheprojectplan.
'] Costandscheduleareadjustedbasedonfeedbackderivedfromthecustomerafterdelivery.
] Inaddition,theprojectmanageradjuststheplannednumberofiterationsrequiredtocompletethe software.
Advantages:
'] Highamountofriskanalysishence,avoidanceofRiskisenhanced.
"1 Goodforlargeandmission-criticalprojects.
] Strongapprovalanddocumentationcontrol.
"1 AdditionalFunctionalitycanbeaddedatalaterdate.
1 Softwareisproducedearlyinthesoftwarelifecycle.

13
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Disadvantages:

]
L]
L]
L]

Canbeacostlymodeltouse.
Riskanalysisrequireshighlyspecificexpertise.
Project’ssuccessishighlydependentontheriskanalysisphase.
Doesn’tworkwellforsmallerprojects.

When to use spiral process model?

[ R I R B R

Whencostsandriskevaluationisimportantformediumtohigh-riskprojects.
Long-termprojectcommitmentunwisebecauseofpotentialchangestoeconomicpriorities
Usersareunsureoftheirneeds.

Requirements arecomplex
NewproductlineSignificantchangesareexpected(researchandexploration)

(10) Concurrent ProcessModel

[

Theconcurrentdevelopmentmodel,sometimescalledconcurrentengineering,allowsasoftwareteam
torepresentiterativeandconcurrentelementsofanyoftheprocessmodels.
Forexample,themodelingactivitydefinedforthespiralmodelisaccomplishedbyinvokingoneormore
ofthefollowingsoftwareengineeringactions:prototyping,analysis,anddesign.
Theactivity—modeling—maybeinanyoneofthestatesnotedatanygiventime.
Similarly,otheractivities,actions,ortasks(e.g.,communicationorconstruction)canberepresentedin an
analogousmanner.
Allsoftwareengineeringactivitiesexistconcurrentlybutresideindifferentstates.

Medeling activity
@ 3
] Represents the state
Under of a software engineering
development activity or task
Awaiting
changes

Under
revision

Under review

Figure: Concurrent Process Model

14
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(11) Component BasedDevelopment

[

L]
]
L]

Commercialoff-the-shelf(COTS)softwarecomponents,developedbyvendorswhoofferthemas
products,providetargetedfunctionalitywithwell-definedinterfacesthatenablethecomponenttobe
integratedintothesoftwarethatistobebuilt.
Thecomponent-baseddevelopmentmodelincorporatesmanyofthecharacteristicsofthespiralmodel.
Itisevolutionaryinnature,demandinganiterativeapproachtothecreationofsoftware.

However, the component-based development model constructs applications from prepackaged software components.

The component-based development model incorporates the following steps:

1.

Availablecomponent-basedproductsareresearchedandevaluatedfortheapplicationdomainin question.

2. Componentintegrationissuesareconsidered.

3. Asoftwarearchitectureisdesignedtoaccommodatethecomponents.

4. Componentsareintegratedintothearchitecture.

5. Comprehensivetestingisconductedtoensureproperfunctionality.

0

Thecomponent-baseddevelopmentmodelleadstosoftwarereuse,andreusabilityprovidessoftware
engineerswithanumberofmeasurablebenefits.

(12) Agile ProcessModel

0

]
[

AgileSDLCmodelisacombinationofiterativeandincrementalprocessmodelswithfocusonprocess
adaptabilityandcustomersatisfactionbyrapiddeliveryofworkingsoftwareproduct.
AgileMethodsbreaktheproductintosmallincrementalbuilds.
Everyiterationinvolvescrossfunctionalteamsworkingsimultaneouslyonvariousareaslikeplanning,
requirementsanalysis,design,coding,unittesting,andacceptancetesting.

Advantages:

0 I B I R B

Customersatisfactionbyrapid,continuousdeliveryofusefulsoftware.
Customers, developers and testers constantly interact with eachother.
Close,dailycooperationbetweenbusinesspeopleanddevelopers.
Continuousattentiontotechnicalexcellenceandgooddesign.
Regularadaptationtochangingcircumstances.
Evenlatechangesinrequirementsarewelcomed

Disadvantages:

[

Incaseofsomesoftware, itisdifficulttoassesstheeffortrequiredatthebeginningofthesoftware development
lifecycle.

Thereislackofemphasisonnecessarydesigninganddocumentation.
Theprojectcaneasilygettakenofttrackifthecustomerrepresentativeisnotclearwhatfinaloutcome that theywant.
Onlyseniorprogrammersarecapableoftakingthekindofdecisionsrequiredduringthedevelopment process.

15
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(13) Product andProcess

N I O I O O

Iftheprocessisweak,theendproductwillundoubtedlysuffer.
Butacompulsiveoverrelianceonprocessisalsodangerous.
Peoplederiveasmuch(ormore)satisfactionfromthecreativeprocessastheydofromtheendproduct.
Anartistenjoysthebrushstrokesasmuchastheframedresult.
Awriterenjoysthesearchforthepropermetaphorasmuchasthefinishedbook.

Ascreativesoftwareprofessional,youshouldalsoderiveasmuchsatisfactionfromtheprocessasthe endproduct.

Thedualityofproductandprocessisoneimportantelementinkeepingcreativepeopleengagedas
softwareengineeringcontinuestoevolve.

16
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(1) AgilityandAgileProcessModel

Agility:

'] Agilityisdynamic,contentspecific,aggressivelychangeembracing,andgrowthoriented

] Itencouragesteamstructuresandattitudesthatmakecommunication(amongteammembers,between
technologistsandbusinesspeople,betweensoftwareengineersandtheirmanagers)moresimplistic.

] Itemphasizesrapiddeliveryofoperationalsoftwareandde-emphasizestheimportanceofintermediate workproducts.

1 Itrecognizesthatplanninginanuncertainworldhasitslimitsandthataprojectplanmustbeflexible.

] Agilitycanbeappliedtoanysoftwareprocess.

Agile Process:

'] Anyagilesoftwareprocessischaracterizedinamannerthataddressesanumberofkeyassumptions

[1] Itisdifficulttopredictinadvancewhichsoftwarerequirementswillpersistandwhichwillchange. Itis
equallydifficulttopredicthowcustomerprioritieswillchangeastheprojectproceeds.

[2] Formanytypesofsoftware,designandconstructionareinterleaved. Thatis,bothactivitiesshouldbe
performedintandemsothatdesignmodelsareprovenastheyarecreated.Itisdifficulttopredict
howmuchdesignisnecessarybeforeconstructionisusedtoprovethedesign.

[3] Analysis,design,construction,andtestingarenotaspredictableaswemightlike.

Agility Principles:

Ourhighestpriorityistosatisfythecustomerthroughearlyandcontinuousdeliveryofvaluablesoftware.
Welcomechangingrequirements,evenlateindevelopment.
Deliverworkingsoftwarefrequently,fromacoupleofweekstoacoupleofmonths,withapreferenceto the
shortertimescale.
Businesspeopleanddevelopersmustworktogetherdailythroughouttheproject.

5 Build projects around motivated individuals. Give them the environment and support they need,and
trustthemtogetthejobdone.

6 Themostefficientandeffectivemethodofconveyinginformationtoandwithinadevelopmentteamis face-to-
faceconversation.

7 Workingsoftwareistheprimarymeasureofprogress.
Agileprocessespromotesustainabledevelopment. Thesponsors,developers,andusersshouldbeable
tomaintainaconstantpaceindefinitely.

9 Continuousattentiontotechnicalexcellenceandgooddesignenhancesagility.

10 Simplicity—theartofmaximizingtheamountofworknotdone—isessential.

11 Thebestarchitectures,requirements,anddesignsemergefromself—organizingteams.

12 Atregularintervals,theteamreflectsonhowtobecomemoreeffective,thentunesandadjustsits behavioraccordingly.

Agile Process Models:

Extreme Programming(XP)
AdaptiveSoftwareDevelopment(ASD)
DynamicSystemsDevelopmentMethod(DSDM)
Scrum

Crystal

Feature Driven Development(FDD)

Agile Modeling(AM)

N Y O B B

17
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(2) ExtremeProgramming

71 Itismostwidelyusedagileprocessmodel.
"1 XPusesanobject-orientedapproachasitspreferreddevelopmentparadigm.
7 Ttdefinesfour(4)frameworkactivitiesPlanning,Design,Coding,andTesting.

simple design spike solutions
CRC cargs profolypes
user sfories
valves
acceptance fest criteria
iterafion plan

refactoring

pair programming

Release ;
software increment | i tesk ; ’
project velocity computed | | continuous infegration
II

acce pTon'ce testing

Figure: Extreme Programming Process
Planning:

Beginswiththecreationofasetofstories(alsocalleduserstories)
Eachstoryiswrittenbythecustomerandisplacedonanindexcard
Thecustomerassignsavalue(i.e.apriority)tothestory
Agileteamassesseseachstoryandassignsacost
Storiesaregroupedtoforadeliverableincrement
Acommitmentismadeondeliverydate

N I Y Y O B O

After the first increment “project velocity” is used to help define subsequent delivery dates forother increments

Design:

Followsthekeepitsimpleprinciple

Encouragetheuseof CRC(class-responsibility-collaborator)cards
Fordifficultdesignproblems,suggeststhecreationof™spikesolutions”—adesignprototype
Encourages‘‘refactoring”—aniterativerefinementoftheinternalprogramdesign
Designoccursbothbeforeandaftercodingcommences

0 O O I O

Coding:

'] Recommendstheconstructionofaseriesofunittestsforeachofthestoriesbeforecodingcommences
'] Encourages “pairprogramming”

— Developers work in pairs, checking each other's work and providing the support to always

do a good job.
— Mechanismforreal-timeproblemsolvingandreal-timequalityassurance
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— Keepsthedevelopersfocusedontheproblemathand
"1 Needscontinuousintegrationwithotherportions(stories)ofthes/w,whichprovidesa“smoketesting” environment

Testing:

] Unit tests should be implemented using a framework to make testing automated. This encourages a regression
testingstrategy.

1 Integrationandvalidationtestingcanoccuronadailybasis

'] Acceptance tests, also called customer tests, are specified by the customer and executed to assess customer
visiblefunctionality

'] Acceptancetestsarederivedfromuserstories

Adaptive SoftwareDevelopment (ASD)

AdaptiveSoftwareDevelopment(ASD)isatechniqueforbuildingcomplexsoftwareandsystems.
ASDfocusonhumancollaborationandteamself-organization.
ASD incorporates three phases Speculation, Collaboration, and Learning.

adaptive cycle planning Requirements gathering
Speculation: mission statement JAD
project constraints mini-specs
basic requirements H".

time-boxed release plan

\

Release

software increment
adjustments for subsequent cycles

components implemented/tested
focus groups for feedback
formal technical reviews
postmortems

Figure: Adaptive Software Development

'] “Speculate” refers to the planning paradox—outcomes are unpredictable, therefore, endless
suppositionsonaproduct’slookandfeelarenotlikelytoleadtoanybusinessvalue.

1 Thebigideabehindspeculateiswhenweplanaproducttoitssmallestdetailasinarequirementsup
frontWaterfallvariant,weproducetheproductweintendandnottheproductthecustomerneeds.

'] IntheASDmindset,planningistospeculationasintentionistoneed.

Collaboration:

1 Collaboration represents a balance between managing the doing and creating and maintaining the
collaborativeenvironment.”
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1 Speculationsayswecan’tpredictoutcomes.Ifwecan’tpredictoutcomes,wecan’tplan.Ifwecantplan,
traditionalprojectmanagementtheorysuffers.

'] Collaboration weights speculation in that a project manager plans the work between the predictable
partsoftheenvironmentandadaptstotheuncertaintiesofvariousfactors—stakeholders,requirements,
softwarevendors,technology,etc.

Learning:

'] “Learning”cycleschallengeallstakeholdersandprojectteammembers.

] Basedonshortiterationsofdesign,buildandtesting, knowledgeaccumulatesfromthesmallmistakes
wemakeduetofalseassumptions,poorlystatedorambiguousrequirementsormisunderstandingthe stakeholders needs.

"1 Correcting those mistakes through shared learning cycles leads to greater positive experience and
eventualmasteryoftheproblemdomain.

Dynamic Systems Development Methods (DSDM)

'] TheDynamicSystemsDevelopmentMethodisanagilesoftwaredevelopmentapproachthat“providesa
frameworkforbuildingandmaintainingsystemswhichmeettighttimeconstraintsthroughtheuseof
incrementalprototypinginacontrolledprojectenvironment”

"1 DSDMisaniterativesoftwareprocessinwhicheachiterationfollowsthe80percentrule.

Thatis,onlyenoughworkisrequiredforeachincrementtofacilitatemovementtothenextincrement.

J

] Theremainingdetailcanbecompletedlaterwhenmorebusinessrequirementsareknownorchanges
havebeenrequestedandaccommodated.
DSDMlifecyclethatdefinesthreedifferentiterativecycles,precededbytwoadditionallifecycleactivities: Feasibility study—
establishes the basic business requirements and constraints associated with the
applicationtobebuiltandthenassesseswhethertheapplicationisaviablecandidatefortheDSDMprocess. Businessstudy—
establishesthefunctionalandinformationrequirementsthatwillallowtheapplicationto provide business value; also, defines the
basic application architecture and identifies themaintainability requirements for theapplication.
Functionalmodeliteration—producesasetofincrementalprototypesthatdemonstratefunctionalityforthe customer.
Design and build iteration—revisits prototypes built during functional model iteration to ensure that each
hasbeenengineeredinamannerthatwillenableittoprovideoperationalbusinessvalueforendusers.
Implementation—places the latest software increment into the operational environment.

"1 DSDMcanbecombinedwithXPtoprovideacombinationapproachthatdefinesasolidprocessmodel (the DSDM life
cycle) with the nuts and bolts practices (XP) that are required to build software increments.
1 Inaddition,theASDconceptsofcollaborationandself-organizingteamscanbeadaptedtoacombined processmodel.

Scrum

1 Scrumprinciplesareconsistentwiththeagilemanifestoandareusedtoguidedevelopmentactivities within a process that
incorporates the five framework activities: requirements, analysis, design, evolution, anddelivery.
'] Withineachframeworkactivity,worktasksoccurwithinaprocesspatterncalledasprint.
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Theworkconductedwithinasprint(thenumberofsprintsrequiredforeachframeworkactivitywillvary
dependingonproductcomplexityandsize)isadaptedtotheproblemathandandisdefinedandoften
modifiedinrealtimebytheScrumteam.
Scrumemphasizestheuseofasetofsoftwareprocesspatternsthathaveproveneffectiveforprojects
withtighttimelines,changingrequirements,andbusinesscriticality.
Eachoftheseprocesspatternsdefinesasetofdevelopmentactions: Backlog—aprioritizedlistofproject
requirementsorfeaturesthatprovidebusinessvalueforthecustomer.
Itemscanbeaddedtothebacklogatanytime(thisishowchangesareintroduced).
Theproductmanagerassessesthebacklogandupdatesprioritiesasrequired.

Crystal

[

TheCrystalmethodologyisoneofthemostlightweight,adaptableapproachestosoftwaredevelopment.
CrystalisactuallycomprisedofafamilyofagilemethodologiessuchasCrystalClear,Crystal Yellow,
CrystalOrangeandothers,whoseuniquecharacteristicsaredrivenbyseveralfactorssuchasteamsize,
systemcriticality,andprojectpriorities.
ThisCrystalfamilyaddressestherealizationthateachprojectmayrequireaslightlytailoredsetof
policies,practices,andprocessesinordertomeettheprojectsuniquecharacteristics.
SeveralofthekeytenetsofCrystalincludeteamwork,communication,andsimplicity,aswellas
reflectiontofrequentlyadjustandimprovetheprocess.
Likeotheragileprocessmethodologies,Crystalpromotesearly, frequentdeliveryofworkingsoftware,
highuserinvolvement,adaptability,andtheremovalofbureaucracyordistractions.

Feature Driven Development(FDD)

N O O R O

| I
Develop Build Pl Desi
= F vild @ ch eE:.lgn
Overall [ "eciures 4 Y
Madal List Feature Feature
L e} S e —_F
| | I~
| L
[more shape A list of features A development plan A design Completed
than content] ~ grouped into sets  Class owners ackage client-value
and subject areas  Feature Set Owners il:;::,-qunann«n:t:,-s] function

Figure: Feature Driven Development Model

FDDisamodel-driven,short-iterationprocess.

Itbeginswithestablishinganoverallmodelshape.
Thenitcontinueswithaseriesoftwo-week“designbyfeature,buildbyfeature”iterations.
Thefeaturesaresmall, “usefulintheeyesoftheclient results.
FDDdesignstherestofthedevelopmentprocessaroundfeaturedeliveryusingthefollowingeight practices:
— Domain ObjectModeling

— Developing byFeature

— Component/ClassOwnership
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— FeatureTeams
— Inspections
— ConfigurationManagement
— RegularBuilds
— Visibilityofprogressandresults
'] FDD recommends specific programmer practices such as “Regular Builds” and “Component/Class Ownership”.
1 Unlike other agile methods, FDD describes specific, very short phases of work, which are to be
accomplished separately perfeature.
] TheseincludeDomainWalkthrough,Design,DesignInspection,Code,Codelnspection,andPromoteto Build.

Agile Modeling (AM)

'l AgileModeling(AM)isapractice-basedmethodologyforeffectivemodelinganddocumentationof software-
basedsystems.

1 Simplyput,AgileModeling(AM)isacollectionofvalues,principles,andpracticesformodelingsoftware
thatcanbeappliedonasoftwaredevelopmentprojectinaneffectiveandlight-weightmanner.

'] AlthoughAMsuggestsawidearrayof*‘core”and*supplementary”’modelingprinciples,thosethatmake AM uniqueare:

Usemultiplemodels. Therearemanydifferentmodelsandnotationsthatcanbeusedtodescribesoftware.

AMsuggeststhattoprovideneededinsight,eachmodelshouldpresentadifferentaspectofthesystemand

onlythosemodelsthatprovidevaluetotheirintendedaudienceshouldbeused.

Travel light. As software engineering work proceeds, keep only those models that will provide long-term value and

jettison the rest.

Content is more important than representation. Modeling should impart information to its intended

audience.Asyntacticallyperfectmodelthatimpartslittleusefulcontentisnotasvaluableasamodelwith

flawednotationthatneverthelessprovidesvaluablecontentforitsaudience.

Knowthemodelsandthetoolsyouusetocreatethem.Understandthestrengthsandweaknessesofeach

modelandthetoolsthatareusedtocreateit.

Adapt locally. The modeling approach should be adapted to the needs of the agile team.
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(1) SoftwareMetrics

Terminologies

'] Measure:Quantitativeindicationoftheextent,amount,dimension,orsizeofsomeattributeofa product orprocess.
'] Metrics: Thedegreetowhichasystem,component,orprocesspossessesagivenattribute.Relates
severalmeasures(e.g.averagenumberoferrorsfoundperpersonhour)

Indicators: Acombinationofmetricsthatprovidesinsightintothesoftwareprocess,projectorproduct
DirectMetrics:Immediatelymeasurableattributes(e.g.lineofcode,executionspeed,defectsreported)
IndirectMetrics: Aspectsthatarenotimmediatelyquantifiable(e.g.functionality,quantity,reliability)

Faults:

— Errors:Faultsfoundbythepractitionersduringsoftwaredevelopment

(0 I O B O

— Defects:Faultsfoundbythecustomersafterrelease
Metric Classification

'] Processes
— Activitiesrelatedtoproductionofsoftware

"1 Products
—  Explicitresultsofsoftwaredevelopmentactivities.
— Deliverables,documentation,byproducts

'] Project
— Inputsintothesoftwaredevelopmentactivities
— hardware, knowledge,people

Process Metrics

'] Processmetricsarecollectedacrossallprojectsandoverlongperiodsoftime. Theirintentistoprovidea
setofprocessindicatorsthatleadtolong-termsoftwareprocessimprovement.

'] Focusonqualityachievedasaconsequenceofarepeatableormanagedprocess.

] StrategicandLongTerm.

] Statistical Software Process Improvement (SSPI).

ErrorCategorizationand Analysis:

— Allerrorsanddefectsarecategorizedbyorigin

— Thecosttocorrecteacherroranddefectisrecorded

— Thenumberoferrorsanddefectsineachcategoryiscomputed

— Dataisanalyzedtofindcategoriesthatresultinthehighestcosttotheorganization
— Plansaredevelopedtomodifytheprocess

Project Metrics

1 Projectmetricsenableasoftwareprojectmanagertoassessthestatusofanongoingproject,track
potentialrisks,uncoverproblemareasbeforetheygo‘“critical, "adjustworkflowortasks,andevaluate
theprojectteam’sabilitytocontrolqualityofsoftwareworkproducts.

1 Projectmetricsonmostsoftwareprojectsoccursduringestimation.

"1 Metricscollectedfrompastprojectsareusedasabasisfromwhicheffortandtimeestimatesaremade for current
softwarework.
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1 Productionratesrepresentedintermsofmodelscreated,reviewhours, functionpoints,anddelivered source lines

aremeasured.

] Thesemetricsareusedtominimizethedevelopmentschedulebymakingtheadjustmentsnecessaryto

avoiddelaysandmitigatepotentialproblemsandrisks.

'] Projectmetricsareusedtoassessproductqualityonanongoingbasisand, whennecessary,modifythe
technicalapproachtoimprovequality.

Product Metrics

"1 Focusonthequalityofdeliverables

"1 Productmetricsarecombinedacrossseveralprojectstoproduceprocessmetrics

"1 Metricsfortheproduct:

Measuresofthe AnalysisModel
ComplexityoftheDesignModel
Internal algorithmiccomplexity
Architecturalcomplexity

Data flowcomplexity
Codemetrics

(2) SoftwareMeasurement

"1 DirectMeasures(internalattributes)

Cost,effort, LOC,speed,memory

" Indirect Measures(external attributes)

Functionality,quality,complexity,efficiency,reliability, maintainability

Size Oriented metrics

] Size-oriented software metrics are derived by normalizing quality and/or productivity measures by

consideringthesizeofthesoftwarethathasbeenproduced.

] simplesize-orientedmetricsforeachproject:

ErrorsperKLOC(thousandlinesofcode)
Defects perKLOC

$ perKLOC
PagesofdocumentationperKLOC
Errors perperson-month

KLOC perperson-month
$perpageofdocumentation

Function-Oriented metrics

" Function-orientedsoftwaremetricsuseameasureofthefunctionalitydeliveredbytheapplicationasa normalizationvalue.

"1 Themostwidelyusedfunction-orientedmetricisthefunctionpoint(FP).
1 Computationofthefunctionpointisbasedoncharacteristicsofthesoftware’sinformationdomainand complexity.
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Object-Oriented Metrics

'] Object-Oriented Metrics Conventional software project metrics (LOC or FP) can be used to estimate object-
oriented softwareprojects.

"1 However,thesemetricsdonotprovideenoughgranularityforthescheduleandeffortadjustmentsthat
arerequiredasyouiteratethroughanevolutionaryorincrementalprocess.

Use-Case—Oriented Metrics

1 LikeFP,theusecaseisdefinedearlyinthesoftwareprocess,allowingittobeusedforestimationbefore
significantmodelingandconstructionactivitiesareinitiated.

1 Usecasesdescribe(indirectly,atleast)user-visiblefunctionsandfeaturesthatarebasicrequirementsfor
asystem.Theusecaseisindependentofprogramminglanguage.

] Becauseusecasescanbecreatedatvastlydifferentlevelsofabstraction, thereisnostandard*“size”fora usecase.

] Withoutastandardmeasureofwhatausecaseis, itsapplicationasanormalizationmeasure(e.g.,effort
expendedperusecase)issuspect.

(3) Function PointMetrics

] Functionpointmetricsprovideastandardizedmethodformeasuringthevariousfunctionsofasoftware application.
1 Functionpointmetrics,measurefunctionalityfromtheuser’spointofview,thatis,onthebasisofwhat
theuserrequestsandreceivesinreturn.

Information domain values:

"1 Numberofuserinputs—Distinctinputfromuser
Numberofuseroutputs—Reports,screens,errormessages,etc.
Numberofuserinquiries—Onlineinputthatgeneratessomeresult
Numberoffiles—Logicalfile(database)
Numberofexternalinterfaces—Datafiles/connectionsasinterfacetoothersystems

(I R I A I B I

FormulatocountFPis
FP = Total Count * [0.65 + 0.01*) (Fi)]

Where, Totalcountisallthecountstimesaweightingfactorthatisdeterminedforeachorganizationvia
empiricaldata.Fi(i=1to14)arecomplexityadjustmentvalues.

Information Weighting factor
Domain Value Count Simple Average Complex
External Inputs (Els) m X 3 4 6 =
External Outputs (EOs) EEEy < 4 5 rZ
External Inquiries (EQs) [: X 3 4 6 =
Internal Logical Files {ILFs) L] X 7 10 153 =
External Interface Files (EIFs) |: % 5 7 10 =

Count total >

~ Looooo
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Value Adjustment Factors (Fi):

F1. Data Communication

F4. Heavily Used Configuration
F7. End-User Efficiency

F10. Reusability

F13. Multiple Sites

Example:

A simple example:

inputs

3simple X3=9

4 average X 4 =16

1 complex X 6 =6
outputs

6averageX5=30

2complexX7=14
files

ScomplexX15=75
inquiries

8 average X 4 =32
interfaces

3 average X 7 =21

4 complexX10=40Un

adjusted function points243
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F2. Distributed Data Processing
F5. Transaction Role

F8. Online Update

F11. Installation Ease

F14. Facilitate Change

F09.Complexinternalprocessing =3
F10.Codetobereusable =2
F03.Highperformance =4
F13.Multiplesites =3

F02.Distributedprocessing
Projectadjustmentfactor

Adjustmentcalculation:

Adjusted FP = Unadjusted FP X [0.65 + (adjustment factor X 0.01)]

=3
=M

X [0.65 + ( 17
X [0.82]

X0.01)]

= 199.26Adjustedfunctionpoints

F3. Performance
F6. Online Data Entry
F9. Complex Processing

F12. Operational Ease
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(4) Software ProjectEstimation

o Softwareprojectestimationisaformofproblemsolving,andinmostcases,theproblemtobesolved
(i.e.,developingacostandeffortestimateforasoftwareproject)istoocomplextobeconsideredinone piece.

¢ Estimationofresources,cost,andscheduleforasoftwareengineeringeffortrequiresexperience,access to good historical
information ~ (metrics), and the courage to commit to  quantitative  predictionswhen
qualitativeinformationisallthatexists.

o Softwareprojectestimationisaformofproblemsolving,andinmostcases,theproblemtobesolvedis
toocomplextobeconsideredinonepiece.

o Forthisreason,youshoulddecomposetheproblem,characterizingitasasetofsmaller(andhopefully, more
manageable)problems.

Software Sizing

“Fuzzy logic” sizing:

o Thisapproachusestheapproximatereasoningtechniquesthatarethecornerstoneoffuzzylogic.

o Toapplythisapproach,theplannermustidentifythetypeofapplication,establishitsmagnitudeona
qualitativescale,andthenrefinethemagnitudewithintheoriginalrange.

Function point sizing:

e Theplannerdevelopsestimatesoftheinformationdomaincharacteristics.

Standard component sizing:

o Softwareiscomposedofanumberofdifferent“standardcomponents”thataregenerictoaparticular applicationarea.

Change sizing:

¢ Thisapproachisusedwhenaprojectencompassestheuseofexistingsoftwarethatmustbemodifiedin
somewayaspartofaproject.

e Theplannerestimatesthenumberandtype(e.g.,reuse,addingcode,changingcode,anddeletingcode)
ofmodificationsthatmustbeaccomplished.

Problem-Based Estimation

o Startwithaboundedstatementofscope

e Decomposethesoftwareintoproblemfunctionsthatcaneachbeestimatedindividually

e ComputeanLOCorFPvalueforeachfunction

e DerivecostoreffortestimatesbyapplyingtheLOCorFPvaluestoyourbaselineproductivitymetrics (e.g.,LOC/person-
monthorFP/person-month)

¢ Combinefunctionestimatestoproduceanoverallestimatefortheentireproject
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(5) COCOMOModel(EmpiricalProcessModel)

o StandsforConstructiveCostModel

o Aswithallestimationmodels, itrequiressizinginformationandacceptsitinthreeforms:objectpoints,
functionpoints,andlinesofsourcecode

e Application composition model - Used during the early stages of software engineering when the following
areimportant
—  Prototypingofuserinterfaces
— Considerationofsoftwareandsysteminteraction
— Assessment ofperformance
— Evaluationoftechnologymaturity

o Earlydesignstagemodel-Usedoncerequirementshavebeenstabilizedandbasicsoftwarearchitecture has
beenestablished

¢ Post-architecturestagemodel-Usedduringtheconstructionofthesoftware

Organic, Semidetached and Embedded software projects

¢ Organic:Adevelopmentprojectcanbeconsideredoforganictype,iftheprojectdealswithdevelopinga well understood
application  program, the size of the development team is reasonably small, andthe
teammembersareexperiencedindevelopingsimilartypesofprojects.

e Semidetached: A development project can be considered of semidetached type, if the development
consistsofamixtureofexperiencedandinexperiencedstaff. Teammembersmayhavelimited
experienceonrelatedsystemsbutmaybeunfamiliarwithsomeaspectsofthesystembeingdeveloped.

e Embedded: A development project is considered to be of embedded type, if the software being
developedisstronglycoupledtocomplexhardware,orifthestringentregulationsontheoperational proceduresexist.

The basic COCOMO model gives an approximate estimate of the project parameters. The basic COCOMO estimation model

is given by following expressions:

Effort=al x (KLOC)212 PM (person Month)

Time of Development = b1 x (Effort) 52 Months
Where, a1,a2,b1,b2 are constants for each category of software products
Estimation of Effort

Organic:Effort = 2.4 (KLOC) 105 pp
Semi-detached:Effort=3.0(KLOC)!-12pM

Embedded:Effort=3.6(KLOC)!-2%pM
Estimation Time ofDevelopment
Organic: TimeofDevelopment=2.S(Effort)o'3 8 Months

Semi-detached:TimeofDevelopment=2.5(Effort)0'35 Months
Embedded: Time0fDevelopment=2.5(Effort)0'32 Months
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Example:

Assumethatthesizeofanorganics/wproducthasbeenestimatedtobe32,000linesofsourcecode.
AssumethattheaveragesalaryofsoftwarebeRs. 15,000/-month.Determinetheeffortrequiredtodevelop
thesoftwareproductandthenominaldevelopmenttime.

Effort=2.4x (32) 199 =91 pM

Timeofdevelopment=2.5x(91)0'38=14m0nths
Cost=14x15,000=Rs.2,10,000/-

(6) Software ProjectPlanning

o Theobjectiveofsoftwareprojectplanningistoprovideaframeworkthatenablesthemanagertomake
reasonableestimatesofresources,cost,andschedule.

¢ Inaddition,estimatesshouldattempttodefinebest-caseandworst-casescenariossothatproject
outcomescanbebounded. Althoughthereisaninherentdegreeofuncertainty,thesoftwareteam
embarksonaplanthathasbeenestablishedasaconsequenceofthesetasks.

o Therefore,theplanmustbeadaptedandupdatedastheprojectproceeds.

Task Set for Project Planning

1. Establish projectscope.
2. Determinefeasibility.
3. Analyzerisks.
4. Define requiredresources.
a. Determine required humanresources.
b. Define reusable softwareresources.
¢. Identify environmentalresources.
5. Estimate cost andeffort.
a. Decompose theproblem.
b. Developtwoormoreestimatesusingsize,functionpoints,processtasks,orusecases.
¢. Reconcile theestimates.
6. Developaprojectschedule.
a. Establishameaningfultaskset.
b. Define a tasknetwork.
¢. Useschedulingtoolstodevelopatime-linechart.
d. Definescheduletrackingmechanisms.
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(7) ProjectScheduling

o Software project scheduling is an action that distributes estimated effort across the planned project
durationbyallocatingtheefforttospecificsoftwareengineeringtasks.

e Itisimportanttonote,however,thatthescheduleevolvesovertime.

e Duringearlystagesofprojectplanning,amacroscopicscheduleisdeveloped.

o Thistypeofscheduleidentifiesallmajorprocessframeworkactivitiesandtheproductfunctionstowhich they areapplied.

Scheduling Principles

e Compartmentalization

The product and process must be decomposed into a manageable number of activities and tasks
e Interdependency
Tasks that can be completed in parallel must be separated from those that must completed serially
o Timeallocation
Every task has start and completion dates that take the task interdependencies into account
o Effortvalidation
Projectmanagermustensurethatonanygivendaythereareenoughstaffmembersassignedto

completedthetaskswithinthetimeestimatedintheprojectplan
e DefinedResponsibilities

Every scheduled task needs to be assigned to a specific team member
e Definedoutcomes

Every task in the schedule needs to have a defined outcome (usually a work product or deliverable)
e Definedmilestones

A milestone is accomplished when one or more work products from an engineering task have passed quality review

Scheduling

¢  Schedulingofasoftwareprojectdoesnotdiffergreatlyfromschedulingofanymultitaskengineering effort.

o Therefore,generalizedprojectschedulingtoolsandtechniquescanbeappliedwithlittlemodificationfor
softwareprojects.

e Program evaluation and review technique (PERT) and the critical path method (CPM) are two project
schedulingmethodsthatcanbeappliedtosoftwaredevelopment.

¢ Bothtechniquesaredrivenbyinformationalreadydevelopedinearlierprojectplanningactivities:
estimatesofeffort,adecompositionoftheproductfunction,theselectionoftheappropriateprocess
modelandtaskset,anddecompositionofthetasksthatareselected.

¢ BothPERTandCPMprovidequantitativetoolsthatallowyouto
(1) Determinethecriticalpath—thechainoftasksthatdeterminesthedurationoftheproject
(2) Establish“mostlikely”timeestimatesforindividualtasksbyapplyingstatisticalmodels
(3) Calculate“boundarytimes”thatdefineatime*“window”foraparticulartask.
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(8) ProjectTracking

Theprojectscheduleprovidesaroadmapforasoftwareprojectmanager.
[tdefinesthetasksandmilestones.
Severalwaystotrackaprojectschedule:

— conductingperiodicprojectstatusmeeting

evaluatingthereviewresultsinthesoftwareprocess

determineifformalprojectmilestoneshavebeenaccomplished
compareactualstartdatetoplannedstartdateforeachtask

informalmeetingwithpractitioners
Projectmanagertakesthecontrolofthescheduleintheaspectsof:
— projectstaffing

—  projectproblems

—  projectresources

—  reviews

— projectbudget

(9) RiskManagement

Ariskisapotentialproblem—itmighthappenanditmightnot

Conceptualdefinitionofrisk

— Riskconcernsfuturehappenings

— Riskinvolveschangeinmind,opinion,actions,places,etc.

— Riskinvolveschoiceandtheuncertaintythatchoiceentails

Twocharacteristicsofrisk

Uncertainty—theriskmayormaynothappen,thatis,thereareno100%risks(those, instead,arecalled constraints)
Loss — the risk becomes a reality and unwanted consequences or losses occur

Categories of risk

Projectrisks

— Theythreatentheprojectplan

— Iftheybecomereal,itislikelythattheprojectschedulewillslipandthatcostswillincrease

Technicalrisks

—  Theythreatenthequalityandtimelinessofthesoftwaretobeproduced

—  Iftheybecomereal,implementationmaybecomedifficultorimpossible

Businessrisks

— Theythreatenthefeasibilityofthesoftwaretobebuilt

— Iftheybecomereal,theythreatentheprojectortheproduct

Knownrisks

— Thoserisksthatcanbeuncoveredaftercarefulevaluationoftheprojectplan,thebusinessand
technicalenvironmentinwhichtheprojectisbeingdeveloped,andotherreliableinformation
sources(e.g.,unrealisticdeliverydate)

Predictablerisks

— Thoserisksthatarededucedfrompastprojectexperience(e.g.,pastturnover)

Unpredictablerisks

— Thoserisksthatcananddooccur,butareextremelydifficulttoidentifyinadvance
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Sub-Categories of risk

Marketrisk—buildinganexcellentproductorsystemthatnoonereallywants
Strategicrisk—buildingaproductthatnolongerfitsintotheoverallbusinessstrategyforthecompany
Salesrisk—buildingaproductthatthesalesforcedoesn'tunderstandhowtosell
Managementrisk—losingthesupportofseniormanagementduetoachangeinfocusorachangein people
Budgetrisk—losingbudgetaryorpersonnelcommitment

Risk Identification

Onemethodforidentifyingrisksistocreateariskitemchecklist.
Thechecklistcanbeusedforriskidentificationandfocusesonsomesubsetofknownandpredictable
risksinthefollowinggenericsubcategories:
Productsize—risksassociatedwiththeoverallsizeofthesoftwaretobebuiltormodified.
Businessimpact—risksassociatedwithconstraintsimposedbymanagementorthemarketplace.
Stakeholdercharacteristics—risksassociatedwiththesophisticationofthestakeholdersandthe
developer’sabilitytocommunicatewithstakeholdersinatimelymanner.
Processdefinition—risksassociatedwiththedegreetowhichthesoftwareprocesshasbeendefinedand
isfollowedbythedevelopmentorganization.
Developmentenvironment—risksassociatedwiththeavailabilityandqualityofthetoolstobeusedto build theproduct.
Technologytobebuilt—risksassociatedwiththecomplexityofthesystemtobebuiltandthe“newness”
ofthetechnologythatispackagedbythesystem.

Staff size and experience—risks associated with the overall technical and project experience of the
softwareengineerswhowilldothework.

(10) RiskEstimation/RiskProjection

Risk Projection Steps

Establishascalethatreflectstheperceivedlikelihoodofarisk(e.g.,1-low,10-high)
Explaintheconsequencesoftherisk
Estimatetheimpactoftheriskontheprojectandproduct
Notetheoverallaccuracyoftheriskprojectionsothattherewillbenomisunderstandings

Risk Mitigation, Monitoring, and Management

Riskmitigation(proactiveplanningforriskavoidance)
Riskmonitoring(assessingwhetherpredictedrisksoccurornot,ensuringriskaversionstepsarebeing
properlyapplied,collectinformationforfutureriskanalysis,attempttodeterminewhichriskscaused whichproblems)
Riskmanagementandcontingencyplanning(actionstobetakenintheeventthatmitigationstepshave
failedandtheriskhasbecomealiveproblem)
Thegoaloftheriskmitigation,monitoringandmanagementplanistoidentifyasmanypotentialrisksas possible.
Whenallriskshavebeenidentified,theywillthenbeevaluatedtodeterminetheirprobabilityof occurrence,
Planswillthenbemadetoavoideachrisk,totrackeachrisktodetermineifitismoreorlesslikelyto
occur,andtoplanforthoserisksshouldtheyoccur.
Itistheorganization’sresponsibilitytoperformriskmitigation,monitoring,andmanagementinorderto

32



Unit-3 -Managing SoftwareProject

produce a quality product.

e Thequickertheriskscanbeidentifiedandavoided,thesmallerthechancesothavingtofacethat particular
risk’sconsequence.

o ThefewerconsequencessufferedasaresultofgoodRMMMplan,thebettertheproduct,andthe smoother the
developmentprocess.

Risk Mitigation

o Tomitigatethisrisk,youwoulddevelopastrategyforreducingturnover. Amongthepossiblestepstobe takenare:

e Meetwithcurrentstafftodeterminecausesforturnover(e.g.,poorworkingconditions,lowpay,and competitive
jobmarket).

e Mitigatethosecausesthatareunderyourcontrolbeforetheprojectstarts.

¢ Oncetheprojectcommences,assumeturnoverwilloccuranddeveloptechniquestoensurecontinuity when peopleleave.

¢ Organizeprojectteamssothatinformationabouteachdevelopmentactivityiswidelydispersed.

¢ Defineworkproductstandardsandestablishmechanismstobesurethatallmodelsanddocumentsare
developedinatimelymanner.

¢ Conductpeerreviewsofallwork(sothatmorethanonepersonis‘“uptospeed”).

o  Assignabackupstaffmemberforeverycriticaltechnologist.

Risk Monitoring

e Theprojectmanagermonitorsfactorsthatmayprovideanindicationofwhethertheriskisbecoming more or lesslikely.

o Inthecaseofhighstaffturnover,thegeneralattitudeofteammembersbasedonprojectpressures,the
degreetowhichtheteamhasjelled,inter-personalrelationshipsamongteammembers,potential
problemswithcompensationandbenefits,andtheavailabilityofjobswithinthecompanyandoutsideit are allmonitored.

¢ Inadditiontomonitoringthesefactors,aprojectmanagershouldmonitortheeffectivenessofrisk mitigationsteps.

e Theprojectmanagershouldmonitorworkproductscarefullytoensurethateachcanstandonitsown
andthateachimpartsinformationthatwouldbenecessaryifanewcomerwereforcedtojointhe
softwareteamsomewhereinthemiddleoftheproject.

Risk Management

¢ Riskmanagementandcontingencyplanningassumesthatmitigationeffortshavefailedandthattherisk has become
areality.

o I[fthemitigationstrategyhasbeenfollowed,backupisavailable,informationisdocumented,and
knowledgehasbeendispersedacrosstheteam.

¢ Inaddition,youcantemporarilyrefocusresources(andreadjusttheprojectschedule)tothosefunctions
thatarefullystaffed,enablingnewcomerswhomustbeaddedtotheteamto®getuptospeed.”Those
individualswhoareleavingareaskedtostopallworkandspendtheirlastweeksin“knowledgetransfer mode.”
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(11) TheWSHHPrincipleforProjectManagement

Boehm suggests an approach that addresses project objectives, milestones and schedules,
responsibilities,managementandtechnicalapproaches,andrequiredresources.

He calls it the W’HH Principle, after a series of questions that lead to a definition of keyproject
characteristicsandtheresultantprojectplan
WS5HHPrincipleisapplicableregardlessofthesizeorcomplexityofasoftwareproject.
Thequestionsnotedprovideyouandyourteamwithanexcellentplanningoutline.
Whyisthesystembeingdeveloped? Allstakeholdersshouldassessthevalidityofbusinessreasonsfor
thesoftwarework.Doesthebusinesspurposejustifytheexpenditureofpeople,time,andmoney?
Whatwillbedone? Thetasksetrequiredfortheprojectisdefined.
Whenwillitbedone?Theteamestablishesaprojectschedulebyidentifyingwhenprojecttasksaretobe
conductedandwhenmilestonesaretobereached.

Whoisresponsibleforafunction? Theroleandresponsibilityofeachmemberofthesoftwareteamis defined.
Wherearetheylocatedorganizationally?Notallrolesandresponsibilitiesresidewithinsoftware
practitioners. Thecustomer,users,andotherstakeholdersalsohaveresponsibilities.

How will the job be done technically and managerially? Once product scope is established,a
managementandtechnicalstrategyfortheprojectmustbedefined.
Howmuchofeachresourceisneeded? Theanswertothisquestionisderivedbydevelopingestimates
basedonanswerstoearlierquestions.
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(1) Requirement EngineeringProcess

Requirement Engineering means that requirements for a product are defined, managed and tested systematically.
Requirementsengineeringbuildsabridgetodesignandconstruction.
Requirementsengineeringprovidestheappropriatemechanismforunderstandingwhatthecustomer
wants,analyzingneed,assessingfeasibility,negotiatingareasonablesolution,specifyingthesolution
unambiguously,validatingthespecification,andmanagingtherequirementsastheyaretransformed into an
operationalsystem.

Requirement Engineering Tasks

Inception

—  Establishabasicunderstandingoftheproblemandthenatureofthesolution.

— Inprojectinception,youestablishabasicunderstandingoftheproblem,thepeoplewhowanta
solution,thenatureofthesolutionthatisdesired,andtheeffectivenessofpreliminary
communicationandcollaborationbetweentheotherstakeholdersandthesoftwareteam.

Elicitation

—  Drawouttherequirementsfromstakeholders.

—  Numberofproblemsthatareencounteredaselicitationoccursareproblemsofscope,problemsof
understanding,problemsofvolatility

Elaboration (Highlystructured)

—  Create an analysis model that represents information, functional, and behavioral aspects of the requirements.

—  Elaborationisdrivenbythecreationandrefinementofuserscenariosthatdescribehowtheend
user(andotheractors)willinteractwiththesystem.

—  Eachuserscenarioisparsedtoextractanalysisclasses—businessdomainentitiesthatarevisibleto the enduser.

—  Theattributesofeachanalysisclassaredefined,andtheservicesthatarerequiredbyeachclassare identified.

—  Therelationshipsandcollaborationbetweenclassesareidentified,andavarietyofsupplementary diagrams
areproduced.

Negotiation

—  Agreeonadeliverablesystemthatisrealisticfordevelopersandcustomers.

—  Thebestnegotiationsstrivefora“win-win”result.

—  Thatis,stakeholderswinbygettingthesystemorproductthatsatisfiesthemajorityoftheirneeds
andyou(asamemberofthesoftwareteam)winbyworkingtorealisticandachievablebudgetsand deadlines.

— activitiesinnegotiationare:

— Identificationofthesystemorsubsystem’skeystakeholders.

—  Determinationofthestakeholders’“winconditions.”

—  Negotiationofthestakeholders’winconditionstoreconcilethemintoasetofwin-winconditions
forallconcerned(includingthesoftwareteam).

Specification

—  Describetherequirementsformallyorinformally.

—  Aspecificationcanbeawrittendocument,asetofgraphicalmodels,aformalmathematicalmodel,
andacollectionofusagescenarios,aprototype,oranycombinationofthese.
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e Validation

—  Reviewtherequirementspecificationforerrors,ambiguities,omissions,andconflicts.

—  Requirementsvalidationexaminesthespecificationtoensurethatallsoftwarerequirementshave
beenstatedunambiguously;thatinconsistencies,omissions,anderrorshavebeendetectedand
corrected;andthattheworkproductsconformtothestandardsestablishedfortheprocess,the project, and
theproduct.

—  Theprimaryrequirementsvalidationmechanismisthetechnicalreview.

—  Thereviewteamthatvalidatesrequirementsincludessoftwareengineers,customers,users,and
otherstakeholderswhoexaminethespecificationlookingforerrorsincontentorinterpretation,
areaswhereclarificationmayberequired, missinginformation,inconsistencies(amajorproblem ~ when  large
products or systems are engineered), conflicting requirements, or  unrealistic
(unachievable)requirements.

¢ Requirementsmanagement

— Manage changingrequirements.

—  Requirementsmanagementisasetofactivitiesthathelptheprojectteamidentify,control,and
trackrequirementsandchangestorequirementsatanytimeastheprojectprocess.

— Manyoftheseactivitiesareidenticaltothesoftwareconfigurationmanagement.

(2) RequirementElicitation

e Requirementselicitation(alsocalledrequirementsgathering)combineselementsofproblemsolving,
elaboration,negotiation,andspecification.

¢ Inordertoencourageacollaborative,team-orientedapproachtorequirementsgathering,stakeholders
worktogethertoidentifytheproblem,proposeelementsofthesolution,negotiatedifferentapproaches
andspecifyapreliminarysetofsolutionrequirements.

Collaborative Requirements Gathering

e Thegoalistoidentifytheproblem,proposeelementsofthesolution,negotiatediftferentapproaches,
andspecifyapreliminarysetofsolutionrequirementsinanatmospherethatisconducivetothe
accomplishmentofthegoal.

e Meetingsareconductedandattendedbybothsoftwareengineersandotherstakeholders.

e Rulesforpreparationandparticipationareestablished.

¢ Anagendaissuggestedthatisformalenoughtocoverallimportantpointsbutinformalenoughto
encouragethefreeflowofideas.

e A*facilitator”(canbeacustomer,adeveloper,oranoutsider)controlsthemeeting.

e A“definitionmechanism”(canbeworksheets,flipcharts,orwallstickersoranelectronicbulletinboard,
chatroom,orvirtualforum)isused.

Quality Function Deployment

e Qualityfunctiondeployment(QFD)isaqualitymanagementtechniquethattranslatestheneedsofthe
customerintotechnicalrequirementsforsoftware. QFD““concentratesonmaximizingcustomer
satisfactionfromthesoftwareengineeringprocess”.

e QFD identifies three types of requirements normal requirements, expected requirements, exciting requirements
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Usage Scenarios

e Asrequirementsaregathered,anoverallvisionofsystemfunctionsandfeaturesbeginstomaterialize.
o Userscancreateasetofscenariosthatidentifyathreadofusageforthesystemtobeconstructed.
e Thescenarios,oftencalledusecases.

Elicitation Work Products

e Theworkproductsproducedasaconsequenceofrequirementselicitationwillvarydependingonthe
sizeofthesystemorproducttobebuilt.Formostsystems,theworkproductsinclude

e Astatementofneedandfeasibility.

¢ Aboundedstatementofscopeforthesystemorproduct.

e Alistofcustomers,users,andotherstakeholderswhoparticipatedinrequirementselicitation.

e Adescriptionofthesystem’stechnicalenvironment.

e Alistofrequirements(preferablyorganizedbyfunction)andthedomainconstraintsthatapplytoeach.

e Asetofusagescenariosthatprovideinsightintotheuseofthesystemorproductunderdifferent operatingconditions.

¢ Anyprototypesdevelopedtobetterdefinerequirements.

(3) System RequirementSpecification

e It contains a complete information description, a detailed functional description, a representation of system
behaviour, an indication of performance requirements and design  constraints, appropriate
validationcriteria,andotherinformationpertinenttorequirements.

o Softwarerequirementspecification(SRS)isadocumentthatcompletelydescribeswhattheproposed
softwareshoulddowithoutdescribinghowsoftwarewilldoit.

e ThebasicgoaloftherequirementphaseistoproducetheSRS, Whichdescribesthecompletebehaviour
oftheproposedsoftware.

¢ SRSisalsohelpingtheclientstounderstandtheirownneeds.

Characteristics of an SRS

Softwarerequirementsspecificationshouldbeaccurate,complete,efficient,andofhighquality,sothatit
doesnotaffecttheentireprojectplan. AnSRSissaidtobeofthighqualitywhenthedeveloperandusereasily
understandtheprepareddocument.OthercharacteristicsofSR Sarediscussedbelow.

Correct

¢ SRSiscorrectwhenalluserrequirementsarestatedintherequirementsdocument.

e Thestatedrequirementsshouldbeaccordingtothedesiredsystem.

o Thisimpliesthateachrequirementisexaminedtoensurethatit(SRS)representsuserrequirements.

¢ NotethatthereisnospecifiedtoolorproceduretoassurethecorrectnessofSRS.Correctness
ensuresthatallspecifiedrequirementsareperformedcorrectly.

Unambiguous

¢ SRSisunambiguouswheneverystatedrequirementhasonlyoneinterpretation.

e Thisimpliesthateachrequirementisuniquelyinterpreted.

o Incasethereisatermusedwithmultiplemeanings, therequirementsdocumentshouldspecifythe
meaningsintheSR Ssothatitisclearandeasytounderstand.
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Complete

¢ SRSiscompletewhentherequirementsclearlydefinewhatthesoftwareisrequiredtodo.
e Thisincludesalltherequirementsrelatedtoperformance,designandfunctionality.

Ranked for importance/stability

¢ Allrequirementsarenotequallyimportant,henceeachrequirementisidentifiedtomakedifferences among
otherrequirements.

o Forthis,itisessentialtoclearlyidentifyeachrequirement. Stabilityimpliestheprobabilityofchanges
intherequirementinfuture.

Modifiable

e  Therequirementsoftheusercanchange,hencerequirementsdocumentshouldbecreatedinsucha
mannerthatthosechangescanbemodifiedeasily,consistentlymaintainingthestructureandstyle of theSRS.

Traceable

o SRSistraceablewhenthesourceofeachrequirementisclearandfacilitatesthereferenceofeach requirement infuture.
e Forthis,forwardtracingandbackwardtracingareused.

¢ Forwardtracingimpliesthateachrequirementshouldbetraceabletodesignandcodeelements.

e Backwardtracingimpliesdefiningeachrequirementexplicitlyreferencingitssource.

Verifiable

o SRSisverifiablewhenthespecifiedrequirementscanbeverifiedwithacost-effectiveprocessto
checkwhetherthefinalsoftwaremeetsthoserequirements.
o Therequirementsareverifiedwiththehelpofreviews.Notethatunambiguityisessentialfor verifiability.

Consistent

¢ SRSisconsistentwhenthesubsetsofindividualrequirementsdefineddonotconflictwitheach other.

o Forexample,therecanbeacasewhendifferentrequirementscanusedifferenttermstorefertothe sameobject.

e There can be logical or temporal conflicts between the specified requirements and some
requirementswhoselogicalortemporalcharacteristicsarenotsatisfied.

¢ Forinstance,arequirementstatesthatanevent'a'istooccurbeforeanotherevent'd'. Butthen
anothersetofrequirementsstates(directlyorindirectlybytransitivity)thatevent'b'shouldoccur before event'a'.
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(4) FunctionalandNon-FunctionalRequirements

Functional requirements

o Thesedescribethefunctionalityofasystem--howasystemshouldreacttoaparticularsetofinputsand
whatshouldbethecorrespondingoutput.
¢ Givenaproblemstatement,thefunctionalrequirementscouldbeidentifiedbyfocusingonthefollowing points:

— Identify the high level functional requirements simply from the conceptual understanding ofthe
problem.Forexample,aLibraryManagementSystem,apartfromanythingelse,shouldbeableto issue and
returnbooks.

—  Identifythecaseswhereanendusergetssomemeaningfulworkdonebyusingthesystem.For
example,inadigitallibraryausermightusethe"SearchBook"functionalitytoobtaininformation
aboutthebooksothisinterest.

—  Ifweconsiderthesystemasablackbox,therewouldbesomeinputstoit,andsomeoutputin
return. Thisblackboxdefinesthefunctionalitiesofthesystem.Forexample,tosearchforabook,
usergivestitleofthebookasinputandgetthebookdetailsandlocationastheoutput.

—  Anyhighlevelrequirementidentifiedcouldhavedifferentsub-requirements.Forexample,"Issue
Book"modulecouldbehavedifferentlyfordifferentclassofusers,orforaparticularuserwhohas
issuedthebookthriceconsecutively.

Non-Functional requirements

o Theyarenotdirectlyrelatedwhatfunctionalitiesareexpectedfromthesystem.
e However,NFRscouldtypicallydefinehowthesystemshouldbehaveundercertainsituations.
e Forexample,aNFRcouldsaythatthesystemshouldworkwith128MBRAM.

Product requirements
e Requirementswhichspecifythatthedeliveredproductmustbehaveinaparticularwaye.g.execution speed, reliability,etc.

Organisational requirements
¢ Requirementswhichareaconsequenceoforganisationalpoliciesandprocedurese.g.processstandards
used,implementationrequirements,etc.

External requirements
¢ Requirementswhicharisefromfactorswhichareexternaltothesystemanditsdevelopmentprocess
e.g. interoperability requirements, legislative requirements, etc.

Example:
Functional Requirements for Hotel Management System

1. Reservation/Booking
Thesystemshallrecordreservations.
Thesystemshallrecordthecustomer’sfirstname.

The system shall record the customer’s lastname.
Thesystemshallrecordthenumberofoccupants.
Thesystemshallrecordtheroomnumber.
Thesystemshalldisplaythedefaultroomrate.
Thesystemshallrecordthecustomer’sphonenumber.
Thesystemshalldisplaywhetherornottheroomisguaranteed.
Thesystemshallgenerateauniqueconfirmationnumberforeachreservation.
Thesystemshallrecordtheexpectedcheck-indateandtime.
Thesystemshallrecordtheexpectedcheckoutdateandtime.
Thesystemshallcheck-incustomers.
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Thesystemshallallowreservationstobemodifiedwithouthavingtoreenterallthe customerinformation.

Thesystemshallcheckoutcustomers.

Thesystemshallchargethecustomerforanextranightiftheycheckoutafter]1:00a.m.

Thesystemshallmarkguaranteedroomsas‘“mustpay”after6:00pmonthecheck-in date.

Thesystemshallrecordcustomerfeedback.

2. Food
Thesystemshalltrackallmealspurchasedinthehotel(restaurantandroomservice).
Thesystemshallrecordpaymentandpaymenttypeformeals.
Thesystemshallbillthecurrentroomifpaymentisnotmadeattimeofservice.
Thesystemshallacceptreservationsfortherestaurantandroomservice.
3. Management

Thesystemshalldisplaythehoteloccupancyforaspecifiedperiodoftime(days;including
past,present,andfuturedates).
Thesystemshalldisplayprojectedoccupancyforaperiodoftime(days).
Thesystemshalldisplayroomrevenueforaspecifiedperiodoftime(days).
Thesystemshalldisplayfoodrevenueforaspecifiedperiodoftime(days).
Thesystemshalldisplayanexceptionreport,showingwheredefaultroomandfoodprices have
beenoverridden.
Thesystemshallallowfortheadditionofinformation,regardingrooms,rates,menuitems,
prices,anduserprofiles.
Thesystemshallallowforthedeletionofinformation,regardingrooms,rates,menuitems,
prices,anduserprofiles.
The system shall allow for the modification of information, regarding rooms, rates, menu
items,prices,anduserprofiles.
Thesystemshallallowmanagerstoassignuserpasswords.

Non-Functional Requirements for Hotel Management System

Theloadtimeforuserinterfacescreensshalltakenolongerthantwoseconds.
Thelogininformationshallbeverifiedwithinfiveseconds.
Queriesshallreturnresultswithinfiveseconds.
TheHotelManagementSystemshallbeastand-alonesystemrunninginaWindowsenvironment.
ThesystemshallbedevelopedusingJavaplatform.
Thereshallbeconsistencyinvariablenameswithinthesystem.
Thegraphicaluserinterfaceshallhaveaconsistentlookandfeel.
Specifythefactorsrequiredtoestablishtherequiredreliabilityofthesoftwaresystemattimeof delivery.
Thesystemshallbeavailableduringnormalhoteloperatinghours.

0 CustomerServiceRepresentativesandManagerswillbeabletologintotheHotelManagementSystem.
CustomerServiceRepresentativeswillhaveaccesstotheReservation/BookingandFoodsubsystems.
ManagerswillhaveaccesstotheManagementsubsystemaswellastheReservation/BookingandFood subsystems.

11 Accesstothevarioussubsystemswillbeprotectedbyauserloginscreenthatrequiresausernameand password.

= O 00 N O O W N

40



Unit-4 -Requirement AnalysisandSpecification

(5) FeasibilityStudy

Feasibilitystudyestablishesthebasicbusinessrequirementsandconstraintsassociatedwiththeapplication
tobebuiltandthenassesseswhethertheapplicationisaviablecandidatefortheprocess.

Types of Feasibility Study

Technical feasibility

e In technical feasibility analysis, alternatives for hardware, software and general design approachare
determinedtobeavailable,appropriate,andfunctional.

The technical issues raised during the feasibility study are:
a) Doesthenecessarytechnologyexist?
b) Doestheproposedequipmenthavethetechnicalcapacitytoholdthedatarequiredtousethenew system?
¢) Willtheproposedsystemandcomponentsprovideadequateresponsestoenquires,regardlessof

thenumberoflocationofusers?

d) Canthesystembeexpanded,ifdeveloped?
e) Aretheretechnicalguaranteesofaccuracy,reliability,easeofaccessanddatasecurity?

Operational feasibility

e Operational feasibility study tests the operational scope of the software to be developed. The
proposedsoftwaremusthavehighoperationalfeasibility. Theusabilitywillbehigh.

e Operationalfeasibilityisdependentonhumanresourcesavailablefortheprojectandinvolvesprojecting
whetherthesystemwillbeusedifitisdevelopedandimplemented.

e  Operationalfeasibilityisameasureothowwellaproposedsystemsolvestheproblems,andtakes
advantageoftheopportunitiesidentifiedduringscopedefinitionandhowitsatisfiestherequirements
identifiedintherequirementsanalysisphaseofsystemdevelopment.

The essential questions that help in testing the operational feasibility of a system include the following:
a) Doescurrentmodeofoperationprovideadequatethroughputandresponsetime?

b) Does current mode provide end users and managers with timely, pertinent, accurate and useful
formattedinformation?

¢) Doescurrentmodeofoperationprovidecost-effectiveinformationservicestothebusiness?

d) Couldtherebeareductionincostandoranincreaseinbenefits?

e) Doescurrentmodeofoperationoffereffectivecontrolstoprotectagainstfraudandtoguarantee
accuracyandsecurityofdataandinformation?

f)  Doescurrentmodeofoperationmakemaximumuseofavailableresources,includingpeople,time, and flow offorms?

9) Doescurrentmodeofoperationprovidereliableservices

h) Aretheservicesflexibleandexpandable?

i) Arethecurrentworkpracticesandproceduresadequatetosupportthenewsystem?

j) Ifthesystemisdeveloped,willitbeused?

k) Manpowerproblems,Labourobjections,Managerresistance,Organizationalconflictsandpolicies,
Government regulations

) Doesmanagementsupporttheproject?

m) Aretheusersnothappywithcurrentbusinesspractices?

) Willitreducethetime(operation)considerably?

) Havetheusersbeeninvolvedintheplanninganddevelopmentoftheproject?

) Willtheproposedsystemreallybenefittheorganization?

o S

=)
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Economic feasibility
e Theeconomicfeasibility study evaluate the cost of the software development against the
ultimateincomeorbenefitsgetsfromthedevelopedsystem.
e Theremustbescopesforprofitafterthesuccessful Completionoftheproject.
Possiblequestionsraisedineconomicanalysisare:
a) Isthesystemcosteffective?

b) Dobenefitsoutweighcosts?

¢) Thecostofdoingfullsystemstudy

d) Thecostofbusinessemployeetime

e) Estimatedcostothardware

f)  Estimatedcostofsoftware/softwaredevelopment
g) Istheprojectpossible,giventheresourceconstraints?

h) Whatarethesavingsthatwillresultfromthesystem?

—
= =

Costofemployees'timeforstudy.
Costofpackagedsoftware/softwaredevelopment.
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(6) UsecaseDiagramSymbolsandExamples

(I) ATM Machine (II) Library Management System

Use Case Notations

Name

Notation

Description

System
boundary

System

N

Thescopeofasystemcanberepresentedbyasystemboundary.
Theusecasesofthesystemareplacedinsidethesystemboundary,
whiletheactorswhointeractwiththesystemareputoutsidethe system. The
use cases in the system make up thetotal

requirements of the system.

Use case

UseCasel

Ausecaserepresentsausergoalthatcanbeachievedbyaccessing
thesystemorsoftwareapplication.

Actor

Act
or

Actorsaretheentitiesthatinteractwithasystem. Althoughinmost
cases,actorsareusedtorepresenttheusersofsystem,actorscan
actuallybeanythingthatneedstoexchangeinformationwiththe
system.Soanactormaybepeople,computerhardware,other
systems,etc.Notethatactorrepresentarolethatausercanplay,
but not a specific user.

Association

Actor and use case can be associated to indicate thatthe actor

participates in that use case. Therefore, an association

correspondstoasequenceofactionsbetweentheactoranduse
case in achieving the use case.

Generalizatio n

%

A generalization relationship is used to represent inheritance
relationship between model elements of same type.

Include

<<include>>

>

Anincluderelationshipspecifieshowthebehaviorfortheinclusion
usecaseisinsertedintothebehaviordefinedforthebaseusecase.

Extends

<<Extends>>
%

Anextendrelationshipspecifieshowthebehavioroftheextension
usecasecanbeinsertedintothebehaviordefinedforthebaseuse case.

Constraint

{condition}
o

Show condition exists between actors an activity.

Interface

Interface

Interfaceisusedtoconnectpackageanduse-case. Headislinked
with package and tail linked with use-case.

Anchor

Anchorisusedtoconnectanotetheusecaseinusecasediagram
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ATM system

provide special reward
for using creditcard

update pin
verify passwiord ¥
s
7 =zinciude=>
-

gives craditcard

check balance

entar card

deactive creditcard
bank
Corm)
gives feedback

get creditcard

iry o check
security

dat message d
transaction

salect option
erify account
balance

get raciept
update data

dalabase
takes backup

if pin is wrang for Iy authenticated
3 times then provida oy o

DI

. : USETS Gan aocess
transaction after 5 minutes data of database

44



studenis

Unit-4 -Req

uirement AnalysisandSpecification

Library management system

demand

{if late -returlj

user

i<

supplier

for baok

enter password for log-in ﬁ

/’
-
ed} 5

-

-
= =<includes
N s e registration

collect

university
Interfacea1

isplay onling
records

updates data

librerian

45



Unit-4 -Requirement AnalysisandSpecification

(7) ERDiagramSymbolsandExample

DiagramNotations

Entity 1 Entitiesareobjectsorconceptsthatrepresentimportant
data. Theyaretypicallynouns,e.g.customer,supervisor, location,

orpromotion.
Entity Weak Entity e Strongentitiesexistindependentlyfromotherentity types. They

always  possess one or  more attributesthat

uniquelydistinguisheachoccurrenceoftheentity.

e Weakentitiesdependonsomeotherentitytype.They
don'tpossessuniqueattributes(alsoknownasaprimary key) and
have no meaning in the diagram  without
dependingonanotherentity.

Relationship ] Relationships are meaningful associations between or among
entities. They are usually verbs, e.g.assign,

associate, or track.
e Weak relationships, or identifying relationships, are

Weak

Relationship Relationship

connectionsthatexistbetweenaweakentitytypeandits owner.

Attributes [1 Attributes are

—— characteristics of eitheran
~ -~ i
/ A entity, a  many-to-many

Multivalued Derived ! : .
Attribute | Attribute ) relationship, or a one-to-

- _ / onerelationship.

] Multivaluedattributesarethosethatarecapableoftakingonmorethanonevalue.
[1 Derivedattributesareattributeswhosevaluecanbecalculatedfromrelatedattributevalues.

Association 1 Relationships  illustrate an association
} One betweentwotables.Inthephysicaldata
model, relationships are represented by stylized
< Many lines.
e Cardinality and ordinality, respectively,
g refertothemaximumnumberoftimesan
" One (and only one) instanceinoneentitycanbeassociated
withinstancesintherelatedentity,and
O+ Zero orone theminimumnumberoftimesaninstance
inoneentitycanbeassociatedwithan  instance
e One or many in the related entity.Cardinality and ordinality

are represented by the styling of a line and
O< Zero or many its endpoint, as
denotedbythechosennotationstyle

46



Unit-4 -Requirement AnalysisandSpecification

ER Diagram for University Examination
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(8) Context diagram and data flow diagram (DFD) for Airlines ReservationSystem.

Context diagram / Level 0 DFD
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Level 1 DFD
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Level 2 DFD
| passenger |
Passenger Acknowledgement
Request 1
i Booking
Booking Counter .
Mow Booking Later
On The Stand by
Spot booking
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(1) Design Concepts andPrinciples

o Softwaredesignsitsatthetechnicalcoreofsoftwareengineeringandisappliedregardlessofthe
softwareprocessmodelthatisused.
o  Thedesigntaskproducesadatadesign,anarchitecturaldesign,aninterfacedesign,andacomponent design.

Data Design

e Thedatadesigntransformstheinformationdomainmodelcreatedduringanalysisintothedata
structuresthatwillberequiredtoimplementthesoftware.

e Thedataobjectsandrelationshipsdefinedintheentityrelationshipdiagram.

e Partofdatadesignmayoccurincombinationwiththedesignofsoftwarearchitecture.

Architectural Design

e Thearchitecturaldesigndefinestherelationshipbetweenmajorstructuralelementsofthesoftware.

o  Thearchitecturaldesignrepresentation—theframeworkofacomputer-basedsystem—canbederived
fromthesystemspecification,theanalysismodel,andtheinteractionofsubsystemsdefinedwithinthe analysismodel.

Interface Design

e The interface design describes how the software communicates within itself, with systemsthat
interoperatewithit,andwithhumanswhouseit.

¢ Aninterfaceimpliesaflowofinformation(e.g.,dataand/orcontrol)andaspecifictypeotbehavior.
Therefore,dataandcontrolflowdiagramsprovidemuchoftheinformationrequiredforinterfacedesign.

Component-level Design

e The component-level design transforms structural elements of the software architecture into a
proceduraldescriptionofsoftwarecomponents.

Design principles

Thedesignprocessshouldnotsufferfrom“tunnelvision.”

Thedesignshouldbetraceabletotheanalysismodel.

Thedesignshouldnotreinventthewheel.
Thedesignshould“minimizetheintellectualdistance”betweenthesoftwareandtheproblemasitexists in the realworld.
Thedesignshouldexhibituniformityandintegration.

Thedesignshouldbestructuredtoaccommodatechange.

The design should be structured to degrade gently, even when abnormal data, events, or operating conditions
areencountered.

8. Designisnotcoding,codingisnotdesign.

9. Thedesignshouldbeassessedforqualityasitisbeingcreated,notafterthefact.

10. Thedesignshouldbereviewedtominimizeconceptual(semantic)errors.

No ok~

(2) Softwarearchitectureandsoftwaredesign

o  Architecturaldesignrepresentsthestructureofdataandprogramcomponentsthatarerequiredtobuild a computer-
basedsystem.

o Itconsidersthearchitecturalstylethatthesystemwilltake, thestructureandpropertiesofthe components

o thatconstitutethesystem,andtheinterrelationshipsthatoccuramongallarchitecturalcomponentsofa system.

e Representations of software architecture are an enabler for communication between allparties
(stakeholders)interestedinthedevelopmentofacomputer-basedsystem.

o Thearchitecturehighlightsearlydesigndecisionsthatwillhaveareflectiveimpactonallsoftware
engineeringworkthatfollowsand,asimportant,ontheultimatesuccessofthesystemasanoperational entity.
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e Architecture“constitutesarelativelysmall,intellectuallygraspablemodelothowthesystemis
structuredandhowitscomponentsworktogether”

Architectural Styles

Thesoftwarethatisbuiltforcomputer-basedsystemsalsoexhibitsoneofmanyarchitecturalstyles.
Eachstyledescribesasystemcategorythatencompasses
1 Asetofcomponents(e.g.,adatabase,computationalmodules)thatperformafunctionrequiredbya system.
2 A set of connectors that enable “communication, coordinations and cooperation” among components.
3  Constraintsthatdefinehowcomponentscanbeintegratedtoformthesystem.
4 Semanticmodelsthatenableadesignertounderstandtheoverallpropertiesofasystemby
analyzingtheknownpropertiesofitsconstituentparts.
Data-centered architecture style

e Adatastore(e.g.,afileordatabase)residesatthecenterofthisarchitectureandisaccessedfrequently
byothercomponentsthatupdate,add,delete,orotherwisemodifydatawithinthestore.

¢ C(lientsoftwareaccessesacentralrepository.

¢ Insomecasesthedatarepositoryispassive.

o Thatis,clientsoftwareaccessesthedataindependentofanychangestothedataortheactionsofother clientsoftware.

Client Client
software software
Client
software
Data store
[repository or Client
blackboard) \ selivere
Client Client
software software

Figure: Data-centered architecture

Client
software

Data-flow architectures

o Thisarchitectureisappliedwheninputdataaretobetransformedthroughaseriesofcomputationalor
manipulativecomponentsintooutputdata.

o Apipeandfilterpatternhasasetofcomponents,calledfilters,connectedbypipesthattransmitdata
fromonecomponenttothenext.

o Eachfilterworksindependentlyofthosecomponentsupstreamanddownstream,isdesignedtoexpect
datainputofacertainform,andproducesdataoutput(tothenextfilter)ofaspecifiedform.

¢ However,thefilterdoesnotrequireknowledgeoftheworkingofitsneighboringfilters.
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Figure: Data-flow architectures

Call and return architecture

o Thisarchitecturalstyleenablesasoftwaredesigner(systemarchitect)toachieveaprogramstructure
thatisrelativelyeasytomodifyandscale.

A number of sub styles exist within this category:

o Main program/subprogram architectures. This classic program structure decomposes function intoa
controlhierarchywherea“main”programinvokesanumberofprogramcomponents,whichinturnmay
invokestillothercomponents.

e Remoteprocedurecallarchitectures. Thecomponentsofamainprogram/subprogramarchitectureare
distributedacrossmultiplecomputersonanetwork.

Object-oriented architecture

¢ Thecomponentsofasystemencapsulatedataandtheoperationsthatmustbeappliedtomanipulate thedata.
e Communicationandcoordinationbetweencomponentsisaccomplishedviamessagepassing.
Layered architecture

e A number of different layers are defined, each accomplishing operations that progressively become
closertothemachineinstructionset.

o Attheouterlayer,componentsserviceuserinterfaceoperations.

¢ Attheinnerlayer,componentsperformoperatingsysteminterfacing.

¢ Intermediatelayersprovideutilityservicesandapplicationsoftwarefunctions.

Components

User interface layer
Application layer

Utility layer

o i
@

[]
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(3) DataDesign

Thissectiondescribesdatadesignatboththearchitecturalandcomponentlevels. Atthearchitecturelevel,
datadesignistheprocessofcreatingamodeloftheinformationrepresentedatahighlevelofabstraction
(usingthecustomer'sviewofdata).

Data Design at the Architectural Level

o Thechallengeisextractusefulinformationfromthedataenvironment,particularlywhentheinformation desired iscross-
functional.

o Tosolvethischallenge,thebusinessI Tcommunityhasdevelopeddataminingtechniques,alsocalled knowledge discovery
in databases (KDD), that navigate through existing databases in an attempt to extractappropriatebusiness-
levelinformation.

¢ However,theexistenceofmultipledatabases,theirdifferentstructures,andthedegreeofdetail
containedwiththedatabases,andmanyotherfactorsmakedataminingdifficultwithinanexisting
databaseenvironment.

¢ Analternativesolution,calledadatawarehouse,addsonadditionallayertothedataarchitecture.

e Adatawarehouseisaseparatedataenvironmentthatisnotdirectlyintegratedwithday-to-day
applicationsthatencompassesalldatausedbyabusiness.

Data Design at the Component Level

Atthecomponentlevel,datadesignfocusesonspecificdatastructuresrequiredtorealizethedataobjectsto

bemanipulatedbyacomponent.

— Refinedataobjectsanddevelopasetofdataabstractions
—  Implementdataobjectattributesasoneormoredatastructures
—  Reviewdatastructurestoensurethatappropriaterelationshipshavebeenestablished

Setofprinciplesfordataspecification:

Thesystematicanalysisprinciplesappliedtofunctionandbehaviorshouldalsobeappliedtodata.

Alldatastructuresandtheoperationstobeperformedoneachshouldbeidentified.

Adatadictionaryshouldbeestablishedandusedtodefinebothdataandprogramdesign.

Lowleveldatadesigndecisionsshouldbedeferreduntillateinthedesignprocess.

Therepresentationofdatastructureshouldbeknownonlytothosemodulesthatmustmakedirectuse

ofthedatacontainedwithinthestructure.

6. Alibraryofusefuldatastructuresandtheoperationsthatmaybeappliedtothemshouldbedeveloped.

7. Asoftwaredesignandprogramminglanguageshouldsupportthespecificationandrealizationofabstract datatypes.

BN

(4) Component-LevelDesignorProceduralDesign

o Component-leveldesign,alsocalledproceduraldesign,occursafterdata,architectural,andinterface
designshavebeenestablished.

o Component-level design defines the data structures, algorithms, interface characteristics, and
communicationmechanismsallocatedtoeachsoftwarecomponent.

o Theintentistotranslatethedesignmodelintooperationalsoftware.

o Butthelevelofabstractionoftheexistingdesignmodelisrelativelyhigh,andtheabstractionlevelofthe operational
program islow.

e Componentamodular,deployable,andreplaceablepartofasystemthatencapsulatesimplementation
andexposesasetofinterfaces.”
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Function Oriented Approach

The following are the salient features of a typical function-oriented design approach:

1. Asystemisviewedassomethingthatperformsasetoffunctions.Startingatthishighlevelviewof
thesystem,eachfunctionissuccessivelyrefinedintomoredetailedfunctions.
Forexample,considerafunctioncreate-new-librarymemberwhichessentiallycreatestherecordfor a new member,
assigns a unique membership number to him, and prints a bill towards his
membershipcharge. Thisfunctionmayconsistofthefollowingsub-functions:

—  assign-membership-number

—  create-member-record

—  print-bill

Each of these sub-functions may be split into more detailed sub-functions and so on.

2. Thesystemstateiscentralizedandsharedamongdifferentfunctions,e.g.datasuchasmember-
recordsisavailableforreferenceandupdatingtoseveralfunctionssuchas:
—  create-new-member
—  delete-member
— update-member-record

Object Oriented Approach

Intheobject-orienteddesignapproach,thesystemisviewedascollectionofobjects(i.e.entities). The
stateisdecentralizedamongtheobjectsandeachobjectmanagesitsownstateinformation.
Forexample,inaLibraryAutomationSoftware,eachlibrarymembermaybeaseparateobjectwithits
owndataandfunctionstooperateonthesedata.Infact,thefunctionsdefinedforoneobjectcannot
referorchangedataofotherobjects.
Objectshavetheirowninternaldatawhichdefinetheirstate. Similarobjectsconstituteaclass.
Inotherwords,eachobjectisamemberofsomeclass.Classesmayinheritfeaturesfromsuperclass.
Conceptually,objectscommunicatebymessagepassing.

Function-Oriented Vs. Object-Oriented Design

Unlikefunction-orienteddesignmethods,inOOD, thebasicabstractionarenotrealworldfunctionssuch
assort,display,track,etc.,butreal-worldentitiessuchasemployee, picture,machine,radarsystem,etc.

For example in OOD, an employee pay-roll software is not developed by designing functions such as update-
employee record, get-employee-address, etc. but by designing objects such as employees, departments,etc.
Inobject-orienteddesign,softwareisnotdevelopedbydesigningfunctionssuchasupdate-employee- record,get-
employee-address,etc.,butbydesigningobjectssuchasemployee,department,etc.
InOOD,stateinformationisnotrepresentedinacentralizedsharedmemorybutisdistributedamong
theobjectsofthesystem.
Forexample,whiledevelopinganemployeepay-rollsystem,theemployeedatasuchasthenamesofthe
employees,theircodenumbers,basicsalaries,etc.areusuallyimplementedasglobaldataina
traditionalprogrammingsystem;whereasinanobject-orientedsystemthesedataaredistributedamong
differentemployeeobjectsofthesystem.

Objectscommunicatebypassingmessages. Therefore,oneobjectmaydiscoverthestateinformationof
anotherobjectbyinterrogatingit.Ofcourse,somewhereortheotherthereal-worldfunctionsmustbe implemented.
Function-orientedtechniquessuchasSA/SDgroupfunctionstogetherif,asagroup,theyconstitutea higher-level function.
On the other hand, object-oriented techniques group functions together onthe basisofthedatatheyoperateon.
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(5) Cohesion andCoupling

+  Cohesionisanindicationoftherelativefunctionalstrengthofamodule.

A cohesive module performs a single task, requiring little interaction with other components inother
partsofaprogram.Statedsimply,acohesivemoduleshould(ideally)dojustonething.

+  Cohesionisameasureoffunctionalstrengthofamodule.

*  Amodulehavinghighcohesionandlowcouplingissaidtobefunctionallyindependentofothermodules.
Bythetermfunctionalindependence,wemeanthatacohesivemoduleperformsasingletaskor function.

*  Couplingisanindicationoftherelativeinterdependenceamongmodules.

+  Couplingdependsontheinterfacecomplexitybetweenmodules,thepointatwhichentryorreferenceis
madetoamodule,andwhatdatapassacrosstheinterface.

*  Amodulehavinghighcohesionandlowcouplingissaidtobefunctionallyindependentofothermodules.
Iftwomodulesinterchangelargeamountsofdata,thentheyarehighlyinterdependent.

«  Thedegreeofcouplingbetweentwomodulesdependsontheirinterfacecomplexity.

Classification Cohesion

Coincidental | Logical | Temporal | Procedural | Communicational | Sequential | Functional

Low » High

Coincidental cohesion

«  Amoduleissaidtohavecoincidentalcohesion,ifitperformsasetoftasksthatrelatetoeachothervery loosely, if atall.

+ Inthiscase,themodulecontainsarandomcollectionoffunctions.Itislikelythatthefunctionshave
beenputinthemoduleoutofpurecoincidencewithoutanythoughtordesign.

«  Forexample,inatransactionprocessingsystem(TPS),theget-input,print-error,andsummarize- members

+ functionsaregroupedintoonemodule.

Logical cohesion

«  Amoduleissaidtobelogicallycohesive,ifallelementsofthemoduleperformsimilaroperations,e.g.
errorhandling,datainput,dataoutput,etc.

«  Anexampleoflogicalcohesionisthecasewhereasetofprintfunctionsgeneratingdifferentoutput
reportsarearrangedintoasinglemodule.

Temporal cohesion

+  Whenamodulecontainsfunctionsthatarerelatedbythefactthatallthefunctionsmustbeexecutedin
thesametimespan,themoduleissaidtoexhibittemporalcohesion.

+  Thesetoffunctionsresponsibleforinitialization,start-up,shutdownofsomeprocess,etc.exhibit
temporalcohesion.

Procedural cohesion

*  Amoduleissaidtopossessproceduralcohesion,ifthesetoffunctionsofthemoduleareallpartofa
procedure(algorithm)inwhichcertainsequenceofstepshavetobecarriedoutforachievingan
objective,e.g.thealgorithmfordecodingamessage.

Communicational cohesion

«  Amoduleissaidtohavecommunicationalcohesion,ifallfunctionsofthemodulerefertoorupdatethe
samedatastructure,e.g.thesetoffunctionsdefinedonanarrayorastack.

Sequential cohesion

«  Amoduleissaidtopossesssequentialcohesion,iftheelementsofamoduleformthepartsofsequence,
wheretheoutputfromoneelementofthesequenceisinputtothenext.
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Forexample,inaTPS,theget-input,validate-input,sort-inputfunctionsaregroupedintoonemodule.
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Functional cohesion

«  Functionalcohesionissaidtoexist,ifdifferentelementsofamodulecooperatetoachieveasingle
function.Forexample,amodulecontainingallthefunctionsrequiredtomanageemployeespay-roll exhibits
functionalcohesion.

+  Suppose a module exhibits functional cohesion and we are asked to describe what the moduledoes,
thenwewouldbeabletodescribeitusingasinglesentence.

Classification of Coupling

Data Stamp Control | Common | Content

Low » High
Data coupling

+  Twomodulesaredatacoupled,iftheycommunicatethroughaparameter. Anexampleisanelementary
dataitempassedasaparameterbetweentwomodules,e.g.aninteger,afloat,acharacter,etc.
«  Thisdataitemshouldbeproblemrelatedandnotusedforthecontrolpurpose.

Stamp coupling

«  Twomodulesarestampcoupled,iftheycommunicateusingacompositedataitemsuchasarecordin
PASCALorastructureinC.

Control coupling

«  Controlcouplingexistsbetweentwomodules,ifdatafromonemoduleisusedtodirecttheorderof
instructionsexecutioninanother.
«  Anexampleofcontrolcouplingisaflagsetinonemoduleandtestedinanothermodule.

Common coupling

«  Twomodulesarecommoncoupled,iftheysharedatathroughsomeglobaldataitems.

Content coupling

+  Contentcouplingexistsbetweentwomodules,iftheysharecode,e.g.abranchfromonemoduleinto anothermodule.
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(6) User InterfaceDesign

o Userinterfacedesigncreatesaneffectivecommunicationmediumbetweenahumanandacomputer.
e Following a set of interface design principles, design identifies interface objects and actions and then
createsascreenlayoutthatformsthebasisforauserinterfaceprototype.

Design Rules for User Interface

(1) Place the User inControl

Duringarequirements-gatheringsessionforamajornewinformationsystem,akeyuserwasaskedabout
Followingarethedesignprinciplesthatallowtheusertomaintaincontrol:

Define interaction modes in a way that does not force a user into unnecessary orundesired
actions.

Aninteractionmodeisthecurrentstateoftheinterface. Forexample,ifspellcheckisselectedina word-
processormenu,thesoftwaremovestoaspell-checkingmode. Thereisnoreasontoforcethe ~ usertoremaininspell-
checkingmodeiftheuserdesirestomakeasmalltexteditalongtheway.

Provide for flexibleinteraction.

Because different users have different interaction preferences, choices should be provided. For example,
software might allow a wuser to interact via keyboard commands, mouse movement, a
digitizerpen,amultitouchscreen,orvoicerecognitioncommands.
Allowuserinteractiontobeinterruptibleandundoable.
Evenwheninvolvedinasequenceofactions,theusershouldbeabletointerruptthesequencetodo somethingelse.
Streamlineinteractionasskilllevelsadvanceandallowtheinteractiontobecustomized.

Users often find that they perform the same sequence of interactions repeatedly.
Hidetechnicalinternalsfromthecasualuser.
Theuserinterfaceshouldmovetheuserintothevirtualworldoftheapplication. Theusershouldnot be aware of the
operating system, file management functions, or other arcane computing technology.
Designfordirectinteractionwithobjectsthatappearonthescreen.
Theuserfeelsasenseofcontrolwhenabletomanipulatetheobjectsthatarenecessarytoperform
ataskinamannersimilartowhatwouldoccuriftheobjectwereaphysicalthing.

(2) ReducetheUser’sMemoryLoad

Themoreauserhastoremember,themoreerror-pronetheinteractionwiththesystemwillbe.
Followingarethedesignprinciplesthatenableaninterfacetoreducetheuser’smemoryload:

Reducedemandonshort-termmemory.
Whenusersareinvolvedincomplextasks,thedemandonshort-termmemorycanbesignificant. The
interfaceshouldbedesignedtoreducetherequirementtorememberpastactions,inputs,and results.
Establish meaningfuldefaults.
Theinitialsetofdefaultsshouldmakesensefortheaverageuser,butausershouldbeabletospecify
individualpreferences.However,a“reset”optionshouldbeavailable,enablingtheredefinitionof original
defaultvalues.

Defineshortcutsthatareintuitive.
Whenmnemonicsareusedtoaccomplishasystemfunction,themnemonicshouldbetiedtothe
actioninawaythatiseasytoremember.
Thevisuallayoutoftheinterfaceshouldbebasedonareal-worldmetaphor.
Thisenablestheusertorelyonwell-understoodvisualcues,ratherthanmemorizinganarcane
interactionsequence.

Discloseinformationinaprogressivefashion.

Theinterfaceshouldbeorganizedhierarchically. Thatis,informationaboutatask,anobject,orsome
behaviorshouldbepresentedfirstatahighlevelofabstraction.
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(3) Make the InterfaceConsistent

Theinterfaceshouldpresentandacquireinformationinaconsistentfashion.
Followingarethedesignprinciplesthathelpmaketheinterfaceconsistent:

— Allowtheusertoputthecurrenttaskintoameaningfulcontext.
Manyinterfacesimplementcomplexlayersofinteractionswithdozensofscreenimages.Itis
importanttoprovideindicatorsthatenabletheusertoknowthecontextoftheworkathand.

— Maintainconsistencyacrossafamilyofapplications.

Asetofapplicationsshouldallimplementthesamedesignrulessothatconsistencyismaintainedfor allinteraction.

— Ifpastinteractivemodelshavecreateduserexpectations,donotmakechangesunlessthereisa
compellingreasontodoso.

Onceaparticularinteractivesequencehasbecomeadefactostandard,theuserexpectsthisinevery application heencounters.

User Interface Design Models

Four different models come into play when a user interface is analyzed and designed.
1. Userprofilemodel-Establishedbyahumanengineerorsoftwareengineer
—  Establishestheprofileoftheend-usersofthesystemBasedonage,gender,physicalabilities,
education,culturalorethnicbackground,motivation,goals,andpersonality.
—  Theunderlyingsenseoftheapplication;anunderstandingofthefunctionsthatareperformed,the
meaningofinputandoutput,andtheobjectivesofthesystemCategorizesusersas

Novices:Nosyntacticknowledgeofthesystem,littlesemanticknowledgeoftheapplication,onlygeneral computerusage.
Knowledgeable, intermittent users: Reasonable semantic knowledge of the system, low recall of syntactic

information to use the interface.
Knowledgeable, frequent users:
Goodsemanticandsyntacticknowledge(i.e.,poweruser),lookforshortcutsandabbreviatedmodesof operation.
2. Designmodel-Createdbyasoftwareengineer
—  DerivedfromtheanalysismodeloftherequirementsIncorporatesdata,architectural,interface,and
proceduralrepresentationsofthesoftware.
—  Constrainedbyinformationintherequirementsspecificationthathelpsdefinetheuserofthe system.
3. Implementationmodel-Createdbythesoftwareimplementers
—  Consistsofthelookandfeeloftheinterfacecombinedwithallsupportinginformation(books,
videos,helpfiles)thatdescribesystemsyntaxandsemantics.

—  Strivestoagreewiththeuser'smentalmodel;usersthenfeelcomfortablewiththesoftwareanduse iteffectively.

4. User'smentalmodel-Developedbytheuserwheninteractingwiththeapplication
—  Oftencalledtheuser'ssystemperception.Consistsoftheimageofthesystemthatuserscarryin theirheads.
—  Accuracyofthedescriptiondependsupontheuser’sprofileandoverallfamiliaritywiththesoftware
intheapplicationdomain.
Theroleoftheinterfacedesigneristomergethesedifferencesandderiveaconsistentrepresentationofthe interface.
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(6) Web ApplicationDesign

DesignforWebAppencompassestechnicalandnontechnicalactivitiesthatinclude:establishingthelookand ~ feel —of  the
WebApp, creating the aesthetic layout of the user interface, defining the overall architectural structure, developing the
content and functionality that reside within the architecture, and planning the navigationthatoccurswithintheWebApp.

WebApp Design Quality Requirement

Designistheengineeringactivitythatleadstoahigh-qualityproduct. Thisleadsustoarecurringquestion
thatisencounteredinallengineeringdisciplines.

Global site understandability
Online feedback and help features

Usability é Interface and aesthetic features
Special features

Searching and refrieving capability
Functionality .é Navigation and browsing features

Application domain-related features

Web Correct link processing
application Reliability é Error recovery
quality User input validation and recovery
Response fime performance
Efficiency é Page generation speed
Graphics generation speed

Ease of correction
Maintainability ‘é ?(iapﬁ?;!l;y
xtensibili

Web App Interface Design

The objectives of a WebApp interface are to:

(1) Establishaconsistentwindowintothecontentandfunctionalityprovidedbytheinterface.
(2) GuidetheuserthroughaseriesofinteractionswiththeWebApp.

(3) Organizethenavigationoptionsandcontentavailabletotheuser.

user

Interface
design

/ Aesthetic design \

Content design

/ Navigation design \
/ Architecture design \
/ Component design \

technology
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Aesthetic Design

o Aesthetic design, also called graphic design, is an artistic endeavor that complements the technical
aspectsofWebAppdesign.

o Withoutit,aWebAppmaybefunctional,butunappealing. Withit,aWebAppdrawsitsusersintoaworld
thatembracesthemonaprimitive,aswellasanintellectuallevel.

Content Design

¢ Contentdesignfocusesontwodifferentdesigntasks,eachaddressedbyindividualswithdifferentskill sets.

o First,adesignrepresentationforcontentobjectsandthemechanismsrequiredtoestablishtheir
relationshiptooneanotherisdeveloped.

¢ Inaddition,theinformationwithinaspecificcontentobjectiscreated.

e Thelattertaskmaybeconductedbycopywriters,graphicdesigners,andotherswhogeneratethe
contenttobeusedwithinaWebApp.

Architecture Design

e ArchitecturedesignistiedtothegoalsestablishedforaWebApp,thecontenttobepresented,theusers
whowillvisit,andthenavigationphilosophythathasbeenestablished.

¢ Inmostcases,architecturedesignisconductedinparallelwithinterfacedesign,aestheticdesign,and contentdesign.

e BecausetheWebApparchitecturemayhaveastronginfluenceonnavigation,thedecisionsmadeduring
thisdesignactionwillinfluenceworkconductedduringnavigationdesign.

Navigation Design

OncetheWebApparchitecturehasbeenestablishedandthecomponents(pages,scripts,applets,andother
processingfunctions)ofthearchitecturehavebeenidentified,youmustdefinenavigationpathwaysthat
enableuserstoaccessWebAppcontentandfunctions.

Component-Level Design

Modern WebApps deliver increasingly sophisticated processing functions that
1. Performlocalizedprocessingtogeneratecontentandnavigationcapabilityinadynamicfashion,
2. ProvidecomputationordataprocessingcapabilitythatareappropriatefortheWebApp sbusiness domain.
3. Providesophisticateddatabasequeryandaccess.
4. Establishdatainterfaceswithexternalcorporatesystems.
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(1) CodingStandardandcodingGuidelines

Coding

¢ Goodsoftwaredevelopmentorganizationsnormallyrequiretheirprogrammerstoadheretosomewell-
definedandstandardstyleofcodingcalledcodingstandards.

¢ Mostsoftwaredevelopmentorganizationsformulatetheirowncodingstandardsthatsuitthemmost,
andrequiretheirengineerstofollowthesestandardsrigorously.

e Thepurposeofrequiringallengineersofanorganizationtoadheretoastandardstyleofcodingisthe following:

— Acodingstandardgivesauniformappearancetothecodeswrittenbydifferentengineers.
— It enhancescode understanding.

—  Itencouragesgoodprogrammingpractices.
¢ Acodingstandardlistsseveralrulestobefollowedduringcoding,suchasthewayvariablesaretobe
named,thewaythecodeistobelaidout,errorreturnconventions,etc.

Coding standards and guidelines

The following are some representative coding standards.

Rules for limiting the use of global:

o Theseruleslistwhattypesofdatacanbedeclaredglobalandwhatcannot.

Naming conventions for global variables, local variables, and constant identifiers:

e Apossiblenamingconventioncanbethatglobalvariablenamesalwaysstartwithacapitalletter,local
variablenamesaremadeofsmallletters,andconstantnamesarealwayscapitalletters.

Error return conventions and exception handling mechanisms:

e Thewayerrorconditionsarereportedbydifferentfunctionsinaprogramarehandledshouldbe
standardwithinanorganization.

Do not use a coding style that is too clever or too difficult to understand:

e  Codeshouldbeeasytounderstand. Manyinexperiencedengineersactuallytakeprideinwritingcryptic
andincomprehensiblecode.Clevercodingcanambiguousmeaningofthecodeanddelayunderstanding.

Avoid obscure side effects:

o Thesideeffectsofafunctioncallincludemodificationofparameterspassedbyreference,modification
ofglobalvariables,andl/Ooperations.
e Anunclearsideeffectisonethatisnotobviousfromacasualexaminationofthecode.

Do not use an identifier for multiple purposes:

e Programmersoftenusethesameidentifiertodenoteseveraltemporaryentities.
e Forexample,someprogrammersuseatemporaryloopvariableforcomputingandastoringthefinal result.
e Eachvariableshouldbegivenadescriptivenameindicatingitspurpose.
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The code should be well-documented:

¢ Asaruleofthumb,theremustbeatleastonecommentlineontheaverageforeverythree-sourceline.

The length of any function should not exceed 10 source lines:

¢ Afunctionthatisverylengthyisusuallyverydifficulttounderstandasitprobablycarriesoutmany differentfunctions.
Do not use goto statements:

o Useofgotostatementsmakesaprogramunstructuredandmakesitverydifficulttounderstand.

(2) CodeReview,CodeWalkThrough,CodelInspection

Code Review

e Codereviewforamodeliscarriedoutafterthemoduleissuccessfullycompiledandtheallthesyntax
errorshavebeeneliminated.

e Codereviewsareextremelycost-effectivestrategiesforreductionincodingerrorsandtoproducehigh
qualitycode.Normally,twotypesofreviewsarecarriedoutonthecodeofamodule.

e Therearetwotypes’codereviewtechniquesarecodeinspectionandcodewalkthrough.

Code Walk Through

e Codewalkthroughisaninformalcodeanalysistechnique.

¢ Inthistechnique,afteramodulehasbeencoded,successfullycompiledandallsyntaxerrorseliminated.

e Afewmembersofthedevelopmentteamaregiventhecodefewdaysbeforethewalkthroughmeeting
toreadandunderstandcode.

e Eachmemberselectssometestcasesandsimulatesexecutionofthecodebyhand.

e Themainobjectivesofthewalkthrougharetodiscoverthealgorithmicandlogicalerrorsinthecode.

o Eventhoughacodewalkthroughisaninformalanalysistechnique,severalguidelineshaveevolvedover
theyearsformakingthisnaivebutusefulanalysistechniquemoreeftective.

Code Inspection

¢ Incontrasttocodewalkthrough,theaimofcodeinspectionistodiscoversomecommontypesoferrors
causedduetooversightandimproperprogramming.

e Inotherwords,duringcodeinspectionthecodeisexaminedforthepresenceofcertainkindsoferrors,
incontrasttothehandsimulationofcodeexecutiondoneincodewalkthrough.

¢ Forinstance,considertheclassicalerrorofwritingaprocedurethatmodifiesaformalparameterwhile
thecallingroutinecallsthatprocedurewithaconstantactualparameter.

o Itismorelikelythatsuchanerrorwillbediscoveredbylookingforthesekindsofmistakesinthecode,
ratherthanbysimplyhandsimulatingexecutionoftheprocedure.

¢ Inadditiontothecommonlymadeerrors,adherencetocodingstandardsisalsocheckedduringcode inspection.

¢ Goodsoftwaredevelopmentcompaniescollectstatisticsregardingdifferenttypesoferrorscommonly
committedbytheirengineersandidentifythetypeoferrorsmostfrequentlycommitted.

Software Documentation

e  Whenvariouskindsofsoftwareproductsaredevelopedthennotonlytheexecutablefilesandthesource
codearedevelopedbutalsovariouskindsofdocumentssuchasusers 'manual,softwarerequirements  specification (SRS)
documents, design documents, test documents, installation manual, etc. arealso
developedaspartofanysoftwareengineeringprocess.

¢ Allthesedocumentsareavitalpartofgoodsoftwaredevelopmentpractice.

¢ Differenttypesofsoftwaredocumentscanbroadlybeclassifiedintothefollowing:

— Internaldocumentation
—  Externaldocumentation
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Internaldocumentationisthecodecomprehensionfeaturesprovidedaspartofthesourcecodeitself.

Internaldocumentationisprovidedthroughappropriatemoduleheadersandcommentsembeddedin the sourcecode.

Internaldocumentationisalsoprovidedthroughtheusefulvariablenames,moduleandfunction

headers,codeindentation,codestructuring,useofenumeratedtypesandconstantidentifiers,useof ~ user-defined data

types,etc.
Thisisofcourseincontrasttothecommonexpectationthatcodecommentingwouldbethemostuseful.
Theresearchfindingisobviouslytruewhencommentsarewrittenwithoutthought.
Butevenwhencodeiscarefullycommented, meaningfulvariablenamesstillaremorehelpfulin
understandingapieceofcode.Goodsoftwaredevelopmentorganizationsusuallyensuregoodinternal
documentationbyappropriatelyformulatingtheircodingstandardsandcodingguidelines.
External documentation is provided through various types of supporting documents such as users’
manual,softwarerequirementsspecificationdocument,designdocument,testdocuments, etc.

Asystematicsoftwaredevelopmentstyleensuresthatallthesedocumentsareproducedinanorderly fashion.

(3) TestingStrategies

Softwaretestingisacriticalelementofsoftwarequalityassuranceandrepresentstheultimatereviewof
specification,design,andcodegeneration.
Itisnotunusualforasoftwaredevelopmentorganizationtopaybetween30and40percentoftotal
projecteffortontesting.

Theengineercreatesaseriesoftestcasesthatareintendedto" defeat"thesoftwarethathasbeenbuilt.
Infact,testingistheonestepinthesoftwareprocessthatcouldbeviewed(psychologically,atleast)as
destructiveratherthanconstructive.

Type of Testing Approach

VerificationandValidationapproach:

Verificationreferstothesetofactivitiesthatensurethatsoftwarecorrectlyimplementsaspecific function.
Validationreferstoadifferentsetofactivitiesthatensurethatthesoftwarethathasbeenbuiltis traceable to

customerrequirements.
Verification:" Arewebuildingtheproductright?"
Validation:" Arewebuildingtherightproduct?

Testing Strategies

System testing
Validation testing

Integration testing

Unit testing

o

Code

Design
Requirements

System engineering

Initially,systemengineeringdefinestheroleofsoftwareandleadstosoftwarerequirementsanalysis,
wheretheinformationdomain, function,behavior,performance,constraints,andvalidationcriteriafor
areestablished.

software
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Movinginwardalongthespiral,youcometodesignandfinallytocoding. Todevelopcomputersoftware,
youspiralinward(counterclockwise)alongstreamlinesthatdecreasethelevelofabstractiononeach turn.

Unit Testing:

Interface

Local data structures
Boundary conditions
Independent paths
Errorhandling paths

Test
cases

Unitisthesmallestpartofasoftwaresystemwhichistestableitmayincludecodefiles,classesand
methodswhichcanbetestedindividualforcorrectness.
Unitisaprocessofvalidatingsuchsmallbuildingblockofacomplexsystem,muchbeforetestingan
integratedlargemoduleorthesystemasawhole.
Driverand/orstubsoftwaremustbedevelopedforeachunittestadriverisnothingmorethana"main
program"thatacceptstestcasedata,passessuchdatatothecomponent,andprintsrelevantresults.
Stubsservetoreplacemodulesthataresubordinate(calledby)thecomponenttobetested.
Astubor"dummysubprogram'usesthesubordinatemodule'sinterface.

Integration Testing:

Integrationisdefinedasasetofintegrationamongcomponent.

Testing the interactions between the module and interactions with other system externally is called
IntegrationTesting.
Testingofintegratedmodulestoverifycombinedfunctionalityafterintegration.
Integrationtestingaddressestheissuesassociatedwiththedualproblemsofverificationandprogram construction.
Modulesaretypicallycodemodules,individualapplications,clientandserverapplicationsonanetwork,
etc. Thistypeoftestingisespeciallyrelevanttoclient/serveranddistributedsystems.
Typesofintegrationtestingare:

—  Top-down integration

—  Bottom-upintegration

—  Regressiontesting

—  Smoketesting

Validation Testing

Theprocessofevaluatingsoftwareduringthedevelopmentprocessorattheendofthedevelopment
processtodeterminewhetheritsatisfiesspecifiedbusinessrequirements.
ValidationTestingensuresthattheproductactuallymeetstheclient'sneeds.Itcanalsobedefinedasto
demonstratethattheproductfulfillsitsintendedusewhendeployedonappropriateenvironment.
Validationtestingprovidesfinalassurancethatsoftwaremeetsallinformational, functional,behavioral, and
performancerequirements.
Thealphatestisconductedatthedeveloper’ssitebyarepresentativegroupofendusers.
Thesoftwareisusedinanaturalsettingwiththedeveloper*lookingovertheshoulder”oftheusersand
recordingerrorsandusageproblems.

Alphatestsareconductedinacontrolledenvironment.
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Unlikealphatesting,thedevelopergenerallyisnotpresent.
Therefore,thebetatestisa“live”applicationofthesoftwareinanenvironmentthatcannotbe controlled by
thedeveloper.

System Testing

Insystemtestingthesoftwareandothersystemelementsaretestedasawhole.
Totestcomputersoftware,youspiraloutinaclockwisedirectionalongstreamlinesthatincreasethe
scopeoftestingwitheachturn.
Systemtestingverifiesthatallelementsmeshproperlyandthatoverallsystemfunction/performanceis achieved.
Recoverytestingisasystemtestthatforcesthesoftwaretofailinavarietyofwaysandverifiesthat
recoveryisproperlyperformed.
[frecoveryisautomatic(performedbythesystemitself),reinitialization,checkpointingmechanisms,
datarecovery,andrestartareevaluatedforcorrectness.Ifrecoveryrequireshumanintervention,the mean-time-to-
repair(MTTR )isevaluatedtodeterminewhetheritiswithinacceptablelimits.
Securitytestingattemptstoverifythatprotectionmechanismsbuiltintoasystemwill,infact, protectit from
improperpenetration.
Duringsecuritytesting,thetesterplaystherole(s)oftheindividualwhodesirestopenetratethesystem.
Stresstestingexecutesasysteminamannerthatdemandsresourcesinabnormalquantity,frequency, orvolume.
Avariationofstresstestingisatechniquecalledsensitivitytesting.
Performancetestingisdesignedtotesttherun-timeperformanceofsoftwarewithinthecontextofan integratedsystem.
Performancetestingoccursthroughoutallstepsinthetestingprocess.
Evenattheunitlevel,theperformanceofanindividualmodulemaybeassessedastestsareconducted.
Deploymenttesting,sometimescalledconfigurationtesting,exercisesthesoftwareineachenvironment
inwhichitistooperate.
Inaddition,deploymenttestingexaminesallinstallationproceduresandspecializedinstallationsoftware
thatwillbeusedbycustomers,andalldocumentationthatwillbeusedtointroducethesoftwaretoend users.

Acceptance Testing

AcceptanceTestingisalevelofthesoftwaretestingwhereasystemistestedforacceptability.
Thepurposeofthistestistoevaluatethesystem’scompliancewiththebusinessrequirementsand
assesswhetheritisacceptablefordelivery.

It is a formal testing with respect to user needs, requirements, and business processes conductedto
determinewhetherornotasystemsatisfiestheacceptancecriteriaandtoenabletheuser,customersor
otherauthorizedentitytodeterminewhetherornottoacceptthesystem.

AcceptanceTestingisperformedafterSystem Testingandbeforemakingthesystemavailableforactual use.
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(4) WhiteBoxTestingandBlackBoxTesting

White box testing

o  White-boxtesting,sometimescalledglass-boxtesting,isatest-casedesignphilosophythatusesthe
controlstructuredescribedaspartofcomponent-leveldesigntoderivetestcases.
o Usingwhite-boxtestingmethods,youcanderivetestcasesthat
1 Guaranteethatallindependentpathswithinamodulehavebeenexercisedatleastonce.
2 Exercisealllogicaldecisionsontheirtrueandfalsesides.
3 Executeallloopsattheirboundariesandwithintheiroperationalbounds.
4  Exerciseinternaldatastructurestoensuretheirvalidity.
e WhiteBoxTestingmethodisapplicabletothefollowinglevelsofsoftwaretesting:
—  ItismainlyappliedtoUnittestingandIntegrationtesting
—  UnitTesting:Fortestingpathswithinaunit.
— IntegrationTesting:Fortestingpathsbetweenunits.
—  SystemTesting:Fortestingpathsbetweensubsystems.

White box testing advantages

e Testingcanbecommencedatanearlierstage.OneneednotwaitfortheGUItobeavailable.
e Testingismorethorough,withthepossibilityofcoveringmostpaths.

White box testing disadvantages

¢ Sincetestscanbeverycomplex,highlyskilledresourcesarerequired,withthoroughknowledgeof programming
andimplementation.

o Testscriptmaintenancecanbeaburdeniftheimplementationchangestoofrequently.

o Sincethismethodoftestingitcloselytiedwiththeapplicationbeingtesting,toolstocatertoeverykind
ofimplementation/platformmaynotbereadilyavailable.

Black Box Testing

¢ Black-boxtesting,alsocalledbehavioraltesting,focusesonthefunctionalrequirementsofthesoftware.
o Thatis,black-boxtestingtechniquesenableyoutoderivesetsofinputconditionsthatwillfullyexercise
allfunctionalrequirementsforaprogram.
¢ Black-boxtestingisnotanalternativetowhite-boxtechniques.Rather, itisacomplementaryapproach
thatislikelytouncoveradifferentclassoferrorsthanwhiteboxmethods.
¢ Black-boxtestingattemptstofinderrorsinthefollowingcategories:
1 Incorrectormissingfunctions
2 Interfaceerrors
3 Errorsindatastructuresorexternaldatabaseaccess
4 Behaviororperformanceerrors
5 Initializationandterminationerrors.
¢ BlackBoxTestingmethodisapplicabletothefollowinglevelsofsoftwaretesting:
—  ItismainlyappliedtoSystemtestingand Acceptancetesting
— IntegrationTesting
—  SystemTesting
—  AcceptanceTesting
o Thehigherthelevel,andhencethebiggerandmorecomplexthebox,themoreblackboxtesting method comes
intouse.

Black box testing advantages

e Testsaredonefromauser’spointofviewandwillhelpinexposingdiscrepanciesinthespecifications.

e Testerneednotknowprogramminglanguagesorhowthesoftwarehasbeenimplemented.

e Tests can be conducted by a body independent from the developers, allowing for an objective
perspectiveandtheavoidanceofdeveloper-bias.

o Testcasescanbedesignedassoonasthespecificationsarecomplete.
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Black box testing disadvantages

Onlyasmallnumberofpossibleinputscanbetestedandmanyprogrampathswillbeleftuntested.
Withoutclearspecifications,whichisthesituationinmanyprojects,testcaseswillbedifficulttodesign.
Testscanberedundantifthesoftwaredesigner/developerhasalreadyrunatestcase.

¢ Everwonderedwhyasoothsayerclosestheeyeswhenforetellingevents?SoisalmostthecaseinBlack BoxTesting.

(5) Quality Function Deployment(QFD)

¢ Qualityfunctiondeployment(QFD)isaqualitymanagementtechniquethattranslatestheneedsofthe
customerintotechnicalrequirementsforsoftware.

¢ QFD“concentratesonmaximizingcustomersatisfactionfromthesoftwareengineeringprocess”

e To accomplish this, QFD emphasizes an understanding of what is valuable to the customer and then
deploysthesevaluesthroughouttheengineeringprocess.

¢ QFDidentifiesthreetypesofrequirements:

Normal requirements

o Theobjectivesandgoalsthatarestatedforaproductorsystemduringmeetingswiththecustomer.
o Iftheserequirementsarepresent,thecustomerissatisfied. Examplesofnormalrequirementsmightbe
requestedtypesofgraphicaldisplays,specificsystemfunctions,anddefinedlevelsofperformance.

Expected requirements

e Theserequirementsareimplicittotheproductorsystemandmaybesofundamentalthatthecustomer
doesnotexplicitlystatethem.
o Theirabsencewillbeacauseforsignificantdissatisfaction.

Exciting requirements

e Thesefeaturesgobeyondthecustomer’sexpectationsandprovetobeverysatisfyingwhenpresent.

o Forexample,softwareforanewmobilephonecomeswithstandardfeatures,butiscoupledwithasetof
unexpectedcapabilitiesthatdelighteveryuseroftheproduct.

Although QFD concepts can be applied across the entire software process, specific QFD techniques are applicable to the

requirements elicitation activity.

QFDusescustomerinterviewsandobservation,surveys,andexaminationothistoricaldataasrawdatafor the requirements

gatheringactivity.
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(6) Testing ConventionalApplications

Software Testing Fundamentals

The following characteristics lead to testable software.
Operability.
e “Thebetteritworks,themoreefficientlyitcanbetested.”

o Ifasystemisdesignedandimplementedwithqualityinmind,relativelyfewbugswillblocktheexecution
oftests,allowingtestingtoprogresswithoutfitsandstarts.

Observability.

e “Whatyouseeiswhatyoutest.”

¢ Inputsprovidedaspartoftestingproducedistinctoutputs.

o Systemstatesandvariablesarevisibleorqueriableduringexecution.Incorrectoutputiseasilyidentified.
Internalerrorsareautomaticallydetectedandreported.Sourcecodeisaccessible.

Controllability.

e “Thebetterwecancontrolthesoftware,themorethetestingcanbeautomatedandoptimized.”

e All possible outputs can be generated through some combination of input, and I/O formats are consistent
andstructured.

¢ Allcodeisexecutablethroughsomecombinationofinput.Softwareandhardwarestatesandvariables
canbecontrolleddirectlybythetestengineer.

e Testscanbeconvenientlyspecified,automated,andreproduced.

Decomposability.

e “Bycontrollingthescopeoftesting,wecanmorequicklyisolateproblemsandperformsmarter retesting.”

e Thesoftwaresystemisbuiltfromindependentmodulesthatcanbetestedindependently.

Simplicity.

o “Thelessthereistotest,themorequicklywecantestit.”

e Theprogramshouldexhibitfunctionalsimplicity(e.g.,thefeaturesetistheminimumnecessarytomeet
requirements);structuralsimplicity(e.g.,architectureismodularizedtolimitthepropagationoffaults),
andcodesimplicity(e.g.,acodingstandardisadoptedforeaseofinspectionandmaintenance).

Stability.

e “Thefewerthechanges,thefewerthedisruptionstotesting.”

o  Changestothesoftwareareinfrequent,controlledwhentheydooccur,anddonotinvalidateexisting tests.

e Thesoftwarerecoverswellfromfailures.

Understandability.

e “Themoreinformationwehave,thesmarterwewilltest.”

o Thearchitecturaldesignandthedependenciesbetweeninternal external,andsharedcomponentsare wellunderstood.

e Technical documentation is instantly accessible, well organized, specific and detailed, and accurate.
Changestothedesignarecommunicatedtotesters.
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(7) Testing Object Oriented Applications

Unit Testing in the 00 Context

Whenobject-orientedsoftwareisconsidered,theconceptoftheunitchanges.
Encapsulationdrivesthedefinitionofclassesandobjects.
Thismeansthateachclassandeachinstanceofaclass(object)packagesattributes(data)andthe
operations(alsoknownasmethodsorservices)thatmanipulatethesedata.
Ratherthantestinganindividualmodule,thesmallesttestableunitistheencapsulatedclass.
Becauseaclasscancontainanumberofdifferentoperationsandaparticularoperationmayexistaspart
ofanumberofdifferentclasses,themeaningofunittestingchangesdramatically.
Unlikeunittestingofconventionalsoftware,whichtendstofocusonthealgorithmicdetailofamodule
andthedatathatflowsacrossthemoduleinterface,classtestingforOOsoftwareisdrivenbythe
operationsencapsulatedbytheclassandthestatebehavioroftheclass.

Integration Testing in the 00 Context

Becauseobject-orientedsoftwaredoesnothaveahierarchicalcontrolstructure,conventionaltop-down andbottom-
upintegrationstrategieshavelittlemeaning.
Inaddition,integratingoperationsoneatatimeintoaclass(theconventionalincrementalintegration
approach)isoftenimpossiblebecauseofthe”directandindirectinteractionsofthecomponentsthat make up theclass”.
TherearetwodifferentstrategiesforintegrationtestingofOOsystems.

Thefirst,thread-basedtesting, integratesthesetofclassesrequiredtorespondtooneinputoreventfor
thesystem.Eachthreadisintegratedandtestedindividually.
Regressiontestingisappliedtoensurethatnosideetfectsoccur.
Thesecondintegrationapproach,use-basedtesting,beginstheconstructionofthesystembytesting
thoseclasses(calledindependentclasses)thatuseveryfew(ifany)ofserverclasses.
Aftertheindependentclassesaretested,thenextlayerofclasses,calleddependentclasses, thatusethe independent classes
aretested.

ClustertestingisonestepintheintegrationtestingofOOsoftware.
Here,aclusterofcollaboratingclasses(determinedbyexaminingtheCR Candobjectrelationshipmodel)
isexercisedbydesigningtestcasesthatattempttouncover.

Validation Testing in an 00 Context

Atthevalidationorsystemlevel,thedetailsofclassconnectionsdisappear.

Like conventional validation, the validation of OO software focuses on user-visible actions and user-
recognizableoutputsfromthesystem.
Toassistinthederivationofvalidationtests,thetestershoulddrawuponusecasesthatarepartofthe requirementsmodel.
Theusecaseprovidesascenariothathasahighlikelihoodofuncoverederrorsinuser-interaction requirements.
Conventionalblack-boxtestingmethodscanbeusedtodrivevalidationtests.
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(8)Testing WebApplications

e  WebApptestingisacollectionofrelatedactivitieswithasinglegoal:touncovererrorsinWebApp
content, function,usability,navigability,performance,capacity,andsecurity.
o Toaccomplishthis,atestingstrategythatencompassesbothreviewsandexecutabletestingisapplied.

Dimensions of Quality

Contentisevaluatedatbothasyntacticandsemanticlevel. Atthesyntacticlevel,spelling,punctuation,and grammarareassessedfortext-
baseddocuments.Atasemanticlevel,correctness(ofinformationpresented),
Consistency(acrosstheentirecontentobjectandrelatedobjects),andlackofambiguityareallassessed.

Function is tested to uncover errors that indicate lack of conformance to customer requirements. Each WebApp
function is assessed for correctness, instability, and general conformance to appropriate implementation standards
(e.g., Java or AJAX language standards).
StructureisassessedtoensurethatitproperlydeliversWebAppcontentandunction, thatitisextensible,
andthatitcanbesupportedasnewcontentorfunctionalityisadded.
Usabilityistestedtoensurethateachcategoryofuserissupportedbytheinterfaceandcanlearnandapply
allrequirednavigationsyntaxandsemantics.

Navigability 1s tested to ensure that all navigation syntax and semantics are exercised to uncover any navigation errors (e.g.,
dead links, improper links, and erroneous links).
Performanceistestedunderavarietyofoperatingconditions,configurations,andloadingtoensurethat
thesystemisresponsivetouserinteractionandhandlesextremeloadingwithoutunacceptableoperational degradation.
CompatibilityistestedbyexecutingtheWebAppinavarietyofdifferenthostconfigurationsonboththe

clientandserversides. Theintentistofinderrorsthatarespecifictoauniquehostconfiguration.

Interoperability is tested to ensure that the WebApp properly interfaces with other applications and/or databases.

Security 1s tested by assessing potential vulnerabilities and attempting to exploit each. Any successful penetration attempt is
deemed a security failure.

Content Testing

e ErrorsinWebAppcontentcanbeastrivialasminortypographicalerrorsorassignificantasincorrect
information,improperorganization,orviolationofintellectualpropertylaws.

¢ Contenttestingattemptstouncovertheseandmanyotherproblemsbeforetheuserencountersthem.

o Contenttestingcombinesbothreviewsandthegenerationofexecutabletestcases.

e Reviewsareappliedtouncoversemanticerrorsincontent.

e Executabletestingisusedtouncovercontenterrorsthatcanbetracedtodynamicallyderivedcontent
thatisdrivenbydataacquiredfromoneormoredatabases.

User Interface Testing

e VerificationandvalidationofaWebAppuserinterfaceoccursatthreedistinctpoints.

¢ Duringrequirementsanalysis,theinterfacemodelisreviewedtoensurethatitconformstostakeholder
requirementsandtootherelementsoftherequirementsmodel.

¢ Duringdesigntheinterfacedesignmodelisreviewedtoensurethatgenericqualitycriteriaestablished
foralluserinterfaceshavebeenachievedandthatapplication-specificinterfacedesignissueshavebeen properlyaddressed.

¢ Duringtesting,thefocusshiftstotheexecutionofapplication-specificaspectsofuserinteractionasthey
aremanifestedbyinterfacesyntaxandsemantics.

e Inaddition,testingprovidesafinalassessmentofusability.
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Component-Level Testing

Component-leveltesting,alsocalledfunctiontesting, focusesonasetofteststhatattempttouncover errors in
WebAppfunctions.

Each WebApp function is a software component (implemented in one of a variety of programmingor
scriptinglanguages)andcanbetestedusingblack-box(andinsomecases,white-box)techniques.
Component-leveltestcasesareoftendrivenbyforms-levelinput.Onceformsdataaredefined, theuser
selectsabuttonorothercontrolmechanismtoinitiateexecution.

Navigation Testing

Thejobofnavigationtestingistoensurethatthemechanismsthatallowthe WebAppusertotravel
throughtheWebAppareallfunctionalandtovalidatethateachnavigationsemanticunit(NSU)canbe
achievedbytheappropriateusercategory.

Navigation mechanisms should be tested are Navigation links, Redirects, Bookmarks, Frames and
framesets,Sitemaps,Internalsearchengines.

Configuration Testing

ConfigurationvariabilityandinstabilityareimportantfactorsthatmakeWebApptestingachallenge. Hardware, operating
system(s), browsers, storage capacity, network communication speeds, and a varietyofotherclient-
sidefactorsaredifficulttopredictforeachuser.
Oneuser’simpressionoftheWebAppandthemannerinwhichsheinteractswithitcandiffer
significantlyfromanotheruser’sexperience,ifbothusersarenotworkingwithinthesameclient-side configuration.
Thejobofconfigurationtestingisnottoexerciseeverypossibleclient-sideconfiguration.
Rather,itistotestasetofprobableclient-sideandserver-sideconfigurationstoensurethattheuser
experiencewillbethesameonallofthemandtoisolateerrorsthatmaybespecifictoaparticular configuration.

Security Testing

Security tests are designed to probe vulnerabilities of the client-side environment, thenetwork
communicationsthatoccurasdataarepassedfromclienttoserverandbackagain,andtheserver-side environment.
Eachofthesedomainscanbeattacked,anditisthejobofthesecuritytestertouncoverweaknessesthat
canbeexploitedbythosewiththeintenttodoso.

Performance Testing

Performancetestingisusedtouncoverperformanceproblemsthatcanresultfromlackofserver-side
resources,inappropriatenetworkbandwidth,inadequatedatabasecapabilities, faultyorweakoperating
systemcapabilities,poorlydesignedWebAppfunctionality,andotherhardwareorsoftwareissuesthat
canleadtodegradedclient-serverperformance.
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(9)Veriﬁcati0n andValidation

Verification

Validation

Verification is a static practice of verifying
documents,design,codeandprogram.

—_

Validationisadynamicmechanismofvalidating
andtestingtheactualproduct.

Itdoesnotinvolveexecutingthecode. 2. Italways involves executing the code.

Itishumanbasedcheckingofdocumentsand files. 3. Itis computer based execution of program.

Verification uses methods like inspections,

reviews,walkthroughs,andDesk-checkingetc. 4. Validaton uses methods like black box
(functional)testing,grayboxtesting,andwhite
box(structural)testingetc.

Verificationistocheckwhetherthesoftware 5. Validation is to check whether software meets the

conforms tospecifications. customer expectations and requirements.

Itcancatcherrorsthatvalidationcannotcatch. 6. ltcancatcherrorsthatverificationcannotcatch.

Itislowlevelexercise. ItisHighLevelExercise.

Target is requirements specification, application j7. Targetisactualproduct-aunit,amodule,abent of

andsoftwarearchitecture,highlevel,complete integrated modules, and effective final product.

design,anddatabasedesignetc. Validationiscarriedoutwiththeinvolvementof

VerificationisdonebyQAteamtoensurethat 8. testingteam.

thesoftwareisasperthespecificationsinthe

SRSdocument.

ltgenerallycomesfirst-donebeforevalidation. 9. ltgenerallyfollowsafterverification.
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(1) Software Quality Assurance(SQA)

o Software quality assurance (often called quality management) is an umbrella activity that is applied
throughoutthesoftwareprocess.
o Itisplannedandsystematicpatternofactivitiesnecessarytoprovidehighdegreeofconfidenceinthe quality of aproduct.
e Softwarequalityassurance(SQA)encompasses
—  An SQAprocess.
—  Specificqualityassuranceandqualitycontroltasks.
—  Effectivesoftware engineering practice.
—  Controlofallsoftwareworkproductsandthechangesmadetothem.
—  Aproceduretoensurecompliancewithsoftwaredevelopmentstandards.
—  Measurementandreportingmechanisms.

Importance of SQA

¢ Qualitycontrolandassuranceareessentialactivitiesforanybusinessthatproducesproductstobeused byothers.

o Priortothetwentiethcentury,qualitycontrolwasthesoleresponsibilityofthecraftspersonwhobuilta product.

e Astime passed and mass production techniques became commonplace, quality control became an
activityperformedbypeopleotherthantheoneswhobuilttheproduct.

¢ Softwarequalityisoneofthepivotalaspectsofasoftwaredevelopmentcompany.

o Softwarequalityassurancestartsfromthebeginningofaproject,rightfromtheanalysisphase.

¢ SQAcheckstheadherencetosoftwareproductstandards,processes,andprocedures.

¢ SQAincludesthesystematicprocessofassuringthatstandardsandproceduresareestablishedandare
followedthroughoutthesoftwaredevelopmentlifecycleandtestcycleaswell.

e Thecomplianceofthebuiltwithagreed-uponstandardsandproceduresisevaluatedthroughprocess
monitoring,productevaluation,projectmanagementetc.

e The major reason of involving software quality assurance in the process of software product
developmentistomakesurethatthefinalproductbuiltisaspertherequirementspecificationand ~ comply ~ with
thestandards.

S$0A Activities
Prepare an SQA plan for a project

e Theplanisdevelopedaspartofprojectplanningandisreviewedbyallstakeholders.

¢ QualityassuranceactionsperformedbythesoftwareengineeringteamandtheSQAgrouparegoverned by theplan.

o Theplanidentifiesevaluationstobeperformed,auditsandreviewstobeconducted,standardsthatare
applicabletotheproject,proceduresforerrorreportingandtracking, workproductsthatareproduced
bytheSQAgroup,andfeedbackthatwillbeprovidedtothesoftwareteam.

Participate in the development of the project’s software process description

e Thesoftwareteamselectsaprocessfortheworktobeperformed.

e TheSQAgroupreviewstheprocessdescriptionforcompliancewithorganizationalpolicy,internal
softwarestandards,externallyimposedstandards,andotherpartsofthesoftwareprojectplan.

Review software engineering activities to verify compliance with the defined software process.

e The SQA group identifies, documents, and tracks deviations from the process and verifies that corrections
have beenmade.
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Audit designated software work products to verify compliance with those defined as part of the software process

o TheSQAgroupreviewsselectedworkproducts;identifies,documents,andtracksdeviations;verifiesthat
correctionshavebeenmade;andperiodicallyreportstheresultsofitsworktotheprojectmanager.

Ensure that deviations in software work and work products are documented and handled according to a
documented procedure.

¢ Deviationsmaybeencounteredintheprojectplan,processdescription,applicablestandards,or
softwareengineeringworkproducts.

Records any noncompliance and reports to senior management

¢ Noncomplianceitemsaretrackeduntiltheyareresolved.

SQA Techniques

Data Collection

Statistical quality assurance implies the following steps:
1. Informationaboutsoftwaredefectsiscollectedandcategorized.
2. Anattemptismadetotraceeachdefecttoitsunderlyingcause(e.g.,non-conformancetospecifications,
designerror,violationofstandards,poorcommunicationwiththecustomer).
3. UsingtheParetoprinciple(80percentofthedefectscanbetracedto20per-centofallpossiblecauses),
isolatethe2Opercent(the"vitalfew").
4. Oncethevitalfewcauseshavebeenidentified, movetocorrecttheproblemsthathavecausedthe defects.
Asoftwareengineeringorganizationcollectsinformationondefectsforaperiodofoneyear.
¢ Someofthedefectsareuncoveredassoftwareisbeingdeveloped.
e  Othersareencounteredafterthesoftwarehasbeenreleasedtoitsend-users. Althoughhundredsof
differenterrorsareuncovered,allcanbetrackedtoone(ormore)ofthefollowingcauses:
— incompleteorerroneousspecifications(IES)
— misinterpretationofcustomercommunication(MCC)
— intentionaldeviationfromspecifications(IDS)
—  violationofprogrammingstandards(VPS)
— errorindatarepresentation(EDR)
— inconsistentcomponentinterface(ICI)
— errorindesignlogic(EDL)
— incompleteorerroneoustesting(IET)
— inaccurateorincompletedocumentation(IID)
— errorinprogramminglanguagetranslationofdesign(PLT)
— ambiguousorinconsistenthuman/computerinterface(HCI)
—  miscellaneous(MIS)
Six Sigma: Refer Section 4 SQA standards
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(2) SoftwareReviews(FormalTechnicalReviews)

Aformaltechnicalreview(FTR )isasoftwarequalitycontrolactivityperformedbysoftwareengineers(and others).
The objectives of an FTR are:

(1) Touncovererrorsinfunction,logic,orimplementationforanyrepresentationofthesoftware.

(2) Toverifythatthesoftwareunderreviewmeetsitsrequirements.

(3) Toensurethatthesoftwarehasbeenrepresentedaccordingtopredefinedstandards.

(4) Toachievesoftwarethatisdevelopedinauniformmanner.

(5) Tomakeprojectsmoremanageable.

Review Reporting and Record Keeping

¢ DuringtheFTR,areviewer(therecorder)activelyrecordsallissuesthathavebeenraised.
o  Thesearesummarizedattheendofthereviewmeeting,andareviewissueslistisproduced.Inaddition,
aformaltechnicalreviewsummaryreportiscompleted.

Review Guidelines

e  Guidelines for conducting formal technical reviews must be established in advance, distributed toall
reviewers,agreedupon,andthenfollowed.

e Areviewthatisun-controlledcanoftenbeworsethannoreviewatall.

e Reviewtheproduct,nottheproducer.

¢ Setanagendaandmaintainit.

e Limit debate anddenial:

e Speakproblemareas,butdon'tattempttosolveeveryproblemnoted.

e Take writtennotes.

¢ Limitthenumberofparticipantsandinsistuponadvancepreparation.

¢ Developachecklistforeachproductthatislikelytobereviewed.

o AllocateresourcesandscheduletimeforFTRs

e Conduct meaningful training for allreviewers.

e Review yourearly reviews.

Sample-Driven Reviews

¢ Inanidealsetting,everysoftwareengineeringworkproductwouldundergoaformaltechnicalreview.

¢ Intherealwordofsoftwareprojects,resourcesarelimitedandtimeisshort.

e Asaconsequence,reviewsareoftenskipped,eventhoughtheirvalueasaqualitycontrolmechanismis recognized.

(3) SoftwareReliability

o Softwarereliabilityisdefinedinstatisticaltermsas‘“‘theprobabilityoffailure-freeoperationofa
computerprograminaspecifiedenvironmentforaspecifiedtime”.

Measures of Reliability

¢ Asimplemeasureofreliabilityismeantime-between-failure(MTBF):
e MTBF=MTTF+MTTR

e  WheretheacronymsM TTFandMTTRaremean-time-to-failureandmean-time-to-repair,respectively.

e  Many researchers argue that MTBF is a far more useful measure than other quality-related software
metrics.Anenduserisconcernedwithfailures,notwiththetotaldefectcount.

¢ Becauseeachdefectcontainedwithinaprogramdoesnothavethesamefailurerate,thetotaldefect
countprovideslittleindicationofthereliabilityofasystem.

e  Analternativemeasureofreliabilityisfailures-in-time(FIT)astatisticalmeasureothowmanyfailuresa
componentwillhaveoveronebillionhoursofoperation.
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Software Safety

Softwaresafetyisasoftwarequalityassuranceactivitythatfocusesontheidentificationandassessment
ofpotentialhazardsthatmayaftfectsoftwarenegativelyandcauseanentiresystemtofail.
[thazardscanbeidentifiedearlyinthesoftwareprocess,softwaredesignfeaturescanbespecifiedthat
willeithereliminateorcontrolpotentialhazards.
Amodelingandanalysisprocessisconductedaspartofsoftwaresafety.
Initially,hazardsareidentifiedandcategorizedbycriticalityandrisk.
Althoughsoftwarereliabilityandsoftwaresafetyarecloselyrelatedtooneanother, itisimportantto
understandthesubtledifferencebetweenthem.
Softwarereliabilityusesstatisticalanalysistodeterminethelikelihoodthatasoftwarefailurewilloccur.
However,theoccurrenceofafailuredoesnotnecessarilyresultinahazardoraccident.
Softwaresafetyexaminesthewaysinwhichfailuresresultinconditionsthatcanleadtoanaccident.

(4) ThequalitystandardsISO9000and9001,SixSigma,CMM

1S0 9001

Inordertobringqualityinproduct&service,manyorganizationsareadoptingQualityAssuranceSystem.
[SOstandardsareissuedbythelnternational OrganizationforStandardization(ISO)inSwitzerland.
Properdocumentationisanimportantpartofan[SO9001QualityManagementSystem.
ISO9001isthequalityassurancestandardthatappliestosoftwareengineering.
Itincludes,requirementsthatmustbepresentforaneffectivequalityassurancesystem.
ISO9001standardisapplicabletoallengineeringdiscipline.
TherequirementsdelineatedbylSO9001:2000addresstopicssuchas

—  Managementresponsibility

— qualitysystem

—  contractreview

—  designcontrol

— document

— datacontrol

— productidentification

—  Traceability

—  processcontrol

—  inspection

—  Testing

—  preventiveaction

— controlofqualityrecords

— internalquality

— Audits

—  Training

—  Servicing

e Statisticaltechniques.
InorderforasoftwareorganizationtobecomeregisteredtolS09001:2000,itmustestablishpoliciesand
procedurestoaddresseachoftherequirementsjustnoted(andothers)andthenbeabletodemonstrate
thatthesepoliciesandproceduresarebeingfollowed.
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Six Sigma

o Sixsigmais“Agenericquantitativeapproachtoimprovementthatappliestoanyprocess.”

o “SixSigmaisadisciplined,data-drivenapproachandmethodologyforeliminatinginanyprocessfrom
manufacturingtotransactionalandfromproducttoservice.”

e Toachievesixsigmaaprocessmustnotproducemorethan3.4defectspermillionopportunities.

e 5Sigma->230defectspermillion

e 4Sigma->6210defectspermillion

¢ Sixsigmahavetwomethodologies

(1) DMAIC(Define,Measure,Analyze,Improve,Control)
—  Define:Definetheproblemorprocesstoimproveuponrelatedtothecustomerandgoals
—  Measure:Howcanyoumeasurethisprocessinasystematicway?
—  Analyze:Analyzetheprocessorproblemandidentifythewayinwhichitcanbeimproved.
What are the root causes of problems within the process?
—  Improve:Onceyouknowthecausesoftheproblems,presentsolutionsforthemandimplement them
—  Control:UtilizeStatisticalProcessControltocontinuouslymeasureyourresultsandensureyou areimproving
—  SeveralSoftwarePackagesavailabletoassistinmeasuringyield,defectspermillion
opportunities,etc.

(2) DMADYV:(Define,Measure,Analyze,Design,Verify)
—  Define,Measureandanalyzearesimilartoabovemethod.
—  Design:Avoidrootcausesofdefectsandmeetthecustomerrequirements.
—  Verify:Toverifytheprocess,comparetheprocesswiththestandardplanandfinddifferences.

CMM (Capability Maturity Model)

e Todetermineanorganization’scurrentstateofprocessmaturity,theSEIusesanassessmentthatresults
inafivepointgradingscheme.

e  Thegradingschemedeterminescompliancewithacapabilitymaturitymodel(CMM )thatdefineskey
activitiesrequiredatdifferentlevelsofprocessmaturity.

e TheSElapproachprovidesameasureoftheglobaleffectivenessofacompany'ssoftwareengineering
practicesandestablishesfiveprocessmaturitylevelsthataredefinedinthefollowingmanner:

e Levell:Initial. Thesoftwareprocessischaracterizedasadhocandoccasionallyevenchaotic. Few
processesaredefined,andsuccessdependsonindividualeffort.

o Level2:Repeatable.Basicprojectmanagementprocessesareestablishedtotrackcost,schedule,and
functionality. Thenecessaryprocessdisciplineisinplacetorepeatearliersuccessesonprojectswith similarapplications.

o Level3:Defined. Thesoftwareprocessforbothmanagementandengineeringactivitiesisdocumented,
standardized,andintegratedintoanorganizationwidesoftwareprocess. Allprojectsuseadocumented
andapprovedversionoftheorganization'sprocessfordevelopingandsupportingsoftware. Thislevel
includesallcharacteristicsdefinedforlevel2.

e Leveld:Managed.Detailedmeasuresofthesoftwareprocessandproductqualityarecollected. Boththe
softwareprocessandproductsarequantitativelyunderstoodandcontrolledusingdetailedmeasures.
Thislevelincludesallcharacteristicsdefinedforlevel3.

e Level 5: Optimizing. Continuous process improvement is enabled by quantitative feedback from the
processandfromtestinginnovativeideasandtechnologies. Thislevelincludesallcharacteristicsdefined for level4.
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(5) SQAPIan

The SQA Plan provides a road map for instituting software quality assurance.
DevelopedbytheSQAgroup(orbythesoftwareteamifanSQAgroupdoesnotexist),theplanservesasa
templateforSQAactivitiesthatareinstitutedforeachsoftwareproject.

The standard recommends a structure that identifies:

1.
2.

© NS ok w

Thepurposeandscopeoftheplan.
Adescriptionofallsoftwareengineeringworkproducts(e.g.,models,documents,sourcecode)thatfall
withinthepurviewofSQA.
Allapplicablestandardsandpracticesthatareappliedduringthesoftwareprocess.
SQAactionsandtasks(includingreviewsandaudits)andtheirplacementthroughoutthesoftware process.
ThetoolsandmethodsthatsupportSQAactionsandtasks.
Softwareconfigurationmanagementprocedures.
Methodsforassembling,safeguarding,andmaintainingalISQA-relatedrecords.
Organizationalrolesandresponsibilitiesrelativetoproductquality.

80



Unit-8 -Software Maintenance and
Configuration Management

(1) Types of SoftwareMaintenance

Inasoftwarelifetime,typeofmaintenancemayvarybasedonitsnature.ltmaybejustaroutine
maintenancetasksassomebugdiscoveredbysomeuseroritmaybealargeeventinitseltbasedon
maintenancesizeornature.Followingaresometypesofmaintenancebasedontheircharacteristics:

Corrective Maintenance:

Thisincludesmodificationsandupdationsdoneinordertocorrectorfixproblems,whichareeither
discoveredbyuserorconcludedbyusererrorreports.
Correctivemaintenancedealswiththerepairoffaultsordefectsfoundinday-todaysystemfunctions.
Adefectcanresultduetoerrorsinsoftwaredesign,logicandcoding.

Design errors occur when changes made to the software are incorrect, incomplete, wrongly
communicated,orthechangerequestismisunderstood.

Adaptive Maintenance:

Thisincludesmodificationsandupdationsappliedtokeepthesoftwareproductup-todateandtunedto
theeverchangingworldoftechnologyandbusinessenvironment.
Adaptivemaintenanceistheimplementationofchangesinapartofthesystem,whichhasbeenaffected
byachangethatoccurredinsomeotherpartofthesystem.
Adaptivemaintenanceconsistsofadaptingsoftwaretochangesintheenvironmentsuchasthe
hardwareortheoperatingsystem.
Thetermenvironmentinthiscontextreferstotheconditionsandtheinfluenceswhichact(fromoutside) on thesystem.

Perfective Maintenance:

Thisincludesmodificationsandupdatesdoneinordertokeepthesoftwareusableoverlongperiodof
time.Itincludesnewfeatures,newuserrequirementsforrefiningthesoftwareandimproveitsreliability andperformance.
Perfectivemaintenancemainlydealswithimplementingneworchangeduserrequirements.

Perfective maintenance involves making functional enhancements to the system in addition to the
activitiestoincreasethesystem'sperformanceevenwhenthechangeshavenotbeensuggestedby faults.
Thisincludesenhancingboththefunctionandefficiencyofthecodeandchangingthefunctionalitiesof
thesystemaspertheusers'changingneeds.

Preventive Maintenance:

Thisincludesmodificationsandupdationstopreventfutureproblemsofthesoftware. Itaimstoattend
problems,whicharenotsignificantatthismomentbutmaycauseseriousissuesinfuture.

Preventive maintenance involves performing activities to prevent the occurrence of errors.
Ittendstoreducethesoftwarecomplexitytherebyimprovingprogramunderstandabilityandincreasing software
maintainability. It comprises documentation updating, code optimization, and code restructuring.
Documentationupdatinginvolvesmodifyingthedocumentsaffectedbythechangesinorderto
correspondtothepresentstateofthesystem.

(2) Re-Engineering

Whenweneedtoupdatethesoftwaretokeepittothecurrentmarket,withoutimpactingits
functionality,itiscalledsoftwarere-engineering.
Itisathoroughprocesswherethedesignofsoftwareischangedandprogramsarere-written.
Legacysoftwarecannotkeeptuningwiththelatesttechnologyavailableinthemarket.
Asthehardwarebecomeobsolete,updatingofsoftwarebecomesaheadache.
Evenifsoftwaregrowsoldwithtime,itsfunctionalitydoesnot.
Forexample,initiallyUNIXwasdevelopedinassemblylanguage. WhenlanguageCcameintoexistence, UNIXwasre-
engineeredinC,becauseworkinginassemblylanguagewasdifficult.
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o  Otherthanthis,sometimesprogrammersnoticethatfewpartsofsoftwareneedmoremaintenancethan
othersandtheyalsoneedre-engineering.

Re-Engineering Process

e Decidewhattore-engineer.Isitwholesoftwareorapartofit?

¢ PerformReverseEngineering,inordertoobtainspecificationsofexistingsoftware.

¢ RestructureProgramifrequired.Forexample,changingfunction-orientedprogramsintoobject-oriented programs.Re-
structuredataasrequired.

e ApplyForwardengineeringconceptsinordertogetre-engineeredsoftware.

(3) ReverseEngineering

e Reverse engineering can extract design information from source code, but the abstraction level, the
completenessofthedocumentation,thedegreetowhichtoolsandahumananalystworktogether,and the

¢ Directionalityoftheprocessarehighlyvariable.

o Theabstractionlevelofareverseengineeringprocessandthetoolsusedtoeffectitreferstothe
sophisticationofthedesigninformationthatcanbeextractedfromsourcecode.

o Ideally,theabstractionlevelshouldbeashighaspossible.

o Thatis,thereverseengineeringprocessshouldbecapableofderivingproceduraldesignrepresentations  (a  low-level
abstraction), program and data structure information (a somewhat higher level of
abstraction),objectmodels,dataand/orcontrolflowmodels(arelativelyhighlevelofabstraction),and
entityrelationshipmodels(ahighlevelofabstraction).

o  Astheabstractionlevelincreases,youareprovidedwithinformationthatwillalloweasierunderstanding of theprogram.

e Thecompletenessofareverseengineeringprocessreferstothelevelofdetailthatisprovidedatan
abstractionlevel.Inmostcases,thecompletenessdecreasesastheabstractionlevelincreases.

o Interactivityreferstothedegreetowhichthehumanis“integrated”withautomatedtoolstocreatean
effectivereverseengineeringprocess.
Inmostcases,astheabstractionlevelincreases,interactivitymustincreaseorcompletenesswillsuffer.

o Thedirectionalityofthereverseengineeringprocessisone-way,allinformationextractedfromthe
sourcecodeisprovidedtothesoftwareengineerwhocanthenuseitduringanymaintenanceactivity.

(4) ForwardEngineering

o Forwardengineeringisaprocessofobtainingdesiredsoftwarefromthespecificationsinhandwhich
werebroughtdownbymeansofreverseengineering.Itassumesthattherewassomesoftware
engineeringalreadydoneinthepast.

o Forwardengineeringissameassoftwareengineeringprocesswithonlyonedifferenceitiscarriedout
alwaysafterreverseengineering.

o Theforwardengineeringprocessappliessoftwareengineeringprinciples,concepts,andmethodstore- create an existing
application. In most cases, forward engineering does not simply create a modern equivalentofanolderprogram.

e Rather,newuserandtechnologyrequirementsareintegratedintothereengineeringeffort.
Theredevelopedprogramextendsthecapabilitiesoftheolderapplication.

(5) TheSCM(SoftwareConfigurationManagement)Process

e Thesoftwareconfigurationmanagementprocessdefinesaseriesoftasksthathavefourprimary objectives:
1. Toidentifyallitemsthatcollectivelydefinethesoftwareconfiguration.
2. Tomanagechangestooneormoreoftheseitems.
3. Tofacilitatetheconstructionofdifferentversionsofanapplication.
4. Toensurethatsoftwarequalityismaintainedastheconfigurationevolvesovertime.
e Referringtothefigure, SCMtaskscanviewedasconcentriclayers.
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¢ SCIs(SoftwareConfigurationltem)flowoutwardthroughtheselayersthroughouttheirusefullife,
ultimatelybecomingpartofthesoftwareconfigurationofoneormoreversionsofanapplicationor system.

¢ AsanSCImovesthroughalayer,theactionsimpliedbyeachSCMtaskmayormaynotbeapplicable.For
example,whenanewSCliscreated,itmustbeidentified.

e However,ifnochangesarerequestedfortheSCI,thechangecontrollayerdoesnotapply. TheSClis
assignedtoaspecificversionofthesoftware(versioncontrolmechanismscomeintoplay).

o ArecordoftheSCI(itsname,creationdate,versiondesignation,etc.)ismaintainedforconfiguration
auditingpurposesandreportedtothosewithaneedtoknow.

o Inthesectionsthatfollow,weexamineeachoftheseSCMprocesslayersinmoredetail.

Software
Ym.n

Reporting

Configuration auditing

Version control

Change control

Identification

Figure: Layers of SCM Process

(6) IdentificationofObjectsintheSoftwareConfiguration

¢ Tocontrolandmanagesoftwareconfigurationitems,eachshouldbeseparatelynamedandthen
organizedusinganobject-orientedapproach.

¢ Twotypesofobjectscanbeidentified:basicobjectsandaggregateobjects.

e Abasicobjectisaunitofinformationthatyoucreateduringanalysis,design,code,ortest.

o Forexample,abasicobjectmightbeasectionofarequirementsspecification,partofadesignmodel,
sourcecodeforacomponent,orasuiteoftestcasesthatareusedtoexercisethecode.

e Anaggregateobjectisacollectionofbasicobjectsandotheraggregateobjects.

o Forexample,aDesignSpecificationisanaggregateobject. Conceptually,itcanbeviewedasanamed
(identified)listofpointersthatspecifyaggregateobjectssuchasArchitecturalModelandDataModel,
andbasicobjectssuchasComponentandUMLClassDiagram.

o Eachobjecthasasetofdistinctfeaturesthatidentifyituniquely:aname,adescription,alistof resources, and
a“realization.”

e Theobjectnameisacharacterstringthatidentifiestheobjectunambiguously.

e TheobjectdescriptionisalistofdataitemsthatidentifytheSCltype(e.g.,modelelement,program,
data)representedbytheobject,aprojectidentifier,andchangeand/orversioninformation.

e Resourcesare“entitiesthatareprovided,processed,referencedorotherwiserequiredbytheobject”.
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(7) VersionControlandChangeControl

Version Control

e Version control combines procedures and tools to manage different versions of configurationobjects
thatarecreatedduringthesoftwareprocess.

e Aversioncontrolsystemimplementsorisdirectlyintegratedwithfourmajorcapabilities:
1. Aprojectdatabase(repository)thatstoresallrelevantconfigurationobjects.
2. Aversionmanagementcapabilitythatstoresallversionsofaconfigurationobject.
3. Amakefacilitythatenablesyoutocollectallrelevantconfigurationobjectsandconstructaspecific version of

thesoftware.

¢ Inaddition,versioncontrolandchangecontrolsystemsoftenimplementanissuestrackingcapability
thatenablestheteamtorecordandtrackthestatusofalloutstandingissuesassociatedwitheach configurationobject.

¢ Anumberofversioncontrolsystemsestablishachangeset—acollectionofallchanges(tosomebaseline
configuration)thatarerequiredtocreateaspecificversionofthesoftware.

e Achangeset“capturesallchangestoallfilesintheconfigurationalongwiththereasonforchangesand
detailsofwhomadethechangesandwhen.”

e Anumberofnamedchangesetscanbeidentifiedforanapplicationorsystem.

o Thisenablesyoutoconstructaversionofthesoftwarebyspecifyingthechangesets(byname)thatmust
beappliedtothebaselineconfiguration.

e Toaccomplishthis,asystemmodelingapproachisapplied. Thesystemmodelcontains:
1. Atemplatethatincludesacomponenthierarchyanda“buildorder”forthecomponentsthat

describeshowthesystemmustbeconstructed.

2. Constructionrules.
3. Verificationrules.

o Theprimarydifferenceinapproachesisthesophisticationoftheattributesthatareusedtoconstruct
specificversionsandvariantsofasystemandthemechanicsoftheprocessforconstruction.

Change Control

o Foralargesoftwareproject,uncontrolledchangerapidlyleadstochaos.

o  Forsuchprojects,changecontrolcombineshumanproceduresandautomatedtoolstoprovidea
mechanismforthecontrolofchange.

e Achangerequestissubmittedandevaluatedtoassesstechnicalmerit,potentialsideeffects,overall
impactonotherconfigurationobjectsandsystemfunctions,andtheprojectedcostofthechange.

o Theresultsoftheevaluationarepresentedasachangereport,whichisusedbyachangecontrol authority

e (CCA)—apersonorgroupthatmakesafinaldecisiononthestatusandpriorityofthechange.

¢ Anengineeringchangeorder(ECO)isgeneratedforeachapprovedchange.

e TheECOdescribesthechangetobemade,theconstraintsthatmustberespected,andthecriteriafor review andaudit.




