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Abstract

Scenarioshave proven effectivefor eliciting, describingand
validatingsoftwaerequiementshowever, scenariomanaement
continuedo bea significantchallenge to practitioners. Onerea-
son for this difficulty is that the numberof possiblerelations
amongscenariosgrows exponentiallywith the numberof sce-
narios. If theserelationsare formalized,they can be more eas-
ily identifiedand supported.To provide this support,we extend
the benefitsof project-wideglossarieswith two complementary
appmoades. The first appoat employsshaed scenarioele-
mentsto identify and maintaincommonrepisodesamongscenar
ios. The resulting episodesmposeconsistencyacross related
scenariosand provide a way to visualizetheir interdependen-
cies. Thesecondapproadc quantifiessimilarity betweerscenar
ios. Theresultingsimilarity measuesserveasheuristicsfor find-
ing duplicatescenarios,scenariosneedingfurther elabomtion,
and scenarioswhich havenot yet beenidentified,yielding valu-
ableinformationabouthowwell the scenariogprovide coverage
of therequirmentsThesawo appioades,integratedwith a sce-
nario database project glossaries,configuation management,
and coverage analysis,form the basisof a usefuland effective
strateggy for scenariomanaementandevolution.

1 Introduction

Developersusescenarioso validatetheirunderstanding
of customersivork practicesprganizationagjoalsandsys-
temrequirements Scenariosarereceving widespreadt-
tentionin variousintellectualcommunitiessuchasobject-
orienteddevelopmen(8, 13, 16, 24, 25|, human-computer
interaction11], andstrateic planning[10]. In therequire-
mentsengineeringcommunity scenarioshave proven ef-
fectivefor discovering[4, 18, 22, 23], elaboratind16, 18],
refining[27], andvalidating[1, 7, 15] requirementsA re-
centstudy of scenariousagein industrial projects,[29],
highlights the increasingneedfor scenariomanagement
stratgjies.

This paperproposesanintegratedstratgy for scenario
managemerthatformalizessimilarscenariestructuresnd
attributesto guideandfacilitatethe requirementanalysis
process. We combineour methodswith the Goal-Based

Requirement#nalysis Method (GBRAM) [2] to form a
morepowerful goal-basedcenariananagemenbol. This
tool will extendthe functionality of the Goal-BasedRe-
quirementsAnalysis Tool (GBRAT) [3] to include our
stratgiesfor glossarycreationepisodananagemensim-
ilarity measuresand coverageanalysis. While this work
hasnot beenformally validated we believe the strateyy is
relevant,effective, andfeasible.

In theremaindeof this sectionwe addressomeof the
challengegndproblemsnherentin scenariananagement
andintroduceourterminology Sectior? describesursce-
nariomanagemendtratgy. In Section3 we illustratehow
the stratgyy is appliedwithin the context of the meeting
schedulemproblem. Finally, in Section4 we discussour
plansfor futurework andtool support.

1.1 Background and Related Work

An effective scenariomanagemenstratgy must ad-
dressseveral practicalissues which we discussbelow in
the context of somerelatedwork.

Similarity measuesfor requirementseuse

Similarity measure$fiave beenusedextensviely for re-
quirementsreuse; for example, semanticsimilarity has
beenusedwith conceptuagraphg26], analogicakreason-
ing onapre-«istingcasebasg21], andongenericdomain
models[20]. A semantiomeasuras appropriatefor these
applicationdecausehey reapplythe semanticstructureof
pre-&isting requirementso new contexts. For our sce-
nariomanagemergtratgy, we believe syntacticidentityis
more appropriate.Our stratgy reusesentire scenarior
attributes,ratherthanadaptingthemto new contets; syn-
tactic comparisonsre easierto understandndeliminate
theneedto build a semanticstructure.

Goalsasan organizingstructue for scenarios

Goal hierarchiesare useful for representingelation-
shipsbetweergoalsandsubgoalsaandfor reasoningabout
goal relationships[4, 12]. The goal topographyin the
GBRAM [2] usesa goal hierarchyto structureand orga-



nize requirementsnformation(i.e., scenariosgoal obsta-

cles, constraintsand auxiliary notes). Goal topographies
helpanalystdind informationandsortgoalsinto naturally

differentfunctionalrequirements.In GBRAM, scenarios
seneto documentssuesidentify new goals,andelaborate
requirementsPreliminaryevidencd?2, 3] suggestthatit is
feasibleto visualizegoalsandtheir relatedscenariovia a
goalhierarchy Maidenet al. have alsoproposedrganiz-
ing scenarioauisinggoalsand goal obstacle419]. While
goalsand goal hierarchiesare promising, their useis not
sufficient asa scenariomanagemerstratgy. This obser
vation, coupledwith previousexperience$5], have led us
to further specify the requirementdor scenariomanage
menttool support.

Supportfor scenarioevolution

Requirementsontinuallyevolve,increasingheneecdo
track openissues. A recentgoal-basedinalysig[5] high-
lightedthe evolutionarynatureof goals,scenariosandre-
guirementsThescenariavolution framework of [9], sug-
geststwo typesof changeghataffect scenariogluringde-
velopment:“inter-scenario”evolution, wherechangesn-
volve a set of scenariosand “intra-scenario”evolution,
wherechangesoncerna singlescenarioWe presen@ vi-
ablestrategy to manageherelationshipsn bothinter- and
intra-scenarigvolution. Our strat@y is distinctfrom that
of Breitmanand Leite [9]; our stratgy extendsscenario
relationshipgo include goals,and supportsthe automatic
identificationof relatedscenarios.

Procesguidance

In 15 projects studied by Weidenhauptet al., most
project developerslacked appropriateproject guidance
[29]. The CREWS-SA/RE tool [19] addressethis need
for guidanceby providing a wizard to enableand support
the systematiavalkthroughof generatedcenarioslt pro-
posesgenericrequirementstatementdor inclusionin a
requirementspecification.Similarly, we will provide pro-
cesgyuidancausingGBRAM [2] andour episodeandcov-
erageheuristicsto guide goal and scenaricanalysis. The
GBRAM heuristicguidegoalidentification classification,
refinementandelaboratiorby consideringpossibleobsta-
clesandconstructingcenarioso uncoverhiddengoalsand
requirementsTheinclusionof suchheuristican atool will
enableanalystsandstaleholderdo play a moreactive role
in constructingscenarios.The proposecepisodemanage-
ment, similarity measureandcoverageanalysisstratgies
extendthis active role in scenariadevelopmenby offering
heuristicfor scenariddentificationandelaboration.

1.2 Terminology
We definethefollowing key terms:

¢ A scenarios alinearsequencef events,with associ-
atedattributes. Notethatcommonscenariaepresen-

tationscanbeabstractedo thisform.
e An eventconsistof anactorandanaction.

e A subsequencs a sequencef one or more events
thatformsall or partof ascenarics sequence.

e An episodeis a namedsubsequencéhat is usually
sharedamongseveral scenarios. It may have other
attributes like a scenarioandin fact,it maybeasce-
nario; but in its role as an episodeeverything other
thanits sequencef eventsis ignored.

e The attributes of a scenariomay include: system
goals,viewpoint, pre- and post-conditionspurpose,
concreteneskevel, author requirementsevents, ac-
torsandactions aswell asepisodes.

2 Scenario Management Proposal

This sectionprovidesanoverview of thefive maincom-
ponentf ourscenarionanagemertdtrateyy: tool support,
glossariesgpisodemanagemensimilarity measuresand
coverageestimation.

2.1 TheCasefor a Scenario Management Tool

Tool supportfor scenariomanagemeris importantfor
both scenariadevelopersandprojectmanagerg29]. Sce-
nario developersneeda tool for quick and easyentry of
scenarialata,with automatiacheckingfor redundang and
glossarytermcreation requiringminimal time to examine
otherscenariodor consisteng. Projectmanagersieeda
tool to allow variability in redundang checking,sotrade-
offs canbe madebetweenconsisteng and easeof useon
anindividual projectbasis.Both developersandmanagers
needatool thatcanidentify similar scenario@ndexamine
redundanyg, consisteng, andcoverage.

The major component®f our proposedscenarioman-
agementtool are: 1) a scenariodatabase?) individual
glossariedor eachscenarioattribute, 3) a configuration
managemensystemfor time-stampingand documenting
changesn thescenaricandglossarydatabases}) episode
identificationandmanagemeng) similarity measuresand
6) systentoverageanalysis Ourstrategiesextractattribute
lists from any commonscenariaepresentatioto perform
episodemanagementmeasurescenariosimilarities, and
investigatesystemcoverage.The glossariesbuilt in paral-
lel with scenariccreation,provide the foundationfor con-
sistentattribute descriptionsandcomparisonssimplifying
both systemterminologyandmanagementeuristics.The
configurationmanagemengystemsupportsboth scenario
evolution and coverageanalysis. Togetherwith the sce-
nario databaseglossariesand configurationmanagement
system our stratgiesfor episodemanagementimilarity
measuresandcoverageanalysisform the basisfor a pow-
erful scenariomanagemertool.



2.2 Support for Consistency: Glossaries

The benefitsassociatedvith consisteng checkingin
requirementsspecificationare highlightedin [15]. Au-
tomatedsupportfor consisteng checkingfrees analysts
from a time-consumingand errorproneprocess. In four
of the studiesdiscussedn [29], projectglossarieshelped
staleholdersestablistacommonunderstandingf scenario
terms.In anindustrialcasestudywhere88 scenariosvere
usedto definerequirementsstaleholdersalso notedthe
needto definegenerabnddomain-specifiterms[14].

In additionto providing a repositoryof terms,a project
glossarycan help searchfor and prevent redundancies,
which becomea problemasthe numberof scenariosn a
systemincreasesHowever, building glossariesanbebur-
densomeandtime-consuming.To reducethis burden,our
tool will form attribute glossariesn parallelwith the sce-
nario databasegllowing analystgo browsethe glossaries,
checkfor consisteng andredundang, andaddtermsdur-
ing theanalysigorocess.

Differentscenarioattributesrequire differentlevels of
consisteng and redundang checking, accordingto the
specific systemand characteristicof the attribute itself.
For example, actorsare easyto list, but actionsmay be
very scenarior event-specificsothatcheckingfor redun-
dang duringdataentryis time-consumingndusuallyun-
productive. Insteadwe canperformredundang checkson
an“as-neededbasis suchasduringthesearcHor episode
matchesasdiscussedbelow.

2.3 Episode Management

Episodessequencesf eventssharedby two or more
scenariosplay a significantrole in effective scenarianan-
agemenf23]. To manageepisodesa systemmustbe able
to distinguisheventsand recognizethosethat are identi-
cal. Two eventsareidenticalif they sharethe sameactor
andaction. The setof actorsfor a systemis well-defined;
henceatool canreadily recognizeidenticalactorsin two
or moreevents. However, the setof actionsmaynot be so
well-defined;if so,theinterventionof ananalystis needed
to recognizddenticalactions.

We ervisionseveralwaysto supportheidentificationof
equialentactions. In eachcasepresentedelow, the tool
presentsairs of potentiallyidenticalactions,the analyst
determineswhetherthey areidentical or distinct, andthe
tool recordshe decisionfor futureuse.

1. Theprogram presentsonly the pairs that the analyst
asksfor. Theanalystchoosesvhich pairsto examine,
but for a thoroughcomparisonmary pairs mustbe
examined.

2. The program presents potentially identical pairs
whosetextual descriptionsare similar. The analyst

may have to examinemary pairs, but fewer thanin
thefirst method.

3. Theprogram presentonly potentiallyidentical pairs
of actionsthat, if identical, would male two events
identical. Thetextual descriptionf theactionsmust
be similar, andthe actionsmustappeatin two events
sharingthe sameactor The analystexaminesfewer
pairsandmary actionswill not needto be examined.

4. Theprogram presentnly potentiallyidentical pairs
of actionsthat, if identical, might male two subse-
guencef n or more eventsidentical. In addition
to the three previous conditions,the eventsthat the
actionsappearin mustbe part of two sharedsubse-
guence®f lengthn > 2 thatarepotentiallyidentical.
n may be adjustedo reducethe numberof presented
pairsasdesired.

Oncetheepisodeareidentifiedandrecordedn thesce-
nariodatabaseseveralhelpful featuresarepossible:

¢ Visible markingof episodesvhenthe eventsof a sce-
narioaredisplayed.

¢ |dentificationof otherscenariosharingeachepisode,
with easynavigationfrom thepresenscenarido each
of its relatives.

e Two views of scenarioshatshareanepisodeindivid-
ually, or simultaneouslyvith oneshavn asa variant
of theother

e A warningwhenaneventin anepisodds edited.

¢ Presentatiorof a choicewhen editing eventsin an
episode: “change all the scenariosthat sharethis
episode, or “detachthis scenaridrom the othersand
changsit, leaving the othersthe samé.

The value of thesefeaturesincreaseswith the size of
a project; asthe numbersof both scenariosand develop-
ersincreaseit becomesnoredifficult to trackscenariae-
dundang anddependencie€pisodesxplicitly represent
theserelationshipsallowing analyst¢o monitorandcon-
trol inter- andintra-scenari@volution. In addition,manag-
ing decisionsaboutscenarioconsisteng anddependeng
canpreventandreduceerrorsin thescenariaatabaseThis
early preventionof errorscansaze mong/ andtime in the
requirementanalysiprocesstheearliererrorsarecaught,
the easierand more inexpensve they areto fix. Thus,
our episodemanagemenstratgy improves requirements
analysisby partially automatingevent comparisonserror
prevention,anddependengtracking, resultingin a faster
morereliablescenariadevelopmenprocess.

2.4 Similarity Measures

A similarity measue is afunctionthatproducesa num-
berexpressinghedegreeof similarity betweenwo scenar
ios. To measuresimilarity, we considereachscenaricasa



setof attribute values. We assignthe attributesembedded
in episodesndeventsto thescenarian whichthey appeay
sothatall attributesof a scenaricareexamined.

We consideonly thesyntactiaepresentatioof thesce-
nario; thatis, our measurdakesinto accountwhethertwo
attribute valuesareidentical,but notary otherrelationbe-
tweenthem (suchasorderingor subsumptionjhat might
arisefrom a semanticstructure. This hasseveral advan-
tages:it is easierto understandthe resultsof the measure
mapin anintuitiveway to thescenariosandtheextralabor
of constructinga semanticstructureis notneeded.

Thesimilarity measurdasseveralimportantproperties.
First, its valuesare scaledto lie between0 and 1, sothat
similarity measuresan be comparedacrossthe system.
Second,it is customizablefor different applications,in-
cluding scenariosearchmechanismsnd groupingstrate-
gies. Third, it can be computedusinga computeralgo-
rithm, so that similarity can be measuredvithout costly
andtime-consumindgiumanevaluations Fourth,it useghe
attribute glossariego simplify scenariccomparisons.

For scenariocomparisonwe selectscenarioattributes
with commonvaluesstoredin a glossary Then,“equiva-
lent” attributesare thosewith the samenamein the glos-
sary In a morecomplicatedstratey, an algorithmcould
classifyequivalentattributevaluesaccordingo anexternal
semanticstructure Here,welimit theattributesconsidered
to thosethatrequirethe useof glossaries.

The similarity measurecomparescenariogassets(i.e.
unorderedists) of attributevalues,andexamineghesesets
for overlap. Thus,for two scenariosS; andS,, eachhas
an associatedist of attribute values. Considerthe lists of
attributesfor two scenarioss; andSs:

S1 = {Actors, Actors, Actore, Goala, Purposes,
Viewpointy, ConcretenessLevelp};
Sa = {Actors, Actors, Actors, Actorr, Goala,

Purposer, Viewpoint1, ConcretenessLevelo}.

We definethe similarity measue S(S1, Sz2), the similarity

betweenscenariosS; andSs, asthe sumof the number
of commonattribute valuesin eachattribute list, divided
by the sumof the sizesof eachattribute list, (see[28] for

otherratio models):

2|81 NS,
(511 +1521)

Therefore the similarity betweenscenariosS; and.S; is
S(S1,82) =10/15= 0.667.Thesimilarity measureanbe
seenasa percentagef overlap, wherethe minimal simi-
larity value of 0 indicatesno similarity, andthe maximal
valueof 1 indicatescompleteoverlapin theattributelists.

In this simpleschemegachattribute valuecanbe con-
sideredo havea“weight” of 1. A family of similarity mea-
suresariseswhenwe allow differentweighting schemes,

S(S51,82) =

whereeachattribute or attribute valueis assigned weight
between0O and 1. Then, whenthe similarity measurds
taken, eachattribute valuein the measuras multiplied by
its weight. One weighting function might, for example,
assigna weight of 1 to eachactor anda weight of 0 to
all otherattributes. With this weighting,scenariossS; and
S» would have a similarity measureof 2/7, about0.289;
by this measure the two scenariosare much less simi-
lar. In this way, the weightedsimilarity measureempha-
sizessimilarity in particularattributes(by assigningthem
high weights)andignoresdifferencein others(by assign-
ing themweightsof zero). This canbe usedfor grouping
similarscenariodasecdn particularattributevalues or for
scenaricsearchesTheweightedsimilarity measureanbe
particularlyimportantfor episodesearchingandmatching.
Mathematicallywe canwrite the weightedextensionof
S as SW, the weightedsimilarity measurebetweentwo
scenarioswherea denotesanattribute,andwt(a) denotes
theweightassignedo attributea. Notethat,to avoid divi-
sionby zero,we definethe similarity betweerntwo scenar
iosto beQif all their attribute valueshave zeroweights:

Zaeslns2 2 wi(a)
Zaesl wt(a) + Za652 wt(a)
We alsoextendthesemeasureso groupsof any number

of scenariody takingthe averageof the similarity of each
pair of scenariosWe extendS to S*:

_ Z?:1 Z;:H_l S(Si, S;)
h n(n —1)/2

SW (S, Ss) =

$*(St1, 82, ..., Sn)

For example,to calculatethe similarity measureor Sy,
S», andSz, whereS; andS» aregivenabove,and

Ss = {Actor1, Actors, Actore, Actorr, Goaly,
Purposer, Viewpoints, ConcretenessLevelo},
we mustcompute

(S(S81,82) + S(51,83) + S(S2, S3))

S*(S1,52,53) = 3

= 0.478

Computedin this fashion,S* givesan averageof the
similaritiesof eachpair of scenariosn a group.
We mayalsoextendSW to SW* in asimilarfashion:

Thesetwo extensionsweightingandgroupcomparisons,
build a family of measuresvhich are powerful tools for
scenariananagemeniThegenerameasureanbe usedo
searchfor andselectscenariosvith particularcharacteris-
ticsfrom ascenarialatabasequickly andautomaticallyas
in [17]. It canalsohelpidentify accidentaduplicationin



alargesetof scenariosUsingthe similarity measurespur
proposedool would presensimilar scenariospr episodes,
to ananalystfor evaluationandpossibleelimination. Be-
causeof their simplicity andflexibility , the similarity mea-
suresprovide both quick automatigorocessingf datathat
would take hoursby hand,anda measurehatcorresponds
to ourintuitionsaboutscenaricsimilarities.

25 Egtimating Coverage

We predictthat any similarity measuresuchasthose
presentedh thispaperdemonstrating versky’'sproperties
of matchingmonotonicity andindependencf8], canbe
usedto estimatethe coverageof agroupof scenarios.

As thegroupof scenario®xpandso morenearlycover
the systems$ requirementsye expectto reacha balance
betweersimilar anddistinct scenariosreflectingboth the
diversity and elaborationthat characterizea fully devel-
opedrequirementspecification. This balancewould be
reflectedby a fairly low similarity measureor the entire
system arisingfrom both groupsof highly similar scenar
ios demonstratinghe explorationof particularsystemas-
pects,and groupsof distinct scenarioglemonstratinghe
explorationof differentrequirementsreas Whenthesim-
ilarity measurseemdo have stabilizedatabalancegoint,
thescenariosnaybereachingsufficientcoverageof there-
guirementsand/orgoals.

Throughoutthe developmentprocesswe monitor sys-
tem coverageusinga histogramof similarity measureval-
uesfor scenarigairsversughenumberof pairswith those
values. A high numberof high-similarity pairs indicates
thatsomeareasf thesystenrequirementbave beenwell-
explored, but that other areasremainuncovered. In this
casethereis not yet enoughdiversityin the scenariogor
requirementsoverage. The tool would thenindicatethat
scenariomeedto bedevelopedn new systemareas.

Corversely if the histogramreflectslarge numbersof
highly distinct pairs of scenariosthereis a rich diversity
in areasexplored, but a shallovnessof depthin their ex-
ploration.In this casethetool would indicatethatexisting
areasof the systemneedfurther elaboration. Hence,we
predictthat systemawith insufficient coveragewill have a
histogramheavily weightedtowardshighnumbersof pairs
with highsimilarity, or highnumbersf pairswith low sim-
ilarity. In contrastahistogramwith abalancedlistribution
of similarity values,reflectingboth diversity andin-depth
exploration,would representmorecompletecoverage.

Theseconjecturesabout systemcoverage,if correct,
would provide a powerful way to monitor systemevolu-
tion. A scenariomanagementool using our measures
coulddisplaysimilarity measurdiistogramsandevolution-
ary changesn similarity for the entire system,particular
attributes,andfor differentsystemcomponents.Thus,in
additionto their usefulnes@ssearchingools, the similar

ity measureslefinedin this papercanbe usedto examine
overall systemcoverage,providing guidancein scenario
elaboratiorandelicitation.

3 Example

As anillustration,we apply our strateyy to the meeting
scheduleproblem[23]. Thepurposeof themeetingsched-
uler is to facilitate the organizationof meetings. Specifi-
cally, for eachmeetingrequesit schedulestmeetingtime
and place such that most participantscan attend. Each
meetinghasaninitiator, who callsfor themeetingaswell
asordinary, active andimportantparticipants.

Whenschedulinga meeting theinitiator proposesime
constraintsfor the meetingand the participantsrespond
with timesduring which they areandare not availableto
meet(indicatedas prefeenceand exclusionsets,respec-
tively). Basedon the exclusion and preferencesets, the
scheduleattemptsto schedulehe meeting. Sometimest
succeedandsometimesgueto conflicts,it fails.

A scenario-baseahalysisof themeetingschedulef23]
yielded a numberof scenariosfour of which are repro-
ducedin Figuresl through4 with minor annotations(e.g.
theadditionof scenariqurpose).

Scenario 1 i
Name: Schedule Meeting (no conflicts)
Purpose: Requirements elaboration
Developer: Colin Potts
Goals: ACHIEVE Meeting scheduled
Events:
No. Actor Action
1. Initiator Request meeting of a specific type
2. Scheduler Add default participants
3. Initiator Determine participants
4. Initiator Identify active participants
5. Initiator Identify initiator's boss as important participant
6. Initiator Send request for preferences
7. Scheduler Send appropriate mail messages to participants
8. Ordinary Respond with exclusion and preference sets
participant
9. Active Respond with exclusion and preference sets as well
participant equipment requirements
10. Scheduler Request required equipment
11. Important Respond with exclusion and preference sets as well
participant location preference
12. Scheduler Schedule meeting on the basis of responses, policies
and room availability
13. Scheduler Send confirmation message to all participants and
meeting initiator

Figure 1. MeetingSchedulelS; - no conflicts

Episodemanaement

Effective scenariananagemenequireddentifyingand
maintainingepisodesn a system.Table1 lists the poten-
tial episodesliscoreredassharedsubsequences Scenar
ios 1 through4. Our proposedool candisplaythesesub-
sequencegraphically andinteractwith analystgo deter
minewhich onesto markasepisodes.



Scenario 2 i
Name: Schedule Meeting with Slow Responder (ordinary participait)
Purpose: Requirements elaboration
Developer: Annie Anton
Goals: ACHIEVE Meeting scheduled
Events:
No. Actor Action
1. Initiator Request meeting of a specific type
2. Scheduler Add default participants
3. Initiator Determine participants
4. Initiator Identify active participants
5. Initiator Identify initiator's boss as important participant
6. Initiator Send request for preferences
7. Scheduler Send appropriate mail messages to participants
8. Active Respond with exclusion and preference sets as well
participant equipment requirements
9. Scheduler Request required equipment
10. Important Respond with exclusion and preference sets as well
participant location preference
11. Scheduler Recognizes that timeout has expired and reminds latt
participant
12. Scheduler Recognizes that drop-dead date has passed
13. Scheduler Schedule meeting on the basis of responses, policies.
and room availability
14. Scheduler Send confirmation message to all participants and
meeting initiator

Figure2: S, - ordinaryparticipantis a slow responder

Scenario 3 i
Name: Schedule Meeting with Slow Responder (important particiggnt)
Purpose: Goalobstacleanalysis
Developer: Kenji Takahashi
Goals: ACHIEVE Meeting scheduled
Events:
No. Actor Action
1. Initiator Request meeting of a specific type
2. Scheduler Add default participants
3. Initiator Determine participants
4. Initiator Identify active participants
5. Initiator Identify initiator's boss as important participant
6. Initiator Send request for preferences
7. Scheduler Send appropriate mail messages to participants
8. Ordinary Respond with exclusion and preference sets
participant
9. Active Respond with exclusion and preference sets as well
participant equipment requirements
10. Scheduler Request required equipment
11. Scheduler Recognizes that timeout has expired and reminds lat
participant
12. Scheduler Recognizes that drop-dead date has passed
13. Scheduler Notifies initiator that important participant has not
responded
14. Initiator Decides to cancel meeting
15. Scheduler Release reserved equipment and room
16. Scheduler Send cancellation message to all participants

Figure 3: S; - importantparticipants aslow responder

Consideran example situation: an analystcreatesa
“Meeting Initiation” episodéefor events1-7in Sy, Ss, and
S3. Sinceeventsl4in S; andlin S, sharethe sameactor
and similar actionsthat could composepart of a 3-event
episode the tool presentghis pair of actionsto the ana-
lyst for comparison.The analystchoosego identify these

Scenario 4 i

Name: Cancel meeting

Purpose: Requirements elaboration
Developer: Annie Anton

Goals: ACHIEVE Meeting Canceled

Events:
No. Actor Action
1. Initiator Request meeting cancellation
Scheduler Release reserved equipment and room
3. Scheduler Send cancellation message to all participants

Figure4: S, - meetingis canceled

chcreonuaglso Potential Episodes
1,2 (1-7, 1-7) (9-11, 8-10) (12-13, 13-14)
1,3 (1-7, 1-7) (8-10, 8-10)
2.3 (1-7, 1-7) (8-9, 9-10) (11-12, 11-12)
34 (14-16, 1-3)
12,3 (1-7, 1-7, 1-7) (9-10, 8-9, 9-10)

Tablel: Potentialepisodes

Scenario 3 i

Name: Schedule Meeting with Slow Responder (important particiggnt)
Purpose: Goalobstacleanalysis

Developer: Kenji Takahashi

Goals: ACHIEVE Meeting scheduled

Events:
No. Actor Action
1. Episode: Meeting Initiation
1. Initiator Request meeting of a specific type
2. Scheduler Add default participants
3. Initiator Determine participants
4. Initiator Identify active participants
5. Initiator Identify initiator's boss as important participant
6. Initiator Send request for preferences
7. Scheduler Send appropriate mail messages to participants
2. Ordinary Respond with exclusion and preference sets
participant
3. Active Respond with exclusion and preference sets as well
participant equipment requirements
4. Scheduler Request required equipment
5. Scheduler Recognizes that timeout has expired and reminds lat¢
participant
6. Scheduler Recognizes that drop-dead date has passed
7. Scheduler Notifies initiator that important participant has not
responded

8. Episode: Meeting Cancellation

1. Initiator Request meeting cancellation
2. Scheduler Release reserved equipment and room
3. Scheduler Send cancellation message to all participants

Figure5: S; - with identifiedepisodes

two eventsandcreatea“Meeting Cancellation’episodéor

eventsl4-16in S; and1-3in Sy. Usingtheseepisodesthe

new structureof S is shovn in Figureb.
Onceepisodesre identified, the tool tracksthemand



providesvisible markingof episodeswarningswhenedit-
ing eventsof episodesandalternatie views of scenarios
thatshareepisodesFor example thetool canusebranch-
ing diagramgo displaycommonepisodesasin Figure6.
Here,S; andS» sharghe“MeetingInitiation” episodeand
thenbranch. Using suchdiagramsanalystscanbettervi-
sualizethe episodicrelationshipamongscenarios.

Episode: Meeting Initiation i
No
1

Scenario 1: No Conflicts
Name: Schedule Meeting (no conflicts)
Purpose: ~ Requirements elaboration
Developer: Colin Pott

ACHIEVE Meeting scheduled

Scenario 2: Slow Responder i
Schedule Meeting with Slow Responder (ordinary participdiit)
equirements elaboration

per: Annie Ant
ACHIEVE Meeting scheduled

Figure6: S; andSs shavn with branching

Similarity measues

In this section,we demonstratéhe useof the similarity
measures.Applying the similarity measureS(S;, S2) to
the purpose developer goal, and actor attributesof the
scenariosn Figuresl through4 resultsin the following
measures:

5(S1,85) = 0.800

S(S1,8S4) = 0.462
S(S2,S4) = 0.667

S(S1, Ss) = 0.667
5(S2, 83) = 0.571
S(Ss,84) =0.333

By usingthesemeasures tool caneasilyseethat S, and
S, areverysimilarwhile S3 andS, arenot. Thiscoincides
nicely with ananalysts view of the scenariosinceS; and
S, arein factvery similarwhile S3 andS, arenot.

The weightedsimilarity measure SW(S;, S2), canbe
usedto emphasizegarticularattributesover othersby as-
signingthemrelatively high weights. For example,to em-
phasizeepisodicstructurewhen comparingscenariosye
weight episodeswith 1 andall otherattributeswith 0.25,
yielding:

SW(S1,Ss) = 0.870
SW(S1,54) = 0.286
SW(S2,54) = 0.400

SW (S1, S3) = 0.667
SW (S5, S3) = 0.615
SW (S3, S4) = 0.500

Thesemeasuregeflect the amountof sharingbetween
eachpair of scenarios.Note that S; andS, have a high
measuref overlap,while S; andS, shav almostno over
lap, which correspondso our intuitive evaluationof these
two pairs.

TheextensionS*(5y, Ss, ..., Si,) computeghe average
similarity for all the pairsof scenariosn a group. For ex-
ample:

S*(S1,S2,S3) =0.679  S*(Si,Ss,S4) = 0.487

Clearly, thegroupcontainingS, S, and.Ss is moresim-
ilar thanthe groupcontainingS;, S3 andSy. In this case,
the measuresenes as a heuristicfor groupingscenarios
basedn their similarity withoutrequiringanalystgo read
througheachscenario.

The generalsimilarity measure, SW*(S1, Ss, ..., Spn),
provides a weightedgroup comparison. For example,to
measurahe overall amountof episodeusage we weight
episodesvith 1 andall otherattributeswith 0, yielding:

SW*(S1, Sa, Ss, Sa) = 0.500

indicatingthat on the averagetwo scenariosn this group
sharehalf their episodes.
Theseexamplesdemonstratsomesimple applications
of themeasureandsuggeshow theresultingvaluesbegin
to provide valuableinformationaboutscenariacoverage.

4 Discussion and Future Work

Current approachego scenariomanagemenprovide
frameaworks within which to discussscenariog29]. The
CREWSframework [29] classifiesscenariosaccordingto
four facets: Purposel ifecycle, Contentsand Form. Our
integrated scenariomanagemenstratgy indirectly sup-
ports eachof theseaspectf scenarios. More recently
a representationacenarioframenork hasbeenproposed
[6]. Our stratgy is not constrainedr limited to any one
representatioalternatve. Insteadjt wasdevisedto beap-
plicableto extensiblescenariattributeswhile allowing the
useof commonscenariaepresentations.

This papergoesbeyond previous work by providing a
concretejmplementablestratgy to managethe large and
attimesunwieldy amountsf informationassociatedvith
scenarios.The proposedstrategyy allows analyststo vary
thelevel of redundang andconsisteng checkingrequired
for scenarioevolution. The GBRAM includesheuristics
for the identificationof redundantind synorymousgoals
andfor their elimination and reconciliation,respectiely.
However, thestratgiesdiscussedh this paperextendthese
types of heuristicsto other scenarioattributes, such as
episodesWhenappliedto variousattributes,theseheuris-
tics facilitate the visualizationof scenariosand their in-
terrelationships.Coupledwith the heuristicsavailablein
GBRAM [2], thesimilarity measurearearich information
sourceregarding requirementscoverage. The weighted
similarity measuresin particular supportthe meaningful
trackingof changen similarity throughouscenariavolu-
tion. This allows usto provide constructve procesguid-



ance(e.g. stoppingcriteria for scenarioconstruction)to
requirementpractitioners.

Althoughourpreliminarystudiessuggesthisintegrated
stratgy is feasibleand effective, our investigationshave
entailedmanualcalculationsandobsenations. We realize
therearepossibleisksassociateith dependingnatool
to, for example, find similarities and commonepisodes.
Anotherissueto beaddresses the potentialfor othersim-
ilarities to exist thatthe tool may notidentify. How do we
identify theseandwhatdo they look like? Ourimmediate
plansinvolve furtherinvestigatiorof theseissuesWe plan
to applythestratayy to severallargesetsof scenariosvail-
ablefrom casestudyrepositoriesandbuild extensionsto
the stratgy aswe investigateand addresssuchrisks. A
prototypeto supportthe proposedalgorithmsand strate-
giesis currentlybeingdeveloped We seekto answerques-
tions abouthow effective thesestratgjiesarein providing
procesguidancesupportingscenariavolution,andusing
goalsto bothstructurescenariosndaid in ensuringcover-
ageof systenrequirements.
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