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Abstract
Scenarioshaveproveneffectivefor eliciting, describingand

validatingsoftwarerequirements;however, scenariomanagement
continuesto 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
approaches. The first approach employsshared scenarioele-
mentsto identifyandmaintaincommonepisodesamongscenar-
ios. The resultingepisodesimposeconsistencyacross related
scenariosand provide a way to visualizetheir interdependen-
cies. Thesecondapproach quantifiessimilarity betweenscenar-
ios. Theresultingsimilarity measuresserveasheuristicsfor find-
ing duplicatescenarios,scenariosneedingfurther elaboration,
and scenarioswhich havenot yet beenidentified,yielding valu-
able informationabouthowwell thescenariosprovidecoverage
of therequirements.Thesetwoapproaches,integratedwith a sce-
nario database, project glossaries,configuration management,
and coverage analysis,form the basisof a usefuland effective
strategy for scenariomanagementandevolution.

1 Introduction

Developersusescenariosto validatetheirunderstanding
of customers’work practices,organizationalgoalsandsys-
temrequirements.Scenariosarereceiving widespreadat-
tentionin variousintellectualcommunitiessuchasobject-
orienteddevelopment[8, 13, 16, 24, 25], human-computer
interaction[11], andstrategic planning[10]. In therequire-
mentsengineeringcommunity, scenarioshave proven ef-
fectivefor discovering[4, 18, 22, 23], elaborating[16, 18],
refining[27], andvalidating[1, 7, 15] requirements.A re-
cent study of scenariousagein industrial projects,[29],
highlights the increasingneedfor scenariomanagement
strategies.

This paperproposesan integratedstrategy for scenario
managementthatformalizessimilarscenariostructuresand
attributesto guideandfacilitatethe requirementsanalysis
process. We combineour methodswith the Goal-Based

RequirementsAnalysisMethod (GBRAM) [2] to form a
morepowerful goal-basedscenariomanagementtool. This
tool will extend the functionality of the Goal-BasedRe-
quirementsAnalysis Tool (GBRAT) [3] to include our
strategiesfor glossarycreation,episodemanagement,sim-
ilarity measures,andcoverageanalysis. While this work
hasnot beenformally validated,we believe thestrategy is
relevant,effective,andfeasible.

In theremainderof thissection,weaddresssomeof the
challengesandproblemsinherentin scenariomanagement
andintroduceourterminology. Section2 describesoursce-
nariomanagementstrategy. In Section3 we illustratehow
the strategy is appliedwithin the context of the meeting
schedulerproblem. Finally, in Section4 we discussour
plansfor futurework andtool support.

1.1 Background and Related Work

An effective scenariomanagementstrategy must ad-
dressseveral practicalissues,which we discussbelow in
thecontext of somerelatedwork.

Similaritymeasuresfor requirementsreuse
Similarity measureshave beenusedextensively for re-

quirementsreuse; for example, semanticsimilarity has
beenusedwith conceptualgraphs[26], analogicalreason-
ing onapre-existingcasebase[21], andongenericdomain
models[20]. A semanticmeasureis appropriatefor these
applicationsbecausethey reapplythesemanticstructureof
pre-existing requirementsto new contexts. For our sce-
nariomanagementstrategy, webelievesyntacticidentity is
moreappropriate.Our strategy reusesentirescenariosor
attributes,ratherthanadaptingthemto new contexts; syn-
tactic comparisonsareeasierto understandandeliminate
theneedto build a semanticstructure.

Goalsasanorganizingstructure for scenarios
Goal hierarchiesare useful for representingrelation-

shipsbetweengoalsandsubgoalsandfor reasoningabout
goal relationships[4, 12]. The goal topographyin the
GBRAM [2] usesa goal hierarchyto structureandorga-



nize requirementsinformation(i.e., scenarios,goalobsta-
cles,constraintsandauxiliary notes). Goal topographies
helpanalystsfind informationandsortgoalsinto naturally
different functional requirements.In GBRAM, scenarios
serveto documentissues,identify new goals,andelaborate
requirements.Preliminaryevidence[2, 3] suggeststhatit is
feasibleto visualizegoalsandtheir relatedscenariosvia a
goalhierarchy. Maidenet al. have alsoproposedorganiz-
ing scenariosusinggoalsandgoal obstacles[19]. While
goalsandgoal hierarchiesarepromising,their useis not
sufficient asa scenariomanagementstrategy. This obser-
vation,coupledwith previousexperiences[5], have led us
to further specify the requirementsfor scenariomanage-
menttool support.

Supportfor scenarioevolution
Requirementscontinuallyevolve,increasingtheneedto

track openissues.A recentgoal-basedanalysis[5] high-
lightedtheevolutionarynatureof goals,scenarios,andre-
quirements.Thescenarioevolution framework of [9], sug-
geststwo typesof changesthataffect scenariosduringde-
velopment:“inter-scenario”evolution, wherechangesin-
volve a set of scenarios,and “intra-scenario”evolution,
wherechangesconcerna singlescenario.We presenta vi-
ablestrategy to managetherelationshipsin bothinter- and
intra-scenarioevolution. Our strategy is distinct from that
of Breitmanand Leite [9]; our strategy extendsscenario
relationshipsto includegoals,andsupportsthe automatic
identificationof relatedscenarios.

Processguidance
In 15 projects studied by Weidenhauptet al., most

project developers lacked appropriateproject guidance
[29]. The CREWS-SAVRE tool [19] addressesthis need
for guidanceby providing a wizard to enableandsupport
thesystematicwalkthroughof generatedscenarios.It pro-
posesgenericrequirementsstatementsfor inclusion in a
requirementsspecification.Similarly, wewill providepro-
cessguidanceusingGBRAM [2] andourepisodeandcov-
erageheuristicsto guidegoal andscenarioanalysis.The
GBRAM heuristicsguidegoalidentification,classification,
refinement,andelaborationby consideringpossibleobsta-
clesandconstructingscenariostouncoverhiddengoalsand
requirements.Theinclusionof suchheuristicsin atool will
enableanalystsandstakeholdersto playa moreactive role
in constructingscenarios.Theproposedepisodemanage-
ment,similarity measure,andcoverageanalysisstrategies
extendthisactiverole in scenariodevelopmentby offering
heuristicsfor scenarioidentificationandelaboration.

1.2 Terminology
We definethefollowing key terms:� A scenariois a linearsequenceof events,with associ-

atedattributes.Notethatcommonscenariorepresen-

tationscanbeabstractedto this form.� An eventconsistsof anactorandanaction.� A subsequenceis a sequenceof oneor moreevents
thatformsall or partof ascenario’ssequence.� An episodeis a namedsubsequencethat is usually
sharedamongseveral scenarios. It may have other
attributes,like ascenario,andin fact,it maybeasce-
nario; but in its role as an episodeeverythingother
thanits sequenceof eventsis ignored.� The attributes of a scenariomay include: system
goals,viewpoint, pre- and post-conditions,purpose,
concretenesslevel, author, requirements,events,ac-
torsandactions,aswell asepisodes.

2 Scenario Management Proposal
Thissectionprovidesanoverview of thefivemaincom-

ponentsof ourscenariomanagementstrategy: tool support,
glossaries,episodemanagement,similarity measures,and
coverageestimation.

2.1 The Case for a Scenario Management Tool

Tool supportfor scenariomanagementis importantfor
bothscenariodevelopersandprojectmanagers[29]. Sce-
nario developersneeda tool for quick andeasyentry of
scenariodata,with automaticcheckingfor redundancy and
glossarytermcreation,requiringminimal time to examine
otherscenariosfor consistency. Projectmanagersneeda
tool to allow variability in redundancy checking,sotrade-
offs canbemadebetweenconsistency andeaseof useon
anindividualprojectbasis.Bothdevelopersandmanagers
needa tool thatcanidentify similarscenariosandexamine
redundancy, consistency, andcoverage.

The major componentsof our proposedscenarioman-
agementtool are: 1) a scenariodatabase,2) individual
glossariesfor eachscenarioattribute, 3) a configuration
managementsystemfor time-stampingand documenting
changesin thescenarioandglossarydatabases,4) episode
identificationandmanagement,5) similaritymeasures,and
6)systemcoverageanalysis.Ourstrategiesextractattribute
lists from any commonscenariorepresentationto perform
episodemanagement,measurescenariosimilarities, and
investigatesystemcoverage.Theglossaries,built in paral-
lel with scenariocreation,provide thefoundationfor con-
sistentattributedescriptionsandcomparisons,simplifying
bothsystemterminologyandmanagementheuristics.The
configurationmanagementsystemsupportsboth scenario
evolution and coverageanalysis. Togetherwith the sce-
nariodatabase,glossaries,andconfigurationmanagement
system,our strategiesfor episodemanagement,similarity
measures,andcoverageanalysisform thebasisfor a pow-
erful scenariomanagementtool.



2.2 Support for Consistency: Glossaries

The benefitsassociatedwith consistency checkingin
requirementsspecificationare highlighted in [15]. Au-
tomatedsupportfor consistency checkingfrees analysts
from a time-consuminganderror-proneprocess. In four
of the studiesdiscussedin [29], projectglossarieshelped
stakeholdersestablishacommonunderstandingof scenario
terms.In anindustrialcasestudywhere88 scenarioswere
usedto definerequirements,stakeholdersalso notedthe
needto definegeneralanddomain-specificterms[14].

In additionto providing a repositoryof terms,a project
glossarycan help searchfor and prevent redundancies,
which becomea problemasthe numberof scenariosin a
systemincreases.However, building glossariescanbebur-
densomeandtime-consuming.To reducethis burden,our
tool will form attributeglossariesin parallelwith thesce-
nariodatabase,allowing analyststo browsetheglossaries,
checkfor consistency andredundancy, andaddtermsdur-
ing theanalysisprocess.

Differentscenarioattributesrequiredifferent levels of
consistency and redundancy checking, accordingto the
specificsystemand characteristicsof the attribute itself.
For example,actorsare easyto list, but actionsmay be
veryscenarioor event-specific,sothatcheckingfor redun-
dancy duringdataentryis time-consumingandusuallyun-
productive. Instead,wecanperformredundancy checkson
an“as-needed”basis,suchasduringthesearchfor episode
matches,asdiscussedbelow.

2.3 Episode Management

Episodes,sequencesof eventssharedby two or more
scenarios,playasignificantrole in effectivescenarioman-
agement[23]. To manageepisodes,a systemmustbeable
to distinguisheventsand recognizethosethat are identi-
cal. Two eventsareidenticalif they sharethe sameactor
andaction. Thesetof actorsfor a systemis well-defined;
hence,a tool canreadily recognizeidenticalactorsin two
or moreevents.However, thesetof actionsmaynot beso
well-defined;if so,theinterventionof ananalystis needed
to recognizeidenticalactions.

Weenvisionseveralwaysto supporttheidentificationof
equivalentactions. In eachcasepresentedbelow, the tool
presentspairsof potentially identicalactions,the analyst
determineswhetherthey areidenticalor distinct, andthe
tool recordsthedecisionfor futureuse.

1. Theprogrampresentsonly the pairs that the analyst
asksfor. Theanalystchooseswhichpairsto examine,
but for a thoroughcomparison,many pairsmustbe
examined.

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

may have to examinemany pairs,but fewer than in
thefirst method.

3. Theprogrampresentsonly potentiallyidenticalpairs
of actionsthat, if identical, would make two events
identical.Thetextualdescriptionsof theactionsmust
besimilar, andtheactionsmustappearin two events
sharingthe sameactor. The analystexaminesfewer
pairsandmany actionswill notneedto beexamined.

4. Theprogrampresentsonly potentiallyidenticalpairs
of actions that, if identical, might make two subse-
quencesof � or more eventsidentical. In addition
to the threeprevious conditions,the eventsthat the
actionsappearin mustbe part of two sharedsubse-
quencesof length ����� thatarepotentiallyidentical.� maybeadjustedto reducethenumberof presented
pairsasdesired.

Oncetheepisodesareidentifiedandrecordedin thesce-
nariodatabase,severalhelpful featuresarepossible:� Visiblemarkingof episodeswhentheeventsof asce-

narioaredisplayed.� Identificationof otherscenariossharingeachepisode,
with easynavigationfrom thepresentscenarioto each
of its relatives.� Two viewsof scenariosthatshareanepisode:individ-
ually, or simultaneouslywith oneshown asa variant
of theother.� A warningwhenaneventin anepisodeis edited.� Presentationof a choicewhen editing events in an
episode: “change all the scenariosthat sharethis
episode,” or “detachthisscenariofrom theothersand
changeit, leaving theothersthesame.”

The valueof thesefeaturesincreaseswith the size of
a project; as the numbersof both scenariosanddevelop-
ersincrease,it becomesmoredifficult to trackscenariore-
dundancy anddependencies.Episodesexplicitly represent
theserelationships,allowing analyststo monitorandcon-
trol inter- andintra-scenarioevolution. In addition,manag-
ing decisionsaboutscenarioconsistency anddependency
canpreventandreduceerrorsin thescenariodatabase.This
earlypreventionof errorscansave money andtime in the
requirementsanalysisprocess:theearliererrorsarecaught,
the easierand more inexpensive they are to fix. Thus,
our episodemanagementstrategy improvesrequirements
analysisby partially automatingevent comparisons,error
prevention,anddependency tracking,resultingin a faster,
morereliablescenariodevelopmentprocess.

2.4 Similarity Measures
A similarity measure is a functionthatproducesa num-

berexpressingthedegreeof similaritybetweentwo scenar-
ios. To measuresimilarity, we considereachscenarioasa



setof attributevalues.We assigntheattributesembedded
in episodesandeventsto thescenarioin whichthey appear,
sothatall attributesof ascenarioareexamined.

Weconsideronly thesyntacticrepresentationof thesce-
nario; that is, our measuretakesinto accountwhethertwo
attributevaluesareidentical,but notany otherrelationbe-
tweenthem(suchasorderingor subsumption)that might
arisefrom a semanticstructure. This hasseveral advan-
tages:it is easierto understand,theresultsof themeasure
mapin anintuitivewayto thescenarios,andtheextralabor
of constructinga semanticstructureis notneeded.

Thesimilarity measurehasseveralimportantproperties.
First, its valuesarescaledto lie between0 and1, so that
similarity measurescan be comparedacrossthe system.
Second,it is customizablefor different applications,in-
cluding scenariosearchmechanismsandgroupingstrate-
gies. Third, it can be computedusing a computeralgo-
rithm, so that similarity can be measuredwithout costly
andtime-consuminghumanevaluations.Fourth,it usesthe
attributeglossariesto simplify scenariocomparisons.

For scenariocomparison,we selectscenarioattributes
with commonvaluesstoredin a glossary. Then,“equiva-
lent” attributesarethosewith the samenamein the glos-
sary. In a morecomplicatedstrategy, an algorithmcould
classifyequivalentattributevaluesaccordingto anexternal
semanticstructure.Here,welimit theattributesconsidered
to thosethatrequiretheuseof glossaries.

Thesimilarity measurecomparesscenariosassets(i.e.
unorderedlists)of attributevalues,andexaminesthesesets
for overlap. Thus,for two scenarios	�
 and 	� , eachhas
anassociatedlist of attributevalues.Considerthe lists of
attributesfor two scenarios	 
 and 	 � :����� ������������� �!����������"��!�#�$������% ��&'��(*),+ �!-/.0�$12�4365�+��7/8 569:10� 8<; � � ��='� ; �>� 5?�@5 ; 5 3�36A�5�BC5�)ED�FHG� + � ����������� � �!����������I �!�#�$����� " �!�#�$�J� ��K��!&'� (*) + �-/.0�$12�4365L�>� 7M8 5�9�12� 8<; �$�6��='� ; �$�45?��5 ; 5�3�36A:56BC5�) D FHN
We definethesimilarity measure 	POQ	�
HR>	�4S , thesimilarity
betweenscenarios	�
 and 	T� , as the sumof the number
of commonattribute valuesin eachattribute list, divided
by thesumof thesizesof eachattribute list, (see[28] for
otherratiomodels):�VUW���?���X+6YT�[Z'\H] ���^_�X+ ]U ] ��� ]?`a] �b+ ] Y
Therefore,the similarity betweenscenarios	 
 and 	 � is	MOJ	�
LR?	� S = 10/15= 0.667.Thesimilarity measurecanbe

seenasa percentageof overlap,wherethe minimal simi-
larity valueof 0 indicatesno similarity, andthe maximal
valueof 1 indicatescompleteoverlapin theattributelists.

In this simplescheme,eachattributevaluecanbecon-
sideredtohavea“weight” of 1. A familyof similaritymea-
suresariseswhenwe allow differentweightingschemes,

whereeachattributeor attributevalueis assigneda weight
between0 and 1. Then, when the similarity measureis
taken,eachattributevaluein themeasureis multiplied by
its weight. One weighting function might, for example,
assigna weight of 1 to eachactor, and a weight of 0 to
all otherattributes.With this weighting,scenarios	 
 and	 � 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 canbeusedfor grouping
similarscenariosbasedonparticularattributevalues,or for
scenariosearches.Theweightedsimilarity measurecanbe
particularlyimportantfor episodesearchingandmatching.

Mathematically, wecanwrite theweightedextensionof	 as 	dc , the weightedsimilarity measurebetweentwo
scenarios,wheree denotesanattribute,and fPg�OQehS denotes
theweightassignedto attribute e . Notethat,to avoid divi-
sionby zero,we definethesimilarity betweentwo scenar-
ios to be0 if all theirattributevalueshavezeroweights:

�TijUW� � ��� + YT� kml nHo4p!q*o r Z'\ 9d�?Us(tYk�l4nLoLp 9d�?Us(tY ` kml4nLo r 9#�>Us(0Y
We alsoextendthesemeasuresto groupsof any number

of scenariosby takingtheaverageof thesimilarity of each
pairof scenarios.We extend 	 to 	#u :

��v4UW��6�!�b+��>NwNxNx�>�XytYT� k yzE{ � k y| {XzE} � �VUW� z ��� | Y; U ;�~�� Y@� Z
For example,to calculatethe similarity measurefor 	:
 ,	 � , and 	� , where	 
 and 	 � aregivenabove,and����� �����������L�6�!��������� I �!�#�$������% �!�#�$�J� � K �!&'� (*)W�6�-/.2�$10�L365L�?� 7M8 5�9�12� 8<; ��� ��='� ; �>� 56��5 ; 5�3�36A:56BC5�) D FH�
wemustcompute� v UW� � �$� + ��� � Y�� UW�VUW� � �!� + Y ` ��UW� � ��� � Y ` �VUW� + �$� � Y@Y�� �*N �L� �

Computedin this fashion, 	 u givesan averageof the
similaritiesof eachpairof scenariosin a group.

We mayalsoextend 	dc to 	dc u in a similar fashion:

�Ti v UW��6�!�b+��>NwNxNx�>�XytYT� k yzE{ � k y| {XzE} � �TijUW� z ��� | Y; U ;_~�� Y@� Z
Thesetwo extensions,weightingandgroupcomparisons,
build a family of measureswhich are powerful tools for
scenariomanagement.Thegeneralmeasurecanbeusedto
searchfor andselectscenarioswith particularcharacteris-
ticsfrom ascenariodatabase,quickly andautomatically, as
in [17]. It canalsohelp identify accidentalduplicationin



a largesetof scenarios.Usingthesimilarity measures,our
proposedtool wouldpresentsimilarscenarios,or episodes,
to ananalystfor evaluationandpossibleelimination. Be-
causeof their simplicity andflexibility , thesimilarity mea-
suresprovidebothquickautomaticprocessingof datathat
would take hoursby hand,anda measurethatcorresponds
to our intuitionsaboutscenariosimilarities.

2.5 Estimating Coverage

We predict that any similarity measure,suchas those
presentedin thispaper, demonstratingTversky’sproperties
of matching,monotonicity, andindependence[28], canbe
usedto estimatethecoverageof agroupof scenarios.

As thegroupof scenariosexpandsto morenearlycover
the system’s requirements,we expect to reacha balance
betweensimilar anddistinct scenarios,reflectingboth the
diversity and elaborationthat characterizea fully devel-
opedrequirementsspecification. This balancewould be
reflectedby a fairly low similarity measurefor the entire
system,arisingfrom bothgroupsof highly similar scenar-
ios demonstratingthe explorationof particularsystemas-
pects,andgroupsof distinct scenariosdemonstratingthe
explorationof differentrequirementsareas.Whenthesim-
ilarity measureseemstohavestabilizedatabalancedpoint,
thescenariosmaybereachingsufficientcoverageof there-
quirementsand/orgoals.

Throughoutthe developmentprocess,we monitor sys-
temcoverageusinga histogramof similarity measureval-
uesfor scenariopairsversusthenumberof pairswith those
values. A high numberof high-similarity pairs indicates
thatsomeareasof thesystemrequirementshavebeenwell-
explored,but that other areasremainuncovered. In this
case,thereis not yet enoughdiversity in thescenariosfor
requirementscoverage.The tool would thenindicatethat
scenariosneedto bedevelopedin new systemareas.

Conversely, if the histogramreflectslarge numbersof
highly distinct pairsof scenarios,thereis a rich diversity
in areasexplored,but a shallownessof depthin their ex-
ploration.In thiscase,thetool would indicatethatexisting
areasof the systemneedfurther elaboration. Hence,we
predictthatsystemswith insufficient coveragewill have a
histogramheavily weightedtowardshighnumbersof pairs
with highsimilarity, or highnumbersof pairswith low sim-
ilarity. In contrast,ahistogramwith abalanceddistribution
of similarity values,reflectingboth diversityandin-depth
exploration,would representmorecompletecoverage.

Theseconjecturesabout systemcoverage,if correct,
would provide a powerful way to monitor systemevolu-
tion. A scenariomanagementtool using our measures
coulddisplaysimilarity measurehistogramsandevolution-
ary changesin similarity for the entiresystem,particular
attributes,andfor differentsystemcomponents.Thus,in
additionto their usefulnessassearchingtools,thesimilar-

ity measuresdefinedin this papercanbeusedto examine
overall systemcoverage,providing guidancein scenario
elaborationandelicitation.

3 Example
As anillustration,we applyour strategy to themeeting

schedulerproblem[23]. Thepurposeof themeetingsched-
uler is to facilitatethe organizationof meetings.Specifi-
cally, for eachmeetingrequestit schedulesa meetingtime
and place such that most participantscan attend. Each
meetinghasan initiator, whocallsfor themeeting,aswell
asordinary, active, andimportantparticipants.

Whenschedulinga meeting,theinitiator proposestime
constraintsfor the meetingand the participantsrespond
with timesduringwhich they areandarenot availableto
meet(indicatedas preferenceandexclusionsets,respec-
tively). Basedon the exclusion and preferencesets,the
schedulerattemptsto schedulethemeeting.Sometimesit
succeedsandsometimes,dueto conflicts,it fails.

A scenario-basedanalysisof themeetingscheduler[23]
yielded a numberof scenarios,four of which are repro-
ducedin Figures1 through4 with minor annotations,(e.g.
theadditionof scenariopurpose).

Scenario 1
Name:

Goals:

Schedule Meeting (no conflicts)

ACHIEVE Meeting scheduled

Purpose:
Developer:

Requirements elaboration
Colin Potts

Events:
No. Actor Action
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Initiator

Scheduler

Ordinary
participant

Active
participant

Important
participant

Initiator

Initiator

Initiator

Initiator

Scheduler

Scheduler

Scheduler

Scheduler

Request meeting of a specific type

Add default participants

Determine participants

Identify active participants

Identify initiator’s boss as important participant

Send request for preferences

Send appropriate mail messages to participants

Respond with exclusion and preference sets

Respond with exclusion and preference sets as well as
equipment requirements

Request required equipment

Respond with exclusion and preference sets as well as
location preference

Schedule meeting on the basis of responses, policies,
and room availability

Send confirmation message to all participants and
meeting initiator

Figure 1: MeetingScheduler�:� - noconflicts

Episodemanagement
Effectivescenariomanagementrequiresidentifyingand

maintainingepisodesin a system.Table1 lists thepoten-
tial episodesdiscoveredassharedsubsequencesin Scenar-
ios 1 through4. Our proposedtool candisplaythesesub-
sequencesgraphically, andinteractwith analyststo deter-
minewhichonesto markasepisodes.



Scenario 2
Name:

Goals:

Schedule Meeting with Slow Responder (ordinary participant)

ACHIEVE Meeting scheduled

Purpose:
Developer:

Requirements elaboration
Annie Anton

Events:
No. Actor Action
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

13.

14.

Initiator

Scheduler

Active
participant

Important
participant

Initiator

Initiator

Initiator

Initiator

Scheduler

Scheduler

Scheduler

Scheduler

Request meeting of a specific type

Add default participants

Determine participants

Identify active participants

Identify initiator’s boss as important participant

Send request for preferences

Send appropriate mail messages to participants

Respond with exclusion and preference sets as well as
equipment requirements

Request required equipment

Respond with exclusion and preference sets as well as
location preference

Schedule meeting on the basis of responses, policies,
and room availability

Send confirmation message to all participants and
meeting initiator

11. Scheduler Recognizes that timeout has expired and reminds late
participant

12. Scheduler Recognizes that drop-dead date has passed

Figure 2: �T� - ordinaryparticipantis aslow responder

Scenario 3
Name:

Goals:

Schedule Meeting with Slow Responder (important participant)

ACHIEVE Meeting scheduled

Purpose:
Developer:

Goal obstacle analysis
Kenji Takahashi

Events:
No. Actor Action
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Initiator

Scheduler

Ordinary
participant

Active
participant

Initiator

Initiator

Initiator

Initiator

Scheduler

Scheduler

Request meeting of a specific type

Add default participants

Determine participants

Identify active participants

Identify initiator’s boss as important participant

Send request for preferences

Send appropriate mail messages to participants

Respond with exclusion and preference sets

Respond with exclusion and preference sets as well as
equipment requirements

Request required equipment

16. Scheduler Send cancellation message to all participants

11. Scheduler Recognizes that timeout has expired and reminds late
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

Figure 3: �T� - importantparticipantis aslow responder

Consideran example situation: an analyst createsa
“Meeting Initiation” episodefor events1-7 in ��� , � � , and� � . Sinceevents14 in � � and1 in ��� sharethesameactor
andsimilar actionsthat could composepart of a 3-event
episode,the tool presentsthis pair of actionsto the ana-
lyst for comparison.Theanalystchoosesto identify these

Scenario 4
Name:

Goals:

Cancel meeting

ACHIEVE Meeting Canceled

Purpose:
Developer:

Requirements elaboration
Annie Anton

Events:
No. Actor Action
1.

2.

3.

Initiator

Scheduler

Scheduler

Request meeting cancellation

Release reserved equipment and room

Send cancellation message to all participants

Figure 4: �� - meetingis canceled

Scenario
Groups Potential Episodes

1,2

1,3

2,3

3,4

(1-7, 1-7)  (9-11, 8-10)  (12-13, 13-14)

(1-7, 1-7)  (8-10, 8-10)

(1-7, 1-7)  (8-9, 9-10)  (11-12, 11-12)

(14-16, 1-3)

1,2,3 (1-7, 1-7, 1-7)  (9-10, 8-9, 9-10)

Table1: Potentialepisodes

Scenario 3
Name:

Goals:

Schedule Meeting with Slow Responder (important participant)

ACHIEVE Meeting scheduled

Purpose:
Developer:

Goal obstacle analysis
Kenji Takahashi

Events:
No. Actor Action

1.

2.

3.

4.

5.

6.

7.

2.

3.

4.

Initiator

Scheduler

Ordinary
participant

Active
participant

Initiator

Initiator

Initiator

Initiator

Scheduler

Scheduler

Request meeting of a specific type

Add default participants

Determine participants

Identify active participants

Identify initiator’s boss as important participant

Send request for preferences

Send appropriate mail messages to participants

Respond with exclusion and preference sets

Respond with exclusion and preference sets as well as
equipment requirements

Request required equipment

3. Scheduler Send cancellation message to all participants

5. Scheduler Recognizes that timeout has expired and reminds late
participant

6. Scheduler Recognizes that drop-dead date has passed

7. Scheduler Notifies initiator that important participant has not
responded

1. Initiator Request meeting cancellation

2. Scheduler Release reserved equipment and room

1. Episode: Meeting Initiation

8. Episode: Meeting Cancellation

Figure 5: �� - with identifiedepisodes

two eventsandcreatea“MeetingCancellation”episodefor
events14-16in �� and1-3in � � . Usingtheseepisodes,the
new structureof �� is shown in Figure5.

Onceepisodesare identified,the tool tracksthemand



providesvisiblemarkingof episodes,warningswhenedit-
ing eventsof episodes,andalternative views of scenarios
thatshareepisodes.For example,thetool canusebranch-
ing diagramsto displaycommonepisodes,asin Figure6.
Here, �:� and �� sharethe“MeetingInitiation” episodeand
thenbranch.Usingsuchdiagrams,analystscanbettervi-
sualizetheepisodicrelationshipsamongscenarios.

Episode: Meeting Initiation
No. Actor Action
1.

2.

3.

4.

5.

6.

7.

Initiator

Scheduler

Initiator

Initiator

Initiator

Initiator

Scheduler

Request meeting of a specific type

Add default participants

Determine participants

Identify active participants

Identify initiator’s boss as important participant

Send request for preferences

Send appropriate mail messages to participants

Scenario 1: No Conflicts
Name:

Goals:

Schedule Meeting (no conflicts)

ACHIEVE Meeting scheduled

Purpose:
Developer:

Requirements elaboration
Colin Potts

Events:
No. Actor Action
1. Episode: Meeting Initiation

2.

3.

4.

5.

6.

7.

Ordinary
participant

Active
participant

Important
participant

Scheduler

Scheduler

Scheduler

Respond with exclusion and preference sets

Respond with exclusion and preference sets as well as
equipment requirements

Request required equipment

Respond with exclusion and preference sets as well as
location preference

Schedule meeting on the basis of responses, policies,
and room availability

Send confirmation message to all participants and
meeting initiator

Scenario 2: Slow Responder
Name:

Goals:

Schedule Meeting with Slow Responder (ordinary participant)

ACHIEVE Meeting scheduled

Purpose:
Developer:

Requirements elaboration
Annie Anton

Events:
No. Actor Action
1. Episode: Meeting Initiation

2.

3.

4.

7.

8.

Active
participant

Important
participant

Scheduler

Scheduler

Scheduler

Respond with exclusion and preference sets as well as
equipment requirements

Request required equipment

Respond with exclusion and preference sets as well as
location preference

Schedule meeting on the basis of responses, policies,
and room availability

Send confirmation message to all participants and
meeting initiator

5. Scheduler Recognizes that timeout has expired and reminds late
participant

6. Scheduler Recognizes that drop-dead date has passed

Figure 6: ��� and �� shown with branching

Similaritymeasures
In thissection,wedemonstratetheuseof thesimilarity

measures.Applying the similarity measure�M�Q���H�>��4� to
the purpose, developer, goal, and actor attributesof the
scenariosin Figures1 through4 resultsin the following
measures:�V�W�� � �b�?�� ¢¡ £ ¤ ¡ ¡ ���W��� � ��¥��T ¢¡ £ ¦4¦4§�V�W� � � �X¨6�� ¢¡ £ ©L¦4ª ���W� � � � ¥ �T ¢¡ £ «4§H¬�V�W� � � �X¨6�� ¢¡ £ ¦4¦4§ ���W� ¥ � ��¨��T ¢¡ £ 4 
By usingthesemeasuresa tool caneasilyseethat ��� and�� areverysimilarwhile �® and ��¯ arenot. Thiscoincides
nicelywith ananalyst’s view of thescenariossince� � and� � arein factverysimilarwhile � ® and � ¯ arenot.

Theweightedsimilarity measure,�d°±�J���L�?�� � , canbe
usedto emphasizeparticularattributesover othersby as-
signingthemrelatively high weights.For example,to em-
phasizeepisodicstructurewhencomparingscenarios,we
weight episodeswith 1 andall otherattributeswith 0.25,
yielding:��²³�W�� � �b�?�� ¢¡ £ ¤L§ ¡ ��²³�W�� � �X¥6�T ¢¡ £ ¦ ¦L§��²³�W�� � � ¨ �� ¢¡ £ ª ¤ ¦ ��²³�W�b� � �X¥6�T ¢¡ £ ¦C¬�«��²³�W� � � �X¨6�� ¢¡ £ © ¡ ¡ ��²³�W� ¥ � �X¨6�T ¢¡ £ « ¡4¡
Thesemeasuresreflect the amountof sharingbetween

eachpair of scenarios.Note that � � and � � have a high
measureof overlap,while � � and � ¯ show almostnoover-
lap, which correspondsto our intuitive evaluationof these
two pairs.

Theextension��´C�J� � �?� � � µEµ¶µE�?�·�� computestheaverage
similarity for all thepairsof scenariosin a group. For ex-
ample:��¸4�W� � � � � � � ¥ �T ¢¡ £ ¦4§ ¹ ��¸L�W� � � � ¥ � ��¨6�T a¡ £ ©L¤L§
Clearly, thegroupcontaining��� , �� and �® is moresim-
ilar thanthegroupcontaining�:� , �® and ��¯ . In this case,
the measureserves as a heuristic for groupingscenarios
basedon their similarity without requiringanalyststo read
througheachscenario.

The generalsimilarity measure,�d°º´C�Q���C�>��*��µ¶µEµ¶�>� · � ,
providesa weightedgroupcomparison.For example,to
measurethe overall amountof episodeusage,we weight
episodeswith 1 andall otherattributeswith 0, yielding:�T² ¸ �W� � � � � � � ¥ � �X¨��T ¢¡ £ « ¡ ¡
indicatingthat on the averagetwo scenariosin this group
sharehalf theirepisodes.

Theseexamplesdemonstratesomesimpleapplications
of themeasuresandsuggesthow theresultingvaluesbegin
to providevaluableinformationaboutscenariocoverage.

4 Discussion and Future Work
Current approachesto scenariomanagementprovide

frameworks within which to discussscenarios[29]. The
CREWSframework [29] classifiesscenariosaccordingto
four facets:Purpose,Lifecycle, ContentsandForm. Our
integratedscenariomanagementstrategy indirectly sup-
ports eachof theseaspectsof scenarios.More recently,
a representationalscenarioframework hasbeenproposed
[6]. Our strategy is not constrainedor limited to any one
representationalternative. Instead,it wasdevisedto beap-
plicableto extensiblescenarioattributeswhile allowing the
useof commonscenariorepresentations.

This papergoesbeyond previous work by providing a
concrete,implementablestrategy to managethe largeand
at timesunwieldyamountsof informationassociatedwith
scenarios.The proposedstrategy allows analyststo vary
thelevel of redundancy andconsistency checkingrequired
for scenarioevolution. The GBRAM includesheuristics
for the identificationof redundantandsynonymousgoals
and for their eliminationand reconciliation,respectively.
However, thestrategiesdiscussedin thispaperextendthese
types of heuristicsto other scenarioattributes, such as
episodes.Whenappliedto variousattributes,theseheuris-
tics facilitate the visualizationof scenariosand their in-
terrelationships.Coupledwith the heuristicsavailable in
GBRAM [2], thesimilaritymeasuresarearich information
sourceregarding requirementscoverage. The weighted
similarity measures,in particular, supportthe meaningful
trackingof changein similarity throughoutscenarioevolu-
tion. This allows us to provide constructive processguid-



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

Althoughourpreliminarystudiessuggestthis integrated
strategy is feasibleand effective, our investigationshave
entailedmanualcalculationsandobservations.We realize
therearepossiblerisksassociatedwith dependingonatool
to, for example, find similarities and commonepisodes.
Anotherissueto beaddressedis thepotentialfor othersim-
ilarities to exist that thetool maynot identify. How do we
identify theseandwhatdo they look like? Our immediate
plansinvolvefurtherinvestigationof theseissues.Weplan
to applythestrategy to severallargesetsof scenariosavail-
ablefrom casestudyrepositories,andbuild extensionsto
the strategy as we investigateand addresssuchrisks. A
prototypeto supportthe proposedalgorithmsand strate-
giesis currentlybeingdeveloped.Weseekto answerques-
tionsabouthow effective thesestrategiesarein providing
processguidance,supportingscenarioevolution,andusing
goalsto bothstructurescenariosandaid in ensuringcover-
ageof systemrequirements.
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