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tS
enarios are widely used to spe
ify desired system behaviors, butanalyzing and managing large 
olle
tions of s
enarios remain a 
hallenge.S
enario networks fa
ilitate s
enario management and serve as a powerfulbasis for analyzing and validating 
olle
tions of s
enarios. In a s
enarionetwork, ea
h s
enario is 
onne
ted to those that may follow it, either aspart of a single sequen
e or 
on
urrently with others. A s
enario networkprovides an integrated spe
i�
ation of an entire system and in
orporatesbehaviors that span two or more s
enarios. We show how the pro
essof 
reating a s
enario network improves the quality of the 
omponents
enarios by helping analysts identify gaps and in
onsisten
ies that moretraditional reviews and walkthroughs normally do not un
over.KeywordsS
enario management, s
enario networks, requirements engineering.1 Introdu
tionS
enarios have proven useful in requirements engineering for identifying, elabo-rating, validating, and re�ning requirements [4, 8, 9, 10, 11, 13, 16, 17℄. Man-aging large sets of s
enarios is 
hallenging, as observed in a study of s
enariousage in European industrial proje
ts [18℄. In parti
ular, this study revealed thatmost developers la
k appropriate pro
ess guidan
e. In this paper we dis
uss thesu

essful use of s
enario networks for fa
ilitating s
enario management and en-suring in
reased requirements 
overage by providing dire
ted pro
ess guidan
e1



to developers. A s
enario network is a set of s
enarios and the 
onne
tions fromea
h s
enario to those that may follow it, either in a single sequen
e or 
on
ur-rently; any allowable behavior of the system 
orresponds to a (possibly rami�ed)path through the network, beginning at an initial s
enario and 
ontinuing untila terminal s
enario is rea
hed. A s
enario network thus provides a spe
i�
ationof an entire system and an ex
ellent organizing stru
ture for a 
olle
tion of s
e-narios. The s
enario relationships a�orded by s
enario networks allow s
enariosto be grouped together in equivalen
e 
lasses, yielding two ways of organizings
enarios: a

ording to ea
h s
enario's pla
e in the overall network, and a
-
ording to 
lasses of s
enarios that are equivalent in some way. The pro
essof deriving and 
onstru
ting s
enario networks provides pro
ess guidan
e fordevelopers sin
e the s
enario network serves as the basis for a systemati
 walk-through of the expe
ted, desired, and allowable system behaviors. Constru
tionof a s
enario network 
ompels analysts to 
onsider alternatives that typi
allyare overlooked, and to �nd any disallowed alternatives that 
an be veri�ed asin
orre
t during walkthroughs.This work has been validated within the 
ontext of a real-world appli
a-tion, BellSouth Tele
ommuni
ations's Enhan
ed Messaging System (EMS). TheEMS is a 
omprehensive voi
e messaging system that supports a wide range offun
tionality in
luding: a

ess and authenti
ation; 
on�guration management;subs
riber intera
tions with the EMS (e.g. noti�
ations and message pro
ess-ing); 
aller intera
tions with the EMS (e.g. re
ording of in
oming messages andthe marking of 
ertain messages as urgent); as well as re
ording, playing, andar
hiving of subs
riber outgoing messages. An initial version of the EMS s
e-narios and requirements appear in [2℄. This paper is based upon the 
ompletedset of s
enarios and 
orresponding requirements.Our previous work in synta
ti
 relationships employed synta
ti
 relation-ships to maintain 
onsisten
y, express interdependen
e, and identify dupli
ate,partially-elaborated, and missing s
enarios [1℄. Our more re
ent work extendsthat line of resear
h via the use of semanti
 relationships among s
enarios [2℄. Inthis paper, we demonstrate that s
enario networks provide an e�e
tive means toformulate a 
onsistent and 
orre
t set of s
enarios, for subsequent operational-ization into requirements.The remainder of this paper is organized as follows. Se
tion 2 provides a briefoverview of relevant work. Se
tion 3 introdu
es s
enario networks, employingan example from the EMS. Se
tion 4 des
ribes the pro
ess of 
onstru
ting as
enario network. In Se
tion 5 we dis
uss the bene�ts of applying s
enarionetworks to support s
enario management and dire
ted walkthroughs. Finally,the lessons learned and our plans for future work are presented in Se
tions 6and 7, respe
tively.2 Related workIn this se
tion we brie
y dis
uss the relevant related work on s
enario manage-ment and pro
ess guidan
e as well as s
enario sequen
es and 
on
urren
y.2



S
enario management and pro
ess guidan
eAs previously mentioned, s
enario management remains a signi�
ant 
hal-lenge to developers [18℄. Most proje
t developers la
k guidan
e for de
iding theappropriate level of abstra
tion as well as when to stop. In fa
t, most developersviewed s
enario 
reation as a 
raft rather than an engineering task. With s
e-nario networks, s
enario 
reation be
omes more systemati
 and less of a 
raft.Current approa
hes to s
enario management provide frameworks within whi
hto dis
uss s
enarios [18℄. The CREWS framework [18℄ 
lassi�es s
enarios a
-
ording to four fa
ets: Purpose, Life
y
le, Contents and Form. The integrateds
enario management strategy of Alspaugh et al. [1℄ provides a 
on
rete strat-egy for managing large and at times unwieldy amounts of information asso
iatedwith s
enarios. It allows analysts to vary the level of redundan
y and 
onsis-ten
y 
he
king required for s
enario evolution, using similarity measures. Thesimilarity measures provide 
onstru
tive pro
ess guidan
e to developers, su
has stopping 
riteria for s
enario 
onstru
tion.The bene�ts of s
enario walkthroughs have been previously addressed [12,14℄. In
onsisten
ies, gaps, and errors in a 
olle
tion of s
enarios for a givensystem must be resolved at some level before the system's implementation 
anbe satisfa
tory. Maiden et al. atta
k the problem of missing s
enarios with amethod supported by their CREWS-SAVRE tool. In this method, new s
enariosare automati
ally generated for 
onsideration by an analyst, using a library ofstandard models and alternative sequen
es of use 
ase events [12℄.A number of other resear
hers have atta
hed pre- and post
onditions (orinitial and �nal states) to s
enarios. Rolland and Ben A
hour use initial states ofagents and �nal states of episodes to guide the writing of use 
ases [15℄. Rollandet al. atta
h initial and �nal states (analogous to pre- and post
onditions) tos
enarios in their L'E
ritoire tool in support of a heuristi
 to guide the sear
hfor additional goals [16℄.S
enario sequen
es and 
on
urren
yA number of resear
hers have examined the issue of sequen
e and 
on
ur-ren
y among s
enarios, and the integration of s
enarios into a larger entity thatexpresses sequen
e and 
on
urren
y.A use 
ase map (UCM) integrates s
enarios to provide a whole-system spe
-i�
ation whi
h expresses sequen
e and 
on
urren
y among s
enarios [5, 6℄. Thes
enarios are expressed as 
ausal sequen
es of responsibilities, and denotedgraphi
ally as a graph with responsibilities atta
hed. UCMs are primarily seenas a notation for binding responsibilities to system 
omponents, and a bridgebetween system spe
i�
ation and system design. Visual inspe
tion of UCMsis used to �nd feature intera
tions. More re
ently, UCMs have been used toexpress whole-system behavior, and formalized by (manual) translation into thespe
i�
ation language LOTOS [3℄. The goal of this approa
h is to dete
t featureintera
tions that are 
aused by unexpe
ted intera
tions between s
enarios.Dano et al. integrate s
enarios as part of their work on eli
iting and validatingrequirements. S
enarios are integrated by means of a graph whose ar
s expressthe temporal relationships between the nodes representing the s
enarios. The3



integrated s
enarios are used for 
omparisons against less-formal informationfrom domain experts. The goal of the te
hnique is to eli
it new requirementsand validate the requirements already found [7℄.In the remainder of this paper, we present s
enario networks as an alter-native (and we believe more e�e
tive) approa
h that fo
uses on formulating a
onsistent and 
orre
t set of s
enarios, and integrating the s
enarios into a singlespe
i�
ation of system behavior. This work is based on our previous work insynta
ti
 relationships among s
enarios, in whi
h we used them to maintain 
on-sisten
y, express interdependen
e, and identify dupli
ate, partially-elaborated,and missing s
enarios [1℄. We extend that line of resear
h here by using se-manti
 relationships among s
enarios to improve the quality of s
enarios andprodu
e integrated spe
i�
ations expressing behaviors that may span more thanone s
enario.3 S
enario networksIndividual s
enarios are frequently used to des
ribe a single transa
tion or asingle sequen
e of events a

omplishing a parti
ular purpose (as in S
enario(S12) shown in Table 1). A s
enario des
ribes part of a system's behavior, anda group of s
enarios des
ribes the entire behavior of a system. Ideally, everysystem behavior is expressed by some s
enario in the group.S12. Subs
riber listens to the next message.1. Subs
riber S dials the next new message 
ommand.2. EMS plays S's next message.3. If that message was \new", EMS 
hanges its state to \old".Table 1: EMS S
enario S12What is not expressed by a group of s
enarios is the allowed temporal re-lationships among all the s
enarios. There is no spe
i�
ation of either the al-lowable sequen
es of s
enarios or 
on
urren
y between sequen
es of s
enarios.S
enario networks provide a way to express this additional information.A s
enario network is 
omprised of a group of s
enarios and the inter
on-ne
tions between them that indi
ate the allowed s
enario sequen
es and 
on
ur-ren
y. Any allowable behavior of the system 
orresponds to a (possibly rami�ed)path through the network, beginning at an initial s
enario and 
ontinuing untilea
h bran
h of the path rea
hes a terminal s
enario.A detailed example of a sequential s
enario network for a simpli�ed EMS ispresented in our earlier work [2℄. Here we present an example from the 
ompleteEMS that demonstrates 
on
urren
y, using the s
enarios listed in Table 2.In the 
ontext of the EMS, expe
ted or desired behaviors are representedby a number of multipaths through these s
enarios. A multipath is a possibly4



S0 EMS startup.S1 EMS shutdown.S2 Subs
riber 
alls EMS and authenti
ates him/herself.S12 Subs
riber listens to the next message.S13 Subs
riber has no more messages to listen to.S29 Subs
riber dis
onne
ts from EMS.S30 Caller 
alls a subs
riber and leaves a message.S39 Caller dis
onne
ts from EMS.Table 2: EMS s
enarios used in the examplerami�ed path through a s
enario network. Wherever a multipath diverges intotwo or more paths, it indi
ates 
on
urren
y between the s
enario sequen
es onthe parallel paths. Some allowed multipaths for the EMS are listed in Table 3(
ompressed into a linear sequen
e to aid readability).� S0!S1� S0!S2!S13!S29!S1� S0!S30!S39!S1� S0!S2!S13!S29!S30!S39!S1� S0!S30!S39!S2!S12!S29!S1� S0!S30!S39!S2!S12!S13!S29!S1� S0!S30!S39!S30!S39!S2!S12!S29!S1� S0!S30!S39!S30!S39!S2!S12!S12!S13!S29!S1Table 3: Allowed EMS multipathsThe list of allowed multipaths 
ontinues without end, so rather than list-ing the multipaths we 
reate a s
enario network that expresses exa
tly thosemultipaths that are allowed.We express s
enario networks in one of three ways: in tabular form; as adiagram; and through pre- and post
onditions for ea
h s
enario. In this paper,we fo
us on the tabular and diagrammati
 forms. The pre- and post
onditionform is dis
ussed in [2℄. For the tabular form, we list the network's s
enarios,identify those that are initial or terminal, and give ea
h s
enario's follow set and
on
urren
y set. An initial s
enario is one that may begin a s
enario multipath,and a terminal s
enario may end a bran
h of one. A s
enario's follow set is theset of s
enarios that may follow it in a sequen
e, and its 
on
urren
y set is theset of s
enarios that may begin a new 
on
urrent sequen
e after it. Table 4provides this information for the example s
enarios drawn from the 
ompletedset of EMS s
enarios.A se
ond way to express a s
enario network is by produ
ing a diagramin whi
h s
enarios, represented by 
ir
les, are 
onne
ted by arrows indi
ating5
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Figure 1: Diagram of EMS s
enario network
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Figure 2: Diagram for example s
enario network
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Initial s
enarios S0Terminal s
enarios S1, S29, S39S
enario Follow set Con
urren
y setS0 S1 S2, S30S1 ; ;S2 S12, S13, S29 ;S12 S12, S13, S29 ;S13 S12, S13, S29 ;S29 ; ;S30 S39 ;S39 ; ;Table 4: Tabular form for s
enario networksequen
e, and slashed arrows indi
ating where 
on
urrent sequen
es may begin,as portrayed by the s
enario network diagrams in Figures 1 and 2.Figure 1 shows the entire s
enario network diagram for the 
ompleted EMS.For purpose of illustration, we fo
us our dis
ussion on a portion of the s
enarionetwork (shown in Figure 2).The s
enario network in Figure 2 supports all the allowed s
enario multipathslisted in Table 3, and an in�nite number of others. However, it also supportsan in�nite number of s
enario multipaths that should not be allowed, su
h asS0!S30!S39!S2!S12!S12!S29!S1(
aller left one message but subs
riber listened to two)Su
h undesired multipaths are ruled out by assigning a pre
ondition to ea
h s
e-nario. A s
enario's pre
ondition is required to be true in order for the s
enarioto begin. Ea
h s
enario is also assigned a post
ondition whi
h is satis�ed at theend of the s
enario. Thus at any point in a multipath we 
an determine whi
hs
enarios 
an o

ur next by 
omparing their pre
onditions with the post
ondi-tion ful�lled by the s
enario just 
ompleted. Our previous work des
ribes theuse of these pre- and post
onditions, and how they allow the s
enario networkto serve as an operational model [2℄.We note that s
enario networks may appear on the surfa
e similar to �nitestate ma
hines, but there are important di�eren
es between them. Notably, ea
hs
enario's pre- and post
ondition refer to a state that 
an be arbitrarily 
omplex,so that a s
enario network is 
apable of mu
h more 
omplex transition sequen
esthan a �nite state ma
hine. Also, a s
enario network addresses 
on
urren
y ina manner di�erent from the way a �nite state ma
hine does nondeterminism.
8



4 Constru
ting S
enarioNetworksIn this se
tion, we dis
uss two systemati
 approa
hes to 
onstru
t a s
enarionetwork for a 
olle
tion of s
enarios: (1) annotating ea
h s
enario with pre- andpost
onditions, and (2) re�ning large-s
ale narratives 
overing many s
enariosabout the system's behavior into smaller units.The starting point of the pre- and post
ondition approa
h is to 
onsiderwhat result ea
h s
enario a
hieves, and what it requires in order to a
hievethat result. For the EMS, we expressed these results and needs as formal pre-and post
onditions for ea
h s
enario [2℄. These 
onditions express a sequentialnetwork for the s
enarios be
ause ea
h s
enario's pre
ondition is satis�ed byexa
tly the s
enarios that 
an pre
ede it. A table or a diagram of the s
enarionetwork 
an then be produ
ed, although in order to distinguish 
on
urren
ymore information is needed. This approa
h makes automated support possiblefor determining the relationships between the 
onditions, and thus the rela-tionships between the s
enarios with those 
onditions. However, without su
hautomated support determining these relationships is 
umbersome for the an-alyst. Additionally, even with a 
ompleted set of pre- and post-
onditions forea
h s
enario, analysts must still determine 
on
urren
y as an additional taskbe
ause the pre- and post-
onditions do not express 
on
urren
y. The EMS 
asestudy showed that this was not an e�e
tive method for 
onstru
ting a s
enarionetwork [2℄ sin
e simply relying on pre- and post-
onditions does not take ad-vantage of the analyst already knows about desired sequen
ing and 
on
urren
y.For example, due to our familiarity with how voi
e messaging systems operate,we are able to draw upon ta
it knowledge. We know that 
on
urren
y is possiblesin
e a 
aller 
an leave a message for a subs
riber at pre
isely the same time atwhi
h the subs
riber may be listening to other voi
e mail messages in their mailbox. But the pre- and post
onditions for these s
enarios did not indi
ate this
on
urren
y. In the remainder of this paper, we dis
uss the narrative re�nementapproa
h, whi
h proved mu
h more e�e
tive.In the narrative re�nement approa
h, analysts 
onsider the envisioned sys-tem that is des
ribed by the 
olle
tion of s
enarios. The system's behavioris �rst des
ribed with a single high-level story, expressed in natural language.For example, in the EMS 
ase study the single high-level story was \The EMSre
ords messages that 
allers leave for parti
ular subs
ribers; subs
ribers maylisten to these messages and store them for a time if they wish." The stories arethen su

essively de
omposed into smaller, more detailed stories until ea
h story
ontains enough detail so that all the desired system behaviors are des
ribed insome story. These smaller stories may be extra
ted from the higher-level storiesin several ways:� 
hoosing a single a
tor and following his/her intera
tions with the system;� following a single 
on
urrent thread of behavior of the system and itsenvironment; or 9



� identifying alternatives to a previously identi�ed path of a
tion(s).As the stories be
ome progressively more detailed they yield sequen
es ofthe spe
i�
 s
enarios 
overing a
tions that take pla
e in that story. The storiesand the sequential, alternative, and 
on
urrent relations among their 
omponents
enarios form a formidable basis for a s
enario network diagram.Other approa
hes are possible and 
onstitute future work. For example,these two approa
hes (annotating with pre- and post-
onditions, and re�ne-ment of narratives) assume that a 
olle
tion of s
enarios already exists beforethe s
enario network is begun, but in pra
ti
e this need not be the 
ase. Wehave seen indi
ations that an approa
h in whi
h the s
enarios and the s
enarionetwork are 
onstru
ted in parallel 
an o�er further advantages. In this situa-tion, the s
enario network provides pro
ess guidan
e throughout the 
reation ofthe s
enarios, rather than only when the s
enario 
olle
tion is nearly 
omplete.Individual s
enarios 
an be produ
ed by elaborating the stories to the desiredlevel of detail, and dividing them into smaller stories and ultimately s
enarios.The additional e�ort required for 
onstru
ting the s
enario network would beminimal with this approa
h.5 Applying S
enario NetworksS
enario networks o�er many bene�ts to developers as they seek to spe
ify asystem's requirements. A s
enario network re
ords the sequen
es and 
on
ur-ren
y that 
an o

ur among its s
enarios, information that is not part of theindividual s
enarios and may not otherwise be re
orded. A s
enario networkprovides a 
lear visual representation of those sequen
es and 
on
urren
y, inthe form of the s
enario network diagram. The pro
ess of 
reating a s
enarionetwork helps the analyst improve the quality of the individual s
enarios and(our 
ase study showed) also helps the analyst un
over problems with the re-quirements and thus improve their quality as well (Se
tion 5.2 dis
usses thisin greater detail). A 
ompleted s
enario network a
ts as a system spe
i�
a-tion that in
ludes everything the 
omponent s
enarios spe
ify and additionallyspe
i�es behavior that spans more than one s
enario, thus providing a moree�e
tive operationalization of the system's requirements. All these bene�ts aidin the validation of the analysts' understanding of the system's behavior, thesystem spe
i�
ation (whi
h is the s
enario network itself), and the system re-quirements. In this se
tion, we dis
uss in more detail how the appli
ation ofs
enario networks during requirements engineering a
tivities o�ers two spe
i�
bene�ts: s
enario networks provide a framework for s
enario management ando�er pro
ess guidan
e to analysts, as dis
ussed in se
tions 5.1 and 5.2, respe
-tively.5.1 S
enario managementS
enario networks provide a ri
h framework for managing a 
olle
tion of s
enar-ios. Additionally, the equivalen
e relations between s
enarios that are un
overed10



during the 
reation of a s
enario network form a useful means for 
lassifying andlinking the s
enarios in a 
olle
tion.A s
enario network provides a temporal s
heme for organizing s
enarios;every s
enario has a pla
e in the network. A s
enario's pla
e in the s
hemeis based upon where it 
an o

ur, temporally, relative to the other s
enarios.Temporal position is an important aspe
t of the s
enario from the analyst'spoint of view. Thus it produ
es a better organization than one based on amore arbitrary aspe
t, su
h as the order in whi
h the s
enarios were 
reated.Organizing s
enarios a

ording to the order in whi
h they were identi�ed makefails to provide insights into meaningful relationships, su
h as sequen
ing and
on
urren
y. In 
ontrast, s
enario networks highlight missing s
enarios anddupli
ation between s
enarios in a way that analysts �nd natural and usefuland that lends itself to methodi
al validation via walkthroughs (dis
ussed inSe
tion 5.2).A disadvantage of organizing s
enarios with a s
enario network is that thisorganization does not linearize easily; its natural topology is that of a graph.Thus a s
enario network does not translate straightforwardly into a table of
ontents, for example.An assortment of relations between s
enarios arise during the 
onstru
tionof a s
enario network or are indi
ated by the stru
ture of a s
enario network.The most immediately useful of these are equivalen
e relations, whi
h indi
ates
enarios that are equivalent in some sense. Examples are the relation thatgroups together s
enarios that 
an follow all of the same s
enarios (illustratedby Table 5); or s
enarios that 
an pre
ede all of the same s
enarios; or s
enariosthat 
an both follow the same s
enarios and pre
ede the same s
enarios. For-mally, ea
h of these equivalen
e relations partitions a 
olle
tion of s
enarios intodisjoint equivalen
e 
lasses; the s
enarios in ea
h 
lass are inter
hangeable inthe sense of the relation, and every s
enario is in exa
tly one 
lass. Informally,ea
h relation groups s
enarios that are similar in a parti
ular way. As an ex-ample, Table 5 presents a group of equivalen
e 
lasses for the \follows the sames
enarios" relation. In this example, S12, S13, and S29 form an equivalen
e 
lassbe
ause ea
h of them 
an follow only S2, S12, or S13. Ea
h of the eight s
enariosappears in exa
tly one equivalen
e 
lass.Follow-equivalen
e 
lassesfollow ; : S0follow f S0g : S1, S2, S30follow f S2, S12, S13g : S12, S13, S29follow f S30g : S39Table 5: Equivalen
e 
lasses exampleThese equivalen
e 
lasses of s
enarios are useful in s
enario management.Any 
hange to one s
enario in a 
lass is likely to be needed for the other s
enarios11



in the 
lass, or at least is more likely to be needed than for a s
enario unrelated tothe 
hanged one. The s
enarios in a 
lass are 
onsistent in some way (or shouldbe if they are not); spe
i�
ally, s
enarios that are pre
ede-equivalent produ
ethe same or similar results, and s
enarios that are follow-equivalent require thesame or similar things in order to a
hieve their results. For example, looking atTable 5 we 
an see that a 
hange in s
enario S12 may also require 
orresponding
hanges in the s
enarios S13 and S29 that are follow-equivalent to it, and that thethree s
enarios have the same or similar prerequisites (in fa
t, all three s
enariosrequire that the subs
riber in question already be authenti
ated to the EMS byhis or her pass
ode, with S12 additionally requiring that this subs
riber havemore messages to hear and S13 additionally requiring that he or she have nomore messages).5.2 Pro
ess guidan
eS
enario networks o�er pro
ess guidan
e in several ways.� A s
enario network serves as a useful visual aid for guiding walkthroughsof the s
enarios. The bene�ts of walkthroughs are widely known [12, 14℄.� Perhaps surprisingly, the pro
ess of 
onstru
ting a s
enario network pro-vides important bene�ts besides the obvious one of produ
ing the network.Constru
ting a s
enario network by either of the systemati
 approa
hesdes
ribed in Se
tion 4 guides the analyst in identifying gaps in 
overage;identifying redundan
y among the s
enarios in the form of overlap anddupli
ation; re
ognizing equivalen
e relations between the s
enarios andthe 
onsisten
y among s
enarios that is required by those relations; andestablishing what ea
h s
enario requires and a

omplishes.� The graphi
al properties of a s
enario network o�er guidan
e in identifyingstopping points for the pro
ess of seeking additional s
enarios: stop whenthe s
enario network no longer has gaps.We dis
uss some of these points in more detail below.S
enario walkthroughsA s
enario network diagram provides a graphi
al aid that is well suitedto walkthroughs. The visual layout of the diagram suggests paths to followand provides guidan
e in the 
hoi
e of what paths to traverse or walk throughnext. Overlaps and dupli
ations between s
enarios are highlighted during walk-throughs whose 
ourse is dire
ted by the visual form of the s
enario network.This form 
an be espe
ially useful in indi
ating alternatives that may not havebeen previously 
onsidered, be
ause these alternatives are visually obvious in thediagram. Potential 
on
urren
y between s
enarios, whi
h is frequently diÆ
ultto un
over, is also indi
ated visually by a s
enario network diagram. Finally,the diagram provides a form in whi
h 
ertain kinds of information un
overedby the walkthrough 
an be 
onveniently re
orded as the walkthrough pro
eeds.12



We note parti
ularly that without a s
enario network, there may be no obvi-ous do
ument in whi
h to re
ord behavior and relationships that span severals
enariosGuidan
e from systemati
 
onstru
tionThe pro
ess of 
onstru
ting a s
enario network requires a 
ontinuing seriesof walkthroughs to 
he
k the part of the s
enario network 
ompleted so farand to examine how remaining s
enarios should be added to the network. Our
ase studies indi
ate that an analyst naturally tends to 
he
k ea
h 
hange tohis/her s
enario network by walking through several 
hara
teristi
 narratives formultipaths that pass through the s
enarios or 
onne
tions that were 
hanged.Similarly, an e�e
tive way to determine how to add a s
enario to a networkis to walk through some narratives that involve that s
enario. For example,
onsider the pro
ess of adding the s
enario S37 \Caller 
alls EMS dire
tly andleaves a message" to the s
enario network of Figure 2. Walking through thepaths that 
ould involve this s
enario shows that S37 is quite similar (follow-and pre
ede-equivalent) to S30 \Caller 
alls a subs
riber and leaves a message."Thus S37 should be 
onne
ted into the diagram in exa
tly the ways that S30is. When we examine the full EMS diagram in Figure 1, we see that this isindeed the 
ase. We also �nd that for an analyst, thinking about the systemin terms of walkthroughs suggests additional new multipaths that should bewalked through. These walkthroughs o�er opportunities to improve the qualityof individual s
enarios and the analyst's understanding of the system as re
ordedin the s
enario network.Another bene�t that o

urs as a s
enario network is 
onstru
ted is the un-
overing of equivalen
e 
lasses of s
enarios. Constru
tion of a s
enario networkfor
es the analyst to 
onsider whi
h s
enarios are equivalent and to what de-gree. This o

urs as the analyst 
onsiders whi
h s
enarios 
an follow, pre
ede,or begin 
on
urrently with a parti
ular s
enario, as part of the pro
ess of 
re-ating a s
enario network diagram. The diagram expresses these relationshipsgraphi
ally, and a 
orre
t diagram is one in whi
h (among other things) ea
hof these relationships is expressed 
orre
tly. The 
areful analysis that o

ursduring the 
onstru
tion of a s
enario network and the resulting 
lari�
ations ofand 
orre
tions to the s
enarios also improve the quality and usefulness of thes
enarios and results in a more 
omplete understanding of how the system is tobehave. Our 
ase study indi
ated that some of the 
orre
tions to the s
enariosalso resulted in 
orre
tions to the requirements as well.The analyst's 
onsideration of s
enario equivalen
e during the 
onstru
tionof a s
enario network results in spe
i�
 attention to what ea
h s
enario assumesis available and what ea
h s
enario assumes is true, and to the results the a
tionsof ea
h s
enario produ
e. Constru
tion of a s
enario network ne
essarily drawsattention to gaps that 
orrespond to missing s
enarios, to overlaps betweens
enarios (of the a
tions they 
ontain, or the results they produ
e, or in whatthey assume), and to unsuspe
ted episodes shared by several s
enarios or evento the 
ontainment of one s
enario by another.13



A stopping 
riterionGaps in the s
enario network usually 
orrespond to missing or in
ompletes
enarios. The visual metaphor provided by the diagram makes the dis
overy ofsu
h unsuspe
ted s
enarios mu
h easier than it would be otherwise. For exam-ple, 
onstru
tion of the EMS s
enario network un
overed the missing s
enariothat be
ame S13, \Subs
riber has no more messages to listen to." It was foundbe
ause, as in Figure 2, S12 
ould be repeated (as indi
ated by the arrow fromS12 to itself) but there was no di�erent behavior spe
i�ed to o

ur whenSSHearMsg 
ould no longer be repeated be
ause there were no more messagesto hear.6 Lessons learnedWe learned several lessons during the 
ourse of the 
ase study and the workthat has followed it.A s
enario networks are a more e�e
tive spe
i�
ation than a 
olle
tion of s
e-nariosWe found that a s
enario network is a ri
her, more expressive, and moree�e
tive spe
i�
ation than a 
olle
tion of s
enarios. A s
enario network ex-presses not only the behaviors that ea
h of its s
enarios expresses, but alsolarger-s
ale behavior spanning several s
enarios, whi
h a simple 
olle
tion ofs
enarios 
annot express. A s
enario network 
onstitutes a single uni�ed spe
-i�
ation, in whi
h (if the network is properly made) the 
onstituent s
enariosare made 
onsistent with ea
h other, gaps in 
overage of the system have beeneliminated, and the boundary between what the system does and does not dohas been delineated. These 
hara
teristi
s of a s
enario network remove someof the most signi�
ant problems that arise when a 
olle
tion of s
enarios is usedas a spe
i�
ation.S
enario networks validate s
enarios and requirementsOur 
ase study showed that s
enario networks are e�e
tive in validatings
enarios and requirements. This validation o

urs during the 
onstru
tion of as
enario network, during walkthroughs of a full s
enario network, and through
onsideration of the relations between s
enarios that a s
enario network diagramexpresses graphi
ally, as we dis
ussed at greater length in Se
tion 5.2.One of the most ex
iting results of our use of s
enario networks in the 
asestudy was the dis
overy of two errors in the EMS requirements through exami-nation of the s
enario network. Spe
i�
ally, this o

urred during the validationof the pre- and post
onditions for a s
enario \Subs
riber listens to an ar
hivedmessage" (deleted from the �nal set of s
enarios) that presented a subs
riber'sar
hived messages. Tra
ing this s
enario ba
k to the requirements that it oper-ationalized revealed that those requirements were in
ompatible with other EMSrequirements, and in
identally that another requirement, for the sequen
e of14



presentation of all messages, did not mat
h what the system's sponsor had re-quested. Neither of these errors had been dis
overed during extensive reviewsof the requirements.A s
enario network provides a uni�ed viewpointSin
e an individual s
enario 
an have a viewpoint, and the s
enarios in a
olle
tion will in general not have the same viewpoint, it was not initially 
learwhether a s
enario network 
ould be said to have a viewpoint and if so howthat viewpoint 
ould be 
hara
terized. We 
hara
terize this viewpoint as \om-nis
ient", in keeping with literary usage whi
h 
ontrasts the viewpoint of anindividual narrator with a viewpoint that is from no one 
hara
ter's point ofview, and that may in
orporate any fa
t or insight that is of interest regardlessof whi
h 
hara
ters (if any) in the story 
ould know them. Similarly, while anindividual s
enario is 
ommonly expressed from the viewpoint of a parti
ulara
tor, a network 
ontaining that s
enario in
orporates all a
tions and eventsthat are needed to des
ribe the system, regardless of whether they are visiblefrom the viewpoint of a single a
tor.For a 
olle
tion of s
enarios that are written in terms of a
tions, events, ande�e
ts that are all externally visible, the 
orresponding s
enario network willalso be expressed in externally visible terms. In this parti
ularly useful 
ase,the omnis
ient viewpoint of the s
enario network 
an also be des
ribed as theviewpoint that takes in all externally visible phenomena involving the system.Pre- and post
onditions provide bene�tsWe found that pre- and post
onditions for s
enarios provided several spe
i�
bene�ts.A s
enario's pre- and post
ondition are a very spe
i�
 representation of theresult of that s
enario, and what that s
enario requires to produ
e its result. Inour 
ase study, 
reation of these spe
i�
 representations of a s
enario's resultsand prerequisites fo
used the attention of the analysts on aspe
ts of the s
e-narios, and the requirements they tra
ed ba
k to, that until then had es
aped
areful s
rutiny. The pre
ise form of the pre- and post
onditions provided guid-an
e to the analysts as they elaborated the pre
ise e�e
t of ea
h s
enario.The 
onditions also give a pre
ise statement of when ea
h s
enario 
an o
-
ur, more restri
ted than that given by the 
onne
tions between s
enarios in thetabular and diagrammati
 forms; these 
onne
tions are o

asionally not strin-gent enough to express exa
tly the sequential and 
on
urrent relations betweenparti
ular s
enarios.The pre- and post
onditions in
identally provide an additional form againstwhi
h to validate the temporal relationships expressed in informally drawn s
e-nario network diagrams, stories linking several s
enarios, or spe
i�
 system re-quirements.An informal s
enario network is still usefulWhile pre- and post
onditions on s
enarios provide de�nite bene�ts in the
ontext of a s
enario network, they also require a substantial e�ort and are moreformal than many analysts will be 
omfortable with. We learned that an analyst15




an relatively qui
kly 
reate an informal s
enario network diagram, without pre-and post
onditions for the s
enarios. We then observed that even without theadditional information provided by pre- and post
onditions, informal s
enarionetwork diagrams provide substantial results to the analyst. The visual form ofthe s
enario network diagram 
ontains most of the information about a s
enarionetwork in a form that is easily used for walkthroughs and expresses relationsbetween s
enarios graphi
ally. We found that an informal s
enario networkdiagram was useful in every way that a s
enario network diagram is, ex
ept forthe few ways that dire
tly use the pre- and post
onditions.S
enario networks are a basis for s
enario managementAs we dis
uss in detail in Se
tion 5.1, s
enario networks provide an orga-nization for a 
olle
tion of s
enarios, and the s
enario relations they embodysupport s
enario management as well.S
enario networks provide pro
ess guidan
eAs we dis
uss in detail in Se
tion 5.2, s
enario networks also provide pro
essguidan
e in a number of ways. They aid in dire
ting e�e
tive walkthroughs ofa 
olle
tion of s
enarios; their systemati
 
onstru
tion guides dis
overy of gaps,overlap, and dupli
ation; and a s
enario network gives a mu
h-needed stopping
riterion for s
enario development.In our 
ase study, s
enario networks proved useful in identifying missings
enarios that were needed to 
omplete some system fun
tion that was partiallygiven in a s
enario already present, or to make the fun
tion provided by onegroup of s
enarios in the network parallel to that provided by another. Anexample of a partially missing fun
tion is S13 \Subs
riber has no more messagesto listen to," whi
h was needed to 
omplete the fun
tion that S12 \Subs
riberlistens to a message" provided; an example of a missing parallel fun
tion wasS38 \Caller takes no a
tion for a long time," whi
h was added to mat
h S26\Subs
riber takes no a
tion for a long time."7 Future workWe have seen that the viewpoint of a s
enario network is of interest. Furtherwork is needed to determine whether a s
enario network 
an be of use in view-point issues that a�e
t individual s
enarios, su
h as in re
asting a s
enario intoanother viewpoint.While pre- and post
onditions provide unique bene�ts as part of s
enarionetworks, they proved relatively diÆ
ult to work with. Further investigationinto how they may be worked with more eÆ
iently, in
luding the possibilitiesof automated assistan
e for various spe
i�
 forms of 
onditions, is needed.In our work thus far, we have had su

ess with sequential 
omposition, inwhi
h we use pre- and post
onditions of s
enarios to 
ompose two or more s
e-narios in a sequen
e into a larger entity with its own appropriate pre- and post-
ondition. Con
urrent 
omposition, and sequential 
omposition in the presen
e16



of arbitrary 
on
urren
y, presents mu
h more serious diÆ
ulties. We are in-vestigating how to identify intera
tions between 
onditions due to 
on
urren
y,and what steps 
an be taken to extend 
omposition into these areas as well.We have two equivalent forms in whi
h to express a s
enario network, onetabular and one diagrammati
. A third form, that of the pre- and post
onditionsfor the s
enarios, is only partially equivalent as it does not express 
on
urren
y.The s
enario networks we have produ
ed thus far have involved relatively simplypre- and post
onditions and system states, and for these networks 
on
urren
ydid not have to be visible in the pre- and post
onditions. We plan to examinewhether the 
on
urren
y should be visible there, and if so how it would best beevident.In our treatment of 
on
urren
y so far, we have 
on
entrated on what is mostappropriate for its use in requirements engineering. We plan a more thoroughappli
ation of the existing theory and body of work on 
on
urren
y to s
enarionetworks.Our resear
h has identi�ed a growing number of s
enario relations that arisewith a s
enario network. We have found pra
ti
al uses for several of theserelations, and expe
t that further resear
h may �nd others.We have lo
ated several sets of s
enarios from industrial proje
ts and aremaking plans to use them in further 
ase studies. Another area of interest forthese 
ase studies is the 
omparison of the results a
hieved by analysts notalready familiar with s
enario networks, and the simultaneous development ofs
enarios and s
enario networks as dis
ussed in Se
tion 4. We are interested tosee to what degree di�erent analysts 
reate similar s
enario networks to des
ribethe same system, and we hypothesize that the use of a systemati
 approa
h, su
has narrative re�nement, will tend to result in a 
onvergen
e among s
enarionetworks des
ribing a parti
ular system.8 A
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