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Abstract— Curr ently in Requirements Engineering the atten-
tion is being focusedmore and more on the understanding of a
problem by studying the existing organizational setting in which
the systemwill operate. In this paper we presentthe application
of the Troposearly requiremens analysisto a real casestudy, the
Ice Co. We intr oduce a new type of analysisfor actor diagrams
basedon two differ ent parameters, complexityand criticality, and
we show the resultswe obtained durin g the casestudy.

|. INTRODUCTION

Thedevelopmen of a successfusoftwaresystemandin par
ticular of a multi-agen system relieson the understandig of
theorganizatinal context within whichthesystemwill opeate
andhow thesystemwill be partof theencompssingorganiza-
tional processes.For this reasonjn Requiremets Engineeing
the attentionis beingfocusedmoreandmoreonthevely early
phaseof softwaredevelopmentin which the systemis studied
with its cortext asalarger social-techital system.

Accordng to this perspetive, we aredeveloping Tropos|[2],
[16], [11], [9], [10], an agenterientedsoftware engine@ing
methoalogy characterize by threekeys aspect$15], [5], [4],
[5]. First, it usesconceptdike actors, gods, softgoals plans
resouces andintentiond depenénciesalongall the phase®f
software developmen. Second,it paysgreatattentionto the
actiities that preede the speci cation of the persgctive re-
quirerrents,like understandinghow andwhy the intendedsys-
temwould meetthe organizatioral goalst. Third, the methalo-
logy restson theideaof building a modelof the system-to-b
thatis incrememally re ned and extenda from a corceptual
level to executableartifacts,by meansof a sequene of trans-
formationalstepq3].

Tropacs suppats ve phase®f softwaredevelopmert.

The early requirements analysisis concenedwith the un-
derstanihg of aprodemby studying anexisting organizatioral
setting. The outpu of this phase is an organizationd mocel

LIn particular, Troposis widely inspired by Eric Yu's framawork for require-

mentsenginering, called i , which offers actass, goals,andactas dependa-
ciesasprimitive coneepts[19], [20], [21].

which includesrelevant actorsand their respectie depemlen-
cies. Actorsin the organizdional settingare characterize by
having gods that eachsingleactor in isolation,would be un-
able—or not aswell or aseasily—to achiere. The goalsare
achievablein virtue of recipracal means-ad knowledgeandde-
penckncies. In particular a depenleng relatesonedepener,

onedepemee andonedependm The depaederandthe de-
pencteareactorswhile thedepelummaybegoals,softgoals,
plans,andresource. The dependerdelegaesthe ful lling  of

own dependmto anotheractor thedepeneée.

During the late requirements analysis, the system-tobe is
describd within its opertionalervironmer, alongwith rele-
vantfunctions andqualities. This descriptionmocels the sys-
temasa (relatively small)numter of actorswhich have anum
ber of socialdepemencieswith otheractorsin their erviron-
ment.

The architectural designphasedealswith the de nition of
the systems global architectue in termsof subsystemstep-
resentedasactors,andtheir datadepenéncies representedas
actordepenéncies.

The detailed design phase aims at specifyng eacharchi-
tecturalcompaentin further detail (adoging a subsetof the
AUML diagrans[14], [1]) in termsof inputs,outpus, contol
andotherrelevant information.

Finally, during theimplementation phasethe actualimple-
mentatim of the systemis carriedout, consistentlywith the
detaileddesign.

The preseh paperfocuseson the Tropos early requirenents
analysisphaseappied to a real casestudy the Ice Co. The
casestudy is part of a jointly run projed involving Univer-
sity of Trentq Istituto Trentinodi Cultura(ITC-irst) andCentro
RicercheFiat (CRF). The objective of the prgectis to build a
systemfor facilitating accesshy industriesin Trentiro to the
logistic servicesavailable on the weh Ice Co is one of the
commniesthat we have intervieved and analyzedn orderto
uncerstandtheir needsandthende ne importantandconaete
requrementsof thesystemwe wantto develop. Threefull time
peope workedfor four months interviewing pe@le insidelce



Fig.1. Theactor diagran for thelce Co casestudywith respecto thein-bound problem.

Co andre ning with themthe Tropos modds. Currently the
projed hasstartedthe secondohaseof therequiranentsanaly-
sis, the Tropcs late requiranentsanalysis that shouldbe con-
cludedby theendof theyear

The organizatioral ervironmentof Ice Co hasbeenmod-
eledby meansof networks of socialdepemnleng relatiorships
amory actors(actordiagrans) andtheimpactof eachrelation-
shipover the organizationhasbeenevaluatedusinga new type
of analysisbasedon two different parametes: complity and
the criticality. The analysishelpedus to discover inside the
organizationsomeimbalancebetweenthe actorsin termsof
compexity of thegoalsassignedo themandcriticality of their
resposibilities with respecto theoverall organizatio. Thisin-
formationis usedto motivateandde ne thefunctioral require-
mentsof the systemthatwill beintroducedin the organization

The rest of this pape is structuredas follows. Sectionll
presentdrie y thecasestudyandSectionlll introdwcesa por
tion of the Troposearlyrequiementsanalysidor it. SectionlV
presentghe compleity andcriticality analysis andthe results
obtainel for the casestudy SectionV comparesTropcs with
other relevant methalologes. Conclusionand directiors for
furtherresearclarepresentedn SectionVI.

Il. THE ICE CO CASE STUDY

The Ice Co is an ltalian compary that produces and
tradesin ice-creamand frozen confectioneryin the region of
TrentindAlto-Adige (Italy). Ice Co hastwo differentfactories,
onein the province of Trentowherethey produceice-cream
and anotler onein the province of Bolzanowherethey pro-
ducefrozen confectionery In eachfactorythereis a ware-
house whereraw materialssuchas milk, fruit, and packaes

arestored,a plantwhereice creamor frozenconfectimery is
produced,and anotler warehaisewherethe end prodicts are
stocled. Moreover, Ice Co owns part of Primalce,a service
compry which distributesend productsto the Ice Co's cus-
tomes situatedbothin TrentindAlto-Adige andthrowghou the
restof Italy. Primalceis respasible for goods betweenthe
warehaisesituatedn Trentinoandthatsituatedn Alto Adige.

All Ice Co actwities can be refered to three main prob
lems:

In-bound It consistsof two sub-poblens: (i) the selec-
tion, amory several candidates,of oneor more
supplies for eachsort of raw materialand (ii)
how to storethedifferentkinds of raw materials
insidethewarehaises(e.g, milk andfruit have
to bekeptatthetempersureof 27°C).

It concenstheinterral organizationof Ice Co.
In particula, it addesseghe production prob
lem that includesdecisiors like, for instance,
the activation andthe shuttingdown of a pro-
ductim line, includng who take suchdecisions
andunderwhatconditians.

It concens the distribution of the end prod
ucts. Thisincludesprodemsrelatedto the spe-
ci ¢ customes, suchaswholesalerspars,and
restaurats.

Prodiction.

Out-bound.

In this paperwe useanddescrile only a portion of thelce Co
casestudy andin particdar we corsiderthein-boundandout-
boundproblans. Moredetailsabou thecasestudyareavailable
in [8].



I1l. EARLY REQUIREMENTS ANALYSIS

In earlyrequiranentanalysiswe modelandanalyz thein-
tentionsof the staleholdes. Thesearemockledasgoalsthat,
through someform of analysig13], [6], suchasAND-OR de-
composition, meansendsanalysis,and contribution analysis,
evertually lead to the functioral and nonfundional require-
mentsof the system-to-b. We useactor diagramsfor describ-
ing the network of socialdepenleng relatiorshipsamongac-
tors and goal diagramsfor analyzirg gods. However, in this
papemwe presenpnly theanalysisof theactordiagrans for the
Ice Co andwe omit for lack of spacegoalanalysis.

Graphcally in an actordiagran, actorsare depcted ascir-
cles, their goalsas ovals, and a depenéng relationshig be-
tweentwo actos (the depenér andthe depemnlee)astwo ar
rowedlinescomectedby agraghical symbolvarying according
to thedepenlum: a goal(oval), a plan (hexagon)or aresouce
(rectamle). In theactordiagramdepictedn Figurel, Ice Cois
modded astheactorice Co. andit is specializedIsA) in Ice
Co. TNandice Co. BZ(i.e.,thefactorieshasedn Trentino
andin Alto Adige, respectiely).

Ice Co. TN depems on the actor Responsible for
Cold Warehouse (respmsible for the warehose contaning
raw materialslik e fruit) for ful lling the goalsmanage cold
wareh ouse andmanage custom ers order s. Moreover, it de-
pend onthe Responsibl e for Hot Warehouse for manage
hot ware house andontheResponsible Purch ases for the
goalmanage purch ase.

Responsible  Purch ases has the main goal to buy raw
materials, like sugar milk, and packing whenit is needed
and it relies on Responsibl e for Cold Warehouse and
Responsible  for Hot Warehouse for monitaing the ware-
housegrespectiely, monito r cold ware house andmonito r
hot ware house). Responsibl e Purc hases purchasesraw
materialsfrom the following suppliers:Cheese Factor y (de-
pendimsuppl y milk ), Sugar Suppl ier (depemdumsuppl y
sugar ), Frui t Supplier (dependum supply fruit ), and
Packi ng Suppli er —in this last case, we distinguish be-
tween packing for ICe Co products and geneit packing—
. Suppiers deliver raw materialsto the warehoses; for in-
stance,the Responsible  for Cold Warehouse dependson
theFruit ~ Suppl ier for theresoucefrui t, andanal@ously
Responsible  for Hot Warehouse depend on the Cheese
Facto ry for obtainng milk and fresh produ cts andon
Packi ng Suppli er for obtainirg the resourcepacki ng. Fi-
nally, Ice Co usesa software system (Softwar e) to sup-
port its activities, such as for instancethe customes' or-
ders managmentand the requests of raw materialsto the

supplies. Softwa re depemls on Responsibl e for Cold
Warehouse for the resouresraw mater ials data , order s
Prima Ice , whol esaler s data, and other orders , and

on Responsible for Hot Warehouse for raw mater ials

data . Ontheotherhand,Softw are hasto provide the infor-

mationaboutordersto theactorResponsibl e Purc hases .
Figure2 shavs the actordiagam abou the out-toundprob-

Fig.2. Actor diagran modeling the out-boundproblem.

lem andin particdar, it shovs the depenénciesbetweenthe
actorsof the Alto Adige factoryinvolved in goads exchang-
ing (we have a similar diagram for the Trentino factory)
Responsible  Purch ases BZ (BZ standsfor Bolzano)is del-
egaed for managng purchasesand Responsibl e for Cold
Warehouse BZ for managng warehaisein Bolzano As men-
tionedin Sectionll, althoudn somegood are producedand
pacledin the province of Trerto, andothersin the province of
Bolzangq Ice Co distributesits productsin the whole regional
territory.  So, in orde to exchangegood betweenBolzano
and Trentq the Responsible  Purch ases BZ ordersdirectly
totheResponsible  for Cold Warehouse (goal dependeny
order goods TN) andanalogaisly, the resposible purchase
of Trentoordes goadsto theResponsible  Cold Warehouse
BZ

Carri er Ais delggatedby Primalcefor transpeting goads
betweenTrentoand Bolzano It recevesfrom Responsibl e
Cold Warehouse BZ goalsto betransferedto Trento(goods
for TN) and provides the Responsible Cold Warehouse
BZ with goods from Trento (goods for TN). Analogausly,
Carrie r A transfes goods from Bolzanoto Trenta Dueto
lack of spacethe otheractordiagmamsarenot presentedhere,
but canbefound in [8].

IV. COMPLEXITY AND CRITICALITY ANALYSIS

In the previous sectionwe have partiallyanalyzedhelce Co
casestudyby actos diagrans. Although Tropos allows usto
re ne themodd by meansf thetransfornationalapprach[3]
andothes techniqesof analysis anddecanposition[13], [6],
[17], it is worth, from our poirt of view, reasoningabou other
aspectsioraddressedup to now. In particdar, duiing theinter-
viewsinsidelce Co, peopleexpressedherequirenentto differ-
entiateeachdepenéng/ with respecto the relevanceandim-
porttancethatthedepenleng assume$or theorganization. For
exanple, they manifestedthe necessityto expressthe impor-
tanceof receving fruit in time from a supplierandto manag
effectively custoners' ordess. Moreover, accoding to them,a
depenleny shouldbe charaterizedby a degreeof compexity



Local scores— Complexity and criticality

Depender Dependum [ Dependee [ Compleity [ Criticality |
manage cold Responsibl e for
1 lce Co. TN war ehouse Cold Warehouse 8 3
manage custom ers Responsibl e for
2 lce Co. TN order s Cold Warehouse 2 3
manage Responsible
8 lce Co. TN purcha se Purc hases 8 2
manage hot Responsibl e for
4 lce Co. TN war ehouse Hot Warehouse 2 2
Responsible  for Sugar
5 Hot Warehouse sugar Supplier L 1
6 Responsible  for milk and fresh Cheese 1 3
Hot Warehouse produc ts Factory
Responsible  for ) Packing
7 Hot Warehouse packi ng Supplier L 2
Responsible  for . Fruit
8 Cold Warehouse frui- 1 Supplier 1 3
9 Responsib le monitor hot Responsibl e for 1 2
Purch ases war ehouse Hot Warehouse
10 Responsib le manage cold Responsibl e for 3 3
Purch ases war ehouse Cold Warehouse
Responsib le . Cheese
1 Purch ases supply  milk Factory 1 3
Responsib le . Fruit
12 Purch ases suppl y frui 1 Supplier 3 3
Responsib le Sugar
13 Purch ases suppl y sugar Supplier 1 1
Responsib le info rmatio n
14 Purch ases about order s Soft ware 1 1
15 Responsib le supply gener ic Packing 2 2
Purch ases packi ng Supplier
16 Responsib le supply packi ng Packing 1 2
Purch ases for Ice Co. Supplier
obtai n qual itati ve Cheese
17 lce Co. TN stand ard milk Factory 8 3
obtai n qual itati ve Fruit
18 lce Co. TN standa rd fruit Supplier 2 3
. supply with .
Responsib le ; - Packing
19 Purch ases reli abl'llﬂty and Supplier 2 3
flex ibilit y
) supply with )
20 Rpejfcohnjges'e reli abii ty and SuFr”;i‘er 3 3
flex ibilit PP
order s Responsibl e for
21 Softw are Primal Ce Cold Warehouse 1 3
raw materials Responsibl e for
22 Softw are data Cold Warehouse 1 3
Responsibl e for
23 Softw are other order s Cold Warehouse 1 3
whol esaler s Responsibl e for
24 Softw are order s Cold Warehouse L 3
raw materials Responsibl e for
25 Softw are data Hot Warehouse L 3
TABLE |

ASSIGNMENT VALUES TO EACH DEPENDENCIES REPRESENTED IN FIGURE 1.

represeting the amour of the effort andresourceseeedfor
its achiezement. Sofor examge, managiig thecoldwarehaise
is agoalthatrequres moreeffort thanthatof managng thehot

warehaise.

We propasein thefollowing ananalysisof thedepeencies

basedn two differentkinds of measures:

compl«ity is the measue of the effort requiredfrom

thedepener for achieving thedeperlum

criticality? is themeasue of howthegoalsof anactor

2This de niti onis an extensbn of thatoneintroduced by Eric Yu in his PhD

thesis[20].

will beaffectedif thedependumis notachieved.

Compleity allows us to evaluatethe amaunt of the effort
thatis required from eachactorfor achieving its resposibili-
ties,andto analyzethe whole actordiagramto discover possi-
ble overloadson someactorswith respecto the others.Analo-
gously, it is possibleto usecriticality to evaluatethe criticality
of anactorfor therestof the organization We distinguishbe-
tweeningoing andoutgang criticality. Ingoing criticality rep-
resentghe criticality thatanactorassumesvhenit is respamsi-
ble for achieving a deperlum, naméy whenthe actorassume
therole of dependein the depedeng. The outgadng critical-



ity representthecriticality of theachiezementof adepenleny
for thedepemer. Basically givenadepenleng we assignto it
a value of criticality that assumea different meaniry for the
depeuwer(outgadng criticality) andthe depenée(ingang criti-
cality).

Table | reportsthe valuesof compleity and criticality as-
signedto eachdepenlengy of the actordiagramin Figure 1.
In our analysis,criticality and conplexity canassumevalues
1 (low), 2 (medium and 3 (high), but of coursethe rang of
valuescanbeexterded.

For eachactorof the actordiagramwe calculatethe globd
compleity asthe sumof the comgexity of the depewlencies
wherethe actoris the dependee. The globd ingoing critical-
ity andglobal outgoing criticality arethe sumof thecriticality
of the depemnlencieswherethe actoris the deperleeand de-
pencer, respectrely. Theseglobalvaluesallow usto evaluate
the overall organizatia in termsof a distribution of compexity
andcriticality. Sofor instancewe candiscover thatthereare
someactorsthatareparticulaly critical for the overall organi-
zation's objectvesor that otheractorsareoverloadel in terms
of compexity in theirrespmsibilities. This kind of evaluations
are particulaty usefulfor discovering important requrements
of a software systemthat evertually will be implementedand
adoptedinsidetheorganizatia, but of course suchinformation
canbealsousefu to redistributetherespmsibilitiesandtheac-
tivities amorg theactors.In this work we usethe global values
to de ne the fundional requrementsof a softwaresystemthat
will beadopedto suppat theorganization

Figure 3 shavs the procedurewe adoptfor the compex-
ity and criticality analysis. Basically in the rst part of the
procedure we calculatefor eachactor the global valuesfor
comgexity andcriticality (ingoing andoutgoirg) andthenwe
build two lists comp.atorList and crit.actorList in which we
insertall the actorsfor which the global values of compgex-
ity and criticality, respectiely, are greaterthanthe max val-
ues they can assume,namely actormaxcompleity and ac-
tor.maxcriticality. We suppsethatit is possibleto de ne for
eachactora max value of compexity andcriticality basedon
the actors competences.abilities and role it assumesnside
the organization. Finally, the procedire endswith the assign-
mentof somedepeenciesin which the actors,containel in
the comp.&torList andcrit.actorList, areincludedin the soft-
ware systemwe want to develop. Theideais that rst (as-
sign.conp(compactorList) we assignto the systemgods in
orderto reducethe comgexity of the actorsin compactorList
andthen(assigncrit(crit.actorList)) to redwce criticality of ac-
torsin crit.actorList

Tablell shavstheglobd compexity andcritically valuesfor
theactordiagamspresentedh Figurel andFigure 2. N.o.D.is
thethenunberof depenénciesn which eachactoris involved
andfor which global valuesarecalculated.

Figure4 presentsherevisedactordiagamin whichwe have
introducedtwo new actors(softwaresystems)1 andS2. As-
signingto S1 therespomsibility of processingandupdating the

global acdorList dependencyLi$ conp acorList
crit adorList;
procedure weightDependency actorList depencercyLig
comp acdorlList crit adorList
begin
comp actorList : crit adorList :
for ador in actorList
globd acor complexity: 0;
globd ador criticalityin: 0;
globd ador criticalityout :  0;
for deperdencyin dependencyLis
if depencercydepencer actor then
ador criticalityout : acor criticality out
dependencycriticality;
if depencercy depencke:
begin
globd ador complexity :
dependencyconplexity;
globd ador criticalityin :
dependencycriticality;
end;
end;
if actor complexity ador maxcomplexity then
add actor comp adorList ;
if acorcriticalityin actor ma criticality then
add actor crit adorList ;
end;
end;
assigncomp comp adorlList ;
assigncrit crit actorList ;
end procealure

nil;

ador then
acdor complexity

ador criticality in

Fig. 3. Theprocelurefor the complexity andcriticality analysis.

information usedby software system(Softwar e) we canre-
ducethe value of the ingoing criticality of the Responsibl e
for Cold Warehouse, thatdecrasesrom 24to 9. Similarly,
theintroductionof S2 allows usto redwefrom 3 to 2 theingo-
ing criticality of theResponsible  Purch ases .

V. RELATED WORK

As reportedin [2], [16], [11], [9], [10], one of mosttopic
featue of the Tropos methalology is thatit aspirego spanthe
overall softwaredevelopmentprocess. This factis depictedin
Figure5 which shaws the relative coverageof Tropos aswell
asi [20], KAOS[6], GAIA [18], AAIl [12], MaSE[7], and
AUML [14], [1]. Troposcovers the softwaredevelopmen pro-
cessasawhole,from theearly stepsjn which the softwareen-
gineerpicks up andmodelsrequrementsof the organizatioal
setting (early requilements)and of the system-to-b (late re-
quirements),up to the detaileddesignwherethe designis car
riedoutby mears, for exampge, of aseriesof AUML actiity di-
agrans (for moredetailsabou the AUML diagrans in Tropos,



see[2]). Moreover, suchmethodalogy usesthe sameconceys,
like, for exampe, actor goal, softgal, andgod depeiencies,

Global scores— Complexity, Ingoing, Outgoing criticality

Actor [[ Compleity N.o.D. | Ingoingcriticality — N.o.D. | Outgoingcriticality — N.o.D. |
1 Ice Co. TN 0 0 0 0 16 6
Responsibl e
2 PUIC hases 3 1 3 1 27 11
Responsibl e for
8 Cold Warehouse 15 8 24 9 4 2
Responsibl e for
4 Hot Warehouse 4 3 7 3 6 3
5 Cheese Facto ry 5 3 9 3 0 0
Sugar
6 Supplier 2 2 2 0
Fruit
7 Supplier 8 4 12 4 0 0
Packin g
8 Supplier 5 4 9 4 0 0
9 Sof tware 1 1 3 1 15 5
10 Career A 2 2 2 2 2 2
Responsibl e
1 Purch ases BZ 3 1 8 1 2 1
12 Ice Co. BZ 0 0 0 0 6 2
Responsibl e for
13 Cold Warehouse BZ 6 3 6 3 1 1
TABLE I

TABLE REPRESENTING ALL THE VALUES FOR INGOING AND OUTGOING DEPENDENCIES OF EACH ACTOR.

Fig. 4. Actor diagmmmodeling thein-boundproblem after therevising.

alongall the phasesthis featureis not addressedrom other

methodlogies.

VI. CONCLUSION AND FUTURE WORK

In this papemwe have presentedhe Troposearlyrequiement

analysisfor a real casestudy the Ice Co, andwe have intro-
duceda new type of analysisfor actordiagrans basedon two

different paraneters: compleity andcriticality. The analysis
helpedus to discover inside the organizationsomeimbalarce
betweertheactorsin termsof compleity of thegoalsassigned
to themand criticality of their respomsibilities with respecto
the overall organizatio. This informationis usedto motivate
andde ne the fundional requrementsof the systemthat will
beintroducedin the organization
Thecasestudyhasbeenanalyzedvithin arunning prgectin
whichwe arecurrently involved. Theuseof the Tropcs metho
dology hasbeenextrenely positive andin particula it hasbeen
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Comparisonof Troposwith othe software developmentmethodob-

aneffective meansof interactionbetweerusandthe peope in-
terviewed It allowedusto shaw aftertheintervievs ourunder
standingof the problemandto discusswith our customes the
possiblerequrementsto conside in the nal system. Differ-
ently form other moceling languages like for instanceUML,

the Tropos graphical notationandthe concets usedin it are
moreintuitive and compréaensiblefor peope that are not ex-
pertin softwareengireering.

We arecurrently applyirg the Tropcs laterequirenentsanal-
ysisto thesecondhaseof our projed andwe arede ning new
typeof analysidfor it. Moreover, we areworkingto anef cient
algorithm in orderto automatethe processof reassignmet of
thedepemenciesn theactordiagrams.
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