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Abstract— Curr ently in RequirementsEngineering 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 requirements analysisto a real casestudy, the
Ice Co. We intr oducea new type of analysis for actor diagrams
basedon two differ ent parameters,complexityand criticality, and
we show the resultswe obtaineddurin g the casestudy.

I . INTRODUCTION

Thedevelopment of asuccessfulsoftwaresystemandin par-
ticular of a multi-agent system,relieson the understanding of
theorganizationalcontext within whichthesystemwill operate
andhow thesystemwill bepartof theencompassingorganiza-
tional processes.For this reason,in Requirements Engineering
theattentionis beingfocusedmoreandmoreon thevery early
phaseof softwaredevelopmentin which thesystemis studied
with its context asa larger social-technical system.

According to this perspective,we aredevelopingTropos[2],
[16], [11], [9], [10], an agent-orientedsoftware engineering
methodologycharacterized by threekeys aspects[15], [5], [4],
[5]. First, it usesconceptslike actors, goals, softgoals, plans,
resources, andintentional dependenciesalongall thephasesof
softwaredevelopment. Second,it paysgreatattentionto the
activities that precedethe speci�cation of the perspective re-
quirements,like understandinghowandwhythe intendedsys-
temwouldmeettheorganizational goals1. Third, themethodo-
logy restson the ideaof building a modelof thesystem-to-be
that is incrementally re�ned andextended from a conceptual
level to executableartifacts,by meansof a sequence of trans-
formationalsteps[3].

Tropos supports � vephasesof softwaredevelopment.
Theearly requirementsanalysisis concernedwith theun-

derstanding of aproblemby studying anexistingorganizational
setting. The output of this phase is an organizational model

1In particular, Troposis widely inspired by Eric Yu's framework for require-
mentsengineering,called i� , which offers actors, goals,andactors dependen-
ciesasprimitive concepts[19], [20], [21].

which includesrelevant actorsandtheir respective dependen-
cies. Actors in the organizational settingarecharacterized by
having goals that eachsingleactor, in isolation,would be un-
able—or not aswell or aseasily—to achieve. Thegoalsare
achievablein virtueof reciprocalmeans-endknowledgeandde-
pendencies.In particular, a dependency relatesonedepender,
onedependee, andonedependum. The dependerandthe de-
pendeeareactors,while thedependummaybegoals,softgoals,
plans,andresource.The dependerdelegates the ful�lling of
own dependumto anotheractor, thedependee.

During the late requirements analysis, the system-to-be is
described within its operationalenvironment, alongwith rele-
vant functions andqualities. This descriptionmodels the sys-
temasa(relatively small)numberof actors,whichhaveanum-
ber of socialdependencieswith otheractorsin their environ-
ment.

Thearchitectural designphasedealswith thede�nition of
the system's global architecture in termsof subsystems,rep-
resentedasactors,andtheir datadependencies,representedas
actordependencies.

The detailed design phase aims at specifying eacharchi-
tecturalcomponent in further detail (adopting a subsetof the
AUML diagrams [14], [1]) in termsof inputs,outputs, control
andotherrelevant information.

Finally, during theimplementation phase,theactualimple-
mentation of the systemis carriedout, consistentlywith the
detaileddesign.

Thepresent paperfocuseson theTroposearlyrequirements
analysisphaseapplied to a real casestudy, the Ice Co. The
casestudy is part of a jointly run project involving Univer-
sity of Trento, IstitutoTrentinodi Cultura(ITC-irst) andCentro
RicercheFiat (CRF).Theobjective of theproject is to build a
systemfor facilitating accessby industriesin Trentino to the
logistic servicesavailable on the web. Ice Co is one of the
companiesthat we have interviewed andanalyzedin orderto
understandtheir needsandthende�ne importantandconcrete
requirementsof thesystemwewantto develop. Threefull time
people workedfor four months interviewing people insideIce



Fig. 1. Theactor diagram for theIce Co casestudywith respectto thein-boundproblem.

Co andre�ning with themthe Tropos models. Currently, the
project hasstartedthesecondphaseof therequirementsanaly-
sis, theTropos late requirementsanalysis,that shouldbe con-
cludedby theendof theyear.

The organizational environmentof Ice Co has beenmod-
eledby meansof networksof socialdependency relationships
among actors(actordiagrams)andtheimpactof eachrelation-
shipover theorganizationhasbeenevaluatedusinga new type
of analysisbasedon two different parameters: complexity and
the criticality. The analysishelpedus to discover inside the
organizationsomeimbalancebetweenthe actorsin termsof
complexity of thegoalsassignedto themandcriticality of their
responsibilitieswith respectto theoverall organization. Thisin-
formationis usedto motivateandde�ne thefunctional require-
mentsof thesystemthatwill beintroducedin theorganization.

The rest of this paper is structuredas follows. SectionII
presentsbrie�y thecasestudyandSectionIII introducesapor-
tion of theTroposearlyrequirementsanalysisfor it. SectionIV
presentsthecomplexity andcriticality analysis andtheresults
obtained for the casestudy. SectionV comparesTropos with
other relevant methodologies. Conclusionand directions for
further researcharepresentedin SectionVI.

I I . THE ICE CO CASE STUDY

The Ice Co is an Italian company that produces and
tradesin ice-creamandfrozen confectioneryin the region of
Trentino/Alto-Adige (Italy). Ice Co hastwo differentfactories,
one in the province of Trentowherethey produceice-cream,
and another one in the province of Bolzanowherethey pro-
duce frozen confectionery. In eachfactory there is a ware-
house,whereraw materialssuchasmilk, fruit, andpackages

arestored,a plant whereice creamor frozenconfectionery is
produced,andanother warehousewherethe endproducts are
stocked. Moreover, Ice Co owns part of PrimaIce,a service
company which distributesendproductsto the Ice Co's cus-
tomerssituatedbothin Trentino/Alto-Adigeandthroughout the
rest of Italy. PrimaIceis responsible for goods betweenthe
warehousesituatedin Trentinoandthatsituatedin Alto Adige.

All Ice Co activities can be referred to three main prob-
lems:

In-bound. It consistsof two sub-problems: (i) the selec-
tion, among several candidates,of oneor more
suppliers for eachsort of raw materialand(ii)
how to storethedifferentkindsof raw materials
insidethewarehouses(e.g., milk andfruit have
to bekeptat thetemperatureof � 27°C).

Production. It concerns the internal organizationof Ice Co.
In particular, it addressesthe production prob-
lem that includesdecisions like, for instance,
the activation and the shutting-down of a pro-
duction line, including who takesuchdecisions
andunderwhatconditions.

Out-bound. It concerns the distribution of the end prod-
ucts.This includesproblemsrelatedto thespe-
ci�c customers, suchaswholesalers,bars,and
restaurants.

In thispaperweuseanddescribeonly aportion of theIceCo
casestudy, andin particular we considerthein-boundandout-
boundproblems.Moredetailsabout thecasestudyareavailable
in [8].



I I I . EARLY REQUIREMENTS ANALYSIS

In earlyrequirementanalysis,we modelandanalyze thein-
tentionsof thestakeholders. Thesearemodeledasgoalsthat,
through someform of analysis[13], [6], suchasAND-OR de-
composition, means-endsanalysis,and contribution analysis,
eventually lead to the functional and non-functional require-
mentsof thesystem-to-be. We useactor diagramsfor describ-
ing thenetwork of socialdependency relationshipsamongac-
tors andgoal diagramsfor analyzing goals. However, in this
paperwepresentonly theanalysisof theactordiagrams for the
IceCo andwe omit for lackof spacegoalanalysis.

Graphically in an actordiagram, actorsaredepicted ascir-
cles, their goalsasovals, anda dependency relationships be-
tweentwo actors (the depender andthe dependee)as two ar-
rowedlinesconnectedbyagraphicalsymbolvarying according
to thedependum: a goal(oval), a plan(hexagon)or a resource
(rectangle). In theactordiagramdepictedin Figure1, IceCo is
modeledastheactorIce Co. andit is specialized(IsA) in Ice
Co. TNandIce Co. BZ (i.e.,thefactoriesbasedin Trentino
andin Alto Adige,respectively).

Ice Co. TN depends on the actor Responsible for
Cold Warehouse (responsible for the warehouse containing
raw materialslike fruit) for ful�lling the goalsmanage cold
wareh ouse andmanage custom ers order s. Moreover, it de-
pends on the Responsibl e for Hot Warehouse for manage
hot ware house andon the Respon sible Purch ases for the
goalmanage purch ase .

Responsible Purch ases has the main goal to buy raw
materials,like sugar, milk, and packing, when it is needed,
and it relies on Responsibl e for Cold Warehouse and
Responsible for Hot Warehouse for monitoring the ware-
houses(respectively, monito r cold ware house andmonito r
hot ware house ). Responsibl e Purc hases purchasesraw
materialsfrom thefollowing suppliers:Cheese Factor y (de-
pendum suppl y milk ), Sugar Suppl ier (dependumsuppl y
sugar ), Frui t Supplier (dependum supp ly fruit ), and
Packi ng Suppli er —in this last case, we distinguish be-
tween packing for ICe Co products and generic packing—
. Suppliers deliver raw materialsto the warehouses; for in-
stance,the Responsible for Cold Warehouse dependson
theFruit Suppl ier for theresourcefrui t , andanalogously,
Responsible for Hot Warehouse depends on the Cheese
Facto ry for obtaining milk and fresh produ cts and on
Packi ng Suppli er for obtaining the resourcepacki ng. Fi-
nally, Ice Co uses a software system (Softwar e) to sup-
port its activities, such as for instancethe customers' or-
ders management and the requests of raw materialsto the
suppliers. Softwa re depends on Responsibl e for Cold
Warehouse for the resources raw mater ials data , order s
Prima Ice , whol esaler s data , and other orders , and
on Respon sible for Hot Warehouse for raw mater ials
data . On the otherhand,Softw are hasto provide the infor-
mationaboutordersto theactorResponsibl e Purc hases .

Figure2 shows theactordiagramabout theout-boundprob-

Fig. 2. Actor diagram modeling theout-boundproblem.

lem and in particular, it shows the dependenciesbetweenthe
actorsof the Alto Adige factory involved in goods exchang-
ing (we have a similar diagram for the Trentino factory).
Respon sible Purch ases BZ (BZ standsfor Bolzano)is del-
egated for managing purchasesand Responsibl e for Cold
Warehouse BZ for managing warehousein Bolzano. As men-
tioned in SectionII, although somegoods are producedand
packedin theprovinceof Trento, andothersin theprovinceof
Bolzano, Ice Co distributesits productsin the whole regional
territory. So, in order to exchangegoods betweenBolzano
andTrento, the Responsible Purch ases BZ ordersdirectly
to theResponsible for Cold Warehouse (goal dependency
order goods TN) andanalogously, the responsible purchase
of Trentoorders goodsto theResponsible Cold Warehouse
BZ.

Carri er A is delegatedby PrimaIcefor transporting goods
betweenTrentoandBolzano. It receives from Responsibl e
Cold Warehouse BZ goodsto betransferredto Trento(goods
for TN) and provides the Responsible Cold Warehouse
BZ with goods from Trento (goods for TN). Analogously,
Carrie r A transfers goods from Bolzanoto Trento. Due to
lack of space,theotheractordiagramsarenot presentedhere,
but canbefound in [8].

IV. COMPLEXITY AND CRI TICALITY ANALYSIS

In theprevioussectionwehavepartiallyanalyzedtheIceCo
casestudyby actors diagrams. Although Tropos allows us to
re�ne themodel by meansof thetransformationalapproach[3]
andothers techniquesof analysisanddecomposition[13], [6],
[17], it is worth, from our point of view, reasoningabout other
aspectsnoraddressedupto now. In particular, during theinter-
viewsinsideIceCo,peopleexpressedtherequirementto differ-
entiateeachdependency with respectto the relevanceandim-
portancethatthedependency assumesfor theorganization. For
example, they manifestedthe necessityto expressthe impor-
tanceof receiving fruit in time from a supplierandto manage
effectively customers' orders. Moreover, according to them,a
dependency shouldbecharacterizedby a degreeof complexity



Local scores– Complexity and criticality
Depender Dependum Dependee Complexity Criticality

1 Ice Co. TN
manage cold

war ehouse
Responsibl e for
Cold Warehouse 3 3

2 Ice Co. TN
manage custom ers

order s
Responsibl e for
Cold Warehouse 2 3

3 Ice Co. TN
manage

purcha se
Responsible

Purc hases 3 2

4 Ice Co. TN
manage hot
war ehouse

Responsibl e for
Hot Warehouse 2 2

5
Responsible for

Hot Warehouse suga r
Sugar

Supplier 1 1

6
Responsible for

Hot Warehouse
milk and fresh

produc ts
Cheese

Factory 1 3

7
Responsible for

Hot Warehouse packi ng
Packing

Supplier 1 2

8
Responsible for
Cold Warehouse frui t

Fruit
Supplier 1 3

9
Responsib le

Purch ases
moni tor hot

war ehouse
Responsibl e for

Hot Warehouse 1 2

10
Responsib le

Purch ases
manage cold

war ehouse
Responsibl e for
Cold Warehouse 3 3

11
Responsib le

Purch ases supp ly milk
Cheese

Factory 1 3

12
Responsib le

Purch ases suppl y frui t
Fruit

Supplier 3 3

13
Responsib le

Purch ases suppl y suga r
Sugar

Supplier 1 1

14
Responsib le

Purch ases
info rmatio n

about order s Soft ware 1 1

15
Responsib le

Purch ases
supply gener ic

packi ng
Packing

Supplier 2 2

16
Responsib le

Purch ases
supply packi ng

for Ice Co.
Packing

Supplier 1 2

17 Ice Co. TN
obtai n qual itati ve

stand ard milk
Cheese

Factory 3 3

18 Ice Co. TN
obtai n qual itati ve

standa rd fruit
Fruit

Supplier 2 3

19
Responsib le

Purch ases

supp ly with
reli abili ty and

flex ibilit y

Packing
Supplier 2 3

20
Responsib le

Purch ases

supp ly with
reli abili ty and

flex ibilit y

Fruit
Supplier 3 3

21 Softw are
order s

PrimaI Ce
Responsibl e for
Cold Warehouse 1 3

22 Softw are
raw mate rials

data
Responsibl e for
Cold Warehouse 1 3

23 Softw are other order s
Responsibl e for
Cold Warehouse 1 3

24 Softw are
whol esaler s

order s
Responsibl e for
Cold Warehouse 1 3

25 Softw are
raw mate rials

data
Responsibl e for

Hot Warehouse 1 3

TABLE I
ASSIGNMENT VALUES TO EACH DEPENDENCIES REPRESENTED IN FIGURE 1.

representing theamount of theeffort andresourcesneededfor
its achievement.Sofor example, managing thecoldwarehouse
is agoalthatrequiresmoreeffort thanthatof managing thehot
warehouse.

We proposein thefollowing ananalysisof thedependencies
basedon two differentkinds of measures:

complexity is themeasure of theeffort requiredfrom
thedepender for achieving thedependum,
criticality2 is themeasureofhowthegoalsofanactor

2This de�niti on is anextension of thatoneintroducedby Eric Yu in his PhD
thesis[20].

will beaffectedif thedependumis notachieved.

Complexity allows us to evaluatethe amount of the effort
that is required from eachactorfor achieving its responsibili-
ties,andto analyzethewholeactordiagramto discover possi-
bleoverloadsonsomeactorswith respectto theothers.Analo-
gously, it is possibleto usecriticality to evaluatethecriticality
of anactorfor therestof theorganization. We distinguishbe-
tweeningoing andoutgoing criticality. Ingoing criticality rep-
resentsthecriticality thatanactorassumeswhenit is responsi-
ble for achieving a dependum,namely whenthe actorassume
therole of dependeein thedependency. Theoutgoing critical-



ity representsthecriticality of theachievementof adependency
for thedepender. Basically, givena dependency we assignto it
a value of criticality that assumea different meaning for the
depender(outgoing criticality) andthedependee(ingoing criti-
cality).

Table I reportsthe valuesof complexity andcriticality as-
signedto eachdependency of the actordiagramin Figure1.
In our analysis,criticality andcomplexity canassumevalues
1 (low), 2 (medium) and3 (high), but of coursethe range of
valuescanbeextended.

For eachactorof the actordiagramwe calculatethe global
complexity as the sumof the complexity of the dependencies
wherethe actoris the dependee. The global ingoing critical-
ity andglobal outgoing criticality arethesumof thecriticality
of the dependencieswherethe actor is the dependeeandde-
pender, respectively. Theseglobal valuesallow us to evaluate
theoverallorganization in termsof adistributionof complexity
andcriticality. So for instance,we candiscover that thereare
someactorsthatareparticularly critical for theoverall organi-
zation's objectivesor thatotheractorsareoverloaded in terms
of complexity in their responsibilities.This kind of evaluations
areparticularly useful for discovering important requirements
of a softwaresystemthat eventually will be implementedand
adoptedinsidetheorganization,but of course,suchinformation
canbealsouseful to redistributetheresponsibilitiesandtheac-
tivities among theactors.In this work weusetheglobal values
to de�ne thefunctional requirementsof a softwaresystemthat
will beadoptedto support theorganization.

Figure 3 shows the procedurewe adopt for the complex-
ity and criticality analysis. Basically, in the �rst part of the
procedure we calculatefor eachactor the global valuesfor
complexity andcriticality (ingoing andoutgoing) andthenwe
build two lists comp.actorList andcrit.actorList in which we
insert all the actorsfor which the global values of complex-
ity and criticality, respectively, are greaterthan the max val-
ues they can assume,namely actor.max.complexity and ac-
tor.max.criticality. We supposethat it is possibleto de�ne for
eachactora max valueof complexity andcriticality basedon
the actor's competences,abilities and role it assumesinside
the organization. Finally, the procedure endswith the assign-
mentof somedependenciesin which the actors,contained in
thecomp.actorList andcrit.actorList, areincludedin thesoft-
ware systemwe want to develop. The idea is that �rst (as-
sign.comp(comp.actorList)) we assignto the systemgoals in
orderto reducethecomplexity of theactorsin comp.actorList
andthen(assign.crit(crit.actorList)) to reducecriticality of ac-
torsin crit.actorList.

TableII showstheglobal complexity andcritically valuesfor
theactordiagramspresentedin Figure1 andFigure2. N.o.D.is
thethenumberof dependenciesin whicheachactoris involved
andfor whichglobal valuesarecalculated.

Figure4 presentstherevisedactordiagramin whichwehave
introducedtwo new actors(softwaresystems)S1 andS2. As-
signingto S1 theresponsibility of processingandupdatingthe

global actorList � dependencyList � comp � actorList �

crit � actorList;
procedureweightDependency� actorList � dependencyList �

comp � actorList � crit � actorList �

begin
comp � actorList : � crit � actorList : � nil ;
for actor in actorList

global � actor� complexity : � 0;
global � actor� critical ity� in : � 0;
global � actor� critical ity� out : � 0;
for dependencyin dependencyList

if dependency� depender � actor then
actor � criticality� out : � actor� criticality� out 	

dependency� criticality;
if dependency� dependee: � actor then
begin

global � actor� complexity : � actor � complexity	

dependency� complexity;
global � actor� critical ity� in : � actor � criticality� in 	

dependency� criticality;
end ;

end ;
if actor� complexity 
 actor � max� complexity then
add � actor � comp � actorList � ;
if actor� critical ity� in 
 actor� max � criticality then
add � actor � crit � actorList � ;

end ;
end ;
assign� comp � comp � actorList � ;
assign� crit � crit � actorList � ;

end procedure

Fig. 3. Theprocedurefor thecomplexity andcriticality analysis.

informationusedby software system(Softwar e) we can re-
ducethe value of the ingoing criticality of the Responsibl e
for Cold Warehouse , thatdecreasesfrom 24 to 9. Similarly,
theintroductionof S2 allows usto reducefrom 3 to 2 theingo-
ing criticality of theRespon sible Purch ases .

V. RELATED WORK

As reportedin [2], [16], [11], [9], [10], oneof most topic
feature of theTroposmethodology is that it aspiresto spanthe
overall softwaredevelopmentprocess.This fact is depictedin
Figure5 which shows the relative coverageof Tropos aswell
as i � [20], KAOS [6], GAIA [18], AAII [12], MaSE[7], and
AUML [14], [1]. Troposcovers thesoftwaredevelopment pro-
cessasawhole,from theearlysteps,in which thesoftwareen-
gineerpicksup andmodelsrequirementsof theorganizational
setting(early requirements)and of the system-to-be (late re-
quirements),up to thedetaileddesignwherethedesignis car-
riedoutbymeans,for example,of aseriesof AUML activity di-
agrams (for moredetailsabout theAUML diagrams in Tropos,



Global scores– Complexity, Ingoing, Outgoing criticality
Actor Complexity N.o.D. Ingoingcriticality N.o.D. Outgoingcriticality N.o.D.

1 Ice Co. TN 0 0 0 0 16 6

2
Responsibl e

Purc hases 3 1 3 1 27 11

3
Responsibl e for
Cold Warehouse 15 8 24 9 4 2

4
Responsibl e for

Hot Warehouse 4 3 7 3 6 3

5 Cheese Facto ry 5 3 9 3 0 0

6
Sugar

Supplier 2 2 2 2 0 0

7
Fruit

Supplier 8 4 12 4 0 0

8
Packin g

Supplier 5 4 9 4 0 0

9 Sof tware 1 1 3 1 15 5
10 Car eer A 2 2 2 2 2 2

11
Responsibl e

Purch ases BZ 3 1 3 1 2 1

12 Ice Co. BZ 0 0 0 0 6 2

13
Responsibl e for

Cold Warehouse BZ 6 3 6 3 1 1

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

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

see[2]). Moreover, suchmethodologyusesthesameconcepts,
like, for example, actor, goal,softgoal, andgoal dependencies,
alongall the phases;this featureis not addressedfrom other
methodologies.

VI . CONCLUSION AND FUTURE WORK

In thispaperwehavepresentedtheTroposearlyrequirement
analysisfor a real casestudy, the Ice Co, andwe have intro-
duceda new typeof analysisfor actordiagrams basedon two

different parameters: complexity andcriticality. The analysis
helpedus to discover insidethe organizationsomeimbalance
betweentheactorsin termsof complexity of thegoalsassigned
to themandcriticality of their responsibilities with respectto
the overall organization. This informationis usedto motivate
andde�ne the functional requirementsof the systemthat will
beintroducedin theorganization.

Thecasestudyhasbeenanalyzedwithin arunning project in
whichwearecurrently involved.Theuseof theTropos metho-
dology hasbeenextremely positiveandin particular it hasbeen
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Fig. 5. Comparisonof Troposwith other softwaredevelopmentmethodolo-
gies.

aneffective meansof interactionbetweenusandthepeople in-
terviewed. It allowedusto show aftertheinterviewsourunder-
standingof theproblemandto discusswith our customers the
possiblerequirementsto consider in the �nal system. Differ-
ently form othermodeling languages,like for instanceUML,
the Tropos graphical notationand the concepts usedin it are
moreintuitive andcomprehensiblefor people that arenot ex-
pertin softwareengineering.

Wearecurrently applying theTropos laterequirementsanal-
ysisto thesecondphaseof ourproject andwearede�ning new
typeof analysisfor it. Moreover, weareworkingto anef�cient
algorithm in orderto automatethe processof reassignment of
thedependenciesin theactordiagrams.
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