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Abstract

Recent approadesin building decisionsupport systems(DSS) for agriculture, and
more generally for environmental problems, tend to adopt a \systemic" approad.
That is to say a problem is analyzedin terms of all the knowledge,the data and the
responsibilities it dependson. So, the proposedapplications aim to be integrated
in larger information systemsexploiting the fact that di erent organizations may
manageinformation sourcesand resourcesthat are relevant to problem solutions.

The paper focuseson designissuesfaced during the developmert of a DSSat use
of technicians of the advisory service performing pest managemenm accordingto an
Integrated Production approad.

Designingthis type of systemrequiresto analyze basically, two main dimensions
of complexity: the organizational dimension dealing with all the dependenciesbe-
tweenthe domain stakeholders, and the technical dimension concerningthe study
of natural plant protection techniques.

These considerations motivate the choice of an agen-oriented methodology for
software developmert. The methodology, called Tropos, givesa certral role to early
requiremerts analysis and allows to derive system functional and non-functional
requiremerts from a deep understanding of the domain stakeholders goals and of
their dependencies.

Two componerts of the system have beenimplemented using web technologies
and they are currently under evaluation.
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1 Intro duction

Integrated Production (IP) in agriculture consistsof a set of practicesaimed
at favoring the set up of a dewelopmen model characterized by a reduced
environmerntal impact. So,for instance,the application of IP practicesin plant
diseasemanagemeh by growers and agronomists requires specialistic skills
sud as, historical data and information on the diseaseaswell ason chemicals
and on low impact techniques, that can be exploited to minimize or avoid
damageson the product and on the plants. Thesesourcesof information and
knowledgearedistributed amongdi erent actorsin the agriculture production
system.So0,DSS{ including Al applications{ for IP canbee ectiveif they are
integrated within larger information systemsand if they are built taking into
accour the di erent roles,in the production systems,that can be covered by
its users.For instance,using Machine Learning (ML) techniques(seeMitchell
(1997)) in the dewlopmern of plant diseasemodelsthat simulate the seasonal
ewlution of a disease{ a relevant activity when assessinghe seriousnesof
an infection { posescritical issuessud as providing medanismsfor making
the model easily adaptableto di erent geographicalervironmerts or de ning
a suitable maintenancepolicy that allows for automatic updates of data (e.g.
daily updatesof meteodata, pesticidesupdatestwice a year, daily obsenation
on diseasemanifestationsduring spring and summer, etc.)! . This motivated
the adoption of an approad that considersthe activities of data acquisition
and of data analysisaspart of an iterativ e processaimedat providing accurate
predictions on diseaseewlution (seeAvesaniet al. (2002)). A processthat
involvesdi erent actors, sut astechnicians of the meteocerter, agronomists,
researbersin biology and agronony.

Analogousconsiderationsresulted from previous experiencesaimed at apply-
ing Al techniquesto environmental problems.In Branting et al. (1997), the
problem of predicting the behavior of a biological system, sud as grasshop-
pers,when dealingwith pest managemen activities, hasbeenfacedadopting
an approad called model-kasal adaptation This approad integrates case-
basedreasoningwith model-basedreasoningin order to overcomeproblems
due to incomplete causaltheory and limited empirical data for the biologi-
cal behaviour of grasshopprs. Avesaniet al. (1998) descriked a solution to

the problemsrelated to the intervertion planning for re ghting, where Al

techniquesfor planning and stheduling were integrated with a DBMS and a
Geographicallnformation Systems(GIS). Moreover, featuressud asthe dis-
tributednessand the heterogeneiy of data and knowledgeinvolved in decision
making for ervironmental problems have been discussedfrom a Knowledge
Managemenm perspective in Corteset al. (2000).

1 A discussionof critical issuesto be faced when building plant diseasemodel can
be found in Susiet al. (2002)



More generally theseissuesmotivate the adoption of a \systemic" approach

in designing software systemsfor environmental problems. That is to say a
problem is analyzedin terms of all the knowledge,the data and the respon-
sibilities it depends on. So, the proposedapplications aim to be integrated
in larger information systemsexploiting the fact that di erent organizations
may manageinformation sourcesand resourcesthat are relevant to problem
solutions. This basically has a twofold e ect: rst, an organizational analysis
becomesa necessarystep when specifying application requiremerts; second,
the resulting applications should be designedin terms of a set of speci c, in-

terrelated services,sud as information providing or reasoningservices,that

are provided by specializedsoftware componerns.

Depending on the required capabilities, ead software componert can be im-
plemerted asa software Agert usingspeci ¢ Al techniquesfor reasoningor as
a genericsoftware componen, sud asa wrapper to existing DBMS, or GIS.

This paper focuseson the requiremen analysisand the designof a software
system dewted to support decision making by the technicians of the agri-
cultural advisory servicewhen managingapple plant diseasesas descrited in
Perini (2000).

We adopt the Tropos methodology, descriked in Giunchiglia et al. (2002a),an

ageri-oriented software developmen methodology which includesintentional

analysistechniques. The paper is structured as follows. Section 2 recalls the

main conceptsand the practical stepsof the Tropos methodology Sections3

and 4 descrilte the results of early and late requiremens analysis, according
to Tropos. Section5 descrikesthe initial phaseof the the architectural design
of the system. Related work is consideredin Section 6. Finally, conclusions
and the future work are presenied in Section?.

2 The Metho dology

The Tropos methodology, descriked in Giunchiglia et al. (2002a),is an agen-
oriented software developmen methodology basedon two key ideas,namely:
(i) the use of knowledge level concepts, sud as actor, goal, plan and de-
pendencybetweenactors, along the whole software dewvelopmer process,and
(i) the critical role assignedto the preliminary phaseof requiremerns anal-
ysis aimed at understandingthe environment in which the system-to-ke will
operate. Tropos covers Vv e software dewelopmen phases:early requirements
analysis late requirementsanalysis architectural design detailed design and
implementation From a practical point of view, the methodology guidesthe
software engineeralongthe whole processin building conceptualmodels, with
the help of a visual modeling languagewhich provides an ontology including



knowledgelevel concepts.An actor models an ertity that has strategic goals
and intentionality, sud as a physical agen, a role or a position. A role is an
abstract characterization of the behavior of an actor within somespecialized
corntext, while a position represems a set of roles, typically covered by one
ager. The notion of actor in Tropos is a generalization of the classicalAl
notion of software agern. Goalsrepresen the strategic interests of actors. A
dependencybetweentwo actorsindicatesthat an actor dependson anotherin
order to adhieve a goal, executea plan, or exploit a resource.Tropos distin-
guishesbetweenhard and soft goals,the latter having no clear-cut de nition
and/or criteria asto whether they are satis ed. Softgoalsare useful for mod-
eling software qualities, sud as security, performanceand maintainability, as
descriked also in Chung et al. (2000). A Tropos model is represeted as a
set of diagrams:actor diagrams descrite the network of dependencyrelation-
shipsamongactors, gaal diagrams illustrates goal and plan analysisfrom the
point of view of a speci ¢ actor. Three basictypesof analysisare provided: (i)
means-endanalysis which consistsin identifying goals,plansor resourceghat
represeh meansfor reacing a goal (plan); (i) contribution analysis which
consistsin discovering goals,plans or resourceghat can cortribute positively
or negatively towardsthe ful lmen t of a goal (or the executionof a plan); (iii)
AND/OR decomposition which allows for a conbination of AND and OR de-
compositions of a root goal (plan) into sub-goals(sub-plans),thereby re ning
a goal (plan) structure.

The purposeof conceptualmodelingin eat phaseof the software developmernt
processis brie y recalledbelow.

Early Requirements analysis focuseson the understanding of a problem do-
main by studying an existing organizational setting where the system-to-ke
will be introduced.

Late Requirement analysisfocuseson the system-to-ke which is introducedas
a new actor into the model.

Architectural designde nes the system'sglobal architecture in terms of sub-
systemsthat arerepreseted asactors. They areassignedsubgoalsor subplans
of the goalsand plans assignedo the system.Each actor is characterizedby:

(i) asetofindividual capabilities and (ii) a set of sccial capabilities required
by actor coordination. Here, the choiceof a speci ¢ architectural style for dis-
tributed systems(seefor instance Garlan and Shav (1996)), sud as MAS,

Peerto Peer, Client/Server, can be included. The output of the architectural

designis the mapping of the system subactors(with their capabilities) to a
set of componerts (possibly agens).

Detailed designaimsat specifying the agert micro-lewel. At this point, usually,
the implemertation platform has already beenchosenand this can be taken
into account in order to perform a detailed designthat will map directly to
the code.

The Implementation activity producesan implemertation skeleton according
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Fig. 1. Early requiremerts model. A portion of the actor diagram modeling the IP
organizational setting.

to the detailed designspeci cation. Code is addedto the skeleton using the
programming languagesupported by the implemertation platform.

In the following sectionswe will descrike the application of the methodology
to the designof the DSSfor the IP Advisor we are deweloping. We will focus
only on the rst phasesof the dewelopmen process.

3 Early Requiremen ts

The analysisstarts identifying the stakeholders,both social actors and soft-
ware systemsthat are already presen in the domain, of the agriculture pro-
duction systemof our region. They are modeledasactors, depicted by circles,
in Figure 1:

The actor Producerrepresetts the apple grower who pursuesobjectivessuc
asto obtainaprot following acceptablemarket strategies,and to work in a
healthyenvironment

The actor Advis@ modelsthe technician of the advisory servicethat hasbeen
setup by the local governmert in orderto provide a support to producersin
choosingand applying the bestagricultural practicesand techniques(seethe
goal support IP applicatior). The advisor plays a key role in our areasince
the majority of producersare not professionalfarmers, they lack specic
skills and/or are not con dent enoughof adopting an IP approad.

The actor Local Governmenplays both an institutional and a practical role
in promoting IP di usion in our region (seethe goalsfava IP production



follow EU ruleg. It setsup a list of admissiblechemicalsand quartity lim-
its, accordingto the European Union agreemets. Theserules are yearly
updated and coded into a production protocol.

The actor Plant DiseaseExpert represeis the researber in biological phe-
nomenaand in agronomicaltechniques. Among his/her objectivesthat of
transferring researt results directly to the production level, for instance
providing infection data and diseasesimulation models, as well as new ef-
fective pest managemen techniques (seethe goals provide diseasedata &
models providelP techniquek

The actor diagramin Figure 1 shavs someof the critical dependenciedbetween
the domain stakeholderswhich, at a macroscopidevel, result in a joint e ort
to disseminatelP.

In particular, the actor Producerdependson the actor Local Governmenfor
obtaining a product certi cation (i.e. obtainregistrationtrademak) that states
that he/she follows IP practices, as required by speci ¢ market sectors.The
local governmert sets up the yearly IP production protocol and issuesthe
desiredcerti cation only to the producersthat follows it. So, the actor Local
Governmentlependson the actor Producerin order to have its goal follow IP
production protocol satis ed. As already noticed, the actor Advisa plays the
role of mentor, with respect to the producer, in carrying up apple production
accordingto the IP rule. Sothe actors Adviso and Producercloselydepends:
the actor Producerdependson the actor Advisa in order to choose& applyIP
practicesaccordingto the production protocol and in order to managedisease
crisiswhich may occur in caseof unforeseereverts and that requiresto adopt
an appropriate remedyaction, still IP compliart. Viceversa,the actor Advisa
depends on the actor Producerfor satisfying his/her goal to collect orchads
data in order to maintain an updated picture of the diseasepresenceand
ewlution in the areaunder their cortrol. Moreover, the Advisa dependson
the actor Plant DiseaseExpert in order to usee ectiv e diseasemodels (i.e. to
attain the goal be advisedon diseasanodelsand to get information on new IP
techniguesbe aware of newIP). Both actors, the Advise and the Plant Disease
Expert are funded by Local GovernmentThe goal dependencyde ne the IP
protocol betweenthe Local Governmenand the Plant DiseaseéExpert closesthe
loop. It modelsthe cortribution of the expert in providing the technical skills
necessanyfor de ning a production protocol that follows the EuropeanUnion
strategic directives.

The Early Requiremerts model is further re ned by consideringall its actors
and by analyzing their goals. New actors and dependencescan be added in
the model. The goal diagram depicted in Figure 2 shows the analysis of the
goal support IP application from the point of view of the actor Advisa. The
goal support IP applicationcortributes positively to the ful llment of both
goalschoose& applyIP practicesand managediseasecrisisfor which the actor
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Fig. 2. Early requiremerts model. The goal diagram of the goal support IP application

analyzed from the point of view of the actor Advisa.

Producerdependsfrom the actor Advisa. The goal can be AND decompmsed
into a set of more speci ¢ subgoals,i.e. acquiredata, assesnfectionrisk, plan
the interventionand monita the situation after the intervertion. Moreover, the
softgoal havea spatialrepesentationthat is being able to visualize the data
on a map of the whole areaunder cortrol by the advisor shall allow him/her
to perform in a more e ective way both the data acquisition activity and
the assessmenof an infection risk (seethe two positive cortribution links in

Figure 2).

In the following we considerthe plans that the advisor performsin order to
satisfy them accordingto current practices.Meansto satisfy the goal acquire
data consistsin getting data resulting from obsenation and measuremets
activities performed, ead season,n the orchards, as well asin getting cur-
rent meteodata. This is modeledin Figure 2 with a set of plans, depicted as
hexagonalshapes, which are related to the goal acquiredata trough speci c
means-endrelationships, i.e. querydiseaséistaical data, which refersto his-
torical data on the presenceof the diseasein the area, queryhistaical meteo
data which refersto historical climate and checkweatherforecast(the current

meteodata).

The analysispoints out a setof interaction processeselatedto the executionof
theseplans, they are modeledin terms of resourcedependenciesFor instance,
the dependencybetweenthe actor Advise and the actor Plant DiseaseExpert
for the resourcehistaical data basesmodelsthe fact that the advisorsusually
perform seartesinto the data baseson diseasedata held by the experts, as
well ason climate data relative to the areaunder their cortrol. The plan run
diseasanodelsis a meansto attain the goal asses#nfectionrisk In currert 1P
practices,the advisorsexploit phenologyand/or epidemiologicaimodelswhich
helpthem in analyzingthe behavior of a plant diseaseFor instance,they allow
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them to estimate both the diseasestageand the infection extert. Thesemodel
require speci ¢ data from the orchard in order to produce updated estimates.

Analogously the remaining subgoalscan be analyzedwith the aim of identi-
fying advisor plans and dependencieswith the other actors.

4 Late Requiremen ts

During late requiremens analysisthe system-to-le, that is the decisionsup-
port systemat use of the advisorswhen dealing plant diseasemanagemen
is introducedas a new actor into the conceptualmodel. Its relationshipswith
sccial actors, sud as Advisa, are modeledin terms of dependenciesFigure 3
depictsa fragmen of the late requiremens model wherethe actor Adviso SW
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Agent modelsthe system-to-ke. In particular, the actor Adviso delegatesthe
system-to-ke for the ful Iment of the goal acquiredata and of the softgoal
havea spatialrepresentationand for the executionof the plan run diseasenod-
els This implies that alsothe dependenciego the other sccial actors related
with these model elemeiis have to be appropriately revised. For instance all
the dependencieswith actors holding data relevant for diseasemanagemen
have beendelegatedto the system-to-ke actor. Figure 4 shaws the resulting
goal diagram for the actor Adviss SW Agent Notice that the plans that the
actor executesin orderto ful ll the goalacquiredatahave to be rede ned from
the point of view of the systemactor, i.e., appropriate interaction procedures
have to be de ned betweenthe system actor and the social actors who held
the speci ¢ data. In the goal diagram a new goal useGlIStechnigueshas been
introducedas a meanto satisfy the softgoal havea spatialrepesentation

5 Arc hitectural Design

This phaseconsistsof three steps,namely, re ning the systemactor diagram
taking into accourt goal and plan decomposition, as well as exploiting useful
architectural styles (i), idertifying actors capabilities (i) and mapping them
to systemcomponerts (agens) (iii)) . We will focuson the rst two steps.

The systemactor diagramis re ned by including new actors which will take



care of subgoalswhich have been discovered upon goal analysis of the sys-
tem's goalsin the late requiremern phase.Figure 5 depicts the re ned actor
diagram. Six sub-systemactors have beenintroduced. The actor Advise SW
agentdelegatesthem the sub-goalsand the plans that were found during the
goal analysis performed from the point of view of the systemactor (seeFig-
ure 4). They are:

the actor GISP (Geographic Information ServicesProvider) to which the
Advis@ SW agentdelegatesthe goal useGIStechniques

the actor DBL (DiseaseBehavior Learner), which performs the plan run
diseasanodelson the basisof information extracted from the seasonabata
on the disease;

three wrapper actors, namely, the PDE-DBW (Plant DiseasesExpert DB
Wrapper) which takescare of retrieving meteoand orchard historical data;
the wrapper of the databaseof the meteoservice,called Meteo-DBW (Me-
teo ServiceDataBaseWrapper) which retrieves weather forecast;the Local
Knowledgeactor, which is the wrapper of the local data base cortaining
data relative to the orchards belongingto the areaunder the advisor con-
trol (represeted by the actor ProducersDB in Figure 5);

the actor UserInterfacewhich managesthe interaction betweenthe user of
the application (the actor Advisa) and the other specialized sub-actorsof
the Adviso SW agent

The actor diagram showvs someof the relationships betweensubsystemsspec-
ied in terms of plan dependencies.For instance, the user that wants to do
spatial reasoning,sut asanalyzingthe distribution on a geographicalareaof
a given pestin a certain period of time, requiresthe actor UserlInterfacefor
the execution of the plan allow spatialreasoning(seethe correspndert plan
dependencybetweenthe two actors). As a consequencea new interaction be-
tweenthe Userinterfaceand the actor GISPis needed dewted to the de nition
of an appropriate electronicmap to be visualizedby the userinterface(seethe
plan dependencyvisualizemap betweenthe actor Userlinterfaceand the actor
GISB.

The system architecture model can be further enriched with other system
actors resulting from the inclusion of design patterns, asin Hayden et al.
(1999) and in Busetta et al. (2001), that provide solutionsto heterogeneous
ageris communication, or upon the analysis of non-functional requiremerts,
asdescriked in Giorgini et al. (2001).

Further steps are required in Tropos to complete the architectural design,
suth asthat aimed at identifying actor capabilities from the analysis of the
dependenciesgoing-in and -out from the actor and from the goalsand plans
that the systemactorswill carry on.
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For instance, focusing on the system actor User Interfacein Figure 5, and
in particular on its ongoingand outgoing dependencieswe can identify the
following capabilities: ask for map visualization provide rule feedback ask for
rulesvisualizationaskfor rulefeedbacksupport analyticreasoningsupport spatial
reasoningTable 1 lists the capabilities assaiated to the actor Userlinterface

Actor | Capabilit y

ul askfor map visualization

provide rule feedback

ask for rulesvisualization

askfor rule feedback

support analyticreasoning

support spatialreasoning

Table 1
Architectural design- step 2. Actors capabilities.

and should be completed consideringall the system actors included in the
architectural design.A given capability may be neededby di erent actors.

The architectural designendswith a mapping of the systemsubactorsto a set
of software componerts (agerts). Each componert is characterizedby a set of
the capabilities identi ed in the actor diagram.

The next phasein the Tropos dewelopmen processis detailed design,where
the componerts micro-lewvel is speci ed in terms of componert capabilities
and plans. Here a set of diagrams proposedin Agent UML by Odell et al.
(2000) can be used.The detailed designspeci es the interaction betweensoft-
ware componerts, that will allow to realizethe dependenciesdesignedat the
architectural designlevel.

6 Related work

Di erent lines of researt are relevant to the work preserned here.We already
mertioned in the introduction works which deal with the problem of apply-
ing Al techniquesto complexernvironmenal problems(Avesaniet al. (1998),
Branting et al. (1997)). Here we focus on two researt lines which aim at
de ning the design methodologiesof complex distributed systems.The rst
concernshow the Agent paradigm hasbeenexploited in software systemsde-
voted to ervironmerntal managemeh The secondfocuseson Agent Oriented
Software Engineeringmethodologies.

11



A natural useof the Agens paradigm can be found at the logical and techno-

logicallevel in ervironmertal simulation models.Herean agernt may represen

a counterpart of a physical entity in the domain. Agerts interacts among
them, accordingto elememary rules, resulting in the macroscopigoghenomena
or behaviors at interest. Agernt basedsimulation requiresto de ne (assume
hypotheseson the) micro-lewel interactions while the traditional simulation

approat assumesa set of rules (laws) governing the interaction amongerti-

ties, at the macroscopiclevel. In Bruse (2002), the agen basedsystemsmay

allow to discover and simulate the dependenciesand relationships between
environmerntal variablesalthough they are not included in the model a priori.

Agen basedsimulation hasbeenalsoexploited in the analysisof the behavior

of sacial networks, asin Pahl-Wostl (2002). Here the simulation involvesthe

relationship between ageris that represemts peopleinvolved in the manage-
ment of environmental resourcesand \In tegrated Assessmeti; the objective
is that of building of a domain model at support of decision making pro-

cessesAnother interesting application of the Agert paradigm is the cortrol

and managemenh of complex plants, sud as in Borrel et al. (2002), where
an application to Wastewater Treatmert Plants is descrilked. In this case,the

software system interacts with the domain experts and gives them support

in supervising the treatment processcollecting plant sensors'data, support-

ing the planning and the execution of suitable cortrol actions, accordingto

macro-lewel strategiespreviously chosenby the experts.

Agent Oriented Software Engineering aims at providing methodologiesand
tools at support of requiremers analysis and design of complex systems,
sudh as Multi Agent Systems.Se\eral interesting approades have been pro-
posed (seethe AOSE workshopsacts in Ciancarini and Wooldridge (2001),
Wooldridge et al. (2001), Giunchiglia et al. (2002b)). Most of them focus
on architectural design and detailed design issues, see for instance GAIA
in Wooldridge et al. (2000) and AUML in Bauer et al. (2001). The Tropos
methodology aims at covering the whole software dewelopmen process,from
early requiremerts to the implemertation of the system using the sameno-
tions of agen, goal, dependenciesTroposexploits techniquesfor goalanalysis
originally proposedfor Requiremen Engineering,like the Eric Yu's i* (intro-
ducedin Yu (1995)) and can be combined with other agent and non-agemn
software dewelopmernt paradigmslike UML or AUML for the system design
phases.

7 Conclusion and Future Work

This paper described the requiremern analysis and the designof a decision
support system,for the agriculture Advisory Serviceof our region which have
beenperformedusing Tropos, an agert oriented software engineeringmethod-

12



Fig. 6. The GISP componert graphic user interface.

ologythat allowsto model explicitly the domain stakeholdersgoaland mutual
dependencies.

We discussedthe early requiremen and late requiremen analysis specifying
the reasonsfor dependenciesetweensccial and systemactors. In particular,
goal and plan delegationsfrom sccial actors (the users)to systemactorswere
pointed out.

A sketch of the architectural design, accordingto the Tropos methodology
has beenalso given. The architecture includes a set of software componerts
(agerts) wrapping existing information systemsand interacting with ageris
providing estimateson the ewlution of a speci ¢ plant disease.

We are currently deweloping someof the agens of the Advisa SW Agent sys-
tem: the GISPcomponert and the DBL componert with referenceto a critical
pest for apple, called the Codling Moth (Cydia Pomonela). A rst proto-
type of the systemhas beendeweloped and evaluated by the technicians and
researbers of the Advisory Service providing useful suggestionsfor its im-
provemer. The GISPcomponern is basedon a set of Geographiclnformation
System (GIS) functionalities that allow to visualize territorial data and to
perform spatial queriesrelatively to the apple orchardsin the Trentino area.

In particular, we have deweloped a set of functions supporting the design of

13



a pheromonessex trapping plant (a technique for reducing the e ects of the
Cydia Pomonela infectionsin an orchard), on a multi-orchard basis.Figure 6
depicts the browser basedGraphical User Interface of this componert. The
visualization areais subdivided in three major areas:in the certer is depicteda
map of the areaof interest shawving the organizationalsetting of the orchards;
on the left, a set of functions allow the user to interact with the map; on
the right, the usercan nd a set of functions related to the managemenh of a
pheromonesrapping plant.

The DBL componert is basedon the Weka software library (seeWitten and
Frank (1999)) which provides Machine Learning and Data Mining Algorithm,
applied to the analysisof the data collectedby researbersfrom the eld and
from lab tests, during the last ten years.
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