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Abstract

Software design is a complex problem-solving process
which requires to evaluate several design options while pur-
suing the objective of adhering to general principles of good
quality. For instance, designing open, robust and secure ar-
chitectures for novel application areas, calls for evaluating
and/or integrating different distributed system technologies,
such as peer-to-peer and multi-agent systems.

This paper proposes a discussion on software architect-
ing and designing strategies adopting an agent-oriented ap-
proach. Several works face this issue proposing methodolo-
gies based mainly on the use of architectural styles. Here,
we focus on general strategies useful in the design pro-
cess, such as divide-and-conquer, and principles for a good
design, such as cohesion and decoupling, and argue that,
performing goal analysis, according toTropos, an agent-
oriented methodology, provides methods for applying them.
Within the same framework we perform non-functional re-
quirement analysis and evaluate different architectural op-
tions that meet them. The methodology has been applied to
the development of a decision-support system for Integrated
Production in agriculture.

1. Introduction

Software design is a well recognized complex problem-
solving process aimed at specifying how to implement the
system’s functional requirements while satisfying the con-
straints imposed by the non-functional requirements and
while pursuing good quality objectives, such as understand-
ability, maintainability, reusability, etc. [9, 18]. Basic soft-
ware engineering literature provides general principles and
methodologies [7, 10, 26]. Methods which support their
application to specific application classes are then to be de-
fined.

For instance, designing complex distributed systems,
where different technologies, ranging from e-services to

peer-to-peer [22] and MAS [28], are candidate technologies
for building open, robust and secure architectures, we need
to decide how to compare and, possibly, how to integrate
them in an effective way [1].

In this paper we discuss general strategies for software
design and architecting, adopting an agent-oriented ap-
proach.

Agent-oriented software engineering is emerging as a
general framework for analysis and design when develop-
ing distributed software systems [5, 13, 29].

The idea is that agent-oriented methodologies, which
are founded on notions such as those of agent, goal, plan,
are inherentlyintentional, and allow to model explicitly
reasons behind the needs of the stakeholders of an ap-
plication domain, as well as reasons behind system re-
quirements. On the other side, other approaches, such
as object-oriented methodologies, are inherentlynot inten-
tional, since they use ontological primitives which are an
abstraction of implementation-level concepts.

Along this line we proposed aknowledge-level[23] ap-
proach to software development, providing a methodology,
calledTroposwhich spans from early requirements to im-
plementation [2, 3, 12].Troposrests on the uniform use of
a small set of intentional notions, such as actor, goal and
dependency, which proved to be suitable for modeling the
organization where the system-to-be has to be introduced
[6, 30], during all phases of software development.

In particular, the methodology covers five software de-
velopment phases:early requirements analysis, late re-
quirements analysis, architectural design, detailed design,
and implementation. Early Requirementsanalysis focuses
on the understanding of a problem domain by studying an
existing organizational settingwhere the system-to-be will
be introduced. Social actors and software systems that are
already present in the domain are modeled as actors with
their individual goals and with mutual, intentional depen-
dencies.

Late Requirementanalysis focuses on the system-to-be
which is introduced as a new actor into the model. The

1
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Figure 1. Domain stakeholders and their dependencies. A portion of the Early Requirements model.

system actor is related to the social actors in terms of de-
pendencies; its goals are analyzed and will eventually lead
to revise and add new dependencies involving a subset of
the social actors (the users).

Architectural designdefines the system’s global archi-
tecture in terms of subsystems, that are represented as ac-
tors. They are assigned subgoals (or subplans) of the goals
(plans) assigned to the system.

Detailed designaims at specifying the agent micro-level.
At this point, usually, the implementation platform has al-
ready been chosen and this can be taken into account in or-
der to perform a detailed design that will map directly to the
code.

The Implementationactivity produces an implementa-
tion skeleton according to the detailed design specification.
Code is added to the skeleton using the programming lan-
guage supported by the implementation platform.

The methodology has been illustrated by several case
studies [3, 11, 14, 24].

In this paper, we focus mainly on architectural design
and discuss general strategies useful in the design process,
such as divide-and-conquer, and principles for a good de-
sign, such as cohesion and decoupling. We argue that, per-
forming goal analysis, according to theTroposmethodology
provides methods for applying them.

The paper is structured as follows. Section 2, summa-
rizes some basic concepts of theTroposmethodology and
illustrates them with examples taken from a project in the
domain of decision-support systems for Integrated Produc-
tion (IP) in agriculture1. Section 3, focuses on the refine-

1Integrated Production (IP) aims at a sustainable approach to agricul-

ment of the system requirement model into the system de-
sign model. Here we present an interpretation of general
software engineering principles for a “good” software de-
sign, from the point of view of our agent-oriented approach.
Moreover, we give an example of how to exploit softgoal
analysis [4] for the evaluation of architectural design op-
tions that take into account non-functional requirements.
Related works are discussed in Section 4. Finally, conclu-
sions are presented in Section 5.

2. Our approach

From a practical point of view, theTropos methodol-
ogy guides the software engineer in building and refining
conceptual models, specified with a visual modeling lan-
guage which allows to represent and to analyze intentional
concepts, e.g. actor, goal, dependency. An actor models
an entity that has strategic goals and intentionality, such
as a physical agent, a role or a position. A role is an ab-
stract characterization of the behavior of an actor within
some specialized context, while a position represents a set
of roles, typically covered by one agent. Goals represent
the strategic interests of actors. A dependency between two
actors indicates that an actor depends on another in order to
achieve a goal, execute a plan, or exploit a resource.Tropos
distinguishes between hard and soft goals, the latter having
no clear-cut definition and/or criteria for deciding whether

ture production. In plant disease control, it promotes the use of low-impact
techniques and chemicals, and the exploitation of natural defense mecha-
nisms. The requirement analysis and modeling have been described in
details in [25].
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Figure 2. ER model. Goal diagram of the actor Advisor, showing an example of goal analysis.

they are satisfied. Softgoals are useful for modeling soft-
ware qualities, such as security, performance and maintain-
ability, as described also in [4]. In particular, softgoal anal-
ysis supports the exploration of alternative solutions.

Intentional analysis allow us to focus on why questions:
What are the goals of the actors? Who share these goals?
What are the divergent goals that lead to different perspec-
tives? Why are particular behavioral or informational struc-
tures chosen? What alternatives are considered? What are
the reasons for choosing one alternative over the others?

A Troposmodel is represented as a set of diagrams:ac-
tor diagramswhich describe the network of dependency re-
lationships among actors,goal diagrams, which illustrate
goal and plan analysis from the point of view of a specific
actor.

An example of actor diagram is given in Figure 1, which
depicts a fragment of the Early Requirement (ER) model of
an application of decision-support systems for IP [24].

The ER model inTroposdescribes the domain stakehold-
ers, their goals, and the mutual dependencies. Stakeholders
are modeled as actors.

In Figure 1, the actorProducer represents the apple
grower who pursues objectives such as toobtain a profit
following acceptable market strategies, and towork in a
healthy environment. The actorAdvisor models the tech-
nician of the advisory service that has been set up by the
local government with the aim of providing a support to pro-
ducers in choosing and applying the best agricultural prac-
tices and techniques (see the goalsupport IP application).
The softgoalgive an effective support models theAd-
visor’s attitude to be as effective as possible in delivering
this service. The actorLocal Government plays both an
institutional and a practical role in promoting IP diffusion

in our region (see the goalsfavor IP production, follow
EU rules). The actorPlant Disease Expert represents
the researcher in biological phenomena and in agronomical
techniques. Among his/her objectives that of transferring
research results directly to the production level, for instance
providing infection data and disease simulation models, as
well as new effective pest management techniques (see the
goalsprovide disease data & models, provide IP tech-
niques). The actorProducer depends on the actorLocal
Government for obtaining a product certification (i.e.ob-
tain registration trademark) that states that he/she follows
IP practices, as required by specific market sectors. The
local government sets up the yearly IP production proto-
col and issues the desired certification only to the producers
that follows it. So, the actorLocal Government depends
on the actorProducer in order to have its goalfollow IP
production protocol satisfied. As already noticed, the ac-
tor Advisor plays the role of mentor, with respect to the
producer, in carrying up apple production according to the
IP rule. So the actorsAdvisor andProducer depend one
upon the other: the actorProducer depends on the actor
Advisor in order tochoose & apply IP practices accord-
ing to the production protocol and in order tomanage dis-
ease crisis which may occur in case of unforeseen events
and that requires to adopt an appropriate remedy action,
still IP compliant. Viceversa, the actorAdvisor depends
on the actorProducer for satisfying his/her goal tocollect
orchards data in order to maintain an updated picture of
the disease presence and evolution in the area under their
control. Moreover, theAdvisor depends on the actorPlant
Disease Expert in order to use effective disease models
(i.e. to attain the goalbe advised on disease models and
to get information on new IP techniquesbe aware of new
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IP).
Three basic types of analysis are exploited inTroposfor

refining conceptual models:(i) means-end analysis, which
consists in identifying goals, plans or resources that repre-
sent means for reaching an actor’s goal (plan);(ii) contri-
bution analysiswhich consists in discovering goals, plans
or resources that can contribute positively or negatively to-
wards the fulfillment of an actor’s goal (or the execution
of a plan);(iii) AND/OR decompositionwhich allows for a
combination of AND and OR decompositions of an actor’s
root goal (plan) into sub-goals (sub-plans), thereby refining
a goal (plan) structure.

An example of a refinement of the ER model is depicted
in Figure 2 that shows goal analysis of the actorAdvisor.
For instance, the goalsupport IP application has been
AND decomposed into a set of more specific subgoals, i.e.
acquire data, assess infection risk, plan the interven-
tion andmonitor the situation after the intervention. Sub-
goals have been further analyzed, so for example, the plan
run disease models specifies a means to attain the goal
assess infection risk. The softgoalhave a spatial repre-
sentation, that is being able to visualize the data on a map
of the whole area under control by the advisor shall allow
him/her to perform in a more effective way both the data
acquisition activity and the assessment of an infection risk
(see the two positive contribution links).

Goal analysis allows to discover subgoals and dependen-
cies that can be exploited in the second phase of theTro-
posmethodology, namely Late Requirements (LR) analysis,
when the system-to-be is introduced in the domain repre-
sentation. In particular, goals that can be satisfied by means
of a software system and plan whose execution can be del-
egated to the software system are identified.

In our IP domain, the system-to-be is represented by the
actorAdvisor SW Agent. Figure 3, shows the relative LR

actor diagram. TheAdvisor (i.e. the system’s user) rests
on it for the fulfillment of some goals, such as the use of a
spatial representation of the territory and of providing the
producer with an uptodate advice (see softgoalbe always
available), and for the execution of plans related to the ac-
quisition of data and to the execution of disease models.

3. System design

Approaching system design we face several questions,
such as, how can we identify system components which en-
sure an appropriate level of cohesion? How can we reduce
coupling among components? How can we evaluate differ-
ent architectural options analyzing non-functional require-
ments? Is there any architectural styles that we can exploit
in an effective way? This last issue has been deeply ana-
lyzed, in the context ofTropos, in [16, 21], where a set of
architectural styles for multi-agent systems based on con-
cepts coming from research on organizational management
are proposed.

Here we focus on the first three questions and discuss
an example of goal analysis from the point of view of the
system-to-be, theAdvisor SW Agent, shown in the goal
diagram depicted in Figure 4. According to domain knowl-
edge, the goalacquire data can be decomposed in three
plans: orchards pests history, historical meteo data,
weather forecast, devoted to the acquisition of data from
external resources (historical data bases and weather
forecast). The acquisition of data positively contributes to
the achievement of the planrun disease model and to the
goaluse GIS techniques (that represents a possible means
to satisfy the softgoalhave a spatial representation).

The softgoalbe always available requires a more com-
plex analysis which is depicted in Figure 5. In particular,
the softgoal can be AND decomposed in two softgoalsen-
suring updated data andmanage connection overload-
ing. A positive contribution to the first one can be accom-
plished either choosing a peer-to-peer architecture which al-
lows for the possibility to retrieve the needed information
from neighbouring peers (see softgoaluse peer-to-peer),
either using a wrapper component which maintains an up-
dated buffer of the most recent information (softgoaluse
wrapper with bounded memory).

The softgoalmanage connection overloading can re-
ceive a positive contribution by the choice of setting an up-
per bound to the number of simultaneous connections (use
bounded connections), or by the choice of exploiting an
agent, which is able to move to a hosting component and to
execute a specific task, and to return the computation results
to the original component [17] (use mobile agents).

This goal analysis provides the basis for system archi-
tecting and designing. In fact, Architectural Design (AD) in
Troposaims at defining a macro-level view of the system ar-



+

Advisor SW
agent acquire

data

weather
forecast

historical
meteo data

orchards
pests
history

run 
disease
model

weather
forecast

historical data
bases

Producers
Data Base

orchards
status 
data

Meteo
Service

Plant
Desease
Expert

+

use GIS
techniques

have a 
spatial

representation

be always
available

Figure 4. Late requirements model. A portion of the Advisor SW Agent goal diagram.

chitecture, in terms of components (modeled as sub-actors),
and interfaces between components (specified in terms of
dependencies), which results following to a top-down de-
composition strategy.

In a sense, goal analysis applied to the system-to-be ac-
tor of the LR model provides a method for implementing a
divide-and-conquerstrategy in software architecting.

The resulting AD model, which is depicted in Figure 6,
includes a set of sub-actors which will take care of goals
and plans resulting from the goal analysis of the system’s
goals. In particular,

• the actor GISP (Geographic Information Services
Provider) to which theAdvisor SW agent delegates
the goaluse GIS techniques;

• the actorDBL (Disease Behavior Learner), which per-
forms the planrun disease models on the basis of
information extracted from the seasonal data on the
disease;

• three wrapper actors, namely, thePDE-DBW (Plant
Diseases Expert DB Wrapper) which takes care of re-
trieving meteo and orchard historical data; the wrapper
of the database of the meteo service, calledMeteo-
DBW (Meteo Service DataBase Wrapper) which re-
trieves weather forecast; theLocal Knowledge actor,
which is the wrapper of the local data base containing
data relative to the orchards belonging to the area un-
der the advisor control (represented by the actorPro-
ducers DB in Figure 6);

• the actorUser Interface which manages the interac-
tion between the user of the application (represented
by the actorAdvisor in the ER model) and the other
specialized system actors.

+
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Figure 5. Softgoal analysis performed from
the point of view of the Advisor SW Agent. Ex-
tracted from the LR model goal diagram.

Relationships between subsystems are specified in terms
of plan dependencies. For instance, the advisor involved in
the study of a disease who needs to run the model describing
the population dynamic, requires the actorUser Interface
for the execution of the planvisualize rules; as a conse-
quence a new interaction between theUser Interface and
DBL is needed, devoted to the running of the disease model
in order to obtain the set of rules induced by the meteo and
orchards status data; this data can be retrieved by theDBL
by means of the plan dependenciesretrieve weather fore-
casts and retrieve disease history amongDBL and the
actorsMeteo-DBW andLocal Knowledge respectively.

Notice that, this architecture is based on the choice mod-
eled by the softgoaluse wrapper with bounded memory
in Figure 5. This can be seen, in Figure 6, focusing on the
dependency labeled (1), which should be modified in case



Producers
DB

orchards
status data

retrieve weather
forecasts

Advisor
SW

agent

Meteo-DBW
PDE-DBW

retrieve 
historical

data

User
Interface

require feedback

DBL

run
disease
models

Local
Knowledge

retrieve
diseases
history

use GIS
techniques

GISP

Meteo
Service

Advisor
Plant 

Disease
Expert

historical
data

visualize map visualize rules

allow spatial 
reasoning

allow analitic
reasoning

require
feedback
on datarequire

feedback
on rules

weather
forecasts

(1)

Figure 6. Architectural Design. The actor diagram refined upon system sub-goals delegation.

of a different choice. In this case, in fact, theMeteo-DBW
is the actor that is in charge of maintaining a buffer for the
weather forecast data when the Meteo Service is not avail-
able.

The resulting architecture satisfies also principles ofco-
hesion, in the sense that similar services have been grouped
into a single actor. For instance, the actorUser Interface
collects all the user interface functionalities both forDBL
actor andGISP actor. Moreover, coupling among compo-
nents, here represented in terms of the binary dependencies
between actors, is also minimized.

These properties can be highlighted in a component-
view of this architecture which can be specified with a UML
class diagram. An example is depicted in Figure 7 where
the portion of the system, centered on theDBL actor, has
been considered. Four main classes are specified. TheDis-
ease Behavior Learner class, that represent the compo-
nent corresponding to theDBL actor. Its dependency re-
lationships correspond to class methods. This component
is in charge of running learning procedures implemented
by integrating a Machine Learning [20] library. The data
can be retrieved by means of the connection to the external
and internal databases represented, respectively, by the two
componentsMeteo DBW and Local Knowledge, which
corresponds to the two wrappers actors of the AD model.
Finally, the classUser Interface contains methods corre-
sponding to services modeled in term of plan dependencies:
therequests of data and feedback from DBL where pro-

Disease_Behavior_Learner
-meteo_db: Meteo_DBW
-field_db: Local_Knowledge
+resultFormatter()
+generateCSVExportFile()
+runLearner()
+retrieveWeatherForecast()
+retrieveDiseaseHistory()

Meteo_DBW
-MeteoDB
+getMeteoForecast()

Local_Knowledge
-OrchardsStatusDB
+storeTestData()
+deleteTestData()
+modifyTestData()
+getTestData()

User_Interface

+visualizeRules()
+dataInsert()
+customizeLayout()

Figure 7. Architectural Design. UML class di-
agram of a portion of the system architecture.

cessed by the methodsvisualizeRules, dataInsert, respec-
tively.

At the detailed design level, this system architecture has
been refined into a client-server architecture. The client side
has been implemented as a set of JavaScript and HTML
pages, while the server components have been implemented
in Java and exploit a Tomcat servlet container and a Post-
GreSQL data base. Figure 8 depicts the relative UML de-
ployment diagram.
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4. Related work

Several research lines are interesting for the work pre-
sented in the paper. We will mention two of them: first,
approaches aiming at narrowing the semantic gap between
a requirement specification and the software architecture to
be produced from it; second, research pursuing the integra-
tion of agent-oriented and object-oriented methodologies,
at different stages in the software development process.

Among the works pertaining to the first research line,
the proposal of a design approach based on a family of pat-
tern (architectural style), in the context of theTroposef-
fort [16, 21]. This work is rooted in organizational theory
which provides business organization models. The authors
propose to use these models as software architectural styles
(specified in i* notation [30]) for MAS and evaluate them
respect to software quality attributes.

An approach to component-based design that resembles
several analogies with our work, is that presented in [19].
Here, design issues related to component identification and
specification are put in relation with a parallel analysis of
both business goals and processes, which provides with the
identification of enterprise components. Component speci-
fication is given in UML notation (class diagram).

In a sense,Responsibility-drivendesign [27] can be con-
sidered an approach which bears analogies with our, but
adopting an object-oriented point of view. Instead of con-
sidering actors’ goals, class responsibilities are analyzed,
together with collaborations among classes, which are de-
voted to fulfill responsibilities.

Among the approaches aiming at integrating agent-
oriented and object-oriented paradigms we shall mention
the work by [8] where an application domain is analysed
according to intentional analysis techniques. The resulting
intentional model provides the basis from which a use-case
model of system requirements is derived. A general frame-
work for integrating scenario-based techniques for require-

ments engineering into object-oriented, model-based, pro-
cesses, is given in the CREWS project [15]. Finally, [3]
proposes an extension of UML for agent-oriented software
development. Actor diagrams, analogous to those described
in Section 3, are specified by UML class diagrams includ-
ing stereotypes for actors and classes modeling resources,
specified through resource dependencies in the original ac-
tor diagram.

5. Conclusion

This paper focused on software architecting and design-
ing for distributed applications (component-based or MAS)
adopting an agent-oriented approach.

In particular, we considered general strategies useful in
the design process, such as divide-and-conquer, and princi-
ples for a good design, such as cohesion and decoupling.
We discussed how to apply them upon guidance of goal
analysis, performed on system-actor goals, according to the
Tropos methodology. Moreover, we considered softgoal
analysis as a technique for evaluating design options related
to non-functional requirements. We used examples taken
from a case study in the domain of decision-support sys-
tems in agriculture to illustrate. A first prototype of this
DSS has been implemented on a web-based architecture and
it is currently under evaluation by a group of users (a group
of technicians of the local agriculture advisory service).

We are facing the design of components at support of
performance qualities, such as those discussed in Section 3
concerning the management connection overload, with ref-
erence to the servers.
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