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ABSTRACT

We are developing an agent-oriented software development
methodology, called Tropos, which integrates ideas from
multi-agent system technologies and Requirements Engineer-
ing research. A distinguishing feature of Tropos is that it
covers software development from early requirements anal-
ysis to detailed design, allowing for a deeper understanding
of the operational environment of the new software system.

This paper proposes a characterization of the process of
early requirements analysis, defined in terms of transfor-
mation applications. Different categories of transformations
are presented and illustrated by means of a running exam-
ple. These transformations are then mapped onto a set of
primitive transformations. The paper concludes with obser-
vations on the form and the role of the proposed transfor-
mations.

1. INTRODUCTION

We are working on an agent-oriented software develop-
ment methodology called Tropos®, that integrates ideas from
multi-agent system technologies, mostly to define the imple-
mentation phase for the software development process [2];
and ideas from Requirements Engineering, where actors and
goals have been used heavily for early requirements analy-
sis [5, 10]. In a recent state of the art survey on agent-
oriented software engineering [4] several principled but in-

'Tropos (from the Greek “mpomn”, “tropé”, which means
“easily changeable”, also “easily adaptable”).
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formal methodologies have been considered together with
approaches based on the use of formal methods for engi-
neering multi-agent systems. Tropos shares with these ap-
proaches several methodological principles. In addition, it
also features both diagrammatic and formal specification
techniques, allowing for application of formal analysis tech-
niques, such as model checking [6] and formal verification
[11].

More concretely, Tropos is based on two key ideas. First,
the notion of agent and all the related mentalistic notions
(for instance: beliefs, goals, actions and plans) are used in
all phases of software development, from the early analysis
down to the actual implementation. Second, Tropos covers
also the very early phases of requirements analysis, thus al-
lowing for a deeper understanding of both the environment
where the software must operate and the kind of interactions
that should occur between software and human agents. In
particular, Tropos rests on five main phases for agent based
systems development: the early requirements analysis, the
late requirements analysis, the architectural design, the de-
tailed design, and the implementation. A complete example
of the application of the Tropos methodology to a realistic
case-study is presented in [8].

Following current approaches in software development,
Tropos rests on the use of a conceptual model of the system-
to-be. The conceptual model is specified by a modeling lan-
guage resting on Eric Yu’s #* paradigm [12] which offers
actors, goals, and actor dependencies as primitive concepts
for modeling an application during the requirements anal-
ysis. We are currently working on the specification of the
Tropos modeling language. A preliminary definition can be
found in [9] where a meta-model of the language is given.
At present, the graphical notation is largely borrowed from
i* Using this notation, different ways for visualizing the
structural properties of the models can be introduced, as
e.g., the actor diagram, that mainly shows actor dependen-
cies, and the rational diagram, that provides a rationale of
actor dependencies, through, for instance, a goal analysis
conducted from the point of view of a specific actor [8].

In the present paper we focus on the definition of the
transformations that can be applied for refining an initial
Tropos model to a final one, working incrementally. This is,
in general, a very basic issue, when defining a new method-



ology, as reported in works on Entity-Relationship schema
design [1], goal oriented requirements analysis [5], and func-
tional and non-functional requirements analysis [7]. Here,
we describe the model transformation process that corre-
sponds to the first phase in Tropos methodology —the early
requirements analysis. This phase concerns with the under-
standing of the problem by studying an existing organiza-
tional setting: the requirement engineer models and ana-
lyzes the desires and the intentions of the stakeholders, and
states their intentional dependencies. Desires, intentions,
and dependencies are modeled as goals and as softgoals
which, through a goal-oriented analysis, provide the rational
for the specification of the functional and non-functional re-
quirements of the system-to-be, that will be defined during
the subsequent late requirement analysis.

In section 2, a running example is introduced, for being
used in successive sections. Section 3 discusses how the con-
ceptual model definition and refinement process can be de-
scribed in term of transformation applications. Different
categories of transformations are introduced in sections 4,
5, 6. Finally, in section 7, we provide a minimal set of
primitive transformations which can be used as a base for
describing compound transformations, as those used in the
running example. In section 8, we discuss some open points
and future research directions.

2. A RUNNING EXAMPLE

The example considered refers to a web-based broker of
cultural information and services (the eCulture System [8]),
developed for the government of Trentino (Provincia Au-
tonoma di Trento, or PAT). The system is aimed at pre-
senting integrated information obtained from museums, ex-
hibitions, and other cultural organizations and events, to the
users, that are both citizens and tourists looking for things
to do.

During the development process, the requirements engi-
neer begins the analysis identifying the main stakeholders,
and their desires and intentions. In Tropos, stakeholders are
modeled as actors who may depend on other ones for goals
to be achieved, tasks to be performed, and resources to be
provided. Desires and intentions are modeled as goals and
softgoals.”.

The list of relevant actors for the eCulture project in-
cludes, among others, the following stakeholders:

e Provincia Autonoma di Trento (PAT) is the govern-
ment agency funding the project; their objectives in-
clude improving public information services, increasing
tourism through new information services, also encour-
aging Internet use within the province;

e Museums are major cultural information providers for
their respective collections;

e Tourists want to access cultural information before or
during their visit to Trentino;

e (Trentino’s) citizens want easily accessible informa-
tion, of any sort, and (of course) good administration
of public resources.

2Softgoals are mainly used for specifying additional qualities
or vague requirements.
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Figure 1: The stakeholders of the eCultural project
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Figure 1 shows the initial early requirements model in
form of actor diagram. An actor diagram is a graph, where
each node represents an actor, and each link between two
actors indicates that one actor depends on the other for
something in order that the former may attain some goal.
We call the depending actor the depender and the actor who
is depended upon the dependee. The object around which
the dependency centers is called the dependum. By depend-
ing on another actor for a dependum, an actor is able to
achieve goals that it is otherwise unable to achieve on its
own, or not as easily, or not as well. At the same time,
the depender becomes vulnerable. If the dependee fails to
deliver the dependum, the depender would be adversely af-
fected in its ability to achieve its goals. So, for instance, in
Figure 1 Citizen is associated with a single relevant goal:
get cultural information, while Visitor has an associ-
ated softgoal enjoy visit. Softgoals are distinguished from
goals because they don’t have a formal definition, and are
amenable to a different (more qualitative) kind of analy-
sis [3]. Along similar lines, PAT wants to increase internet
use while Museum wants to provide cultural services.
Finally, the diagram includes one softgoal dependency where
Citizen depends on PAT to fulfill the taxes well spent
softgoal.

3. CONCEPTUAL MODEL TRANSFORMA-
TIONS

As introduced in section 2, during the early requirement
analysis, the engineer models the set of desires and inten-
tions, informally expressed by the stakeholders, in terms of
goals and dependencies between actors. This is an itera-
tive process, at each step of which details are incremen-
tally added and rearranged starting from a rough version of
the model, containing only few actors, goals, softgoals, and
dependencies, as, for example, shown in Figure 1. The de-
tails added at each step are aimed at representing increasing
knowledge and insight on the problem and its environment,
and their introduction corresponds to a deeper and more
precise understanding of the requirements. Of course, to ac-
complish this task, the engineer might need to acquire new
information or interact with the stakeholders. In the present
paper, these aspects are not dealt with, and we assume that
the relevant knowledge is somehow available to the engineer.

The process of conceptual modeling, that is the core part
of the early requirement analysis phase, can be described in
terms of simple transformations of subsequent versions of the



model. Each of these transformations allows the progressive
introduction of more structure and details in the model. In
other words, by iterating the application of transformations,
the engineer can move from a very sketchy first version to
the final complete model, going through subsequent, more
and more precise and detailed, versions. At each step of the
process several transformations are, in general, applicable.
It is up to the engineer deciding which transformation to
apply: different choices result in different strategies for the
modeling activity. The analysis of possible different strate-
gies is, indeed, a topic that would deserve its own space for
discussion. In the present paper, due to lack of room, we do
not tackle this argument.

In the following sections, the most relevant transforma-
tions are introduced, under the form of generic rules trans-
forming patterns in the model into more complex configu-
rations. The transformations are illustrated through their
application to the already mentioned case study. More-
over, they are grouped accordingly to the fact that they
are used for actor, goal, or softgoal analysis. Another or-
thogonal classification is represented by the role that the
transformation application plays in the actual process: we
distinguish between top down (TD) and bottom up (BU)
applications. Applying transformations in a TD way al-
lows the engineer to analyze high level conceptual elements
(actors, goals, softgoals), by adding details in terms of re-
lationships (specialization, decomposition, softgoal contri-
bution, etc.) or dependencies w.r.t. other conceptual el-
ements. Vice versa, BU applications allow us to aggregate
finer grain conceptual elements in order to express their con-
tribution —compositional, hierarchical, functional or non-
functional— to other, somehow more generic, conceptual
elements. This notion of top down and bottom up partially
differs from that given by other authors in different model-
ing contexts (see [1]). In fact, they mainly mean top down
as “adding more elements” in the schema vs. “linking exist-
ing elements” (bottom up), with the only exception for the
only generalization relationship (ISA between entities). In
our context, instead, other kinds of abstractions are possi-
ble, e.g., of the kind of aggregation and composition, and, in
some sense, also softgoal contributions, allowing for a wider
range of genuine ways of applying transformations in top
down or bottom up.

Indeed, strictly speaking, each transformation application
should be considered as a symmetric operation that intro-
duces a new conceptual relationship between two (sets of)
elements, and no distinction between TD and BU should be
meaningful. Nevertheless, it must be noted that, during the
modeling process, the engineer focuses, in turn, on differ-
ent (sets of) conceptual elements of the model. If we con-
sider whether the (set of) element(s) currently under anal-
ysis (from here, simply “u.a.”) is the most generic or the
most specific among those involved in the transformation, a
direction —TD or BU, respectively— emerges. Focusing in
turn on the different elements is an essential aspect of the
methodology. For this reason, it is important distinguishing
between the two directions as relevant features for the strat-
egy of the process. This distinction is explicit in Tables 1,
2, 3, as well as in the running example that illustrates the
transformations in the following sections.

Finally, a deeper analysis of the transformations allows
us to note that, although they correspond in a natural way
to the steps made by the engineer in order to build the

model, they cannot be considered as atomic. A smaller set
of simpler, although less operable, transformations may be
introduced: we call them primitive transformations. At this
level of granularity, the distinction between TD and BU is,
of course, meaningless.

4. GOAL TRANSFORMATIONS

Goal transformations (see Table 1) allow us to perform
goal analysis by introducing relationships between goals, or
actors and goals. Of course, relationships between concep-
tual elements already present in the model can be intro-
duced, but the process can also lead to the introduction of
previously unconsidered conceptual elements. In this case,
the diagram is enriched not only with new structure (in
terms of links between items), but also with new items. In a
Tropos models, goals must always be associated to at least
one actor.® Thus, it necessary to define a default actor de-
pendency for the introduced goals. Our assumption is that
the new goals initially belongs and depend on the same de-
pendee of the goal(s) u.a. This implies that, if we have more
goals u.a. (as in some BU cases), they must share the same
dependee.

4.1 Goal Decomposition

Goal decomposition transformations allow for the decom-
position of a goal in and/or subgoals s.t. the subgoal achieve-
ments “automatically” implies the goal achievement. In

other terms, the achievement of one (for the OR-decomposition)

or all (for the AND-decomposition) subgoals, corresponds to
the achievement of the top (decomposed) goal.
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Figure 2: Citizen’s goals analysis

For example, consider Figure 2, where, starting from the
situation depicted in Figure 1, some goal analysis on Citizen’s
goals is carried on. An instance of goal decomposition is here
applied to the goal get cultural info (step (1)) in order
to OR-decompose it into the two possible subgoals visit
institution and visit web site.

In parallel with both OR-decomposition and AND-decom-
position transformations, that are classified as TD, also the
corresponding BU transformations can be given, namely
OR-composition and AND-composition (see Table 1). An
example is given in Figure 3, subsection 5.1.

8That is, the depender of a goal must alway be defined.
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4.2 Precondition Goals

Precondition goal transformations substantially differ from
goal decomposition transformations. They allow us to list a
set of necessary (but not sufficient) preconditions in terms
of other goals; precondition goals enable the achievement of
the higher level goal. Typically, goal analysis obtained by
the application of precondition goals transformations has
to be somehow completed, with more elements provided by
further goals analysis and/or task analysis, that are part of
later Tropos phases like the late requirement analysis®.

Proceeding with our example, we can think of providing
some preconditions for goal visit web site, introducing
the precondition dependencies marked with (2) in Figure 2.
This step corresponds to recognizing that the fulfillment of
goals internet available and system available are nec-
essary, although non sufficient, preconditions for the fulfill-
ment of the goal visit web site.

4.3 Goal Delegation

Goal delegation transformations are aimed at allowing to
express the assignment or a change of responsibility in goal
fulfillment. In Tropos methodology, when initially defined,
each goal is either expressed as a dependum between two ac-
tors or it is associated with an actor, who desires its fulfill-
ment. As already mentioned, in the first case the dependee
is assumed to be committed for the fulfillment of the goal. In
the second case, instead, further analysis is required to the
engineer in order to define which actor (possibly the same
one) is committed to the fulfillment of the goal on behalf of
the first. After this level of detail is reached, the goal is con-
sidered as an intention of the committed actor. This step
in the process is called goal delegation transformation (in-
cluding the goal self-delegation transformation as a special
case). The goal delegation transformation can be applied to
a goal and the actor it is initially assigned to (that is, the
actor that desires the goal), as shown in Table 1, but also
to a goal and the delegated actor, in order to obtain a cas-
cade of delegations: in this case the intention is transferred
(delegated) to another actor.’

Using our running example, we can see an example of goal
delegation in Figure 2, where the responsibility for the goal
system available is delegated to PAT (transformation num-
ber (3) applied to Citizen and its goal system available).

Summarizing, after the application of goal decomposition,
precondition goal and goal delegation transformations to
the model containing only Citizen and get cultural info,
that is, namely, after steps (1), (2) and (3), our model is
evolved as depicted in Figure 2.

4.4 Goal Generalization

In some situations it can be useful to apply goal specializa-
tion or goal genmeralization transformations. In these cases,
goal depender and dependee are, by default, inherited both
for the TD and the BU transformations. When, instead,

“Late requirement analysis and the role of task analysis is
briefly introduced in [8].

5Tt can be noted that, also in this case, the transformation
could require the introduction of new elements in the model,
as well as just introducing the dependency between existing
elements.

®The numbers in bold and parenthesis “(1)”, “(2)” and
“(3)” are not part of the model, but are here used only
for describing the process.

Citizen

Figure 3: PAT’s goals analysis

they are already defined, the ISA hierarchy introduced for
the two goals must also hold between their respective de-
penders and dependees.

5. SOFTGOAL TRANSFORMATIONS

For softgoal analysis, transformations similar to some of
those listed for goal analysis are available. Also the default
actor assignment follows the rules already stated for goal
analysis.

Moreover, for softgoals, during early requirement analysis,
also a contribution analysis is performed (see [7, 8]). It is
therefore necessary to foresee some specific transformations.

The transformations for softgoal analysis are listed in Ta-
ble 2. Below, only few remarks and examples are given.

5.1 Softgoal Contribution

Contribution transformations allow us to specify whether
a goal or soft-goal contributes to some other softgoal (BU)
or, starting from the other side, whether there is some goal
or soft-goal that contributes (TD) positively or negatively
to the softgoal satisficement.

Two examples of application of contribution transforma-
tions are shown in Figure 3, namely, steps (6) (BU) and (7)
(TD). It is also worth noticing that new instances of goal
decomposition have been applied, once in a TD way (step
(4)) and once in BU direction (step (5)).

5.2 Softgoal Decomposition

Softgoal decomposition transformations allow us to per-
form softgoal — sub-softgoals (or super-softgoals) analysis.
Also in this case we distinguish between softgoal decomposi-
tion (TD) and softgoal composition (BU) (see Table 2).

While for goal analysis the decomposition gives a set of
necessary subgoals (AND decomposition), or alternatives
subgoals (OR decomposition), the fulfillment of which has
to be considered as necessary and sufficient condition for the
fulfillment of the higher level goal, for softgoal analysis the
satisficement of the decomposition can never be considered
as a sufficient condition, but only as a (positive) contribu-
tion.

5.3 Softgoal Delegation

We list softgoal delegation transformations here for com-
pleteness, but nothing different from what already written
for goal delegation transformations has to be added.
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2.4 Softgoal Generalization

The same observations made for goal generalization trans-
formations could be repeated here. Moreover, an exam-
ple of application of a softgoal generalization transforma-
tion can be shown. Consider Figure 3: step (8) intro-
duces a softgoal generalization between the softgoal good
cultural services and the the softgoal good services. In
this way, using the structured analysis introduced so forth
—including, in particular, step (7)— it is evidenced that,
fulfilling a possible set of goals required for the fulfillment
of the goal get cultural info, originally under analysis,
provides also a way for positively contributing to the satis-
faction of the softgoal tax well spent.

6. ACTOR TRANSFORMATIONS

Actor transformations are only actor aggregation and ac-
tor generalization (see Table 3).

6.1 Actor Aggregation

Aggregating actors means recognizing that different ac-
tors are part of an organization or a system. This way of
grouping can be helpful in order to more precisely delegate
goals and softgoal responsibilities that are initially assigned
to the aggregate. Thus, goal/softgoal delegation from an
aggregate to its inside components or among components
of the same aggregate should be preferred to other kinds
of delegations. Of course, this preference can be recognized
only once the components have been defined as such. For
example, as further step in our running example, PAT could
be decomposed in departments, and responsibility for each
subgoal delegated to the appropriate department.

6.2 Actor Generalization

Actor generalization transformations can be used to intro-
duce taxonomic structure among actor types. The engineer
must be advised that the ISA relationship is meaningful as
far as actor types are concerned as more generic element.
If the actor u.a. is instead an instance, only a BU gen-
eralization transformation can be applied, or aggregation
transformations have probably to be considered.

As for goal generalization transformations, it is worth
noticing that possible existing goal dependencies with the
involved actors must involve goals that respect the actor
ISA hierarchy.

In our example, although not reported in any figure, con-
sider the case in which the engineer wants to classify PAT as a
Government institution. In this case, all the goals (or spe-
cialized versions of them) possibly deriving from previously
made analysis on Government institution, can automati-
cally be inherited by PAT.

7. PRIMITIVE TRANSFORMATIONS

As mentioned in section 3, the set of transformations pre-
sented in the previous sections is largely redundant. The
reason why they have been presented here is that, from a
practical point of view, they reflect the approaches the engi-
neer may locally adopt for analyzing, in turn, the different
conceptual elements of the model. By applying TD trans-
formations, the engineer breaks the problem into more man-
ageable sub-elements: the analysis has to be carried on until
a sufficient level of details in reached for each necessary goal
(originally present or later introduced) and the most specific

Actor Aggregation (LD) Actor Aggregation (bU)

O—=T10-010-0-0-0

Actor Generalization Actor Specialization

O O
O— | O— |
O O

Table 3: Actor Transformations

components are likely to be easily operationalized, in terms
of tasks analysis, by means of the successive late requirement
phase.” For softgoals, a reasonable level of satisficeability
has to be reached. Of course, TD steps can be interleaved
with BU transformation applications. They are used, e.g.,
for structuring scattered models and for taking advantage
of analysis made for parts of the model, w.r.t. different, but
interacting, elements of the model.

Here, it can be useful to briefly show that a smaller set of
transformations can be provided, that is enough, although in
a less compact way, to perform any kind of analysis provided
by the more structured transformations introduced before.
Moreover, each of these transformations must be such that
it cannot be expressed as the composition of other trans-
formations. For this reason we call these transformations
primitive.

The set contains a primitive transformation for each kind
of relationship that can be introduced between the concep-
tual elements. In addition, initial transformations for intro-
ducing the different conceptual elements in the model are
needed. Of course, as already noted, the distinction between
TD and BU is not applicable for primitive transformations.

The set of primitive transformations is give in Table 4. It
must be remembered that, accordingly with Tropos method-
ology, a goal or a softgoal is always present in the model
associated with an actor (or two, when delegated). This
justify for the form of the G-I and SG-I primitive transfor-
mations. Thus, the only primitive transformation available
for starting populating an empty model is the A-I transfor-
mation.

Using the listed primitives, assuming as syntactic conven-
tion that they can be applied to conceptual elements, and,
for the introduction primitives, to names of the elements to
be introduced, the example of model development process
described in the previous sections can be rewritten as shown
in Figure 4. It must be noted that almost each step corre-
sponds to the composition of some primitive applications.

TOf course, also inadequate evaluations can be expected to
be done in this transition step, but it must also be said
that the two phases are permeable, and backward jumps
are always possible.
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1. G-DEC-OR(Get-Cultural-info,G-I(Citizen,” visit institution”),G-I(Citizen,” visit web site”))
2. G-P(visit web site,G-I(Citizen,”internet available”),G-I(Citizen,”system available”))
G-DEL(system available,PAT)
G-P(system available,G-I(PAT,”buy system”),G-I(PAT,”build system”))
5. G-DEC-&(G-I(PAT,”provide system”),buy system,build system)
SG-C-G(SG-I(PAT,”good cultural services”),provide system,+)
SG-C-SG(tax well spent,SG-I(PAT,”good services”),+)

SG-G(good services,G-I(good cultural services))

Figure 4: The example described with primitive transformations




o. CONCLUSION

In this paper we have presented one aspect of our research
aimed at defining a comprehensive methodology, called Tro-
pos, for agent oriented software engineering. In particular,
we dealt with the early requirement analysis phase, that, in
Tropos, is used for defining the environment of the system-
to-be. The activity of the requirement engineer has been
described as an iterative process based on successive trans-
formations that allow her to progressively define and refine
the model of the social environment of the system-to-be. A
set of transformations has been described, and illustrated
through a running example. Finally, this set of practically
usable transformations has shown to be reduceable to a more
limited, but less usable, set of primitive transformations.

From our analysis, two main issues arises. First, the
proposed transformation can be considered as the building
block for guiding the engineer’s activity. Moreover, the way
they are used must be analyzed not only locally, but also
w.r.t. the strategic role they play in the process. The dis-
tinction between TD and BU applications is only a first
attempt in this direction. More in general, different uses
of the transformations correspond to different developments
of the activity of the engineer. If we consider the activity
of the engineer as a problem solving activity®, the problem
solution can be seen as the result of the execution of a plan
that the engineer elaborate in response to a precise goal.
Of course, many details may be not clearly stated with the
problem —engineering activity often include a considerable
informal and human contribution— but it is essential the
fact that the solution can be found after the application of a
sequence of elementary steps. Using different sequences can
lead both to different solutions and to the same solution,
but with different performances in finding it. Tackling the
analysis of the process as a planning activity is one of the
next development of our research; in the present paper we
only defined the single actions that can be used in a plan.

A second aspect that emerged from our analysis is that
there is a difference between transformations that can be
proposed as practically usable by the engineer, and primitive
transformations, that, from a more formal point of view can
be considered as the essential basis for defining any process.
How primitive transformations can be combined in order to
obtain wusable transformation, and the role they may have
in the process seen as a planning activity, is also a topic
that has to be further investigated, possible with more case
studies.

Of course, another natural development of the present
work is its extension to other phases of the Tropos method-
ology, in particular to the late requirement analysis, that
includes the development more details on the system-to-be,
as its decomposition into components and their task analy-
sis.
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