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Abstract

Web services offer a novel open, distributed computing
environment. Within that environment, web services need
to be discovered and composed in order to meet user needs
(or, goals). For example, a user goal may be “plan a holi-
day”. To fulfill this goal, several services need to be dis-
covered from different directories, such as “book hotel”,
“book flight”, “rent car” and “pay by credit card”. These
then need to be composed into a plan (”process”). In this
work, we adopt and extend an agent-oriented software de-
sign methodology (Tropos) and tailor it to the design of web
services. We also sketch how Tropos design-time models
can support service discovery and composition by offering
a roadmap that relates stakeholder goals to collections of
services available in different directories. A case study from
the literature is used throughout.

1. Introduction

Web services promise to revolutionize software, and for
that matter Software Engineering. But the research that will
realize this revolution is only beginning.
Web services are to be discovered and composed at run-

time. For this to be possible, they need to be wrapped
with their associated “semantics”, to facilitate discovery
and support composition. What are those “semantics”? It
seems sensible to assume that this semantics can be derived
from the requirements models and design specifications of
a web service. But what part of these models will actu-
ally be useful at run-time, for discovery and composition
purposes? And what is missing, to be provided as a supple-
ment to design-time information? Moreover, what exactly
does this semantics buy you in facilitating service discovery
and composition from a flat service repository?
We are conducting research on these questions. To start

off, we need to choose a software development paradigm,
which determines the nature of requirements and designs.

The potential contribution from the Multi Agent Systems
(MAS) research areas, in terms of conceptual framework
and technologies has been pointed out by several authors,
see for instance [23]. Moreover, like other researchers, we
anticipate that for web services to succeed, they will have to
be generic software systems that can be customized in a va-
riety of ways to meet different operating environments, user
preferences and skills. In addition, they will need to have
social skills to support negotiation, delegation and monitor-
ing, so that they can cope with run-time emergencies. In
this work we adopt an agent-oriented software development
methodology, named Tropos [5, 6], and study the questions
posed earlier in the context of Tropos models for require-
ments and design. The main objective of this work is to re-
fine the Troposmethodology in order to support web service
design. Specifically, we extend the Tropos design process
to support a revised notion of capability which explicitly
correlates actor plans with stakeholder needs and environ-
mental constraints. We also show how design-time models
can serve as a roadmap for selecting collections of services
which collectively can fulfill user goals.
The rest of the paper is structured as follows. Section 2

reviews basic features of the Tropos methodology and re-
calls previous research on Tropos for web service design.
Section 3 presents our extension of Tropos concepts and a
corresponding refinement of the design process. The pro-
cess is illustrated with a simplified example taken from a
web-based online selling scenario. This example is then
described in more details to illustrate how to build a ser-
vices model (Section 4) and how to use this services model
(Section 5). Section 6 describes related works and finally
Section 7 presents concluding remarks.

2. Background

We focus here on the Tropos Agent-Oriented methodol-
ogy [5, 6] which bears particular attention to stakeholder
needs and requirements analysis. More precisely, the Tro-
posmethodology guides the software engineer in building a



series of models, which are incrementally refined and ex-
tended, from an early requirements model to system de-
sign artifacts and then to code. The methodology provides
a modelling language based on a multi-agent paradigm
named i* [24], various analysis techniques and a structured
modelling (design) process supported by a set of tools [20].
Basic constructs of the conceptual modelling language

are those of actor, goal, plan, softgoal, resource and ca-
pability. Dependency links between pairs of actors allow
to model the fact that one actor depends on another in or-
der to achieve a goal, execute a plan, or acquire a resource.
This type of information can be graphically depicted in an
actor diagram, a graph whose nodes represent actors (cir-
cles) and whose arcs represent dependencies (a couple of ar-
rows linked by its dependum), as illustrated in Fig. 7. Goal
analysis techniques support AND/OR goal decomposition
of goals, means-ends analysis of plans and resources, and
contribution analysis to goals and softgoals that aggregate
all contributions –positive or negative– to a goal to deter-
mine the degree to which it is fulfilled. Goal analysis from
the owner actor perspective is visualized via a sort of bal-
loon capturing the goals tree decomposition, means-ends re-
lationships and contribution relationships (an example is in
Fig. 8).
The software development process in Tropos is orga-

nized into five phases, each characterized by specific ob-
jectives. In particular, during Early Requirements the en-
vironment (i.e. the organizational setting) is modelled and
analyzed; during Late Requirements, the system-to-be is in-
troduced and its role in fulfilling stakeholder goals is de-
termined; during Architectural Design the system architec-
ture is specified in terms of a set of interacting software
agents; Detailed Design is concerned with the specification
of software agent capabilities and interactions; finally, dur-
ing Implementation code is generated from the detailed de-
sign specification. The modelling process which is iterated
along the four design phases has been described in [5] in
terms of a non-deterministic concurrent process and is re-
called and extended in Section 3.
The rest of the section is devoted to recall approaches

that exploit the Tropos methodology for the design and
run-time support of generic services and web services. A
requirement-driven approach to web service development
that takes into account global business rules (i.e. rules of en-
gagement between different organizations) and local busi-
ness rules (i.e. rules deriving from the business needs of
each local partner) is proposed in [21]. Here the Tropos
methodology is exploited to model choreography (global)
and orchestration (local) requirements. In particular, Tropos
actor diagrams are used to model global strategic require-
ments, in terms of actor goals and dependencies. Tropos
goal diagrams are used to model single actor needs. Goal
refinement from the point of view of each single actor leads

to leaf goals which are further specified along with their
procedural requirements using UML activity diagrams. Ac-
tivity diagrams can then be transformed into executable
code (BPEL4WS [10]). Model checking techniques (For-
mal Tropos [8, 12]) are exploited to verify valid behaviors
of the Troposmodel which specify the service requirements
allowing to prevent problems related to a wrong or under-
specified requirements definition.
[13] also proposes a Tropos-based web service design

methodology. Here early and late requirements are used to
specify web service functionalities and the requirements of
integration with existing software systems; also to provide
the reasons for a service being offered. In the two design
phases (architectural and detailed design) a Tropos specifi-
cation is combined with web service specification technolo-
gies, such as WSDL [1] and BPEL4WS. In particular, Tro-
pos means-ends relationships between tasks and goals are
related to business processes, agent capabilities modeled at
the detailed design stage correspond to WSDL specifica-
tions, and agent interaction modelling is replaced by BPEL
process specifications.
More emphasis on the impact of design level analysis at

run time is given in [3] and in [15]. The first work pro-
poses to adapt and use the Tropos goal analysis techniques
to model and reason on Quality of Service (QoS) require-
ments, that is on non-functional properties of a software
service such as performance, cost, reliability and security.
The second work introduces a new concept, called the

initial service need (isn), with the aim to model the reason
for a service request, which can be derived from a model of
the consumer needs. An isn can be used at run-time to en-
hance mapping mechanisms exploited, for instance, during
service discovery.
Our work refines some of the ideas proposed in the above

mentioned research and defines novel extensions to the Tro-
pos design process together with tools that support it [18].

3. The approach

This section will first illustrate the basic concepts we use
for modelling stakeholder needs and system services. In
particular, it will give a revised notion of capability, with
respect to the one defined in [5] and used for service de-
tailed design in [13]. It will then describe the extensions
to the design process algorithm which is iterated along the
software development process, from early requirements to
detailed design, that are needed in order to integrate those
refined concepts.

3.1. Concepts definition

The Troposmethodology provides concepts and analysis
techniques to model stakeholder intentions in terms of goal
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Figure 1. Modeling stakeholder needs in Tro-
pos.

and plan relationships —they have been briefly recalled in
Section 2. These methods and techniques can be straightfor-
wardly applied to identify and model the need of a service
by a given stakeholder (consumer) in a particular applica-
tion domain. Consumers will be modeled as actors and their
needs will be modeled in terms of goals, eventually con-
noted by softgoals. An example, referring to a web-based
online selling scenario, is given in Fig. 1 where a customer
is modeled as a Tropos actor (a circle) and its need of ob-
taining a product by accessing a good service is analyzed in
terms of goal decompositions and softgoal contributions1.
Focusing on service design, in order to explicitly link

the identified consumers’ needs to a service specification
we propose to model services in terms of system capabili-
ties, since the requirements analysis phases, and extend the
definition of this concept following recent works on agent
paradigms. Specifically, according to [17], the notion of
capability should refer to the philosophical idea that ‘can’
implies both ability and opportunity, so that the lack of ei-
ther ability or opportunity implies ‘cannot’. In other words,
the meaning of the concept of “capability for a given goal”
is that the agent has at least one plan—the ability— that can
be triggered by the goal. This defines a necessary condition
for achieving the goal, while the sufficient condition (i.e.
the opportunity) is defined in terms of the pre-conditions or
the context that can trigger the plan.
Turning to our methodology, we propose to describe

the ability part via the Tropos means-ends relationship be-
tween a system goal and a plan, while the opportunity part
will be described via system plan/softgoal contributions,
hplan, softgoal,metrici (metric ∈ {−−,−,+,++})
and via environmental constraints (e.g. temporal constraints
between subplans) that will be specified by model annota-

1Notice that, for softgoal contributions we adopt qualitative relation-
ships which represent full contribution (‘++’,‘- -’) and the partial contribu-
tion (‘+’,‘-’). More complex relationships can be used as discussed in [9].
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Figure 2. Example of the structure of two Tro-
pos capabilities.

tions. More formally, the definition of capability (cap) is
given as:

cap =hmeans end(goal, plan),

∪i contribution(plan, softgoali,metric),

{stakeholder needs and domain constraints}i

where contribution(plan, softgoali,metric) is the set of
contribution relationships of the plan plan to the softgoals
softgoali, according to the chosen contributionmetric.
Fig. 2 shows elements of a capability model, namely,

Cap1, which rests on the means-ends relationship pro-
vide product info, browse catalog, and Cap2, which
rests on the means-ends relationship provide product info,
solve query. Their opportunity part is represented by the
+/− contributions to the softgoal search for the desired
product automatically. Notice that this softgoal, appeared
first in our customer’s need (Fig. 1), and has been dele-
gated to the system actor during the analysis, as explained
in Section 4. Both capabilities meet the same system goal
(e.g. provide product info), so they model alternative ways
to achieve it, even if with different strength. A capability
model will be enriched with process (i.e. dynamic) proper-
ties at detailed design [17], in order to provide an executable
service specification.
Alternative capabilities (services) can be traced back to

a given consumer’s need at design time, by exploiting the
concept of initial service need, that was originally intro-
duced in [15] for semantic web services. An initial service
need (isn) is composed of a set of goals (g) and softgoals
(sg), as follows:
isn = h(g1, sg11, .., sg1,n), .., (gm, sgm1, .., sgm,k)i
As clarified by the examples in next sections, each isn
drives the analyst, at design time, in finding the more conve-
nient capability, among the modeled alternatives, i.e. each
isn defines a solution-tree (a hierarchy of goals, and plans
along with their relations). Thanks to this concept, we are
able to build up a roadmap that relates user goals to collec-
tions of services. Moreover, this concept can be used also
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at run time (instance-level) when changes in consumers’
needs or instantiations of environmental constraints may
disable the execution of a given alternative (service) in a
non-deterministic way. Hence, a wise choice at design-time
could be to define different plausible alternatives in terms
of specific system behaviors that the system can separately
adopt to cope with contingencies, e.g. failure handling re-
lated to monitoring and compensation activities.

3.2. The Design Process

The Tropos design process, given in [5], specifies in
terms of a non deterministic concurrent algorithm the steps
that will be carried out by analysts at design-time. This al-
gorithm has been implemented in a tool which supports the
design process by giving suggestions to the user (the ana-
lyst) on the possible steps to be performed when building
a model2. Fig. 3 sketches the original algorithm, given in
[5], and points out extensions. During Phase 1 —i.e. the
initialization of the process— the set of domain actors and
their associated goals is added to the model. During Phase
2—i.e. the modelling activity process— the goal Analysis
procedure is called concurrently for every goal in the model.
As shown in Fig. 4, four possible decisions can be taken by
the designer with respect to each goal. The delegate deci-
sion choice can be selected in two cases: when the goal can
be delegated to another actor already existing in the model
and when the goal can be delegated to actors that have not
yet been specified. In this second case, a new actor will
be added to the model and the goal is delegated to him/her.
Upon the expand choice, the goal can be AND/OR decom-
posed into subgoals; the new subgoals are added to a list
containing the goals that are to be further analyzed. This
will result in specifying a hierarchy of goals. The contribute
choice is taken when contribution relationships between the
goal g to other goals and softgoals have been identified. By
choosing solve, the designer specifies that the actor is able
to satisfy the goal by him/herself. Notice that themodel.add
procedure abstracts possible modeling updates that the ana-
lyst will undertake. The process is complete when all goals
are satisfied. This process follows a top-down approach
driven by the expand step in the goal analysis that will allow
to refine abstract goals into more specific ones.
A first extension of the design process consists in allow-

ing for bottom-up analysis. A second one in introducing a
capability modelling procedures, as detailed in the follow-
ing.
Phase 1 of the procedure —i.e. initialization process—

has been modified in order to add a step devoted to plans
specification (bold lines in Fig. 3), such a step is carried out
independently and in parallel with the collection of actors

2The description of the tool is not included here, due to lack of space.
More details on this can be found in [18].

Generate Tropos Model(model)
Phase 1: initialization
collect the set of domain actors A, goals G softgoals SG,

plans P, model.add(A,G,SG,P);
For every goal g, softgoal sg, plan p

assign g and sg to an actor a;
assign p to an actor a;

Phase 2: modelling
Concurrently For every actor a
Concurrently For every goal g and plan p
goal analysis(g);
plan analysis(p);

Verify goals satisfaction

Figure 3. The algorithm of the Tropos design
process as published in [5] and its refine-
ments (lines in bold)

procedure goal analysis(g)
decision = decision on goal(g);
case decision:
- delegate g to existing actors or new actors {ai},

model.add({ai}),
model.add(dependency(adepender, g, adependee));

- expand g in subgoals {gi},
model.add({gi}),
model.add(decompositionand/or(g, {gi}));

- contribute g/sg to goals/softgoals {gi, sgi},
model.add(contribution(g/sg, {gi/sgi},metric));

- solve associating g to a plan, capability modeling(g);

Figure 4. The goal analysis procedure in the
Tropos process (in bold the refinement of the
capability modelling).

and goals. Phase 2 of the process has been modified in-
troducing a plan modelling step, briefly sketched in Fig. 5,
where the new plan analysis procedure is shown. During
plan modelling the possible decisions can be: delegate the
plan to other, eventually new, actors; expand a plan into
sub-plans; contribute, i.e. explicit contributions of the plan
p to some goals; or compose the plan with other plans exe-
cutable by the actor into new higher level plans. This proce-
dure generates plan hierarchies that enable the description
of different alternatives for the fulfillment of a certain goal.
Notice also that the compose choice implement a bottom-up
problem solving strategy.
Now the design process can proceed in two directions,

eventually in parallel: a top-down analysis that refines set of
higher level goals/plans into more specific ones; a bottom-
up analysis that enables the composition of plans into higher
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procedure plan analysis(p)
decision = decision on plan(p);
case decision:
- delegate p to existing actors or new actors {ai},

model.add({ai}),
model.add(dependency(adepender, g, adependee));

- expand p in sub-plans {pi},
model.add({pi}),
model.add(decompositionand/or(p, {pi}));

- compose p with a set of plans {pi}
into a new plan p0,model.add(p0),
model.add(decompositionand/or(p0, {pi}));

- contribute p to goals/softgoals {gi, sgi},
model.add(contribution(p, {gi/sgi},metric));

- solve associating p to a goal, capability modelling(p);

Figure 5. The plan analysis procedure in the
refined Tropos process.

procedure capability modelling(entity)
if entity is a goal g
For every plan p
if p solve g thenmodel.add(means end(g, p))
model.add(constraints from the domain)
CapabilityTable.add(capabilityName,
hmeans end(g, p),∪icontribution(p, sg,metric),
{constraints from the domain}i)

else if entity is a plan p
For every goal g
if p solve g thenmodel.add(means end(g, p))
model.add(constraints from the domain)
CapabilityTable.add(capabilityName,
hmeans end(g, p),∪icontribution(p, sg,metric),
{constraints from the domain}i)

Figure 6. An outline of the process for analyz-
ing capabilities.

level plans that become means to solve goals. Moreover,
the possibility to specify means-ends relationship between
a goal and a set of plans provides a mechanism for the speci-
fication of different, alternative ways to fulfill the goal. The
capability modeling procedure rests on this basic mecha-
nism.
The correspondent algorithm is given in Fig. 6. Specifi-

cally, for each goal, the procedure allows to discover plans
that can fulfill the goal and it adds a means-ends relationship
for every discovered goal/plan pair; these pairs will consti-
tute the first part of the definition of a capability. For ev-
ery discovered means-ends, the algorithm collects the set
of softgoal contribution relationships related to the plan;

these contributions represent conditions from the domain
for the capability, i.e. fragments of its opportunity part. Up
to now, we distinguished between two principal kinds of
softgoals contributions: those related to domain constraints
—e.g. softgoals that model pre- and post- conditions from
the environment— and those related to stakeholders needs
—e.g. preferences that are modelled as set of goals and
softgoals coming from inter-actor dependencies and contri-
bution links analysis. Therefore, at design time, the out-
put of the capability modelling step is relevant3 in order to
effectively deal with correlation between capabilities and
stakeholders needs. Indeed, the outcome of such an algo-
rithm is double: first, it provides a list of all the capabilities
along with their contribution to softgoals achievement, and,
second, it groups such capabilities according to their total
(positive, negative) contribution to softgoals which are part
of stakeholders needs.
This design process, including Agent Oriented mod-

elling and code generation, is supported by the TAOM4E
tool4 which exploits automatic transformation techniques as
described in [16, 17].

4. Building a service specification

The example presented in this section is taken from a
web based online selling scenario. Its purpose is to illus-
trate how to build service requirements specification, fol-
lowing the proposed process algorithm (Phase 1), in which
the analyst assigns goals and plans to specific actors. The
actor diagram of Fig. 7, shows five principal domain stake-
holders that have been identified at the early requirements
stage, namely, Retailer, Customer, Local Supplier, UPS
Centre, and Bank. Stakeholders’ needs are characterized
on the basis of their interests, commitments, and responsi-
bilities. For example, Retailer’s main objective is to satisfy
the softgoal maximize profit, and the principal way to de-
liver on such an objective is to sell products—a root goal
for such an actor. Again, the top-level goals for Customer
are obtain products along with a good service. Notice
that, a softgoal expresses a preferred condition (e.g. a sys-
tem non-functional requirement) to be pursued, but stake-
holders can actually rely just on basic solutions modelled as
goals and plans dependencies.
Fig. 8 shows a fragment of the model refined upon the

execution of the Phase 2 of the design process where several
expand and solve steps, of the procedure goal analysis(g),
have been performed.
Focusing on theRetailer System actor which represents

3Notice that CapabilityTable is not a Tropos concept. This structure
is kept updated during the design process in order to efficiently support
model querying like, for a given system actor, what are its capabilities,
etc..

4See http://sra.itc.it/tools/taom4e.
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an online virtual shop, its services, modeled in terms of sys-
tem capabilities, are related, through goal dependency, to
the following goals: sell products maximizing profits of
the Retailer and place an order, by the Customer, re-
spectively. But while the Customer’s goal place an order
can be linked to a basic system capability, the satisfaction of
the Retailer’s goal sell products goes along a more com-
plex analysis of system’s goals.
A first outcome of the top-down analysis, when applying

the procedure capability modelling(g) of the Tropos process
algorithm, is illustrated in Tab. 1 that lists all the capabil-
ities that the system-to-be should provide to better accom-
modate with stakeholders needs. Each capability is char-
acterized by two basic features. The List of Contributions
which collects positive and negative contributions that will
be used to compute a measure of a need coverage. The Type
feature which can take the following values: not dependent,
to indicate a system internal capability, for instance, Cap1
and Cap2 in gray color in Fig. 8; dependent on, to indicate
that this system capability requires an external capability,
e.g. to deal with the goal handling bank transfers (part
of Cap4), Retailer System depends on Bank by the plan
support deposit and transfer; “??” when the type of ca-
pability is still to be defined.
Fig. 8 shows the model resulting upon a first top-down

analysis. Some of the Retailer System functional require-
ments are not yet covered, e.g., the leave-goals handling
credit card operations and cope with worldwide deliv-
ery cannot be internally satisfied, even if, they can be rele-
vant to contribute to some softgoals achievement.
In such a case, a bottom-up approach may be required in

order to support at design-time the analyst with new knowl-
edge from the application domain. Notice that, such ac-
quaintances may also come from the run-time environment,
e.g., in a MAS scenario, the agents of the run-time environ-

ment may enrich the system-to-be domain knowledge inter-
acting with new partners in a peer-to-peer computing fash-
ion. Specifically, in order to deal with a bottom-up analysis,
the analyst follows the Phase 1 by making explicit domain
stakeholders that were not taken into consideration in the
previous analysis, e.g.: the actorDHL Centrewith its plans
airline deliver products and deliver products, and the ac-
tor Credit Authority with plan validate customer credit
(they have been drawn by a low opacity line in Fig. 7).
Iterating Phase 2 and a plan analysis(g), the analyst can

try to check if the new available plans satisfy the Retailer
System leaf goals, still unsatisfied. The bottom-up analysis
results are illustrated in Fig. 9, namely, the system-to-be can
be enriched by adding new (external) capabilities: Cap3
andCap5. A further step, left to the software engineer, con-
sists in classifying system capabilities as publicized, that is,
services that will be automatically detectable via UDDI, or
not-publicized.

5. Using a service model

Given a service model, we can define several isn along
with a way to query the model, with the aim to evaluate
the coverage of consumers needs by alternative services that
have been specified. This offers a roadmap for selecting sets
of services, which collectively can fulfill user goals.
We will discuss a couple of examples on the model il-

lustrated in Fig. 8, where three main types of services have
been identified during the Retailer System analysis:

• not dependent and publicized web services such as
those addressed by Cap1 and Cap2;

• not-publicized services that the system may also del-
egate to others actors, e.g. those related to Cap3 and
Cap4;
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Capability Means-Ends (goal, plan) List of Contributions Type
Cap1 provide product info, {search for des. product aut. –} not dependent

browse catalog
Cap2 provide product info, {search for des. product aut. +} not dependent

solve query
Cap3 handling credit-card oper., {flexible and aut. payment ++} ??

??
Cap4 hand. bank transfers, {flexible and aut. payment +} dependent on

sup. deposit and tran. Bank
Cap5 cope with worldwide del., {worldwide fast del. ++} ??

??
Cap6 transhipment, {worldwide fast delivery +} dependent on

deliver products UPS Centre

Table 1. Retailer System capabilities, at late requirements, after a top-down analysis.

• dependent on and publicized web services required to
the system in order to meet with specific needs but del-
egated to external actors, e.g. Cap5 and Cap6.

The analyst now has all the domain elements to trace
system capabilities back to stakeholders’ needs and to mea-
sure the coverage of a given need, by different capabilities,
as clarified by the following examples.

Example 1 (Simple need). Let us assume the analyst is
interested to characterize potential system behaviors (capa-
bilities execution) in respect to specific Customer’s needs.
Therefore, according to the conceptual models sketched out
in Fig. 8, the analyst defines a first need in terms of goals
and softgoals, namely, by an isn as follows:
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isn1a =h(buy it from someone,
search for the desired product automatically,
flexible and automatic payments)i

The intuitive meaning of this isn1a corresponds to a class
of Customers’ needs related to each on-line buy-request
along with some preferences modelled by softgoals search
for the desired product automatically and flexible and
automatic payments. Notice that also typical quality of
service (QoS) specification could have been modelled here
in terms of softgoals which connotes stakeholders goals.
The next step for the analyst is to look for the more

convenient system capabilities to be executed in order to
have a good chance to achieve the isn1a. As illustrated by
the conceptual model of Fig. 8, in order to achieve theCus-
tomer goal buy it from someone, the Customer has to
satisfy both the goals place an order and submit payment
info. The conceptual model also allows the designer for an
inter-actor analysis, i.e. between Customer and Retailer
System. Specifically, by means of goal dependencies,
the two previous Customer’s goals achievement implies
that the system have to satisfy the goals provide product
info and provide payment facilities. Despite of several
alternatives cope with such goals —Cap1 and Cap2 related
to provide product info and Cap3 and Cap4 related to
provide payment facilities— the analyst only selects
those that maximally contribute to the isn1a softgoals
achievement —search for the desired product auto-
matically and flexible and automatic payments. From

Needs Capab. Contribution ServiceType
isn1a Cap2 {search for des. product aut. +} publicized

Cap3 {flexible and aut. payment ++} not-public.
isn1b Cap2 {search for des. product aut. +} publicized

Cap4 {flexible and aut. payment +} not-public.
... ... ... ...
isn2a Cap2 {search for des. product aut. +} publicized

Cap3 {flexible and aut. payment ++} not-public.
Cap5 {worldwide fast delivery ++} publicized

isn2b Cap2 {search for des. product aut. +} publicized
Cap3 {flexible and aut. payment ++} not-public.
Cap5 {worldwide fast delivery +} publicized

... ... ... ...

Table 2. Querying the Tropos model by (isn).

Tab. 1, to cope with such an isn1a, the more convenient
capabilities to execute are Cap2 and Cap3. Moreover,
starting from the same needs -i.e. let us consider isn1a and
isn1b have the same need definition- we can have different
groups of alternatives (capabilities). In other words, in
Tab. 2 each isn is characterized by a number and a letter,
the first identifies same needs and the second addresses
different alternatives in order to cope with the first.

Example 2 (complex need). Let us assume the same Cus-
tomer’s need proposed in the Example 1. But this time, the
analyst is also interested to understand when and how the
softgoal worldwide fast delivery can be satisfied, which
reflects the important Retailer’s need for maximizing her
profit, i.e. modelled by softgoal maximize profit. Notice
that, this is the case of a complex need, because it derives
from two stakeholders. Therefore, let us assume to deal
with the following:

isn2a =h(buy it from someone,
search for the desired product automatically,
flexible and automatic payments),
(sell products,worldwide fast delivery)i

Proceeding in the same way of Example 1, the inter-
model analysis produces the results shown in Tab. 2.

Discussion. As already said, we have focused on the de-
sign of alternatives as services the system can provide with-
out dealing with their internal business process relations
(e.g. WSDL, BPEL, and SOAP messages), which are, on
the contrary, issues more related to the services detailed de-
sign and implementation phases. From this perspective, in
our approach, each alternative corresponds to a class of ser-
vices. For example, in our case, Fig.9 shows that Retailer
System to satisfy its goal deal with worldwide delivery
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has to rely on all those service providers —e.g. DHL Cen-
tre— that are able to endow with the class of services mod-
elled by airline delivery products.
More precisely, as indicated by the two above examples,

the result of such a needs-analysis generates several classes
of services that may also require to be composed in order
to better accommodate with complex service requests. This
is the case of our proposed examples. Indeed, Example 2
shows that Retailer System has to provide Cap2, Cap3,
and Cap5—i.e. three classes of services— in order to deal
with a service request that carries out the need of isn2a.
Nevertheless, the composition for such services has to be
specified (e.g. the execution order).
Thanks to the proposed capability definition, the abil-

ity part allows to specify the elements of a composed ser-
vice. Moreover, the service execution control-flow can
be specified by an AUML activity diagram, as proposed
in [10, 11, 13, 17] for the capability detailed design, so giv-
ing a specification of the service orchestration.

6. Related work

Current research in web services design tend to fo-
cus on designing service interfaces from existing compo-
nents by addressing specific analysis and design princi-
ples [4, 7, 14, 19]. For instance, [4] describes a method,
driven by the cohesion design principle, to derive web ser-
vices specification from the UML models of the public in-
terfaces for a given class, by combining them in a way to re-
duce the number of services; [19] addresses the problem of
designing web services operations with appropriate level of
granularity and differentiates between coarse-grained and
fine- grained services.
These general principles are useful as guidelines for the

design of service interfaces for a specific application do-
main. When considering individual services interface de-
sign, two design principles are of particular importance:
maximizing method (i.e. web services operation) cohesion
and minimizing method coupling. [7] proposes a service
interface design method based on identifying elementary
business functions and on the conversion of standard mes-
sage (documents) formats into a set of corresponding ser-
vice interfaces. The approach aims at addressing scalability
and flexibility issues.
[14] describes a design methodology for web services

and business processes aiming at: (i) determining objectives
and describing the business process structure, i.e. the pro-
cess logical flow; (ii) describing roles, i.e. business activ-
ity responsibilities. The methodology recognizes a critical
role to business process goal modeling and provides ser-
vice design guidelines based on the principles of minimiz-
ing coupling and maximizing cohesion to ensure that the re-
sulting services are self-contained, modular, extensible and

reusable.
A goal driven approach to service elicitation, distribu-

tion and orchestration is proposed in [11]. The basic idea
is to understand the needs of different organizations for a
new added-value composite service by modeling goals to
be achieved by the performance of a process as nodes in a
graph, called map. The edges of this graph represent strate-
gies, that is the ways to achieve the edge ending node. A
couple of nodes (goals) and the edge connecting them are
mapped to a system service. This graph is then partitioned
into subgraphs (distributed maps), each one corresponding
to a specific service provider which is used to support or-
chestration via the analysis of the dependencies between
each pair of sub-maps. This work adopts ideas similar to
ours and is moving along parallel directions. However, it
addresses different specific problems than those addressed
here.
[22] describes a framework for the analysis of automated

business interactions among different organizations via web
services. In particular, the paper proposes the use of re-
quirements engineering techniques, such as the actor/goal-
driven i* methodology, in conjunction with value-based
techniques, such as e3value framework, in order to model
and explore alternative business models for a network of or-
ganizations and to evaluate the set of alternatives on their
economic viability, leading into the design of the final tech-
nical system. During the activities related to the modelling
and analysis of the alternatives, a deep use of the goal anal-
ysis techniques proposed by the i* framework are exploited.

7. Conclusion and future work

This paper proposed an extension of the Tropos design
process which makes it suitable for the design of services.
A revised notion of capability allows to explicitly corre-
late stakeholders needs with system’s plans and environ-
mental constraints; novel analysis procedures enhance the
Tropos design process supporting bottom-up problem solv-
ing strategies and capability modelling. The approach has
been illustrated on a small case study taken from the litera-
ture. The purpose of this illustration was to show how ser-
vice design can be conceived in terms of modelling system
capability alternatives, which can be directly traced back to
consumer needs and classified according to needs-coverage
metrics. This offers a roadmap, at design time, that relates
user goals to collections of services available in different
directories.
Future research will focus on further refinements of the

service design process and on the environment that supports
it. In particular, we intend to study how design time knowl-
edge on how the alternative services meet stakeholder needs
can be exploited by monitoring and compensation mecha-
nisms at run time, for instance, by giving a way to anticipate
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and manage possible failure conditions through the selec-
tion of a more convenient alternative among the available
services.
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