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Abstract New business models are set up thanks to Web
technologies. In this work, we focus on services intermedi-
ary companies. They generate value through the (automatic)
selection of third-party services and the (automatic) delivery
of the combinations of these services to consumers. Such
companies face the problem of deciding which services to
select and deliver in order to maximize their profit.
The two main paper objectives are (i) to design the generic
business model of services intermediaries, and (ii) to propose
an optimization model. The latter enables to choose the con-
sumer requirements that will be satisfied in order to maximize
profit. This model ranks implementable solutions based on
various financial aspects. They are related to cost and revenue
information that is associated with the requirements. It can
support the decision-making process that aims at selecting a
profit-maximizing set of requirements for services intermedi-
aries’ system-to-be. Indeed, the proposed model solves the
conflicts between requirements and prioritizes the optional
requirements. We argue for the relevance of the optimization
model via an example and simulations.
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1 Introduction

Following the use of Information and Communication Tech-
nologies (ICT) in many organizations, most of supply chains
are undergoing a reorganization of their processes. The inter-
mediary is one of the actors active in many supply chains. It is
involved in the reorganization of many business processes. Its
three main functions are (i) to organize the meeting between
buyers and sellers, (ii) to facilitate the processes supporting
the business transactions and (iii) to provide or to improve
the mechanisms underlying these transactions in order to
respect laws, specific regulations or ethical rules [2, 16]. The
current re-intermediation of supply chains is mainly based
on Web technologies. They automate the core processes of
intermediaries that is selecting and reselling goods and ser-
vices. In this context, such an intermediary can be called an
e-intermediary.
Along with this re-intermediation of business processes, re-
searchers in information systems (IS) are developing a new
paradigm: the Service-oriented Computing (SOC). From a
business point of view, SOC is “a set of flexible [Web] ser-
vices and processes that a business wants to expose to its
customers, partners, or internally to other parts of the organi-
zation, and the same [Web] services can be recombined and
supplemented to support changes to or an evolution of busi-
ness models and requirements over time” [5]. Web Services
(WS) are pieces of software which execute well-delimited
tasks once they are contacted. Their significant advantage
lies in the standardization of the technologies used to support
their implementation. As a result, more and more providers
propose their goods and services through WS technologies.

Considering these two facts, a new kind of intermedi-
ary is developing: the services intermediary. The latter buys
and resells services using WS technologies. It also has to
engineer and develop an IS to support its main business func-
tions. The first step of this software engineering process is
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the Requirements Engineering (RE). A major issue in RE

is decision-making during which the two following ques-
tions must be answered: How to resolve conflicts between
requirements? and What are the optional requirements to
implement?. Seeing that services intermediaries have specific
ISs for supporting their core business, we have to investi-
gate how to adapt or create solutions for resolving conflicts
between requirements and prioritizing optional requirements.
Contributions. First, this paper defines the concept of ser-
vices intermediary and discusses the main causes of its rapid
expansion. It also proposes a reference business model of
services intermediation.
The major contribution is an optimization model called Op-
tima. The latter combines and solves two issues of RE, namely,
the resolution of conflicts and the prioritization of require-
ments. It can be used in the domain of the services inter-
mediation. Based on Techne [22], an abstract requirements
modeling and analysis language, it can generate an ordered
list of the candidate solutions identified in a goals model.
Solutions are sorted according to their respective expected
profits. Each satisfies the stakeholders’ needs. Note that a run-
ning example is also developed along with the optimization
model in order to ease its understanding.
Organization. Firstly, we examine the current re-intermediation
of supply chains. That discussion enables to develop the busi-
ness model of the services intermediation (§2). Then, we
explain how two main issues in RE (i.e., the prioritization of
requirements and the conflicts resolution) have a crucial role
during the RE stage of services intermediaries’ ISs (§3). In
that section, we also introduce the Techne language and we
use an example throughout the development of the optimiza-
tion model (§4). In §5, we present some results emerging
from the use of the optimization model. Before concluding,
we discuss how stakeholders preferences should be handled
when using our solution (§6). Finally, we position our work
among other published papers (§7) and conclude it by propos-
ing some future works (§8).

2 Intermediation and service-oriented computing

In this section, we propose the business model of the services
intermediation. In economic literature, a business model is
defined as the strategy followed by a company to create value
and generate revenue from its products and services offered
for sale [35]. But in computing literature, this term often
refers to the representation of the business concepts present
in the real world [36]. Within the scope of this work, the
economic interpretation is preferred.
In §2.1, we position the notion of e-intermediation with re-
gards to the notions of e-business and e-commerce. This
allows to design the business model of services intermedi-
ation (§2.2). Its analysis leads to the main research issue
tackled in this paper (§2.3).

2.1 E-commerce and e-intermediation

Although the borders of e-business are not very clear in the
literature, the following definition is generally accepted: e-
business refers to the exchange of information through ICT

in order to conduct organization’s business processes, both
externally and internally [8, 20, 23]. E-commerce is closely
linked to e-business and, at least partially, e-commerce prin-
ciples and techniques are part of the e-business notion. E-
commerce can be defined as the use of ICT to support business
transactions, i.e., the sales and purchases processes achieved
by the organization [8, 20]. Our work focuses on a specific
business model which is more and more used in e-commerce:
the e-intermediation (concept defined in §2.2).

2.2 The services intermediation

2.2.1 Definition of a services intermediary

Due to the evolution of ICT, value chains tended to drasti-
cally reduce the amount of intermediaries in comparison with
traditional physical markets [8]. Intermediaries are economic
agents that purchase products and services from other eco-
nomic agents and then resell them by taking a profit margin.
This evolution, called disintermediation, often ensues in a di-
rect contact between the producers and their final customers.
The latter must find, browse and compare the products and
services proposed in order to make their purchase decision.
However, due to the boom in products and services avail-
able on the Internet, e-markets without any intermediaries
face significant problems such as the information distortion,
lacks of (neutral) comparisons, high providers searching costs
and the lack of trust between business partners [8]. This
leads to a new trend: the e-intermediation which is an ICT

based re-intermediation. It refers to “the introduction into
the supply chain of specialist intermediary firms who use
electronic commerce technologies to facilitate supply chain
performance” [6].

A second significant technological trend lies in the Service-
oriented Computing (SOC) based on IT-services1. The latter
are self-describing and self-contained modular applications
designed to execute well-delimited tasks, and that can be de-
scribed, published, located, and invoked over a network [37].

These two trends gave birth to the business model of
services intermediation.

1 In order to differentiate two notions commonly called “service” in
their respective domains, we call the concept of “service” in the SOC an
IT-service, and the business service keeps its short denomination, that is
to say service. The latter can be defined as “a change in the condition of
a person, or a good belonging to some economic entity, brought about
as the result of the activity of some other economic entity [. . . ]” [18].
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A services intermediary is an electronic agent that resells
services purchased through SOC technologies after, pos-
sibly, their composition.

Services intermediaries are thus close to IT-service brokers:
some brokers can assemble several IT-services in order to
provide one composite IT-service such as services interme-
diaries. But it differs from the economic point of view: ser-
vices intermediaries select the services providers and add
an economic value to the resold composite IT-service while
IT-service brokers are mainly in charge of communities of
services providers [7]. Their main objective is the mainte-
nance of common IT-services registries and not the services
trading [40]. Despite this significant difference, Optima could
be used by IT-service brokers which would like to develop
a business activity based on the composition and resale of
IT-services present in their community.

2.2.2 The business model of services intermediation

The Strategic Dependency Business Model [30] derived from
the i∗ language is used in Fig. 1. Its main purpose is to rep-
resent (reference) generic business models. Only the useful
modeling concepts for the business model of a services in-
termediary are illustrated in the legend of Fig. 1 and briefly
explained hereinafter.

An Actor is an economic agent involved in some relation-
ships exposed by the business model.

A Resource is a business factor which is required in a rela-
tionship by an actor in order to achieve desired outcome.

A Softgoal is a vague objective of an actor concerning the
economic relationship he has with another actor.

A Task is the carrying out of an activity resulting from the
economic relationship the actors have together.

A Dependency relationship models the dependence of an ac-
tor towards another actor concerning the execution of a
task, the achievement of a softgoal or the providing of a
resource. The nature of the dependum defines the nature
of the dependency relationship.

As illustrated in Fig. 1, the services intermediary is in
relationship with several services consumers and several IT-
services providers through ICT. With regards to the notion of
e-commerce, the services intermediary is involved in a many-
to-many e-relationship: it is indeed implied in electronic
transactions both at sell-side and buy-side. Except the fact
that they are electronically based, the kind of relationships be-
tween the services consumers and the services intermediary
is not relevant in the scope of this work. The latter focuses
indeed on the IT-services selection among several providers
based on the potential solutions, i.e., the potential (compos-
ite) services that the services intermediary can propose to
its customers. Therefore, our discussion mainly focuses on

business-to-business e-commerce. Understanding how a ser-
vices intermediary earns money is a key point in this work.
As illustrated in Fig. 1, the services intermediary pays for
IT-services delivery and is paid by services consumers when
it resells them. As a result, the profit made on the sales comes
from the difference between the payments made to the IT-
services providers and the money received from the services
consumers. Of course, the services intermediary will face
other costs such as investments, running costs, staff costs,
and so on.

2.3 Research question

A significant issue remains unsolved for services interme-
diation companies: How a single services intermediary can
decide which are the (composite) services it should propose
to its customers? Another way to state this question is: How
should a services intermediary choose services that maximize
its profit? To provide a satisfactory answer to this question
related to the software engineering process, we first need
to discuss the implications of the RE stage on the business
model studied (see §3). This paper tackles that part of the
problem. We also have to position this work towards two sig-
nificant and different periods in software engineering, namely
the design time and the runtime. Optima is conceived to suit
the design time of an IS. Thus, we assume to build the system-
to-be of the services intermediary from scratch.

Fig. 2 gives an overview of how Optima works. On the
one hand, a requirements model is designed based on the
elicited needs expressed by stakeholders. Very often, require-
ments models contain conflicts to resolve. Moreover, in many
cases, all the optional requirements cannot be implemented
because of, e.g., time, money or skill reasons. Therefore, they
must be prioritized. That means that the requirements model
can lead to multiple potential solutions.
On the other hand, new web-based businesses often need to
advertise. One of the best solutions is to buy keywords to
search engine companies [26]. Based on the description of the
chosen keywords, the number of purchases is estimated for
each potential solution identified in the requirements model.
Thanks to this information, the revenue received from the
implementation of each requirement is estimated.
As a result, the profit obtained from each potential solution
is computed by aggregating the revenue and costs associ-
ated to each requirement belonging to that solution. That
allows to rank the potential solutions from a financial point
of view. It can help system engineers and stakeholders to
make implementation decisions.
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Fig. 1 The representation of the Services Intermediation business model using the Strategic Dependency Business Model

Fig. 2 The use process of Optima in a nutshell

3 Requirements engineering for services intermediaries

3.1 The arbitration stage in requirements engineering

Seeing that services intermediaries are electronic agents, their
IS must be engineered like any other IS. RE is commonly
defined as the process by which project stakeholders are iden-
tified, and by which their requirements are elicited, modeled

and analyzed. This process must lead to the specification of
the system-to-be.

Once the project stakeholders identified, the requirements
can be elicited, refined and modeled. Those requirements
must be analyzed during the RE process and validated at the
end. During the analysis step, several arbitrations often take
place. It consists of the resolution of conflicts and the priori-
tization of optional requirements by considering, principally,
their (estimated) implementation costs, the technological pos-
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sibilities, the financial consequences on the future revenue
and costs and the expressed stakeholders’ preferences. A con-
sistent and satisfying solution to the requirements problem
should issue from the arbitration stage. A consistent solution
is a solution without any conflicts among the selected re-
quirements [22]. A solution is satisfying when it contains all
the mandatory requirements as well as potentially optional
requirements.

As explained in §2.2, ISs used by services intermediaries
are designed and built inside the service-oriented paradigm.
That is why we situate our work within research on the
Service-oriented Requirements Engineering, or more pre-
cisely in this paper, the IT-Service-oriented Requirements
Engineering (SoRE). The SoRE process, like the traditional
RE process, aims at analyzing and specifying the require-
ments and constraints of an IT-service oriented system-to-
be [47]. As stated in [3], “there is still no standard Require-
ments Engineering process defined for Service Oriented Soft-
ware” although the traditional RE processes cannot be used
as it is in the IT-service oriented paradigm [3, 49]. SoRE

“differs from traditional requirements engineering as it as-
sumes that the concerned application will be developed in
a [Service-Oriented Environment] framework running in an
SOA [Service-Oriented Architecture] infrastructure” [48]. In
this paper, we propose an optimization model (see §4) to max-
imize the profit of a services intermediary. This model could
help to solve the open issue stated above: helping to make
design decisions during the requirements arbitration stage
leading to the implementation of a services intermediary IS.

3.2 Techne: an abstract requirements modeling and analysis
language

Once the requirements are elicited, it is necessary to reason
about them in order to achieve the arbitration work. In this
way, Jureta and colleagues propose an abstract Requirements
Modeling Language (RML) called Techne [22]. Techne is
designed to be used during the early phase of the RE pro-
cess, which includes the requirements modeling and analysis
stages. The work proposed in this paper contributes to solve
the third issue of an RML [22]: among candidate solutions
of a services intermediary system-to-be, Optima suggests
the most profitable one. A candidate solution is a consistent
set of mandatory requirements which should satisfy some
optional requirements.

Techne enabled to model and structure the different re-
quirements expressed by stakeholders. Depending on their
nature, those requirements are classified in goals, quality
constraints, softgoals, tasks and assumptions; their labels are
respectively g(), q(), s(), t() and k() as illustrated in Fig. 3(a).
The distinction among the expressed requirements is made
thanks to a Core Ontology of REquirements (CORE) [21].
Desires expressed by stakeholders are captured by goals –if

they refer to a binary and verifiable condition– or by quality
constraints –if they refer to a non-binary verifiable condition.
Vague and/or non-verifiable desires are captured by softgoals
to be then approximated by goal(s) or quality constraint(s).
Stakeholders’ intentions to act become instances of tasks,
which are then achieved either by the system-to-be or by the
stakeholders, or both. Beliefs are instances of domain assump-
tions which state how the system-to-be will perform the tasks
in order to satisfy the goals, the quality constraints and, as
best as possible, the softgoals. The requirements are referred
by statements: let d and u be two atomic statements respec-
tively stating “Generate revenue from an English-speaking
travel Web site” and “Highlight the sponsored trips in the
services lists proposed to customers”. Those two statements
are instances of, respectively, a goal denoted as g(d) and a
quality constraint denoted as q(u). Note that complex state-
ments, used in some requirements relations (see below), are
denoted by Greek letters, e.g., k(ϕ).

Techne allows to express five relations between the cap-
tured requirements, which are listed and explained below:
Figures 3(b) to 3(f) illustrate them. Note that each x in Fig-
ures 3(b) to 3(f) are arbitrary labels of Fig. 3(a).

Inference: The inference relation, illustrated in Fig. 3(b), re-
lates two requirements when the first one (the premise)
is an immediate consequence of the second one (the con-
clusion). An inference relation can have several premises.
For each inference relation, a complex statement classi-
fied as an assumption abbreviates “if x1(p1) and . . . and
xm(pn), then xm+1(pn+1)”.

Conflict: The conflict relation is illustrated in Techne as in
Fig. 3(c). This relation expresses the inconsistencies be-
tween requirements. It gives a complex statement, refer-
ring to an assumption, which states “if x1(p1) and . . . and
xm(pn), then contradiction”. The consequence is the im-
possibility of having those conflicting requirements in
the same candidate solution because of the inconsistency
present in the solution.

Preference: The preference relation expresses the compari-
son of two requirements made by stakeholders. In Fig. 3(d),
the requirement xi(pj) is preferred to the requirement
xk(ph)

Is-mandatory: The is-mandatory relation indicates that a re-
quirement is mandatory in the system-to-be. Each manda-
tory requirement must be included in every candidate
solution. In Fig. 3(e), the requirement xi(pj) is manda-
tory.

Is-optional: Unlike the is-mandatory relation, the is-optional
relation is used to indicate that a requirement is non-
mandatory. That means that a solution can be a candidate
solution without including it although its implementation
in the system-to-be is viewed as positive by the stake-
holders. In Fig. 3(f), the requirement xi(pj) is optional.
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(a) The labels used in Techne (b) The Inference relation (c) The Conflict relation (d) The Preference relation

(e) The
Is-mandatory
relation

(f) The
Is-optional
relation

Fig. 3 Illustration of the allowed grammar in Techne

Section 3.3 proposes an example of an r-net. An r-net is
the representation of a requirements model using the Techne
constructors about which it is possible to reason and find
the candidate solutions. Finding the candidate solutions lies
in the identification of the different conflicts-free solutions
which include all the mandatory requirements and some op-
tional requirements. Ernst et al. have recently proposed an
algorithm automating the identification of the candidate solu-
tions in an r-net [12]. Nevertheless, this can be manually car-
ried out in small r-nets. First, all the mandatory requirements
must be identified. Then, conflict-free optional requirements
are added to the set of mandatory requirements. Lastly, each
conflict in the r-net gives additional candidates solution by
choosing one and then the other conflicting requirements.
They are added to the set of requirements built at the previ-
ous step. All possible combinations of requirements must be
considered.

3.3 Description of a services intermediary active in the
travel business

Let USAtrip be a services intermediary. This company pro-
poses different travel services to its customers thanks to a
Web interface. These travel services are trips to New-York.
Its targeted market focuses on European English-speaking
customers. By using IT-service technologies, USAtrip will
propose and resell travel services on the Web (e.g., flights,
car transports, accommodations, and so on) which will be
bought from different providers (e.g., hotels, flying compa-
nies, cruise shipping, coaches, and so on). USAtrip follows
the business model of a services intermediary (see Fig. 1 and
related explanations).

Table 1 List of the requirements expressed by the USAtrip stakeholders.

d : Generate revenue from an English-speaking travel Web site.
p1 : Sell travel services to New-York.
p2 : Sell single travel services to New-York.
p3 : Sell composed travel services to New-York.
p4 : Compose and sell atomic travel services.
p5 : Sell transport services to New-York.
p6 : Sell accommodation services in New-York.
p7 : Sell leisure activities in New-York.
u1 : Generate revenue from the IT-services providers.
u2 : Ask providers to pay for a prioritization of their travel products.
u3 : Highlight the sponsored trips in the services lists proposed to

customers.
r1 : Sell reliable information on travel possibilities.
r2 : Charge fees to customers for travel information.
v1 : Trips are advised to customers in a neutral way.
v2 : Provide opinions, rating and advice about accommodations,

leisure activities and transport companies.
v3 : Allow customers to provide feedbacks on their trips.
v4 : Display all travel offers in the same layout.
w1 : The travel Web site is attractive for the potential customers.
w2 : Propose more than 250 different accommodations in New-York.
w3 : Propose trips from 2 nights to 45 nights.

3.3.1 Modeling of the USAtrip requirements

Fig. 4 shows the r-net structuring the requirements elicited
from the USAtrip stakeholders. Table 1 lists the requirements
modeled in Fig. 4. The categorization d,p,u,r,v and w is used
to ease the reading of the r-net. If a requirement is mandatory
in an r-net, then all its subsequent requirements –they are its
premises– are also mandatory unless otherwise stated by an
is-optional relationship.

3.3.2 Solutions identified in the Techne requirements model

As explained in §3.2, a candidate solution is a consistent set
of mandatory requirements which should also satisfy some
of the optional requirements.
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Fig. 4 The r-net of the USAtrip requirements modeled with the Techne RML

Let the solution S1 be the minimal sub r-net, i.e., the
consistent r-net exclusively made up of the mandatory re-
quirements. S1 contains the following requirements:

g(p4)∧ g(p5)∧ g(p6)∧ g(v2)∧ g(v3)∧ q(w2)∧ q(w3) (1)

From the USAtrip r-net illustrated in Fig. 4, we can find
the candidate solutions denoted S2 and S3. They are detailed
in Eqs. 2 and 3. All candidate solutions satisfy the require-
ments problem: the selected requirements should lead to a
satisfying system-to-be in comparison with the stakeholders’
needs.

S1 along with the requirements set

{g(p7) ∧ g(u2) ∧ g(u3)} gives S2

(2)

S1 along with the requirements set

{g(p7) ∧ g(v4)} gives S3

(3)

Fig. 5 highlights the solutions S1, S2 and S3. They are
based on the initial r-net of the USAtrip’s system-to-be.

You can notice than the optional softgoal s(r1) never
belongs to any of the solutions. Indeed, some design choices
directly result from the requirements expressed by the stake-
holders. A conflict between an optional requirement and a
mandatory requirement (or their premises) causes the rejec-
tion of the optional requirement in all solutions. Other choices
such as choosing between S2 and S3 cannot be achieved with-
out a decision tool as the one provided herein.

We extend the current set of solutions –currently includ-
ing S1, S2 and S3– by progressively removing the optional
requirements. The process followed is: for each candidate
solution, make a new solution by removing sets of poten-
tial solutions. Those sets are composed of, progressively,
1, 2, . . . , x optional requirements. Stop when you obtain the
minimal sub r-net. From the solutions S2 and S3 (S1 already

being the minimum sub r-net), we find three new potential
solutions:

S1 along with the requirement g(p7) gives S4 (4)

S1 along with the requirements set

{g(u2) ∧ g(u3)} gives S5

(5)

S1 along with the requirement g(v4) gives S6 (6)

The reason why we remove progressively the optional
requirements in order to obtain S4 to S6 lies in the final objec-
tive of our optimization model. Optima attempts to propose
the best possible solution which minimizes the implemen-
tation costs while maximizing the profit obtained from the
implementation of the services intermediary’s system-to-be.
Some of the optional requirements could be, for instance, too
expensive to implement or too expensive to maintain com-
pared with the revenue gained from them. In the scope of this
work, we consider that the implementation costs are the addi-
tion of the costs due to the specification of the system-to-be,
its coding, its testing and its final installation before its use.

4 Optima: an optimization model for decision making
in requirements engineering for services intermediaries

At this RE step, the problem faced by the requirements en-
gineers and the stakeholders is to choose among the six po-
tential solutions obtained. Optima, the optimization model
proposed in this paper, can help to make this kind of deci-
sions.
Section 4.1 describes Optima and how it is built while Sec-
tion 4.2 proposed a short methodology in order to use it.
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(a) The candidate solution S1 highlighted

(b) The candidate solution S2 highlighted

(c) The candidate solution S3 highlighted

Fig. 5 The highlighted candidate solutions of the r-net illustrated in Fig. 4

4.1 Construction of the optimization model

4.1.1 Model setup

For each task ti leading to the implementation of a require-
ment in the system-to-be (further explanations concerning

the notion of task are given in §5), its implementation costs
ICi are taken from the quote of the software company in
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charge of the system implementation. Or, if that quote is not
available, ICi must be estimated.

The estimated profit of a task ti can be computed as
follows:

ri = −ICi + FRi − FCi + n× varRi − n× varCi (7)

where FRi and FCi are respectively the periodical fixed
revenue and fixed costs associated to the implementation of
the task ti, n is the estimated number of purchases achieved,
and varRi and varCi are respectively the variable revenue
and the variable costs belonging to the requirement i imple-
mented through ti. They can be computed by analyzing the
technical documentation of the WS providers and by carry-
ing out market researches. The pricing information is very
often included in these WS level agreements. The reader can
refer to [10] and [17] for more information about specific
estimation techniques. At least, FCi takes into account the
maintenance of the part of the system-to-be that is associated
to ti. FRi and FCi also depend on the business of the ser-
vices intermediary as well as on the objective(s) met by task
ti. They have to take into account all the fixed costs and the
fixed revenue faced by the company when the task ti is part
of the system-to-be.

4.1.2 Estimation of the number of purchases

Seeing that the system-to-be of the services intermediary is
assumed to be built from scratch, we do not have any data
about previous sales and purchases. Thus, we cannot use
existing models based on empirical data which enable to
predict the future purchase behaviours of the customers and
all the financial information needed to make decisions about
the design of the system-to-be. Nevertheless, it is often said
that opening a new website is similar to opening a new store
located in a very dark cul-de-sac where nobody goes. This
means that the services intermediary will very likely launch
marketing campaign on the Internet. The most common al-
ternative to older Internet-based advertising methods such as
banners and pop-ups is the paid search advertising [26]: com-
panies bid on some keywords from research engines such as
Yahoo!, Bing and Google. Note that a keyword may consist
of several individual words. The results obtained with paid
search is much more interesting than other types of Internet-
based ads for the companies buying the keywords [26]. The
companies pay search engines for each click on the keywords
bought. As explained by Laffey [26], one of the main advan-
tages of paid search advertising is the possibility of targeting
the audience of the ads. Readers can refer to the work of Lee
& Seda [28] in order to have more information about paid
search advertising.

In order to compute n (see Equation 7) we use the tool
AdWords of Google as well as a model enabling to estimate

the conversion rate. This model has been proposed by Ghose
& Yang [14, 15]. It allows to estimate the conversion rate q
for a keyword k at week w (see Equation 9 and related expla-
nations). The choice of Google is based on the market share
of this company (around 65%) compared with the market
share of Yahoo! (around 19%) and Bing (around 9%) [46].

Estimating the number of clicks. The services intermediary
has to choose a list of keywords on which it would like
to make auctions as well as a maximum bid per auction.
The services intermediary might also give a maximum daily
budget. Thanks to AdWords, the daily number of visits (click)
on the Web site is estimated. This is the daily number of
clicks. The following ten keywords are the ones used in
Adwords for USAtrip: hotel New-York, travel to New-York,
tour USA, New-York tour, USAtrip, airlines to USA, travel
in USA, Hilton New-York, cheapest flight to New-York and
route planner USA. The maximum bid for a click is fixed
at e 0.82 thanks to the advice and the methodology given
in [28]. The fixed budget, whatever the implemented solution
will be, is limited to e 60 a day. This decision is optional:
Google Adwords allows to place bids on different keywords
without any daily limits. However, it is highly recommended
to control and restrict this kind of marketing budget [28]. The
location chosen is “The United Kingdom and Ireland” and
the language is “English” because of the targeted market of
the USAtrip company.

Estimating the conversion rate. For each chosen keyword,
we use a vector K based on its wordographics. This concept
is used in the literature studying the performance of key-
words in paid search ads: the wordographics are the relevant
characteristics of a keyword that can be used to estimate its
position in a list of keywords, its click-through rate as well
as its conversion rate [42]. Here are the wordographics used:

Ki = [NberClick,Rank,Retailer,Brand, Length] (8)

where NberClick is the weekly number of clicks, Rank
is the rank of the keyword i when it is displayed (both are
given by Google AdWords). Retailer and Brand are binary
variables indicating, respectively, if the keyword i contains a
word related to the vendor name or to a well-known brand.
Length is the number of words in the keyword i.

To estimate the conversion rate, we need an additional
variable: PageQuality. It captures the page quality behind
the keyword hyperlink. The PageQuality variable is com-
puted by Google. Seeing that the underlying algorithm is not
publicly available, we have to estimate this variable based on
the information provided by Google2. The three main charac-
teristics analyzed by the Google algorithm are the following:

2 See the explanations provided by Google at:
http://adwords.google.com/support/aw/?hl=fr (Last consultation
on November 2012, the 5th).



10 Bertrand Verlaine et al.

– The relevance and originality capture the quality of the
content proposed by the Web site. A substantial and
unique amount of information increases the Landing Page
Quality computed by Google.

– The transparency is related to the clarity of the Web site. It
is composed of three sub-characteristics: (i) the nature of
the business done through the Web site is unambiguous,
(ii) the interactions achieved with the browser are not
hidden to the visitor and (iii) the amount of personal
information asked to the visitor before registration is low
and the privacy policy is well respected.

– The navigability represents the navigation ease. Web site
visitors should easily find what they look for. Non-related
and useless contents are drawbacks while a clear and
short navigation path is an advantage when Google com-
pute the Landing Page Quality.

The Landing Page Quality depends on the solution Sj
and not on the specific keyword based on which the visitor
arrives on the Web site. Indeed, we assume that the hyperlink
behind the chosen keywords is the same for each of them. Qj
captures the value of the PageQuality for the solution Sj .
It ranges from 1 (the lowest possible score) to 10 (the highest
possible score). As proposed by Ghose & Yang [15], three
experts rated the six possible system-to-be and provided
the following ranking: the page quality for S1 to S6 are
respectively 4, 5, 8, 7, 4 and 6.

The conversion rate for the keyword k used in the context
of the solution j at week w is computed as follows3 (adapted
from [15]):

qkwj=exp(θk0 + θk1 ×Rankk + 1.123×Retailerk −
0.879 × Brandk + 0.152 × PageQualityj +

0.067×Timekw)×(1+exp(θk0+θk1×Rankk+
1.123×Retailerk − 0.879×Brandk +0.152×
PageQualityj + 0.067× Timekw))−1

(9)

where : θk0 = −4.457 + ςθk0, θk1 = −0.282 + ςθk1[
ςθk0
ςθk1

]
∼MVN

([
0

0

]
,

[
1.426 −0.131
−0.131 0.058

])
θk0 and θk1 capture the unobserved heterogeneity of the
model. They vary along their respective means (θ0 = −4.457
and θ1 = −0.282). The variables Rankk, Retailerk and
Brandk come from the wordographics of each keyword.
Timekw depends on the number of weeks between the be-
gin of the advertising campaign and the week when qkwj is
estimated. Timekw is 1 for the first week and is then incre-
mented each week.

3 The initial model expects that the rank of each keyword varies
each week [15]. Given that we use the rank number of Google that we
considered as fixed over time, the Rank variable only depends on the
keyword.

Estimating the number of purchases. The number of pur-
chases achieved is njW . It depends on the candidate solution
Sj and on the number of weeks W . It can be computed as
follows:

njW =

K∑
k=1

W∑
w=1

nberClickk × qkwj (10)

where W is the number of weeks during which the software
will probably be used and nberClickk is the weekly num-
ber of clicks on keyword k. qkwj comes from the keywords
analysis providing the conversion rate (see Equation 9).

4.1.3 The optimization model: Optima

Equation 7 is modified as follows: the profit ri becomes the
profit rijW . The latter is obtained from the implementation of
the task ti when the solution Sj is chosen for a given number
of weeks W :

rijW = −ICi +
FRi ×W
Period

− FCi ×W
Period

+

njW × varRi − njW × varCi
(11)

where Period is the period for which the fixed revenue
FRi and the fixed costs FCi are valid. The fixed costs
and the fixed revenue can be paid or cashed each month,
each semester, each year, etc. Period is always expressed in
weeks.

Equation 11 could be adapted to take into account the
amortization of the implementation costs ICi. This alterna-
tive is as follows:

rijW =
−ICi ×W
Amort

+
FRi ×W
Period

− FCi ×W
Period

+

njW × varRi − njW × varCi
(12)

where the variable Amort is the number of weeks needed
for the whole amortization.

A subset of the requirements set ϕj –it comes from the
r-net– is associated to each potential solution Sj . The tasks
to implement in order to build the solution Sj are:

∧
i

ti ∀i ∈ ϕj → Sj (13)

For a given W , the estimated profit obtained from the
implementation of Sj is:

RjW =
∑
i ∈ϕj

riW (14)

Once all theRjW values are computed, the ranking of the
potential solutions allow the requirements engineer(s) and the
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stakeholders to compare the solution from a financial point
of view. Note that the advertising costs paid to the search
engine company are not taken into account in Optima. They
are indeed fixed costs without any influence on the ranking.

4.2 The use of Optima into six steps

We propose here a methodology in which we explain the
process to follow in order to use Optima. Taking back Fig. 2
may help the reader understand this methodology. The six
steps to follow are:

1. Build the r-net model based on the requirements elicita-
tion work.

2. Manually or automatically [12] identify the candidate
solutions as well as the minimum sub r-net containing all
the mandatory requirements.

3. Extend the set of potential solutions by removing one or
several optional requirement(s) from one of the potential
solutions identified in Step 2. The lightened potential
solution becomes a new element of the extended set of
potential solutions.

4. Apply step 3 for each potential solution identified at
step 2 until all the new potential solutions correspond to
the minimal sub r-net.

5. Use the optimization model expressed in Equation 14
(along with Equation 11 or Equation 12 depending on
your needs) in order to compute the estimated profit ob-
tained from each solution.

6. Rank in descending order the solutions based on their
respective estimated profits.

Optima has been implemented as a MatLab c© function.
The latter is available by sending an email to the first author.

5 Illustration of the use of Optima through an example

In this section, we use Optima during the USAtrip project.
The extended set of potential solutions is composed of six
different solutions4 summarized in Table 2.

Table 2 Solutions of the Techne r-net presented in Fig. 4

g(p7) q(u1) s(v1)
S1 No No No
S2 Yes Yes No
S3 Yes No Yes
S4 Yes No No
S5 No Yes No
S6 No No Yes

4 Note that the requirements listed in the first row of Table 2 are all
optional requirements. See §6 in which a short comment is made about
requirements capturing stakeholders’ preferences.

First, we add the tasks m1 to m11 to the r-net depicted in
Fig. 4. This is illustrated in Fig. 6. Those tasks capture the
specifications of the software pieces which are linked to the
related goal or quality constraints. We only instantiate the
goals and quality constraints contained in at least one of the
six potential solutions. That is why the softgoal s(r1) and its
refinement is no longer part of the current discussion.

For each task which is the leaf of an optional antecedent
(t(m4), t(m5), t(m6) and t(m8)), an evaluation of the imple-
mentation costs, the fixed revenue and costs, and the variable
revenue and costs is achieved. The other tasks are not in-
cluded in our optimization model since they are part of all
solutions. Indeed, they cannot be a source of revenue vari-
ability. They are thus irrelevant in an optimization problem
issue.

The implementation costs are based on the estimate of the
company that will implement the system-to-be. Concerning
the estimation of the fixed and variable revenue, they can be
either based on market research or on the future price that
the company plans to apply. For each task t(mi) taken into
account in Optima, a vector ti is computed. All the vectors
ti’s put together form a costs and revenue matrix used in the
MatLab function.

ti = [ICi, FRi, FCi, varRi, varCi] (15)

We achieve this work for t(m4), t(m5), t(m6) and t(m8).
They are the four requirements on which an implementa-
tion decision has to be made: From a financial point of
view, is it relevant to implement them in the system-to-be?.
For instance, t(m4) is associated to the following vector:
[17000, 0, 20800, 96, 82]. We use the optimization model pro-
posed in Equation 14 with an estimation period of 60 weeks.
This is the expected period of time in which the future so-
lution should be used by USAtrip without any significant
changes in the IS.

The results of the simulation give the solution S5 as the
best system-to-be to implement. The ranking provided by
Optima is transcribed in Table 3.

Table 3 Ranking of the six potential solutions along with their expected
profits

Solution Expected profit
1 S5 e 146 900
2 S2 e 122 130
3 S4 e 38 820
4 S3 e 16 170
5 S1 e 0
6 S6 e −2 600

Based on the simulation, we can advise the USAtrip com-
pany to implement S5: this solution should be the most prof-
itable. The figures issued from the simulation are not absolute
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Fig. 6 The r-net of the USAtrip company along with the implementation Tasks

although hundreds of simulations based on the same input
data are highly convergent: the average standard deviation is
about 10% of the mean (see §5.1).

Note that the expected profits will not be the net prof-
its of the company. Indeed, we only take into account the
costs and revenue linked to the optional and conflicting re-
quirements of the system-to-be. The figures listed in Table 3
have to be added to the costs and revenue obtained from the
whole system-to-be. Furthermore, the company could also
face costs and may obtain revenue which are not directly
linked to the implementation of the IS designed. Neverthe-
less, Optima provides relevant financial information in order
to make decisions about the optional and conflicting require-
ments. This information can be helpful during the subsequent
phases of the software engineering process which aims at
specifying the single solution that will be implemented.

5.1 Analysis of the results coming from multiple simulations

We achieved thousand simulations based on the described
case example. To do this, we use the MatLab function imple-
menting the optimization model developed in this paper. In
Fig. 7, a scatter plot shows the dispersion of the expected prof-
its for each of the simulations. Horizontal lines are the means;
their values are: S1 = 0, S2 = 118 480, S3 = 15 461,
S4 = 36 997, S5 = 148 998 and S6 = −2 600. The sig-
nificant standard deviations are σS2 = 9 597, σS2 = 4 032,
σS2

= 4 566, σS2
= 11 027. The standard deviation of S1

and S6 is zero.
Among the thousand simulations, the ranking of the solu-

tions stated in Table 3 is valid 988 times. For the few other

cases, Solutions 2 and 5 are reversed. Once two solutions
are significantly close to each other, the rankings got from
multiple simulations will differ. At the same time, the means
of their expected profits will also be closer. This situation
should be interpreted as follows: from a financial viewpoint,
there is (almost) no difference between these two potential
solutions. In order to choose one or the other solution, stake-
holders and requirements engineers are asked to use the pref-
erences elicited during the RE stage (see §6) or other aspects
of decision-making in prioritization and conflicts resolution.
Some of these other aspects are briefly tackled in the related
work (§7).

6 The management of the preferences expressed by
stakeholders

During the RE stage, some requirements elicited captured
preferences expressed by the stakeholders. Those preferences
can either assess positively or negatively an individual re-
quirement, or rank two different requirements. For instance,
two goals could be ranked or a quality constraint can be
individually appraised.

Techne also provides a constructor to design those pref-
erences in an r-net (see Fig. 3(d)). So far, the discussion and
the proposed optimization model ignore this fact: we work
with an r-net, free of any preference. The result provided
by Optima is a recommendation which aims at informing
the stakeholders, the requirements engineers as well as the
decision makers about the likely consequences of their fu-
ture choices. This recommendation is only financial, against
which other aspects could be opposed (e.g., ethical values
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Fig. 7 Plot of the expected profits obtained from the candidate solutions (thousand simulations)

of some stakeholders). If a preference differs from the finan-
cial recommendation coming from our optimization model,
the decision makers have to make their own decisions. They

could go against the results issued from Optima. Providing
some guidelines or a process to follow in order to solve those
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Fig. 8 Example of a preference opposing the financial recommendation
of Optima

kinds of conflicts is out of the scope of this paper. It is left
for future work.

6.1 Preferences in the requirements model of USAtrip

To illustrate how we advise to manage the preferences when
Optima is used, we provide an extract of Fig. 4 in which a
stakeholder expresses a strong preference. In this case, the
marketing director prefers the use of an identical layout when
the travel offers are displayed compared with the highlighting
of the sponsored travel offers.

In Fig. 8, you can notice that the requirement g(v4) is
strictly preferred to the requirement g(u3). Therefore, each
solution having g(v4) instead g(u3) as the only difference is
preferred by the marketing director. That means that solution
S6 is strictly preferred to S5. However, from a financial point
of view, this preference clearly contradicts the recommenda-
tions coming from the use of Optima. S5 is indeed rated as
the best solution while S6 is rated as the worst solution. In
this case, a choice has to be made between the preference of
the marketing director and the financial advantage derived
from the implementation of the solution S5.

7 Related work

This work is mainly related to two sub-domains of RE: the
prioritization of requirements and the resolution of conflicts
between requirements. These two issues are considered as
very significant in many seminal works [9, 27, 34]. Neverthe-
less, these two challenges are often put aside in lots of works
about analysis and reasoning on requirements in Web-based
environments such as in [11, 31].

7.1 Requirements prioritization

Requirements prioritization is often considered as a complex
task in RE. Quite simple as well as more difficult techniques
exist [50]. There are two main kinds of approaches to tackle
this issue: the negotiation approaches and the quantitative
approaches. The negotiation approaches are based on subjec-
tive measures. In this case, the prioritization work achieved is
mostly based on textual documents and discussions between
stakeholders. This approach is recommended when the deci-
sion variables are highly interrelated.
The method proposed in this paper falls into the second
category. The quantitative approaches assign values to the
decision variables. The requirement with the higher aggre-
gated results is ranked first, and so on. The variables taken
into account are, mainly, (i) penalties when a requirement is
not implemented, (ii) implementation and maintenance costs,
(iii) the time needed to implement a requirement, (iv) internal
and external risks, (v) the volatility of a requirement, (vi)
the financial benefit obtained from a requirement, and (vii)
the ease of implementation [4, 50]. As other techniques and
methods [24, 51], the optimization model proposed in this
work combines several aspects: the cost of implementation
and maintenance, and the financial benefit (penalty) when a
requirement is (or is not) implemented. What aspects should
be considered mainly depends on the specific environment
and the stakeholders of the system-to-be.

The Analytical Hierarchy Process (AHP) [43] (a.k.a. the
pair-wise comparison technique) is a well-known technique.
However its use is difficult for large numbers of require-
ments [32]. In our specific environment, the AHP method is
unsatisfactory since the amount of variables to handle is too
large for human beings. Moreover, the prioritization is often
based on other aspects than the ones used in our method.

The Cost-value Approach [24] roughly takes into account
the same aspect as us, i.e., the value obtained from the imple-
mentation of a given requirement and its costs of implemen-
tation. The Cost-value Approach is a pairwise comparison of
the optional requirements based on the AHP method. It mainly
differs in terms of scope, ease of use and processes followed.
Optima allows to objectify the profit received from the im-
plementation of a given requirement while, in the Cost-value
Approach, the value is relative and stated by stakeholders.
Moreover, we take into account the interdependencies be-
tween requirements: we indeed compare complete potential
solutions and not some single requirements as it is the case
in the Cost-value Approach.

There are also tools that allow to analyse requirements
in order to find the best solutions. These mainly focus on the
non-functional requirements. Up to now, the most compre-
hensive and performing tool seems to be the Evolutionary
Requirements Analyzer [45].
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7.2 Resolution of conflicts in requirements models

Some authors also investigate the resolution of conflicts in RE.
In [50], van Lamsweerde defines conflict as “strong incon-
sistencies [. . . ] that cannot be satisfied when taken together”.
They are often resolved with discussions and negotiations
between stakeholders. Several techniques and tools exist.
The most representative solutions are the iterative resolu-
tion [38, 41], the problem restructuring [25] or the use of
stakeholders’ utility functions [19]. They always rely on dis-
cussions and negotiations or ask for a modification of the
requirements model [39]. Other initiatives such as [33] pro-
pose to explore alternatives during RE but they do not really
offer a technique or a method to choose among the possible
alternatives.

In this paper, the optimization model proposed takes into
account all the potential solutions to the requirements prob-
lem –thanks to Techne and the underlying requirements ontol-
ogy [22]– and ranks them in order of profitability. The advan-
tage of using Optima is that the negotiation can be (partially)
based on objective information instead of on the stakeholders’
preferences which are (too) often subjective [44].

7.3 Recommender systems

The last related works concern the recommender systems [1,
13]. Clearly, Optima could be a relevant tool to include in
these systems. It might allow their use for the creation of
ISs for services intermediaries. Nevertheless, within this per-
spective, it is important to keep in mind that “requirements
prioritization practices are informal and dependent of indi-
viduals. [That means that] having systematic requirements
prioritization practices is a challenge because requirements
prioritization requires a great deal of non-trivial decision
making” [29]. This is a reason why we would rather provide
a model to use as an indicator useful for the decision-making
process instead of a comprehensive and rigid tool leading to
very few contacts between stakeholders, requirements engi-
neers and developers.

8 Conclusion and future works

The re-intermediation of supply chains based on ICT in
service-oriented environments raises new issues. One of them
lies in the decision-making process when multiple solutions
exist in the requirements model: How to determine which
potential solution must be implemented?

The optimization model proposed in this paper (Optima)
provides an answer from a financial viewpoint. It should be
used on a paraconsistent requirements model. That kind of
models accepts conflicts when one reasons over them. At
once, Optima resolves the conflicts between requirements

and prioritizes the optional requirements. As a result, it gives
a ranking of the potential solutions identified in the require-
ments model. This ranking is a very interesting basis for
further discussions and negotiations, or it makes the decision.

Because Optima is partially based on a stochastic equa-
tion, we advise to make estimations on several weeks, and
make several estimations with the same data. Unchanged
results show that the different solutions are strongly different
from a financial standpoint, while dissimilar rankings point
out that the solutions are not so different from a financial
point of view. In all cases, the decision to implement one or
the other solution can take into account other aspects of the
decision which are stated as important by the stakeholders.
Nevertheless, all of our tests show that the proposed opti-
mization model gives a convergent solution once the number
of estimations increases.

The main future work lies in the study of the decision-
making process leading to IS modifications. Once the initial
system is used every day, the question is When to change the
fundamental structure of the system in use?

A second work to achieve is to manage and, if possible,
to integrate in Optima the preferences expressed by the stake-
holders and structured in the requirements model. Currently,
stakeholders preferences are not part of the discussion al-
though they could contradict the results provided by Optima.

Lastly, the current version of Optima takes into account
the financial aspects of the problem tackled. There are other
important aspects to take into account when choosing the
future IS of a services intermediary among several solutions.
We can mention, for instance, the time needed for their imple-
mentation or the increase/reduction of risk (to define!) when
a requirement is implemented.
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