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1 Introduction
As SOA (Service-oriented Architectures) has evolved

into a mature paradigm, new challenges have appeared on
the horizon. The current standardized stack of protocols
make up a solid infrastructure for interoperability. How-
ever, in order to meet new business possibilities an exten-
sion is needed. In particular, the automatic provision of serv-
ices is emerging as a promising field that could lead to a
new generation of enterprises that adapt "on demand" to
rapid changes in their business environment.

In this article, we address a core element of the auto-
matic provision of services: the creation of agreements that
describe the rights and obligations of the service consumer
and the service provider during the transaction. The terms
of the agreement could refer to either functional features
(such as the interface of the service) or non-functional fea-
tures (such as the amount that should be paid for the serv-
ice). The agreement should also be considered as a first class
element [8] of the IT infrastructure of both service consumer
and provider organizations.

Generally speaking, service orientation in software de-
velopment would seem to provide the perfect scenario for
short term agreements that can be dynamically created to
meet an enterprise’s business needs at any given moment
(e.g. the cheapest service provider). Automating the crea-
tion and management of agreements, so that the human par-
ticipation in the process is reduced to a minimum, brings
benefits such as cutting the cost of reaching an agreement,
increasing the speed of the contracting process, and allow-
ing providers to deploy an automated provision of services
based on their agreements with customers, leading to a bet-
ter rationalization [7] of the usage of its resources. Leading
on from the above, from the customer’s point of view it
would be interesting to be able to negotiate the agreement
terms in order to obtain better offers. Such a negotiation

process could also be used by the provider to fine tune the
final agreement and make concessions or restrictions in or-
der to optimize the current usage level of its resources. Ad-
ditionally, given that such offers would be closely bound to
the resource status at each moment, the decision making
infrastructure should also take this information into account
as a first level element before entering into new commit-
ments with a customer. However, at this point, it is impor-
tant to highlight that automation should be understood within
the restricted context of the business world in which certain
critical strategic decisions can never completely avoid hu-
man intervention.

The automatic creation of agreements requires the com-
bined involvement of several research fields to create a ho-
listic approach. This means, among other things: formal lan-
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guages for the expression of requests, offers, and agree-
ments; the search and discovery of potential partners; the
evaluation of agreement proposals; decision making algo-
rithms and strategies; provision capacity estimation; agree-
ment negotiation; or agreement signing.

The steps of an automated contracting process have al-
ready been identified in the relevant literature [6]: The first
step involves the creation of the offer by the service pro-
vider and the analysis of its functional and non-functional
requirements by the consumer. This step may be consid-
ered as a preliminary stage of the contracting process. In
the contracting process itself, the first step (the information
phase) is to match service providers with potential consum-
ers and vice versa. In the negotiation phase, a service agree-
ment is created between service consumer and service pro-
vider. During the deployment phase, both service provider
and service consumer set up a deployment plan to meet all
the terms established in the service agreement. Finally, the
fulfilment phase involves the fulfilment of the obligations
established in the agreement and the monitoring of the en-
tire process in order to ensure that both parties observe the
agreement properly.

In this article, we focus on the establishment of the agree-
ment as a subprocess of the more general contracting proc-
ess. Specifically, this subprocess can be broken down into
four different stages: the location, selection, negotiation, and
creation of the agreement. We refer to this as the service
trading process. In the rest of the paper we outline the vari-

ous challenges involved in each stage of the service trading
process and review the most important proposals.

2 Trading Process
The complexity of the trading process lies in the fact

that it can vary greatly depending on the scenario: how the
parties (service consumers and service providers) discover
each other or how each party negotiates an agreement offer.
Also, time constraints may vary from one scenario to an-
other depending on the type of parties involved: In some
scenarios with short fixed timeframes in which to reach an
agreement, it may be necessary to carry out a quick and
efficient (but not optimal) selection of the agreement from
a set of proposals; on the other hand, with more relaxed
timeframes the trading process can be more focused on de-
veloping complex negotiations to achieve an optimal agree-
ment.

To address the variable nature of the trading process,
we propose the Trading protocol concept as a means of or-
chestrating the various elements in a system while switch-
ing the choreography of the process between different sys-
tems to ensure an interaction that respects the trading proc-
ess requirements of all parties. In order to clarify the idea of
trading protocol perhaps we should look at a real-life ex-
ample: A public auction in which an institution is looking
for a service provider and devises a trading protocol that
consists of the following stages: the announcement of the
auction, a deadline for the submission of proposals, a pe-

Figure 1: Process View.
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riod of resolution and, finally, the communication of results.
At an abstract level, the trading protocol is defined as a set
of stages (e.g. "announcement, proposal submission, nego-
tiation, resolution, etc...") cross-linked according to some
time constraints and bounded to some choreographies. In
general, these elements are expressed in two sets of con-
straints:

A set of potential choreographies for each stage. In
some situations, this means a list of optional choreographies
but, in other cases, a unique choreography can be estab-
lished at a given stage. An example of this type of con-
straint could be "In the Negotiation stage, auction or bar-
gaining protocols are allowed" (i.e. choreographies imple-
menting these protocols).

Time restrictions specify a set of constraints about
the life-cycle of the trading process. This restrictions could
vary from simple fixed temporal points (e.g. "The trading
process should end by March 14 at 14h") or can be com-
plex relationships between the durations of some stages (e.g.
"The information stage should start in the middle of the
discovery stage").

From a structural point of view, the whole trading proc-
ess (see Figure 1) is composed of six subprocesses (depicted
as squares) that interact to reach a specific agreement. The
fulfilment of the set of processes make up trading systems
(depicted as rounded squares); at an abstract level, these
systems represent different parties in the trading process:
i.e. some of the trading systems would be acting on behalf
of service consumers while others would act on behalf of
the service provider. It is important to stress that this ab-
straction does not imply a specific deployment in a possible
implementation of the concrete system but only creates a
separation of concerns at a conceptual level.

Following, we identify the behaviour of the whole proc-
ess (Figure 1) taking into account the different stages in-
volved:

1. The main goal of the trading management process is
to create and specify the trading protocol that will regulate
how the whole process is carried out; that is, it establishes
the timing for when to start the search for parties, when to
submit offers, when to wait for responses, when a negotia-
tion must start, or when a binding offer can be sent. Thus,
this process focuses on the global behaviour from a tempo-
ral point of view. Its goal is the coordination of the rest of
the processes so as to implement a trading protocol.

2. The discovery process is concerned with locating
potential parties requesting (or supplying) a service that other

party provides (or needs). Complementarily, this process is
responsible for accessing the market and disseminating the
events generated by the internal active trading processes in
the system. In this context, the market should be seen both
as an abstract concept that includes the set of organizations
looking for business relationships, and the infrastructure that
acts as a facilitator for the communication between them.
In [12], an analysis of the discovery problem for web serv-
ices is discussed. Finally it is important to point out that the
discovery process can locate potential providers or consum-
ers according to a number of functional or non-functional
requirements.

3. Discovered candidates are then passed to the infor-
mation process in order to gather detailed information about
the characteristics and preferences of each potential party.
The aim of this process is to manage public information
about user preferences and the potential candidates found
during the discovery process. The amount and type of in-
formation collected from each candidate may be different;
however, at a conceptual level the information should in-
clude, as a minimum, the publicly available characteristics
of the service requested/supplied. In addition, some infor-
mation can be harvested from external sources (e.g. infor-
mation about the reputation of the candidate).

4. The data harvested in the information process is used
by the selection process to create and select a set of promis-
ing agreement proposals with other parties. The aim of this
process is to choose a set of candidate parties with whom a
negotiation process can be started or to whom an agree-
ment proposal can be submitted. The selection starts with a
set of information about potential parties from several
sources: information provided during the information proc-
ess after an active search, agreement proposals received from
other parties. In [3] a selection based on constraint program-
ming is described.

5. The instructions about proposal handling are del-
egated to the agreement making process which is responsi-
ble for actually negotiating or proposing the agreement to
the other party and for creating and signing the final agree-
ment. Thus, the aim of agreement making is to provide a
mechanism to create agreements, possibly through an auto-
mated negotiation process, that are acceptable to all parties
involved. The result of the process is therefore an agree-
ment that specifies the terms under which the service is to
be executed. [10] shows a conceptual framework for auto-
mated negotiations of agreements. An example of a simple
agreement making protocol is described in [1].

Table 1: Related Standards.

Discovery Information Agreement 
Making 

Trading 

UDDI WS-MetadataExchange WS-Agreement WS-CDL 
WS-Notification WS-InspectionLanguage FIPA Protocols BPEL 
WS-Addressing WS-Agreement   
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6. During this procedure, the agreement making proc-
ess interacts with the binding process by asking for approval
to make or accept binding offers. The main concern is to
determine when a binding offer must be submitted and
whether a binding offer that has been received should be
accepted. This process must also establish when these deci-
sions are to be made. For example, one option is to make
the decision as the offers are received; another possibility
is to make the decisions at some specific points in time that
have been previously decided. These points may be dynami-
cally selected, depending on changing conditions of the
environment such as the frequency of arrival of offers, or
statically determined based on time constraints imposed by
the trading protocol, or a combination of the two. An inter-
esting infrastructure can be found in [7] that carries out de-
cision-making processes based on the agreements available
and the amount of resources available to the service pro-
vider.

3 Architectures and Technologies
A number of abstract architectures have been proposed

[2][4][5] which carry out some subset of the stages in the
service trading process. An analysis [9] of the trading proc-
ess support in these architectures leads us to several con-
clusions: (i) the discovery process is well supported by the
majority of architectures, most of which provide for knowl-
edge adaptation; (ii) these architectures do not generally
include elements to support advanced decision-making; (iii)
there is little support for the advanced features of service
trading such as the decommitment of agreements or trading
protocols. Due to these shortcomings, some complex serv-
ice trading scenarios cannot be fully automated.

Several standards have emerged to enrich the basic web
service stack. Table 1 shows the standards that can be used
in the various subprocesses.

With regard to the discovery process, there are three
specifications that can be used to implement its require-
ments: (i) UDDI (Universal Description, Discovery and
Integration)  [13] can be used as a flexible repository that
can be used to store the access points of elements and the
taxonomies used by the discovery process. (ii) WS-Notifi-
cation can be used to subscribe and broker notification
events. (iii) Lastly, WS-Adressing [13] provides a specifi-
cation of the references/locations of web services by means
of a standardization of the concept of endpoint references.

There are a number of standards that deal with the ex-
change of service descriptions, from both a functional and
a non-functional point of view and they can be used in the
implementation of the information process. For instance:
WS-MetadataExchange [13] or WS-InspectionLanguage.
Alternatively, WS-Agreement [1] uses a template-driven
procedure, and those templates can be seen as a mean of
expressing the preferences of a given party.

The most significant specification that covers most as-
pects included in the agreement making process is WS-
Agreement [1]. It allows us to specify the structure of an
agreement document, so that it must be used together with

one or several domain-specific vocabularies to give the
proper semantics to the terms of the agreement. Further-
more, it defines a protocol and a web service-based inter-
face to create, represent, and allow the monitoring of agree-
ments.

However, WS-Agreement only defines a take-it-or-
leave-it protocol. To use more complex negotiation
protocols, other specifications must be implemented. For
instance, WS-AgreementNegotiation , which builds on WS-
Agreement and specifies a bilateral negotiation protocol,
or the negotiation protocols defined by FIPA (Foundation
for Intelligent Physical Agents).

With regard to the trading management process differ-
ent approaches are possible depending on the complexity
of the trading protocol used. For complex co-ordinations,
there are workflow standards such as BPEL (Business Proc-
ess Execution Language) [1] or choreography languages
such as WS-CDL (Web Services Choreography Descrip-
tion Language). For simple cases, an alternative to imple-
ment Trading Protocols would be the specification of ad-
hoc elements in the concrete architecture built upon the
conceptual framework.

4 Conclusions
In recent years the software industry has been moving

from a vision of software as a product to a vision of soft-
ware as a service. This change has become even more ap-
parent with the appearance and popularization of SOA and
web services.

This new vision opens up new possibilities and chal-
lenges for the software industry. In this article, we focus on
the automated provision of services and, more particularly,
we centre on the trading process, that is, the process of es-
tablishing a service agreement between two parties. The trad-
ing process is as a core element in the development of auto-
mated service provision.

As we have discussed, the trading process is complex
and involves many different interactions between the par-
ties involved. To deal with this complexity, we have broken
it down into several subprocesses: discovery, information,
selection, agreement making, binding, and trading. Then,
we have analysed the main challenges posed by each
subprocess and we have described different approaches and
technologies that have been developed to solve each prob-
lem.

In addition, when reaching an agreement, there are ex-
plicit temporal constraints that regulate how the
subprocesses that compose the trading process must be co-
ordinated. These constraints are defined in a trading proto-
col, as we have discussed previously.From this analysis we
conclude that it is necessary to integrate several different
approaches and technologies in order to build a system ca-
pable of handling the entire trading process. Today, this in-
tegration can be carried out in an ad-hoc way. However,
there are a number of different trading scenarios, and each
scenario has different requirements [9]. There is therefore
no general solution for each problem, but each solution de-
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pends on the specific trading scenario in question. In addi-
tion, the time constraints of the trading process create a great
many difficulties in the coordination of the various parts of
the trading system.

Consequently, the idea of developing an integration
framework to integrate and coordinate all these partial so-
lutions is very appealing, and forms the basis of our current
research [11].

The main goal of the framework is to provide infrastruc-
ture services which are common to several trading scenarios
and that enable the integration and coordination of differ-
ent proposals and technologies. This will enable the parts
of the framework that may be useful for different scenarios
(e.g. the discovery of potential service providers) to be re-
used. Furthermore, this framework would also facilitate the
application in real scenarios of research proposals that deal
with parts of the trading process, because it would allow us
to focus on the specific problem only, leaving all other de-
tails to the framework.

Translated by the authors
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