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Abstract. In this paper, we present a service composition tool which
enables specification of composite services for users with limited pro-
gramming skills. We view composite services as a loose form of team-
work of service provider agents coordinated by a personal user agent.
Such view enables us to use an existing hierarchical model of teamwork
as the basis for service composition. An extension to the current model
of teamwork is also proposed to achieve flexible and robust execution of
composite services in an open environment.
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1 Introduction

The World Wide Web is undergoing a significant evolution since Berners-Lee et.
al. unleashed the semantic web possibilities in 2001 [2]. The ultimate aim of the
semantic web is to revolutionise today’s web (a human friendly and dependent
information repository) into a machine (agent) friendly backbone connecting
automated service providers across the Internet.

The existence of content markup and service description languages (e.g.
DAML-S and WSDL [12]) alone is not enough to realize the semantic web vision.
Many have identified the importance of service compositions [5,13] for develop-
ing more complex services using existing services available on the network.

Agents and agent technologies are well recognized as the key players and
the active components in the semantic web world [2]. They are to interpret,
manipulate and execute web services in an open environment.

Viewing web services as agent services, as far as we are concerned, a service
composition problem naturally turns into an agent coordination and collabora-
tion issue. In this paper, we present a novel infrastructure that uses teamwork
framework to realize flexible and robust service composition.

It is well known that the success of the current Web attributes to its ease of
use and the fault tolerance nature of web browsers. If the Semantic Web is to
enjoy a similar level of acceptance by the large majority of normal end users,



intuitive service composition tools should be developed to enable users browsing
and combining services in a familiar way as browsing and using the Web content
today. We have implemented a prototype system in order to explore such vision.

The Web is an open environment where services are deployed by different
organizations using various technologies. One of the key characteristics of an
open environment is that services are not available reliably all the time. The
system evolves over time and new services may be added at an ongoing basis.
A successful system operating in such environment must be both flexible and
robust to cope with the uncertain nature of the environment.

Previous study of Beliefs, Desires, and Intentions (BDI) architecture has
shown it is one of most successfully implemented platforms (e.g. JACK [4] and
JAM [9]) for developing systems in dynamic environment [7,14]. In addition,
work on teamwork addresses issues of how to improve robustness of systems
consist of numerous agents (discussed further in Section 4). For this reason, we
use a BDI architecture, JACK agent development framework, which also provides
an extension for teamwork for the deployed prototype system. We present a
generalizable extension of such a teamwork model that is particularly suitable
for representing composite services.

Our prototype system is built for, and deployed in, the Agentcities® net-
work. Agentcities is an international initiative, which aims at facilitating the
exploration of a worldwide open network of platforms hosting a variety of inter-
operable agent services. Agentcities grew out of the work of the Foundation
for Intelligent Physical Agents (FIPA)?*, which is a standards body focussing
on standards and infrastructure for rational interaction and cooperation among
heterogenous agents.

In this paper, we present:

— A novel view of service composition as a loose form of teamwork, and an
exploration of a team programming environment as a base for service com-
position;

— The use of a goal directed BDI framework to assist in achieving robustness;

— Development, of mechanisms for repairing a plan in the event of a team
member (i.e. a service provider agent) becoming incapacitated or failing to
provide the needed service.

In the following sections we present a general approach for realizing our vision
of a service composition tool and explore key characteristics of the design of our
prototype system. It is known as ASKIT, Agent Service Komposition Interface
Tool . In section 2, an overall architecture is described. Section 3 introduces the
key concepts of a BDI team oriented programming environment, JACK Teams.
Section 4 explores the team view of service composition, followed by Section 5
describing our extension to the current team plan model. Section 6 compares
our work with others and the paper concludes in section 7.

3 http://www.agentcities.org

4 http://www.fipa.org

5 The prototype of ASKIT for demonstration purposes is available at
http://agentcities.cs.rmit.edu.au:7198/agentcities/login.jsp.



2 An Overall Architecture

Figure 1 depicts the key components and data flow of an infrastructure that
supports automatic FIPA compliant agent service composition. It consists of
three core components:

— Web interface is responsible for collecting data from end users.

— Service discovery and registry module keeps service provider details, service
types and service APIs. It is also responsible for populating the Web interface
and display available service APIs in an intuitive manner to the end user.

— Team plan generation module is responsible for generating abstract com-
posite service specification from the Web interface data, generate abstract
team plans, backtracking upon plan failures, and generating prozy agents for
interacting with service providers.
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Fig. 1. A service composition Infrastructure

In the context of research presented in this paper, a service is modelled as a
service type and a list of interfaces associated with the service. Each interface
has a list of expected input parameters and a list of expected output values. For
example, a bank service type has interfaces to open an account, it takes your
name, address and passport number as input values, and it returns your account
number as an output value of the interface®. Multiple instances of the same
type of service can be available on the network simultaneously. For example, it
is possible that several CD seller services are available on the network, offering
competitive prices. This is one of the key characteristics of the open environments
where services may appear or disappear by the interest of service providers, and
services are not reliably available all the time.

5 Due to the limit of pages, interested user are referred to the ASKIT Web site for
further details.



The interface also allows a user to specify the control sequence of a com-
posite service by combining the existing services sequentially, or in parallel, or
combination of both.

One of the key characteristics of our architecture is composite services is spec-
ified using service types rather than service providers. When composite services
are executed, the infrastructure identifies appropriate service providers depend-
ing on the configuration of the environment. This enables us to implement a
flexible and adaptive service composition tool which in particular suits for the
dynamic and evolving Web environment.

The current model of services makes simplifying assumptions about service
description and Ontology issues. Currently, the system only interacts with a
known set of services using directory facilitators for agent service discovery.
However, this should not influence the demonstration of our service composi-
tion ideas. We expect to extend the Service Discovery and Registry module to
accommodate the current industry standard such as UDDI’.

The infrastructure automatically generates the source code for a team proxy
agents that are responsible for interacting with each service provider agent so as
to fulfill the specified composite service. This is based on our view of composite
services as teamwork among service provider agents. Section 4 has further dis-
cussion on this, and Section 5 describes how the current model of teamwork can
be extended to improve the overall flexibility and robustness of the system.

3 JACK Teams

JACK Intelligent Agents”™ is an extension of the Java programming language
designed to provide additional programming constructs for developing applica-
tions 8. It is based on the Beliefs, Desires, and Intentions model [3] and previous
practical implementations of such systems, for example, JAM [9].

The BDI agent model is an event-driven execution model providing both
reactive and proactive behaviour. In this model, an agent has certain beliefs
about the environment, has goals (desires) to achieve, and has plans (intentions)
describing how to achieve goals. One of the key strengths of the BDI architectures
is their ability to recover from failures by selecting alternative plans to achieve
the same goal.

JACK Teams is an extension of JACK Intelligent Agent”™ for Team Ori-
ented Programming. It is a nuance of Agent Oriented Programming aimed at
developing teams of agents. Programming of teamwork amongst agents is an
area that has been recognised as causing a range of challenges and difficulties.

JACK Teams does not operate with the traditional constructs of mutual
belief, joint goals, and joint intentions [6]. Rather it has a hierarchical team
model where the team entity at each level is reified and contains its own beliefs,
goals and intentions, giving a model of team. JACK Teams takes the approach

T Universal Description, Discovery ad Integration of Web Services at
http://www.uddi.org
8 An evaluation package is available for download from www.agent-software.com.au



of modelling the team as a specific entity, separate from its members. Having
a team entity explicitly modelled allows for reasoning to be done at the level
of the team, rather than at the level of team members. Thus reasoning about
which team plan to use, based on the situation, is encapsulated within the team
entity.

Roles are conceptual entities which are defined by the events that are required
to be handled by that role, events that can be generated by that role - with
the expectation that the team entity will handle these and beliefs which are
propagated to and from the role.

A team plan is used to describe how to go about achieving a particular goal
of the team executing the plan. A team plan declaration includes a set of team
members required to achieve its goal (called role positions). The strategy within
a team plan typically involves co-ordination of its team members. It is described
in terms of role positions associated with the team plan using programming
constructs such as @team_achieve(...) (sets out a goal for a team member) and
@parallel(...) (executes multiple tasks concurrently) statements.

A team entity declaration includes what roles the team uses. Once a team
entity is instantiated, it is possible to assign members to role containers which
can be thought of as groupings of team members, organised according to the
kind of function, i.e. role, they can have within the particular team. At this
stage there is no commitment for any particular team member to play a part
within a given team plan. Once the team entity chooses a plan to execute in the
service of one of its goals, the role-positions required by the plan must be filled
by particular agents from the role containers. It is only when a member accepts
a role position in a particular plan that it commits to acting on behalf of the
team.

JACK Teams is especially well suited to modelling larger organisations where
there is a hierarchical structure which can readily be modelled as teams within
teams. In these contexts the concept of the team as an entity which can itself
be a team member is very powerful.

4 Composite Services and Teamwork

In this section, we present our approach of viewing composite services as a form
of teamwork. A comparison study is also presented to differentiate our approach
from the existing teamwork literature.

4.1 A Team Plan View of Service Composition

In the work presented in this paper, we view a composite service as a particular
form of hierarchical teamwork involving an agent pursuing goals on behalf of
its user and service providers. In this model, only the user agent views its ser-
vice providers as its team members, and the service providers do not have any
awareness of their roles played within the team.



The standard view of agent interactions in a system such as Agentcities is
that interaction between agents happens according to protocols which are agreed
in advance and which form the basis of interaction patterns between participat-
ing agents. One of the difficulties of the protocol based view of agent interactions
is that the protocols must be decided in advance, prior to the development of all
agents who will use these protocols. In this context, we refer to an interaction
protocol as a description of exact sequences of permitted messages between the
interacting agents (service providers). It is a useful implementation level descrip-
tion of interactions, and developers of the system should follow the specification.
It is important to note that such a specification includes all possible scenarios
of the conversation including successful and failure cases of the interaction.

Our view is that while some basic protocols are necessary at the imple-
mentation level, it is useful to be able to specify and program customized and
extended conversation using the existing services without detailed specification
of individual conversation. That is, such a specification of composite services
should only capture the new scenarios of composite services without showing
every possible conversation with every individual services. In our approach, the
translation process of such a specification of composite services deals with the
detailed specification of individual conversations.

This is one of key characteristics of our system which enables the end users
with limited programming experience to compose new services using the services
available on the network. From the end users’ perspective of our system, the
specification of a composite service is only a matter of specifying synchronization
and co-ordination of existing services and input values for each service.

Such an abstract representation of composite services captures the aspects of
a composite service that are concerned with the co-ordination and synchroniza-
tion of messages between the service providers and the initiating agent. Team
plans as described in the previous section are concerned with synchronization and
co-ordination of activities done by different agents. Consequently we see team
plans as an ideal tool to use for both coordinating the actions and interactions
of agents and for composing the services offered by other agents.

In JACK Teams, the separation of teams from individual agents enables
an abstract specification of coordination strategies as team plans. An individual
agent then figures out how to achieve its assigned task from the team and reports
the outcome of the assigned task once it finishes the execution. In fact, such an
approach of teamwork model enables an implementation of service composition
model which we proposed above.

In this model, team plans are used to capture the order of execution of
composite services. It only captures the sequence of interaction which the end
user of our system specified. An individual interaction with a particular service
provider is represented as a task for a team member to achieve, and it is the team
member’s responsibility to ensure coherent interaction with the service provider.



4.2 Roles of Proxy Agents

A service composition involves more than a simple exchange of messages between
service providers and a user agent. For example, an interaction involves discovery
of service providers, management of different interaction protocols, and message
delivery over the network just to name a few issues involved. Furthermore, service
providers are not aware of their roles within a team. For example, a service
provider could disappear any time during the interaction, and it does not agree
to meet any responsibilities as a member of a team.

Prozy agents are responsible for the management of individual interaction
with service providers. Proxy agents hide most of the environment specific re-
quirements (FIPA standards in this case) and ensure reliable interaction with
unreliable services. Key roles of a proxy agent are summarized below.

— Failure Management: Proxy agents deal with failure of various kinds, eg. a
restaurant booking service is unable to make a booking due to its restaurant
is fully booked.

— Time out management: An prory agent monitors the progress of an inter-
action. It declares failure if the service provider associated with the proxy
agent does not reply within a reasonable time.

— Interaction protocol management: Currently each proxy agent knows FIPA-
QUERY and FIPA-REQUEST interaction protocols. Depending on the in-
teraction protocol used by a service provider, the proxy agent prepares ap-
propriate messages.

— Content language management: Conversion of content language to/from an
end user friendly format.

— Message delivery management: Delivers messages over the network and re-
ports any failures.

The proxy agents implement the basic requirements to play a part in a team,
and it enables our view of composite service as a form of teamwork transparently
to service providers.

4.3 A Comparison with the Teamwork Literature

Over the past decade, theoretical analyses of teamwork [6,8,11] have lead to a
variety of practical approaches to facilitating the implementation of coordinated
agent activity, e.g. [1,16]. It is aimed at decreasing the complexity of developing
a team of collaborative agents and improve the overall robustness of the system.
Aspects of this have been well illustrated by empirical work, e.g. [16].

In the teamwork literature, collaborative activities are typically achieved by
team members having certain beliefs about the team while executing team plans.
For example, [6] argue that teamwork involves more than team members obeying
certain rules, but also team members having certain commitments as a member
of the team such as being responsible to make its knowledge about the progress
of the current goal mutually known when it knows something different from what
was known previously.



In comparison with the previous work on teamwork, our view of composite
services as a form of teamwork has a much looser notion of teams. Our approach
realizes that a service composition is analogous to a specification of team plan
from the perspective of a user who is composing the services. Furthermore, the
implementation of the service composition infrastructure based on the teamwork
framework would complement each other since both domains inherently share
the similarities.

Despite the fact that our approach does not comply with the previous work
on teamwork in several aspects, we can assume the outcomes of co-operative
tasks, i.e. composite services, will not suffer from constant failures due to lack
of understanding as a team amongst team members. It is based on the assump-
tion that service providers are typically co-operative once they agree to provide
services although the services can be expensive 9.

In the service composition domain, we believe a reliable discovery of services
and a smart recovery strategy from failed interaction are important to achieve
the robust execution of composite services. Section 5 describes our approach to
improve the current model of teamwork to address these issues.

5 Extending Team Plans for Robust Execution

In any form of teamwork, an outcome of joint effort largely depends on the par-
ticipating team members’ performance as well as the environmental influences.
For example, one of the major motivations of Tambe’s work [16] on his general
model of teamwork is to improve the overall robustness of executing joint plans
by having generalised model of teamwork as a part of the underlying infras-
tructure. A large portion of the underlying teamwork model is concerned with
the behaviours of failed team members. Furthermore, additional work has been
done to improve the robustness by exploring the possibilities of monitoring the
progress of team members [10].

The uncertain nature of the open environments introduce a new problem
to the current teamwork models which has not been addressed in the current
practical work on BDI platforms and teamwork models. Typically, the failure
recovery approach available in such systems is the infrastructure support to se-
lect an alternative plan to achieve the same goal. This process continues until
either the goal is achieved or all applicable plans failed to achieve the goal. Such
an approach to failure recovery potentially imposes computational redundancy
especially in the service composition type of teamwork. For example, unless a
smart team member selection algorithm is implemented in the system, an alter-
natively selected plan could select a completely different set of team members
and the effort of previously selected team members is completely wasted. In
other words, in face of a certain sub-team failure, we do not want to reconstruct
the whole team again, we want to be able to replace only the failed sub-team or
team member.

9 We are currently not concerned with the security issues of open environments.



We propose a new approach of failure recovery which extends the current
model of teamwork as an additional means to achieve the robust execution of
team plans. In this model, a failed plan is analyzed to identify the cause of
failure, finds a replacing team member for the failed step, performs backtracking
and the failed plan resumes with a new set of team members.

This approach is based on our observation of composite services in open en-
vironments where the failure of a particular service does not often indicate the
failure of the entire composite service. This approach is suitable given the fact
that there are multiple instances of the same type of service available, and ser-
vices are typically independent of each other since they are deployed by different
organizations. Also bear in mind, we are trying to develop an easy to use ser-
vice composition tool for end users who have limited programming experiences.
Therefore, it is more desirable to ensure the robust execution of specified com-
posite services, rather than relying upon the users to specify alternative plans
to achieve the same goal.

In our approach, a generated team plan is executed until either the plan suc-
ceeds, or all combination of team members (service providers) are attempted and
have failed to fulfil the requirements. This is an additional level of backtracking
we built on the existing BDI model of failure recovery. The backtracking process
involves five steps:

1. Find a failed step in the team plan

2. Find an alternative service provider of the same type and replace the failed
service provider

3. Mark all the interfaces associated with the failed service provider as not
ezecuted

4. Identify any other steps which depend on the output of failed steps and mark
as not ezecuted (perform this recursively)

5. Re-execute the plan

To implement the backtracking strategy, we implemented an additional data
structure which keeps track of the current execution state of a team plan. The
data structure holds information required to perform the backtracking, which
includes information such as an ezecution-state flag (true if it was successfully
executed), dependency with other steps in the plan, and assignment of a team
member to a role. Dependencies amongst the steps of a team plan are analyzed
at the compilation time of the user specified composite services.

A hypothetical example illustrating the need for smart backtracking is a
situation where a user wishes to purchase a hi-fi unit for his office, and a CD,
but also wants to check that the hi-fi unit chosen is one for which there is a
suitable power supply amongst those available at the workplace. Assume there
are agents selling hi-fi units, an information agent providing information about
available power supply units and agents that sell CDs. It is necessary to select a
hi-fi unit in order to check availability of the power supply, as this is different for
different units. However the user does not want to commit to purchase until it
is confirmed that an appropriate power supply is available. Figure 2 illustrates
the interaction.
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Fig. 2. Hi-Fi Ordering Example

Assume that the first three steps execute successfully, but the fourth step
fails as the agent has now sold the hi-fi that was available. This necessitates
going back to redo the first step. The third step will also need to be re-done,
as it is dependent on the output of the first step. The second step on the other
hand is independent and does not need to be repeated. Our system takes care
of these dependencies, backtracking to redo only necessary steps.

The additional level of backtracking we developed could easily be extended
to implement a generalized model for other domains. Our approach potentially
provide a useful basis for development of multi-agent systems, in particular where
a selection of team members is important.

6 Related Work

In this section, we discuss three pieces of related work that are strongly relevant
to our work presented in this paper.

eFlow [5] is a service composition platform designed for specification, man-
agement, and execution of composite services using the existing Web-based ser-
vices, primarily designed for the future e-business applications. The project aims
at developing an enabling technology for more customisable and dynamic com-
posite services. A composite service is modeled as a graph which defines the
order of execution. The nodes in a graph includes service selection rules, which
enables a dynamic selection of service providers. The system is flexible to in-
corporate new services and broker agents as the configuration of environment
changes over the time.

eFlow and the ASKIT share great deal of similarities. In particular, both
approaches enable specification of sequential and parallel execution, dynamic
allocation of service providers, and provides support to access every instances
of the same type of service just to name a few common characteristics. eFlow



focuses on the development of infrastructure support for organization deploy-
ing services and manage their services easily. In comparison, our project aims
at developing a service composition tool that enables end users with limited
programming experiences compose flexible and robust services using services
available on the network.

SWORD [13] is another implemented service composition tool. In SWORD,
a service is represented as a simple rule using its expected input values and
output values. Those rules of existing services are stored in a rule-based expert
system and they are used to determined if a new composite service can be realized
using the existing services given the expected input and output values of the new
service. The primary contribution of their work is their approach of automatically
generating new composite services. Our approach differs significantly in that our
interface enables a user compose customized services by directly manipulating
a set of service types currently available on the network. Ultimately, these user
specified composite service can be kept in plan libraries for re-use.

Sycara et. al. [15] present an agent capability description language called
LARKS that is used for the matchmaking process of services available on the
Internet. Their work is primarily concerned with the development of a service de-
scription language and the implementation of the efficient and adaptive match-
making process. Work on service description languages such as LARKS and
WSDL is important for the service registration and discovery aspect of our sys-
tem.

7 Conclusions

In this paper, we present a service composition tool-ASKIT, which enables users
with limited programming experiences to compose customized services using the
existing services available on the Agentcities network. We extended the cur-
rent teamwork model in that a failed team plan is repaired by only replacing
the failed team member, i.e. service provider, but not discard the whole team.
Backtracking is performed so that the failed plan resumes its execution with-
out any redundancy. We demonstrate such a failure recovery method using an
fictional example composite service. Aspect of key features of our system are
demonstrated through the web interface.

Being a prototype system, ASKIT has demonstrated the feasibility of imple-
menting composite services using team plans. Moreover, the prototype system
is developed on Agentcities network and has live interaction with other agent
services. Currently, we are working on simple hierarchical team structures, where
the team coordination is heavily imposed upon the personal user agent (the ab-
stract team). Future work will look into other team architectures, taking into
account joint intention and commitment using belief propagation among team
members. We will also look at the Web services in the commercial world to com-
pare the agent and teamwork approach with the standard industry approach.
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