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error-prone.
Key words: semantic web service composition; multi agent systems; fractal theory; location
based application; supply chain management

1. Introduction
Nowadays, the enterprise environment is heavily influenced by the evolution of the
IT&C technologies. These changes mainly influence the collaborative economic environment
the dynamics of knowledge management and increase the level of competition at a global
scale. Therefore, adapting and efficiently taking advantage of these changes represents a
real challenge for the top and medium management. The enterprise steering committee has
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to permanently by updated with the latest discoveries so that to obtain maximum
satisfaction.
The 21st century, knowledge management has changed a lot due to software and
hardware progress. As a consequence, we can affirm that one of the main features of
knowledge management is its dynamism. As part of the enterprise environment, knowledge
represents added value and contributes as a key factor in assuring sustainable economic
growth and increased profit levels. An intelligent management strategy has to be aware of
all these changes and to take action so that to maximize the effective use of knowledge. In
order for them to gain market shares and to be competitive it is very important to have
efficient knowledge management strategies and to be able to take advantage of the new
technologies that are continuously emerging. Furthermore, because companies’ profitability
is mainly influenced by the manner in which their products or services are perceived by
customer we can state the fact that the growth and implicitly the investment strategies
become product and customer oriented structures. In the context of dynamic business,
maximizing and optimizing business performance is a critical requirement for profitability.
The modern economic behaviors are the most accurate and visible proof of the
impact the knowledge dynamics has over the traditional types of needs and opportunities.
Moreover, all these transformations that occurred are closely connected and have a great
influence over the globalization trend the economy is heading towards. The global market
can be characterized by increased levels of interoperability that reflect into the integration of
multiple and different information systems which are able to share, manipulate and combine
knowledge so that to facilitate the enterprise (or generally speaking organizations)
collaboration process.
Having given all the above facts, we can conclude that the very frequently used
term “integrated company” is not actual any more. Presently, it is substituted by collaborative
information systems composed of business networks that are linked to independent partners
that provide individual services and goods.
Knowledge management in such complex business and information structures can
be defined as an approach, strategically targeted, so that to motivate the members of an
organization to develop and use their cognitive capacities, sources of information,
experience and abilities by subordinating their own objectives to the overall objectives. In the
organizational environment, knowledge is derived from the information that is processed by
those who have the capacity to effective action, by assimilation and mainstream
understanding, followed by operationalizing the given contexts (Dragomirescu, 2001).
This paper presents a software agent based framework for modeling and
enhancing the performance of knowledge management and increasing its level of dynamism
by facilitating enterprise interoperability with the help of an automatic web service
composition module.
The first section of the article consists of a short literature review so that to establish
the place of our research in the current international research trends. And also draws a
parallel
among different automatic semantic web service composition solutions. In the
future sections we enlarge upon the technologies used for implementing the solution, the
architecture of the proposed framework. Furthermore, we will present a case study
application that we developed to validate the agent based search module of our
architecture.
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2. Current SWC solutions Analysis
In order to implement interoperable and collaborative applications, the current
research trend is heading towards determining the most suitable model for automatic or
semi-automatic composition of web services. There are many proposed software solutions
architectures for web service compositions, however up to now none of them has been fully
implemented in the real business world due to various drawbacks:
• lack of service availability and accessibility;
• large data volumes caused by numerous service descriptions;
• increased search time in web service directory;
The syntactic description of web service is not sufficient for the automation of the
web service composition and discovery process. A more detailed semantic description which
can annotate the request on the basis of common semantics is needed.
Collaborative and knowledge based applications are to be composed of a set of
semantically annotated web services and no longer be implemented separately. Therefore,
the composition of semantic web services has enormous potential in improving the
integration and collaboration in a wide variety of applications: business-to-business, location
based services, supply chain, etc.
Semantic web service composition mainly consists of designing and implementing
complex business logic workflows by organizing semantic annotated web services so that to
obtain a single semantic complex web service. In order to enable composition, web service
functionalities have to be described in detail by using either semantic or functional
annotation. In this manner extra information about their main function or about the way the
services behave is provided different from the classical syntactic web service annotation. For
further information regarding the functionality of a service such as preconditions, conditions,
effects, etc. the RDF description language is used. The RDF format uses semantic elements of
ontologies that have to be previously established depending on the application type.
By composing services not only that certain components may be used, but
processes can be integrated into applications by modeling the business flow. Automated web
services composition techniques can be classified into two categories: static and dynamic.
(Chakraborty and Joshi 2001).
The static web service composition technique refers to the fact that business flow
designers or business analysts manually implement the composition by predefining business
processes and by describing the interaction of their web services’ components. Dynamic
composition of services is not based on such predefined processes. It is rather based on
existing web service retrieval and dynamic assembly in order to meet the initial demanding
on the semantic content used in their annotation.
The traditional means for describing web services’ functionality do not have enough
semantic information to be used in the composition. The new trend in web services
development can be characterized by the use of ontologies in order to achieve a complete
description of them. This type of semantic annotated web services is called
semantic web services (Mcilraith, Son and Zeng 2001). The semantic web services
composition problem also focuses on the automatic and flexible discovery of services.
The recent research in semantic web services are largely focused on handling
requests for task-oriented services and on obtaining information in distributed environments
such as the internet information.
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One of the first papers (Zhang, et al. 2008) which tackle with this subject performs
a detailed analysis to determine the integrated applications’ pattern for modeling business
processes within enterprises and introduces a semi-dynamic module for automatic
composition of such semantic web services. In order to achieve this objective, the authors use
an integrated applications’ ontology in the field of modeling business processes within
enterprises to provide not only basic semantic concepts, but also concepts and terminologies
that are used to describe services and to define abstract business processes.
Abstract business processes represent the static part of the semi-dynamic semantic
web services composition and it is dynamically attested at runtime through the automatic
discovery process. Such a method combines the advantages of static and dynamic
composition of services and carries out the semantic based integration for business processes
modeling applications. One of the major problems the automatic service composition faces
is related to assembling individual services based on their functional specifications to create
added value and satisfy a particular service request.
Most approaches to automatic composition of services are based on artificial
intelligence planning techniques (Thakkar, et al. 2002), (Mcilraith and Son, 2002), (Wu, et
al. 2003). All these techniques require that all relevant service descriptions are loaded into a
reasoning engine. Due to the very large number of service descriptions and the weak link
between suppliers and consumers, services are indexed in specific directory. The problem
occurs when loading a directory that contains such a large volume of data. To solve this
problem it is necessary that the planning algorithms should be changed so that only the
relevant descriptions to be dynamically extracted from the directory during the composition
process (Constantinescu 2004), (Constantinescu, 2005).
In such an approach, a single service composition involves many complex queries
of the associated indexed directory. For example, if composition algorithms such as "forward
chaining” are being used, each query processing up to 20% of data stored in the directory
even if it has an optimized index structure (Constantinescu, 2005). Taking into account that
such a directory is a public resource where bottlenecks may occur the problem becomes
more complex and complicated to handle.
In addition to the above presented solutions there are some abstract ones based on
Colored –Petri Nets (Qian, Lu and Xie 2007), Petri Nets (Hamadi and Benatallah 2003),
mathematical models, etc.
In (Qian, Lu and Xie 2007), the authors focus on automatically synthesizing desired
composite service through available services. The first contribution of this paper is a general
description model of services. This paper also proposes a Colored Petri Net (CPN) based
service model MOAP which indicates the relationship between messages (data) and service
behaviors. The second contribution of the paper is an effective technique for automatic
service composition.
In (Hamadi and Benatallah 2003) the authors propose a Petri net-based algebra for
composing Web services. The operators that are used for composing web services are
directly link to Petri nets by expressing their semantics in terms of this particular type of nets.
The first result of such link is the fact that every service can be expressed as a Petri Net. The
advantage brought up by the use of Petri Nets is related to their ability to simulate workflow
patterns, operations and properties of web service composition.
The non-abstract web service composition techniques can be grouped into several
guidelines according to the research trends that they follow.

4

Knowledge Dynamics

Table 1. Semantic web service composition techniques and their objectives
Web service Composition technique

Objective

AI-planning

Finding a path (action plan, sequence of actions) from
the initial state to a preset state (target state).
Finding dependencies between services in so that to
synthesize a composition plan that matches the
request

Chaining techniques

In (Talantikite, Aissani and Boudjlida 2008) we can see a complex approach to web
service composition that combines graph based abstract models, chaining algorithm of
expert system and semantic annotations. The authors use an inter-connected network of
semantic web services that are semantically annotated with OWL-S. The concepts of the
ontology enable them to measure the similarity between the outputs and inputs. The
advantage brought by this approach is that the composition algorithm can find several
composition plans in only one exploration phase. Afterwards the composition plans are
being filtered according to precise quality criteria composed of: similarity, time and memory
space quality metrics.

3. Technologies Used for Developing the Business
Application Framework
3.1. Semantic Web Services
Web Services are internet based technologies that enable the process of making
connections. Services represent the elements that are being connected with the help of web
services. A service is the endpoint of a connection. Moreover, a service has some type of
underlying computer system that supports the connection offered. The combination of
services – both internal and external to an organization determines a service-oriented
architecture.
Services are platform-independent software entities that can be described,
published, discovered, and loosely coupled in different ways. They can perform different and
complex functionalities from answering simple requests to executing sophisticated business
processes requiring peer-to-peer relationships among multiple layers of service consumers
and providers. Furthermore, they have features that permit software reengineering and also
software reusability and transformation into network-available service.
Presently, the most highly used web services technologies only provide syntactic
descriptions, making it difficult for requesters and providers to interpret or represent
statements such as the meaning of inputs and outputs or applicable constraints.
As it was stated in the first section, enterprise interoperability and knowledge
dynamics represent some of the most important guidelines in developing efficient business
flow modeling application. Due to this fact, a lot of research was carried on in this domain.
The current trend is to determine the most suitable applications’ architectures that fulfill the
previously mentioned requirements.
Such applications should be characterized by:
• an increased level of platform-independence for each component;
• interoperability;
• scalability ;
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•

flexibility;
Web services are software applications that are characterized by these features and
are available in the distributed environment of the Internet and are based on XML
(eXtensible Markup Language). The functionality of web services is usually presented in a
syntactic manner by using standards like: UDDI (Universal Description, Discovery and
Integration), WSDL (Web Service Description Language), SOAP (Simple Object Access
Protocol).
UDDI is a virtual registry that exposes information about Web services.
WSDL provides a XML based model format for describing web services functionality.
WSDL represents a syntactic interface for web services. The description provided by WSDL is
separated into two parts: an abstract description of functionality and a particular one that
illustrates the details of the web service (“how” certain behaviors are being implemented and
“where). WSDL describes only the syntactic interface of Web services.
SOAP is an XML based protocol that is used to exchange structured information in a
decentralized and distributed environment. The role of the XML is to define an extensible
framework of messages. With the help of such a framework messages, that are to be
exchanged through other related protocols, are being constructed. SOAP is not related to
any particular programming model and is independent from any specific semantics (Gudgin,
et al. 2003).
However, the syntactic description does not provide all the necessary information
about a service especially for the web service composition process. For this reason, the
semantic annotated web services are used. In order to achieve this objective, they provide
functionalities for creating, managing and transforming semantic mark up. The semantic
annotations are considered to be conditions and effects of web services and are explicitly
declared in the Resource Description Format (RDF) using terms from pre-agreed ontologies.
Consequently, it enhances the ability of smart agents to understand, transform and deliver
messages over the web.
3.2. Semantic Web Service Composition
The main goal for using semantic web services is that to increase the possibility of
automated service discovery, composition invocation and monitoring over the web and in
this manner to assure interoperability and collaboration between different business flow
modeling applications.
The semantic web community is conducting complex studies in order to determine
the most efficient methods for synthesizing web services’ complex behaviors and determining
an universal semantic representation for the transformation that occur. In this way, web
services will be easier to discover on the internet by specific subscribers and also it will be
easier to assure web service composition and interaction in Service Oriented Architecture
based solutions.
The applications that implement web service composition have a SOC (Service
Oriented Computing) architecture that is based on SOA. This type of architecture uses
services to support the development of rapid, low-cost, interoperable, evolvable and
distributed applications.
As it is stated in (Papazoglou, et al. 2007), according to SOC research road map,
SOC provides a logical separation of functionality into three planes:
• service foundations at the bottom

6

Knowledge Dynamics

• service composition
• service management and monitoring
This logical stratification is based on the need to separate:
• basic service capabilities provided by a middleware infrastructure and conventional
SOA from more advanced service functionality needed for dynamically composing
services,
• business services from systems-centered services
• service composition from service management.
3.3. Multi-agent Systems
Multi-agent systems are formed by a certain number of agents that interact with
each other. The major advantage of such systems consists of the fact that simple individual
behaviors combine into complex ones. Furthermore, another important feature of multi
agent systems refers to their ability of decomposing complex problems into more easily
manageable sub problems. According to (Bodea and Mogo 2007), this idea can be applied
in many research domains such as for decomposing complex based geospatial problems or
supply chain management problems: negotiations, discovery, offer analysis etc. Moreover,
they can be used to complex data mining in logistic applications.
In (Genong, et al. 2009) it is illustrated that agents can communicate and interact
with each other through ontology language which stands for communication languages.
Agents can be managed and discovered through a centralized directory, peer-to-peer
discovery, or hybrid mechanism. Agent mobility provides a mechanism to extend stabilities
and sustainability of semantic web services in a distributed environment.
One of the major uses of multi-agent systems is related to manufacturing
companies. In this case, agents are used to gather information over the web and to
transform it into knowledge by adding value. However, if agents are used without combining
with semantic web services technology, they fail to respond to the continuously changing
business environment in the nowadays knowledge driven society. According to (Weiming, et
al. 2007), the failure is associated to the fact that they function on a predefined agreement
without being flexible. On the other hand, pure web-based technologies, including web
services, cannot fulfill the needs of virtual enterprises applications, because: they do not offer
the possibility to automatically discover corresponding services at run time. Also, web service
description offers only a technical presentation of the features offered and not a semantic
one. Last but not least the description of business processes and security features
implemented by using web services are not very reliable because this domain is still in an
incipient phase.
Intelligent software agents have been used in enterprise independent software
systems integration process, not only to assure an approach for functional integration, but
also to facilitate the use of business intelligence and collaboration among enterprises for
their communication, interaction, cooperation, pro-activeness, and autonomous intelligent
decision making.
In order to achieve the objectives of the current enterprise interoperability trend, we
propose a framework that combines web services and software agents so that to provide an
efficient service discovery, retrieval, composition and integration. This paper proposes an
agent-based service-oriented integration architecture, where enterprise Web services are
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dynamically discovered using agent behaviors and specific ontology for communication and
retrieval.
Multi-agent systems are closely connected to web service technology because they
represent interoperable, portable and distributed solutions. Agents and web services may be
related in different ways: agents use web services, web services are in fact agents or agents
are composed of, deployed as, and dynamically extended by web services (Martin, et al.
2005).

4. Web Service Composition Framework
The proposed framework combines the template-based and AI Planning web
service chaining approaches. Based on the composition request and user experience, both
automatic and semi-automatic web service composition can be used. In order to facilitate
the composition process, web services are managed by intelligent agents. This transforms
the RESTful web services into Stateful entities (OASIS 2005) that can maintain their state
between calls. Using many intelligent agents, each following its own goal during the
composition process helps distribute the composition effort and also avoids performance
bottle-necks. All web-services must be previously annotated using OWL-S in order to identify
their purpose. While WSDL (Booth and Canyang 2007) provides a syntactic description
containing information regarding the structure of the input and output parameters,
semantics provide a description of what the web service actually does.
4.1. Framework Components
Warping one or more web services as an intelligent agent is also known as
agentification (Yang, et al. 2004). Not only web services, but also legacy applications can be
“agentificated”, thus reducing the costs of implementing the proposed framework by using
existing software.

Figure 1. Web Service Composition Framework
The main components and relations between them can be seen in Figure 1.
Agents that can execute a specific task can be found using the Composition
Directory Facilitator Agent (CDF) and the several domain specific CDDF. All agents in our
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platform are registered with at least one CDDF agent. In order to find a web service capable
of completing a specific task is need, the CDF agent will be first queried to identify the
corresponding CDDFs, which in turn allow searching for agents. For a distributed
implementation, multiple CDF agents can be run on different machines.
The Composition Design (CDA) and Composition Execution (CEA) Agents support
the design and execution of web service chains. By assigning individual agents to each
request, we both improve scalability and avoid creating a performance bottleneck.
The Web Service Composition (WSC) Designer allows creating and editing web
service chains in an interactive manner. It also offers the possibility to test and validate the
created web service chains as well as displaying several statistics regarding estimated
duration and availability.
The communication between agents is implemented using FIPA compliant ACL
messages. The proposed framework was implemented using JADE (Telecom Italia n.d.) (Java
Agent Development Framework) and JENA (Hewlett-Packard n.d.) frameworks.
4.2. Fractal Web Service Composition
Web service composition implies finding a sequence of services that when called
helps achieve a certain goal. In our approach, existing web service chains can be combined
in a fractal like manner to easily create new and more complex web service chains. Similar
to using components in classic programming, this approach has several advantages like the
reduction of the development time and a higher QOS (Quality of Service) as a result of using
already tested web services. Also, the solution becomes more adaptable, as, if needed, web
services can be replaced with smaller effort.
Implementing a framework that eliminates the need to manually bind available
services is particularly important in today’s changing economic conditions, as it allows
business using the proposed framework to quickly adapt to market changes without waiting
for internal IT development projects or for long software vendor release cycles (Bussler
2007).
All web service chains in our framework are stored using WS-BPEL (Web Service
Business Process Execution Language) (OASIS 2007) and can effectively be used as building
blocks to create new service chains.
The design of the newly created chain starts in the WSC (Web Service Composition)
Designer Module of our framework. The user has the possibility to either create a completely
new chain or to modify an existing one. From the user’s perspective the web service chain is
composed from a succession of actions or sub-goals that must be performed in order to
achieve a certain goal (Qian, Lu and Xie 2007). The user must specify the available input
data and the requested output information.
For each action defined in the interface the following steps will be performed:
Step 1 – Action Matching: The CDA agent semantically queries the CDF and
CDDF agents on all machines searching for Web Service Agents (WSA) that can perform the
requested action and begins a parallel negotiation with all found agents. If no matching
WSA can be found, the CDA agent will request the user to decompose the action into more
elementary actions and will repeat the first step.
Step 2 – Input parameters: Every candidate WSA agent compares it’s input data
with the internally mapped web service or web service chain input parameters. In case any
input parameters don’t match, the WSA agent will itself query the CDF and CDDF agents in
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order to find an agent or a chain of agents capable of performing the required
transformation. If still needed the found agents can themselves repeat the procedure. Thus,
the web service composition is performed in a manner similar to fractal theory, as each WSA
agent can recursively call other agents. In order to limit the search space a maximum
number of agents used to model an action can be specified.
Step 3 – Output parameters: Each caller agent, including the CDA verifies the
correspondence between the called WSA web service output parameters and the requested
output parameters. In case any output parameters don’t match, an agent capable of
performing the required transformation will be searched using the CDF and CDDF agents
similar to Step 2.
Step 4: The best WSA agent or WSA agent chain is selected based on estimated
execution time and availability statistics.
The final chain is stored so it can either be called directly or incorporated in new
chains. A corresponding WSA is created and registered with the CDF and CDDF agents.

Figure 2. Web service composition using individual services
Figure 2 presents a composition scenario for location based services and supply
chain systems in which the user’s goal is to create a web service chain that finds the best
route to deliver goods to customers. Based on his experience the user adds to actions:
identifying the goods to deliver in a specific area at a specific time and finding a route (1).
Based on this information, in Step 2, the CDA agent discovers the matching services
“Delivery Info Service” and “Route Finding Service”. “Address to GPS Service” is added to
convert between “Delivery Info Service” output and “Route Finding Service” input type.
“Traffic Info Service” supplies additional needed input data for the route finding service (2).

Figure 3. Web service composition using previously defined web service chains
In case the route should also be displayed on a map, a new web service chain can
be created as shown in Figure 3. Based on users added actions (3), the framework selects
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the previously defined chain and the “Map Service” capable of creating annotated maps
based on information and map images. “Imagery Service” is automatically added to supply
the parameters required by the Map Service.

Conclusions
Manual web service composition is both time-consuming and error-prone. The proposed
framework allows the implementation of distributed semantic web service chains by using a
semi-automatic approach. Organizations implementing such a solution will be able to better
cooperate and share their knowledge. Moreover, such systems can easily be extended with
new web service as they become available.
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