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ABSTRACT 

In the Service-driven Computing paradigm, applications are typically built by composing a set of Web services. 

Web service composition facilitates rapid development of applications via service reuse and enables the creation 

of complex services from simpler application services. Research efforts in the area of Web service composition 

are concerned mainly with two challenges, namely, automated service synthesis and verification of the 

composed Web services. This chapter presents a framework for Web service composition based on semantic 

specification through OWL-S to establish an ontological agent for automating Web service composition. The 

semantic description serves to define the planning domain for the agent to automate the composition procedure. 

A Petri nets model is applied to build a formal representation of the structure and behavior of the service. 

Finally, AND-OR graph methodology is used to represent the dependences among Web services to select 

between alternatives based on Quality of Service.  
 

INTRODUCTION 

The World Wide Web is evolving from being just a collection of pages to being a collection of services that 

interoperate through the Internet. Services provide a new Web model, in which, sites exchange dynamic 

information on demand. The Web has become a provider of different kinds of business to customer (B2C) and 

business to business (B2B) services for governments, organizations, and individuals. With the rapid growth of 

the Web, its services become more complex and versatile. When a single Web service is not enough to satisfy a 

required functionality, there exists the potential to compose new services from existing ones. 

 

Service composition, however, is a complicated task to be handled manually. The cause of complexity, in 

general, is three fold. First, the number of services available over the Web is continuously increasing which 

complicates the search in the massive Web service repository. Second, existing Web services may be updated 

and new Web services may be created on the fly, thus, an effective composition system should be able to detect 

those changes in order to make the decision based on the up to date information. Third, because Web services 

are developed and specified under a diversity of concept models, there are no agreements on a unique language 

to define and evaluate a given Web service. This diversity of the service composition complexities motivates the 

necessity for a semantic understanding of the Web services. These complexities dictate the inevitability of 

developing an automatic or semi-automatic tool for Web service composition. 

 

Automated Web service composition (WSC) is akin to both the Artificial Intelligence (AI) planning problem and 

software synthesis problem and draws heavily on the research areas of both (McIlraith & Son, 2002). Software 

synthesis refers to a process that generates functions, data structures, or entire programs from problem 

specifications (Hewett, 1996). Automated WSC is achieved through a reasoning system that organizes, 

combines, and executes Web services, which collectively achieves user’s objectives (Pistore, et al. 2005). The 

reasoning system involves resolving constraints between given Web service inputs, outputs, preconditions, and 

effects (IOPEs), and typically, the desired outputs and effects (OEs). For example, if one starts with user’s goal 

(some desired outputs and effects), and matches it to the outputs and effects of a Web service (modeled as a 

process), the result is an instantiation of a process plus descriptions of new goals to be satisfied based on the 

inputs and preconditions of that process. The new goals (inputs and preconditions) would hopefully match other 

processes (outputs and effects), so that composition intrinsically occurs. The constraints between these inputs, 



outputs, preconditions, and effects dictate the nominated Web services. Web service preconditions and 

(conditional) effects are not encoded in any existing industrial standard.  Yet, they are available as an 

unambiguous computer-interpretable form in OWL-S (Ouassila, & Zizette, 2011).   

 

Composition problems can be distinguished into two types (Martin et al., 2007): those that involve only 

information-providing services and those that involve both information-providing and world-altering services. 

The former requires a rich semantic representation of inputs and outputs (IO), whereas, the latter requires a 

representation of IOPEs. The findings of matching Web services to a given IOPEs could include several 

alternatives; therefore, a choice method must be available to elect one of them.   

 

The objective of the introduced ontological agent framework is to provide a higher/complex service by 

composing a set of Web services when no atomic service meets user requirements. The ontological agent 

accomplishes this task by manipulating user goals according to the OWL-S service description which defines the 

planning domain’s business process workflow for the agent. Service composition is established by transforming 

OWL-S process model to Petri Nets model to verify certain properties such as reachability, liveness, and 

deadlocks. Subsequently, the Web service discovery is based on the Petri Nets model information (IOPE).The 

discovered Web services are represented in AND-OR graphs which provide the convenience of selecting 

between alternatives based on QoS. 

 

This chapter is organized as follows: the next section introduces background for Web service composition 

languages (syntactic, semantic, and formal). The following section discusses how to transform an OWL-S 

process model to a Petri Nets model. Additional sections present the proposed Ontological Agent Framework for 

the automation of Web Service Composition (OAFWSC) based on OWL-S ontology and introduce a technique 

to select a plan of composed Web services from alternatives based on QoS. Finally, a comparison between the 

ontological agent method and other Web service composition approaches is summarized.  

 
 

BACKGROUND  

Web services are self-contained, self-describing, modular applications that can be published, located, and 

invoked across the Web. Web services adopt open standard interfaces and protocols. Consequently, they are 

increasingly utilized to integrate and build business applications over the Internet (Curbera, Khalaf, Mukhi, Tai, 

& Weerawarana, 2003). The specification of a Web service is expressed in Web Service Definition Language 

(WSDL) (Christensen et al., 2001). WSDL provides an abstract definition of the data being transmitted and 

operations that a Web service provides to transmit a message. The functionality of a Web service needs to be 

described with additional pieces of information, either by a semantic annotation of what it does and/or by a 

functional annotation of how it behaves (Koehler et al., 2003). 

 

Web services adopt client-server interaction protocol based on XML messages that follow a standard SOAP 

messaging protocol. Universal Description, Discovery, and Integration (UDDI) is a standard directory service 

where businesses can register and search for Web services. Web services are platform independent and work 

with any programming language. The level of automation provided by WSDL, SOAP, and UDDI standard 

protocols limit the benefits that could be achieved (Baryannis et al., 2010). Semantic Web Services, however, 

extend Web Services with semantic annotations in order to overcome this limitation. Semantic Web Services 

(SWS) could be generated by integrating semantic specifications with Web services. Such integration will allow 

automatic publication, discovery, selection, composition, mediation, and execution of business logic (Vasiliu, 

Moran, Bussler, & Roman, 2004). 
 

Orchestration versus Choreography 

Web service composition could be achieved either through orchestration style or choreography style. In 

orchestration, the participating Web services are under the control of a single endpoint central process which 

could be another Web service or agent. This central process coordinates the execution of the different operations 

on the Web services participating in the process. The invoked Web services neither know nor need to know that 

they were involved in a composition process and that they are playing a role in a business process. Only the 

central process (coordinator of the orchestration) is conscious of this goal, thus, the orchestration is centralized 



through explicit definitions of operations and the invocation order of Web services. Choreography, in contrast, 

does not depend on a central orchestrator. Choreography is based on collaboration of Web services. Each Web 

service that participates in the composition under choreography style has to know when to become active and 

with whom to interoperate. All Web services involved in the composition under this style must be conscious of 

the business process, the operations to execute, the messages to exchange, and the timing of message exchanges 

(Juric, n.d.). 

 

Orchestration is more efficient and flexible than choreography for the following reasons: 

 

 The coordination of process components is centrally managed by a specific coordinator. 

 The incorporated Web services will not be aware that they are taking part in a larger business process. 

 Errors and faults could be handled through the adoption of alternative scenarios by the orchestrator.  
 

 

Web Service Composition Languages 

A landscape of languages and techniques for Web service composition has emerged and is continuously being 

enriched with new proposals from different vendors and coalitions (Wohed, 2003). The main feature of Web 

Services is the reusability to build new applications, which often need to be defined as subtasks that are likely 

available as Web Services. Composition rules describe how to compose coherent Web Services. In particular, 

they specify the order in which, and the conditions under which, services may be invoked. Those definitions and 

rules are normally described through Web service composition languages. It is worth to mention though, that 

there are differences between syntactic (XML based) and semantic (ontology based) Web service composition 

languages. 
 

Syntactic Service Composition Languages 

Many languages have emerged and have been proposed in the literature for composition and execution of Web 

services as detailed below. 

 

Web Services Conversation Language (WSCL)  

WSCL is a simple conversation language standard based on modeling the order of interactions among Web 

services. Its function is similar to that of Web services choreography. WSCL allows the definition of the abstract 

interfaces for Web services. Since WSCL conversation definitions are themselves XML documents, Web service 

infrastructure and development tools are able to understand them (Peltz, 2003). 
 

XLANG  

XLANG specification was developed by Microsoft. XLANG enables constructing business processes and 

provides the possibility of interacting with Web service providers. The specification supports sequential, 

parallel, and conditional process control flow. It also deals with exception handling and supports long running 

transactions through compensation. XLANG can be exposed with a WSDL Interface (MSDN, n.d.).  

 

Web Services Flow Language (WSFL)  

WSFL was developed by IBM to specify public as well as private processes. WSFL defines the execution order 

of activities and data exchanges for a process. A WSFL definition can also be exposed with a WSDL interface; it 

provides support for the handling of exceptions, however, it does not directly support transactions (Leymann, 

2001). 
 

Business Process Modeling and Notation (BPMN)  

BPMN is a graphical representation to describe business processes within a workflow. BPMN was realized by 

Business Process Management Initiative (BPMI). Business Process Modeling and Notation constitutes a 

standard to model business processes. The main goal of BPMN is to provide a solution for both technical and 

business consumers to define and manage their processes by enabling a standard notation which is intuitive, yet 

capable of representing complex process semantics. The BPMN supports mapping the graphical notation to the 

implemented and execution languages, such as BPEL. The modeling in BPMN is performed by simple diagrams 



with a small set of graphical elements to facilitate business process modeling for business analysts as well as 

developers (Lam, 2012). 
 

Web Service Choreography Interface (WSCI)  

WSCI is an XML-based interface description language that describes the messages among Web services that are 

involved in a collaborative exchange. WSCI specification was realized by Sun, SAP, BEA, and Intalio. WSCI 

provides message correlation, sequencing rules, exception handling, transactions as well as dynamic 

collaboration. WSCI, however, does not define executable business processes in contrast with BPEL4WS 

(described below). Yet, a single WSCI document specifies only one partner‘s contribution to a message 

exchange. Consequently, WSCI has no single coordinating process orchestrating the interaction (W3C, 2002). 

 
Business Process Management Language (BPML)  

BPML is applied to describe business processes. The specification was realized by the Business Process 

Management Initiative (BPMI). The specification is comparable to BPEL4WS (described below) because it 

provides similar process flow constructs and activities. It allows defining basic activities for receiving and 

invoking services, structured activities that deal with conditional choices, sequential and parallel activities, joins, 

and looping. Other advantages included in BPML are persistence, roles, and instance correlation. It is capable of 

managing long-lived processes. XML messages are utilized to enable interaction between several participants, 

by defining roles and partner components similar to the BPEL constructs. BPML is also used to compose sub-

processes into a larger business process. BPML supports transaction and exception handling mechanisms (Gao, 

Zhang, & Ling, 2008). 
 

Business Process Execution Language for Web Services (BPEL4WS)  

BPEL4WS is a Web service workflow specification from IBM, Microsoft, and BEA that was produced by 

integrating both XLANG and WSFL. BPEL4WS allows modeling the behavior of Web services in a business 

process interaction. The specification has an XML-based grammar to implement and define the control logic 

needed to orchestrate Web services involved in a process flow. This implemented language can then be 

interpreted and executed by orchestration engines such as active VOS (ActiveVos, n.d.), Apache ODE (Apache, 

n.d.), or jBPM JBOSS (JBoss, n.d.). These engines deal with the coordination of the various activities in the 

process and compensate the system when errors occur.  

 

The Business Process Execution Language for Web Services (BPEL4WS), which is also known as BPEL is 

currently a de facto standard for building, specifying, and executing business processes for Web service 

composition and orchestration. BPEL composes Web services as part of a business process in which the 

involved services are called partners. In other words, a process contains a set of activities which are mapped to 

external partner Web services using a WSDL interface (Milanovic & Malek, 2004). A BPEL process defines the 

order in which the involved Web services are to be composed, either in sequence or in parallel. BPEL allows the 

description of conditional activities. An invocation of a Web service may, for example, rely on the result of 

another Web service’s invocation. With BPEL, it is possible to create loops, declare variables, copy and assign 

values, as well as use fault handlers.  

 

Complex business processes can be built algorithmically by using all these constructs (Andrews et al., 2003). 

BPEL supports two different methods of describing business processes, one to support orchestration and the 

other to support choreography as follows: a) executable processes allow for specifying the details of business 

processes, they follow the orchestration paradigm and can be executed by an orchestration engine, and b) 

abstract business protocols allow specification of only the public message exchange between parties, they do not 

include the internal details of process flows and are not executable. 

 

Semantic Web Service Composition Languages  

Efforts toward the creation of the Semantic Web (Berners-Lee et al., 2001) are gaining momentum which should 

make it possible to access Web resources by content rather than just by keywords. The Semantic Web would 

enable access not only to content but also to services on the Web. A significant force in this movement was the 

development of a new generation of Web markup languages such as OWL (McGuinness & Van Harmelen, 

2004) and its predecessor DAML+OIL. These languages enabled the creation of ontologies for any domain and 

the instantiation of these ontologies in the description of specific services. 
 



Semantic Markup for Ontology Web language (OWL-S)  

OWL-S is defined as a W3C standard that provides a computer-interpretable description of the services. OWL-S 

offers a process-based perspective to model ontology for Web-service composition. The OWL-S process model 

is organized as a workflow of processes, each of which is described by three components: inputs, preconditions, 

and results.  

 

Processes in a workflow are related to each other by data flow and control flow. Control flow allows the 

specification of the temporal relation between processes. OWL-S supports a wide range of control flow 

mechanisms including sequence, split, split-join, any-order, iterate, if-then-else, choice, repeat-while, to describe 

processes that follow each other, spawning of concurrent processes, synchronization points between concurrent 

processes, conditional statements, and non-deterministic selection. 

 

In the OWL-S process model, each Web service is modeled as a process. OWL-S distinguishes between atomic 

and composite processes. An atomic process represents a directly executable Web service. While, composite 

process can be decomposed into other atomic or composite Web services. A composite process is built up by 

using a set of control constructs, (such as, sequence, split, split-join, etc.), to describe the control flow relation 

between processes (Martin et al., 2004). 

 
Web Service Modeling Ontology (WSMO)  

Web Service Modeling Ontology (WSMO) is similar to OWL-S, and they are the two major efforts to specify 

semantic information for Web services in order to enable automatic service discovery, composition, and 

execution. WSMO is based on the Web service Modeling Framework (WSMF) which separates the elements 

needed to describe services into Ontologies, Web services, Goals, and Mediators (Yang & Zhou, 2008): 

 

 Ontologies: They provide terminology and formal semantics for describing the other elements in WSMO.  

 Goals: These elements provide the means to specify the requester-side objectives when consulting a Web 

service, describing at a high-level a concrete task to be achieved.  

 Web services: They provide a semantic description of Web services, including their functional and non-

functional properties, as well as other aspects relevant for interoperating with them.  

 Mediators: These modeling elements are connectors that resolve heterogeneity problems in order to enable 

interoperation between heterogeneous components.   

 
WSMO versus OWL-S  

Lara et al. (2005) have written an extensive comparison report that identifies the overlap and differences 

between both initiatives, WSMO and OWL-S, in order to evaluate their applicability in a real world setting and 

their potential to become widely accepted standards. They stated that OWL-S is more mature in specific aspects, 

such as its definition of the process model and the grounding of Web services. However, WSMO’s conceptual 

model has a better separation of the requester and provider points of view. In any case, OWL-S has been 

developed for a longer time and is therefore more mature than WSMO. In addition, OWL-S is recommended by 

W3C. 

 

The next section will deal with formal methods for service composition. 

 
 

FORMAL METHODS FOR SERVICE COMPOSITION  

Web Services are typically designed to interact with other Web Services to form larger applications. From a 

software engineering point of view, the construction of new services by composing existing Web Services raises 

exciting perspectives. It also raises a number of challenges: one of which is guaranteeing the correct interaction 

of independent, communicating software pieces. Due to the message passing nature of service interaction, many 

subtle errors might occur when several of them are put together (e.g., undelivered messages, deadlocks, and 

incompatible behavior). These problems are well known and recurrent in distributed applications, yet they 

become even more critical in the world of service-driven computing.  

 



A general problem is the lack of software tools that verify the correctness of service compositions. The main 

advantage of formal methods is in verification. In particular, formal methods and tools can be used to decide 

whether services are in some precise sense equivalent, and whether services satisfy certain desirable properties. 

 

If one should discover that a service composition does not match an abstract specification of what is desired, or 

that a main property is violated, the formal methods can be helpful in diagnosis and correcting the service 

design. Several formal methods have been used to guarantee correct service compositions (most are 

semantically-based on transition systems e.g., automata, Petri nets, process algebras). 

 

Selection of Service Composition Approach  

In this section, a set of characteristics is utilized for comparing among service composition approaches and the 

formal approaches. Beek et al. (2007) believe that any service composition approach should aim to support these 

characteristics.  

 

a) Connectivity: Reliable connectivity is needed to reason about service interactions before composition in order 

to guarantee the continuity of service delivery after composition. Measures of interest include the following: 

 

 Reliability: The ability to deliver responses continuously in time (service reliability) and the ability to 

correctly deliver messages between two endpoints (message reliability). 

 

 Accessibility: The percentage of responses per service request. 

 

 Exception handling/Compensations: What happens in case of an error and how to undo the already 

completed activities? 

 

In particular, the latter two measures have received a lot of attention. Services often make use of external Web 

services (not owned and thus not under control), hence one must take into account that these external Web 

services can unexpectedly fail (not respond or worse not exist anymore). Since business processes can be long-

running processes (may take hours or weeks to complete), the issue of managing compensations of service 

invocations is critical. 

 

b) Correctness: Service composition may lead to large and complex systems of concurrently executing services. 

An important aspect of such systems is the correctness of their behavior, which includes: 

 

 Safety/Liveness: Safety properties assert that some bad event never happens in the course of a 

computation, while liveness properties assert that some event does eventually happen. By verifying such 

properties, one obtains measures of correctness of a service (composition). 

 

 Security/Trust: The ability of a service (atomic or composite) to provide proper authentication, 

authorization, confidentiality, and data encryption requires the means to validate the credentials of a 

Web service client; and to grant, deny, and revoke access to services and to protect certain sensitive 

information or service functionality. A key property of trust is the assurance that a service will perform 

as expected despite possible environmental disruptions, human and operator errors, hostile attacks, and 

design and implementation errors. 

 

The behavioral properties a service should satisfy are usually defined by a specification that precisely documents 

the desired behavior. Formal methods, then, may be adopted to provide rigorous mathematical means to 

guarantee a system's conformance to a specification. 

 

c) Quality of Service: There are several issues that determine the quality of services (QoS): 

 

 Accuracy: The error rate of a service, measured as the number of errors generated by a service in a 

certain time interval. 

 



 Availability: The probability that a service is available at any given time, measured as the percentage of 

time a service is available over an extended period of time. 

 

 Performance: The success rate of service requests, measured as response time, throughput, and latency. 

Response time is the guaranteed maximum time needed to complete a request; throughput, the number 

of completed requests over a period of time; and latency, the time needed to process a request. 

 

Ideally, any approach to service composition should satisfy the set of characteristics that are listed above.  

 

Table 1 presents a comparison among the most popular service composition approaches that range from those 

aspiring to become industrial standards (e.g., BPEL and OWL-S) to formal methods (automata, Petri nets, 

process algebras).  

 

Table 1: Comparison between Service Composition approaches (Adapted from Beek, Bucchiarone, & Gnesi, 2007) 
 

 
 

There is a distinction between the static and dynamic Web service composition. In the static composition, an 

abstract process model is designed and built before the starting of composition planning manually. Therefore, 

the composition is limited to the Web services encompassed in the design. On the other hand, the dynamic 

composition creates a process model and selects atomic services automatically. Dynamic composition of 

services enables to serve applications and users on an on-demand basis. With dynamic composition, a large 

number of new services can be created from a limited set of service components. Besides, there is no need to 

keep a local repository of available Web services in order to create composite web services as it is the case with 

most of the static-based composition techniques.  
 

 

The main difference between Petri net and process algebra is that Petri net is based on (bipartite) graphs, while 

process algebra is based on a textual representation. There are at least three good reasons for selecting Petri nets 

over process algebra (van der Aalst, 2005): 
 

1. It has formal semantics despite the graphical nature: Petri net is a graphical language which allows 

modeling of the primitive tasks of a business process workflow. In addition, the semantics of Petri net has 

been defined formally; 



2. It is state-based instead of event-based: The state of a case can be modeled explicitly in a Petri net. Process 

algebra is event based. 

3. It has an abundance of analysis techniques: Petri net is marked by the availability of many analysis 

techniques, which can be applied to determine the correctness of a process design. 

From Table 1, it can be concluded that the combination of OWL-S and Petri nets approach achieves all the listed 

characteristics for service composition. This combination could provide an enhanced methodology for Web 

service composition. 

 

Transforming OWL-S to Petri nets 

In this section, a Petri nets model is adopted to be applied for providing a formal representation of the structure 

and behavior of the semantic Web service. The Petri net has a strong capability to model events and states in a 

distributed system. It can also capture sequential, concurrent, and event-based control. Furthermore, Petri net is a 

powerful tool for analyzing and verifying certain properties, such as reachability, liveness, and deadlocks 

(Murata, 1989). 

 

Service application logic described by OWL-S can be transformed into a Petri nets model to provide a formal 

representation of the structure and behavior of the service. Petri net ontology is utilized to represent OWL-S 

service functionality in the form of operational semantics as well as the inputs, outputs, preconditions, and 

effects (IOPE).  

 

Each atomic process of OWL-S process model denoted by its IOPE is represented by an atomic Petri net in 

which the process input ‘I” is mapped to Petri net input place as a set of tokens (representing values for a set of 

input variables) as shown in Figure 1. The precondition is the transition arc in the Petri net. The output ‘O’ is 

represented in the output place of the Petri net, while the Effect is the transition output arc of the Petri net. 

Normally, the output will be established according to the Effect whenever the transition is enabled. 

A transition is enabled when the input place holds token(s), (i.e., value(s)) that meet/satisfy the corresponding 

precondition. Whenever a transition is enabled, token(s) in the input places will transit to output place according 

to the specified Effect in the transition output arc. In a composite Petri net, this output place could be an input 

place that may enable another transition in the Petri net, and so forth. 

 

 

Figure 1. Atomic Process Model 

The Petri nets model for an atomic process described by OWL-S (shown in Figure 1) is denoted by: 

PNW= (P, t, F, I, O, W, M0),  

 
where PNW represents a main building block in the Petri net Networks model which denotes an activity in a process model. 

P is a finite set of places  
t is a finite set of transitions, such that          

F is a flow relation     (   )  (   ) 
I is the input place that has no incoming arcs 

O is the output place that has no outgoing arcs 

M0 is the initial marking  

W(P, t) and W(t, P) represent precondition and effect respectively. 

 
PNW will be utilized to find a Web service for the execution process activity. 

 

 



The Petri nets model for sequential composition of Web services is a hierarchical Petri nets denoted by  

CPNW = (PNW, T, F, I, O, W, M0), as shown in Figure 2,  

where PNW is a set of atomic Petri nets, PNW1, PNW2,..., PNWn, such that PNWI PNWI+1, 

 

The notion of T transition is to check the compatibility between two consequence nets PNWi  and PNWj  that should satisfy 

the following: 

PNWj is the consequence of PNWi if and only if PNWi.out ⊇ PNWj.in, & 

PNWi.no of parameters  = PNWj.no of parameters, &  

PNWi.in datatypes = PNWj.out datatypes. 

F   (PNWi×T)  (T×PNWi+1), i= 1…,n, where n is the number of atomic nets involved in the composition  
 

and (I PNWI+1)      (O  PNWI )   

 

 

Figure 2. Sequence Process Model 

The Petri nets model for split composition of Web services is a hierarchical Petri nets, denoted by  

CPNW = (PNW, T, F, I, O, W, M0), as shown in Figure 3. 

 
where PNW is a set of atomic Petri Nets, PNW1, PNW2,...,PNWn, such that PNWI PNWI+1, 

T is the transition to check compatibility between different nets UiPNWi 

F   [(PNW1(O1) X T1)  (T1 X (PNW2(I1)) ]˅[ (PNW1(O2) X T2)  (T2 X (PNW2(I2))] 

where T1T2 = 

 

 

Figure 3. Split Composition Process Model 

The Petri Nets model for join composition of Web services is a hierarchical Petri nets  

CPNW = (PNW, T, F, W, I, O, M0), as shown in Figure 4. 

 
where PNW is a set of atomic Petri Nets, PNW1, PNW2,...,PNWn, such that PNWI PNWI+1, 

T is the transition to check compatibility between different nets UiPNWi 

F   ((PNW1 (O1) ˄ (PNW2(O2)) X T)  (T X (PN W3 (I1))  
 



 

Figure 4. Join process model 

 

The Petri Nets model for IF-Then composition of Web services is a hierarchical Petri nets  

CPNW = (PNW, T, F, W, I, O, M0), as shown in Figure 5.  

 

where PNW is a set of atomic Petri Nets, PNW1, PNW2,...,PNWn, such that PNWI PNWI+1, 

T is the transition to check compatibility between different nets UiPNWi 

F   [(PNW1 (O1) X T1)  (T1 X (PNW2 (I1)) ]˅[ (PNW1(O2) X T2)  (T2 X (PNW3 (I2))] 

where T1T2 = 

 

 

Figure 5. If-Then model process model 

The Petri Nets model for Repeat–while composition of Web services is a hierarchical Petri nets  

CPNW = (PNW, T, F, W, I, O, M0), as shown in Figure 6. 

 

where PNW is a set of atomic Petri Nets, PNW1, PNW2,...,PNWn, such that PNWI PNWI+1, 

T is the transition to check compatibility between different nets UiPNWi 

F   [(PNW1 (O1) X t1)   (t1 X (PNW1 (O1))
*
 ]˄ [(PNW1(O2) X T)   (T X (PNW2 (I2))] 

 

 

Figure 6. Repeat-While process model 

 



 

The Petri Nets model for Repeat-until composition of Web services is a hierarchical Petri nets model  

CPNW = (PNW, T, F, W, I, O, M0), as shown in Figure 7. 

 

where PNW is a set of atomic Petri Nets, PNW1, PNW2,...,PNWn, such that PNWI PNWI+1, 

T is the transition to check compatibility between different nets UiPNWi 

F   ((PNW1 (O1) X t1)
+
 X T)U (T X (PNW2(I2)) , where i= 1…,n 

 

 

Figure 7. Repeat-Until Process Model 

The next section presents the proposed ontological agent framework. 

 

 
ONTOLOGICAL AGENT FRAMEWORK 

Web Service Composition (WSC) is the process of selecting, combining, and executing Web services to achieve 

user objectives. Figure 8 shows the phases of the proposed ontological agent framework for Web service 

composition (OAFWSC). The figure is annotated with inputs and outputs for each of the five phases of the 

composition process. Within each phase, the derived requirements have to be met in the automatic Web service 

composition framework. 

 

Figure 8: Phases of the Ontological Agent Framework 



Detailed descriptions of the five phases of the ontological agent Web service composition framework are 

presented in the following subsections. 

 

Extracting Specification Phase 

In this phase, the user specification for the goal to be achieved is captured. The specification should have enough 

details to aid in creating the abstract specification including functional and non-functional requirements. 

Functional requirements of specification include constraints, control/data flow, and high-level goals of the 

complex task. Non-functional aspects, however, include security policy and quality of service (QoS) constraints. 

Desired behavioral issues (i.e., termination conditions, failure recovery requirements, etc.) should also be 

specified.  

 

The languages applied to specify the abstract specification include standard languages to describe processes such 

as OWL-S and WS-BPEL. Also, dedicated formal service specification languages such as first order logic and 

graph modeling languages (Agarwal, 2007), may be utilized. For the purpose of the presented framework, OWL-

S was adopted as the specification language. The tool that was utilized for specification is OWL-S editor which 

was implemented as a plugin to the Protégé OWL ontology editor (Elenius, 2005). 

 

Generating Planning Process Model Phase 

The planning phase manipulates the abstract specifications created in the specification phase to produce an 

abstract composite workflow. The abstract specification must be decomposed into simpler steps, whenever it 

lacks the required details. The shortage of details could be due to insufficient specification or compact 

specification in a shorthand form (e.g., stated as a precondition, effect (P/E), and goals). 

 

There are three main approaches supported by OWL-S specification to achieve the planning phase, namely, 

workflow-based, template-based, and AI planning-based, which are discussed below.  

 

Workflow-based: In workflow-based composition, a composite process is viewed as a workflow, depicted as an 

acyclic directed graph, with control and dataflow specified. If a full specification was created in the specification 

phase, through OWL-S, then it can represent the abstract workflow for the planning phase (Pathak, Basu, & 

Honavar, 2007). 

 

Template-based: Templates describe the outline of activities needed to solve a problem. The templates can be 

parameterized with respect to some variables to allow customization based on user needs and preferences (Sirin, 

Parsia, & Hendler, 2005). Templates are instantiated to create an executable workflow. Many template-based 

approaches adopt some standards (e.g., OWL-S) and extend it to be a description language for the templates 

(Geebelen, Michiels, & Joosen, 2008; Guo et al., 2008). Once generated, templates have the advantage of being 

reused and extensible. 

 

AI Planning: AI planning techniques include Markov chains, backward chaining, and graph theory. In AI 

planning, Web services are described by their preconditions and effects. AI planning is a way to generate a 

process automatically based on the specification of a problem. Planners typically use techniques such as 

progression (or forward state search), regression (or backward state search), and partial ordering (Wu et al., 

2007). Most composition methods in this category are automatic and do not require user knowledge of 

predefined workflow. Most of the available planning tools utilize WS-BPEL with WSDL descriptions or OWL-

S. Some AI planning tools, however, use proprietary languages (such as PDDL, CSSL, and SHOP2) that provide 

easy to validate logic (Rao & Su, 2004).  

 

For the planning phase of the presented ontological agent framework, the workflow-based composition approach 

was applied.  

 

Validation of Process Model Phase 

The validation phase verifies the abstract composite workflow that was generated through the planning phase to 

address the following: 



 Syntactic validation: It checks whether the workflow is well-formed and structurally correct (i.e., does not 

contain deadlocks or infinite cycles). Syntactic validation may be handled by the planning tool, depending 

on the applied approach. 

 

 Semantic validation: It checks if the plan satisfies user goals and requirements/constraints that were detailed 

in the specification phase. 

 

When more than one abstract composite workflow in the planning phase is created, there may be multiple 

candidates to be validated. The result of the validation should be a syntactically and semantically optimal 

abstract composite workflow. 

 

Most validation methods that check satisfaction of constraints (semantic validation) are based on Utility theory. 

Others are based on shortest path heuristics or model checking (such as Petri nets) (Guo et al., 2008). The Utility 

theory provides a methodological framework for the evaluation of alternative choices made by individuals and 

organizations. Utility refers to the satisfaction that each choice provides to the decision maker. Thus, Utility 

theory assumes that a decision is made on the basis of the utility maximization principle, according to which the 

best choice is the one that provides the highest utility (satisfaction) to the decision maker. On the other hand, 

Model checking is a method for formally verifying finite-state concurrent systems. Specifications about the 

system are expressed as temporal logic formulas, and efficient symbolic algorithms are used to traverse the 

model defined by the system and check if the specification holds or not. 

 

Since WS-BPEL and OWL-S are the two main specification languages used to create orchestrations, the 

majority of tools are developed, specifically, for one or the other. A workflow that was created through BPEL, 

could be verified via tools such as Eclipse’s BPEL Project (Eclipse, n.d.) and Oracle’s BPEL Process Manager 

(Oracle, n.d.), which  provide authorization and deployment features, and validation. Workflows that were 

created via OWL-S, however, utilize other validation tools such as OWL-S Validator (Mindswap, n.d.), 

ConsVISor (Versatile Information Systems, n.d.), and OWL-S to Petri Nets (Huaikou & Tao, 2010). 

 

For the purpose of the presented framework, the Petri nets model was adopted, as stated previously, to verify the 

correctness of OWL-S process model to guarantee correctness of abstract composite workflow.  

 

Discovery of Web Service Phase 

The discovery phase manipulates the abstract composite workflow to obtain suitable atomic Web services for 

each task in the workflow by querying service repositories. Discovered services may either be bound to the 

corresponding subtasks in the workflow as they are found (design-time binding/static binding) or be defined in 

abstract terms and bound to the subtask at runtime (runtime binding/dynamic binding). Design-time binding may 

not be optimal if the status of the service changes during the execution of the process. When services are not 

bound at discovery, but rather, bound at runtime, it is possible to find alternative services when necessary. A 

discovery process should produce at least one atomic service (one Web Service). For the purpose of the 

presented framework, dynamic binding was adopted based on OWL-S/UDDI matchmaker. 

 

The most widely used Web service repository is UDDI, which is an XML-based open-industry initiative (UDDI, 

2004).  The OWL-S/UDDI matchmaker
i
 extension was established to perform capability search for services 

based on the capability descriptions, inputs, outputs, pre-conditions, and effects (IOPEs). Matching algorithm 

(Paolucci, Kawamura, Payne, & Sycara, 2002) is applied in this phase for matching a request with an 

advertisement. An advertisement matches a request when all inputs, outputs, preconditions, and effects of the 

request are matched by the inputs, outputs, preconditions, and effects of the advertisement. The OWL-S/UDDI 

matchmaker is implemented as an extension of the jUDDI
ii
 which is an open source Java implementation of the 

UDDI specification for Web Services. 

 

Execution and Monitoring Phase 

The execution and monitoring phase provides deployment and execution of a newly created composite service. 

This phase includes mechanisms for monitoring and recovery to ensure proper execution of the composite Web 

services. 

http://sourceforge.net/projects/juddi/


Binding service discovery at runtime allows the recovery of the composition process, when one or more Web 

services (of the composite plan) become unavailable. Initially, the ontological agent checks the availability of the 

plan’s Web services to be selected at the time of execution. Whenever a Web service becomes unavailable, the 

ontological agent, reactively, selects an alternative Web service, or an alternative plan, if necessary. Postponing 

binding can lead to a more survivable workflow overall. Monitoring the execution of the composite service can 

be thought of as an extension to the validation phase, except that the monitor deals with runtime services. The 

agent monitors and examines the input/output messages, passed between services, to check whether the services 

conform to the user-defined interaction constraints.  

 

When an alternate Web service is substituted for a failed one, the new service is expected to support all the 

functionality of the original service being replaced. In addition, when added to the composition, the new service 

must not alter the context of the composition. If alternate services were not available, the agent either backtracks 

to previous stages to find an alternate candidate workflow, or modifies the original workflow to accommodate an 

alternative service. 

 

Plan Selection Alternatives  

Service-Dependency Graph (SDG) is a directed graph representing dependencies of several objects among each 

other. It is formally represented as an AND-OR graph (Nilsson, 1980). SDG is a model based on the concept of 

service interface. It is specified by using a set of service interfaces that communicate with each other. The 

general goals for this model are:  

 

 To handle heterogeneous components at different abstraction levels. 

 To be independent of specific standards. 

 To hide details and delay decisions by using abstract models.  

 To allow different and sophisticated adaptation schemes. 

 To allow automatic execution for application-specific (AND-OR target architectures) interfaces 

(Bouchhima, Chen, Pétrot, Cesário, & Jerraya, 2005). 

 
 

AND-OR graph captures the input/output dependencies among Web Services. It is applied to select the best plan 

that would satisfy the preferences of the service consumer. The AND-OR transition graph enables an alternative 

plan whenever a failure occurs during the execution of a given plan. The identified plans are evaluated based on 

the quality of Web services (Barreiro et al., 2005)  

  

Figure 9 illustrates AND-OR weighted transition graph for Web service composition plans of a given user’s 

goal. A node WSi represents a Web service. Each edge WSi→WSj represents a transition from the output of the 

predecessor Web service WSi to the input of the consequent Web service WSj. Each transition edge has a weight 

representing the quality of Web service offered by Web service i. The quality of service is represented as a 

vector that combines the quality and cost features of a Web service including cost of service, reputation, 

availability, reliability, and execution duration for the Web service. 

 



 

Figure 9. AND-OR Transition Graph 

 

Table 2 is the transition table of the AND-OR weighted transition graph of Figure 9. It shows how to transfer 

from node to another based on the quality of Web services. 

 

Table 2. AND-OR Transition Table 
 

 
 
 

Comparative Evaluation 
 

Prakash (2010) generated a comparison report for Web service composition approaches. The approaches were 

investigated based on the perspectives: Connectivity, Exception Handling, Scalability, Correctness, and Quality 

of Service (QoS).  Adopting these criteria, the presented ontological agent has been evaluated accordingly from 

the same perspectives. Table 3 is an extension of Prakash’s work, which includes the formal evaluation of the 

ontological agent.  It has been utilized to compare the characteristics of the presented ontological Agent 

approach against the other approaches as investigated by (Prakash, 2010). 

 



The evaluation is scaled into three levels: Good, Average, and Low. A good approach is the one that supports all 

aspects of the given perspectives, whereas, an average approach is the one that provides only a portion of the 

aspects in the perspectives under study. An approach is graded as low, if it does not support any of the aspects of 

the given perspectives. 

 

Table 3. Comparison of Web service composition approaches (Adapted from Prakash, 2010) 
 

 
 
As mentioned previously in Table 1, the application of OWL-S approach could achieve only a subset of the 

characteristics that were investigated by Beek et al. (2007). However, the combination of an OWL-S and Petri 

nets approach achieved all characteristics that were investigated by (Prakash, 2010). Consequently, utilizing both 

Petri nets model and OWL-S composition approach in the presented framework resulted in an enhanced Web 

service composition methodology.  

 

CONCLUSION 

This chapter introduced an ontological agent framework (OAFWSC) that is based on the semantic information 

(OWL-S) process model and utilized the Petri nets model to represent the structure of the composition process 

workflow. The Petri net is a powerful tool for analyzing and verifying certain properties such as reachability, 

liveness, and deadlocks. It was combined with the OWL-S process model to establish an approach for 

composition of Web services that possessed both the power of the semantic description and the formality of the 

Petri nets. Quality of Service (QoS) properties of the Web services were utilized in this framework to select the 

best plan alternative using the AND-OR transition graph methodology for the automation of Web service 

composition.  

 

The stages of the ontological agent are specification, planning, validation, discovery, and execution/monitoring. 

They were covered in detail and implementation alternatives were discussed. Furthermore, an evaluation of the 

proposed ontological agent based on a benchmark was provided. 

 

Our thought for a future research direction is to provision the ontological agent for Cloud computing, thus 

facilitating and accelerating the process of Web service composition to provide higher level composite services 

in the Cloud. 

 

 

  



REFERENCES 

Aalst, W.M.P.V.D. (2005). Pi calculus versus Petri Nets: Let us eat “humble pie” rather than further inflate 

the “Pi hype. Management, 3(May), 1-11.  

 
ActiveVos. (n.d.). Endpoints, active. Retrieved from http://www.activevos.com/ 

 

Agarwal, S.A. (2007). Goal Specification Language for Automated Discovery and Composition of Web 

Services. In Proceedings of the IEEE/WIC/ACM International Conference on Web Intelligence. 

Andrews, T., Curbera, F., Dholakia, H., Goland, Y., Klein, J., Leymann, F. …Weerawarana, S. (2003). 

Business Process Execution Language for Web Services Version 1.1. Standards proposal by BEA Systems 

International Business Machines Corporation and Microsoft Corporation. Retrieved from 

http://msdn.microsoft.com/en-us/library/ee251594%28v=bts.10%29.aspx 

Apache ODE. (n.d.). Apache ODE. Retrieved from http://ode.apache.org/  

 

Barreiro, D.C., Albers, P., & Hao, J.-K. (2005). Selecting web services for optimal composition. In 

Proceedings of the International Conference on Web Services.  

 

Baryannis, G., & Plexousakis, D. (2010). Automated Web Service Composition: State of the Art and 

Research Challenges. Technical Report ICS-FORTH/TR-409. 

 

Beek, T., Bucchiarone, A., & Gnesi, S. (2007). Web Service Composition Approaches: From Industrial 

Standards to Formal Methods. In Proceedings Second International Conference on Internet and Web 

Applications and Services, pp. 1-19. 

 

Berners-Lee, T., Hendler, J., & Lassila, O. (2001). The Semantic Web. Scientific American.  

 

Bouchhima, A., Chen, X., Pétrot, F., Cesário, W., & Jerraya, A. (2005). A unified HW/SW interface model to 

remove discontinuities between HW and SW design. In Proceedings of the 5th ACM international conference 

on Embedded software, Jersey City, NJ, USA. 

 

Christensen, E., Curbera, F., Meredith, G., & Weerawarana, S. (2001). Web Services Description Language 

(WSDL). W3C. Retrieved from http://www.w3.org/TR/wsdl 

 

Curbera, F., Khalaf, R., Mukhi, N., Tai, S., & Weerawarana, S. (2003).  The next step in Web Services. 

Communications of the ACM, 46(10), 29-34. 

 

Eclipse. (n.d.). BPEL Project Home. Retrieved from http://www.eclipse.org/bpel/ 

Elenius, D., Denker, G., Martin, D., Gilham, F., Khouri, J., Sadaati, S., & Senanayake, R. (2005). The OWL-

S Editor – A Development Tool for Semantic Web Services. In A. Gómez-Pérez & J. Euzenat (Eds.), The 

Semantic Web Research and Applications, 3532(2002), 78-92. Springer. 

Gao, M.G.M., Zhang, L.Z.L., & Ling, Y.L.Y. (2008). Extension BPML for Sub-Process. In Proceedings of 

the 3rd International Conference on Innovative Computing Information and Control. IEEE. 

 

Geebelen, K., Michiels, S., & Joosen, W. (2008). Dynamic reconfiguration using template based Web service 

composition. In Proceedings of the 3rd workshop on Middleware for service oriented computing, Leuven, 

Belgium. 

 

http://www.sciam.com/article.cfm?articleID=00048144-10D2-1C70-84A9809EC588EF21


Guo, J., Bo, C., Junliang, C., & Lei, Z. (2008). A Template-Based Orchestration Framework for Hybrid 

Services. In Proceedings of the Fourth Advanced International Conference on Telecommunications, Athens, 

Greece, pp. 315-320. 

 

Hewett, R. (1996). Using programming expertise for controlling software synthesis. Journal of Experimental 

and Theoretical Artificial Intelligence, 8, 293-318.  

 

Huaikou, M., & Tao, H. (2010). Petri Nets-based Models for Web Services Composition. In P. Pawlewski, 

Petri Nets Applications (Chapter 34). Intech. 

 

JBoss. (n.d.). Community, jBoss: jBPM Overview. Retrieved from 

http://www.jboss.org/jbossjbpm/jbpm_overview/  

 

Koehler, J., & Srivastava, B. (2003). Web Service Composition: Current Solutions and Open Problems. In 

Proceedings of the ICAPS Workshop on Planning for Web Services, pp. 28-35. 

 

Lam, V.S.W. (2012). A Precise Execution Semantics for BPMN. IAENG International Journal of Computer 

Science, 39(1). Retrieved from http://www.iaeng.org/IJCS/issues_v39/issue_1/IJCS_39_1_03.pdf 

 

Lara, R., Roman, D., Polleres, A., & Fensel, D. (2004). A Conceptual Comparison of WSMO and OWL-S. In 

L.-J. Zhang & M. Jeckle (Eds.), Web Services, 3250, 254-269. Springer. Retrieved from 

http://www.springerlink.com/content/p8358uyre5kw3h7h 

 

Leymann, F. (2001). Web Services Flow Language (WSFL 1.0). Retrieved from 

http://cin.ufpe.br/~redis/intranet/bibliography/standards/leymann-wsfl01.pdf 

 

Martin, D., Burstein, M., Hobbs, J., Lassila, O., McDemott, D., McIlraith, S. … Sycara, K. (2004). OWL-S: 

Semantic Markup for Web Services. Retrieved from http://www.w3.org/Submission/OWL-S/ 

 

Martin, D., Burstein, M., McDermott, D., McIlraith, S., Paolucci, M., Sycara, K. … Srinivasan, N. (2007). 

Bringing Semantics to Web Services with OWL-S. World Wide Web Internet And Web Information 

Systems, 10(3), 243-277.  
 

Juric, M. (n.d.). A Hands-on Introduction to BPEL. Retrieved from 

http://www.oracle.com/technology/pub/articles/matjaz_bpel1.html 
 

McGuinness, D., Van Harmelen, F. (Eds.) (2004). Owl Web ontology language overview, W3C 

recommendation. Retrieved from http://www.w3.org/TR/2004/REC-owl-features-20040210/ 

 

McIlraith, S., & Son, T.C. (2002). Adapting Golog for Composition of Semantic Web Services. In D. Fensel, 

F. Giunchiglia, D.L. McGuinness, & M.-A. Williams (Eds.), Proceedings of Principles of knowledge 

representation and reasoning international conference, Toulouse, France.  

 

Milanovic, N., & Malek, M. (2004). Current solutions for Web service composition. IEEE Internet 

Computing, 8, 51-59. 

 

Mindswap. (n.d.). OWL-S Validator. Retrieved from http://www.mindswap.org/2004/owls/validator/  

 

MSDN. (n.d.). XLANG/s Language. Retrieved from http://msdn.microsoft.com/enus/library/aa577463.aspx  

Murata, T. (1989). Petri Nets: Properties, analysis and applications. Proceedings of the IEEE, 77(4), 541-580 

Nilsson, N. (1980). Principles of artificial intelligence. Morgan Kaufmann. 

http://www.oracle.com/technology/pub/articles/matjaz_bpel1.html
http://www.w3.org/TR/2004/REC-owl-features-20040210/


Oracle. (n.d.). BPEL Process Manager. Retrieved from 

http://www.oracle.com/technology/products/ias/bpel/index.html 

Ouassila, H., & Zizette, B. (2011). An Agent Based Architecture (Using Planning) for Dynamic and Semantic 

Web Services Composition in an EBXML Context. International Journal of Database Management 

Systems, 3(1), 22. Retrieved from http://arxiv.org/abs/1103.0632 

Paolucci, M., Kawamura, T., Payne, T.R., & Sycara, K. (2002). Semantic Matching of Web Services 

Capabilities. The Semantic Web, 2342, 333-347. 

Pathak, J., Basu, S., & Honavar, V. (2007). On Context-Specific Substitutability of Web Services. In 

Proceedings of the IEEE International Conference on Web Services, pp. 192-199  

Peltz, C. (2003). Web Services Orchestration.s.l. Hewlett-Packard Company. 

Pistore, M., Marconi, A., Bertoli, P., & Traverso, P. (2005). Automated Composition of Web Services by 

Planning at the Knowledge Level. In L.P. Kaelbling & A. Saffiotti (Eds.), Analysis (Volume 19, pp. 1252-

1259). 

Prakash, R.J. (2010). Evaluating Web Service Composition Methods With The Help of A Business 

Application. International Journal of Engineering Science, 2, 2931-2935. 

Rao, J., & Su, X. (2004). A Survey of Automated Web Service Composition Methods. In Proceedings of  

SWSWPC, San Diego, CA, USA. 

Sirin, E., B. Parsia, & J. Hendler, (2005). Template-based Composition of Semantic Web Services. In 

Proceedings of the AAAI Fall Symposium on Agents and the Semantic Web, Virginia, USA. 

 

UDDI. (2004). Spec Technical Committee, UDDI Version 3.0.2. Retrieved from http://www.uddi.org  

 

Vasiliu, L., Moran, M., Bussler, C., & Roman, D. (2004). WSMO in DIP. WSMO Working Draft, Version 

0.2. 

Versatile Information Systems. (n.d.). ConsVisor Main Page. Retrieved from http://vistology.com/consvisor 

W3C. (2002). Web Service Choreography Interface (WSCI) 1.0. Retrieved from http://www.w3.org/TR/wsci/ 

 

Wohed, P., Aalst, W.P., Dumas, M., & Hofstede, A.M. (2003). Analysis of Web Services Composition 

Languages: The Case of BPEL4WS. In I.-Y. Song, S. Liddle, T.-W. Ling, & P. Scheuermann (Eds.),  

Conceptual Modeling - ER 2003 (Vol. 2813, pp. 200-215). Springer Berlin Heidelberg.  

 

Wu, Z., Ranabahu, A., Gomadam, K., Sheth, A.P., & Miller, J.A. (2007). Automatic Composition of 

Semantic Web Services using Process Mediation. Technical Report. Wright State University. 

 

Yang, X.Y.X., & Zhou, X.Z.X. (2008). Ontology-Oriented WSMO Application Approach. In Proceedings of 

the International Seminar on Business and Information Management. IEEE. Retrieved from 

http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.htm?arnumber=5116431 

 

 

 

 



KEY TERMS AND DEFINITIONS 

 
Petri nets: A formal and graphical technique for the specification and analysis of concurrent, discrete-event-

based dynamic systems. 

 

Semantic Web Services:  Web services annotated with semantics. Semantic Web services extend the existing 

Web services with semantic capability. 

 

Simple Object Access Protocol: An XML-based communication protocol to access the Web services over the 

network using transport protocol such as HTTP. SOAP is language and platform independent. 

 

Software Agent:  A piece of software capable of performing the specified tasks on behalf of the user.  

 
Universal Description, Discovery and Integration: A Web-based distributed directory that enables businesses 

to list themselves on the Internet and discover each other, similar to a traditional phone book's yellow and white 

pages. 

 
Web Ontology Language for Services: A high level language (XML-based) used for describing Web service 

properties. It consists of three parts: service profile, process model, and grounding. Service profile includes 

general information and is used to describe what the service will do. A process model describes how the service 

will perform its functionally and the grounding describes links with industry standards. Its main goal is to enable 

users to automatically discover, invoke, compose, and execute Web services under certain conditions. 

 

Web Service: A modular application that can be described, located, and invoked on the Internet. A Web service 

is designed to support interoperable machine-to-machine interaction over a network. It has an interface described 

in a machine processable format, specifically WSDL.  

 
Web Service Composition: Combination and coordination of a set of services with the purpose of achieving 

functionality that cannot be realized through existing services. 

 

Web Services Description Language: An XML-formatted language used to describe a Web service's 

capabilities as collections of communication endpoints capable of exchanging messages. It provides a machine-

readable description of how the service can be called, what parameters it expects, and what data structures it 

returns. It thus serves a purpose that corresponds roughly to that of a method signature in a programming 

language. 
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