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Abstract. Service-Oriented Architecture (SOA) is a well known paradigm for 

development of flexible and loose coupled software applications using services 

that are available in a network. The latter provide business functionality through 

well-defined interfaces that can be dynamically discovered. Services can be 

aggregated into more complex ones called composite services. Currently, there 

exist a lot of composition approaches that serve different goals. In order to be 

able to comprehensively study the web-service composition process, different 

approaches should be analyzed and organized into appropriate taxonomy 

framework. This paper presents an overview of current approaches for service 

composition and further analyzes them toward various aspects of the 

composition model. 

Keywords: Composition model, Service-Oriented Architecture, Web services. 

1   Introduction 

Latest trend in software engineering is presented by the so-called Service-Oriented 

Architecture (SOA). It makes possible development of software intensive systems via 

loosely coupled services, which provide business functionality through contractually 

specified interfaces. The promise of services is for increased maintainability and 

scalability of systems, achieved at predictable time with less efforts and decreased 

cost of development. 

The preferred way to realize SOA is based on web services. The basic web service 

infrastructure founded on standards like WSDL, SOAP and UDDI provides simple 

interaction between clients and web services. Functionality of the latter is often 

combined into composite ones that satisfy specific business goals. In such case, 

additional composition models, languages, as well as development and run-time 

environments should be elaborated. Although a lot of efforts for development of web 

service composition methods are available, most of them aim toward satisfying 

particular needs. Some composition approaches focus mainly on QoS aspects of the 

composition [2], [8], [9], while the goal of others is to provide web service 

orchestration [4], [6], [7], [12], [14]. In such context this paper aims to study the 

fundamental characteristics and essential aspects of different approaches. For this 



purpose we extend the number of the dimensions of an existing composition model 

and provide comparative analysis of different web service composition approaches 

according to these dimensions. 

Some currently existing literature surveys on web service composition approaches 

directly relate to our work. For instance, in [21], authors present in details a large 

number of approaches, but only few of them are compared according to the 

preliminary defined criteria. In [22] only the approaches based on AI Planning are 

discussed. The approaches using Petri nets, statecharts and other techniques for 

orchestration modeling are not considered. In this paper several categories of 

orchestration modeling techniques are presented and used as a comparison criterion of 

presented approaches. Evaluation of QoS Based web service selection techniques for 

service composition is given in [23]. In this paper, other dimensions of the 

composition process such as data modeling, transaction modeling and exception 

handling, are not mentioned. In our work we extend the above mentioned research, by 

establishing a more sound classification and comparison scheme, which could serve 

as a basis for a taxonomy framework of the web service composition process. 

The rest of the paper abstract is organized as follows: Section 2 analyzes the web 

service composition approaches with respect to aforesaid dimensions and Section 3 

concludes the paper1. 

2   Analysis of Web Service Composition Approaches 

The analysis of web service composition approaches is based on a composition model 

proposed by Alonso et al. [1]. According to this model, web service composition is 

characterized with six different dimensions: Component Model (CM), Orchestration 

Model (OM), Data and Data Access Model (DDAM), Service Selection Model 

(SSM), Transactions (T), and Exception Handling (EH). The CM considers the type 

of components that participate in a composition as well as assumptions about them. 

The OM deals with the way in which web services are composed into more complex 

services. DDAM is responsible for data exchange among components. The SSM 

defines whether a particular web service is selected as a component dynamically or 

statically. Transactions define transactional semantics associated to the composition. 

Finally, the EH specifies the mechanisms for handling of exceptional situations that is 

possible to occur during composition invocation. 

Evaluation of the composition quality is an important aspect of the composition 

process. When several candidate web services have the same functionality, their QoS 

properties are examined in order to select the best one. Thus we identify QoS support 

as an additional dimension of the composition model, called Quality Model (QM). 

Table 1 summarizes the comparison of the web service composition approaches. 

The first column refers to composition approaches. The last column, named Tool 

Support (TS), shows which of the approaches are implemented as software tools or 

platforms. They are marked with filled circle. The rest of the columns correspond to 

the dimensions of composition model presented above. 

                                                           
1 Due to space limitations, detailed description of the approaches examined will be provided 

into the full paper. 



Table 1. Comparison of web service composition approaches. 

Ref. OM CM QM T DDAM EH SSM TS 

[2] BPMN WSDL       

[3] BPEL WSDL       

[4] PG WSDL       

[5] PMC WSDL       

[6] AIP OWL-S, OWL       

[7] OWL-S SWRL       

[8] WS-BPEL WSDL, SLA       

[9] GM WSDL, UDDI       

[10] GM 
WSDL, 

WSLA, OWL 
      

[11] S 
OWL-S or 

SAWSDL 
      

[12] HTN OWL-S       

[13] PMC WSDL       

[14] AIP WSDL       

[15] S WSDL, SLA       

[16] SM WSDL, UDDI        

[17] XML Nets OWL-QoS       

[18] HTN OWL-S       

[19] OWL WSDL       

 Consider  Partially consider  Do not consider 

 

OM column in table 1 shows the abstractions and languages used for modeling of 

control flow of the compositions in terms of sequence of operation execution. Here, 

variety of paradigms exists. Most common are techniques based on AI Planning such 

as Hierarchical Task Networks (HTNs), Planning Graphs (PGs), Semantic Markup for 

Web Services (OWL-S) and Web Ontology Language (OWL) [4], [6], [7], [12], [14], 

[18], [19]. Planning as Model Checking (PMC) is another planning technique that is 

also applicable to OM [5], [13]. The languages for description of business processes 

like BPEL and BPMN are also proposed for web service orchestration [2], [3], [8]. 

Statecharts (S) are abstractions that extend state machines with possibility to define 

activities while moving between states [11], [15]. HPNs have the ability to model 

concurrency of the systems, analyze concurrent behavior, and express the 

dynamically changing software. Here, they are presented by XML nets, which 

provide advantages in the description of process objects and inter-organizational 

exchange of XML structured data [17]. Graph Models (GM) are another way for 

design of OMs, where web services are presented with graph nodes and the sequence 

of their execution is shown by the graph edges. They are applied in [9] and [10]. 

Signature Matching (SM) is a technique used in [16] in order to compose web 

services. It is instance of more general problem, called function realization problem 

[20]. A classification scheme that summarizes web service orchestration techniques is 

shown on Fig. 1. 

 



 

Fig. 1. Classification scheme of web service composition approaches according to the OM 

The CM column shows the standards and languages used for implementation of 

composition components. Currently, most of the composition approaches (along with 

the analyzed ones here) assume that components are WSDL services based on 

standards such as HTTP, SOAP and WS-Transaction. As shown in Table 1, some 

approaches rely on additional standards like SLA and OWL-S in order to enrich the 

composition model with QoS and semantic data. They take into account the QoS 

properties of candidate web services in order to produce composition that aggregates 

web services with the maximum quality. This aspect of the composition process is 

presented in column QM of the table. Here, “” means that the proposed QM is 

capable to covers all QoS properties. The “” symbol shows that given approach 

supports QM with limited number of QoS properties. We call such approaches QM 

limited. For example, the QM proposed in [3] concerns only Response time. 

QMs can be further classified according to the formalism that is applied to the 

composition when QoS properties are taken into account. For example the QM 

proposed in [2] is based on Multi Criteria Decision Making. It considers quality in 

three aspects: QoS that is related to web service execution, Quality of Contents (QoC) 

referring to the quality of the content with which the web services work, and Quality 

of Devices (QoD), concerning physical environment. 

The T column shows whether given approach consider transactional behavior of 

web service composition. Since the underlying middleware is often responsible for 

providing transactional capabilities, approaches presented in Table 1 do not consider 

this dimension of the composition model. For example, the compensation logic for 

roll back of web service activities may be handled by engine that implements WS-

Transaction specifications. 

The DDAM column shows which approaches compose web services in terms of 

data types and data transfer. According to [1] the data of given web service 

composition can be divided into application-specific data and control flow data. Data 

exchanged by web service messages is called application-specific data. Data that is 

used for evaluation of branching conditions is called control flow data. Data transfer 

method can follow blackboard approach or explicit data flow approach. The first one 

relies on a blackboard, which is a collection of variables defining the output and input 
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of each web service activity. The explicit data flow allows developers to specify that 

the input data of an activity should be taken from the output data of previously 

executed activities. For instance, the DDAM presented in [17] uses data type 

definitions of XML Schemas. The proposed approach solves a problem with message 

passing, where an output message of a web service may be incompatible with the 

required input message of another WS. The approach uses XML nets to create 

mediating transition between two web service invocation transitions. In [19] the 

similarity of an output and input parameter of web service activities are checked 

according to preliminary defined rules using OWL. 

The EH column indicates approaches that take into account unexpected behavior of 

web service compositions. A possible solution is to use conditional branch that checks 

the result from invocation of an activity for failures or timeout according to which an 

activity will be terminated if the timeout expires. Another solution is to associate 

exception handling logic to an activity or group of activities. Rule-based languages 

are also applicable to the exception handling problem. For example, the approach 

presented in [13] uses Computation Tree Logic (CTL) to model web service 

composition failures. A global planning approach is used in [15] to reconfigure 

composition execution in case of one or several failures during web service 

invocations. 

The SSM column show which approaches support dynamic binding of web 

services in a composition. Dynamic binding have advantage on dealing with web 

services that change their URIs. 

3   Conclusion 

Composition of web services is appealing tactic to enable even more powerful 

business processes and enrich software applications. A lot of web service composition 

approaches exist in the literature differing in the applied techniques and strategies for 

web service orchestration, data modeling, transaction support, QoS awareness and 

exception handling. In this paper we analyze a number of such approaches and 

distinguish them according to their essential characteristics. 

Directions for future work include further developing the proposed classification 

into ontological framework for web service composition process and also a 

composition meta-model. This will help software architects to choose a particular 

approach best suited for a given application domain. 
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