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Abstract. The requester’s service request sometimes includes multiple
related functionalities to be satisfied by the Web service. In many cases
the Web service has a limited functionality which is not sufficient to meet
the requester’s complex functional needs. The discovery mechanism for
such complex service request involving multiple tasks (operations) may
fail due to unavailability of suitable Web services advertised in the reg-
istry. In such a scenario, a need arises to compose the available atomic
or composite Web services to satisfy the requester’s complex request.
Dynamic Web service composition generates and executes the composi-
tion plan based on the requester’s runtime functional and nonfunctional
requirements. This paper provides the review of Web service composi-
tion architectures and techniques used to generate new (value added)
services.

Keywords: Web Services, Service Registry, Dynamic Composition,
Architecture.

1 Introduction

A Web service is defined as an interface which implements the business logic
through a set of operations that are accessible through standard Internet pro-
tocols. The conceptual Web services architecture [I] is defined based upon the
interactions between three roles: service provider, service registry and service
requester. The requester search for suitable Web services in the registry which
satisfy his functional and nonfunctional requirements. The requester’s service
request sometimes includes multiple related functionalities to be satisfied by the
Web service. In many cases the Web service has a limited functionality which
is not sufficient to meet the requester’s complex functional needs. The UDDI
based Web service architecture does not realize complex Web service combina-
tions, hence it provides limited support for service composition. There is a need
to identify and compose the available Web services if the complex service request
can not be satisfied by a single Web service. To achieve complex business goals in
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real world applications, the execution of multiple Web services should be orches-
trated through service composition. The Web service composition can be defined
as the creation of new Web service by combining the available services (service
operations) that realizes the complex service request. The service composition
strategies are broadly classified as Static and Dynamic composition based on the
time when the Web services are composed [2]. Static composition takes place dur-
ing design time when the architecture and the design of the system is planned.
Dynamic composition takes place at run time when the requested service is not
provided by the single provider. The effective dynamic Web service composition
is a major challenge towards the success of Web services. The following seven
different issues have a large impact on dynamic Web service composition. They
are: Describing Web services and complex service request for effective composi-
tion, Generation of composition plan for the complex service request, Modeling
(specification) of composition plan (orchestration models), Selection of Web ser-
vices for the composition, Coordination and Conversation modeling, Execution
of composition and Transaction management.

In this paper, the authors provides detailed review of dynamic composition
architectures and techniques. Section 2 describes Web service composition ar-
chitectures and strategies. In section 3 describes various dynamic Web Service
Composition plan generation Methods. Section 4 compares the different meth-
ods used for dynamic Composition Based on Web Service Signatures. Section 5
draws conclusions and future challenges in dynamic Web service composition.

2 Web Service Composition Strategies and Architectures

Service composition facilitates application reuse where new Web services are cre-
ated using available Web services which are heterogeneous in nature and spread
across organizations. The service composition strategies are classified as Static
Composition, Semi-dynamic Composition and Dynamic Composition based on
the time of composition plan creation and service binding times [3]. Static com-
position is also called as design time composition where the application designer
manually discovers, binds and assembles the Web services during composite Web
services application development. Dynamic Web service composition is a complex
and very challenging task in Web services as the composition plan is generated at
runtime based on the requester’s complex service request [4]. In literature, var-
ious architectures have been proposed to facilitate dynamic Web service com-
position. They are: Peer-to-Peer (P2P) architectures, Agent architectures and
Hybrid (Multi-role) architectures.

2.1 P2P Architecture

The Web service composition methods defined on P2P overlay networks [5] works
as follows: when a peer wants to share a service, it registers the service to the
registration system. Towards service composition, it looks up and gets its suc-
cessor service from the registration system and then the successor service in
turn finds its successor service. This will be repeated until the composition is
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accomplished. The Self-Serv project uses P2P based orchestration model to sup-
port cross organizational compositions [6]. P2P based composition architecture
is suitable for facilitating composition of B2B services rather B2C services which
are too dynamic in nature.

2.2 Agent Architecture

A software agent can be defined as a computational entity, which acts on be-
half of others, is autonomous, proactive and reactive, and exhibits capabilities
to learn and cooperate. Agent architectures have been proposed in literature
where agents perform specific roles of composition and execution. The various
roles include: message processing and composition, service binding and trigger-
ing the specification of composite services and monitoring the deployment of
specifications [7]. A mobile agent (MA) based multi-platform architecture for
Web service composition is proposed [8] where MA is responsible for the execu-
tion of composition. The agent based Web service architectures are not suitable
for compositions due to performance issues like reliability and security.

2.3 Hybrid (Multi-role) Architecture

The extension of conceptual SOA with new roles and operations towards Web
service composition facilitate both static and dynamic composition. In literature,
various hybrid architectures have been proposed towards dynamic Web service
discovery and composition. A novel business model for dynamic Web service
composition involving two new roles called Web Service Composer and Web
Service Composition Registry is proposed [9]. Similarly, roles like configuration
engine and workflow engine [I0], discovery engine, abstract process designer are
defined for dynamic composition architectures. The Furasia Architecture which
is proposed [I1] consists of three main components. They are: component descrip-
tion framework, the template composer and data flow based service coordinator.
The early initiative towards composition called e-flow [12] involves multiple roles
including e-flow service broker, e-flow engine and a set of repositories for stor-
ing information related to composition. The multi-role architecture is suitable
for composition as composition and execution involves many activities which
are to be coordinated by the architectural role called composition manager or
composition broker.

2.4 Role of Ontology and Composition Execution

Most of the hybrid architectures contain semantic information component called
Ontology Store to guide the dynamic composition and execution. In literature,
various kinds of ontologies have been designed (Modeled) for composition which
include: Domain ontology [10], Parameter ontology [13], Policy ontology [I4],
Context ontology [15] and Operation mode ontology [16]. In literature, the Web
service composition architectures are realized through building Integrated De-
velopment Environments (IDE) which facilitate providers and requesters in pub-
lishing and integrating Web services according to their needs [17]. Towards the
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execution of compositions (composition plan), various techniques have been pro-
posed [18]. They include: Interleaved composition and execution, Monolithic com-
position and execution, Staged composition and execution and Template based
composition and execution.

3 Dynamic Web Service Composition Methods

The crux of the dynamic Web service composition is generation of composition
plan at runtime according to the needs of the requester. In literature, various
strategies have been proposed by numerous researchers towards composition plan
generation. Here eight categories of composition strategies have been identified
based on the nature of information and techniques used to build the composi-
tion plan for execution. They are: Constraint based composition, Business rule
(Policy) driven composition, User Interaction and personalization based com-
position, Planning (AI Planning) based composition, Context information based
composition, Process based composition, Model and aspect driven composition
and Signature (Input and Output) based composition.

3.1 Constraint and Business Rule (Policy) Driven Composition

Constraint driven Web services composition aims at building a composition plan
based on the business constraints which are represented in ontologies. The selec-
tion of a specific business constraint from the pool of constraints is dependent
on the particular instance of the process [19]. The constraints enforced by the
requesters and providers guide the data flow and control flow in Web service
composition. The vertical constrains are required to setup the abstract composi-
tion and horizontal constraints help to build and manage instance of composite
service involving data and control flow [20]. The requester’s quality constraints
are also used to build concrete service workflow (composition pattern) by bind-
ing the activity with services through constraint satisfaction [I0]. The authors
[21] propose service discovery approach that locates services that conform to in-
dependent global constraints. The approach uses a greedy algorithm to identify
conforming values and locate composite services. The domain rules are used to
derive values that conform to given user constraint and combine services that
assign those values to their restricted attributes. From the above discussion, it is
observed that the provider’s and requester’s constraints play a role in generating
composition plan involving sequential and parallel execution flow.

The business processes can be dynamically built by composing Web services
if they are constructed and governed by business rules (Policies) [22]. The au-
thors [22]propose a rule driven mechanism to govern and guide the process of
service composition in terms of five broad composition phases spanning abstract
definition, scheduling, construction, execution and evolution to support on de-
mand and on the fly business process generation. Thus business rules are used to
structure and schedule service composition and to describe service selection and
service bindings. Object Constraint Language (OCL) is used to express business
rules and to describe the process flow. The composition plan generated must
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satisfy the policies (rules) enforced by the providers of the selected Web services
for the concrete composition plan [23]. In order to have service compatibility at
the level of policies, a policy ontology is used for the selection of policy compat-
ible, candidate Web services for the composition. Thus business rules identified
at each phase of service development are used to derive effective service compo-
sition process involving inter and intra-organizational processes. Business rule
driven composition requires all business rules which are specific to service needs
to be documented in a unified way (e.g. ontology) for successful composition.

3.2 Planning Based Composition

Web service composition (WSC) can be seen as a planning problem, where a
sequence of services are composed into a business process to reach (satisfy) busi-
ness goals. In literature, many research efforts tackling Web service composition
problem via Artificial Intelligence (AI) planning have been proposed [24]. In such
techniques, initial states and the goal states are specified in the requirement by
Web service requesters. The composition methods based on Al planning include:
Declarative composition, Situation Calculus, Rule based composition, Theorem
proving and Graphplan based composition.

The declarative approach [25], [24] consists of two phases: the first phase takes
an initial situation and the desired goal as starting point and constructs generic
plans to reach the goal. The latter one chooses one generic plan, discovers ap-
propriate services, and builds a workflow out of them. The first phase is realized
using PDDL (Planning Domain Definition Language) which provides machine
readable semantics and specifies the abstract service behavior. The second phase
may be realized by using existing process modeling languages, such as BPEL.
In Self-Serv [6], Web services are declaratively composed and then executed in
a dynamic peer-to-peer environment. The authors [26] propose a system, which
employs goal oriented inferencing from the planning algorithm (TLPlan) to se-
lect atomic services that form a composite Web service. To specify service goals,
a goal specification language is proposed [29] that allows specification of con-
straints on functional and nonfunctional properties of Web services. Towards
enhancement of planning based WSC, a solution to combine GA with planning
is proposed [27] so that, GA helps to navigate the large search space and to build
sub-space by querying Web Services.

A logic programming language called Golog is built on top of the situation
calculus [24] for planning based WSC. The Web service composition problem
can be addressed through the provision of high level generic procedures and
customizing constraints. The general idea of situation calculus is that, soft-
ware agents could reason about Web services to perform automatic Web service
discovery, execution, composition and interoperation. A technique called Rule
based composition to generate composite services from high level declarative
description is described [24]. The method uses composability rules to determine
whether two services are composable. The composition technique generates a de-
tailed description of the composite service automatically and presents it to the
service requester. The Theorem proving approach [24] is based on automated
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deduction and program synthesis. In this approach, initially available services
and user requirements are described in a first order language related to classical
logic, and then constructive proofs are generated with Snark theorem prover.
Finally, service composition descriptions are extracted from particular proofs.
The Graphplan based planning solution involves execution of sequence of steps
(graph expansion) on a planning graph to find the goal [28]. The AI planning
based composition technique requires the output (goal) of requested service to
be specified by the requester in a predefined format for successful compositions.

3.3 User Interaction and Personalization Based Composition

Current approaches to compose function oriented Web services are inappropriate
for interactive characteristics of Interactive Web Services (IWS). Towards this,
a novel user satisfaction model to evaluate the interactive quality of a composite
IWS is proposed [30]. Based on the satisfaction model, an effective satisfaction
driven approach has been developed for the service selection in IWS composition,
which can meet diverse interactive requirements of users. In order to fulfill the
user requirements, researchers have proposed mechanisms for composition, based
on requirements of Inputs and Outputs [3I]. A multi-tier architecture called
TailorBPEL is proposed [32] that enables end-users to tailor personalized BPEL
based workflow compositions at runtime. The framework provides end-users with
capabilities of tailorability through a set of personalization API and tailoring
API. The personalization API allows end-users to create a personalized version
of a BPEL process which can be tailored later on using the available tailoring
API. The modeling of interactive Web services for composition is a challenging
task as the interaction pattern varies from service to service.

3.4 Context Information and Process Based Composition

Context provides useful information concerning the environment wherein the
composition of Web services occurs [7]. The context information (service con-
text, policy context and process context) is crucial to model, monitor and execute
composite processes. The authors [7] propose a context based multi-type policy
approach for Web service composition which cater to the necessary information,
enables tracking the whole composition process by enabling policies and regu-
lates the interactions between Web services. The authors [I5] present composi-
tion approach based on context driven Web service modeling. A novel approach
named process context aware matchmaking is proposed [33] which discovers the
suitable services during Web service composition modeling. During matchmak-
ing, the approach utilizes not only semantics of technical process but also the
business process of a advertised service, thus further improving the precision of
matchmaking.

The finite state machine (FSM) modeling of Web services contribute to the
automatic composition of Web services and a few researchers have used FSMs to
model service behavior towards composition. The authors [34] model services as
FSMs augmented with linear counters to integrate activity processing costs into
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the model. The authors further investigate the problem of computing an opti-
mal delegation for a given sequence of service requests. The authors [35] present
an automatic e-Service composition which proposes a framework in which the
exported behavior of an e-Service is described in terms of its possible executions
(execution trees). The framework is also specialized to consider exported behav-
ior (i.e. the execution tree of the e-Service) which is represented by a finite state
machine. The modeling of process (behavior) of services using FSM is a com-
plex task for the providers. The context aware Web service composition requires
various ontologies to be updated and managed to capture the requester’s and
provider’s context.

3.5 Model and Aspect Driven Composition

The authors [36] [22] introduce the approach of Model Driven Service Compo-
sition, which is based on dynamic service composition to facilitate the manage-
ment and development of composite Web services. Unified Modeling Language
(UML) is used to provide a high level of abstraction and to enable direct map-
ping to other standards, such as BPEL4AWS. UML based modeling technique
can be applied to Aspect Oriented Programming (AOP) technologies for Web
service compositions. An aspect oriented Web service composition approach is
proposed [37] to address modularization and dynamic adaptation problems. The
authors design the aspects for pluggable behaviors with UML and bind the as-
pects into the basic model to get the complete composition model. The authors
[38] propose the decoupling of core service logic from context related function-
ality by adopting a Model driven approach based on a modified version of the
ContextUML meta model. Core service logic and context handling are treated as
separate concerns at the modeling level where AOP encapsulates context depen-
dent behavior. The model driven composition enables the developer to specify
composition plan and binding of services for the tasks which happens at runtime
based on the requirements.

3.6 Signature (Input and Output) Based Composition Techniques

Operation signature (Input and Output) based composition is the most widely
used technique to generate composition plan (sequential or parallel) at runtime
based on the requester’s demands. The composition plan is generated by match-
ing inputs of service with the outputs of rest services or vice versa. Inputs and
outputs are normally specified by URIs and can be extracted directly from the
WSDL documents. A brief review of signature based dynamic Web service com-
position techniques is presented in the next section.

4 Dynamic Composition Based on Web Service Signature

In literature, various techniques have been proposed to exploit Input-Output
parameter descriptions and their relationships for the dynamic Web service com-
position. The service (or operation) signature (or behavior) based composition
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Fig. 1. Taxonomy of QoS aware Web Service Selection Techniques

techniques are classified as Search based composition, Flow based composition
and Structure (Model) based composition. Fig. [l depicts classification of various
signature based Web service composition techniques.

4.1 Search Based Composition Techniques

Search based composition is defined based on the nature of generation of com-
position plan and type of matchmaking involved in the search during plan gen-
eration. The search based composition methods are classified as Forward search
based composition and Backward search based composition. In forward search
based composition (Goal driven) [2§], the composition plan is initialized by the
selection of Web services satisfying the requester’s input parameters and the plan
is expanded by matching inputs of the rest of the services with the outputs of
the last identified service. In backward composition method [39], the composition
plan is generated by identifying a suitable service which satisfies the requested
outputs. The backward search method is more efficient as compared to forward
search since backward search does not allow meaningless expansions of the com-
position plan. The search based composition techniques generate composition
plan with redundant execution paths which require further optimization. More-
over, for the matchmaking of inputs with outputs the entire service repository
needs to be searched which is a costly activity in terms of execution time.

4.2 Flow Based Composition Techniques

The flow based composition is defined based on the nature of information used
to generate composition plan. In literature, two types of information items are
used to generate the composition plan. They are: data flow (message flow) or
data dependency information and control flow (execution sequence or service
dependency) information. Thus flow based composition techniques are classified
as Data flow based composition and Control flow based composition. In data flow
based composition techniques, the message sequence of individual services [I8]
or the input-output data dependency among services [40], guide the generation
of composition plan at runtime. The control flow (workflow) based composition
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techniques exploit the execution order of services to build the plan for Web
service composition at runtime [41].

4.3 Structure (Model) Based Composition Techniques

In literature various data models have been proposed to hold the service in-
formation (Input or Output) to compose Web services. Based on the type of
data structures used for the composition, the model based composition tech-
niques are classified into five groups. They are: Tree based techniques, Directed
Acyclic Graph (DAG) based techniques, Chain (Linked List) based techniques,
List (index) based techniques and Deduced Network (DN) based techniques.

In tree based approach [42], the service information (especially input-output)
is modeled in the form of the tree structure for composition. A Composition
Schema Tree (CST) is defined in [39] for a service which holds service signature
information. A group of such trees of advertised services are used to build the
Complete Composition Schema Tree (CCST). For a given service request the
CCST involving input nodes, output nodes and Web service nodes is traversed
to build composition at runtime. The authors [43] propose the tree structure
called Web Services Composition Tree (WSCT) which is used to obtain QoS
aware composition result for a given service request. The tree based techniques
always try to build the tree structures based on the input-output parameters
and not on parameter dependency. Moreover parameter ontology needs to be
defined to specify service request and service description in a standard form.

The graph (DAG) model [40] for dynamic composition represents the service
parameters and their dependencies (constraints). The authors [40] propose a
method which constructs a graph model, that represents the functional seman-
tics of Web services as well as the dependency among inputs and outputs. The
authors [45] define a dependency graph for composition, where the nodes repre-
sent inputs and outputs of Web services and edges represent the associated Web
services. The authors [46] present an approach for automatic service composition
which discover services based on semantic annotations of service properties, e.g.
their inputs, outputs and goals. This approach also uses a graph based search al-
gorithm on composition graph to determine all possible composition candidates
and applies certain measures to rank them. Graph based techniques require more
search time in the case of large number of advertised Web services involving too
many input and output parameters.

In literature the composition techniques are also defined on data structures
like chains (linked list) [47], chains with Indexed tables [48], Inverted lists (files)
[49] and deduced networks (DN) [50] to represent service information for dynamic
Web service composition. The use of lists, chains and deduced networks enhance
the composition mechanism in terms of time and number of possible plans for
composition. The graph model is more effective only if services are represented
with dependency among them instead of representing parameters (input and out-
put) as the nodes. The representation of parameters increase the size of graph
thereby the search time of composition. The chains, tables and lists (vectors) are
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best data structures to hold input-output parameter information and parameter
dependencies.

5 Conclusion

Composition of available Web services based on the requester’s functional re-
quirements is a challenging task. In literature, various techniques for dynamic
composition of Web services have been proposed. The composition mechanisms
proposed in literature build composition plan involving Web services for the var-
ious tasks of a complex service request. The Web service is normally a collection
of logically related operations and the requester normally requests for a single
operation (simple service request) or multiple operations (complex service re-
quest). Thus composition must focus on generating composition plan involving
abstract operations of available Web services instead of just Web services. The
operations of Web service are sometimes dependent on other operations in terms
of execution order (flow). Some of the operations of Web service do not imple-
ment business logic instead they assist other operations in successful execution.
For example, consider a travel scenario where the operation “reserve train ticket”
which implements business logic is dependent on one assisting operation called
“check train ticket availability”. If the requester is interested in operations which
implement business logic then all assisting operations which have influence on
the requested operations need to be included in the composition plan towards
successful composition and execution. Thus, composition plan to be generated
at runtime must contain such assisting operations with an order of execution.
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