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Abstract. Business applications in domains such as e-Governance, re-
quire collaboration among both Governmental and non Governmental
departments, which raises the need for composing SOAP-based as well
as RESTful services. Existing works address this objective using static
composition alone. However, it would be beneficial if users can specify
the requirements during run-time, based on the outcome of the previous
services executed. In general, business applications follow a predefined
order and consequently the composition process can follow a template of
business activities. Existing works on dynamic web service composition
either separate the composition and execution phases distinctly or per-
form them in an interleaved fashion. The former approach cannot adapt
to changes in run-time whereas the latter can select services based on
the outcome of previous service executions. However, the interleaved ap-
proach does not support business activities that have a specific ordering
among them. Hence, a novel hybrid model - Dynamic InterLeaved Tem-
plate (DILT) - that enables interleaved composition and execution of web
services based on predefined workflow templates has been proposed in
this paper. This hybrid model lends itself naturally for composing both
SOAP-based and RESTful services.

Keywords: Web Services, Dynamic composition, Service Oriented Ar-
chitecture, SOAP services, RESTful Services.

1 Introduction

Applications in e-Governance are increasingly becoming widespread which re-
quire handling transactions across the various governmental as well as private
departments. Whenever a single service is not sufficient for implementing a busi-
ness process, multiple services need to be suitably composed. The web services
are heterogeneous in nature and the two prominent types are SOAP-based and
RESTful services. In general, SOAP-based web services are predominantly used
in business applications where multiple competing providers exist for a single
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functionality. RESTful web services are preferred for Governmental department
web services since, RESTful services are light-weight and less prone to security
attacks.

Existing works on web service composition provide solutions for static com-
position of SOAP-based web services using Existing language standard for com-
position - Business Process Execution Language (BPEL), static composition
of RESTful services [1], and semi automated solution for both types. In e-
Governance business applications, the component services of a composition need
input values from the end-user. Sometimes, the end-user might want to decide
the service parameter values based on the outcome of the previous service execu-
tion. Several authors have surveyed and compared different approaches for web
service composition [2]. Interleaved approach [3] supporting dynamic composi-
tion interleaves composition and execution of component services of a composite
service. However, in enterprise applications, the business is conducted in a pre-
determined manner and hence the template based composition [3] is more suit-
able wherein the control flow among the business activities is captured. Existing
works on composition of SOAP and RESTful services together [4,5], follow ei-
ther static composition or severely restrict the interaction between heterogeneous
services. The existing dynamic composition frameworks [6,7,8] do not allow the
interleaving of composition and execution steps. Existing works on interleaved
composition and execution [9,10] do not follow a specific ordering among busi-
ness activities. Hence, a novel Dynamic InterLeaved Template model (DILT) is
proposed in this paper, that dynamically interleaves composition and execution
steps associated with component services of a composite business process, based
on predefined control flow. This hybrid model lends itself naturally for composing
heterogeneous services.

2 Existing Work

Peng et al., proposed REST2SOAP [4] framework that integrates RESTful web
services with SOAP-based services by converting them into SOAP services. In
this work, the advantages of RESTful services such as lightweight nature and
security are lost. Another hybrid orchestration approach of He et al. [5] is effective
only when the interactions among different types of services are minimal. The
MDCHeS [11] approach used BPEL engine to compose SOAP-based services,
JOpera visual composition language to compose RESTful services, and BPEL for
REST extension for composing heterogeneous services. All these works are semi-
automatic approaches and do not address dynamic composition. An approach
proposed by De Giorgio et al. [12], supported alternate service selection at run-
time from a pre-discovered set of SOAP-based and RESTful services which is
not truely dynamic.

A-DynamiCoS [13] framework supports user-centric interleaved service com-
position. However, it is not suitable for business applications where the activities
follow a specific order. In Ardagna et al.’s [14] adaptive composition approach,
web service selection as well as optimization and web service execution are inter-
leaved. However, selection of each service is not interleaved with its execution,
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which makes specification of user requirements based on the outcome of the
previous service execution, impossible. Ozorhan et al., [15] proposed an abduc-
tive event calculus framework that can be used to formalize the interleaved and
template-based approach [3] separately. This framework does not address com-
bining interleaved and template based approaches. All these three works do not
address composition of heterogeneous web services.

3 Proposed Hybrid Model for Web Service Composition
and Execution

The proposed hybrid model, DILT combines the features of interleaved and
template based approaches for composing and executing web services. Figure 1
depicts the approach adapted by DILT model. This model involves three steps
namely, dynamic selection, binding, and execution of services. The web ser-
vices are selected from the respective service registry based on their type at
run-time by matching the functional requirements specified by the user and the
capabilities of the services advertised in the registry. Since, this paper does not
focus on semantic discovery of services, it is assumed that the activity as well
as the corresponding services are named similarly. The services from different
service providers corresponding to a given activity are named as activity name
followed by the name os the service provider. When several service providers
deploy services for the same functionality, service selection involves comparing
their non-functional capabilities which is outside the scope of this paper. The
three steps involved in the composition are interleaved for each activity present
in the template. Hence, the response of the previous service execution is useful
for deciding the selection of services from the registry, for a subsequent activ-
ity in the workflow template. The process flow of the proposed DILT model is
shown in Figure 2. The services are composed in sequence or in parallel based
on the workflow patterns. The workflow patterns such as Sequence, AND-Split,
AND-Join, XOR-Join, and XOR-Split have been considered in the schema. The
approach adapted by the DILT model is depicted in Figure 3. A set of following
middleware services have been designed and deployed.

– WFParser for parsing the workflow template
– WSSelection for selecting a SOAP-based web service from WSRegistry and

SOAPBinding for binding them
– URIRetrieval for selecting RESTful web services from RESTfulRepository

and RESTBinding for binding them

4 Case Study

The proposed DILT model is illustrated using an e-Governance application of
Land Registration (LR) as depicted in Figure 4 . which involves searching, select-
ing and buying a residential plot that suits the user preferences and registering
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Fig. 2. Process flow of DILT model

Fig. 1. Proposed DILT Model

Fig. 3. Composition and Execution of
Heterogeneous Web Services

Fig. 4. Workflow for Land Registration System

the sale deed with the government department for registration.The LR appli-
cation involves collaboration among the various real estate providers as well as
Government departments such as the registration and the revenue departments.
The business workflow for Land Registration depicted in Figure 4 involves se-
quential composition of searching for a land with specific requirements, selecting
the land, obtaining the land value fixed by Government, calculating the total
land cost, validating land details, and registering the land.

5 Experimentation

The LR application is implemented using the proposed DILT model. The ap-
plication is implemented using the technologies, JAX-WS for SOAP-based web
services and JAX-RS for RESTful services. The impact of DILT model on the
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Fig. 5. Execution Effort versus Composi-
tion Effort

Fig. 6. Comparison of DILT Model with
the Existing works

performance of LR application is studied by measuring the effort involved in
executing the various activities. The execution effort for obtaining the results of
an activity, (EEi) includes the efforts involved in composing a suitable service
i, (CEi) and then executing it. RTi represents the response time of a service.
EEi = CEi + RTi. The composition effort involved in dynamically composing
a service i, (CEi) consists of the time incurred in selecting a suitable service
(STi) and binding the service based on its type (BTi). CEi = STi + BTi. The
execution effort involved in the case of SOAP based services is high compared
to RESTful services, since SOAP messages need to be prepared whereas in case
of RESTful message, it involves only a HTTP request.

The percentage of additional effort spent in dynamic service selection by the
proposed approach in DILT model, has been measured and shown in Figure 5.
It is observed that on an average, 26% of execution effort is incurred in service
selection during run-time. Though dynamic selection, adapted in the DILT model
incurs an additional overhead, the advantages of the proposed approach such as
adapting to new services/providers, service selection based on the outcome of
previous service execution, and dynamic composition of heterogeneous services
justify the overhead.

A comparison of the proposed DILT model with the existing works discussed
in Section 2 is presented in Figure 6.

6 Conclusion

The major contribution of this research work is to compose heterogeneous web
services dynamically. By interleaving the composition and execution steps, the
outcome of the service saved as user context becomes useful in specifying the
user preferences for selecting the subsequent services. Since e-Governance appli-
cations follow a predefined ordering among the activities of the business process,
the template based approach adapted in the proposed DILT model suits such
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applications. The proposed model requires the user to specify the input param-
eter values for any service, only when the service is composed and executed.
Thus, the user can preserve the privacy of data and can avoid security risks.
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