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Abstract. Composition of Web services helps to lower the time-to-market
of service-based applications by reusing the functionality provided by ser-
vices that are already deployed at geographically distributed locations.
Due to the diversity of services, the client acceptance of new applica-
tions is determined more and more by non-functional aspects, such as
Quality of Service, or cost. The throughput, response time, and commu-
nication cost of composite services depend on the characteristics of each
component service involved, as well as on the manner these components
are tied together. Research has shown that distributed data-flow models
can offer better performance and lower communication costs in service
composition than centralized models. However, an impediment towards
data-flow distribution in Web services composition is that the compo-
nent services cannot exchange data directly without central mediation.
We propose therefore a non-intrusive approach for achieving data distri-
bution among Web services that are engaged in composition, bringing
minimal extensions to the underlying middleware and not tightening the
coupling between them.

1 Introduction

The next expected step in large-scale software development is to achieve better
intra- and inter-enterprise integration of applications, as fully integrated en-
terprise applications tend to be replaced by business networks in which each
participant offers specialized services to the others [1]. This trend has led to the
development of service-oriented technologies.
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Web services are the practical implementation of the service-oriented comput-
ing [2] model. In the service-oriented approach, higher level services (composite
services) are created by composing existing lower level services (component ser-
vices) that were deployed at different physical locations and on heterogeneous
platforms. Languages used for describing the composition of Web services, such
as Business Process Execution Language (BPEL) for Web Services [3], employ
centralized control-flow and centralized data-flow to tie services together. The
centralized data-flow approaches generally perform poorer than decentralized
ones in terms of throughput, response time, and communication cost because
composite services are potential bottlenecks [4–6]. If component services were
able to exchange data between them without all that data passing through a
central coordinator, Web services composition would greatly benefit in terms of
performance.

Our main objective in this paper is to propose a non-intrusive approach for
achieving direct interaction between component Web services in order to support
data-flow distribution in Web services composition. The approach aims at bring-
ing minimal extensions to the existing infrastructure, while not tightening the
coupling between the component services. In section 2 we present the benefits
that the decentralized data-flow model can generally bring to service composi-
tion. Section 3 describes work related to current approaches for decentralizing
the composition of Web services, and then our proposed approach is highlighted
in section 4. Finally, conclusions and possible future work are presented in sec-
tion 5.

2 Data-flow Distribution in Service Composition

The influence that different data-flow models have on performance of compos-
ite services is discussed in [5]. Centralized control-flow centralized data-flow and
centralized control-flow distributed data-flow models are analyzed and compared,
considering the aggregated cost and response time. Results show that the aggre-
gated cost of the distributed data-flow model is no greater than the aggregated
cost of the centralized data-flow model. Additionally, the response time of the
distributed data-flow model is smaller than that of the centralized one when the
following condition is met: the network bandwidth between component services
is not lower than a network bandwidth of the communication channels between
the composite service and the component services.

Figure 1 schematically presents both the centralized and the decentralized
data-flow models in the context of centralized control-flow. In the centralized
data-flow model (fig. 1(a)) all the data needed to be exchanged between compo-
nent services passes through the central service. This way, the composite service
can become a bottleneck when data-intensive services are composed. The dis-
tributed data-flow model (fig. 1(b)) relaxes the load of composite services, and
uses resources of the networks that connect the component services by enabling
them to exchange data directly. Therefore, data-flow distribution can improve
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Fig. 1. Data-flow models in service composition

the overall performance of composite services in terms of throughput, response
time and total communication cost.

3 Related Work

The area of Web services composition benefits from the work done on workflow
systems [7]. However, little work has been done in what concerns the distribution
of control and data-flow in the composition of Web services. In this section we
present the results we have found on this aspect.

Chafle et al [4] and Nanda et al [6, 8] present a method for decentralizing the
execution of composite Web services, along with related issues. In [6] the au-
thors propose an algorithm for partitioning centralized BPEL descriptions into
smaller parts that are executed by distributed BPEL engines. The partitioning
policy uses program dependence graphs to detect data dependencies, and tries
to minimize communication costs and maximize the throughput of composite
services by reducing the amount of data-flow between different partitions. The
model used is distributed control-flow distributed data-flow. Experimental re-
sults obtained highlight a better throughput of the decentralized composition
against the centralized one. A drawback of their approach is the necessity for
the code of each partition to be deployed in a BPEL engine that runs on the
same or on a topologically-close application server as the service it invokes.
Therefore, dynamic composition of Web services is hard to achieve using this
method. Moreover, it lowers the maintainability and evolvability of composite
services, as every change in their workflow description must be followed by code
repartitioning, and redeployment of the newly obtained partitions.



4 Middleware Support for Data-flow Distribution in Web
Services Composition

The primary goal in the Web Services field is interoperability achievement among
distributed and heterogeneous systems, while still preserving the loose coupling
between them. Thus, the component services have no knowledge of each other
and, consequently, they cannot exchange data directly without central media-
tion. In most cases, they are intended only to process requests and to respond
accordingly to the clients that invoke them, therefore being passive in what
concerns the control-flow required by the service composition logic. This is a
major problem that stands in the way of achieving data-flow distribution among
component Web services.
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Fig. 2. Middleware configuration for centralized data-flow

For tackling this problem, we propose a minimal extension to the run-time
infrastructure. The extension consists of the integration of a protocol that we
call Data-Flow Distribution Protocol for Web Services (DFDP-WS) into the Web
services stack. This protocol should be able to encapsulate both control-flow in-
formation and data in the messages it carries. DFDP-WS is to be interposed
between the application level protocols and the transport level protocols. De-
pending on the specific needs encountered at run time, it can be enabled or
disabled. When centralized data flow is desired, DFDP-WS is not used or plays
neutral roles (fig. 2). When the data flow is distributed (fig. 3), DFDP-WS is
activated and assures the infrastructure for component services to exchange data
directly one with another.

The component services do not need to implement extra functional features
for using our approach. The constraint however is the need for each of the com-
ponent services to be deployed into containers that implement our proposed
middleware support. This brings only a minimal extension to the existing infras-
tructure, as DFDP-WS is a lightweight protocol. The method presented in [6],
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Fig. 3. Middleware support for decentralized data-flow

and described in section 3, requires the component services to have BPEL en-
gines around. BPEL engines are expected to be more complex than DFDP-WS.
Nevertheless, as the direct interactions between the component services are car-
ried out by the middleware, their loose coupling is preserved at the application
level.

We do not focus on detection of data-flow dependencies in the centralized
BPEL descriptions. However, a detection algorithm similar to the one described
in [6] can be moved from the application level to middleware. Data-flow depen-
dencies can be detected statically or at run-time, and the corresponding service
invocation sequences can be generated by a scheduler (fig. 3). Both the data
dependencies detector and the scheduler can be implemented as extensions to
the BPEL engines. The optimization process is therefore transparent to the ap-
plication level.

Web Services Coordination (WS-C) [9] is an extensible framework for pro-
viding protocols that enable the service-based applications to coordinate their
distributed component services. As WS-C allows for the publication of new pro-
tocols, the extension we propose can fit non-intrusively into the existing frame-
works, provided that these frameworks offer WS-C support.

5 Conclusion and Future Work

Because non-functional aspects of (composite) Web services, such as Quality of
Service and cost, play a key role in their selection by clients, we attempt to
propose a way to improve their performance in terms of throughput, response
time, and aggregated cost. The key points we address are: i) the need for a mid-
dleware support for data-flow distribution in Web Services composition, and ii)
the way we can integrate this support into the existing infrastructure with mini-



mal extensions and non-intrusiveness. The middleware enhancement we propose
consists of a lightweight protocol (DFDP-WS) that is capable of transporting
both control and data messages. DFDP-WS brings minimal extensions to the
middleware and still preserves the loose coupling between the component ser-
vices. The WS-C framework might be a solution for integrating the proposed
protocol into the run-time infrastructure non-intrusively.

As future work we intend to develop a specification for the DFDP-WS pro-
tocol and to investigate the feasibility of its integration into Web application
containers, by implementing a proof-of-concept. We also intend to compare the
performance-related results obtained when using DFDP-WS with those obtained
when the centralized composition was utilized.
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