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a b s t r a c t

Many organizations around the world have started to adopt Web services as well as server farms and

clouds hosted by large enterprise and data centers for various applications. Web Services offer several

advantages over other communication technologies. However, they have high latency and often suffer

from congestion and bottlenecks due to the massive load generated by web service requests from large

numbers of end users. SOAP (Simple Object Access Protocol) is the basic XML-based communication

protocol of Web services. XML is a verbose encoding language in comparison with other technologies such

CORBA and RMI. In this paper, two new redundancy-aware SOAP Web message aggregation models – Two-

bit and One-bit XML status tree – are proposed to enable the Web servers to aggregate SOAP responses and

send them back as one compact aggregated message in order to reduce the required bandwidth, latency,

and improve the overall performance of Web services. XML message compressibility, the Jaccard based

clustering technique, and the vector space model are three similarity measurements that are proposed to

cluster SOAP messages as groups based on their similarity degree. The clustering based similarity

measurements enable the aggregation techniques to potentially reduce the required network traffic by

minimizing the overall size of the messages. The experiments show significant performance for both

aggregation techniques achieving compression ratios as high as 25 for aggregated SOAP messages.

& 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Web services are middleware that provide access to networked
resources over the Internet with the support of network mechan-
isms and protocols such as HTTP and TCP (Rosu, 2007; Komathy
et al., 2003; Madiraju et al., 2010). Generally, Web servers provide
dynamically scalable services (responses) that are available on
demand (requests) over the Internet (Christian Werner and Fischer,
2004; Diamadopoulou et al., 2008; Kuehnhausen and Frost, 2011;
Subashini and Kavitha, 2011). SOAP (Simple Object Access Proto-
col) is the basic communication protocol of most Web services
(Nakagawa et al., 2006; Hu et al., 2011). SOAP is based on XML
(eXtensible Markup Language) that encodes the contents of sent/
received Web messages over the Internet (Rosu, 2007). Recently,
the adoption of Web services on server farms and clouds has
increased significantly by many network organizations with the
aim of providing the required services without investing heavily in
computing infrastructure (Hartmut Liefke, 2000; AjayKumar et al.,
2009; Bo et al., 2010). Understandably, this has contributed to the
growth of web services over the Internet.

SOAP has been developed to improve interoperability of Web
services (Khoi Anh Phan and Bertok, 2008; Christian Werner and

Fischer, 2004; Chonka et al., 2011; Gu et al., 2005). However, Web
services inherit the disadvantages of SOAP as messages are bigger
than the real payload of the requested services (Rosu, 2007;
Pastore, 2008; Ruiz-Martinez et al., 2011) which can cause high
network traffic. As a result, Web services often suffer from
congestion and bottlenecks due to the high number of client
Web requests and the large size of Web messages (Nakagawa
et al., 2006). This can result in slowing down the performance of
the Web applications considerably (Christian Werner and Fischer,
2004; Khoi Anh Phan and Bertok, 2008; Hsu et al., 2009; Hu and
Cho, 2011).

Several compression techniques (Christian Werner and

Fischer, 2004; Rosu, 2007) and textual aggregation models (Khoi

Anh Phan and Bertok, 2008) have been developed to reduce the

size of the messages. For example, XMill (Hartmut Liefke, 2000)

distributes the XML tags into different containers and compresses

them using semantic compressors. Differential encoding

(Christian Werner and Fischer, 2004) reduces the computational

overhead by computing the differences between the current

active message and the previous one in order to compress them

only and avoid the overhead. A similarity-based aggregation

technique (Khoi Anh Phan and Bertok, 2008) aims to reduce

network traffic by combining similar messages and deliver the

compact message using multicast protocol. Despite the fact that

these techniques are to some extent capable of enhancing the
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performance of web services, they still suffer from few technical
drawbacks:

� Some are considered to be storage consuming as they are
either based on dictionary type approaches or depend on log
files for the sent/received messages.
� Although both compression and aggregation models have

similar objectives and exploit similarity within the message
itself (redundancy in compression) or with other messages
(aggregation), they have failed to take advantage of each other
to achieve higher performance.

An XML binary tree structure based aggregation model by
Al-Shammary and Khalil (2010a) was developed with the aim of
providing a high compression ratio for aggregated messages. Two-
bit and One-bit compression techniques (Al-Shammary and Khalil,
2010b) are a general tree structure based models that can signifi-
cantly compress individual XML messages. In this paper, new Two-
bit and One-bit aggregation models are proposed that exploit the
redundancies found in SOAP messages to reduce the aggregated
message size. Further message size reduction is achieved using
compression. The objective of the proposed models is to provide an
efficient aggregation that can significantly reduce the size of the
messages. Two-bit and One-bit status XML tree aggregation techni-
ques aim to enable Web servers with the capability to aggregate a
group of messages that have a certain degree of similarity and send
them as one compact message, minimizing the network traffic.
Figure 1 shows the support from the compression and aggregation
schemes in reducing the high network traffic created by Web
requests/responses. The resultant aggregated messages of SOAP
responses are extractable at the closest routers to the receivers
(clients) to deliver only the required response to each client. An
XML-aware compression technique is developed to exploit the
redundancy of different SOAP messages creating one compact
message structure for the Web messages. Three similarity measure-
ments of SOAP messages are introduced in order to investigate the

best similarity based clustering model that can group messages with
a significant similarity degree to enable the aggregation techniques
to achieve potential message size reduction. Compressibility mea-
surement, Jaccard coefficient (Wang and Li, 2009), and vector space
technique (Liu et al., 2010) have been developed in order to cluster
SOAP messages based on their similarity. Compressibility measure-
ment investigates the possibility of size reduction that can be
achieved with SOAP message pairs. Jaccard coefficient and vector
space techniques are proposed to group SOAP messages into larger
predefined size clusters (not only pairs).

Evaluation of the proposed techniques show promising results
and prove that aggregation techniques can achieve significantly
higher compression ratios for similar SOAP messages than compres-
sing them separately. The compression ratios that can be achieved by
aggregating clustered messages have been investigated and the
aggregated SOAP message size reduction is potentially higher than
the accumulated size of the separately compressed messages. Aggre-
gation of SOAP messages is computed with clusters varying between
two and ten messages per cluster. Vector space model clustering has
been shown to be slightly better in supporting the proposed
aggregation techniques to reduce the overall size of the aggregated
SOAP messages. Furthermore, experiments show that vector space
model clustering requires significantly less processing time than the
Jaccard based clustering technique. The proposed Two-bit and One-
bit XML status tree aggregation techniques are compared with the
Binary Tree based aggregation technique (Al-Shammary and Khalil,
2010a) and both models have shown potentially higher performance
in terms of the resultant compression ratios and the processing time
that is required to aggregate the clustered SOAP messages.

The rest of this paper is organized as follows. Section 2 discusses
related work. Section 3 explains the compressibility measurements
of SOAP messages. Next, Section 4 states the development of Jaccard
based clustering technique. Then, Section 5 explains the vector space
model and its clustering model for grouping SOAP messages based
on their cosine similarity degrees. Section 6 shows the structure of
the XML tree and Section 7 explains the assigning process of the
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Fig. 1. Web services of Stock Quote application scenario.
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