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Abstract – There is a growing need for information
access at any point in time, and from any location, on
rapidly growing number of mobile devices. The
computational power of mobile devices is growing
rapidly as a result of this and they are fast becoming the
new client platform.
A number of issues exist in the mobile environment,
such as lack of memory and processing abilities, poor
storage capacities, the lack of reliable connections and
availability of sufficient bandwidth. Increasing
resources, however, does not solve the issues, as the
information being moved, stored, and processed becomes
larger. Ways of reducing the size of data processed by
mobile devices are required.
This paper explores the use and benefits of file
compression when files are transferred to mobile devices.
The focus is on the data compression of XML files. A
comparison of five different compression techniques was
conducted. One of the findings is that a framework is
needed, which would intelligently categorise files before
selecting an appropriate compression technique.
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I. INTRODUCTION
A recent report [1] has shown that there are approximately
4.6 billion connected mobile devices in the world, and this
number is expected to reach five billion by the end of 2010.
Given that there are approximately 6.8 billion people in the
world [2], more than 65 percent of the population has access
to information from around the world via their mobile
devices.
Increasingly large volumes of information are available
both online and offline. Living in an “information society”,
we are showered with information irrespective of whether
we actively seek it or not [3]. Technologies for managing
this information are continually changing, and although
technologies in mobile devices and connection types become
more advanced, it is not enough to deal with this ongoing
problem.
The resources of mobile devices are insufficient to cope
with large amounts of information, especially when this
information is packaged as large files. People are expecting
information to be delivered to them at any time, from any

location. Irrespective of this need, people are always
expecting more: more information, better technologies and
easier access to this information. It is therefore essential that
technologies are continually updated and that solutions to
these problems are smart and efficient.
One solution, proposed in this paper, is the use of smart
file transfer in the mobile environment to cope with large
files of information. This paper discusses file compression as
a method for more efficient file transfers between a server
and a mobile client. Section II discusses the shift toward
mobile computing and the issues that need to be addressed.
Section III describes five different compression techniques
and Section IV shows experimental results and comparisons
for these techniques. Section V discusses the use of
compression in the mobile environment. Conclusions are
summarised in Section VI and future work in Section VII.
II. MOBILE DEVICES
In this paper we define mobile devices as any handheld
devices, such as mobile phones, smart phones, and PDAs.
With the number of connected mobile devices having
reached 4.6 billion [1], it suggests that there is a definite
drive toward mobile computing. One only has to look at
how people have changed their way of communicating to
realise this. Mobile phones started as a means for
transmitting simple voice over a wireless network, but have
since grown into a multi-purpose computing platform.
Mobile devices are in effect becoming our new client
platforms, and, thus, need to support most of the new
computing paradigms, including large file transfers.
Furthermore, the requirements of the cooperate world is that
they do not want to be tied to their workstations in order to
conduct their business.
However, as mobile devices and standards progress,
phones have become enterprise application delivery
platforms as well. This presents many new challenges.
Different brands, run-time platforms, screen sizes, networks
and many other factors all contribute to the fact that there is
a large variety of mobile devices on the market [4].
As is typical of new technologies and new developments,
mobile computing is not without its technical challenges.
These challenges, however, are core factors in new
technological developments and mobile enhancements.

Although there have been great enhancements to the field of
mobile technology, a number of issues still exist, and might
always be a limiting factor. Because mobile phones were
intended simply to transmit voice, many aspects of the
device were overlooked. These limitations include:
1. Reduced screen size;
2. Lack of processing;
3. Limited processing;
4. Poor storage;
5. Lack of reliable;
6. Communication bandwidth restrictions; and
7. Cost.
1) Screen Size
This leads to awkward viewing of text and graphics that
are initially considered for viewing on desktop computer
screens, and not on small screens designed for mobile
devices. Mobile phone screen sizes today vary between
96x65 and 800x480 pixels. Even with larger screen sizes in
recent years, mobile devices still fall some way short of
desktop screen sizes, which start at 1024x768 pixels.
2) Insufficient Processing Memory
As mobile devices are expected to have more capabilities
and features, the demands for high-speed, low-power RAM
are also increasing. Up until recently, the standard for
mobile RAM did not reach 64MB. Recent demands have
meant that more RAM be allocated to devices and we now
have capacities of 64MB, 128MB, 256MB, and even the
start of 512MB memory modules. However, the majority of
phones available for average consumers still have memory
capacities of less than 64MB.
3) Processing Power
Mobile CPUs typically produce power in the range of
150-350MHz for standard mobile devices, and up to
800MHz in the most recent, up-market mobile devices.
CPUs for mobile devices are expected to reach 1GHz by the
end of 2010. However, phone processors will be limited to
around 1GHz, as higher clock rates would result in a power
drain on the battery, which, in turn, prevents mobility [5].
Due to this lack of processing power, many approaches have
been developed that take this into consideration. One
approach to this removes all computationally expensive
work from the device so that it is performed on a server. The
device then retrieves the resulting information from the
server.
4) Poor Storage Capacity
Limited onboard storage capacity, for anyone using their
phone for purposes other than just voice calls or SMS,
means that at some point a storage card will be required.
Although these cards can provide storage of up to 32GB, it
is still lagging behind what would be considered sufficient
storage capacity on a desktop computer. Another issue is
that these memory cards are not always included as standard
accessories for most mobile devices, and are sometimes too
costly for an average consumer.
5) Connection Reliability
Wireless communications have some negative aspects
compared to fixed networks, mainly the substantial loss of

packets sent, and the innate difficulties with maintaining fast
wireless connections over considerable distances [6].
Reliability could also be as a direct result of poor
infrastructure provided by mobile network companies.
6) Communication Bandwidth
There are many reasons for inadequate bandwidth, most
of which results from quite poor latency and significantly
fluctuating connection quality, leading to poor bandwidth
[6]. In some instances, the infrastructure used by mobile
networks is inadequate to deal with the number of connected
mobile devices, and only offer a limited communication
bandwidth to their users.
7) Cost
Irrespective of the issues regarding reliability of
connections and communication bandwidth restrictions, it is
common practice for networks to attach a cost to the amount
of data received by mobile devices. In addition to this,
higher bandwidth, if available, equates to higher costs. On
occasion, due to the poor connections provided, loss of
packets transferred is not an abnormality, and could result in
those packets having to be resent.
Even though many different solutions to the above issues
exist, we propose that the use of smart file transfers as a
solution to most of these limitations. In this solution
compression is fundamental.
III. COMPRESSION
Compression is the procedure of reducing the size of a file
by encoding its data information more economically [7].
This procedure reduces the overall number of bits and bytes
in a file that store the same information. This results in faster
transmission of the digital files, in its compressed state, over
the Internet.
There are two types of compression: Lossless and Lossy
compression. All lossless compression is based on the
principle of creating a condensed form of a file for
transmission or storage. This file can then be recreated when
required. Lossy compression works differently, where
programs simply eliminate unnecessary bits of information,
tailoring the file so that it is smaller. It permanently deletes
unnecessary data, which cannot be recreated.
Media compression of images and video is typically lossy,
while the data compression of XML files would be classified
as lossless. This paper focuses on data compression.
A. Data Compression Techniques
A total of five approaches, each using a different lossless
compression technique, were used in the compression tests.
These compression techniques focus mainly on data
compression, moreover, that of XML compression. These
included bZip2, gZip, XMill, XMLppm, and XWRT.

1) bZip2
BZip2 is a patent free, specialist data compressor, which
is freely available [8]. It offers compression of files to within
10-15% of best compression techniques available. BZip2 is
approximately twice as fast at compression, and six times
faster at decompression compared to other leading
techniques.
2) Gzip
GNU zip (gZip) is a compression utility intended to be an
alternative for Compress with advantages over Compress in
terms of better compression, independent of patented
algorithms [9]. The gZip compression algorithm was written
by Gailly and the decompression algorithm by Adler. gZip
has become a relatively popular compression utility for use
on the Internet.
3) XMill
XMill is a compression utility for compressing XML data
efficiently and is based on a reordering strategy that
leverages the effect of highly-efficient compression
techniques in other compression utilities such as gZip [10].
XMill was developed in 1999 at AT&T Labs Research in
New Jersey, who have since released the project and the
source code is now a SourceForge project.
4) XMLppm
XMLppm is a data compression utility that improves
compression of XML files from 5 to 30% than current text
or XML-specific compressors, which is a combination of the
recognised Prediction by Partial Match (PPM) algorithm for
text compression, and an approach to modelling treestructured data termed Multiplexed Hierarchical Modelling
(MHM) [11]. The XMLPPM source code is also a
SourceForge project and forms part of an XML compression
project.

A series of tests was conducted for each of the given
compression techniques discussed in the previous section.
For each test, the default compression settings were used,
and a total of 77 XML files were used. Research suggests
that compression techniques could perform differently for
different file sizes, hence, files are categorised into three
categories of small, medium and large sizes. In conjunction
with this, specific metrics were used in each test to compare
the five approaches. These metrics included:
1. Compression ratio – the compressed file size divided
by the original file size;
2. Compression time – time taken to perform compression
of individual files;
3. Decompression time – time taken to perform
decompression of individual files; and
4. Total memory used – amount of memory used for each
compression technique in both compression and
decompression tests.
A. Results and Comparisons
All tests were conducted on an Intel Core 2 desktop
computer [2.13 GHz Dual Core Processor, and 2GB RAM].
The first test that was run was a simple compression of the
files in all three categories. The file sizes of the compressed
files were recorded and compared with their original sizes to
give the compression ratio as a percentage (Figure 1).

5) XWRT
XML-WRT (XWRT) is a high-performance XML
compressor that converts XML to more compressible form
and uses zlib, LZMA, PPMVC, or lpaq6 as back-end
compressors [12]. XWRT creates a semi-dynamic dictionary
and substitutes regularly occurring words with shorter codes.
IV. EXPERIMENTS
For certain categories of file types, either lossless or lossy
compression is preferred. For example, to compress data
files a lossless compression technique would be ideal and a
lossy compression technique would be favoured to compress
media files.
With data compression, the research focused on data
stored in XML format. XML files are typically much larger
than the same data represented in some reasonably efficient
domain-specific data format, hence the requirement for
compression. However, the advantages of XML far
outweigh its disadvantages. One main advantage is that
information coded in XML is easy to read and understand,
and it can be processed easily by computers.

Figure 1: Compression Ratio
The compression ratio shows that each compression
technique dramatically reduces the size of the XML files. An
average of 15.17% was observed over all files for each
compression technique. This indicates that the use of simple
compression can assist in resolving issues with mobile
computing by reducing the processing power required to
handle large files transmitted, and reduce the amount of data
that is required to be sent over unreliable connections with
limited bandwidth. Additionally, this results in the reduction
of cost in transferring these files over a wireless network to a

mobile device.
From Figure 1 it is not clearly visible which of the
compression techniques performed best after this test. The
best average compression ratio was the XMLppm technique
with an average of 10.36% of the original size, closely
followed by bZip2. The worst compression ratio recorded
21.98% recorded by XMill, was still a significant reduction
in file size.
In conjunction with the recorded compression ratios, the
compression times were recorded for four of the five
techniques (Figure 2). A recorded average of 15.17 seconds
was observed over all files for each of the compression
techniques.

Figure 3: Decompression Time
Data was also recorded for the amount of memory used by
each compression technique after the each round of testing
(Figure 4). However, the memory footprint of each of these
compression techniques were insignificant, for both
compression and decompression, with no technique using
more than 1 megabyte of memory, and an overall average
usage of 0.38MB.

Figure 2: Compression Time
From Figure 2 it is evident that both the gZip and xMill
compression techniques produced significantly faster
compression times. With an average of 1.194 seconds, gZip
compressed files fastest, closely followed by xMill at an
average of 1.431 seconds.
After the initial testing, the second test was conducted,
which experimented with decompression techniques.
Decompression times for three of the techniques was
recorded (Figure 3).
Decompression plays an important role, as it will be
performed on the client side (mobile device). Although all
tests were conducted on a desktop computer, the results
serve as a means of viewing differences in decompression
between the compression techniques. Decompression time is
used in conjunction with the time it takes to compress
individual files. An average of 9.78 seconds was recorded
over all files for each of the compression technques for time
decompression time was recorded. gZip recorded the fastest
average decompression time of 1.24 seconds, with bZip2 at
an average of 1.74 seconds. A statistical analysis of these
recorded results will be discussed in the following section.

Figure 4: Decompression Memory Usage
B. Statistical Analysis
To select which compression technique performed the
best overall, a statistical analysis was conducted using an
Analysis of Variance (ANOVA). The objective of ANOVA
is to test for significant differences between averages [13].
This allows the comparison of averages between two or
more factors. In this case, a comparison between the
compression ratios, and the compression/decompression
times was conducted.

1) Compression Ratio
At a significance level of 95%, we can reject the null
hypothesis that the average for compression ratio are equal
and conclude that there is a significant difference in the
average for the five compression techniques. However, we
cannot statistically conclude that there is a significant
difference in the average compression ratios between the
bZip2 and XMLppm techniques.
Furthermore, results show that for XML files of size less
than 1MB, the XMLppm compression technique out
performs all other techniques. For the remaining categories
of XML file sizes, the bZip2 and XWRT compression
techniques performed best, however, there is insufficient
statistical evidence to support the conclusion that there is a
difference in compression ratios between the two techniques.
2) Compression Time
At a significance level of 95%, we can conclude that there
is a significant difference in the average compression times
for the four compression techniques for which compression
time was recorded. However, there is insufficient evidence
to conclude that there is a significant difference in
compression times between the gZip and XMill compression
techniques, which performed best.
For all three categories of file sizes, both gZip and XMill
performed better, yielding the fastest compression times.
Although there is insufficient statistical evidence to suggest
that there is a considerable difference in compression times
recorded for the small and medium categories, there is
sufficient statistical evidence to conclude that there is a
significant difference in compression times between gZip
and XMill, with gZip performing the better of the two.
3) Decompression Time
At a significance level of 95%, we can conclude that there
is a significant difference in the average compression ratio
for the three compression techniques. However, there is
insufficient evidence to conclude that there is a significant
difference in decompression times between the gZip and
bZip2 techniques.

V. DISCUSSION
During testing and analysis it was evident that all
compression techniques achieved high compression rates,
reducing XML files to an average of less than 25% of their
original size. However, a few discussion points were raised:
1. Although we have shown that compression will
reduce the overhead of data sent to the mobile device, actual
tests have not been conducted with real networks and real
devices. Since only decompression will be performed on the
mobile device, small decompression times and little memory
usage indicate that performance on a mobile device should
be similar to that of the test environment.
2. Power and battery consumption on a mobile device
was not investigated. Although compression accelerates
transmission times, it requires processing for decompression
and could therefore decrease battery life of a mobile device.
However, reduced file sizes for transfer equates to less time
spent downloading, and fewer packets required for file
reconstruction, which lead to less processing. Future
research in this area could demonstrate the long term
benefits of using compression for file transfers to a mobile
device.
3. During testing, files were categorised by placing the
XML files in three groups of sizes. Certain files noticeably
took slightly longer to compress than the noticeable trend.
This phenomenon occurred for all the same files for each of
the compression techniques tested. This suggests that the
structure of those files differ significantly from the norm.
Future research to categorise XML files by structure is
required to provide a more in-depth analysis, which could
suggest a better selection procedure for a proposed
framework discussed in the next section.
4. Table 1 tabulates the theoretical maximum transfer
rates of wireless technologies available for current mobile
devices.

4) Memory Footprint
There XMLppm compression technique performed
marginally better in terms of memory usage. However, there
is insufficient evidence to suggest, at a significance level of
95%, that there is a difference in average memory used for
each of the compression techniques for which memory usage
was recorded.
5) Overall Analysis
With no compression techniques performing significantly
better in terms of memory usage, for both compression and
decompression, and the actual memory footprint being
negligible,
only
the
compression
ratio
and
compression/decompression times were considered in
selecting the best compression technique. From the results, it
can be inferred that different file sizes have an impact on the
efficiency of the different compression techniques. This
highlights the need for some automated intelligence in
selecting the most appropriate compression technique.

Table 1: Wireless Technology Transfer Speeds
Results suggest that the time taken to compress, transfer, and
decompress files is less than the time it would take to
transfer the files with original file sizes, even at maximum
transfer rates. For example, a file of 5MB will, theoretically,
take HSDPA approximately 2.8 seconds to transmit. The
fastest time recorded for compression and decompression
together was 0.5 seconds. The file was compressed to 5.41%
(0.277MB) of its original size. This means that the total time
for compression, transmission and decompression was 0.62
seconds. Ultimately, this reduces the risk of losing packets

during transmission over poor connections, and, hence,
reduces overall cost. This process, however, is not useful
for transferring files of sizes less than 10KB.
VI. CONCLUSION
Mobile devices were initially designed to be peripheral
voice-calling devices, but, over time, have been converted
into small computers that are expected to do almost
anything, anywhere. Although there has been an introduction
of many high-speed mobile packet-switched networks, the
large information overhead of files transferred over any
network available to these devices may cause unacceptable
response times. The reason for this is the limited bandwidth
and high latency of wireless links provided for mobile
devices. Additionally, the usage of these networks is usually
charged based on the amount of data transferred, which may
lead to high cost of file transfers to mobile devices.
Even though many different solutions to the above issues
exist, we proposed one that would influence all issues: small
screen size, lack of memory and processing ability, limited
storage capacity, unreliable connections, insufficient
bandwidth for the given connections, and even cost. The
solutions proposed is the use of smart file transfers, in which
compression is fundamental. The tests conducted confirm
that compression significantly reduces file size, which in
turn will benefit transfer times on a mobile device.
We can conclude that compression is suited for the mobile
environment, and is essential for file transfers to and from
mobile devices. However, we recommend that research be
conducted on a Client/Server application Framework, for use
in conjunction with Mobile Service Oriented Architecture
(SOA). This framework should intelligently categorise files,
for both data and media, and select the compression
technique required to compress the file before it is
transmitted from the Server to the Client via a wireless
medium. Specific criteria should assist the selection process,
which includes the type of mobile device used by the client,
the type of file to be compressed, the bandwidth available
for file transmission, and the content the client desires.
VII. FUTURE WORK
Further research is also essential for other types of media
files, such as video and audio. Although numerous groups
exist for developing standards for compressed media, a brief
research into the impact or suitability of these standards for
use on mobile devices is beneficial. This research could
possibly be coupled with research in the role this type of
content plays in service delivery.
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