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Abstract. The wireless markup language (WML), used in WAP, is
based on XML and therefore is quite verbose. Mobile devices do not typ-
ically have the processing power or memory to process such verbosity.
Since all WML documents have to go through a mobile gateway, WAP
1.x specifies that the WML files are encoded to make them smaller and
to process them faster on the mobile device.

WAP 2.0 includes support for a restricted version of XHTML, called the
XHTML mobile profile. This is to make content development and man-
agement easier. XHTML, though as verbose as WML, is never encoded
by the gateway. This is mainly because WAP 2.0 does not require the
use of a gateway.

This paper investigates what performance gains are possible if XHTML
were encoded and compressed. The experiments show that while there is
a substantial performance gain using compression, gains due to encod-
ing are comparatively small. The empirical results justify that XHTML
encoding is not generally useful.

1 Introduction

XML-based languages are quite verbose. When used on a mobile or wireless
network, such languages require considerable bandwidth. The wireless markup
language (WML), used in WAP, uses a binary encoding to reduce this bandwidth
requirement [1–3].

Newer mobile devices support XHTML, another XML-based language, but
very closely related to HTML [4, 5]. This is to make content development and
management easier. XHTML, though verbose just like WML, is never encoded
by the gateway. This is due to the fact that WAP 2.0 does not require a WAP
gateway [6]. Thus, when XHTML passes through an existing gateway, it is never
encoded. Besides, the newer devices have more processing and memory power,
so these devices, unlike their ancestors, are able to support compressed payload.
Compression therefore can be used effectively to reduce bandwidth requirements.
WAP 2.0 thus supports compressed HTTP payloads in responses [6].

The goal of this paper is to investigate what performance gains are possible
if XHTML were encoded. We also employ several data compression schemes to
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compress the XHTML payload and measure the effectiveness of compression
with and without encoding.

Even though WAP 2.0 does not require a gateway for standard HTTP pull
transactions, it does require a gateway for WAP push transactions. Therefore, if
XHTML encoding proves to be useful, the gateway could perform the encoding,
if present.

The rest of the paper is organized as follows. Section 2 outlines the XHTML
encoding used in the paper. Section 3 discusses the choice of workload and the
figure of merit for the performance comparisons. Section 4 looks at the effective-
ness of XHTML encoding in the light of experimental results. Section 5 examines
the use of compression for XHTML and presents some experimental results. The
final section concludes the paper with a summary.

2 Encoding XHTML

The WAP standards do not define an encoding for XHTML as it does for WML.
We define a local standard for encoding based on WML encoding, and use this
encoding as the basis for our investigation. Table 1 is a small selection of tags
and their encodings, provided here as an example.

Table 1. A selection of XHTML tags and their encodings

Tag Description Encoding

<html> Defines an HTML document 0x02
<body> Defines the body element 0x03
<head> Defines information about the document 0x04
<title> Defines the document title 0x05
<meta> Defines meta information 0x06
<a> Defines an anchor 0x41
<link> Defines a resource reference 0x42
<img> Defines an image 0x43

Following the WML encoding standard, all the end tags (such as </html>,
</head>, and </a>) are encoded as 0x01. Similarly, tags with attributes will
have 0x80 added to them while tags with content will have 0x40 added to
them [3].

3 Workload and Figure of Merit

There are no standard corpora categorizing WAP documents. However, there
are some research works which synthesize WAP load based on synthetic Internet
loads [7, 8].
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For our experiments, we picked several XHTML and HTML documents from
mobile sites and, where the original documents were in HTML, translated them
to XHTML. Most of these documents were small (about 2 KB on average), so
we also adapted a set of XHTML documents that are medium and large (about
10 KB and 100 KB on average) from HTML documents on the Web. We did not
use any document larger than 120 KB, since most of the mobile devices currently
available have a per-document download limit (i.e. maximum PDU size) much
smaller than this.

The figure of merit we use in the experiments is modelled on the time it takes
to view a document once the user has sent the request for the document. This
consists of the following entities:

1. Time to send the request
2. Time to receive the response
3. Time to decompress the payload in the response, if applicable
4. Time to render the payload

It is difficult to model the over-the-air data transfer time for sending the
request and receiving the response, since it depends on packet size, fixed cost,
etc. of the carrier (GSM, CDMA, etc). For the purpose of our experiments,
we assume that the time to send the request is a negligible constant, and the
time to receive the response is proportional to the size of the data. The time to
decompress the payload, if compressed, is measurable at the receiver end.

Fig. 1. A simple WAP client implementation
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The time to render the payload is modelled as the time to find all occurrences
of a given XHTML tag (e.g. <p>) in the XML document. Note that finding the
occurrence is not done through a simple string search, but by constructing the
XML document tree, thus mimicking to some extent what a renderer would gen-
erally do. Rendering an encoded document is less time consuming than rendering
an un-encoded one, mainly because there is no need to validate the XHTML doc-
ument and parsing the document is also much simplified. Recall that the WAP
gateway will validate the document while encoding; documents that do not con-
form to the DTD will not pass through the gateway. Un-encoded documents,
however, are passed through the gateway without any validation checks.

The experiments are conducted using a custom WAP gateway (locally con-
structed to do XHTML encoding) and a custom WAP client. Time measured
relative to the local CPU is normalized to reflect slower mobile CPUs. Figure 1
shows a simple WAP client implementation.

4 Effectiveness of XHTML Encoding

Our first experiment investigates the performance gains of XHTML encoding.
Table 2 shows the average file size reduction for our three classes of XHTML
documents. The compression ratio is the ratio of size of the original file and
the size of the encoded or compressed file. A ratio of 1 or less means no ben-
efit from encoding or compression. Higher numbers mean a better encoding or
compression.

Table 2. Average compression ratio with encoding

File size Compression ratio

Small 1.81
Medium 1.26
Large 1.28

Table 3 shows the measured time to view (as defined in Section 3) for these
files.

Table 3. Average time to view with and without encoding

File size Time to view (s)
Without encoding With encoding

Small 2.37 1.02
Medium 25.79 18.81
Large 196.55 170.64
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We note that encoding is less effective for large file sizes. The rendering
time increases with large files, specifically for files without encoding, since XML
validation required for these files and parsing is more time-consuming.

5 Use of Compression

Our next experiment investigates the use of compression in conjunction with
encoding.

Early mobile devices were not powerful enough to decompress files due to the
demand on CPU and battery power. However, newer devices have faster CPUs
and higher power (enough to play Java games). Thus, device-level decompression
is now practical. However, note that the extra processing demanded by decom-
pression does require power, consuming battery when processing compressed
documents.

We consider four compression schemes and compare compressed payloads
against uncompressed ones. The compression schemes we tested are ZIP, GZIP,
BZIP2, and LZSS [9]. The first three compressions are implemented using the
SharpZip library [10]. Our comparisons included both encoded and un-encoded
payloads.

Table 4. Average compression ratio without encoding

File size Compression scheme
ZIP GZIP BZIP2 LZSS

Small 5.8 6.3 3.6 1.8
Medium 25 24.7 19.7 7.1
Large 97.6 93.3 48.6 8.3

Table 5. Average compression ratio with encoding

File size Compression scheme
ZIP GZIP BZIP2 LZSS

Small 6.7 6.8 4.2 1.9
Medium 27.6 25.2 21.3 7.8
Large 98.3 95.4 51.1 9.7

Tables 4 and 5 show the average file size reduction for the four compression
schemes; Table 4 is the results without encoding while Table 5 is the results with
encoding. Note that the gain due to encoding is comparatively low.

Note that ZIP and GZIP perform better than BZIP2 and LZSS.
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Table 6. Average time to view without encoding (s)

File size Compression scheme
ZIP GZIP BZIP2 LZSS

Small 1.37 1.37 1.52 3.13
Medium 3.48 3.48 3.70 6.81
Large 11.91 11.91 12.47 17.35

Table 7. Average time to view with encoding (s)

File size Compression scheme
ZIP GZIP BZIP2 LZSS

Small 1.16 1.16 1.40 2.72
Medium 3.20 3.21 3.63 5.79
Large 10.84 10.84 11.53 14.20

Tables 6 and 7 show the average time to view for the four compression
schemes; Table 6 is the results without encoding while Table 7 is the results
with encoding. Again, note that the gain due to encoding is quite small.

6 Summary and Conclusions

This paper investigated the possible performance gains of encoding and com-
pressing XHTML documents used within the WAP application environment.
The experiments show that while there is a substantial performance gain using
compression, gains due to encoding are small in comparison to the gains due to
compression. This validates that encoding XHTML files is not generally useful.
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