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Abstract

A mobile environment is weakly-connected, characterized by low communication bandwidth and poor connectivity. Conventional paradigm for sur ng mobile web documents is ine ective since portions of a document could be
corrupted during transmission and it is expensive to retransmit the whole document. It is important that the high
content-bearing portions should be transmitted successfully
so that a mobile client could at least obtain a high level
content and determine if the corrupted portions need to be
retransmitted. We have proposed a multi-resolution transmission paradigm which allows higher content-bearing portions of a web document to be transmitted, by partitioning
it into multiple organizational units and associating an information content with each unit. The client can explore
the higher content-bearing portion earlier and terminate
browsing an irrelevant document sooner. In this paper,
we extend our previous work and propose a fault-tolerant
multi-resolution transmission scheme which allows units of
higher information content to be recovered from transmission error. The client can obtain an overall content of a
web document and either terminate the transmission of the
remaining portions or decide if the corrupted portions need
to be retransmitted. We demonstrate its feasibility with a
prototype and with simulation results.

1 Introduction

We focus on a mobile environment in which mobile
clients navigate web documents via common browsers,
termed a mobile web environment. A mobile environment is weakly-connected, characterized by its
low communication bandwidth and poor connectivity.
Trac generated due to web accesses in a mobile setting should consume as little bandwidth as possible.
In these aspects, conventional approaches to web navigation su er from serious limitations.
Conventional approaches to web navigation usually
involve searching of web documents via some search
engines, followed by human exploration of each document for relevance. By a document, it is not only
referred to as simply a single web page, but it may
also include a collection of hierarchically linked related
pages, composing a larger document. Very often, most
documents identi ed by a search engine are irrelevant
to a user, thus wasting the precious bandwidth and the
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limited energy of a mobile client by transferring them.
Furthermore, there is no guarantee that a client will
receive a document successfully. This problem is getting more serious when the size of a web document is
getting bigger as we witness a proliferation of technical
documents published to the web.
In [12], we propose a multi-resolution transmission
paradigm which allows higher content-bearing portions of a web document to be transmitted to a mobile client earlier. The approach is built upon the
XML markup language which de nes a structure for
web documents, though it is extensible to cater for
HTML documents. A document is partitioned into
multiple organizational units at various levels of detail (LOD ) according to its XML structure. A notion
of information content is associated with each organizational unit, indicating the amount of information
captured by the unit. Units with higher information
content will be transmitted earlier during a web browsing session, as di erent organizational units of a document contribute to di erent amount of information to
a user. A document can be transmitted and browsed
at a coarser resolution, with the details to be lled in
progressively. A mobile client is able to explore the
higher content-bearing portions of a web document
earlier and to determine if the document is of any interest. This could reduce scarce wireless bandwidth
consumption by early terminating the transmission of
irrelevant documents. We explore in this paper several
alternative notions of information content.
One limitation of the multi-resolution transmission
paradigm is its lack of resilience to faulty transmission.
An organizational unit could get corrupted while being transmitted via a faulty wireless channel. A mobile client is not able to determine if the corrupted
units are high content-bearing and thus the whole
document has to be retransmitted. Since retransmitting the whole document is expensive, high contentbearing units should be transmitted with a higher success probability so that a mobile client could at least
obtain a high level content of the document and determine if the remaining units need to be transmitted.
We extend our approach with a fault-tolerant transmission capability so that a mobile client could recover
the corrupted units sent over the unreliable network,
known as fault-tolerant multi-resolution transmission.
The client is able to obtain an overall content of a web
document and either terminate the transmission of the

remaining portions or decide if the corrupted portions
need to be retransmitted. We demonstrate its feasibility with a prototype implementation and conduct
some preliminary evaluation via simulation.
This paper is organized as follows. We give a brief
survey on related work on web browsing and mobile
computing in Section 2. In Section 3, we brie y review the notion of information content and describe
its application in multi-resolution browsing. We also
propose the adjustment of the information content of
an organizational unit in response to a search query.
The fault-tolerance mechanism in delivering more important units is delineated in Section 4. We conduct
some simulated experiments on the performance of the
fault-tolerance mechanism in Section 5. This paper is
nally concluded with a brief discussion on our future
research directions.

2 Related Work

The explosion of information available on the Internet and the user-friendliness of web browsers have
dramatically changed the way information is accessed.
Web surfers will simultaneously experience the excitement of boundless information and the frustration of
trying to nd what they actually want. It has been
their common experience that they are not worried
about too little information, but about too much useless information.
There have been numerous works attempting to increase the accuracy of information searching on the
web [9, 15, 17], trying to realize the WYGIWYW
(What You Get Is What You Want) paradigm. A
common technique is to build an index over a collection of documents found by a web search process
such as Lycos [15] or WebCrawler [17], which typically
searches exhaustively. Users can issue queries directly
to the pre-computed index. It is, however, quite uncommon for a web index to provide relevance feedback
to improve on the accuracy for future search.
A probably better approach is to establish a user
pro le, capturing individual users' interests. The prole is used to lter out irrelevant information identied by a search engine [1, 4, 9]. Usually, conventional
searching techniques are employed to identify relevant
information in response to a query. Additional ltering techniques are then employed to discard irrelevant
information according to the personalized pro le of a
user. Mechanisms for updating a pro le are also provided for the pro le to adapt to changes in user interest. Performance of this kind of systems depends on
how well the pro le could capture and adapt to user
needs. In this aspect, relevance feedback plays an important role in modifying the pro le appropriately to
re ect the changes in user interests.
Rather than providing a user with a set of selected
documents, recommender systems [3, 19] assist a user
in his/her browsing behavior, interactively o ering advice about which subsequent hyperlink(s) would likely
contain the most relevant information. The system renes its knowledge on user interests by keeping track
of whether its advice is followed.
Recent advances in wireless communication and
portable computers have enabled users to access web

information along the road [16]. Since wireless channels have limited bandwidth and mobile clients are
constrained by limited battery life, one must consider
ecient use of bandwidth and power carefully, striking
a balance for the best solution for the application at
hand [2, 11]. To reduce energy consumption, clock rate
reduction and disk spin-down techniques have been
proposed [7, 20]. To reduce bandwidth utilization,
techniques for caching of data items from the server in
a client's local storage have been investigated [6, 13].
Constrained by the low bandwidth wireless channels in a mobile web, techniques for improving web
access performance by reducing bandwidth consumption is needed. Some researchers focus on improving
web browsing performance via a caching and prefetching mechanism [10]. These approaches take advantage of the idle time of a client system, prefetching
frequently accessed documents in advance and storing them in client's local storage. This reduces the
latency of web browsing. Prefetching, however, demands higher bandwidth requirement and is thus not
as feasible in a mobile environment with an already
limited bandwidth.
Other researchers have worked on generating summarized information of a web document and presenting the summary before retrieving the whole document as a kind of ltering mechanism [14]. Lead-in
sentences are often recognized as a good summary
of a paragraph [5]. This allows a user to determine
the relevance of a document earlier and terminate the
transmission of an irrelevant document before the actual document is transmitted. However, the whole
document is often not a re nement of the summary,
thus consuming additional bandwidth when a relevant
document is later retrieved. Techniques of protocol reduction and di erencing have also been employed to
reduce the precious bandwidth consumption [8].

3 Multi-Resolution Transmission

In this section, we brie y review the multiresolution transmission paradigm and illustrate how
it could be adjusted in response to a searching query.
scheme as will be described in next section. The structural organization of a document could be modeled by
a tree-like indexing structure, called a structural characteristic (SC ). A notion of information content is
de ned as an indicator for the amount of information
captured within an organizational unit [12], allowing
a web document to be browsed at di erent LODs.
We de ned several LODs: document, section, subsection, subsubsection, and paragraph, providing di erent degrees of detail with which a user can navigate
a document. Our de nition of LOD is an abstraction
to the actual formatting tags. It has a straightforward implementation in the context of XML, which
allows the explicit de nition of document structures.
For instance, in an XML document, a section LOD
might be implemented using a pair of <section> and
</section> tags, where section is de ned as an element in an XML DTD (Document Type De nition)
for document type research-paper. We are working
on a mapping between HTML and XML documents

which allows our approach to work on HTML documents as well.

3.1 Information Content

The set of keywords in a document will be used
to determine the information content of an organizational unit. A weight is associated with each keyword
which indicates its relative importance in a document.
We use a logarithmic function of keyword occurrences
to de ne this weight. For notational convenience, we
denote the number of occurrences of a keyword, a,
in a document, D, by jaD j and the number of occurrences of a in an organizational unit, ni , by jani j.
The occurrence vector, VD , of the set of keywords in
D, AD = faja is a keyword in Dg, can be represented
as VD = fjaD j j a 2 AD g = fv1 ; v2 ; :::; vjAD j g. The
weight of each keyword, a, for D is denoted as !a . It
is de ned as !a = 1 , log2 (jaD j=jjVD jj) where jjVD jj
is the norm of the occurrence vector VD . We choose
the in nity norm jjVD jj1 = max(vi ). This allows the
weight of each keyword to be determined without human intervention which would be infeasible in a mobile
environment otherwise. The information content, pi ,
of an organizational unit, ni , is now de ned to be the
weighted sum of the keywords in the unit, normalized
with respect to P
that of the document, D:
ja j!
pi = P8keyword a2ni jdnij! a :
8keyword d2D D d
Under this de nition, the additive rule for information contents of sub-units will hold and that the total
information content for the document D adds up to
unity. In other words, for an organizational
nj ,
Pkunit,
with m sub-units, nj;1 ; nj;2 ; :::; nj;m , pj = m
p
.
j;k
=1

3.2 Query-Based Information Content

The notion of information content is based on a
static analysis of a document. In practice, the set of
documents that will be transmitted to and browsed
by a user is the result of a searching process via some
search engines. The degree of relevance of a document,
and thus its organizational units, to a user is usually
a ected by its relevance to the query initiated. We
therefore extend the de nition of information content
in response to a search query in this paper and name
the revised notion, Query-based Information Content
(QIC ). Notice that while information content of an
organizational unit is static, its corresponding QIC is
dynamic, changing according to the de nition of an
initiated keyword-based query.
We denote a query, Q, by a vector, analogous
to that of a document. The query Q contains a
set of keywords, which we call the querying words,
AQ = faja is a keyword in Qg. Normally, all words
in Q which are not stop words [12] should be considered as keywords and the number of occurrences of a
in Q is jaQ j = 1. This forms an occurrence vector, VQ
for Q. Sometimes, a user might want to emphasize a
particular keyword by repeating it in order to give it
a higher weight during a search process so as to bias
the searching procedure towards certain words. We
take the weight of each querying word into account,
so as to be symmetrical to the processing of the document. The weight of a querying word a is denoted as

!aQ = 1 , log2 (jaQ j=jjVQ jj) if jaQ j =
6 0 and it is zero
otherwise. The QIC, qiQ , of an organizational unit,
ni , in D with respect to Q is now de ned to be the
combined weighted sum of the keywords in the unit,
normalized with respect to D and Q:
P8keyword a2n jani j!a  !aQ
Q
i
qi = P
Q
8
keyword d2D jdD j!d  !d
P
ja j! !Q
= P8keyword a2ni \Q ni a Qa :
8keyword d2D\Q jdD j!d !d

Notice that the additive rule also holds for QIC.
One might argue that QIC of some organizational
units may become zero, due to the absence of a querying word. We could choose to trade slight computational eciency for a more general de nition of QIC by
replacing the product between the weights from document keyword and querying word with their sum.
To ensure that individual weights are in comparable
scale, we associate a scaling factor, , with !aQ . This
MQodi ed Query-based Information Content (MQIC ),
q~i , is de ned as:
P8keyword a2n jani j(!a + !aQ)
Q
i
q~i = P
Q ;
8
keyword d2D jdD j(!d + !d )
P
P
where  = 8keyword a2D jaD j= 8keyword a2Q jaQ j.
Notice that the additive rule still holds for MQIC.

3.3 Structural Characteristic Generation

To generate the SC for a document, the document
is pre-processed and a keyword-based logical index is
established for each organizational unit. The SC is
created by deriving the information content of each
organizational unit from the logical index. Traditional
information retrieval mechanisms could be employed
for pre-processing. In brief, it can be structured as
ve modules: document recognizer, lemmatizer, word
lter, keyword extractor, and structural characteristic
generator, operating in a pipelined fashion.
The document recognizer converts an XML document into a plain text document, taking consideration of formatting information including the hierarchical document structure and those specially formatted
words. The lemmatizer converts document words into
their lemmatized form. The word lter eliminates nonmeaning-bearing words, usually referred to as \stop"
words. The keyword extractor performs a frequency
analysis on the potential keywords. In addition, certain specially formatted words, such as boldfaced and
italized, also qualify as keywords. The structural characteristic generator computes the information content
of each organizational unit and generates the SC.
Notice that the QIC of each organizational unit is
determined every time the search engine receives a
searching query from a user. Since the weights of keywords, !a , of a document, D, remain unchanged across
queries, only the contribution by querying words need
to incorporated. As the number of querying words is
small, the number of terms involved in the computation is small and thus, the computational overhead of
QIC is quite low. This vector space model has been
shown to be competitive with alternative methods [4].
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Table 1: Information content of a draft paper
We demonstrate the SC generation using an early
draft of this manuscript. The information contents of
organizational units and their respective QIC using a
query Q = fbrowsing, mobile, webg are illustrated in
Table 1. The abstract is considered as Section 0. Paragraphs not belonging to any subsection are grouped
under a virtual subsection.
WWW Browser
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Figure 1: Prototype architecture
We have implemented a Java prototype for multiresolution transmission, based on the CORBA infrastructure [12]. The architecture is depicted in Figure 1.
The client renders each organizational unit incrementally at the proper position in the browsing window
when the unit is received.

4 Fault-Tolerant Transmission

The Internet is quite unstable in terms of connectivity. Occasional disconnection during transmission
of web information is common and the browser will
get \stalled". This situation will get worse in the context of a mobile environment. Data received will get
corrupted very easily. We would like to \enhance"
the reliability of delivering organizational units by introducing redundancy so that more important organizational units of a web document can be received
successfully with a much higher probability, providing a user with enough information to determine if
the corrupted units need to be retransmitted. Our
approach is based on cryptographic encoding of information [18], so that redundancy is transmitted at the
end of clear text to enable termination of redundancy
transmission when enough information is received.

4.1 Fault-Tolerating Encoding

We assume that a document can be divided into M
pieces, each of which is a fundamental unit of transmission over the wireless network. These pieces are
called data packets, with a size of sp bytes each. Data
packets are received either intact (without error) or
corrupted (with detectable error). A missing packet
can be detected when the next packet is received, since
the wireless channel is FIFO but unreliable. Simple
sequence number as used in the datalink layer transmission protocol suces in this context. We propose
to adopt the cyclic redundancy code (CRC) for the
detection of packet corruption, since it has a low computational cost and a high error coverage.
A property of the technique in [18] is that a le can
be divided into M \raw" packets. Via a matrix multiplication procedure, these M packets can be transformed into N  M \cooked" packets such that if
\any" M out of the N cooked packets can be collected, the original le (all the M raw packets) can be
reconstructed via another matrix operation based on
polynomial code. The transformation adopted in [18]
is cryptographic in nature, such that collecting any
M , 1 cooked packets is completely useless in recovering the raw packets. A slight modi cation is to adopt
the Vandermonde polynomial in the transformation
stage, followed by making the upper portion of the
multiplying Vandermonde matrix into an identity matrix via elementary matrix transformation. This will
ensure that the rst M cooked packets will appear in
exactly the same form as the raw packets (i.e., in clear
text), thus saving recovering e ort. Furthermore, it allows a portion of the original information to be used
once they are available, without the need to wait until
M di erent cooked packets are collected.
Assuming that the probability a packet will be corrupted is and that the corruption events of individual packets are independent, the number of packets,
P , to be collected before the original le can be reconstructed (using M cooked packets) follows a negative
Binomial distribution:
, 1)!
x,M (1 , )M ;
Pr(P = x) = (M ,(x1)!(
x , M )!
with an expected number of required packets, E (P ) =
M=(1 , ). To ensure a successful probability of S =

(a ) Successful rate S = 95%

(b ) Successful rate S = 99%
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Figure 2: Number of cooked packets needed

4.2 Fault-Tolerating
Transmission

Multi-Resolution

Using the encoding scheme discussed above, a document, D, can be transmitted pretty reliably over a
weakly-connected wireless channel in an order de ned
by QIC. For instance, transmitting a document, D, at
the document LOD is equivalent to the conventional
paradigm of transmitting D sequentially. Assume that
the document has a size of sD . To transmit at the document LOD,
the whole document can be broken into
M = d ssDp e raw packets. Depending on an estimated
channel failure probability, , and a desired success
probability, S , D is transformed into N  M cooked
packets. To make a judicial choice of N with respect
to M in order to ensure a given success probability S ,
we illustrate the value of N against M at di erent
values in Figure 2.
Figures 2a and 2b depict the ndings when S =
95% and S = 99% respectively. We notice that the
number of cooked packets required is pretty much of
a linear relationship with the number of raw packets.
N , as
This leads us to adopting redundancy ratio, = M
a guideline for choosing N . We re-plot the results of
Figure 2 with against in Figure 3, using a medium
value of M = 50. We also illustrate the variation of
when M varies down to 10 and up to 100 in the gure.
We can observe that the range of for di erent values
of M does not change too much. For practical reason,
we may thus consider as a function of . To balance
the amount of redundancy with successful transmission probability, the value of could be de ned as an
adaptive function of the observed summarized value
of , using perhaps a kind of EWMA measure [6].
When transmitting a document at a lower LOD
other than the document LOD, the organizational
units at the appropriate level are ranked and transmitted according to QIC. Let the organizational units

Impact of raw packets (M )
3.5
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3.0

Redundancy ratio (γ)

95%, one have to transform a le of M raw packets
into N cooked packets such that:
XN (i , 1)! i,M (1 , )M  S:
P r(P  N ) =
i=M (M , 1)!(i , M )!
This inequality can be solved for N given M and S ,
yielding an optimal number of cooked packets.
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Figure 3: Redundancy ratio versus failure
at the required LOD be fn1; n2 ; :::; nm g, to be transmitted in the order of hnj1 ; nj2 ; :::; njm i. To transfer D to a client, the permuted sequence of organizational units, hnj1 ; nj2 ; :::; njm i, are transformed into
N cooked packets. The client will discard corrupted
packets, upon receiving the cooked packets. The
transmission can be terminated when any one of the
following three conditions occurs: the client receives
sucient number of cooked packets to reconstruct the
whole document; all cooked packets are received; the
user has determined that the document is irrelevant
and hit the \stop" button.
If a client is not able to receive enough intact cooked
packets to reconstruct the document after all cooked
packets are transmitted, the client is su ering from
a \stalled" transmission. Usually, a user will have
to reload the document from scratch by hitting the
\reload" button. Alternatively, the client may detect
the stalled situation and request the server for a retransmission of the document. In a mobile context,
this may be an overkill, since the document might
get stalled only due to missing a few packets. A better alternative is to \cache" the intact cooked packets
received and use them to reconstruct the document
when a retransmission of corrupted packets occurs.
The local storage of the client could be utilized to store
the partial document so as to increase the chance of
getting the M intact cooked packets required to reconstruct the original document. This caching approach
is very useful especially when we adopt the Vandermonde approach which allows the cooked packets to

be used immediately after they are received. This
mechanism can be implemented using client and server
side interceptors, where alternative mechanisms such
as compression or ARQ are also implemented [8].

5 Evaluation

In order to quickly generate a portrait of an overall
behavior and performance of our proposed scheme, we
have developed a simulation model for the study. Our
simulation study is mainly focused on the impact of
transmission errors of a wireless channel on the performance of our fault-tolerance mechanism.
Parameter

sp
sD
O
M
N
B

I
F

Description
Raw size per packet
Size per document
Overhead (CRC+sequence number)
Number of raw packets
Number of cooked packets
Bandwidth (kpbs)
Skewed factor in information content
Irrelevant documents
Info content to determine relevance
Probability of a corrupted packet
Redundancy ratio N=M

Value
256
10240
4
40
60
19.2
3
50%
0.5
0.1
1.5

Table 2: Parameter settings
The default experimental parameter settings are
depicted in Table 2. We assume that each simulated
document has a size of 10240 bytes, divided into 40
raw packets, each of size 256 bytes. Raw packets are
transformed into cooked packets, each has a size of 260
bytes. The wireless channel has a typical bandwidth
of 19.2kbps. Each simulated document is composed
of 5 sections; each section is composed of 2 subsections; each subsection is composed of 2 paragraphs.
We model the information content of each paragraph
by a uniform distribution. We use a skewed factor,
, to model the ratio between the highest information
content of a paragraph and the lowest information content of a paragraph. In our experiments,  is set to 3.
Each simulated browsing session will visit 200 random
documents, with a certain percentage of documents, I ,
de ned to be irrelevant. Each irrelevant document will
be discovered to be irrelevant by a client after a total information content of F has been received at the
client. The default value of I is 50% and F is 0.5.
We also model a stalled situation in our simulation
model. A stalled situation is de ned as not being able
to receive the required M intact cooked packets for
the document at the end of the download. After a
stalled transmission, a retransmission of the document
will be initiated, either with or without utilizing the
cache. We refer to the default HTTP approach of not
utilizing the cache as the NoCaching approach and the
one using the cache, the Caching approach.
The mean response time taken to visit a document
in a session is measured. The same experiment is repeated 50 times and the average of the 50 mean response times is taken in plotting our curves. In general, we observe quite small standard derivations over
the 50 repetitions, giving tight con dence intervals to
our results.

5.1 Experiment #1

In our rst experiment, we study the performance
di erence between Caching and NoCaching under various redundancy ratio . We compare the case where a
percentage, I , of the 200 documents browsed are irrelevant with the case where all documents are relevant,
i.e., downloaded to their entirety. All documents are
transmitted at the document LOD in this experiment,
modeling conventional transmission paradigm. The
results of this experiment are depicted in Figure 4.
The rst row of Figure 4 depicts response times
when all documents are relevant in a browsing session,
while the second row indicates the performance when
only half of them are relevant, i.e., I = 0.5. A document is discovered to be irrelevant when it is hal y
loaded, i.e., F = 0.5. The rst column re ects the
scenario where the client does not maintain any cache
to capture the good packets across unsuccessful loading sessions and the second column indicates the use
of cache. It is clear that the impact of the cache is
very signi cant, especially when the error rate of the
channel is high. By contrast, the amount of irrelevant
documents is not playing such an important role. We
can brie y conclude that the use of cache in a highly
unreliable wireless channel is very e ective and must
probably be implemented. Concerning the accuracy
of the experiment results, the standard deviation over
the 50 repetitions is only between 1% to 5% of the
mean in most trials. In many cases, it is even below 1%. The 95% con dence interval for the response
times is thus very small.
We observe, in general, that the redundancy ratio
= 1:5 is a good choice to yield a reasonable performance, for a small to moderate error rate, , or when
caching is enabled. Only when caching is disabled and
when is over 0.3 will we require to be increased,
perhaps up to a value of 2. Therefore, we will adopt a
default value of 1.5 for in the rest of our experiments.

5.2 Experiment #2

In this experiment, we would like to study the e ect
brought about by early terminating the transmission
of irrelevant documents on the performance of document browsing. It is expected that the larger the
value of I , the faster is the response time. However,
we would like to quantify how the performance is affected. This experiment is divided into two sets. In
the rst set, we x the value of F to 0.5 and vary the
percentage of irrelevant documents, I . In the second
set, we x the value of I to 0.5 and vary the value of F .
Again, all documents are transmitted at the document
LOD. The results are illustrated in Figure 5. The rst
row depicts the impact of varying I while the second
row depicts the impact of varying F .
As the percentage of irrelevant documents, I , increases, response times decrease since more documents
can be discarded when an information content to the
amount F has been received. With Caching, the performance is acceptable even with a high error rate,
while it is poor under a high error rate with NoCaching.
The curve is quite linear in nature, due to the fact that
the response time is a weighted average of the relevant
documents and irrelevant documents, thus, should be
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Figure 4: Performance of Caching versus NoCaching by varying redundancy ratio
linear with respect to I .
When we x I and vary F , we no longer observe
a linear relationship between response times and the
required information content. The point for F = 0 is
arti cial, since a document is not downloaded at all.
The increase in response times is slow at the beginning. But when more information content is required,
the increase becomes more rapid and it nally slows
down to almost attened. This is due to the fact that
it is easy to get a low information content even in the
presence of failures. Therefore, only a few initial uncorrupted cooked packets in clear text are sucient to
determine the relevance of a document, yielding a low
response time. As F increases, the clear text packets
are no longer sucient to provide the required information content; additional packets must be received.
In order for the reconstruction to be carried out, at
least M intact packets must be received. This leads
to a substantial jump in the number of packets required and in turn, response times as well. This jump
has been averaged out in our numerous document accesses and repetition of experiments, but the trend of
a faster raise is still observable. Finally, when all M
packets are needed, the received information content
will be 1, sucient to serve all purpose, leading to a
attened curve towards the end.

5.3 Experiment #3

Our third experiment studies the bene t brought
about by multi-resolution browsing in discarding irrelevant documents early. To remove the e ect of
loading relevant documents (which are loaded to their
entirety) for a fair comparison, we assume that all
documents are irrelevant and that they can be discarded once an information content of amount F has

been received. We test with various LODs at several
channel failure rates. We experiment with document,
section, subsection, and paragraph LODs since our simulated documents do not have subsubsection de ned.
To indicate the relative merits of each of the di erent
LODs in the multi-resolution browsing approach, we
measure the improvement in response times over the
conventional approach, namely, browsing at the document LOD. The improvement at a particular LOD is
the ratio between the response times at the document
LOD and at that LOD. The results using = 0:1, 0.3,
and 0.5 are illustrated in Figure 6. We illustrate the
results for Caching only, since it is the better way to
transmit documents in a mobile environment. The results from NoCaching exhibit a very similar behavior.
From Figure 6, we observe that an LOD at the paragraph level leads to a better performance due to the
earlier receipt of the most amount of information content, while the performance of LOD at the document
level is not as good. With a typical value of F around
0.1 to 0.3, the improvement for the paragraph LOD is
quite signi cant, in that the transmission at the document LOD is about 30% to 50% slower. The section
and subsection LODs can also bring an improvement
of about 10 to 30%. We can also observe that the improvement is not as sensitive to the failure probability,
since it causes a similar adverse e ect to transmission
at all levels of detail.

5.4 Experiment #4

Our fourth experiment aims at quantifying the impact of the skewed factor, , on our multi-resolution
browsing approach. We repeat Experiment #3 by xing at 0.1 and varying  from 2, 3, 4, and 5. The
results are depicted in Figure 7.
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Figure 5: Impact of varying I and varying F
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Figure 6: Performance of multi-resolution transmission based on LOD
We observe that the higher the skewed factor ,
the more improvement the multi-resolution transmission approach can bring. The peak of improvement
occurs when F = 0.1 or 0.2. The reason being that
at a higher , information contents of organizational
units become more non-uniform. Since the transmission of a document is based on the amount of information content of its organizational units, the more
content-bearing units will get to a client much earlier.
By contrast, with a lower skewed factor, information
content of each unit will be relatively similar and the
resultant transmission order will be close to conventional sequential transmission.

6 Discussion and Future Work

We have presented a mobile web system for transmitting and browsing web documents over a faulty
wireless channel. Based on the notion of information
content and its variants, it presents users with the
main document content before presenting supplementary information. A redundant transmission scheme
is also provided to increase the recoverability of a cor-

rupted document due to unreliable wireless channels.
Currently, our prototype assumes a well-de ned organizational structure on a web document de ned by
XML. However, in a web environment, there exists
a large number of unstructured documents. We are
working on algorithms to extract the structure of an
HTML document from its content. Alternative ways
of de ning the information content of a document
would be explored. With respect to a collection of
related pages in the form of a cluster, we are also investigating intelligent prefetching based on information content and user-pro ling, utilizing the unused
wireless bandwidth being left idle. We are also conducting experiments to measure the throughput of our
system in browsing web documents when compared
with traditional web browsing paradigm. We would
like to obtain more user experiences in browsing web
documents using our system and perhaps consider the
concept of \intuition level" of each organizational unit
in addition to its information content in de ning the
transmission order.
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Figure 7: Impact of skewed factor on LOD-based transmission performance
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