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Abstract

The structure of most web sites consists of a composition of web pages that require varying amounts of time to render. Typically, web
pages with large amount content (text/images/code) require more time to render than web pages with a smaller aggregate content size.
Most users expect this discrepancy among web page rendering times. In this paper, we will describe a semantic link prefetching technique
that uses object bundling to expedite the rendering time of slower web pages, at the cost of extending the rendering speed of faster web
pages within an established threshold value limit. Study results show that our approach enhances the overall rendering time of slower
web pages with imperceptible time extension to other, faster rendering web pages.
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1. Introduction

The structure and composition of web-applications can
vary significantly in their content type, particularly in the
amount of multimedia they contain, prolonging rendering
latency associated with aggregate object retrievals. An
inherited characteristic of these web-applications is the ren-
dering latency variability associated with its web pages,
with some pages loading quickly, and others requiring
more time. Therefore, narrowing the rendering time differ-
ences between these web pages promotes web page render-
ing time consistency, but more importantly, will enhance
the loading time of slower web pages at the cost of imper-
ceptibly slowing down faster loading web pages. We pro-
pose a technique that semantically bundles objects from
slower loading web pages with objects of faster loading
web pages to prefetch these objects for the client’s system
prior to arriving at the slower loading web page. The
method combines the hyperlink structure of the web-appli-
cation with semantic link information to select which
slower loading web page objects to bundle with faster load-
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ing web page objects, limited through empirically estab-
lished rendering delay threshold values. The use of
semantic link information increases the accuracy of object
selection beyond the simple use of the hyperlink structure
of the web-application.

Fig. 1 depicts the basic concept of semantic links and
object bundling. The relative loading speed of web pages
A, B, and Cis A < C < B, shown graphically as the number
of image objects in each web page (assuming all images
have the same size). In addition, assume that the semantic
links A — B and A — C have the same semantic strength
(same prefetch priority). When web page A is requested
by a client, then one of the images of web page B is bundled
with the requested page and sent to the client’s system,
thereby expediting the rendering of web page B when
requested and evening out the rendering speeds of all of
the web pages. If the semantic strength of the link A — C
is stronger than the link A — B, then the bundle will
instead be formed with an image from web page C; since
the association from web page A to C is stronger, it implies
a logical order of accessing the linked web pages. Once, the
user returns to web page A the process would bundle any
objects not in the client’s cache from web page B during
the rendering of web page A.
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Web Page B

Web Page A

Fig. 1. Object bundling scheme.

The remainder of this paper is organized as follows. Sec-
tion 2 reviews some important related work concerning
Internet delays and web-prefetching techniques. Section 3
discusses semantic links. Section 4 covers the concept of
object bundling. In Section 5 the proposed semantic link
object bundling (SLOB) technique is presented. Section 6
provides an example that demonstrates the functionality
and capabilities of the web object prefetcher. In Section
7, an empirical analysis is conducted to evaluate the perfor-
mance gains using the SLOB technique. Section 8 provides
a conclusion and future work directions.

2. Research on Internet-related delays

With the increasing popularity of the World-Wide-Web,
the effects of slow computer response times mostly attrib-
uted to dial-up connections became salient to the general
public. Notwithstanding the numerous advantages that
the web provides to computer users, the slow speed of
interaction has emerged as a serious hindering factor to
web usage. Nielsen, a prominent usability engineer and
web-design expert, has carried out several overviews of
web sites to determine the most frequent design flaws and
limitations to greater web usage. His survey of web sites
of large corporations reveals that slow download times
took first place with 84% of the sites being judged as too
slow (Nielsen, 1999a,b). According to Nielsen’s study,
users are not sympathetic to waiting for web content; slow
response times lead to lower levels of trust for the web site
owner and always result in a loss of traffic to the site.

A large percentage of users connect to the Internet
through a dial-up modem. Reports from a census con-
ducted by Telecommunications Reports International
(2000), show that an overwhelming number of subscribers
of on-line services (93%) access the web through a dial-up
modem (about 58 million users). Among the high-speed
services, about 282,000 are DSL subscribers and 2.8 million

were cable-modem customers. Although, there has been an
increase in the adoption of broadband connections to 9.3
million DSL subscribers and 12.6 million cable-modem
subscribers, over one-third of Internet (38.6 million) users
access the Internet through dial-up connections (US
Department of Commerce, 2004). Now, according to a
PEW report (Horrigan, 2003) the number of dial-up user
is expected to remain about the same, which would
continue to make dial-up connection speeds a concern.

2.1. Delay threshold of web pages

Many studies (Ramsay et al., 1998; Dellaert and Kahn,
1999; Jacko et al., 2000; Weinberg, 2000; Rose et al., 2001)
have been conducted to determine the longest amount of
web page rendering latency that web clients are willing to
tolerate. Of importance to our work is to determine a
threshold for extending the rendering delay of fast loading
web pages. The studies conducted by Hoxmeier and DiCe-
sare (2000) and corroborated by Galletta et al. (2004) show
that any delays exceeding 12 s will adversely impact a web
client’s experience with the web page. These two studies are
summarized as follows:

e Hoxmeier and DiCesare (2000) studied the effects of
delay on user satisfaction, perceived power of the sys-
tem, and intentions of repeated system use. The subjects
browsed a simulated web environment and engaged in
an information retrieval search task. The download
delay was the independent factor with values of 0, 3,
6, 9, and 12 s. The results supported a significant rela-
tionship between satisfaction and delay, with satis-
faction being highest in the 0-s delay condition.
Satisfaction remained fairly constant throughout the 3-
to 9-s range with a noticeable drop in the 12-s delay.
The analysis of intentions of system reuse revealed a sig-
nificant decrease in the 12-s category as well. Similarly,
perceived power of the system was negatively correlated
to the delay condition. However, user experience did not
seem to have any effect on satisfaction in various delay
conditions. The study supported the hypotheses that
user satisfaction and intended system reuse in a browser
setting are affected by the system response speed. It also
revealed that in a simple search experimental subjects
could consider a task environment delay of 12s as a
threshold value separating two patterns of user
responses that differ in the level of acceptability of the
wait.

o Galletta et al. (2004), the researchers extended the previ-
ous study by increasing the number of delayed condi-
tions. Delays of 0, 2, 4, 6, 8, 10, and 12 s were studied
under similar experimental setting. The goal of the study
was to uncover a declining trend in performance and
attitudes with increased delays, and to identify a critical
delay length over which dependent measures exhibit sig-
nificantly worse values. Consistent with the results of the
first experiment, the data supported significant relation-
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ships between delay and performance, as well as delay
and attitudes. With increasing delay length from 0 to
6's, performance and user attitudes toward the site
showed a steady decline. In the range from 6 to 10s,
both dependent measures were observed to level off with
only a slight decrease as the delay increased. At the
point of 12 s another discontinuity in dependent mea-
sures occurred: performance as well as attitudes reached
extremely low levels. This observation is in agreement
with Hoxmeier and DiCesare (2000) who reported sim-
ilar break at 12-s delay. The results suggest that under
long delay conditions the cognitively simple search task
ceased to be engaging and the subjects became unusually
bored, and began to exhibit withdrawal behavior. None
of the experiments provided information about the wait
duration in the long conditions, nor was any feedback
given to the subjects during the delay.

2.2. Improving web page delays

Many researchers have studied various methods to expe-
dite web page loading and display to benefit dial-up user
primarily, but also to a leaser extend to assist broadband
users. The majority of these techniques are historical-based
Markov model focusing on client-side, server-side, and
hybrid client/server methods. While these techniques are
effective once the client’s behavioral patterns are defined,
they require a client history that is often timely to develop
and costly when the client alters their behavior. In contrast,
context-based prefetch techniques use the content of the
current web page to decide which links on the page to con-
sider for prefetching based on the hypertext characteristics
of the web page. Historical and content based techniques
are described respectively as follows:

e These methods (Padmanabhan and Mogul, 1996;
Bestavros, 1995, 1996; Albrecht et al., 1999) employ
Markov models of page request interdependencies that
vary according to the type and use of the statistics main-
tained to conduct predictions. The work of Markatos
and Chronaki (1998) combines a server’s knowledge of
its most popular pages, a top-10 list of pages, with client
access profiles. A different method (Hine et al., 1998)
defines various client-browsing modes based on the
number of client accesses to a server within a single cli-
ent-browsing session to arrive at a prefetching scheme.
The researchers (Cunha and Jaccoud, 1997) use a pre-
fetch model that makes use of an active client that gath-
ers usage information and makes prefetch decisions. The
experiments conducted by Dunchamp (1999) indicate
that a collaborative effort between the client and server
works best for accurate prefetching. The server uses a
Markov model built from client data to dispense infor-
mation to clients, allowing them to perform prefetching
according to their own needs.

e These methods use the current web page context to
make predictions of future client accesses without the

need of historical information. A neural net approach
(Ibrahim and Xu, 2000) makes predictions according
to weights established based on what “anchor text” have
been clicked to rank web page link based on an artificial
neuron computed score. A text analysis method pro-
posed by Davison (2002) conducts content analysis of
recently requested user web pages to predict the user’s
next web page request. The algorithm uses the text in
and around the hypertext anchors of selected web pages
to ascertain a user’s interest in predicting the user’s next
actions.

3. Semantic link

Our technique uses semantic information associated
with a web page’s links to predict a user’s next web page.
The semantic information is explicitly embedded in a web
page, providing more precise context-based information
that improves on link significance using surrounding
anchor text. The work conducted by Zhuge (2003) defines
semantic links between resources to establish a high-level
single semantic image among versatile resources. These
semantic links establish relationship types between docu-
ments to improve on the quality of search result sets, where
a resource-browser accepts keywords or topic relationships
to retrieve corresponding documents. In Zhuge (2004) the
theory, mathematics and formal structure of the semantic
link network are comprehensively presented with various
applications on the use of semantic links discussed.

A hyperlink associates two web pages in a directed and
type-less manner. As such all hyperlinks found on a web
page possess the same meaning without distinction, i.e.
they are context neutral. Although the position of the
hyperlink and surrounding text may suggest some context,
it is too imprecise and potentially misleading to extract the
relative importance or association of the hyperlinks to the
referenced web page. A semantic link is different from a
hyperlink in that a semantic link represents a pointer with
a type or meaning directed from one web page (predeces-
sor) to another web page (successor). A semantic link
reflects a certain type of semantic relevancy between two
web pages. The following semantic link types have been
defined in Zhuge (2003):

e Sequential link (seq)—The predecessor web page should
be browsed or used before the successor web page.

e Similar-to link (sim)—The semantics of the successor
web page is similar to that of its predecessor web
page.

e Cause-effective link (ce)—The predecessor web page is
the cause of its successor web page; the successor is
the effect of its predecessor.

e Implication link (imp)—The semantics of the predeces-
sor web page implies the successor web page.

e Subtype link (st)}—The successor web page is a part of its
predecessor web page.
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e Instance link (ins)}—The successor web page is an
instance of the predecessor web page.

e Reference link (ref)—The successor web page is a
further explanation of the predecessor web page.

The semantic link priority is: ref <ins <st <imp <
ce <sim <seq, such that the right most type reflects a
stronger relationship between the two documents than
the left most type. A ref type is similar to a type-less hyper-
link that link two web pages together without any specific
meaning, while a seq type conveys a very strong correlation
between the two web pages in that one follows the other in
progression. These semantic link types serve as a basic set,
which in future research can be expanded to include other
link types.

When a web page contains more than one hyperlink of
the same type, then the relative position of the links are
used in establishing their priority. For example, consider
a web page that contains five hyperlinks, three imp links
and two st links as {sty,sty,st3} and {imp;,imp,}. Each
set type (formed based on the same hyperlink type) con-
tains elements of the form typey, where the type is one of
the previous semantic hyperlink types and the # indicates
the relative position of the link (numbered from top-to-bot-
tom and left-to-right in increasing order) within the web
page. Therefore, the browser would first attempt to retrieve
the objects (assuming they are not already in the browser’s
cache or the prefetch area) associated with the st type links,
but since there are three identical meaning links, the one
encountered first would serve as the source for prefetching.
In the case that all objects from st; had already been
retrieved and stored in the client’s cache, the prefetcher
would use the relative position between st, and st; to
retrieve the objects associated with st, next. This basic
concept—augmented with object bundling and web page-
threshold value—forms our technique for object prefetch-
ing. The semantic link information is a static component
of a web page that is associated with the page’s hyperlinks
during the web site’s design. Therefore, the web page
designer must not only determine a web page’s composing
hyperlink structure (their relative position), but must also
add a semantic type to each hyperlink with XML tags. It
is the explicit knowledge of the web page’s content that
facilitates the location and type of these hyperlinks during
the design of the web-application.

4. Object bundling

A web page is not considered “loaded” until all refer-
enced objects are present and rendered at the browser.
The number of distinct server connections that must be
established for the objects in order to retrieve them at the
client’s system is another factor that impacts page render-
ing time, beyond object size. The work conduct by Wills
et al. (2001, 2003) promotes and demonstrates that the
transmission time of an object bundle is less than or equal
to the transmission of the individual objects. Though the

aggregate object size remains the same in both cases, what
changes is the time involved in establishing the connection
for each individual object. Once the client system deter-
mines which objects it wants bundled and transmitted, it
requests the object bundle from the server, at which time
the server builds the object bundle and sends it to the client.
The client machine then receives and unbundles the object
in its prefetch buffer. The object bundling cost at the server-
side and the unbundling of the objects at the client-side
involves some computations, but given the processing
power of modern systems, this is a minor effect when once
considers the amount of time saved in opening and closing
connections. An even greater benefit is realized with object
bundling of secure web pages, which require additional
processing in the form of authentication handshaking time
for each individual connection. The technique of pipeline
connection between a client and server would eliminate
the need to establish multiple connections for each web
page object as these objects can be retrieved through a per-
sistence connection, but the technique is not universally
support in most servers and routers. Although, object bun-
dling is not absolutely necessary for our semantic prefetch-
ing technique, it could potentially reduce the time required
to obtain the requested web page’s objects, including
objects marked for prefetch. Any reduction in the time to
obtain prefetched objects is significant, since requesting
unutilized objects translates to wasted bandwidth. Our
object bundle definition varies from the previous works
in that the object bundles are dynamically assembled at
the server-side according to the client-side requested object
list. The server combines the identified client objects
together into a single file, maintaining their individual
characteristics (URL, type, size, etc.) such that they may
be identified and extracted at the client-side. The file format
would contain the current web page’s objects first, followed
by any prefetch objects. By thus prioritizing these objects,
rendering of the current web page can begin as soon as
its objects are received, even while prefetch objects are
being transferred.

5. Semantic link object bundling (SLOB) technique

While the basic approach to prefetching is similar in
most of the previous studies, differences exist within the
details of the methods. In this paper we present the novel
concept of semantic link object bundling (SLOB) prefetch-
ing which employs object bundling through semantic link
information. It is distinct from other approaches by
improving the speed of slower loading web pages through
faster loading web pages in using semantic link information
to determine the order and objects to bundle together. The
required information for the SLOB technique is statically
incorporated into each web page during web page design
and server-side augmented during web page downloading.
During the design of a web page, semantic link information
is incorporated into each of the page’s hyperlinks through
XML tags. The effort involved in assigning a semantic type
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to a hyperlink is very low and becomes even less when sup-
ported in web-design tools. The server-side dynamic infor-
mation consists of the objects (name and size) of the web
pages associated to the current web page through the
page’s semantic links. In addition, a download threshold
value limiting the amount of object prefetching for the cur-
rent page is embedded into the web page. This information
can change throughout the lifetime of a web-application,
making it more efficient to be automatically determined
and incorporated into a downloading web page, since the
composition of web pages can change without requiring
modification to their semantic association. Therefore, dur-
ing the transfer of a client request for a web-application
page, an XML tag is added with a server-computed web
page-threshold value (Py,). The P, determines the slowest
loading time for any page of the web-application. There-
fore, if the currently requested web page’s loaded time is
Py, then the prefetcher time value PF, is computed as
Ptv - Plt-

The semantic links within the current web page specify
the association type to page’s its hyperlinked web page,
including all of the objects in these web pages. These
objects are specified as 0 yxsize), Where X is the containing
web page, # is the order in which the object is positioned
in the web page (numbered from top-to-bottom and left-
to-right in increasing order), and size is the number of bytes
comprising the object (note that an object with # equal to 0
represents the text content of the web page).

Fig. 2 shows the respective prefetch information for the
web pages found in Fig. 1. When the client navigates to
web page “A”, its PF; is determined according to the
web page’s Py, computed from the size of the composing
objects in the web page, in this case 0aqsize) A0d 0 1(size)-
Using the link type information from web page “A” and
the objects found in the linked web pages, a proposed pre-
fetch object list (P,) is built using link semantics and com-
positional objects. Assume that link type X and Y are st
and imp, respectively. Then, the prefetcher would place
the objects in web page “B”” before the objects in web page
“C” in the Py = {0B050B1>0B290B350C0’ OCIaOCZ}' Assume

Web Page B
OBo(size)
OB1(size)
OB2(size)
OB3(size)

Web Page A

Opo(size)
Op1(size)

Web Page C

Ocosize)
Oc1(size)
0C2(size)

Fig. 2. Web page “A” semantic link structure.

opo and ocq are negligible (size equal zero). Now, if op;,
o3, and oc; are chosen as prefetch objects, they will be
converted into an object bundle and transmitted along with
the requested web page “A’ objects. An object in web page
“C” would be prefetched over an object in web page “B” if
the object already resides in the browsers cache or the pre-
fetch area or its size would surpass the PF, value, thereby
allowing a web page “C” object to be used. The location
of the object within the web page is used as a means of pri-
oritizing the object for prefetching. This method does not
preclude the use of other object prioritization criteria, such
as object size, spatial position, and surrounding context,
which is the focus of future research. Currently, we are
researching these different criteria to determine their use
in acquiring the highest benefit objects. Therefore, the link
type establishes the main order of the objects, while their
location serves as the minor order within the same web
page objects.

6. A semantic link object bundling example

The concepts covered in Section 5 are illustrated
through an example web-application consisting of six
web pages, denoted {A,B,C,D,E,F}, with each web page
referencing a set of objects. Fig. 3 depicts the web-applica-
tion structure, with the semantic link and composing web
page objects. The subscripted objects are identified with a
numerical value (object location), referenced web page,
and followed with a number in parentheses depicting the
size of the object in kilobytes. In the computations that fol-
low, we assume that the client is using a standard 56.6k
communication channel that transfers 7075 bytes per sec-
ond in accessing the web-application and that the server
has established a P, of 4s. These values are detected at
the browser and downloaded with the current web page
from the server respectively. In addition, the time associ-
ated in retrieving the text content of the web pages is rep-
resented through the definition of a text context object of
each web page, such as for web page “A” is 049. It should
be noted that our assumption of a constant rate 56.6k
communication channel is used for demonstration of the
proposed techniques without loss of generality and will
be further expanded in subsequent sections.

When the client requests web page “A,” we need to
determine the value of PF; in order to identify the amount
of available time to conduct object prefetching. To deter-
mine the PF; value, first the object from web page “A” is
used to compute the Py, value. Web page “A” contains
three objects 0aq(1),0a1(3) and 0az(s), for a combined size
of 9 kilobytes, requiring (9000/7075) = 1.27 s; therefore,
the prefetcher time value is PF,= P, — Py or 4 — 1.27 =
2.73s.

Once the PF, value is computed, the prefetch object list
P, is formed as {031(3)3032(5)9033(1)a OD1(15)> OD2(20)> 0C1(3)»
0C2(7),0C3(1) Ocaa)} - Assume that these objects do not cur-
rently reside in the browser’s cache or in the prefetch area;
if they did, they would be removed from the P,. Now,
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A (040(1), 0A1(3). 0A2(5))

B (0Bo(0), OB1(3), OB2(5), OB3(1))

C (0co(0), Oc1(3), Oc2(7), OC3(1), Oc4(4))
D (0po(). Op1(15), OD220))

E (0g0(0), OE13))

F (oFo(0), OF1(5))

Fig. 3. Web-application structure.

using a simple greedy algorithm, the list is traversed from
left-to-right selecting objects until the PF, is reached with-
out surpassing the value. From our example, the object
sizes are converted to time values according to the chan-
nel’s speed of 56.6k for {opj) = 0.4240,0p5) = 0.7067,
OB3(1) = 0~141390D1(15) = 2120, OD2(9) = 1272, oc1(3) = 04240,
0c27) = 0.9894,0(:3(1) = 0.1413,0c4(4) = 05654}, selecting
objects ogy,0B2,0B3,0c3,0p2 With an accumulative time of
2.685s. There is some wasted capacity of 2.730 —
2.685 = .045 s for which a more complex object selection
algorithms could better utilize; but with our simple greedy
approach, various objects from different priority web pages
have been selected which are semantically significant with
respect to the currently requested web page. Once these
prefetch objects are determined, a request is made to the
web server to identify these objects. The server bundles
the objects into a single unit and transfers it to the client
for unbundling and storage in the prefetch area, with the
anticipation that one of the predicted web pages will be
navigated to next.

7. SLOB prefetcher analysis

The analysis focuses on measuring the coverage and
accuracy of the SLOB prefetcher to evaluate its perfor-
mance in selecting anticipated objects. These two measures
provide an indication of the prefetcher’s performance as
coverage dictates whether objects requested are available
in the prefetcher’s buffer, while accuracy determines lost
bandwidth associated with retrieved, but unused objects
in the prefetcher’s buffer. The ideal prefetcher offers a
browser all the objects it needs (high coverage) and only
the objects it needs (high accuracy). The coverage is the
fraction of cache object misses when comparing both
demand-fetching and object prefetching. The accuracy is
the fraction of the total prefetched objects that actually
were used to satisfy object requests and that prevented
cache misses. In addition, the effects of object bundling
are considered to assess its contribution to the technique
of prefetching.

For the study, a typical web-application consisting of
primarily static web pages (dynamic web pages were
ignored) was chosen. The web-application offered its affili-
ated members current and past information on e-business.
It has over 250 unique web pages, nearly 2700 hyperlinks
and in excess of 2200 unique objects that vary in size from

99 to 562,996 bytes, consisting of banners, image maps,
icons, and content specific images. The average web page
contains 8.87 images per page, ranging from 1 to 25
images, with a standard deviation of 4.27. The average
number of hyperlinks per web page is 10.70, ranging from
1 to 26 hyperlinks, with a standard deviation of 4.49. Fur-
thermore, each hyperlink has been associated with a link
type, according to the semantic meaning between the cur-
rent web page and its associated next web pages, which is
based on a set of design criteria to categorize the
hyperlinks.

The approach undertaken requires the development of a
web browser simulator in Fig. 4, the acquisition of trace
data from web server logs to capture client web page
requests, and the interpretation of the trace-driven simula-
tion results. The trace-driven web browser simulator uses
server-log data to reproduce client web-application naviga-
tion. Using the trace data, the simulator can determine the
performance of the prefetcher in terms of the number of
demand-cache object misses encountered with and without
prefetching. The simulator uses the specified web page-
threshold value, current web page load-time, semantic link
information to make its prefetch object list, and then com-
pares its selections to the actual users actions obtained
from the web server logs. At the start of each client simu-
lation run, the cache is cleared to establish a comparative
baseline on which to base the prefetcher’s performance.
For each trace-run (a user clickstream) we assume that

st x|
Display Modes Onderby - Sodiy
Aun Srwdstor. Seiect D8 fhen Sedect Acp I~ SakovConk I~ Prody & Dese  Asc
ra NumCicks f_‘" I Tisce Sory
T [~ Vabose F St ¢ Desc © Asc
ehechng sy [‘— ro
Fhace D nagizack
T PrefochTums [thack o vamwirrn, etk bt loaadbens] Come Speed  [EREEED <]
Chocae Web spphcatcn Selact App
sesct08 [ | | B Maor s
Seloct 068 [
Pogss  Olwects Praletcree Cocte  Semistar
o s I e Cwe] et | e |
o [ L %F
His [ 0 AvgPoDelay
Cache Objects Preletchar  Trace Langth |° Ao Foun
0] byte 0 Eyte MnTuce [ MaxTuace [
0 o 0 0 Used Trace Num I
o T uned _sorn |
; ESSE)

Fig. 4. Web browser simulator interface.
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the browser’s cache no longer maintains the objects for the
web-application’s pages, thereby requiring original server
object requests. The simulator uses the time of the cur-
rently selected web page and the server threshold value to
determine the available time in retrieving a set of predicted
objects. It also aggregates various statistics, such as, the
number of total objects requests, the number of cache
misses, the number of bytes transferred and the time
required to transfer the objects from the origin server utiliz-
ing a specified communication channel speed (dial-up con-
nection 56.6 kbps, cable-modem connection 1 Mbps, and
DSL connection 1.5 Mbps). In addition, an option for
object bundling can be turned on, which incorporates the
effects of object bundling in the computed statistics, using
an object bundling factor empirically determined for each
communication speed.

7.1. Empirical study

The study requires actual client clickstream data
obtained from the server’s data-log files associated with
the usage of the web-application. From the data-log files,
92% of the client click sequences are within a 1-50 range.
Trace-runs outside of this range are excluded from the
study, since they are attributed to automated web tools
(robots/spiders). Incorporating these trace-runs in the sim-
ulations would adversely affect the performance of the
semantic prefetcher, since these web tools ignore the hyper-
link semantic information embedded in the web pages.
Therefore, trace-runs supplied to the simulator range from
1 to 50 client clicks. These represent a client’s navigation
throughout the website and are issued to the simulator
according to the order in which the client accesses the
web-application.

Since the semantic prefetcher does not require historical
data, it is not important to group trace-runs per client or
IP; instead, the overall performance associated with all cli-
ents is ascertained. In Tables 1-3, the performance of the
unbundled and bundled semantic prefetchers are shown
respectively for dial-up modem, cable modem, and DSL
communication channel speeds across a range of web page
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delay threshold values. The tables show the increase in
cache-hit percentage (coverage) and the amount of unused
prefetch objects (accuracy) for all trace-run groups (aggre-
gation associated with web page delays from 2 to 12 s). An
aspect that is also investigated is the effect of varying the
delay threshold value from 2 s up to 12 s, which is the max-
imum value tolerated by clients during web page rendering.

The performance of the semantic prefetcher when com-
pared with demand-fetching is given in Table 1 when object
bundling is not used. In addition, Table 2 further divides
the aggregate performance of the semantic prefetcher into
various categories. This provides an indication of the pre-
fetcher’s performance according to the length of the client’s
click sequence. Since the number of clicks for each client
visiting the web-application varies significantly, we estab-
lished five frequency access categories, consisting of 1-10,
11-20, 21-30, 31-40, and 41-50 trace-runs. Results of over
50 accesses per client are excluded as discussed previously.
These uniformly formed categories allow the performance
of the semantic prefetcher to be analyzed with regard to
the user’s clickstream length, in an attempt to characterize
any correlations between performance and clickstream
length. In order to facilitate analysis the table combines
the performance results generated for the various commu-
nication channel speeds, delay threshold values and click-
stream categories.

In Table 3, the performance of the SLOB is shown when
semantic prefetching and object bundling are both used.
The requested object bundle is composed of the current
web page objects and the determined prefetch objects. In
order to establish the object bundling factors supplied to
the simulator for each communication channel speed, a ser-
ies of object bundles were formed, transmitted and timed
across the network. A total of 48 web pages were designed
and divided into web pages consisting of individual images
and bundled images. The individual web pages contain 2—
25 images, while the bundled image web pages aggregate
these images into a bundle corresponding to the number
of images of the respective web page. The web server runs
IIS 4.0, while the client uses a java applet to record the start
and end times required to transmit the complete web page.

Table 1

Web-application client frequency access (unbundled)

Time (s) Dial-up modem Cable modem DSL

Hit increase (%) Unused prefetch (%) Hit increase (%) Unused prefetch (%) Hit increase (%) Unused prefetch (%)

2 3.43 12.71 38.77 15.03 42.65 14.22
3 5.60 10.48 42.41 14.21 46.66 13.66
4 7.66 12.18 44.84 13.87 49.94 13.69
5 10.43 11.53 47.15 13.59 53.03 13.54
6 14.15 11.57 49.29 13.64 55.42 13.16
7 15.40 11.49 52.33 13.53 56.40 12.62
8 20.14 12.43 53.56 13.49 59.10 12.26
9 21.71 12.73 55.30 13.24 59.81 12.11

10 24.05 12.73 55.82 12.88 66.64 11.79
11 25.28 12.72 56.42 12.56 70.03 11.63

12 27.21 12.77 58.99 12.36 78.24 11.37
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Table 2
Web-application client frequency access
Time (s) 1-10 11-20 21-30 31-40 41-50
Hit increase ~ Unused  Hit increase  Unused  Hit increase  Unused  Hit increase  Unused  Hit increase ~ Unused
(0 ()) (OA)) (C%!) (0 ()) (0 ()) (OA!) (0 ()) (OA)) (OA!) (0 0)
2 dm 1.62 30.66 2.75 9.91 5.99 11.24 2.80 5.88 3.01 9.50
cm  26.54 32.85 37.19 10.37 43.31 7.86 36.97 21.38 35.33 13.89
dsl  31.69 32.63 41.34 7.62 44.41 4.78 4222 24.81 40.22 11.27
3 dm 3.81 2491 4.45 8.37 11.40 6.90 4.39 3.71 5.11 7.89
cm 3148 32.54 40.97 7.65 44.41 5.37 4222 24.03 39.78 1141
dsl  36.84 3291 44.76 6.55 48.36 3.14 43.35 26.40 45.77 9.77
4 dm 4.78 26.61 5.90 10.67 14.71 9.10 5.85 5.61 6.57 9.14
cm  33.87 32.75 42.92 6.79 46.90 2.78 42.22 27.70 43.57 10.13
dsl  41.80 32.19 48.30 6.80 48.70 3.42 44.79 27.42 48.31 8.94
5 dm 6.36 25.71 8.34 9.42 17.74 7.25 7.62 5.14 9.91 9.43
cm 3775 3291 45.57 6.62 48.36 3.36 4335 26.29 46.36 9.41
dsl  46.52 32.01 53.09 7.09 52.17 3.72 45.10 27.77 50.95 8.20
6 dm 8.13 25.20 11.90 9.93 21.03 6.58 9.20 6.24 12.18 9.90
cm  41.08 32.33 47.21 6.77 48.61 3.50 44.79 26.99 47.79 9.01
dsl  50.51 31.78 55.39 6.92 56.15 3.05 46.45 28.24 53.72 7.57
7 dm 9.49 25.24 12.67 9.66 22.86 6.07 10.62 6.73 13.27 10.47
cm 4493 31.87 52.44 6.75 51.10 3.50 45.10 27.99 50.10 8.44
dsl  52.71 31.65 55.82 6.27 57.54 2.06 47.33 28.16 54.36 7.26
8 dm 11.68 27.47 17.85 9.63 27.10 8.31 15.38 6.51 17.84 11.94
cm 4740 32.00 53.67 7.13 52.92 3.65 45.89 27.79 51.46 8.15
dsl  56.84 31.14 59.35 597 60.90 1.87 47.77 27.95 56.88 7.15
9 dm 13.88 27.43 18.64 9.97 28.25 9.27 16.96 6.70 19.75 12.46
cm  50.07 31.85 55.31 7.01 56.15 3.16 46.45 28.12 53.57 7.70
dsl  58.36 30.79 60.38 5.81 60.98 1.71 47.77 28.08 57.69 6.98
10 dm 1542 27.83 20.84 10.86 29.81 8.88 20.43 6.80 21.70 13.07
cm  51.50 31.72 55.57 6.61 57.54 2.55 46.45 28.22 53.93 7.44
dsl  65.34 30.27 66.59 5.47 67.43 1.25 58.52 27.33 64.68 6.71
11 dm 16.12 28.47 21.98 10.99 31.44 9.26 21.38 6.90 22.78 12.00
cm  52.84 31.63 55.82 6.24 57.54 2.01 47.33 28.16 54.39 7.25
dsl  69.22 29.92 71.17 5.38 70.91 1.02 61.24 26.70 68.07 6.66
12 dm  16.96 28.93 24.49 10.52 33.24 10.15 23.22 6.37 24.10 11.98
cm  56.66 31.22 59.35 6.06 60.90 1.98 47.77 28.04 56.76 7.18
dsl  76.92 29.44 79.28 5.28 79.66 1.00 72.91 25.75 76.60 6.50
Table 3
Web-application client frequency access (bundled)
Time (s) Dial-up modem Cable modem DSL
Hit increase (%) Unused prefetch (%) Hit increase (%) Unused prefetch (%) Hit increase (%) Unused prefetch (%)
2 6.04 10.74 61.77 12.03 86.36 12.23
3 11.39 10.57 76.62 12.60 90.08 11.73
4 14.76 11.41 87.30 11.63 95.00 10.82
5 17.32 12.01 90.27 11.30 96.64 10.71
6 20.79 12.37 93.64 10.86 97.06 10.66
7 22.00 12.78 96.55 10.73 97.24 10.64
8 26.64 12.60 96.71 10.71 97.24 10.64
9 28.41 12.63 96.87 10.68 97.24 10.64
10 29.85 13.09 97.13 10.66 97.24 10.64
11 30.93 13.20 97.24 10.64 97.24 10.64
12 32.01 13.89 97.24 10.64 97.24 10.64

In order to focus strictly on the times associated with the =~ Each web page was requested several times to compute
transfer, the client and server machines were connected  an average time. Then, according to these results, an object
directly to avoid any delays attributed to network traffic. bundling factor can be established. These values are con-
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sidered optimal, since various physical characteristics and
factors are not taken into account. While fluctuations in
bandwidth performance, network traffic, and transmission
anomalies can influence the computed object bundling fac-
tors, our results are consistent with the values published in
the previously stated references on object bundling. The
results indicate that the time for individual images increases
as more images are retrieved, while for the bundled images
the time is much more consistent, with slight increases due
to the size of the aggregate image bundle.

7.2. Performance comparison

From Table 1, the results indicate that the semantic pre-
fetcher outperforms demand-fetching for all communica-
tion speeds, while these unused prefetch ranged from
10.48% to 14.22% across all channel speeds and delay
threshold values. For all communication channel speeds
there was a continuous increase in cache-hit performance
proportional to the increase in delay threshold value, from
3.43% for 2 s to a maximum of 27.21% for 12 s when using
a dial-up modem, from 38.77% for 2 s to 58.99% for 12's
when using a cable modem, and from 42.65% for 2s
extending to 78.24% for 12 s when using DSL. Throughout
all of these trials 85% or better of accuracy was maintained
for all threshold values.

In Table 2, the aggregate results of Table 1 are divided
in several trace-run length categories. From these catego-
ries, we can observe that the cache-hit percentage remains
relatively consistent across all categories and communica-
tion channel speed. In addition, the effects of varying the
delay threshold values correspondingly impacts the cache-
hit percentage as the delays increase, since a greater num-
ber of objects are transferred to the client’s systems with
longer delays. A consequence of increasing the delay
threshold values is that the accuracy of the semantic prefet-
cher is reduced, since both used and unused objects are
retrieved at a greater quantity.

In addition, click sequences ranging between 1 and 30
clicks reveal a consistent increase in cache-hit percentage
and a decrease in unused object percentage. The results
in the range 31-40 clicks show degradation in the perfor-
mance of the semantic prefetcher. This is attributed to
two issues; first as the client hyperlinks to previous pre-
fetched web pages, the semantic prefetcher will continue
to retrieve objects that are unused, as the client does not
subsequently access those web pages. Secondly, there was
some incorrectly labeled semantic type hyperlinks discov-
ered when analyzing the server log files after the fact. The
results for 41-50 clicks are still impacted with the first issue
discussed, but not with the problem of mis-typed semantic
hyperlinks. Therefore, the performance of the semantic
prefetcher is not significantly influenced by the length of
the user’s clickstream within the web-application. Improv-
ing these problems forms the focus of our current research
in order to avoid over-prefetching and minimize the mis-
labeling of semantic hyperlinks.

The use of object bundling improves the performance of
object prefetching when object bundles are retrieved faster
than individual objects. The approach of image bundling
enhances the rendering time of predicted web pages, since
the client obtains more of the requested objects during
the prefetch period. From Table 3, the results indicate that
the SLOB outperforms the semantic prefetcher for all com-
munication speeds, although the accuracy of the SLOB is
less, ranging from 10.64% to 15.03% across all channel
speeds and delay threshold values. This was expected and
verified in our study, since with object bundling a greater
number of objects can be retrieved for the same amount
of time used for semantic prefetcher (unbundled). For all
communication channel speeds, there was a continuous
increase in cache-hit performance proportional to the
increase in delay threshold value, for dial-up modem from
6.04% for 2s to a maximum of 32.01% for 12, cable
modem from 61.77% for 2s to 97.24% for 12s, and DSL
from 86.36% for 2 s extending to 97.24% for 12 s. An inter-
esting observation is that the SLOB is saturated at thresh-
old delay values of 10 and 6 s for cable modem and DSL
speeds respectively. This implies that the SLOB has
retrieved the maximum amount of objects possible, except
for a few objects that were very large or outside the web-
application’s domain. The number and size of the images
affect the time associated with unbundling, but with the
processing speed of most client machines, this time
becomes insignificant. These results indicate the potential
improvement to web-applications using the SLOB tech-
nique which, despite its performance contribution to
enhancing the client’s web-application experience, requires
substantially less recourses at the server and client sides to
conduct web object predictions.

These results demonstrate the performance gains in
using faster web pages to decrease the rendering delays of
slower web pages using a semantic prefetcher. The results
(cache-hit) depicted in the table increase as the channel’s
communication speed becomes faster, but can lower accu-
racy as more objects are retrieved from other less likely vis-
ited web pages. For faster communication speeds, we have
found that accuracy is affected, but with additional gains in
cache-hit performance. We are investigating various met-
rics to improve accuracy without significantly affecting
cache-hit by using client-side information to establish
prefetch limit thresholds.

8. Conclusion

The use of semantic links to connect documents has been
shown to improve the performance of search engine accu-
racy. We have extended the theoretical foundation of
semantic links in defining a web page object prefetcher that
utilizes semantic links as the basis for determining which set
of objects to obtain while the client requests the current web
page. The use of semantic hyperlink information has been
shown to be an effective approach to decrease the rendering
delays associated with web-applications and slow communi-



1724 A.P. Pons | The Journal of Systems and Software 79 (2006) 1715-1724

cation channels. To offset the delays associated with web
page rendering times, the concept of web page prefetching
has been proposed. These prefetching techniques attempt
to anticipate the hyperlink click of the client in order to
retrieve these predicted web pages before the client selects
them. When a prefetcher has high coverage and accuracy,
the client’s browser has the objects it needs and only the ones
it will use. The proposed prefetching technique combines
various methods to achieve these performance metrics.
Through empirical trace-driven simulations, the combina-
tion of these components has been shown to be an effective
method to reduce the delays associated with web page ren-
dering. The cooperation between web-applications and
browsers in prefetching web objects has the potential to
improve a client’s quality-of-service by reducing web page
rendering time. Currently, we are investigating various met-
rics to improve the overall performance of the SLOB tech-
nique through the incorporation of client-side information.
In addition, we are exploring the use of heuristics to avoid
over-prefetching that occurs when a client returns to a pre-
viously prefetch web page. We are also investigating the
opportunities of dynamically adjusting the initial semantic
link information associated with the web-application during
design, from web-application usage information recorded
from a wide range of client web-application accesses.
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