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Abstract In the standard URL normalization mechanism, URLs are normalized syntactically by a
set of predefined steps. In this paper, we propose to complement the standard URL normalization by
incorporating the semantically meaningful metadata of the web pages. The metadata taken into
consideration are the body texts and the page size of the web pages, which can be extracted during
HTML parsing. The results from our first exploratory experiment indicate that the body texts are
effective in identifying equivalent URLs. Hence, given a URL which has undergone the standard
normalization, we construct its URL signature by hashing the body text of the associated web page
using Message-Digest algorithm 5 in the second experiment. URLs which share identical signatures
are considered to be equivalent in our scheme. The results in the second experiment show that our
proposed URL signatures were able to further reduce redundant URLs by 32.94% in comparison with
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the standard URL normalization.
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1. Introduction

World Wide Web (WWW) is inarguably one of
the main sources for obtaining information nowa-

days. Relevant web pages are periodically crawled
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and indexed for the required information. However,
the huge amount of information available on WWW
demands tremendous effort in identifying and locat-
ing relevant information. Often, the information ob-
tained from the web may be irrelevant or redundant.
The existing architecture of WWW uses Uniform
Resource Locator (URL) or Uniform Resource Iden-
tifier (URI) to identify web pages [1]. Nevertheless,
different URLs representing the same pages are com-
monly found on the web. Hence, in the process of
crawling, URL normalization is performed by craw-
lers to determine if two syntactically different URLs
are equivalent [1,2]. URLs are deemed equivalent if
they point to the same resource or web page.
Owing to the ever-growing size of the web, URL

normalization or canonicalization has become more
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and more crucial in helping crawlers to refrain from
crawling and fetching the same web pages [1,2). The
ultimate aim of the URL normalization is to reduce
redundant web crawling by having a set of URLs
which point to a unique set of web pages. Besides,
URL normalization is also deployed by search en-
gines to determine the importance of web pages as
well as to avoid indexing same web pages.

In contrast to the conventional standard URL nor-
malization which compares two URLs without refer-
ring to the resources or web pages of the URLs,
we are interested to explore the possibility of incor-
porating metadata of the associated web pages to
enhance URL normalization process. In other words,
instead of merely standardizing the URLs syntac-
tically, we utilize some metadata of the web pages
which are semantically meaningful to enhance the
process of identifying equivalent URLs. The metadata
considered in our experiment are the body texts
and page size of the corresponding web pages, which
can be obtained from HTML parsing without incur-
ring unnecessary additional cost.

There are two main experiments featured in this
paper. Both experiments start by applying the stan-
dard URL normalization on our dataset. The first
experiment is conducted to explore the effectiveness
of using the extracted body texts and the page size
of the web pages associated to the URLs to identify
syntactically different, but equivalent URLs. Our
exploratory experiment shows that body texts are
sufficiently effective in identifying equivalent URLs
without considering the page size. In the second
experiment, given the encouraging results from the
first experiment, we proceed to construct URL sign-
atures by hashing the extracted body texts using
Message Digest Algorithm 5 (MD5). URLs which
have identical URL signatures are considered as
equivalent. OQur results demonstrate that URL sig-
natures are able to further reduce equivalent URLs
by 32.94% in addition to the standard URL normali-
zation.

Note that our proposed method is different from
identifying redundant web pages where complete
web contents should be taken into account for tho-
rough comparison. Instead, we aim to enhance the

standard URL normalization by identifying more

equivalent URLs using the metadata of the associated
Web pages.

The rest of this paper is organized as follows.
Our preliminary study on the standard URL norma-
lization is presented in Section 2. Section 3 discusses
the related works. The metadata considered in our
method, the construction of URL signatures and the
flow of our proposed method are explained in Sec—
tion 4. Section 5 presents the dataset as well as
the evaluation metrics used to evaluate the experi-
mental output. The experimental results are discussed
in Section 6. Lastly, we conclude this paper in
Section 7.

2. Standard URL Normalization

Figure 1 illustrates the typical flow of crawling
process [3]. Given a set of seed URLs, the frontier
which stores unvisited URLs is initialized at step 1.
Each crawling loop then continue with four main
steps, which include picking the next URL to crawl
from the frontier, fetching the corresponding page
of the URL, parsing the retrieved page to extract
URLs or any other intended information, and finally
adding the extracted and unvisited URLs into the
frontier. In order to ensure storage efficiency of the

frontier and to avoid fetching the same web pages
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Figure 1 Typical flow of crawling process
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http://www.example.com/folder/exist Pname=sky#head
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Figure 2 Components of URL

more than once, the URL normalization is performed
on the URLs extracted at step 4 for discarding equi-
valent URLs.

Standard URL normalization consists of syntax-
based, scheme-based and protocol-based methods
[1,2]. Each step in these methods may focus on spe-
cific components of URL. Figure 2 shows the stan-
dard components of URL while Table 1 lists the
steps in the standard URL normalization [1]. Other
normalization means may be applied based on the
application and prior knowledge about the sites.
Prior knowledge may be obtained from previously
crawled web pages.

After all the URLs have undergone the steps spe-
cified above, simple string comparison will be used
to discard syntactically identical URLs. The frag-
ment component of a URL denotes indirect identi—
fication of a secondary resource by referencing to a
primary resource. For example, there may be links
in a web page which link to different fragments
within the same web page. Since the fragment com-
ponent identifies the different fragments or resources
within the same web page or the same URL, it is
not considered in the standard URL normalization
mechanism [1].

3. Related Works

URL normalization has been studied extensively
in [2] and [4]. Additional steps were proposed to
extend the standard URL normalization [2], which

include changing the path component into lower case
letters, eliminating the default pages of web servers
and also eliminating the trailing slash symbol. De-
fault pages considered in [2] are index.html, index.
htm, defaulthtml and defaulthtm. The goal of the
extended URL normalization is to reduce false nega-
tives while allowing false positives at a limited
level. In our proposed method, we are able to iden-
tify equivalent URLs which contain default pages
even without applying the extended URL normali-
zation. Kim et al. presented a set of evaluation met-
rics to assess the performance of the steps in the
standard URL normalization [4]. One of the steps
proposed in [2], namely eliminating the trailing slash
symbol was also evaluated in [4]l. The proposed
evaluation metrics are URL consistency, URL apply-
ing rate, URL reduction rate as well as true posi-
tive rate. Only URL reduction rate, as further ex-
plained in Section 5.2 is applied to evaluate the per-
formance of our experiment. Different from [2] and
[4], we have used contingency tables with the related
evaluation metrics to compare the results of our
proposed method with the standard URL normali-
zation.

Bar-Yossef et al. proposed DustBuster to mine
DUST (different URLs with similar text) rules from
URL lists [56]. The URL lists were obtained from
either previous crawls or web Server logs within a
web site. DUST rules transform a given URL of
that particular web site to others that are likely to
have similar contents. One example of the DUST
rules is “http://site-name/story?=id=" — “http://site-
name/story_”. DUST rules are generated by decom-
posing the components the URLs, followed by iden-
tifying the patterns of how URLs are formed within

Table 1 Standard URL Normalization

Methods

Steps

Syntax-based

i. Case normalization - convert all letters at scheme and authority components to lower case.

il. Percent-encoded normalization - decode any percent-encoded octet that corresponds to an
unreserved character, such as %2D for hyphen and %5F for underscore.

iii. Path segment normalization - remove dot-segments from the path component, such as ‘. and *.".

]

Scheme-based

http://www.example.com/name.htmli,

i. Add trailinig /" after the authority component of URL.
ii. Remove default port number, such as 80 for http scheme.
iii. Truncate the fragment of URL, e.g. http://www.example.com/name.html#ali is truncated to

Protocol-based

i. Only appropriate when the results of accessing the resources are equivalent.
ii. For example, http://example.com/data is directed to http://example.com/data/ by http origin server.
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that web site using some heuristics. Although their
DUST rules manage to produce as high as 26% of
crawling reduction in one of the web sites, they need
to set several thresholds in the process of generat-
ing DUST rules. Moreover, DUST rules are site-
specific where each web site observes its own set
of DUST rules. As of June 2008, Netcraft charted
174 millions of web sites available on the WWW
[6]. As such, it is practically infeasible if DUST
rules are to be mined from each web site individu-
ally. Different from Bar-Yossef et al.’s approach, our
proposed method is not site-dependent and can be
applied to all URLs without any additional costs.

4. Our Proposed Method

4.1 Metadata Considered

By convention, after undergoing the standard URL
normalization process, URLs which are syntactically
identical are deemed equivalent and thus get elimi-
nated [3]. However, there are many syntactically
different and yet equivalent URLs, which point to
the similar web pages. For examples, two pairs of
equivalent URLs which have been identified by our
proposed URL signatures are http.//www.cnn.com/
TECH/ equivalent to http://www.cnn.com/technology/,
and http.//www.weather.com/jobs/ equivalent to
http://www.weather.com/careers/. These two pairs
would not be identified by the standard URL nor-
malization mechanism since they are syntactically
different.

These syntactically different but equivalent URLs
have motivated us to explore the possibility of elimi-
nating these syntactically different and yet equivalent
URLs using the metadata of the corresponding web
pages. In this paper, the metadata considered are
the page size and the body text of the web pages.

We define the body text as textual data which is
not embraced by any HTML tags within an HTML
document. The body text in our proposal by no
means represents the complete content of the web
pages as we do not take into account the scripts,
images, hyperlinks, style settings or any other types
of data carried in the actual content of the web
pages. Note that the same body text does not imply
the same page size, which represents the size of
the complete web page. Therefore, similar to the

page size, we consider the extracted body text as
metadata describing the web pages. Section 4.3
explains how the effectiveness of these metadata
are investigated in the first experiment.

4.2 URL Signatures

As aforementioned, in the first experiment, we
explore the effectiveness of using the body texts as
well as the page size of the corresponding web
pages in identifying equivalent URLs. The results
of the first experiment, as detailed in Section 6
have convinced us that the body texts extracted
from the web pages are sufficiently indicative in
the effort of identifying equivalent URLs. In fact,
the results have motivated us to further propose
URL signatures, which are constructed by finger—
printing the body texts of the associated web pages
using Message-Digest algorithm 5 (MD5).

The rationale behind fingerprinting the body texts
instead of comparing them in their raw format is
to reduce the comparison dimension. In other words,
comparison on URL signatures which consists of
only 32 hexadecimal characters is definitely faster
than comparing hundreds or even thousands of words
in the raw body texts. Besides, by having URL sign-
atures, we may represent all URLs in fixed-size
format.

Once the body text b; of URL u; is extracted, b:
will then be hashed into 32 hexadecimal characters
hash(b;) by using MD5, forming the URL signature
sig(ui) for w. In other words, instead of represent-
ing each URL with hash(u’), where u’ denotes u;
after the standard URL normalization [7,8], we pro-
pose to use hash(b;) as the sig(u;) to represent u;.

MD5 has been widely used to encrypt messages
for secured transmission [9]. Besides, digest or fin-
gerprints of files are also generated by using MD5,
which is mainly used for checking the integrity of
files. We use MD5 as the hashing function to gene-
rate our URL signatures because it is sensitive to
even a small change. Figure 3 shows the basic
steps in MD5 algorithm, more detailed algorithm
can be referred at [9].

In short, given a set of URLs U, we extract the
body texts B of the associated web pages, followed
by generating URL signature sig(y;) for each URL
wi, where sig{w;) = hash(b), i € U and b; € B.
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Step 1: Append padding bits.

Pad the original message so that its length is divisible by 512. Add 1 to the end of the
message and followed by Os to make the length up to 64 bits fewer than a multiple of
512.
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Step 2: Append length.

Step 3: Initialize MD buffer,

® Word A is initialized to: 0x67452301.

¢ Word D is initialized to: 0x10325476.

Step 5: Produce output.

order byte first.

64 bits are appended to the end of the padded message to denote the length of the
original message in bytes. Break the 64 bit length into 2 words (32 bits each).
Subsequently, append the low-order word and followed by high-order word.

The 128-bit buffer of MD5 is initialized as:
o The buffer is divided into 4 words (32 bits each), named as A, B, C, and D.

e Word B is initialized to: OXEFCDABS89.
¢ Word C is initialized to: 0x98BADCFE.

Step 4: Process message in 512-bit blocks.
For each input block, 4 rounds of operation, each with 16 operations are performed.
The details of this main step can be referred at [9].

The contents in buffer words A, B, C and D are returned following the sequence of low-

Figure 3 Basic steps of MD5 algorithm

URLs with the same signatures are considered equi-
valent and will be eliminated for avoiding redund-
ant crawling and fetching of the same web pages.

4.3 The Flow of Our Proposed Method

In this paper, we apply our proposed method on
regular URLs Uy, where U is defined as a set
of URLs which appear in all the crawling sessions.
The rationale behind our decision to use only Ureg
for our experiment comes in line with the objective
of our proposed method, which aims to reduce re-
dundant web crawling. Much benefit can be gained
if redundant crawling of these regular URLs can be
reduced.

Figure 4 illustrates the flow diagram of our pro-
posed method. The input data is the set of regular
URLs Ureg, while the expected output data is a
final set of unique URLs U, which has undergone
standard URL normalization and our proposed met-
hod. Note that there are two branches of processes
after the third process, where the box on the left
illustrate the fourth process in our first exploratory
experiment, whereas the box on the right illustrates
the subsequent processes (highlighted) in our second
experiment, which constructs the URL signatures.

In the first process, given U = {u1, uz, - um),

where m is the number of URLs in Uy, we apply
the steps of standard URL normalization, as listed
in Table 1. After performing string comparison
among the standard-normalized URLs, we eliminate
identical URLs and obtain a list of syntactically
unique URLs Usa = {us, ue,
number of URLs left after the standard URL norma-

lization process. The second process is commenced

- up}, where n is the

by fetching the corresponding web pages of the URLs
in Usa In order to obtain the body texts, these web
pages are de-tagged and the page sizes are recor—
ded in third process. We de-tag the Web pages by
using ParserDelegator from javax.swing.htmi.

In the first experiment, as included in the left
box, all URLs in Usw are compared in terms of the
associative body text and page size in the fourth
process. To evaluate how well the adopted metadata
perform in identifving equivalent URLs either indi-
vidually or by combination, we consider the follow—
ing options in the exploratory experiment:

i. Body text only

il. Page size and body text

In the first option where only body text is con—
sidered, URLs with share the same body texts are
predicted as equivalent. Eventually, only URLs
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Figure 4 Flow diagram of our proposed method

which have unique body texts are included in Ugn.
Intuitively, the page size is not sufficiently indicative
to be considered by itself because it is recorded in
continuous numerical format. Hence, in the second
option, we attempt to identify equivalent URLs by
comparing both their page size as well as the ex-
tracted body text. Likewise, only URLs which share
the same page size and body texts are considered
as equivalent.

Based on the results from the first experiment,
we subsequently carry out the second experiment,
where the first three processes remain the same. In
the fourth process as highlighted in the right box,
the extracted body texts are MD5-hashed using the
MessageDigest class provided by javamath. The
generated 32 hexadecimal characters message digests
or fingerprints form the URL signatures for all the
URLs in Usq. Finally, URL signatures among the
URLs are compared and URLs which share same
signatures are eliminated to form Uj, in the second
experiment. Owing to the relatively small dataset,
we verify the identified equivalent URLs manually
in this paper.

5. Dataset and Evaluation Metrics

5.1 Dataset

For the purpose of this experiment, we have used
Web Data Extractor 7.0 [10] to obtain URLs from
five web sites, as listed in Table 2. These web sites
are selected considering the diverse nature of the web
sites, as well as the geographical location. These web
sites were crawled every two days, starting from 9
April to 27 May 2008, amounting to 25 crawling
sessions. The results produced by Web Data Extr-
actor 7.0 include a list of URLs within the web site,
and metadata of each URL, such as keywords, title,
description, page size and the date of last modifi-
cation.

As mentioned above, to obtain a steady set of
URLs for our experiment, we have selected only
URLs which appear in all the crawling sessions to
be included in U, Table 2 shows the average
number of URLs per crawling session and the per-
centage of U, for each web site. There are a total
of 5257 URLs in the U, for this experiment. The
page sizes of the web pages in this experiment are
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Table 2 Web sites crawled for the experimental dataset
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Web sit Nature of Company / Average Number of Number of Percentage of
e sie Country URLs Per Crawling | Regular URLs | Regular URLs
Arirang Korea .

1017 23.31%
<HTUhttp://www.arirang.cokrUTH> Broadcasting / Korea 4362 ?
British Telecom ’I‘el‘ecomr{lumcatlon / 4776 249 17.78%
<HTUhttp://www.bt.comUTH> United Kingdom
Cable News Network TFD) News cable television 3068 594 14.97%

network / United States
Multimedia University . .

1 891 68.22%
<HTUhttp://www.mmu.edumyUTH> Education / Malaysia 306 ?
The Weather Channel We.ather forecasts / 3967 1906 48.05%
<HTUhttp://www.weather.comUTH> | United States

Total 18379 5257 28.60%

obtained from Web Data Extractor 7.0 while the
body texts of web pages are de-tagged or extracted
by using ParserDelegator from javax.swinghtml.
The average size of the body text of our dataset is
around 4KB.

5.2 Evaluation Metrics

To evaluate the effectiveness of our URL signa-
tures, we apply one of the metrics proposed by Lee
et al. [4], which is URL reduction rate:

Vsl | v
U g L
Originally, the first evaluation metric is used to
measure the probability that a normalized URL equals
to the non-normalized URLs such that
URL Reduction Rate = (My — My / N
where My is the number of URLs to be handled
before the normalization, M, is the number of URLs
to be handled after the normalization and N is the
number of URLs to which a normalization method
is applied [6]. In our experiment, M, and M. repre-

sent the number of URLs in Uya since our proposed

URL Reduction Rate =

method considers the metadata extracted from all
the URLs in Usa. As such, URL redundancy rate
denotes the percentage of URLs that can be reduced
by our proposed URL normalization method.

In addition, we also tabulate our results in a con-
tingency table as shown in Table 3. Having the
contingency table, we further analyze the results by
using the following metrics [11]:

1) T The file of the crawling session for CNN on 7 May 2008 is
corrupted. Hence the selected regular URLs of CNN are from
24 crawling sessions.

Sensitivity = TP / Positive
Specificity = TN / Negative

Precision =

TP / (TP + FP)

(2)
(3)
4)

Accuracy=Sensitivity *(Positive/(Positive +Negative))

+Specificity*(Negative/(Positive+Negative)) (5)

Table 3 Description of contingency table

Prediction
Positive Negative Total
True Positive | False Negative .
iti Positive
et Positive (TP) (FN) i
ctud Negati False Positive | True Negative Negative
cgative (FP) (TN)

Positive indicates the number of URLs which are
equivalent whereas negative indicates the number
of non-equivalent URLs in our dataset. True posi-
tive denotes the number of equivalent URLs which
are identified or predicted as equivalent by the meta-
data or our URL signatures, and false negative other—
wise. Likewise, true negative carries the number of
non-equivalent URLs which are predicted as non-
equivalent.

As such, sensitivity and specificity evaluate the
performance of our proposed method to incorporate
the metadata of the web pages (in the first experi-
ment) and URL signatures (in the second experiment)
in terms of identifying actual equivalent and non-
equivalent URLs respectively. On the other hand,
precision shows the percentage of correct prediction
in identifying equivalent URLs while accuracy pre-

sents the performance of as a whole.

6. Results and Discussion
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6.1 Exploratory Experiment on Body Texts and
Page Size

Having selecting only the regular URLs from all
the crawling sessions, we have obtained U, = {1,
us, -, Um} where m = 5257, We have then applied
the steps of the standard URL normalization on
Ureg, as listed in Table 1. After performing string
comparison among the standard-normalized URLs,
we have gained a list of syntactically unique URLs
4 Un} and n = 5089. In
other words, a total of 168 syntactically equivalent
URLs have been identified by the standard URL
normalization. MMU observes the highest reduction
of equivalent URLs, which amounts to 18.29%. Most
of the syntactically equivalent URLs in MMU's Uy,
contain. percent-encoded octet of unreserved cha-

Usa, where U = {u1, u,

racters. For an instance, ™~ is stated as ‘%7E’ in
some of its URLs.

Given the standard-normalized URLs Usg, we
have then proceeded to fetch the web pages and
de-tagged the web pages for extracting the body
texts. To obtain the Ui, in the first exploratory
experiment, we have eliminated equivalent URLs in
Usa by comparing the URLs with regard to the
adopted metadata of the corresponding web pages.
Table 4 and 5 show the contingency tables of using
the metadata in identifying equivalent URLs in addi-
tion to the standard URL normalization, as applied
in the two options in our experiment respectively.
The evaluation metrics for both options are com-
puted in Table 6.

Table 4 The contingency table of the first option
(body text only)

Prediction
Positive Negative Total
Positive 1679 0 1679
Actual | Negative 235 3343 3578
Total 1914 3343 5257

Table 5 The contingency table of the second option
(page size and body text)

Prediction
Positive Negative Total
Positive 1206 473 1679
Actual Negative 235 3343 3578
Total 1441 3816 5257

Referring to Table 4 and 5, the first option has
produced better normalization results where 1679
(1511 on top of the 168 equivalent URLs identified
by teh standard URL normalization technique) of
actual equivalent URLs are identified, compared to
only 1206 identified by the second option. Besides,
the second option has recorded as high as 473 of
false negatives. Most of the similar web pages linked
by equivalent URLs observe the difference of merely
few kilobytes in terms of the page size, such as 1
or 2KB. These can be due to insignificant differ-
ences, such as an extra space appearing in the web
pages. On the other hand, the main reason of having
nonequivalent URLs being identified as equivalent
(false positive) in the first option is due to our pro-
posed  method which considers only textual data
(body text) within the web pages. In other words,
these web pages may observe differences in other
types of their web contents, such as images or
hyperlinks.

Table 6 Evaluation metrics for the 2 options in our

experiment

i Option 1: Option 2:
Metrics / Metadata Bozy Text | Page Sizep & Body Text
URL Reduction Rate 0.36 0.27

Sensitivity 100% 71.83%

Specificity 93.43% 93.43%

Precision 87.72% 83.69%

Accuracy 95.53% 86.53%

As listed in Table 6, the first option outperforms
the second option significantly in terms of identifying
actual equivalent URLs by having 100% of sensiti-
vity, compared to only 71.83% by the second option.
However, both options perform similar in terms of
identifying nonequivalent URLs, having same speci-
ficity of 93.43%. Besides sensitivity, the first option
also observes higer precision and accuracy. The
overall accuracy achieved by the first option is 9%
higher than the second option, amounting to 95.53%.

In terms of reducing redudant or equivalent URLs,
the first option has 3343 URLs predicted as nonequi-
valent in its Us. whereas the second option has
3816 (refer to Table 4 and 5). Therefore, the first
option records better URL reduction rate of 0.36,
outperforms the second option by 0.09. Based on



the results from this first experiment, we may con-
clude that body text by itself is sufficiently effective
to be used as the metadata to represent the web
pages for the purpose of identifying equivalent URLs.

6.2 Second Experiment with URL Signatures

Given the convincing results from the first expe-
riment, we have proceeded MD5-hashed the body
texts extracted from the web pages in the second
experiment. In other words, URL signatures are
generated for all URLs in Ugs by MD5-hashing the
extracted body texts.

Table 7 lists some of the equivalent URLs iden-
tified by URL signatures within these five web sites.
Rows numbered 3, 5, 6, 7 and 9 show that URL
signatures are able to identify equivalent URLs which
contain the default pages without omitting the de-
fault pages as proposed by [2]. Besides, the 4™ and
8" row indicates that these are the default web pages
in the particular directories although they do not
contain the typical names for default pages, such
as index.htm! in the URLs. Likewise, the first and
second pairs of equivalent URLs demonstrate that
“&id=&page=1" and “&page=1" are the correspon-
ding default web pages. Obviously, the standard
URL normalization mechanism would not be able to
detect the equivalency listed in Table 7 since all of

them are syntactically different.
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As expected, we have obtained the same results
in identifying equivalent URLs by using both the
raw body texts and URL signatures. Table 8 shows
the overall contingency table of the standard URL
normalization technique, while Table 9 compares
the effectiveness of our URL signatures with the
standard URL normalization using the evaluation
metrics.

As we can see from Table 8, out of 5257 URLs in
Uvreg, 5089 of them are syntactically different. Out of
1679 equivalent URLs in Uy, only 168 equivalent
URLs are reduced from U in order to form Us.
The remaining 1511 URLs which are syntactically
different will form Usa with other 3578 non-equiva-
lent URLs in Uneg. Nevertheless, note that the stan-
dard URL normalization records 0 for its false posi-
tive because only syntactically identical URLs are
considered to be equivalent.

Likewise, refer back to in Table 4, 3578 out of

Table 8 Contingency table of the standard URL

normalization
Prediction
Positive Negative Total
Positive 168 1511 1679
Actual | Negative 0 3578 3578
Total 168 5089 5257

Table 7 Examples of equivalent URLs

No. Equivalent URLs
1 * http://www.arirang.co kr/Blog/Arirang_Town.asp?code=Bl1
+ http)//www.arirang.co.kr/Blog/Arirang_Town.asp?code=Bl1 &id=&page=1
9 + http///www.arirang.co kr/News/News_List.asp?code=Ne5
+ http)//www.arirang.co.kr/News/News_List.asp?code=Ne5&page=1
3 + http://www.bt.com/
» http://www.bt.com/index.jsp
4 *  http//www.bt.com/business/
* http//www.bt.com/business/home/
5 * http//www.cnn.com/CNN/Programs/american.morning
+ http)//www.cnn.com/CNN/Programs/american.morning/index.html
6 » http//www.cnn.com/TECH/science/archive/
* http//www.cnn.com/TECH/science/archive/index.htm!
7 ¢ http//www.mmu.edu.my/ fom/
+ http//www.mmu.edu.my/ fom/index.html
8 * http//www.mmu.edu.my/~dev/
+ http)//www.mmu.edu.my/~dev/aboutus.htm
9 + http://www.weather.com/activities/homeandgarden/home/mosquito/
http://www.weather.com/activities/homeandgarden/home/mosquito/index.html
10 http//www.weather.com/achesandpains/
http://www.weather.com/activities/health/achesandpains/
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5257 URLs in Urg have unique URL signatures
and grouped in Uneg. However, 1511 (false negative
in Table 8) equivalent URLs which are not identified
by the standard URL normalization technique have
identical URL signatures. Hence, these 1511 URLs
are predicted to be equivalent by our proposed me-
thod. However, there are 235 non-equivalent URLs
mistakenly predicted as equivalent by our method.

The URL reduction rate in Table 9 shows that
there is a possibility of 0.33 (0.36 - 0.03) for each
URL in Ugxs to have same URL signature with its
peer URLs in Usa. The 100% of sensitivity of our
proposed URL signatures shows that all equivalent
URLs in Upes are identified by the URL signatures.
However, only 87.72% (1679) of the 1914 URLs
predicted to be equivalent by URL signatures are
indeed equivalent.

Table 9 The evaluation metrics

Metrics Standarfi U.RL URL Signatures
Normalization
URL Reduction Rate 0.03 0.36
Sensitivity 10.01% 100%
Specificity 100% 93.43%
Precision 100% 87.72%
Accuracy 71.26% 95.53%

On the other hand, there is 6.57% (100% - 93.43%)
of non-equivalent URLs in Uy, share the same
URL signatures. This is mainly due to the fact that
our signatures are constructed using only the body
texts of the Web pages, without considering other
types of Web contents. The standard URL normali-
zation technique records higher specificity and preci-
sion compared to our proposed method as it records
0 false positive. The main reason is that URLs are
only considered as equivalent if are they syntacti-

cally identical in the standard URL normalization

technique.

Since the main objective of using URL signatures
is to identify equivalent URLs, our proposed method
is more preferable as it records 100% of sensitivity
compared to only 10.01% by the standard URL nor-
malization. In fact, our proposed method shows pro-
mising accuracy of 95.53% compared to only 71.26%
of accuracy by the standard URL normalization
technique.

Table 10 further compares the results of using
our proposed URL signatures in addition to the
standard URL normalization mechanism. As we can
see, when URL signatures are constructed and
referred on top of the standard URL normalization,
another 1732 (1900 - 168) equivalent URLs have
been identified, contributing to 32.94% (36.14% -
3.20%) of additional reduction in redundant crawling

and retrieval of the same web pages.

7. Conclusion and Future Works

In contrast to the conventional way of represen—
ting URLs using the hashed value of URLs after
the standard URL normalization, we proposed to
represent URLs using URL signatures. The URL
signature for each URL is the MD5-hashed body
text of the corresponding web page, where body
text is the textual data which is not embraced by
any HTML tags within that particular web page.
In other words, we enhance the standard URL nor-
malization mechanism by generating and utilizing
URL signatures to further identify syntactically dif-
ferent and yet equivalent URLs. Comparing to the
standard URL normalization mechanism, our experi-
mental results demonstrate that the proposed URL
signatures managed to identify equivalent URLs as
accurate as 95.53%, which further reduce equivalent
URLs by additional 32.94%. Similar results were

Table 10 Results comparison between the standard URL normalization mechanism and URL signatures

URL Normalizati Arir MMU | Weath Total of | Reduced URLs
ormalization ang BT CNN eather URLs No. %

Regular URLs 1017 849 594 891 1906 5257
Reduction by the standard URL 1016 | 848 | 503 728 1904 5089 168 | 320
normalization
Reduction by using URL signatures
in addition to the standard URL 816 134 531 598 1278 3357 1900 36.14
normalization
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obtained when applying URL signatures on the the
same web sites which were crawled in a longer
period [12].

For the future works, we plan to study the per-
formance of our proposed method in a larger scale,
which includes crawling more web sites, we will
apply our method in our web crawler. Besides body
texts, we also plan to explore the possiblity of
incorporating other metadata of web pages, such as
page size to dynamically construct the URL signa-
tures. Since the web changes rapidly, we are also
interested to derive the optimum frequency of re-
contructing URL signatures for the URLs.
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