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Abstract 

Since web pages are created, changed, and destroyed constantly, web databases (local collections 

of web pages) should be updated to maintain web pages up-to-date.  In order to effectively keep 

web databases fresh, a number of studies on the change detection of web pages have been carried 

out, and various web statistics have been reported in the literature.  This paper considers the issues 

of web page changes in terms of user visuality.  First, we consider the effect of a number of tags 

that do not make difference in terms of user visuality.  We learned that approximately 4.5% of web 

page changes under the byte-wise comparison were unnecessarily determined.  Secondly, we 

investigated the relationship between ‘TITLE’ tags and ‘BODY’ tags in terms of web page changes.  

We found out that an inspection of ‘TITLE’ tags could allow users to sufficiently determine the 

change of web pages, so that we can significantly reduce the comparison time of web pages. 

 

 

1. Introduction 

 

The World Wide Web (WWW) has grown explosively since the early 1990s.  According to [10], 

new web pages are created at the rate of 8% per week.  Assuming that the current Web has 11.5 

billion pages [5], this result corresponds to 920 million new web pages every week. 

 

As the Web includes most information needed in the world with the rapid growth of the Internet, 

search engines are becoming the “killer app” of the Web.  Whenever users want to look up 

information on the Web, they get necessary information using a search engine.  Search engines such 

as Google or Yahoo create their own web databases (local collections of web pages) to offer users 

retrieval service.  Remote web pages are changed independently with web databases [2].  Therefore, 

web databases should be updated to maintain local up-to-date web pages detecting the change of 

remote web pages.  This scenario is illustrated in Figure 1. 
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Figure 1. Diagram of updating a web database 

 

A web crawler (also known as a web robot) is a program that automatically collects web pages to 

create a web database.  In general, the web crawler can update its web database in two different 

ways.  Traditionally, the web crawler visits web sites to crawl all web pages and the old collection 

of web pages is replaced by the newly gathered collection of web pages.  We refer to this type of 

web crawler as a periodic crawler.  Alternatively, the web crawler can keep already crawled pages 

after the first crawl and revisit only changed pages (with high probability).  The collection of web 

pages is then partially updated over time.  When the web crawler operates in this mode, we call it an 

incremental crawler.  The effectiveness of two crawling techniques heavily depends on how often 

the web page change over time.  In principle, if the web crawler can estimate how often web pages 

change, the incremental crawler is likely to be more effective than the periodic one, in terms of 

maintaining the “freshness” of web databases. 

 

In order to keep web databases effectively, a number of studies on the change detection of web 

pages have been carried out.  The simplest (but most rigid) way to see if a web page changes is to 

compare web pages in a byte-by-byte level, which is used in [3, 6, 7].  The byte-wise comparison 

metric is oversensitive and does not represent the degree of changes.  To measure the degree of web 

page changes, Ntoulas et al. [10] used the TF·IDF cosine distance and the word distance.  Lim et al. 

[9] used a metric based on the edit distance to measure the degree of web page changes.  Broder et 

al. [1] defined the shingling metric and tried to cluster web pages that have the similar contents 

using the metric, and Fetterly et al. [4] used the shingling metric to investigate how web pages 

evolve.  Kwon et al. [8] showed that each of the existing change metrics often represents the same 

change of web pages differently, and proposed criteria for web page changes in order to evaluate the 

effectiveness of the metrics. 

 

Changes of web pages are not always recognized by users who look at web pages through a web 

browser.  Even though web pages are indeed changed, users can regard these pages as the same.  

Updating web databases for such changes of web pages gives rise to a large amount of processing 



overhead; a web crawler requests, downloads, and stores, consuming unnecessary network 

bandwidth, disk I/Os, disk space, and so on.  In our best knowledge, there have been no research 

activities on web page changes in terms of user visuality. 

 

In this paper, we consider the issues of web page changes in terms of user visuality.  We conducted 

two kinds of experiments.  The first experiment shows the effect of a number of tags that do not 

make difference in terms of user visuality.  In the second experiment, we evaluate the change 

relationship between ‘TITLE’ tags and ‘BODY’ tags.  From the result, we find out that an 

inspection of ‘TITLE’ tags could allow users to sufficiently determine the change of web pages. 

 

This paper is organized as follows.  Section 2 shows web page changes that do not make a 

difference in terms of user visuality and presents experimental results. In section 3, we discuss 

experimental evaluation of the change relationship between ‘TITLE’ tags and ‘BODY’ tags and its 

results.  Section 4 contains the closing remarks and future work. 

 

 

2. Visible Changes of Web Pages 

 

Changes of web pages are not always recognized by users who look at web pages through a web 

browser.  For example, assuming that a comment is added in the HTML source code of a web page, 

this change is not noticeable on the web browser and users regard pages before and after the change 

as the same.  We refer to such a change as an invisible change.  When the change of web pages is 

not invisible, we call it a visible change. 

 

Administrators may think that web databases should be updated to reflect even invisible changes.  

However, note that the main purpose of web databases of search systems is to offer users retrieval 

services.  Also, updating web databases is expensive.  It consumes resources; network bandwidth to 

download pages, memory to maintain data structures, CPU to evaluate and select URLs, and disk 

storage to store the text and links of fetched pages.  Thus, updating web databases for invisible 

changes is unnecessary. 

 

2.1. Visible Tags and Visible Attributes 

 

Changes of web pages can be classified into changes of contents, changes of markups, and changes 

of contents and markups.  When web pages change, usually they change in their markups [4].  

Figure 2 [4] shows the changes that were additions or deletions of tags, broken down by tags. 
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Figure 2. Breakdown of tags that changed 

 

Figure 2 shows that 23% of the changes were within tags that started with the comment character ‘!’, 

indicating that the change was exclusively to a comment [4].  The ‘!’ (comment) tag, the ‘META’ 

tag, the ‘PARAM’ tag, and so on represent invisible changes of web pages.  This surprising result 

shows that such tags make difference on the change detection under the byte-wise comparison. 

 
Table 1. Visible tags and its visible attributes 

Tag Attribute Tag Attribute 

<A> HREF <OBJECT> STANDBY 

<APPLET> ALT <OL> TYPE 

<AREA> - <OPTION> VALUE 

<B> - <PRE> - 

<BASEFONT> - <S> - 

<BIG> - <SAMP> - 

<BLOCKQUOTE> - <BLOCKQUOTE> ALT, SRC 

<CITE> - <STRIKE> - 

<CODE> - <SUB> - 

<DD> - <SUP> - 

<DFN> - <TD> - 

<EM> - <TEXTAREA> - 

<FONT> SIZE <TH> - 

<I> - <TITLE> - 

<IMG> ALT, SRC <TT> - 

<KBD> - <U> - 

<LI> TYPE <VAR> - 



We classify 104 tags [11] into two types: ‘visible’ and ‘invisible’ types.  This classification is 

determined by the guides [12] and manual decision.  Tags that do not make difference in terms of 

user visuality are invisible tags.  Tags that are not invisible tags are visible tags.  For instance, the 

‘!’ (comment) tag is an invisible tag and the ‘IMG’ tag is a visible tag.  Also, we classify attributes 

of visible tags into two types: ‘visible’ and ‘invisible’ types.  The ‘TARGET’ attribute and the 

‘HREF’ attribute of the ‘A’ tag is an invisible attribute and a visible attribute respectively.  Visible 

tags and  their visible attributes are represented in Table 1. 

 

2.2. Experimental Setup 

 

We examine the aspects of invisible changes of web pages.  In particular, we attempted to answer 

what the effect of tags that do not make difference is, in terms of user visuality, i.e. invisible tags. 

 

Our hardware environment is a machine with 1.8 GHz Pentium IV processor, 1 GB of RAM, and a 

fast Ethernet network connection.  We randomly selected 10,000 Korean sites.  We crawled 55,417 

pairs of web pages from the sites at intervals of two day.  We conducted these crawls using the 

DSCrawler [7], a web crawler designed to crawl on a seed-by-seed basis. 

 

To answer our question, we process downloaded web pages.  The processing removes invisible tags 

and invisible attributes of visible tags from web pages.  We compared the pages under byte-wise 

comparisons.  Figure 3 and 4 show HTML source codes of web pages before and after processing 

respectively. 

 

2.3. Experimental Results 

 

Table 2 represents the results of comparing web pages.  As can be seen, 28.2% of all web pages 

before the processing were changed, and then 709 (4.5%) pages of those were changed after the 

processing.  In other words, those pages were changed invisibly.  From the results, we learned that 

approximately 4.5% of web page changes under the byte-wise comparison were unnecessarily 

determined.  By avoiding the update for such changes, we can enhance the efficiency of using 

resources; network bandwidth, memory, CPU, and disk storage. 

 
Table 2. Result of comparing the pages 

No changed pages Changed pages 
 

Number Percent Number Percent 

No processing 39,781 71.8% 15,636 28.2% 

Processing 40,490 73.1% 14,927 26.9% 



 

Figure 3. HTML source code that not processed 

 

 

Figure 4. HTML source code that processed 



3. Relationship between ‘TITLE’ and ‘BODY’ 

 

The change detection of web pages in general is conducted by comparing the full text of web pages.  

It involves loading the full text of web pages into the memory, consuming quite an amount of 

memory.  However, if the inspection of a specific markup can be used to determine the change of 

web pages, it may not load the full text of web pages into the memory.  This may result in 

substantial savings in memory and significant improvement in the comparison time of web pages. 

 

3.1. Experimental Setup 

 

In this experiment, we study how strong the relationship is between ‘TITLE’ tags and ‘BODY’ tags 

in terms of web page changes.  For our experiment, we used a machine with two 733 MHz Pentium 

III processors, 1 GB of RAM, and a fast Ethernet network connection.  From 50,000 Korean web 

pages we selected randomly, the DSCrawler downloaded 48,243 pairs of web pages at intervals of 

two day. 

 
Table 3. Breakdown of web pages that downloaded 

Type Number of pages 

‘TITLE’ tags and ‘BODY’ tags 38,675 

‘TITLE’ tag 39,203 

‘BODY’ tag 39,599 

All 48,243 

 

Table 3 represents the number of pages that include ‘TITLE’ tags and ‘BODY’ tags.  We used 

38,675 web pages that included both of them for this experiment. 

 

3.2. Experimental Results 

 

Table 4 represents the change relationship between ‘TITLE’ tags and ‘BODY’ tags.  ‘TITLE’ tags 

were changed in 3,027 web pages, and in 2,970 (98.1%) pages of those, ‘BODY’ tags were changed.  

Also, ‘TITLE’ tags were not changed in 35,648 web pages, and in 29,816 (83.6%) pages of those, 

‘BODY’ tags were not changed.  From the result, we found out that there is the strong relationship 

between ‘TITLE’ tags and ‘BODY’ tags in terms of web page changes. 

 

The body of a web page contains the page’s contents.  We can think of the body as a canvas where 

the content appears: text, images, colors, graphics, etc [11].  From this definition, we can regard the 



contents of ‘BODY’ tags as the contents of web pages.  Thus, we evolve that the inspection of 

‘TITLE’ tags can be used to determine the change of web pages.  This means that loading ‘TITLE’ 

tags of web pages into memory is enough for the change detection of web pages, saving substantial 

memory. 

 
Table 4. Relationship between ‘TITLE’ and ‘BODY’ 

‘TITLE’ tag 
 

Change No Change 
Total 

Change 2,970   5,832   8,802 
‘BODY’ tag 

No Change      57 29,816 29,873 

Total 3,027 35,648 38,675 

 

We investigate the ending index of ‘TITLE’ tags in web pages.  For this purpose, we used 39,203 

web pages that included ‘TITLE’ tags.  In Figure 5, each dark bar corresponds to the ending index 

of ‘TITLE’ tags.  The light bars show the cumulative distribution. 

 

By examining Figure 5, we can see that 4 kilobytes would be sufficient to hold almost all (99.7%) 

of the ‘TITLE’ tags.  This means that loading 4 kilobytes of web pages into memory is enough for 

the change detection of web pages.  We refer to ‘TITLE’ tags that extracted loading 4 kilobytes of 

web pages into memory as 4K-‘TITLE’ tags. 
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Figure 5. Distribution of the ending index of ‘TITLE’ tags 

 

Table 5 represents the change relationship between 4K-‘TITLE’ tags and ‘BODY’ tags.  4K-

‘TITLE’ tags were changed in 3,026 web pages, and in 2,969 (98.1%) pages of those, ‘BODY’ tags 

were changed.  Also, 4K-‘TITLE’ tags were not changed in 35,551 web pages, and in 29,746 



Table 5. Relationship between 4K-‘TITLE’ and ‘BODY’ 

4K-‘TITLE’ tag 
 

Change No Change 
Total 

Change 2,969   5,805   8,774 
‘BODY’ tag 

No Change      57 29,746 29,803 

Total 3,026 35,551 38,577 

 
Table 6. Comparison time for the change detection 

 ‘BODY’ ‘TITLE’ 4K-‘TITLE’ 

Time 10h 23m 38s 1h 41m 7s 12m 40s 

Ratio 49.2 8.0 1.0 

 

(83.7%) pages of those, ‘BODY’ tags were not changed.  From the results, we found out that the 

relationship between 4K-‘TITLE’ tags and ‘BODY’ tags is strong, in terms of web page changes. 

 

Table 6 represents the comparison time of ‘BODY’ tags, ‘TITLE’ tags, and 4K-‘TITLE’ tags 

respectively.  As can be seen, the change detection using 4K-‘TITLE’ tags reduces the comparison 

time by approximately 49 times than using ‘BODY’ tags.  This is a significant improvement in 

terms of the time efficiency. 

 

 

4. Conclusions and Future Work 

 

We have considered the issues of web page changes in terms of user visuality.  First, we showed the 

effects of invisible tags, and learned that updating web databases for invisible changes is 

unnecessary.  Secondly, we presented that an inspection of ‘TITLE’ tags can be used to determine 

the change of web pages.  This results in substantial savings in memory and significant 

improvement in the comparison time of web pages. 

 

As the Web is going to expand , updating web databases will become more and more difficult.  We 

believe that our findings will be good guides in order to effectively keep web databases fresh. 

 

The term “false negative” is referred for a process that determines changed web pages to be 

unchanged.  The above change detection using ‘TITLE’ tags may cause occurrences of false 

negatives.  We need to have a way to reduce false negatives.  How to effectively reduce false 

negatives remains as future work. 
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