

Abstract
  As the web sites grows more complicated, web usage mining becomes a promising way to find out users' behaviors and assist the webmaster in structure reorganization. This paper mainly discusses the improvement on the data preprocessing techniques of web usage mining. We propose a frame filtering technique to improve the interestingness of the result page groups. By recognizing the frame pages and constructing the frame-subframe relation set, the useless subframe pages that influence the final mining result could be filtered efficiently. Our experiments show that this method can effectively reveal new interesting page groups, which would not be found without frame filtering.

1. Introduction

Web usage mining is the application of data mining algorithm to the web server's log in order to discover the behavior patterns of the web site visitors. Typical data mining algorithms, which aim at the transaction data in large databases, are not applied to the raw web log straightly. There are some preliminary studies on the web log preprocessing [1]. This paper tries to eliminate the influence of frame pages in the mining results by introducing an additional step, called frame filtering, in the preprocessing phase.
In the next section, we describe the general process of web usage mining and the typical data preprocessing techniques. In section 3, we provide the frame filtering method to enhance the quality of the web usage mining. Section 4 shows the experiment results to compare the new method with the typical one. Finally, section 5 concludes our work and reports the future study.
2. Web Usage Mining

By analyzing the web server's log files, web usage mining discovers the users' behavior patterns, for example, association rule, clustering, frequently traversal path, and frequently visited page group. Web usage mining is usually divided into three phases: data preprocessing, mining algorithm application, and patterns analysis, as shown in figure 1.
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Figure 1.  Web usage mining process
  Since web usage mining provides user-oriented data analysis, the user sessions should first be identified from the log.

  Definition 1: A user session S is a pair (userid, RS(, where userid is the identity of the visiting user, and RS is a set of log records generated from the page requests of that user in a certain span of time.

  Each item of RS contains the URL of the requested page and request time of that page. As a result, the user session, S, can be expressed as follows.

S = (userid, [(url1, time1), … , (urlk, timek)](
(1)

  The task of the data preprocessing phase is to transform the web server log to a set of user sessions [1,4], shown as figure 2.
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Figure 2. The data preprocessing phase
2.1 Data Cleaning
  Normally, the users will not explicitly request the image files in HTML pages. These image files are automatically loaded by the browser during page interpretation. The task of the data cleaning step is to delete these useless log hits.

2.2 User Identification

  Due to the existence of the client-side cache, the proxy server, and the firewall, it’s difficult to correctly identify every user from the log file. However, there are a few heuristic rules [1] that can be used to help user identification.

2.3 Session Identification
  A user may visit the web site more than once during a long time. The purpose of session identification is to divide each user’s requests into individual session. Timeout is often adopted to achieve this. Let T denote the predefined timeout value. The user session in definition (1) must satisfy the condition 
[image: image3.wmf]T

time

time

k

£

-

1

.

2.4 Path Completion
  Because of the client-side cache and the proxy server, there are some page requests missed in the web server log. The path completion step is to add these omitted requests into the user sessions. After path completion, the user session S in definition 1 becomes:

S = (userid, [url1, …, urli, urla, urli+1, …, urlk](  
(2)

where urla({url1, url2, …, urli}, (urla, urli+1)(Topo, 

and (urlj, urli+1)(Topo, a < j ( i
urla is the inserted page request in path completion, and Topo is the link structure of the web site, or the site topology.

3. Frame Filtering
  Since the user sessions are the inputs for the following mining algorithms, one effective way to enhance the quality of the web usage mining is the improvement of the data preprocessing phase. This paper concentrates on how to reduce the influence of frame pages in web usage mining.

  HTML specification supports multi-window pages through the “<frame>” tag. A page may contain several child windows, in which different pages are loaded. In this paper, we use frame page to designate the page containing child windows. And subframe pages is the page in the child window. A subframe page could also be a frame page referring to other subframe pages. The reference relations between frame pages and subframe pages make up a tree structure. A simple example is shown in figure 3. In this example, page A is a frame page, page B, C, E, and F are subframe pages, and page D is both a subframe page of A and a frame page of E and F.
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Figure 3. An example for the frame&subframe pages
  Because the subframe pages will be automatically downloaded by the browser when a user asks for a frame page, the frame page and its subframe pages will appear together in the user sessions. In the above example, when a user accesses page A, the other five pages (B,C,D,E,F) are always requested together. If we ignore this case in the preprocessing phase, the results of the mining algorithms will be disappointing with lots of frame pages and subframe pages. 

  This problem was appeared when we mined the web server logs of both Xi’an Jiaotong University (www.xjtu.edu.cn) and Shanghai Jiaotong University (www.sjtu.edu.cn) using SWLMS [6], which didn’t take the influence of subframe pages into account at that time. In order to discover the interesting patterns, we should eliminate the effect of subframe pages in web usage mining. 

3.1 The Modified Data Preprocessing Phase
  To reduce the influence of subframe pages in web usage mining, we merge the multi-requests for the frame page and subframe pages to a single request for the frame page. Accordingly, the traditional data preprocessing phase should be modified. The new one with frame filtering ability is shown in figure 4.
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Figure 4. The modified data preprocessing phase
  In the modified one, a frame filtering step is introduced to delete the superfluous subframe pages in the user sessions with the help of FS relation, the frame-subframe relation extracted from the web pages. And the path completion step is altered to make decision based on the lifted site topology.

3.2 Implementation
  Given all the pages inside a web site, the site topology Topo could be easily computed through page analysis. Comparatively, the frame-subframe relation could be obtained by parsing the frame definition tags in these pages. 

  Definition 2: A frame-subframe relation FS is a set of pairs (urlframe, urlsubframe), in which urlframe is the URL of a frame page containing the subframe page whose URL is designated by urlsubframe .

  For example, the FS in figure 3 is {(A, B), (A, C), (A, D), (D, E), (D, F)}. In order to remove the subframe pages in user sessions, we first give an intuitive algorithm below:

for each user session <userid, [url1, url2, …, urlk]> do begin

  currentframe:=nil;

  for i:=1 to k do begin

    if (currentframe, urli) ( FS then
mark_for_delete (i)

    else if urli(Dom(FS) then currentframe:= urli
        else currentframe:=nil;

  end

end 

Algorithm 1.  Frame filtering algorithm with FS
  The variable currentframe records the current visiting frame page in a user session. The nil value means that the current page is not a frame page. When the current urli is a framepage (urli(Dom(FS)), it is assigned to currentframet and any following subframe pages of urli will be marked for delete, as long as no other non-frame pages are encountered.
  But there is a drawback in the above algorithm. In figure 3, if the user requests page A, a sample user session will be […, A, B, C, D, E, F, … ]. The result of the above method will be  […, A, E, F, … ] instead of what we desired, […, A, … ]. The request D will be deleted before its two subframe pages E and F are checked. So the above algorithm must be revised.

  One is likely to consider changing the currentframe variable into a FILO stack. Then page D will be pushed to the stack instead of deleted since it is both a subframe page and a frame page.
for each user session (userid, [url1, url2, …, urlk]( do 

  currentframe.flush;  currentframe.push(nil);

  for i:=1 to k do begin

if (currentframe.top, urli) ( FS then 

  mark_for_delete (i);

    if urli(Dom(FS) then currentframe.push(urli)

else while (currentframe.top<>nil) 

     and (currentframe.top, urli) ( FS do
          currentframe.pop;

  end

end 

Algorithm 2. Frame filtering algorithm with FILO
  The above algorithm seems well fit for dealing with the multi-level frame page requests. However, this is only the ideal case. The Internet IP protocol is packet switching based. An early request made by client browser may come out late than a later request at the server side. So a real user session may be like […, A, B, D, E, C, F, … ], in which algorithm 2 will falsely keep page F after frame filtering due to the delayed arrival of the request for page C.

  Another way of doing this is by keeping the algorithm 1 but extending FS to its transitive closure, FS+. This will finally compute the correct result, regardless of what the request sequence is. But the computing and storage of the transitive closure of FS needs extra time and space.

  However, one should notice that FS+ remains unchanged until the site topology is altered. Therefore, the computation of the FS+ could be done only once before we begin the mining process at the first time. Also we will see that FS+ can help a lot in the computation of the lifted site topology in the next step.

3.3 Path Completion with Site-lifting
  After frame filtering, the hyperlink information contained in the subframe pages will be lost. We can no longer use the original site topology for the path completion step. Instead, we should add the hyperlink information of the deleted subframe pages to their respective parent frame pages. This process is called site-lifting. 
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Figure 5. The lifting of the site topology
  For example, if the original site topology and the frame-subframe relation are as (a) in figure 5. Then after site-lifting, the new site topology will be as (b) in figure 5. The two newly added items (A, D) and (E, A) come from (B, D)(Topo (or (C, D)(Topo) ( (A, B)( FS+ and (E, C)(Topo ( (A, C) ( FS+ respectively. 

  To be more precise, we can use the following definition as the lifted site topology. 

  Definition 3: Given the site topology Topo and the frame-subframe relation FS+, the lifted site toplogy Topo( is defined as: 

Topo( ::= Topo ( {(a, b) | (a, b)( FS+ ( ((s)(((a, s)(FS+
( (s, b)(Topo) ( ((b, s)(FS+( (a, s)(Topo)) } 

  With the lifted site topology, the path completion step will be the same as before except that the lifted site topology replaces the original site topology.

4. Experiments
  The new data preprocessing algorithms with frame filtering has been implemented and tested on a data set collected from the SJTU's web server log (http://www.sjtu.edu.cn). The experiments are carried out on a Pentium III 450 MHz CPU with 128M memory running Windows 98. 

  We test the algorithm on a subset of the log file, which is from 16/Oct/1999-15:46:47 to 18/Oct/1999-10:10:34 and includes 100 thousand records with a total size of 9MB. The log contains 417 distinct web pages and the total number of the user sessions is 1902. We compare the data preprocessing method without frame filtering with the enhanced data preprocessing through finding the frequently visited page groups from the access log. The number of page groups in each FGi is shown in Table 1. FGi is the set of frequently visited page groups containing i pages. T is the threshold.

Table 1. Experiment results
Method
T
|FG1|
|FG2|
|FG3|
|FG4|
|FG5|
|FG6|
|FG7|

Normal technique
70
23
57
80
60
24
3*
0


60
24
77
94
65
25
4*
0

Enhanced technique
30
23
31
16
2+
0
0
0


15
55
100
72
20
3++
0
0

Note: 
|FGi|:
number of groups in FGi

*: 
the page group that we are not interested in


+:
the page group that we are less interested in


++: 
the page group that we are interested in

  We give three page group representing *, +, and ++ respectively: 


*:
(/, /chinese/index.htm, /chinese/Navigate.htm, /chinese/Web2/Campus/index.htm, /chinese/Web2/dir.htm, /chinese/Web2/index_4.html)


+: 
(/, /chinese/index.htm, /chinese/Web2/Campus/
MainView.htm, /chinese/Web2/index_4.html)

++: 
(/, /chinese/index.htm,
/chinese/Web2/Campus/building.htm, /chinese/Web2/Campus/MainView.htm, /chinese/Web2/Campus/XhGate.htm)

  Among the above pages, only building.htm, MainView.htm, and XhGate.htm are content pages; the others are all frame pages or subframe pages. It shows that the page group ++, which is discovered by the new method, is the most interesting one.
5. Conclustion
  The subframe pages could heavily reduce the interestingness of the mining result. This paper adds frame check functions to the traditional data preprocessing phase by introducing the frame filtering step and using the lifted site topology in the path completion step. The experiment shows that these modifications could efficiently eliminate the frame and subframe pages in the final mining result and increase the result’s interestingness. Our future work includes the improvement of the mining result on other aspects, like how to eliminate the influence of scripts, how to treat the dynamically generated pages, etc. We are also trying to integrate frame filtering with our other technique [2] to provide a more practical web usage mining tools.
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