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Abstract. In this paper we propose a method to improve web search results in 
search engines. The Self Organizing Map is used for clustering query logs in 
order to identify prominent groups of user query terms for further analysis. 
Such groups can provide meaningful information regarding web users’ search 
interests. Identified clusters can further be used for developing an adaptive in-
dexing database for improving conventional search engine efficiency. The pro-
posed hybrid model which combines neural network and indexing for web 
search applications can provide better data filtering effectiveness and efficiently 
adapt to the changes based on the web searchers’ interests or behaviour pat-
terns. 

1   Introduction 

Understanding the needs, interests and knowledge of the web users has grown to be 
an important research area in the recent past [9]. Web mining is a popular method 
which is being used for this purpose. Web mining includes web usage mining, web 
content mining and web structure mining [2,12]. Web log files are the basic data 
source for extracting useful information in web usage mining, and web documents are 
used in the web content mining process [11]. Our previous work has described several 
useful techniques of web mining using soft computing techniques [14,15]. This paper 
describes our current work towards developing an integrated hybrid system which can 
make use of web mining results to provide improved functionality to web users. 

With the hybrid approach, we propose to build an adaptive web searching system 
by combining neural network based clustering, cluster analysis and a dynamic index-
ing technique. The proposed system makes use of the discovered knowledge from 
data clusters of web query logs to develop an index for more efficient web searching. 
The novelty of this method is that the index would be updated routinely when the web 
query patterns change. In this paper we demonstrate the cluster generation and analy-
sis techniques with experiments. In addition we propose an algorithm for identifying 
change (or shift) in web search patterns by recognizing movement and shift in data 
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clusters.  Such change identification can then be used to update the index with current 
trends. The development of this complete adaptive system is presented as on-going 
work. 

The rest of the paper is organised as follows. Section 2 describes the proposed hy-
brid system for adaptive query searching through web log mining. Experimental re-
sults on web query term clustering is provided and discussed in Sect. 3. Section 4 
concludes the paper with details of ongoing and future work. 

2   A Hybrid System for Improved Web Searching  

The hybrid approach to developing the adaptive web searching system is as follows. 
The query log data are initially collected and pre-processed to convert to a suitable 
format for clustering and analysis. The pre-processing is described in Sect. 2.1. The 
pre-processed data are then clustered using the Self Organising Map (SOM) algo-
rithm. The SOM is used due to its unsupervised nature and also its ability to handle 
high dimensional and large data sets [3]. The clustering is used to identify web 
searchers’ query interest patterns from web query log data and further to create pat-
tern files identifying different characteristics from clustered data results [8]. Results 
are used to develop a web documents indexing database. Since the web users search 
interests can change over time the index needs to adapt with the changes. We propose 
a technique for identifying change in data (Sect. 2.3) and such change can then be 
used to update the current user search terms index.  The approach proposed in our 
research is represented in Fig. 1. As such the system could be dynamic instead of 
static with the new data and changes.  
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Fig. 1. Dynamic web searching system 

2.1   Data Collection and Pre-processing 

Query Log File Data Collecting. Experiments described in this paper were 
conducted with data acquired from Monash University’s web query log files located 
at the main server in Melbourne [7].  The query logs record all past search query 
entries requested by web searchers on a weekly basis.  
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Query logs used cover the time range from 00:00:49 14 July 2002 to 00:00:04 25 
August 2002 that represent 6 weekly log files in text format. The size of the weekly 
query log files varies from 2.6 megabytes to 4.1megabytes and consist of 35322 to 
61745 query entries. Each entry in the initial log file records a single query, the date 
and time stamp, number of documents retrieved and original query input. The un-
processed logs contain data of the following form as shown in Table 1: 

Table 1. Format of unprocessed query entries in web log files 

Date Time Result Query entry 
2002/08/18 00:00:36 6 'http://www.adm.monash.edu.au/sss/handbook' 
2002/08/18 00:00:39 75 'clayton map CSE2002’ 
2002/08/18 00:01:39 7854 'oversea fee' 

Query Term Data Set Pre-processing. In order to construct a training set for the 
clustering algorithm, the data from the original log files is passed through the 
following three stages of pre-processing: session identification, term identification 
and data set identification.  

Session Identification. Initially, non-null queries were extracted from the original log 
data and the data set session used for processing was identified. Time series data is a 
common feature for web log data. A session of the data set can be identified based on 
different time frames according to the difference in the analysis purpose. Since the 
university runs on a semester basis, and within each semester, the schedule is ar-
ranged on a weekly basis, in this research, a week is identified as the session time 
frame for data set determination.  A frequency rule also was used to ensure that nor-
mal patterns could be obtained such as the distribution of data frequency on a weekly 
basis.       

Term Identification. The text terms entered by web searchers represent their search 
topics.  Each single term in the log data needs to be identified to process further 
analysis procedures. From the initial sectionalized log data, each text term and its 
frequency (number of appearances) is extracted, and the frequency is used as a weight 
to build up a vector for each term during the clustering process. For example, from a 
weekly log of 51474 query entries, 15735 text terms were extracted with occurrence 
values differing from 1 to 5084. From the huge amount of terms, there were only a 
limited number of terms representing common interests from the majority of web 
searchers. A high-frequency rule was applied in term identification by comparing it 

with a predefined threshold. If we denote the total query number as 
t

Q , the null 

query number (queries with no results) as 
n

Q and the identifying parameter as IP , 

the value of   is experimentally set in the range ]01.0,0001.0[∈IP , so that 0.001 

means that a term must appear in more than 0.1% of the query entries. In the experi-



154         X. Wang, D. Alahakoon, and K.A. Smith 
 

 

ments, by using a frequency threshold IPnQtQfT *)( −= , for instance, if a log 

file has tQ and nQ numbers are 51474 and 48 respectively, the frequency threshold 

was 51 by using %1.0=IP . As a result, 271 terms survived after this selection.  
After data pre-processing, each session had quite similar number of text terms with 

a stable trend after different steps as shown in Fig. 2, which reveals that there are a 
certain number of common query terms requested by most of web searchers all the 
time. It would be interesting to see whether same procedures could apply for other 
web environments as well.  
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Fig. 2. Comparison of number of terms selected in different steps of data pre-processing 

Data Set Identification. Since only the single text terms are extracted for analysis, 
noisy data including URLs and different versions of the same word are removed be-
fore forming the data set for further processing. From the experiments results, differ-
ent sessions had a different number of query terms. After deciding the number of 
sessions used for forming a processing data set, all the terms were merged as a group 
in the identified data set. For instance, the number of query terms after the term iden-
tification step in 6 sessions of logs covered from 14 July 2002 to 18 August 2002 
varies from 152 to 197. After the merging step, there were finally 218 terms selected 
in the identified data set.  Then the query terms were represented as high-dimensional 
vectors of sessional weights w . The value of dimension was decided by the number 
of sessions used in data set. If n sessions of data were used in the data set, the query 

term (
q

T )’s occurrence value in each session was iw , and the query term vectors 
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represented as ),...,2,1( nwww
q

T = . The value of the dimension increases when 

more sessions of data are used for the process.  

2.2   Clustering of Web Query Terms  

Clustering-based algorithms have gained a lot of attention lately and have been used 
in a variety of applications. SOM has been successfully used in a number of web 
mining projects [4][6] as one of the most appropriate techniques for the Web docu-
ments clustering process because of its strength in both flexibility of grouping and 
visualization for the clusters [3]. With web data, the related transaction entries are 
grouped into the same cluster and the relationship between different clusters is explic-
itly shown on the map.   

2.3   Data Shift and Movement Identification Technique 

Since the proposed system requires adaptation to user trend changes, the following 
method is suggested to identify such changes in data. It is proposed that any changes 
in data will be reflected in the subsequent clusters and as such an algorithm [1] for 
comparing clusters is made use of.  

A measure called the cluster error (
cl

ERR ) between two clusters in two SOMs is 

defined as: ∑ −= |)_(_)_(_|))2(_),1(_( kCliAjCliAMAPkClMAPjCl
cl

ERR  

where jCl _ and kCl _ are two clusters belonging to 1MAP and 2MAP respectively 

and )_(_ jCliA  , )_(_ kCliA are the  attribute of clusters jCl _ and kCl _ . 

We define two clusters similar when the condition 
ce

TkCljCl
cl

ERR ≤)_,_( is 

satisfied, 
ce

T is the threshold of cluster similarity ( 2/0 DceT << , where D  is the 

dimension of the data) and has to be provided by the data analyst depending on the 

level of similarity required. If complete similarity is required, then 0=
ce

T .  

Since the similarity between two clusters depends on the 
ce

T value, we define a 

new indicator 
s

I  called ‘the measure of similarity’ which indicates the amount of 

similarity when two clusters are considered to be similar. Then 
s

I is calculated as the 

fraction of the actual cluster error to the maximum tolerable error for two clusters to 

be considered similar 
)

(/)_,_(1
ce

TMaxkCljCl
cl

ERR
s

I −= .  
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3   Experimental Results on Query Log Analysis  

We used the Viscovery SOMine [13] to simulate the SOM. Data set contains 6 ses-
sional frequencies were used as weights to form attributes for query term vectors 
from the pre-processing step was fed in to SOM algorithm [5] and clustering results 
were obtained after unsupervised learning.   

3.1   Web Users’ Query Interest Pattern Analysis 

After feeding the pre-processed data set into the SOM, the most natural clustering 
results were discovered with a stable number of clusters. The 4 clusters were sepa-
rated based on their own characteristics and the pattern of each cluster used to analyse 
for obtaining a better understanding of Web searchers’ behavior (the fundamental 
knowledge to further build up online adaptive searching). Based on the degree of the 
query entry frequency and the time frame, we found interesting information repre-
senting each cluster, as illustrated in Fig. 3.  
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Fig. 3. Searching query term movement pattern of 4 categories from data set’s clustering result 

By computing the frequency degree and the time based trend change, the web 
searcher’s interest patterns were categorized as 1) Query with top in current interest, 
2) Query with interest, 3) Query with growing interest and 4) Query with reducing 
interest.  

In the group ‘Query with top in current interest’, all terms have the same common 
feature that they remain the highest request rate most of the time within the whole 
period. These clustered terms directly reveal the search entries with highest frequency 
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requested through the embedded search engine, and also represent the web users’ 
current interests contents for the web site. Using this information, terms in this cluster 
with the highest priority can be used to generate the frequently requested areas index 
documents for searching. 

With ‘Query with interest’, the frequency rate starts from a very low point and 
grows very fast to nearly close to the top level. By analysing detailed terms in the 
cluster, we found that this cluster could be also categorized as ‘Query with growing 
interest’. Terms representing a growing interest trend from the web users for a longer 
period of time suggest a high possibility for them to move in to upgrade cluster in the 
coming period.  

In the patterns for categories of ‘Query with growing interest’ and ‘Query with re-
ducing interest’ are very similar. In the first half of time period, the frequency rate 
shows very minor change, but after the middle point, both the growing and reducing 
movements become significant until the end. For the growing interest trend, requests 
grow to almost equal to half of the top level, and the reducing trend moves to almost 
0. The web documents’ topics associated with those terms can be indexed in the tem-
porary indexing database based on the movement of web user’s interest change.  

3.2   Adaptive Web Query Searching 

To achieve dynamic and adaptive web query searching [10], 2 components are in-
cluded in the hybrid system proposed in our research. Offline web query term pattern 
files construction and online web document indexing. From the clustered data, differ-
ent features and characteristics are demonstrated as shown in Fig. 3.  As such the 
experimental results demonstrate the offline part of the system and the associated 
possibilities.  

Generating web document index is considered as the online part, since to be useful, 
the index has to dynamically adapt to the changes in the user search patterns.  This 
online system uses the cluster comparison and change identification technique pre-
sented above and experiments are currently being carried out to ascertain the advan-
tages of the method. 

4   Current Work and Future Research Direction 

In this paper we have proposed a system for analysing and improving web searching 
by using web query log data.  The system described is in two parts as an offline data 
analysis part and an online dynamic index building and searching part. Experimental 
results were presented to demonstrate the potential of the system after detailed de-
scriptions of the pre-processing of data has been presented. It is required to run simi-
lar experiments on several consecutive time (session) log files to confirm the apparent 
potential from this method. The terms in each cluster will need to be compared with 
terms in the clusters in the next session to identify the trends such as current interest 
terms losing interest over time. 
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