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Abstract 
 

In this paper, we propose a time weighting model to 
generate a webpage recommendation list in a single 
website for the visitors. We use this proposed model to 
analyze the trend of users’ behavior, then generates a 
webpage recommendation list depend on it. The time 
weighting model provides a solution for a web page 
recommender system, find a better time interval to 
generate a webpage recommendation list, therefore 
enhance the recommendation precision based on a 
given time interval. The experimental result shows if 
we choose an appropriate time interval, the 
recommendation list generated from the specified time 
interval can obtain a better time weight, therefore the 
recommender system can make a better 
recommendations based on choosing an appropriate 
time interval for web log data mining. 
 
Keywords: time influence, web page recommender 
system, probabilistic model. 
 
1. Introduction 
 

Many web sites contain tons of web pages. Users 
get lose easily when accessing these web sites. Web 
page recommender systems (WPRS) help users surfing 
a large web site and finding deep and hidden web 
pages which users might be interested. Usually, WPRS 
predict a small set of the web pages of a specific large 
web site according to the user’s current traversal path 
and assume the recommended web pages match users’ 
interest. In many cases WPRS apply some kinds of 
web usage mining (WUM) techniques. WUM was 
introduced by Cooley et al. in 1997 [1]. WUM is the 
approaches to discover patterns in web server log. The 
patterns can be used in many applications, such as web 
prefetching [2] and e-Commerce [3]. It’s main concept 
to analyze a website’s access log, extract some user 
browsing behavior models from log, and then provide 
some appropriate webpage recommendation based on 

these browsing behavior models to fit in users’ demand. 
The design of the WPRS not only can save the time for 
the users to searching some information they need in a 
website, but also can provide a personalized 
information service for individual users based on their 
different browsing behavior models. 

Most of the WPRS use some web usage mining 
technique, such as association rules or its variants [4]. 
Association rules method can be used to extract 
traversal patterns from a web server log and use the 
traversal patterns to recommend web pages. However, 
association rules is frequency sensitive, which means it 
might ignore low frequent items, rare traversal patterns 
in WUM, such that these low frequent items in 
traversal pattern can’t be applied in recommendation. 
So in this paper we propose a probability model to 
improve this drawback of WPRS. The proposed model 
does consider the situation of the rare web pages or 
traversal patterns. Meanwhile we also deal with time 
influence issue. To our knowledge, most of the 
previous research treat the whole web server log as a 
data resource and extract traversal patterns from it. In 
[5], Su and his colleagues proposed a WPRS model 
which considered time influence but their time 
weighting scheme was intuitive, not involving any 
computation.  

Some other research with regard to time-weight   
method, Yoon[7] has proposed a time-weighted 
clustering method, and integrate this method in a 
personalized music recommendation system. This 
approach defines a time weight α , which is a 
decreasing rate. It’s handled by system manager. Ifα 
become smaller, then latest music in a time sequence 
will be more important. Yolanda[8] introduces a 
parameterize time function in their study. This 
approach focused on some time functions adopted in 
their recommend strategy, such that linear increasing 
function, linear decreasing function, rectangle function, 
and constant function. The shape of each time function 
depends on the nature of each product and on some 
manufacturer-specified parameters. Gong[9] proposed 



a data-weight of time based on user interest changes 
and advance the significance of then user lately access 
data in the recommend generative process. In spite of 
these researches have mentioned time-weight function 
to figure out all the users’ behavior model, these 
approaches need a method to define time interval to 
make recommendations more precisely. 

In this paper, we design a weighting model for 
evaluate time influence. We try to define some variant 
time interval to analyze a log data from a web server as 
a training data, and use traversal sessions extracted 
from various time interval to figure visitors’ special 
browsing behaviors. Our assumption is that the older 
data in web server log have the trend of reduce 
contribution for make a webpage recommendation list, 
this trend is towards obvious in some specific time 
intervals. Consequently on the basis of the concept 
from smoothing and weight method to acquire weights 
of different time stages, then the WPRS can generate a 
web page recommendation list based on the higher 
weight mapping a specified time interval.  

This paper is organized as follows. In section 2, we 
describe the proposed probabilistic model for WPRS. 
Section 3 we show time influence for recommendation 
and how to design a model for time weights. 
Experimental result and conclusion are presented in 
Section 4 and Section 5, respectively. 
 
2. Probabilistic Model for WPRS  
 

In WPRS, the recommendation list is usually 
generated by ranking all web pages except the current 
and previous browsing pages which has been accessed 
by visitors. The recommendation list can be predicted 
by P(ui|Uc). where ui means the recommended 
candidates and Uc is the current traversal path which is 
the set of the current and previous browsing pages in a 
session. Obviously Uc is rare in web server log if the 
number of the web pages in Uc is large. This 
phenomenon makes difficulty to extract patterns by the 
association rules because that P(ui|Uc) might be 
difficult to get from prior knowledge. In order to tackle 
the above issue, we apply a Naïve Bayes probabilistic 
model to acquire P(ui|Uc) . The calculation of P(ui|Uc) 
can be transferred by Bayesian theorem and Naïve 
Bayes assumption as follow: 
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Then the system performs the prior knowledge 

acquisition based on this model. 
 

3. Time Influence 
 

The prior knowledge P(uj|ui) can be acquired from 
the web server log. As mentioned in section I, we 
assume that the web server log in different time stages 
might contribute different credits for predicting 
probability. A simple significance of correlation 
experiment that proves our assumption is shown in 
Table 1. We use month as the time unit and generate 
the recommendation list by the model mentioned in 
section II. The prior knowledge is acquired based on 
each previous month. Time stage 1 means the previous 
month, time stage 2 means the second previous month 
and so on. The precision is predicted by the prior 
knowledge of each time stage. The trend is obvious 
and as assumption, there is a significant negative 
correlation between the time and the 
precision.(correlation = -0.835, n=6, df=4, 
p=0.038591, two tailed) 

 
Table 1. Relation between time stages and precision 

 
Time stages Precision rate 

1 70 
2 47 
3 40 
4 43 
5 36 
6 36 

 
Because the performance of considering time 

influence is significant, we then consider how to 
integrate time feature into our probabilistic model. We 
make use of the smoothing techniques to calculate 
weights for different time stage. We utilize P(uj|ui) as a 
sample to describe the model. P(uj|ui) can be estimated 
as the linear interpolation of the time stages as follow: 
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where Pt(uj|ui) is the conditional probability at time 
stage t and λt is the weight of time stage t. then we set
λt = 1 / |T|, where T is the set of all the time stages. 
Finally, we calculate the degree to which each estimate 
predicts the suggested ui at time stage t: 
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We can assume the trend of time influence is the 

same between all the prior knowledge. Therefore P(ui) 
in (1) in section 2 can use the same result of λ trained 
by P(uj|ui). 
 
4. System approaches and experimental 
result 
 

The proposed method as shown is applied in a 
web site in our university. Most of the web server logs 
from popular web servers, like Apache or IIS, contain 
some basic fields, such as remote IP, query url, and 
access time. We do not use special configuration of log 
format so only the three fields mentioned above are 
used. The web server log is divided into small logs 
based on specified time intervals.  

We use the log information from May to November 
in 2007. Table 1 in Section 3 is the result of predicting 
the recommendation list for November. We use the 
logs from May to October as training data and 
November as testing data. In this paper, we use the log 
data of November to be the testing data and evaluate 
the performance of recommendation list. All the log 
data is preprocessed by following procedure: 

 
Table 2. Log size from the analyzed website 

 
Data type Data size 

Log records 2,333,355 
Log records after cleaning 2,290,622 

Users count 18,957 
Session count 25,647 

Atomic session count 16,889 
 
 Data cleaning 

This procedure is used to discard unnecessary log 
data from web log, such as log information about 
icon file request and some other kind of 
unnecessary log data. We just keep HTML access 
log (accessed file log which file extension like 
*.htm, *.html, *.aspx, *.php…etc.) to enhance the 
performance in log data analysis speed. 

 Session segmentation 
We use IP address and time stamp to define a 
session. Under the same IP, we can recognize 
individual log for each user. In a session, user’s 
requests between two adjacent time stamps 

should within thirty minutes, or should treat it as 
another new session. 

 Traversal path analysis 
Assume query url in one session is in the form 
{U: u0, u1, u2, u3, …… , un} and ui is one of the 
query url in U, 0<i<n. Therefore we define {Up: 
u0, u1, u2, u3, …… , ui-2 } is the current traversal 
path of the user in one session and ui is the 
recommended candidate for any query url in Up. 
The reason that ui-1  is ignored because there 
usually exists a hyperlink between ui-1 and ui so 
recommending ui to ui-1  is not necessary. Then 
the prior knowledge P(uj|ui)  (described in section 
2) can be acquired from calculating the count of 
ui and uj∈Up and P(ui) can be easily acquired 
from web server log. 
 

 
 

Figure 1. Traversal Path in Session U 
 

 Prediction Evaluation 
We evaluate the proposed approaches by 
performing our method in a specific web server 
log, the log information of November as 
mentioned above. Assuming that {Ur: u0, u1, …, 
un} is the most frequent n pages after browsing 
Uc. Then the precision rate of predicting 
recommendation list for Uc is equal to the 
following equation: 
 

listtionrecommendatheofnumberthe
Uinpagesdrecommendetheofnumberthe r

 …(4) 

 
We use the web log during November as testing 
data, and using different kind of time interval to 
estimate time weights. In our evaluation, we use 
variant time interval such as 10 days, 20 days, 30 
days, 40 days, 50 days and 60 days for time 
interval, to analysis the training data during May 
2007 to October 2007, which have 180 days log 
data from the training data. If we set time interval 
as 30 days, then we should get six time weights 
after evaluation (180/30 = 6). The precision 
acquired by using the time weights to predicting 



the recommendation list is shown in Table 1.  
In order to evaluate the time weight in each time 
interval, at first we use association method to find 
out popular web pages which have been viewed 
by visitors, afterwards we use a probabilistic 
modeling method shown in equation (1) and 
webpage recommend ratio weight method to 
generate time weight in each time interval. The 
second method calculates weights by webpage 
recommend order position both in training data 
and recommended webpage list, then we get a 
weight score from each time stage as follows:  
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In the equation (5), N is the count of web pages 
recommended in the recommend list U,  pos(t,u) 
is the position of the recommend webpage u 
appears in the generated testing data, pos(s,u) is 
the position of the recommend webpage u 
appears in the generated training data. 
For example, webpage “A” occurred in the 
recommend list generated by testing data, the 
recommended order is the 1st order, and there are 
30 web pages in the recommended list. Supposed 
that the webpage “A” is also appear in a 
recommended list generated by training data 
which is belong to a time interval, and the 
recommended order is 2nd, then we use equation 
(5) to get a weight by (30+1-1) / 2 = 15. 
Afterwards we get a sum total by count each 
score generated by web page appears in 
recommendation list Uc. Finally we get a weight  
r by equation (6) as follows: 
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 Behavior modeling 

We use a correlation co-efficient formula to 
measure the trend for the precision in each time 
interval. The correlation value represent the trend 
of user behavior which has influnced by time 
factor. The bigger of the value, the faster of the 
weight increasing speed. It represents the trend to 
the user behavior influenced by time- weighting 
is more obvious. These evaluation results 
represent obviously that taking time influence 
issue into account gets more significant result. 
 

Correlation(r) =  
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Figure 2. Time weight evaluation in 10 days 
 

 
 

Figure 3. Time weight evaluation in 20 days 
 

In figure 2, we observed that the curve belong to 
probability model is smoother than webpage 
recommend ratio weight evaluation method, and 
in figure 2 to figure 5, vertical axis represent time 
stage, smaller number of vertical axis means 
older time stage from now. We observed that 
there is a trend that in figure 2 to figure 5, older 
time stage have less time weight commonly. This 
trend can obviously figured out by calculating a 
correlation value by equation (7), and the result 
shown in table 3 and figure 6: 
 

 
 

Figure 4. Time weight evaluation in 30 days 



 

 
 

Figure 5. Time weight evaluation in 40 days 
 

Table 3. Correlation measure  
 
Time 

Interval 10 20 30 40 50 60 

Probability 
Model 

0.6913 0.8312 0.8034 0.7396 0.8727 0.8441 

Weight 
Ratio 

0.3396 0.6582 0.8166 0.7064 0.7589 0.7886 

 

 
 

Figure 6. Correlation measure  
using prob. model and recommend ratio weight 

 
5. Conclusion 
 

In this paper, we propose a probabilistic model 
and webpage recommended ratio weight method to 
evaluate a time weighting model for web users. These 
methods provides a solution for time weighting model 
contributes a modeling user behavior trend if we pick 
an appropriate time interval for finding user’s behavior 
model. Experiment shows that user’s behavior 
influenced by time interval obviously, older data in 
web server log have the trend of reduce contribution 
for make a webpage recommendation list. This is an 
important feature for a webpage recommendation 
system for making recommendation.  In spite of not 
every website log represents a trend similar to our 
experiment result, the proposed methods still can find 
out the trend represents in a web log, and then use this 
to make better recommendation. Our next step is to 

consider integrating the features of the semantic 
content of web pages into our current model and hope 
to provide the users a better web page recommender 
system. 
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