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Abstract

In order to solve the contradiction between massive network information and li-
mited learning needs, personalized recommendation service becomes the hotspot
in research area. User characteristics analysis is the key point in personalized
recommendation service. Based on the massive web access log in the web server,
this research gradually puts forward the steps of user characteristics analysis

Published: April 7, 2023 which including data pretreatment, user feature extraction and user clustering.

This paper focuses on the rules of user recognition, definition of user feature, user
feature extraction algorithm and user group clustering. Finally, take access log
files of a web server as sample, simulation experiments have been made to prove
the thought put forward by this context. Improvement has been taken to the push
service repository on the basis of the experimental results, which achieved good
practical results. Behavior characteristics and laws of visitors access based on log
analysis may lay the foundation of recommender service for resources platform.
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1. Introduction

With the rapid development of network technology, the Internet has become an important source of information
and knowledge. Information overload interferes with the visitor to the required information selection. Contradiction
between vast information and limited need, forced us to seek a fast, accurate ways to find data needed in the ocean of
information. Driven by this demand, personalized recommendation services have been emerged as the times require.
Personalized service is a kind of targeted service mode, which will collect and collate resources, then classify the
resources through various channels. Recommendations will be made based on the research, in order to meet the needs
of visitors.

Visitor characteristics analysis is one of key content for the personalized recommendation service [1]. Now the
research on visitor characteristics analysis or focus on the algorithm of [2, 3], or focus on a particular application field
[4], Such as search behavior analysis [5, 6]. But there is few research which focused on resource personalized service.

The servers will store a lot of web page access parameters in certain log files while providing the web resources
service. These access log files recorded massive Internet information. In this study, the web log files of a university
teaching resources server are used as the sample data. By constructing a visitor characteristics analysis system, ex-
tract the online behavior of related data from the web log files, then mining the data to get the user characteristics of
visitor, finally clustering to get some visitors group, which can be the hint of personalized recommendation service.
In this study, a sample personalized recommendation service has been built according to the method which will be
introduced as follow [7]. A resources server will be taken as a sample. Based on the data mining results of the web log
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files in the resources server, changes will be made to recommendation system of the resources server, which will
provide better resources service for users of the system.

2. Process Design of Visitors Characteristics Analysis

By analyzing the Web access log content composition, the steps of user characteristic analysis can be determined,
which goes as follow.

There are four steps in user characteristics analysis process. They are log pretreatment, webpage pretreatment,
study characteristics extraction and study group clustering.

Step 1: Extracting and cleaning the web log, identifying all the visitors. Firstly, gathering web log files from server.
Because there is a lot of irrelevant information contains in collected log files, so log files cleaning must be done
before the user characteristics analysis. The content of the web log file will be organized into structured data files
according to the requirement of analysis [13]. Then based on the structured data files identifying the users according
to some rules, such as according to different IP address etc.

Step 2: Use crawl tools to gather the webpage content according to the urls recorded in web log files. There is a lot
of irrelevant information in the original content which crawl out by tools, such as advertisement, pictures etc. So
Before further analysis has been mad, it should be made clean. Then word segmentation should be made, which will
be used in user characteristics analysis algorithm.

Step 3: Taking the definition of TF-IDF as reference, release the definition of L-TF-IDF according to the re-
quirement of this research. Then design the user characteristics analysis algorithm according to the L-TF-IDF defi-
nition.

Step 4: Classification and clustering the visitors group according to K-Means in Mahout. The results of user
clustering will be the important reference of personalized recommendation service.

The user characteristics and user group which got from step 3 and step 4 would provide strong support for the
personalized recommendation service. These two results are the core contents of this research.
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Figure 1. Diagram of the user characteristics analysis process.
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According to the design mentioned above, the flow of the user's characteristics analyzing which based on the web
log analysis is shown in Figure 1. There are three components in user characteristics analysis based on web log
mining [14]. The first is pretreatment modular, then goes the study characteristics extraction modular, finally is the
classification and clustering the visitors group modular.

As shown in Figure 1, there are two sub modular in pretreatment stage. They are log pretreatment and webpage
pretreatment. Log pretreatment is made up of log extraction, log clean and user identify. Web pretreatment is made up
of web page grab, web page clean and web segmentation.

The study characteristics extraction modular is made up of study characteristics definition modular and study
characteristics extraction modular.

The user group clustering modular is made up of study group division and study group clustering.

Then introduce will be made to the data pretreatment modular, user characteristics extraction modular and user
group clustering modular in order.

3. User Characteristics Analysis

User characteristics analysis will analyze the WordList field and select several words as the characteristics of the
user, which called user characteristics. So if the user characteristics must be mined out, first, the definition of user
characteristics must be made clear firstly [8]. Then the algorithm of how to mine the user characteristics will be
defined as follow.
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3.1 Definition of User Characteristics

The text representation and feature extraction is a basic problem in the field of text mining [9]. Feature item must
correctly express the content of text firstly. So the research must distinguish the target text and other texts. The
number of feature items must not be too much [10]. In this research, the feature weights will be calculated based on
TF-IDF, then screening according to the result of calculation is a effective method.

The formula of TF-IDF is shown as Equation 1.

EQUATION 1 TF-IDF

W=t xlogi—) 1)
dfl

In Equation L-TF-IDF, Wj; means the TF-IDF value of word i in file j. tfj means the appearance frequency of word
i infile j. N is the total number of files. df; is the number of files which contain the word i. The feature weight will be
calculated based on Equation TF-IDF. More higher the frequency of the word appears in one file and more lower it
appears in other files [11]. Then the word can distinguish this file with higher degree and the weight of the word is
much greater.

TF-IDF can only calculate the feature of one file. But in this research a user usually visited a set of urls, which refer
to a lot of files. User characteristics can't be calculated according to TF-IDF. For this reason, this research redefine the
TF-IDF, which called L-TF-IDF.

The formula L-TF-IDF is shown as Equation 2.

EQUATION2 L-TF-IDF

wy =2 g @
L= =X P
’ Zjeu tf' dft
In Equation L-TF-IDF, Wj; means the L-TF-IDF value of word i for user u. }je, tfij means the sum frequency of

jeu i

word i in the visited pages of user u. }je, tfi means the all word counts of the webpage user u visited.
tf

jeu i

means the frequency weight of word i in all the webpage user u visited.
log(N/df;) means the inverse document frequency of word.

z—tf plus log (N/df;) obtain the value of L-TF-IDF, which segment will be done based on the NLP algorithm,

tf

jeu i

which means the user characteristics of word. The setting of equation 2 consider about both the word visited fre-
quency of user and the discrimination of the word for users. The user characteristics calculated through Equation 2
can represent the visitor much better.

3.2 Extraction of User Characteristics

User characteristics extraction algorithm can calculate the weight of each word stored in the wordlist field of each
user and make the wordlist sorted from large to small according to the weight. Then select the top ten words as user
characteristics, which have greater weight. Because there are many users for web servers, and every user will explore
many webpage in this server [15]. Every webpage the user visited will be segmented out a lot of words. The mass
calculation make the calculate much difficult. This research design the User characteristics extractio algorithm based
on Hadoop platform. The Hadoop platform using distributed system as its basic architecture. The computational task
can be calculated by decomposed to huge sub nodes. After all sub nodes completed calculation, the platform will
summary all the sub results into a final result. This property is suitable for massive computing during visitors feature
extraction process [16]. The input of user characteristics extraction algorithm is the data items which calculated by
word segmentation. The structure of input data items are shown as follow.

(Userld, Content, WordList, Browserid, date, time, c-ip, user-name, method, uri, status, bytes, version, UserAgent,
Referer)
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The fields Userld, Content and WordList will be used by this algorithm.
The output of the algorithm is shown as follow.

(Userld, Content, WordList, Browserid, date, time, c-ip, username, method, uri, status, bytes, version, UserAgent,
Referer, FeatureList)

The field FeatureList is the user characteristics extracted by this algorithm.

The algorithm contains three steps, each step can be done by a MapReduce. The process of the algorithm is shown
as follow.

Step 1: Calculate the word's weight of current log files group which refer to a user and calculate the file count
number which contain this word.

Step 2: Calculate the L-TF-IDF weight of each word.

Step 3: extract user characteristics. Because the L-TF-IDF weight have been calculated in step 2. So this step just
to make the wordlist ordered by weight of L-TF-IDF form large to small and choose the top ten as user characteristics.

4. User Group Clustering

User group clustering is a key step of this research. Similar users will be gathered to a user group according to user
characteristics. Then the resources can be recommended according to user group.

This research cluster user group based on the K-Means algorithm in Mahout. K-Means is a algorithm based on
division. The thought of K-Means is: First select several initial center of clustering. Then calculate the similarity of

every user to this center and distribute similar users to the center™ Repeated until the standard measurement
function begins to convergence. The feature of K-Means is : The cluster itself as compact as possible, and as much as
possible to separate clusters.

The first step of clustering is chosen the initial centers of clustering, according to the thought of K-Means. This
research select several initial center according to the content of resources, which including Philosophy, literature,
science, engineering, law, medicine, education, history, economics, management science.

Sample webpage have been selected from every type. These webpage and the user characteristics will be input to
the K-Means. The output of K-Means is shown as follow form.

(Userld, Feature, Type)
Combined all the data to user group form, which is shown as follow.
(Userld, FeatureList, TypeList)

The field FeatureList is user characteristics. The field TypeList is the kind of user groups which current user be-
longs to.

5. Conclusion

With the continuous promotion of e-learning, more and more people are accustomed to online learning resources.
How to push more appropriate resources to user actively become the focus of research. Research in this area relates to
data mining, artificial intelligence, educational psychology, cognitive science and other aspects of knowledge. In-
ternet behavior analysis is one of the solutions [12]. However, the Internet behavior data are hard to get, which is a
bottleneck for this field to development. Web log files record the whole process of interaction between the Web site
and visitors. Behavior characteristics and laws of visitors access based on log analysis may lay the foundation of
recommender service for resources platform.

This research takes web log files as research object. From the scale of data mining to analyze the web user's be-
havior, design a user characteristics analysis system and take simulation experiment to this system. Based on the
result of the analysis improvement have been made to resources recommender service, which result in good effects.
There is still some deviation while data analyzing. So a lot of deeper work need to be done while internet behavior
data analyzing with comprehensive knowledge in many fields.
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