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Abstract:

Due to a great deal of valuable information contained in the Web log file, the result of Web mining can be used

to enhance the decision-making for electronic commerce (EC) operation and management. Because of ambiguous and

abundance of the Web log file, the least decision-making model based on rough set theory was presented for Web mining. And

an example was given to explain the model. The model can predigest the decision-making table, so that the least solution of

the table can be acquired. According to the least solution, the corresponding decision for individual service can be made in

sequence. Web mining based on rough set theory is also currently the original and particular method.
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Electronic commerce (EC) is a kind of service

activity. By using EC, all kinds of commercial
activity, business activity, financial activity and so on
Although abundant

data in point to customers can be recorded in the

database of EC web station, the deviation of data and

can be put up and completed " .

knowledge came into being as a result of the absence of
the approach to mine the connotative knowledge and to
predicate the tendency. Newer and more effective
methods are needed for data mining so that the
potential data can be deplored. Just under such
requirement, data mining was brought out and it
developed rapidly.

Data mining is a crossed subject, touching upon
such subjects as machine studying, model recognizing,
statistics, database, on-line analyzing, fuzzy logic,
artificial neural network, uncertainty reasoning and
data visualization, etc’” . The core conception of data
mining is rote learning in the field of artificial
intelligence.

Professor Z.Pawlak in Poland brought forward
rough set theory in 1982. The theory is a kind of
intelligent decision-making tool. So the imprecise,
different and incomplete information can be analyzed
by rough set theory” . And through data analyzing and
reasoning, rough set theory can discover connotative
knowledge and even prompt potential regulations.
Therefore rough set theory has become the practicable
technology for Web mining“‘ﬂ .

In general, Web mining tasks can be classified
into three categories (as shown in Fig.1). Useful
artificial

information from relevant files on the
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structured Web can be obtained by content mining.
And useful knowledge from artificial links can be got
from structural mining. While usage mining can

discover user access patterns of Web pagesm .

Web mining

Structure mining

Content mining

Usage mining

Search result mining Page layout mining

Fig.1 Varieties of mining
Based on the basic concepts of rough set theory,
the least decision-making model will be prompted in
section 2.4, so that profitable information in EC can be
acquired from the Web log and linked structure. Thus

individual service can be provided for customers.
1 Basic Concepts of Rough Set Theory

Rough set theory is based on the ability to classify
the observed and measured data. The core of the theory

is upper and lower approximations.

1.1 Knowledge denotation system and decision-
making system

Faced net condition, the base of decision-making
and the source of knowledge are the knowledge
denotation system and decision-making system. Based
on Refs.[7,8], the following definitions can be given.

Definition 1 S = (U,A,{Va},a) is the know-
ledge denotation system, where U is a no empty finite

set, named discussed field. A is a no empty finite set
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too, named property set. Va is the value field of the
property of @ ¢ A. U — Va is a mapping relation,
which makes any element of discussed field U have the
exclusive value when getting property a from Va.If A
is composed by condition attribute set C and
conclusion attribute set D, meanwhile C and D satisfy
CUD=A,CND= 9, then S is a decision-making
system.

To show simply, (U, C U {d}) can be used to
express decision-making system.

Definition 2 For knowledge denotation system S
= (U,A,{Val,a), suppose R € A, X € U,POS;(X)
= R_ X,NEG,(X) = U—-R_ X and BN,(X) = R_ X
— R™ X are respectively called positive fields, negative

fields and border of R below X .
1.2 Core and reduced knowledge

Due to the

information, knowledge rooted in information increased

increasing of the capacity of
accordingly, the acquired knowledge needs to be
refined. The aim of refining knowledge is to construct
the core of knowledge according to the degree of
knowledge dependence and to wipe out redundant
knowledge under the condition of insuring the core of
knowledge unchanged.

Definition 3 U,(x,X) = card([x]; N X)/card
([x]p) is the reliance degree of element x to set X.
where, card denotes the base of gather.

Definition 4 Given R is an equivalent relation
family and r € R, when ind(R) = ind(R - i), r
is omissible for R, or else r is not omissible. All sets
of no omissible relation in R are called the core of R,
noted as CORE(R). Thereinto, CORE(R) =0
RED(P),RED(P) is all the reduced family of P.

2 Analysis of Web Mining Model

The potential of the technique for Web mining lies
in the newest arithmetic applied in data mining, so that
the Web log, external data of customers, sales and

products on the WWW servers can be analyzed[g’m .

2.1 Functions of Web mining

The change of economic model not only adds the
mode of virtual trade on the net based on the traditional
entity shop, but also changes the mutual act model
between the customer and the trader. With the
increasing number of the customer on the net, the focus
that people pay attention to is changing all the time.
The challenge, which the trader on the net has to

affront to, has ranged from how to introduce product
effectively to how to find out the taste of customers.
Faced EC, Web mining technology has three benefits.
1) Comprehend customers’ behavior
® Optimize the EC model of fare in virtue of dynamic
behavior of visitors;
® Capture the fancy model of customers;
® Mine the model of purchasing of customers and the
model of browsing of visitors.
2) Judge the efficiency of Web station
® Modify, design the structure and the appearance
of the Web station no longer depending on the
qualitative direction, but on the information of visitors;
® Supply individual service aimed at different cus-
tomers.
3) Evaluate the success or the loss of the mode of
EC
® Evaluate the investment return rate of advertising;
® Get the reliant feedback information of the mar-
keting.
To carry out the idea that customers are the
center, the application of Web mining technology is
useful, so that the enterprise can hold out the ability of

strong competition in the age of EC.
2.2 System frame of Web mining

Implementing of Web mining technology needs a
basic frame; the frame should not only describe the
data flow of the system but also describe the basic

structure of the system (as shown in Fig.2).
2.3 Formation of Web log

For Web mining, the formation of Web log must be
known. The formation of Web log is shown in Tab.1.

Tab.1 Formation of Web log
Contents Descriptions

Date, time, and time zone of requesting
Date )

for page layout
. IP or DNS entrance of long-distance host
Client IP

computer
User name User name of telnet
Bytes Byte of transfer (send or receive)
Servers Server, address of IP and port
Request URL query
Status State marks returned to http

Service name Requested service name

Time of cost Time of finishing browsing

Edition of agreement Edition of agreement for transferring

Suppliers of service
ID of Cookie

Previous page

The agent of users
Cookie
Consult page
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Fig.2 System frame of Web mining

2.4 The least decision-making model for Web mining

Generally, the decision-making table acquired
from the data of Web log is complex. To draw required
information directly from the table is difficult. The
least decision-making model based on rough set theory
for Web mining will be provided for simplifying the
decision-making table.

The steps of the least decision-making model
based on rough set theory are given below:

1) To decide the set of the attribute, and to
choose the value range for the attribute respectively. So
(U,C U {d}) is obtained.

2) If the result of the table is incompatible, the
table should be decomposed to two sub tables.

3) To compute the core value, the duplicate rows
and columns should be eliminated.

4) The answer to the question can be optimized in
terms of different requirements.

The

compatible

mainly aimed at
table.  When

incompatible decision-making table, the steps are not

steps  above mining

decision-making mining
suitable.

3 An Example

3.1 Description

To simply analyze the whole decision-making table

for the frequency of visiting some pages, so that

reasonable decision for page layer out can be made .

The example was based on the Web log of an EC web
station. One row of the Web log is shown as follows:

10.1.34.164 —— [14/]an/2001:19:12:16 +
0800] “GET/pls/admin-/gatewaty.htm HTTP/1.0”
302 290

3.2 Solution

The decision-making model above will be used to
simplify the regulation.

In EC environment, if EC traders want to enhance
the decision-making for EC operation and management,
they should analyze the browse trace of visitors. In
order to analyze easily, visitors’ Client IP set {‘61.
133.169.48°, ‘10.1.34.164°, “127.0.0.1°, ‘13I.
188.23.1387, °202.111.46.135", °203.93.36.5°,
and ‘210.12.79.30° | is delegated by U set {1,2,3,
4,5,6,71.
‘synopsis. htm’, ‘gatewaty.htm’, shihua-top.htm’ |

Page set {‘teshucaigouguanlil.htm’,

is represented by attribute set ta,b,c,d}. The
la,b,c,dl is

described as 0,1,2. where O represents the frequency

frequency of visiting page layout

between 0 and 100, 1 represents the frequency between
100 and 200, and 2 represents the frequency between
200 and oo .

log file, according to their Client IP, the sort of

Based on the information offered by the

decisions for visitors is described as e set 10,1,2} (as
shown in Tab.2). 7 visitors are classified into 3
groups, namely group 1: 1,21, group 2: {3,4} and
group 3: 15,6,71.
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Tab.2 One decision table

I N N e =~
N = = O = =R
N = = = O O O
N O O O O O Ofn
N NN = O O =
[\SIEN S E S B e e el kY

Firstly, let C = {a,b,c,d} and D = {e!l, then
CF = card(C (N D)/card(C) =1, namely, the result
of the table is consistent.

Secondly, after simplified the attribute, condition
attribute ¢ is omitted.

For decision-making regulation 1:

Fo=i01],,[1],, (1,1 = {i1,2,4,5}, {1,2,
3t, 11,40, a(1) = 1,6(1) = 0,d(1) = 1,[1](a,
b,d) = [1], N [1], N [1], = {1,2,4,5{ N {1,2,
3t N {1,4) = {1}

To work out the omitted category, one category
should be eliminated at a time, then it should be
checked whether it meets of other categories still
containing in the decision-making category [1], = {1,
21, namely

(1], N [1], {1,2,31 N 11,4} = {11 (D

(1], N [1], = 11,2,4,50 N 11,41 = {1,4]

(2)

[1], N [1], = 11,2,4,5/ N 11,2,3} = {1,2

(3)

The core value of decision-making regulation 1 is

b(1) = 0. The cores of other regulations are shown in
Tab.3.
Tab.3 Cores of other regulations
a b d

B I Y S e =
—_
NN OO~ s

To simplify the count family F, all filial family
NOEF,and N 0E[1], = {1,2} must be figured
out. Three filial family of F are described as formulae
(1) = (3), thereinto, formulae (1) and (3) have been
predigested for F. Thus, b(1) = 0,d(1) = 1 and
5(1) = 0,a(1) = 1. The values of attribute ¢ and
attribute b, or the values of attribute b and attribute d
are characters of decision-making regulation 1. The
predigested attribute value form of every decision-

making regulation in Tab.2 is shown in Tab.4.

Tab.4  Predigested attribute value of each decision-making

regulation

U a b d e
1 1 0 X 1
1’ X 0 1 1
2 1 0 X 1
2’ 1 X 0 1
3 0 X X 0
4 X 1 1 0
5 X X 2 2
6 X X 2 2
6’ 2 X X 2
7 X X 2 2
7 X 2 X 2
7" 2 X X 2

Obviously, decision-making regulations 1,2,6

have two predigested forms, while decision-making
regulations 3,4,5 have only one predigested form, and
decision-making regulation 7 has three predigested
forms. In this way, the problem has 24 solutions, two

of which are respectively shown in Tab.5 and Tab.6.
Tab.5 Predigested table of one regulation

U a b d e
1 1 0 X 1
2 1 X 0 1
3 0 X X 0
4 X 1 1 0
5 X X 2 2
6 X 2 X 2
7 2 X X 2

Tab.6 Predigested table of another decision-making regulation

U a b d e
1 1 0 X 1
2 1 0 X 1
3 0 X X 0
4 X 1 1 0
5 X X 2 2
6 X X 2 2
7 X X 2 2

The least answer of the decision-making table for
knowledge denotation system is not exclusive. So
decision-makers should make choices by their
experience and tropism. For example, if this EC trader
thinks customers of the group 1 are important, he
should make necessary decisions based on Tab.7.
Namely, for customer 1, page layout @ will be put on
the first page, then page layout b and page layout d,

while page layout ¢ will be hidden.

Tab.7 A least solution of decision-making regulation
U a b d e
1 1 0 X 1
2 1 0 X 1
3 0 X X 0
4 X 1 1 0
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4 Conclusion

To support EC management and operation, the
least decision-making model for Web mining based on
rough set theory is constructed in this paper. By this
model, the knowledge on formed decision-making table
is predigested to educe the predigested decision-making
table, finally the least answer is found. According to

different individual standpoint, the answer is not sole.
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