
Chapter 39
Fuzzy Data Mining with TOPSIS
for Fuzzy Multiple Criteria Decision
Making Problems

Chin-yao Low and Sung-nung Lin

Abstract In this study, we purpose a common fuzzy multiple criteria decision
making model. Different with formerly studies, a new concept—fuzzy data mining
scheme is adopted for considering in the model to establish a fuzzy multiple
criteria decision making with time weight (FMCDMTW) model. In this study, a
real case of fuzzy multiple criteria decision making (FMCDM) problem to be
considering. The problem under investigated is a FMCDM problem with multiple
appraisers, and the data considered is combined with historic data and recent data.
Since the evaluated criteria proposed in the literature cannot be defined precisely
and numerically, fuzzy linguistic terms can be used to aggregate them numerically.
It not only conforms to human cognition but also benefits interpretation. Fur-
thermore, notice that the data considered contains certain amount of historic data.
As a result, fuzzy time weighted technique is adopted to resolve this issue.

Keywords Auction website � FMCDM � Fuzzy data mining � Fuzzy time
weighted � TOPSIS

39.1 Introduction

According to the development of the internet network, consumer behavior had
been changed. E-commerce becomes one of the main shopping ways. E-commerce
is a way engaged in the business activity through the internet, and its target and
range include inside/outside enterprises and individual consumer. Its business
activity’s content includes goods, service trade, network auction, financial
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exchange, network advertisement, etc. Among them, the auction website has taken
the majority of e-commerce, and is growing up continuously constantly.

The development of the auction website has not only changed people’s life but
also changed its consumption habit. Consumers don’t need to go out and can stay
at home and surf the Net and buy the goods needed. And utilize the auction
website to have several advantages to buy the goods, price flexible, goods various
in style, rate of exchange easy, 24-h marketing and have no regional constraint etc.
The factors which the auction website could operating continuously, totally
depend on users, whether would like to continue using and trading the platform
and doing a deal. In other words, the service performance of the auction website
has determined whether this website can manage continuously. Therefore, how to
measure the auction website effectively to manage and serve performance, not
only the subject that website’s operator cares about, but also an important refer-
ence indicator while choosing the trade platform of consumer.

The first job of setting up the performance assessing method is to propose the
effective assessment criterion. There is no standard measure criterion for auction
website. Therefore, it is quite difficult to set up the effective assessment criterion
accorded with subject of assessing. Especially when assess and plan executors
have no professional knowledge set up of the criterion; the setting-up of the
criterion must gather the relevant specialty personage’s opinion. However, it is
obtained face to face that the professional personage’s opinion is difficult, or need
to spend a lot of cost and time. For overcome this difficulty, this research propose
one utilize literature review to replace expert opinion probe into method—‘fuzzy
time weighted’ effectively originally.

Assess the criterion in performance about the auction website; quite a lot of
literatures propose different assessment criteria. In order to choose the really
important assessment criterion objectively and effectively, give consideration to
the applicability of gradual progress with time of the criterion at the same time.
This research is summing up the assessment criterion that relevant literature,
arrange in an order and select the assessment criterion that the research institute
need by way of fuzzy time weight (Hoffman and Novak 1996; Hung et al. 2003).

To consider the criterion of auction website service performance, will often be
influenced by the appraiser experience subjectively, course the result indistinct and
uncertainty, in addition, the assessment of auction website service performance are
not assess the criterion singly can be satisfied, must consider a lot of assessment
criteria at the same time. So, after the ones that finish assessing criterion, this
research continues utilizing the criterion of assessing to set up the auction website
to deal in the performance questionnaire. What the questionnaire topic made use of
linguistic variable in the fuzzy method to express appraiser’s linguistic variable is
fuzzy, the ones that assessed the criterion after building and constructing, then
appraised to the behavior in assessing the criterion of website by the user of
auction website. Finally, serve to apply fuzzy theory and combine multiple cri-
terion decision method tool TOPSIS come assessment opinion to combine persons
who assess while being arithmetical performance, thus build and construct the
assessment result that an auction website serves performance. The performance

378 C. Low and S. Lin



and competitive ability that this method can not merely offer service of
understanding the one’s own one in the auction website, can still offer consumers
to choose the best auction website of a service performance (Troy and Shaw 1997;
Zadeh 1965, 1975).

39.2 Methodology

39.2.1 Fuzzy Theory

The fuzzy theory had been proposed by Professor Zadeh. He viewed its human
cognitive process (mainly in order to think deeply and deduce). Uncertainly, it
come by the way of mathematics expression, and mathematics that is traditional is
from having only ‘True’ and ‘False’s two value logics (Binary logic). Expand to
the continuous n-value (Continuous multi-value) with gray area Logic. And the
fuzzy theory utilizes under the jurisdiction of the function (Membership Function).
Value come, describe one speciality of concept, come, shows from 0 to 1 element
which belong to a certain concept of intensities with 1 number value that asks also,
the ones that call this element to assembling in this value are under the jurisdiction
of degree (Membership grade). Expect that discourse domain

U ¼ x1; x2;. . .; xn

� �
;

and the fuzzy set of discourse domain U, eA present as

x1; ueAðx1Þ
� �

; x2; ueAðx2Þ
� �

; . . .; xn; ueAðxnÞ
� �n o

ueAðxiÞ means the degree of membership of xi in set eA.
The linguistic variable is in the appointed fuzzy set that is used for describing

the natural language under the land, can turn into narration of natural language
with logic person who infer logic narrate, and the linguistic variable regards word
or sentence in the natural language as the parameter that is worth instead of the
regarding counting as value. For example the persons who assess experience the
appraisal which the network shop service performance, can utilize ‘very unsatis-
fied’, unsatisfied, ‘ordinary’, ‘satisfied’, ‘very satisfied’ the sentences of five kinds
of yardstick express and serve the quality intensity of the performance, and can
turn into number value for language purpose via the expert, change into relevant
fuzzy numbers (Hsu and Chen 1996; Kaufmann and Gupta 1991; Klir and Yuan
1995; Langari and Zadeh 1995; Mendel 1995; Zadeh 1965, 1975).
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39.2.2 Multiple Criterion Decision Methods

In true world, most decision questions have a lot of assessment criteria, it was not
the single indicator that be weighed, but each criterion cannot turn into the same
unit to compare, so utilize many criterion decision technology carry on decision of
assessment method to born because of answering. Common many criteria decision
method as if the analytic approach of the level (AHP), For example: Bi (Chow
et al. 1994) AHP and apply the research that is assessed to supplier’s performance;
In addition SMART analytic approach and TOPSIS. And TOPSIS is by Hwang
and Yoon (Van Heck and Ribbers 1997) Multi Criteria Analysis Model. The
method, this theoretical foundation supposes promptly every assessment indicator
all has a dull characteristic that increases progressively or decreases progressively,
it is solved and so-called ideal solution (Grant and Schlesinger 1995; Hung et al.
2003). It is all criterion optimum value that make up (the greatest one of attribute
value of the interests; the minimum one of attribute value of the cost). Shoulder the
ideal to solve on the contrary (Negative-ideal Solution). It is all criteria difference
make up the most (the minimum one of attribute value of the interests; the largest
one of attribute value of the cost). Evaluate for select scheme calculate with Euclid
Distance, in order to assess indicator comparing to degree of approximation that
ideal solve, the scheme chosen answers and the ideal distance that is solving is
being shortest, it is farthest and shoulder the distance that the ideal is being solved.
TOPSIS has assessed the law and has already been accepted and employed the
order of all kinds of trades to compare and assess extensively in the educational
circles. For example: Wang, Xu (The National Library 2011), employ research of
assessing operation performance of listed company of TOPSIS method; Wang,
Chen (The National Library 2011), assess the listed company of the computer and
manage the performance with the financial indicator.

According to motive and purpose of this research, we carry on collection and
arrangement of literature and relevant materials, added in more than 20 foreign
research quoted in the thesis by 105 theses and dissertation, by fuzzy time weight
method, according to assess criterion occurrence number, relevance and time
weight remit, appear 5 indices, total 25 items auction website serve assessment
criterion of performance mainly exactly, and assess the criterion of these to make
into the questionnaire, regard user of the auction website as testees and carry on
questionnaire investigation. And then assess two big auction websites (Yahoo &
Return) at present service performance. The questionnaire one is mainly divided
into two major parts. First, it is importance degree comparing and assessing the
performance of serving and assessing the criterion. Second and assess the satis-
faction of assessing the criterion; And via the questionnaire retrieving, the rated
value to two major auction websites that utilize the fuzzy theory and evaluate the
weight of the service criterion project of network shop and person who assesses
integration, utilize the decision method TOPSIS method of many criteria finally,
get rank order and good and bad detail that two auction websites serve perfor-
mance (Lambert and Sharma 1990; Parasuraman et al. 1985).
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39.2.3 Assesses and Service Performance Criterion Appraise

The research of the auction website belongs to quite young subject, but numerous
relevant research issues. This research analyzes and quotes use to extract out the
measure criterion of managing performance of auction website which this research
institute needs to relevant literature. The main facts are involved in 105 theses
(The National Library 2011).

First, in order to overcome the difficulty that the expert opinion has, reduce the
relevant cost which assesses the necessary expenditure of the homework at the
same time. This research uses the way in which the literature probes into to
produce the criterion of assessing, look at every literature the same expert, analyze
and combine assessment performance relevant components of managing the per-
formance in each literature with the auction website, use to extract the important
assessment criterion.

Network auction has been just the trade form coming out in development in
recent ten years; the user is at the stage of break-into this kind of transaction
formally. So, with the progress of relevant science and technology and gradual
progress of time, the user, to the performance that the auction website shows,
concerned angle and proportion are being produced and changed constantly.
Because performance of user’s service for auction website varies with gradual
progress of time greatly; the turnover auctioned adds a new line of consumer’s
consciousness with all increasing on day too. While the literature is put in order,
we find though the time block that relevant literature are issued is not big, but
service performance that consumers mind has some changes every year (Bellman
and Zadeh 1970; Chen and Hwang 1992; Day 1984).

In order to further assess and consider objectively because the time array
produced and assessed the criterion change, this research is during the process of
putting the literature in order, the assessment criterion of putting forward various
years is entrusted to different weights respectively. The assessment criterion after
gathering together wholly is according to issuing number of times and relevance, it
issues times fuzzy weight on taking advantage of, in order to get the real weight of
the criterion. Analyzing the domestic master’s thesis quoted will issue times and
all lie between in 1998 to 2010 because of this research institute, and foreign most
literature definitely also and. So, we build the fuzzy time weight of setting up and
belong to one degree of functions as shown in Fig. 39.1.

This research is set out by the user view, through the collection and gathering
together wholly of the literature, by weight method of fuzzy time, calculate
according to assessing the occurrence number of the criterion and time weight,
score according to criterion weight order elect 5 construct surface, total 25 items
auction website serve assessment criterion of performance mainly (The National
Library 2011; Angehrn 1997; Athanassopoulos 2000; Beam 1999; Bellman and
Zadeh 1970; Cheng 1994; Fornell 1992; O’Connor and O’Keefe 1997; Kim and
Stoel 2004; Nielsen and Tahir 2005; Parasuraman et al. 1988; Paul 1996; Simon
2001).
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39.2.4 Assess and Serve the Criterion Weight
of the Performance

After receiving the criterion of assessing, we entrust the criterion to the weight of
different levels through the fuzzy way to define with justice, make by favorable
follow-up study and questionnaire. Assess the detail as follows:

Step1: Determine to assess the semantic parameter of the criterion importance
and count fuzzily

It is because in design of questionnaire utilize by Likert scale with five grade
scale, can utilize person who assesses each person by different linguistic variable.
To expresses the important measurement value of degree of each assessment
criterion of persons who assess, as shown in Fig. 39.2.

Step2: Calculate every fuzzy weight of assessing the criterion

ewj ¼ lj;mj; uj

� �
; j ¼ 1; 2; . . .; n

lj ¼ Min
i

lij
� �

; i ¼ 1; 2; . . .m
ð39:1Þ

Fig. 39.1 Ownership function that assess the weight of criterion

Fig. 39.2 Assess the ownership function of the criterion ‘importance’
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mj ¼
Ym

i¼1

mij

 !1=m

; i ¼ 1; 2; . . .;m

uj ¼ Max
i

uij

� �
; i ¼ 1; 2; . . .;m

ð39:2Þ

Step3: Each assess the solving and melting fuzzily of fuzzy weight of the
criterion

Its main purpose is to change the fuzzy weight of 25 assessment criteria into a
clear single number value (Ofj), Can learn importance degree and priority of each
assessment criterion, and often the fuzzy method to melt of the opinion includes
‘the maxima–minimum set method’, ‘the greatest average law’ and ‘center law’,
among them it is the simple and most easy method to calculate too that it is the
most general that center law is and is adopted, so, this research utilizes center law
to change the fuzzy weight of n assessment criteria, the conversion method is as
follows:

ofj ¼
lj þ mj þ uj

3
; j ¼ 1; 2; . . .; n ð39:3Þ

39.2.5 Combines the Rated Value to the Auction Website
of Persons Who Assess

Utilize questionnaire that retrieve, serve the measurement of the performance.
Serving the measurement step of the performance about the network shop proves
as follows:

Step1: Determine to assess the semantic parameter of criterion satisfaction and
count fuzzily

Utilize the special five grade yardstick scale too, come, weigh person who
assess to each assessment criterion satisfaction, utilize different and fuzzy lan-
guage purpose parameters (very unsatisfied, is unsatisfied, ordinary, satisfied, very
satisfied) To express the measurement value of each assessment criterion satis-
faction, as shown in Fig. 39.3.

Step2: Combine every indicator of assessing in the assessment value of satis-
faction of auction website

eXtj ¼ ltj;mtj; utj

� �

ltj ¼ Min
i

li
tj

n o
; i ¼ 1; 2; . . .m

ð39:4Þ
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mtj ¼
Ym

i¼1

mi
tj

 !1=m

; i ¼ 1; 2; . . .;m

utj ¼ Max
i

ui
tj

n o
; i ¼ 1; 2; . . .;m

ð39:5Þ

39.2.6 Utilizes Service Performance of Every Network Shop
of Commenting Amount of TOPSIS Method

Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) proposed
Hwang and Yoon in 1981 were mainly used for solving the decision problem of
many criteria; its basic idea lies in defining and solving positive ideal solution and
negative ideal solution. First, so-called and ideal to solve, mean, and take the place
of select scheme benefit most heavy or cost minimum criterion value. On the
contrary, shoulder ideal solving minimally for benefit or heaviest criterion value of
cost, that is to say this method purpose lies in looking for a best scheme, and
scheme this distance ‘positive ideal solution’ to close most, from ‘negative ideal
solution’ most far.

According to the concept of TOPSIS, we can be defining out and solving and
shouldering the ideal to solve fuzzily ideally fuzzily, utilize fuzzy decision matrix
to calculate the fuzzy distance that counts of trigonometry, get each auction
website to solving and is being defeated by the distance that the ideal is being
solved ideally, utilize the common performance indicator (OPI) finally Value is
come to arrange in an order, find out and serve the best auction website of the
performance. The operation step is as follows:

Step1: Set up and assess matrix and weight matrix fuzzily

eD ¼ xtj

� 	
k�n; t ¼ 1; 2; . . .; k; j ¼ 1; 2; . . .; n ð39:6Þ

Fig. 39.3 Assess the ownership function of the criterion ‘satisfaction’
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eW ¼ wj

� 	
1�n

; j ¼ 1; 2; . . .; n ð39:7Þ

extj and ewj are calculate assess fuzzy weight of criterion with assess merger fuzzy
service performance value of criterion each under the auction website in t websites
each in Sects. 39.3.1 and 39.3.2.

Step2: Assess the matrix regularization fuzzily

ertj ¼
ltj

uþj
;
mtj

uþj
;

utj

uþj

 !

; j 2 B ð39:8Þ

uþj ¼ max
t

utj if j 2 B

Step3: Build and construct the fuzzy decision weight matrix of the
regularization

eV ¼ evtj

� 	
k�n
; t ¼ 1; 2; . . .; k; j ¼ 1; 2; . . .; n ð39:9Þ

where

evtj ¼ ertj � ewj ð39:10Þ

Step4: Determine to be shouldering the ideal to solve

evþj ¼ r
min d evtj;evþ�jð Þ evtj; t ¼ 1; 2; . . .k

� �
; j ¼ 1; 2; . . .n ð39:11Þ

ev�j ¼ r
min d evtj;ev��jð Þ evtj; t ¼ 1; 2; . . .k

� �
; j ¼ 1; 2; . . .n ð39:12Þ

where the absolutely positive solution evþ�j and negative solution ev��j is:

evþ�j ¼ 1; 1; 1ð Þ
ev��j ¼ 0; 0; 0ð Þ

Step5: Calculate that is shouldering the ideal and solving the distance
Calculate method as follows:

dþt ¼
Xn

j¼1

d evtj; v
þ
j

� �
; t ¼ 1; 2; . . .k ð39:13Þ

d�t ¼
Xn

j¼1

d evtj; v
�
j

� �
; t ¼ 1; 2; . . .k ð39:14Þ

Step6: Calculate every auction website service performance indicator (OPI)
with arranging in an order

The movements arranged in an order finally, the good and bad order of
performances of the service that the result arranged in an order offers for every
auction website.
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OPIt ¼
d�t

dþt þ d�t
t ¼ 1; 2; . . .; k ð39:15Þ

39.3 Results

39.3.1 Process

This research gathers together and exactly appears 5 and mainly indices via col-
lection and arrangement of literature and relevant materials, total 25 assessment
criteria that service performance of auction website, and assess the criterion of these
to design into a questionnaire, the sample is the website user who often use the
auction website (Yahoo and Return). Testee send out it questionnaire by investi-
gation of carrying on, last questionnaire of 60 copies together this research, retrieve
59 part questionnaires, the effective questionnaire 57 part among them, the effective
questionnaire rate is 95 %. 57 persons who assess evaluate 25 service performances
that two major auction websites include to assess importance degree of the crite-
rion, appraise to the satisfaction of this criterion while using this website actually to
the persons who assess, then we utilize the fuzzy theory and TOPSIS method,
calculate the common performance indicators of two major auction websites, ask
the good and bad level of service performance of two major auction websites.

39.3.2 Results

According to the analysis described above, the good and bad orders of the service
performances of two domestic auction websites are: Yahoo is expressively better
than Return, found finally the buyer presented the obvious difference to two major
domestic service satisfaction of auction website as in Tables 39.1 and 39.2.

Table 39.1 Each assess
shouldering the distance that
the ideal is being solved of
the criterion

Auction website dþi d�i
Yahoo 0 1.4718
Return 1.4718 0

Table 39.2 Service
performance indicator of OPI
value with arranging in an
order

Auction website OPI Sequence

Yahoo 1 1
Return 0 2
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39.4 Discussion

Have assessed and contained more criterion and persons who assess more in
performance of auction website, it is fuzzy on possessing with assessing the cri-
terion congenitally at the same time, difficult accurate quantization.

Therefore, it is often difficult to exactly amalgamate and verify its objectivity to
assess the result. Among the subjects especially as assessing when surface of
different literary compositions have either excellent or bad behavior, the whole
performances of websites will become quite difficult to arrange in an order. In
addition, the assessment criterion needing to be established of expert opinion, must
often spend lengthy time and a large amount of cost, on a small scale assessment of
plan have more difficultly implement.

To problem characteristic described above, originally research and propose in
weight way of fuzzy time, extract the important assessment criterion out to replace
and generally remit the whole expert opinion with technology such as Delphi
method from the literature. And then through questionnaire way, received the
performance appraisal of user’s service for comparative theme of website. And
will appraise and melt it fuzzily in order to agree with receiving the fuzzy weight
inborn and fuzzily of language purpose. Then we arranged the website’s perfor-
mance in an order with TOPSIS.

Through the appraisal of 25 assessment performances, we received two com-
parative subjects (Yahoo and Return) in this research the performance is arranged
in an order. We can be found out by the result of this research, the service
performance of Yahoo is far higher than Return.

39.5 Conclusion

Assess the performance of the auction website for the example, this research has
combined several kinds of employing extensively and simple and feasible fuzzy
theory technology of the present stage, aim at proposing a common procedure of
fuzzy much attribute decision, as assess target have many attribute, need many
people assess and assess content have fuzzy difficult while quantizing clearly
characteristic, the way that this research institute puts forward is suitable for the
using of assessment of this kind of problem. Can assess the target to further
arrange in an order clearly while combining TOPSIS technology, especially when
assessing the target and arranging in an order numerously and difficultly. Choose
such as large attribute makes policy regardless of the scheme, if assess the criterion
and persons who assess and can be confirmed, can use the way that this research
institute put forward to assess and arrange in an order the track case performance.

In addition, this research regards literature as experts, put forward the brand-
new literature review concept. Screen the way to assess criterion with the fuzzy
time weight, when it is difficult for the expert to investigate expensively and live,
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can offer the comparatively economic substituting scheme not losing its objec-
tivity. The weight concept of fuzzy time, though the concept is quite simple, we
think we can further probe into the application feasibility in other fields in this kind
of concept.
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