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ABSTRACT

In the information age, the fuzziness of things urgently requires mathematics and quantification. First of all,
taking clothing as an example, this paper introduces the first level comprehensive evaluation model, and uses
this model to judge customers' preferences for clothing, so as to organize production and goods. On this basis,
the one-level comprehensive evaluation model is extended to the multi-level evaluation model. Taking
product quality detection as an example, it can be seen that the multi-level comprehensive evaluation model
can better detect product quality. Finally, the application scope of the one-level comprehensive evaluation
model and the multi-level comprehensive evaluation model are obtained.
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1. INTRODUCTION

Fuzzy phenomena and fuzzy concepts are everywhere,
such as "young people”, "tall people”, "high-quality
products”, "healthy people”. These concepts formed in
human brain are almost fuzzy. We can think that fuzzy
phenomena are an essential thing for human beings,
especially with the coming of information age, the
contradiction between accuracy and fuzziness is more
prominent. If people want to study the essence of fuzzy
phenomenon, they need to make it mathematical and
guantitative. Fuzzy mathematics is a branch of
mathematics to solve this fuzzy phenomenon. Fuzzy
comprehensive evaluation method is a comprehensive
evaluation method based on fuzzy mathematics. Based on
the membership theory of fuzzy mathematics, qualitative
evaluation is transformed into quantitative evaluation, that
is, fuzzy mathematics is used to make overall evaluation of
things or objects restricted by many factors. The
evaluation result of this method is clear and systematic,
which can solve the fuzzy and difficult to quantify
problems and is suitable for the uncertain problems.

Fuzzy comprehensive evaluation method has been widely
used. For example, fuzzy comprehensive evaluation
method has been applied to product design[1,2], benefit
comprehensive evaluation[3-5], risk evaluation[7]and
other aspects. This article introduces the one-level
comprehensive evaluation model, and uses this model to
judge customers' preferences for clothing. And then the
first level comprehensive evaluation model is extended to
the multi-level evaluation model. Taking product quality
detection as an example, it can be seen that the multi-level
comprehensive evaluation model can better detect product
quality.

2. FIRST LEVEL COMPPREHENSIVE
EVALUATION MODEL

2.1. The one-level mode

According to the determined standard, evaluating a factor
or a part of an object or a class of objects is called single
evaluation. It is called comprehensive evaluation to get the
overall evaluation of a certain kind of object from many
single evaluations. The purpose of comprehensive
evaluation is to sort some objects in a certain sense and
select the best and the worst objects, which is also called
decision-making process.

The steps of using the one-level model for comprehensive
evaluation are as follows:

(1) Determine the factor set of evaluation object

U ={u, Uy, Uy}

(2) Give judgmentsetV ={Vv;,V,,---,V, }.

(3) Single factor evaluation, that is to establish a fuzzy
mapping from U to V , f :U — F(V),

r, r r
X > 4224 0 in whichO <, <1,
v, V, Vv

m

i=12,---,m. Deriving fuzzy relation Rf~ from f,

, hp - F

im

l, T, - T
expressed by matrix R=| % % z
rnl rn2 rnm

R is called single factor evaluation matrix.
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(4) Comprehensive evaluation.

2.2. Apparel evaluation

Take clothing evaluation as an example. Suppose that
when a customer buys a certain garment, the factor set

U ={u,,u,,u,}, among them, U,, U, , U represent pattern,
durability and price cost respectively. If judging clothing,
it can be recorded as V ={v;,v,,V;,V,}, among them,

V,,V,,V,,V, represent very like, like, litter like and

dislike respectively. Single factor evaluation is to invite a
number of professionals or customers to express their
opinions on the design, durability and price. In terms of
decors, if 70 percent of people very like it, 20 percent of
people like it, 10 percent of people litter like it. That is,
X, > (0.7,0.2,0.1,0) .Similarly, if we have
X, —> (0.2,0.4,0.3,0.1) , X, +— (0.1,0.3,0.4,0.2) , then
there is a single factor evaluation matrix

07 02 01 O

R=|02 04 03 0.1}
0.1 03 04 02

When customers look at this kind of clothes, they are
happy to decide whether to buy them or to hesitate, or to
be indifferent and abandon them, which can be seen as the
result of customers' comprehensive balance of design,
style, durability and price. All kinds of customers have
different "focus", which is the basis for their respective
comprehensive trade-offs. This "focus" can be quantified.
If a customer's attention to design and style is 50%, to

durability is 30%, and to price is 20% ,then
K=(0.5,0.3,0.2) . Obviously, A is the vector

representation of a fuzzy subset of factor set X , which is
usually called the weight set in comprehensive evaluation.

So what is the attitude of weight A customers towards
this kind of clothing? This is a process of comprehensive
evaluation, that is, the fuzzy transformation from U to
V.

07 02 01 O

B=AoR=(05 03 02)02 04 03 0.1
01 03 04 02
—(0.5,0.3,0.3,0.2) @

Normalization

2> 93 03 0.2 5380.250.250.12).

13'13'1.3'1.3

It means that the customers with weight A evaluate this
kind of clothing as follows: the "very like " level is 38%,
the " like " level and the " litter like " level are both 25%,
the "dislike " level is 12%.
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According to the principle of maximum subordination, the
conclusion is "I like it very much".This process is called
the positive problem of comprehensive evaluation. If the
result is known and the reason is asked, it is the inverse
problem of comprehensive evaluation. Taking clothing as
an example, if a shopping mall purchases a kind of
clothing, which is very popular in the market, then the
shopping mall and the production unit should analyze the
reasons for the best-selling together. Only by making clear
of it, can they organize the production and organization of
goods, and the important one is what the weight of
customers is. The inverse problem of comprehensive
evaluation is the inverse problem of fuzzy transformation,
and its solution is the problem of solving fuzzy relation.

3. MULTI-LEVEL MODEL

3.1. Shorts of the M (A,v) model
In the comprehensive evaluation, model M (/\,v) is used

~ n
to calculate B = Ao R, among whichb; = _Vl(ai ATH)
i=

(J=L12,---,m). Operators (A,V) have good algebraic
properties, but they also have defects. When there are

n

many factors to be considered and Zai =1 is required,
i=L

the weight of each factor & is so small that & <I; .

n
Because of b; :_\/1(ai AT;) . a lot information of
i=

R=(r;) arelost:

~ ror r
U fu)==+24+r M =(r,r, 1) @
Vl V2 m

That is, people's judgment information about each factor
U, is not fully utilized. Therefore, it is often difficult to

distinguish the results of comprehensive evaluation
decision.
For example, the quality of a product produced by an

enterprise is determined by nine indicators U, U,,--+,Ug,

and the product level is divided into four levels: first level,
second level, third level and waste. So factor set

U ={u,,u,, -, U}, judgement setV ={v,,v,,V,,V,},
which V,,V,,V;,V, represent first level, second level,

third level and waste respectively. Ask relevant experts,
quality inspectors and users to form a single factor
evaluation group (scoring or voting). The single factor
evaluation matrix is
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0.36 0.24 0.13 0.27
0.20 032 0.25 0.23
040 0.22 0.26 0.12
0.30 0.28 0.24 0.18
R=[0.26 0.36 0.12 0.20
0.22 042 0.16 0.10
0.38 0.24 0.08 0.20
0.34 025 030 0.11
0.24 0.28 0.30 0.18

Set the weight distribution as

A=(0.10.12,0.07,0.07,0.16,0.1,0.1,0.1,0.18),

then we have

B =AocR=(0.180.18,0.18,0.18,0.18) by model
M (A,Vv). The result shows that M (A,V) is defective
and needs to be improved.

3.2. Multi-level model

In practical problems, when there are many factors and the
weight distribution is relatively uniform, the multi-level
model can be adopted. This paper mainly introduces two
levels of model — the two-level model.

The steps of using the two-level model for comprehensive
evaluation are as follows:

(1) Divide factor set U ={u,,u,,---uU,} into several

k
groupsU ={U, U, ,---,U, }.such that U :UUi :

i=1
UimUj =@ (i#]) U={U U, Ul is
called the first fgctor _set. _

et U, ={u”,uf, - ul’}(i=12,--,k) which

k

n,+n,+---n, :ZHi =N then U, is called the
i=1

second factor set.

2) Let V :{vl,vz,---,vm} be a evaluation set. First,

single factor evaluation is made on the N, factors of the
second level factor set U, ={u{",uf’ ,---,ur(,:)}, that is,
the fuzzy mapping E U, > F(V) s needed.

U £ ) = (606 ).

u B fiu) = () 1),
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0] F iy = (¢® O O]
uni = fi(uni )_(rnilvrniZ"“’rnim)' ©))
We obtained that the single factor evaluation matrix
O] Q] O]
M - hp
(i) () 0]
PV P SR P
RI: CICIY LIS LAY DY ' (4)
0] 0] O]
r-nil r-ni2 t r-nim

n;xm
Let the weight of U, ={u,u®,---u®) is
A =(a{”,af,---,al’), then we obtained that the one-
level comprehensive evaluation ,&‘ oR = Ei (i=12,---,m).

(3) Treat each Ui as an element, use Bi as its single

factor evaluation, and then get the single factor evaluation
matrix

I

op ...

k
Let the weight of U=(U,U,,---,U) be

A=(a,a,,---,a,) , then there is a two-level

comprehensive evaluation B = Ao R.
Continue to consider that an enterprise produces a product
whose quality is determined by nine indicators that

U;,U,, -+, Ug .The product level is divided into four

levels: first, second, third and waste. Because there are
many factors and the weight distribution is relatively
balanced, the two-level model should be adopted.

(1) Divide the factor setU ={u,,u,,+-,Ug} into three
groups:

U; ={u;,u,, U} U, ={u,,us,u} Uy ={U;, Ug, Ug}

(2) Let judgement setV ={u;,u,,us,u,}, U, :the first
level, U, . the second level, U, : the third level,

u, :waste.
For single factor evaluation of each factor in U, (i =1,2,3),

relevant experts, quality inspectors and users can be
invited to form an evaluation group, and the corresponding
single factor evaluation matrix can be obtained by scoring
or voting.

For the second level factor set U;(i=12,3) , we
have U, ={u,,u,,u,} , which the weight is

A =(0.3,0.42,0.28) , and the single factor evaluation
matrix is
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0.36 0.24 0.13 0.27
R,=[0.20 0.32 0.25 0.23].
040 0.22 0.26 0.12
Make a comprehenswe evaluation at the first level, we
have B, = A o R, =(0.3,0.32,0.26,0.27) by M (A, ).
Similarly, we haveU, ={u,, U, U, }, which the weight
is ,&2 =(0.2,0.5,0.3), and the single factor evaluation
0.30 0.28 0.24 0.18
matrix is R, = 0.26 0.36 0.12 0.20 |. Then
0.22 0.42 0.16 0.10
we obtained B, = A, o R, =(0.26,0.36,0.2,0.2) .
we have U; ={U,,Ug,Ug} , which the weight is
;&3 =(0.3,0.3,0.4) , and the single factor evaluation
0.38 0.24 0.08 0.20
0.34 0.25 0.30 0.11|. Then
04 0.28 0.30 0.18

we obtained B, = A, o R, =(0.3,0.28,0.3,0.2).
(2) For the first level factor setU ={U,,U,,U.}, et

matrix is Ry =

the weight distribution as A = (0.2,0.35,0.45) , and let
the total single factor evaluation matrix be

Sl 03 032 026 0.27
R=| ?|=/026 036 02 0.2
S 03 028 03 0.2

k
By maklng a two-level comprehensive evaluation, we can

get B = Ao R =(0.3,0.35,0.3,0.2)

According to the principle of maximum subordination, this
product belongs to the second grade.

4. CONCLUSION

In the comprehensive evaluation, when there are not many
factors to consider, we can use the first level
comprehensive evaluation model to select the best and the
worst objects and make decisions. But in practical
problems, we need to consider many factors. When we
meet a lot of factors and the weight distribution is
relatively uniform, the results of comprehensive evaluation
and decision-making are often difficult to distinguish. At
this time, we can use multi-level model for comprehensive
evaluation.
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