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ABSTRACT

In order to improve the credibility of the evalu@atimethod, a new evaluation method based on fuazjtygcenter
was proposed. In this method, the experts’ scoirinpe cartesian coordinate systemre displayed graphically, the
abscissa of gravity center is the final evaluat@indicators, the ordinate of gravity center isttwthe reliability
information of the indicators’ evaluation, whichflexts the reliability of the evaluation. Furthethe paper
introduces the concept of deviation rate to reftbetimpartiality of the final score coming frormrpexts. The method
is more flexible and more intelligent due to thetfthat it takes into account of the degrees offidemce of
decision-makers' opinions.
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INTRODUCTION

Evaluation methods is continuously developed angréved, and the key to solving the evaluation pobis to
deal with the score given by experts. This artimleposes a new evaluation method based on the synuhthe
fuzzy mathematical theory.

The common assessment methods are fuzzy comprebemgaluation method, multivariate statistical s,
multi-objective decision-making method, entropy neet, gray correlation degree assessment methods@rah.
Each method has its advantages to solve certaiblgms, but the limitations of it is inevitable, ptiaal
applications and we often use the improvement & onthe combination of several methods to imprthen
evaluation method. Since the program evaluatiostesy evaluation are the indicators and comment clasion of
strong fuzzy, this article proposes a new evalmati@thod based on the fuzzy theory to solve thesassent.

1. Evaluation method Research based on Fuzzy Gravity Center
1.1 Infor mation of indicators evaluation

1.1.1 Indicators evaluation and expertsinvolved in the assessment
Suppose there are m evaluation indicators:

X:(Xl! X21---1 )Fn)
And h experts involved in the assessment

The expert set is:
Z= (7, %,..., )
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Let us assigned h experts weights as
AZ= ( aZl! aZZ! ey @h)

Among themz s expertt, anda,, is the experts weights of expért=1,2,...,h

1.1.2 Definitions for the gravity center of fuzzy set

If the domainU is measurable set of real numbers in the domhim tve can use five reviews to make the U
assessment set up:

V=(Vl, Vo, V3, V4)=(Vt /t=1,2,3,4,5

= (very poor, poor, fair, good, very good).

In order to score expediently, we place five redem a continuous value scale, and each commentgH on the
scale is set to 2. The Figure 1 show the comméet. ru

Very :
4 air Yery

figurel: the comment ruler

1.1.3 The score of the experts
Experts score the indicators in the form of fuzateival, the interval length of fuzzy is 10 uniég index score is
range from O to 10 points, the format of scoring sttown in Figure 2.

0 2 4 6 8 10
Figure 2: theformat of scoring

Y

1.2 The evaluation method based on fuzzy gravity center

1.2.1 The case without considering Experts weight

(1) Fuzzy value

Suppose we choose 8 experts to evaluate the indicaibscissa range is the scores, and the vedidalis the
frequency of a select range of values (equivaleititeé number of experts given the same value).

Figure 3: Schematic lof the expert scoring

Figure 3 shows an index system for the given irlescore of [6, 8), and the frequency is 6, sortbhmber of
experts is 6; if the given index interval [8, 1%, frequency is 2. We can calculate values ofitkécator’s gravity
center of the range as follows:

1
Gy, :KJ‘DIXdU ’GV‘ :%L{yda’

That is to say:

_ 1 6 10 2 1 6 8 2 10
G, ‘MX(J:Xd)L dy+.L Xd)fo dy) Gy = 16" (Io ydyj; dx-+ .[0 ydyj; o
1 1
=—xB4+3 T
6 84+36 16 36+4)
=75 =25

The coordinates value of the index range's grasétyter is (7.5, 2.5), marked in Figure 3. The valierepresents
that the score of the indicator combines all adaicthe experts.
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(2) Credibility
Credibility is half of the value that the gravitgrter ordinate value divided by the number of etspdrhe process
of the ordinate values in Figure 35 + 4 x 100% = 62.5%, indicating that the indmally get the of credibility

fuzzy value 7.5.

Figure 4 represents the indicators’ scores giveribhit experts are all [6, 8) interval points, ttwordinates of the
gravity center is clearly to (7, 4). Fuzzy valuetlif indicator can be considered as 7, and thdilgtigy is: 4 + 4 x

100% = 100%.

However, the same fuzzy value of index in Figushéws a value of 7 which sent much of its credipili

8 (7, M

e ¥
|

| g
0 2 4 6 8 10
Figure4: Schematic 2 of the expert scoring (credibility)

(7, 1.5)

| 1 »
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Figure5: Schematic 3 of the expert scoring (credibility)

In figure 5, the coordinates of the gravity cengef7, 1.5). However, its credibility is just: 154 x 100% = 37.5%.
Seen in this light, it is acceptable to replacalitriity of fuzzy values by the value of gravitydinate value divide
the half number of experts.

1.2.2 The case considering the Experts weight

When considered the expert weights the abscisage v index is unchanged (fuzzy value unchangedt,ttve
vertical axis changes, which affects the changthefcredibility. Ordinate values are equal to thenof experts
weight in the given range. Figure 6 scoring sitagiof a certain indicator:

1.0
0.8
0.6
0.4
0.2

1 1 [

0 2 4 6 8 0
Figure 6: Schematic 5 of the expert scoring (credibility)

Suppose we choose 8 experts to evaluate the indicdhe weight of each expertAZ= (az, az,..., ag=(0.1,
0.1, 0.2, 0.2, 0.1, 0.1, 0.1, 0.1). If the indicators’ scores given by eight experts all[6, 8) interval points, the
coordinates of the gravity center is clearly to@B). Fuzzy value of this indicator can be con®deas 7, and the
credibility can be considered as 100%, but accgrtbrthe previous method we can calculate that:015¢<100% =
12.5%, It has great difference in what we think Z)®ince the ordinate reflects the credibility loé information,
so process the ordina@5x%2x100% = 100%, which meets the requirementantfe of this calculation method is
shown in Figure 7.
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Figure 7: Schematic 6 of the expert scoring
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The first expert give the [6, 8) interval pointadathe others give [8, 10] interval points.
The gravity center of it is: (8.8, 0.41), the fuzmpore of it is 8.8 and the credibility of it is4Qx2x 00% = 82%.

From this perspective, the calculation method @dibility is acceptable in the case of considerihg expert
weights. Namely: the credibility twice of gravitgmter ordinate.

1.2.3 Deviation rate

Whether or not to consider the weight of expetis, ¢ase will exist, where the abscissa and ordwveltees of the
gravity center are equal but expert opinion is mgtstent. Such as figure 8 and figure 9, the abacand ordinate
values of the gravity center is equal but expertlsice in the evaluation process is different. dlves this issue, we
bring in the concept of deviation rate of deviatrate, which is only related with the abscissa.
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Figure 8:Schematic 7 of th expert scoring
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Figure 9: Schematic 8 of the expert scoring

Formula to calculate the deviation rate is:

Gx - Gxi'

h
p:_ixZ( ) x100%
1o =

Among them, g is the unit of measure for the abscissa, and tliteofimeasure in figure 10 is 2G, is the final

value of the abscissaG; is the abscissa value of the Cartesian coordirgitéise respective sections forming the
focus rectangle.<i<h, h is the number of the experts. The deviation rati¢ ief

p =1/4x(2+2)x100% = 100%
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Figure 10: Schematic 9 of the expert scoring
The deviation rate of figure 11 is:

p =1/4x(1+1)x100% = 50%
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Figure 11: Schematic 10 of the expert scoring

1.2.4 Evaluation model based on gravity center

The evaluation model based on gravity center afellswvs: to facilitate, we only consider to evaedwo index
evaluation system.

Suppose the index in index layer 1 of index sys&nX = (Xq, %,..., %), and its weight isW =(wy, W, ..., w). the
index of the index below the index laye(i=1,2,...,n(index layer2) isX =(Xi1, Xz, ..., %u), its weight is, W =(Wi,
Vsz--yVWn)

After scoring, the fuzzy value of each index inerdayer 2, when expressed with the coordinatethefgravity
center it can de shown as:

(Gm’Gyil)n (GXiz’Gyiz)""n(Gxim'Gy'm)'

The abscissa value is the number of experts atitkicase without considering the expert weight:vigrical axis
value is the weight of experts.

Combined the index weight, we can finally obtaig ttoordinates of the gravity center of each indiyer by the
using the weighted summation method. it is expkase

(Gy 1Gyi) = (Z\Nit ¢ Giit’zwit ¢ Gyit) i=1,2, ...,
=1 =

The gravity center of the overall objective evaluats:

(G5.Gy) = W, * Gy > W, » Gy
t=1 t=1

Among them: G;; is the final score of the overall objective revie@bviously, &G;<10. In addition, for a
certain goal:
z-1<G;<z, z=1,2,3,45

For example: whe@,; =8.5, so the goals comment is “fine”, 8 G, <10.
The case without considering experts’ weight:

G)7 is a value between 0 ah¢h is the number of experts involved in the evalugtiand Gy +(g/2)x100% is the

credibility of the review score.
The case considering the expert weight:

G)7 x2x100% is the credibility of the review score.
And the deviation rate is:

AN
_n;Wt pit'

From the above analysis we can conclude that: vhkiation method based on gravity center assesqualkty of

indicators by the means of characterizing the meftthe value of the gravity center range andoWerall goal of
is also measured by the gravity center. Moreover,viertical axis of the gravity center indirectlyosvs the score
credibility of the indicators (targets).
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1.3 sort gravity

In gravity center coordinates, the merits of alsrigalues are proportional to the size of theetagyaluations.
That is to say, the larger value of the absciss#he better the corresponding objective assedsimeWhen the
two goals of equal value of the abscissa, the gwdls greater ordinate value(high confidence) Hees iriority. If
the gravity center is equal(both abscissa and atdimalues are equal) of the two assessment olgectihe goals
with small deviation rate has the priority, andhié& goals have equal deviation rate equal and tgragnter we can
considered that they are equal.

CONCLUSION

This article proposed a new evaluation method baseflizzy gravity center. In this method, the resoff expert
scoring is displayed in the Cartesian coordinatetesy by graphically, the abscissa of coordinat¢hés final
evaluation of indicators, the ordinate of coordinet the reliability information of the indicatomesvaluation, which
reflecting the reliability of the evaluation, arftetconcept of deviation rate is introduced toeatfthe impartiality
of the final score coming from experts.
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