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Abstract

For new-tech products manufacturing enterprises, good after-sale service plays an important role
in the marketing of new-tech products and promoting the sustainable development. Therefore,
how to select and evaluate the service agent will be an inevitable and important job for new-tech
manufacturing enterprises. However, the evaluation process and results of the service agent al-
ways show fuzziness because of the uncertain evaluation factors. In order to solve this problem,
the dissertation firstly introduced methods of fuzzy comprehensive evaluation and multiple attri-
bute decision making from quantitative and qualitative views respectively. Secondly, a method of
evaluation on “important” service agent based on fuzzy Borda method was constructed. By the
numerical experiment, results show that the fuzzy comprehensive evaluation methods of service
agent proposed in this paper are feasible and effective, which provides a new idea to address the
problem of evaluating the service agent for new-tech products manufacturing enterprises.
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1. Introduction

Service agent arrangement, which means manufacturers (the principal) entrust the independent third-party (ser-
vice agent) to do the after-sale service job, is an organization form of after-sale service [1]. Agency relation is a
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stable contractual relationship in the long term. Service agents operate and gain profits by commission. The
commission is paid by the manufacturers (the principal) in the amount of a certain percentage of service profits.
The three types of service agent arrangements can be classified as: 1) sole agent, generic agent and general agent
according to the scope of the power of agency; 2) maintenance agent, marketing agent and purchasing agent of
products or equipment according to the content of agency; 3) service agents in cross region or multiple products
and in designated region or products according to the scope of the service agency.

High-tech products are the leading technology products, which use advanced and high-tech fields of science
and technology tools and technology, with high technological content and market competitiveness [2]. In China,
high-tech products mainly contain new-tech equipment or components that are used in the fields such as aero-
space and defense. Compared with traditional enterprises, high-tech enterprises have higher uncertainty during
the technological achievements period [3]. Therefore, high-tech products are faced with a changeable market
environment in the era of rapid development in modern science and technology. On the one hand, when
new-tech products are promoted to the market, the imperfect technology or improper use of them can cause un-
stable performance or failure because of their attributes. On the other hand, the new-tech products manufacturers
expect to devote the limited energy and resources to the development and manufacture of new products. So the
demand for service agent of after-sale service of new-tech products appears objectively. Good after-sale service
plays an important role in both the marketing of new-tech products and promoting the sustainable development
of enterprises. For new-tech products manufacturing enterprises, choosing an improper service agent can not
only cause the failure of the new-tech products but also huge losses or even devastating disasters in the enter-
prise.

The existing literature mainly evaluates the logistics service agent in the aspects of cost, quality and reputa-
tion of service. In contrast, there is little research on service agent [4]-[8]. It asks for a service agent to have
strong operation efficiency and financial capability to do the after-sale service on certain products with high
technology and value. The operational and financial indicators of this type of service agent are usually complete.
They are of strong competitiveness. In this dissertation, we call this type of service agent as “important” service
agent for new-tech manufacturing enterprises. Because different service agents differ greatly in essence, the
manufacturing enterprises of large-scale products of new technology are faced with two problems: how to eva-
luate the alternative service agents and how to choose the best “important” service agent based on the evalua-
tion.

Because the efficiency and capability of service agent of large-scale new-tech products are fuzzy and often
restricted by its comprehensive strength, they can be considered as an important aspect which reflects the effi-
ciency and capability of the “important” service agent. In the process of evaluation on “important” service agent,
if the valuator is influenced greatly by his conceptual knowledge or the evaluation method is not scientifi-
cally reasonable, inferior “important” service agents may enter into the service agent library or even establish
a strategic partnership with enterprises. In this consideration, the method of fuzzy comprehensive evaluation
is adopted in this dissertation. In the beginning, fuzzy evaluation method of three types of service agents are
put forward. Then, we use quantitative and qualitative assessment indexes to establish a kind of method to
evaluate service agents of large-scale products (equipment) of new technology based on the method of fuzzy
Borda.

2. The Fuzzy Evaluation Based on Quantitative Indexes

According to the attributes of “important” service agent and main factors that influence its comprehensive
strength, the process of fuzzy comprehensive evaluation based on quantitative indexes is as follows:
1) The rating levels of “important” service agent

In this part, we divide the service agent into five rating levels according to the comprehensive strength of
“important” service agent. The result is shown in Table 1.
2) Normalization processing of raw data in evaluation index system

In the following, we use fifteen “important” service agents of one manufacturing enterprise of new-tech
products (represented by letters a, b, c,..., m, n, 0) as empirical sample. According to article [1], eight indexes
which reflect the operational and financial condition of the fifteen “important” service agents in one year are
chosen as main evaluation indexes (Table 2).
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Table 1. Different rating levels of “important” service agent.

Level Meaning
| Comprehensive strength is very good
1} Comprehensive strength is good
11 Comprehensive strength is average
v Comprehensive strength is bad

\Y Comprehensive strength is very bad

Table 2. Evaluation indexes of “important” service agent.

Evaluation indexes Explanation of indexes
Asset-liability ratio X; Total liability/total asset
Interest coverage ratio X, Pretax profits/interest cost
Net rate of sales revenue X3 Net profit/sales revenue
Inventory turnover X, Sales revenue/average inventory
Turnover of current asset Xs Sales revenue/current asset
Turnover of total asset Xs Sales revenue/total asset
Growth rate of net profit X; Profit increment/annual profit
Sales growth rate Xg Revenue increment/annual revenue

The raw data is shown in Table 3.

We need to normalize the raw data of evaluation indexes in order to eliminate the dimension of indexes and
unify the variation range and direction of the indexes. For positive and negative indexes®, we can use the fol-
lowing equation to carry out the normalization processing [9].

Equation (1) is used when the index is positive (benefit-contribute)

, r; —minq{r; ,
(ar }I—n{ﬂn}{r poelo ®
i ij i ij

Equation (2) is used when the index is negative (cost-contribute)

MG o ®)

- max {r, | —min {r, |

T

In the two equations, max(r;) and min(r;) represent the maximum and minimum of the j™ index respec-
1 1

tively.

By exploiting the above equations, the normalization processing on raw index data can be conducted. The re-
sult is shown in Table 4.
3) Determine the membership function of the indexes

To facilitate discussion, supposing the membership function of each evaluation index which belongs to the
five levels is fuzzy normal distribution:
uv; (x):e’(H‘)2 (i=12,---,5) 3)

In the equation, x represents the index value; uv, (x) represents the membership degree of Xto Level v,;
¢, is the constant when the membership degree of ¢, to Level v, equals one (yvi (u) :1) . The membership
function of indexes in each level is shown in Table 5.

*Positive index means that the bigger the index is, the better the service agent will be and negative index has the opposite meaning.
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Table 3. Raw data of evaluation indexes of “important” service agents.

X1 Xz X3 Xa Xs X X7 Xsg
a 0.753 32.96 0.034 6.63 1.17 1.39 -0.341 0.107
b 0.590 2.70 0.074 4.90 0.742 0.433 —0.016 0.068
c 0.638 11.55 0.055 2.957 0.818 0.591 3.47 0.027
d 0.568 10.84 0.034 5.386 1.16 0.718 —0.555 —0.029
e 0.320 0.076 0.285 7.234 0.434 0.29 0.531 0.025
f 0.711 5.09 0.181 5.74 0.385 0.288 0.426 0.547
g 0.557 12.59 0.113 3.60 0.747 0.567 —-0.232 0.503
h 0.869 99. 9 0.010 6.249 0.009 0.009 0.011 —0.139
i 0.513 3.18 0.016 3.93 0.676 0.229 0.013 0.154
j 0.350 0.295 0.161 38.01 1.14 0.320 4.44 0.959
k 0.941 3.16 —0.196 6.093 0.841 0.182 2.92 —0.035
| 0.374 3.30 0.019 3.84 1.17 0.405 0.869 0.038
m 0.619 2.16 —0.264 1.95 0.110 0.069 2.27 —-0.014
n 0.553 2.85 0.675 2.57 0.256 0.053 —0.907 —-0.397
0 0.989 8.92 -0.163 5.74 0.634 0.366 -0.277 0.450

Table 4. The index data after normalization processing.
Indexes
S X1 X2 X3 X4 Xs Xs X7 Xs
agent

a 0.353 0.329 0.317 0.129 1 1 0.105 0.371
b 0.596 0.026 0.359 0.081 0.631 0.307 0.166 0.342
c 0.525 0.115 0.339 0.027 0.696 0.421 0.818 0.312
d 0.629 0.108 0.317 0.095 0.991 0.513 0.065 0.271
e 1 0 0.584 0.146 0.366 0.203 0.268 0.311
f 0.416 0.050 0.473 0.105 0.323 0.202 0.249 0.696
g 0.646 0.125 0.401 0.045 0.635 0.404 0.126 0.663
h 0.179 1 0.291 0.119 0 0 0.171 0.190
i 0.712 0.031 0.298 0.054 0.574 0.159 0.172 0.406

j 0.955 0.002 0.452 1 0.974 0.225 1 1
k 0.072 0.031 0.072 0.115 0.716 0.125 0.715 0.266
| 0.919 0.032 0.301 0.052 1 0.286 0.332 0.320
m 0.553 0.021 0 0 0.086 0.043 0.594 0.282

n 0.652 0.028 1 0.017 0.212 0.031 0 0
0 0 0.086 0.107 0.105 0.538 0.258 0.117 0.624
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Table 5. The membership function in each level.

Level Means of level Membership function
I Very good uv(x)=e "
Il Good uv(x)=e o
1 Average uv(x)=e
v Bad uv(x)= g o’
Y Very bad uv(x)=e o

In Table 5, we gained the membership function of indexes in each level, and the corresponding relationship is
as follows. First, we divided the levels into {very good, good, average, bad, very bad} 5 grades; then according
to the membership function, we set 1, 0.8, 0.6, 0.4, 0.2 as the parameters, in order to correspond to the 5 grades.
4) Compute the weighted membership degree and determine the level each service agent belongs to.

Firstly, we compute the membership degree of different levels of each corresponding index by using the
membership function in Table 4. The index belongs to each corresponding “important” service agent. Then the
level each “important” service agent belongs to is determined according to the maximum membership degree
principle. The results are shown in Table 6.

From Table 5, we can see j is the best service agent, ¢ and f are the good service agents; e and | are service
agents in average level; a, b, d, g and n are bad service agents and the worst service agents are h, i, k, m, o
among the fifteen service agents. The above evaluation results offer effective decision-making basis for choos-
ing “important” service agent to a certain degree.

3. The Fuzzy Multiple Attribute Decision Making (MADM) Based on
Qualitative Indexes

The above evaluation system based on quantitative indexes makes a quantitative assessment on “important” ser-
vice agents. Revaluation which combines some key qualitative indexes should be made on condition that quan-
titative evaluation meets the requirement. The key qualitative indexes should include the following five aspects.
They are quality of service, level of technology, satisfaction of users, relationship of cooperation and capacity to
coordinate. The fuzzy multiple attribute decision making method is used to qualitatively evaluate “important”
service agents in the following part.

3.1. The Theory of Fuzzy Multiple Attribute Decision Making

Let the attribute value of the “important” service agent X; under evaluation attribute G; is interval fuzzy number
[x;,xﬂ . Since the weight of evaluation attribute G; can’t be completely determined, the interval fuzzy deci-

sion-making matrix X should be:

B e (X0 ]
X = I:Xé_l’.XZRIJ [X;_z*-szzJ [X;_nl.szz] 4)

D] [ xme ] [ X ]

According to the ideology of Grey Relational Analysis, the process of interval fuzzy number multiple attri-
bute decision making on the condition that the information of attribute weight is not complete is presented as
follows:

1) Normalize the decision-making matrix

Define the matrix after normalization as

Y= (|:inj_! yi?])mxn 5)



J. H. Kong et al.

Table 6. Table of membership degree and the level each service agent belongs to.

. Level
) | I 1 IV v OIS
Service 5 level
agent ™\
a 0.668643 0.794197 0.884546 0.921937 0.897458 v
b 0.621531 0.772595 0.891866 0.956186 0.951802 v
c 0.862299 0.901099 0.802313 0.746289 0.723816 I
d 0.637706 0.772725 0.875953 0.927739 0.916862 v
e 0.664282 0.794688 0.908869 0.828725 0.805631 n
f 0.736601 0.885917 0.801003 0.859187 0.848163 I
g 0.668469 0.807688 0.907803 0.949365 0.923932 v
h 0.551921 0.696836 0.824382 0.911333 0.939183
i 0.604322 0.753955 0.875141 0.944834 0.948511
i 0.877895 0.874627 0.828077 0.820269 0.725099 I
k 0.540525 0.688819 0.820277 0.911701 0.944535 \%
I 0.643165 0.768151 0.862172 0.807727 0.794696 n
m 0.492183 0.645696 0.789349 0.898606 0.951949 \Y
n 0.668643 0.712107 0.792993 0.849177 0.831472 v
0 0.621531 0.928329 0.827973 0.925387 0.961169 \Y
When the attribute index is positive
L
X::
L 1]
Yii = — -
R
Z;(Xu‘ )
1=
) (6)
R_ %y
Yii — ;
L
2(%)
i=1
When the attribute index is negative (cost-contribute):
L
Yi =
)
R
yij =

2) Determine the positive and negative ideal points

Positive ideal point:
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L AR L R
e:l:ej € ]=[miaxy”. »max y ]
Negative ideal point:
f= [ fr, ijJ - [miin Vi mjin yﬂ
3) Compute the grey relational coefficient of the attribute value from interval fuzzy number to positive ideal
point

The grey relational coefficient of the attribute value of those “important” service agents from interval fuzzy
number to positive ideal point is

 minmin e} ef ][ v, vi |+ maxmax|[ef e} |- vy i ] .
i L R L . R R S
[t e Db T e[ 1L 7]

And the grey relational coefficient of the attribute value of those “important” service agents from interval
fuzzy number to negative ideal point is

minmin [y vy J=[ 15 67+ maxmax|[v vi ][ 1.1 ]
o B ®
Do J-[o5 7 T rmacmax [y i (15 7]

In addition, the equation to calculate the distance between the interval numbers is

[etes =Ly vi = ler - v ) +(ef w5

Dot Lo = ) O ) i=220m =2

The alphabet y in formula (9) is resolution coefficient and ye[O,l]. It is generally accepted that y is
equal to 0.5.
4) Compute the correlation ship between the positive and negative ideal points:

Li =zpijo19i =29ijo, i=12---,m
j=1 j=1

As the attribute weight w; of the evaluation indexes of “important” service agents is unknown, a multi-ob-
jective optimization model which is listed below is needed to be solved in order to get the value of p, and 6.

max p, =Zpijwj,i =1,2,---,m
j=1

n
ming, =% G,w;,i=12,--,m (10)
=1

n
Stw; ew, j=12,---,n,w; ZO,Z;WJ- =1
j=

The above multi-objective optimization model can be transformed into single-objective optimization problem?
in case that all the schemes are in fair competition which means that there do not exist any preference relations.

min (6, —pi)zzn“(eij —py )W, i=12,m
. (11)

n
Stw; ew, j=12,---,n,w; ZO,Z;WJ- =1
J:

?If there are preference relations, the weighting processing is needed to do only.
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In this way, the weight vector can be worked out.
5) Evaluate the results

o=t (12)

Rank o, by numerical value. The greater o, is, the better the “important” service agent is.

3.2. Analysis of Examples

Define the five attributes: quality of service (G1), level of technology (G2), satisfaction of users (G3), relation-
ship of cooperation (G4) and capacity to coordinate (G5) as qualitative attributes to evaluate the “important”
service agents. Make qualitative evaluation of the first five “important” service agents (j, c, f, e, ) selected by
the method of fuzzy comprehensive evaluation. The incomplete hypothesis of weight information is as follows:

w,-w, <0.201<w,—w, <03, w,-w, <0.1,w, -w; <03

After the grading by some experts in this field, the fuzzy decision-making matrix X is as follows:

[7.0,80] [8.0,9.0] [859.0] [8.7,9.0] [8.0,85]
[7580] [8.188] [8.0,88] [8809.3] [7.880]
X =|[8.0,84] [7.580] [8.6,9.2] [859.1] [8.0,8.6]
[7.0,8.2] [8.0,8.2] [7.6,86] [8.0,89] [8.2,84]
[7.882] [7.6,83] [8.0,83] [8.2,9.0] [7.9,85]

The fuzzy decision-making matrix after normalization processing is:

[0.496,0.615] [0.537,0.662] [0.545,0.621] [0.551,0.601] [0.552,0.621]
[0.532,0.615] [0.544,0.647] [0.513,0.607] [0.557,0.620] [0.538,0.583]
X =|[0.567,0.646] [0.503,0.588] [0.551,0.634] [0.538,0.607] [0.552,0.628]
[0.496,0.594] [0.537,0.602] [0.485,0.594] [0.488,0.592] [0.567,0.611]
[0.553,0.631] [0.510,0.609] [0.513,0.573] [0.504,0.601] [0.545,0.621]

1) Determine the positive and negative ideal points

e =([0.567,0.646],[0.544,0.647],[0.551,0.634],[0.557,0.620],[0.567,0.628])

f =([0.496,0.594],[0.503,0.588],[0.485,0.573],[0.488,0.592],[0.538, 0.583])

2) Compute the grey relational coefficient of the fuzzy number between the “important” service agents.

[0.4581 1.000 0.8420 0.6978 0.8069 |
0.5164 0.9018 0.5874 0.8125 0.4798
p; =[0.9856 0.4474 0.9035 0.6150 0.8967
0.3835 0.6482 0.4041 0.4115 0.8768
10.8984 0.5723 0.4898 0.5289 0.8436

[0.8412 0.5098 0.5880 0.7078 0.5603]
0.7827 0.4865 0.7835 0.6321 0.8143
6, = 0.4387 0.9056 0.5982 0.8016 0.5463
0.9235 0.7482 0.9241 0.9568 0.5988
10.5276 0.8423 0.9098 0.8982 0.7036 |

3) Solve the single-objective optimization problem listed below
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max p; =0.2717w, —0.0773w, + 0.5768w; + 0.9308w, —0.6805w;
w, —w, <0.2

0.1<w,-w, <03

w, —-w, <0.1

w, —w; <0.3

n
stw; ew, j=12,--,n,w, 20,Z‘ij =1
=

The weight vector is e= (0.2854, 0.2046,0.2532,0.1542, 0.1026)
4) The correlation degree of each service agent to positive and negative ideal points is:

p, =0.7339, p, = 0.6546, p, = 0.7884, p, = 0.4975, p, = 0.6646;
6, =0.6599, 6, =0.6995, 0, =0.6417, 6, =0.8596, 6, =0.7640.

5) Results evaluation.
o; =0.5265, o, =0.4834, o =0.5513, o, =0.3666, o, =0.4652

It can be seen that the five “important” service agents can be ranked as: f > j > ¢ > | > e. In other words, the
result of qualitative evaluation of service agent f is the best, and the agent j takes the second place... The result of
e is the worst.

4. Comprehensive Evaluation Based on Fuzzy Borda Method

Fuzzy Borda method based on quantitative and qualitative evaluation is utilized to combine the evaluation results
in which way optimization of “important” service agents can be ultimately achieved.

4.1. Principle of Fuzzy Borda Method

Fuzzy Borda Method is put forward by C. de Borda [10] [11], which was firstly used in combination evaluation
of election. It is designed to get the Borda scores by collecting the evaluation results of the n objects that are
evaluated by m assessors. And then, the objects being evaluated will be ranked according to the value of the
Borda scores. It is considered by some scholars that the ordering relation which is gained via the Borda method
is a qualitative result itself. Therefore, it cannot embody the comprehensive evaluation of the quantitative and
qualitative results. To settle the problem, the quantitative conclusion in the third part and the qualitative conclu-
sion in the fourth part are integrated in this part. Some improvements are made on the basis of Borda method,
which is known as fuzzy Borda method [12] [13].

The computational steps of fuzzy Borda method are listed in the following part.

First: calculate the degree of membership:

Xy —min{x, }

= max{xik}—min{xik}X0'9+0'1 (13)

Ui

In the above equation, x, is the score of x, under the number k"™ method i=1,2,---,n; k=12,---,p.
u, Iis the degree of membership of x; which belongs to high-class under the number k™ method.
Second: Calculate the fuzzy frequency

Uyi
W, = ?k (14)

In the above equation, R, =>u,, W, reflects the factors for difference of scores.
k

Third: Transform the rank of objects being evaluated into scores to expand the difference. The equation can
be shown as
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Q= (n=h)(n-h+1). (15)

In the above equation, Qy represents the score of x;under the number k™ method when it ranks number h" in
optimum order.

Fourth: Calculate the Fuzzy Borda Number
FBi = ZWkiQki (16)
k

4.2. Analysis of Examples

According to the conclusion of qualitative analysis mentioned above, select five superior service agents (j, ¢, f, €,
1) and integrate the conclusion of quantitative analysis in the third part to calculate. To begin with, do uniformi-
zation with the conclusion of fuzzy comprehensive evaluation in the third part (shown in Table 5). As it is
shown in the classification, grade I to grade V represent that the results are from very good to very bad. There-
fore, we can give weight to grade | to V in a descending order, namely, 0.3, 0.25, 0.2, 0.15, 0.1. Furthermore,
calculate the degree of membership of each service agent under fuzzy comprehensive evaluation and fuzzy mul-
tiple attribute decision making method through Equation (3) and Equation (13). The following are the results.

According to Table 7, compute the fuzzy frequency of each service agent through Equation (14). The results
are listed in the following Table 8.

Replace the ranks of service agents under fuzzy comprehensive evaluation and fuzzy multiple attribute deci-
sion making method with scores through Equation (15) and compute the Borda number according to Equation
(16). The results are listed in the following Table 9.

Table 7. Membership of service agents.

Service agents )73 M,
j 1.0000 1.0000
c 0.8474 0.8792
f 0.7214 0.6691
e 0.3806 0.5805
| 0.1000 0.1000

Table 8. Fuzzy frequencies of service agents.

Service agents , ,
j 0.5000 0.5000
c 0.4908 0.5092
f 0.5188 0.4812
e 0.3960 0.6040
| 0.5000 0.5000

Table 9. Fuzzy Borda number and ranking results.

Service agents FB, Ranking results
j 10 1
c 6 2
f 3 3
e 1 4
| 0 5
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Therefore, the ranking results based on fuzzy Borda method can be attained:
j>c>f>e>l|
According to the previous result, agent j is the best, ¢ and f are in the second class while e and | are not so
good, which is in accordance with the results of quantitative fuzzy evaluation. The ranking results of service
agents based on qualitative evaluation is f >j > ¢ > | > e. That is to say, agent f receives the highest qualitative
evaluation from experts. As a result, enterprises can adjust the rating level of agent according to their own con-
ditions (in this example, agent f and c get the same level 1l in quantitative evaluation, shown in Table 5).

5. Conclusions

Focusing on the attributes of “important” service agents, based on the theory of fuzzy evaluation and multiple
attribute decision making, this paper discussed how to deal with the uncertainty and fuzziness in the process of
evaluating the service agents. Furthermore, methods of comprehensive evaluation and multiple attribute decision
making are adopted to evaluate “important” service agents from quantitative and qualitative views respectively.
On this basis, fuzzy Borda method was used to combine the results of quantitative and qualitative evaluations to
rank the “important” service agents.

As is shown in the examples presented, the evaluation results which are gained from the three methods men-
tioned have good consistency®. Since the fuzzy Borda method combines the quantitative results with the qualita-
tive results, the ranking results based on this method can embody the final evaluation results of “important” ser-
vice agents. Methods involved in this dissertation are simple, reasonable and operable. It is convenient to make
evaluation and selection of “important” service agents of new-tech products.
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