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Abstract. According to the characteristics of military supply chain, we design the indicator of
performance evaluation based on the key factors of supply chain strategy in this paper. When
talking about estimating performance evaluation, in order to materialize the punitive or stimulant
request that decision-maker performs towards decision-making factors, but constant weight
synthesis method can’t fulfill the request, so an improved fuzzy evaluating model based on
hierarchy variable weight is put forward.

Introduction

Military supply chain is a new kind of logistics support mode, adapting to the needs of the
development of the information war and network war [1]. It puts together purchase, stock,
transportation and ultimately armies, which brings the advantages of the supply chain into full play
and gains the maximum benefits of the supply chain. In order to evaluate the integrated effect of
military supply chain and improve the performance of military supply chain, reasonable evaluation
methods and appropriate evaluation indicators should be adopted to get the feedback information
timely in the process of military supply chain management[2].

Traditional performance evaluation methods of supply chain include linear weighted method,
multi-objective fuzzy evaluation, probability and statistics based ways, etc [3], which give
reasonable evaluation results in most circumstances. However, two main drawbacks lie in the
traditional methods: the value setting of indicators and the weighting of each indicator. Generally,
the values of most indicators for evaluating the performance of the military supply chain are hard to
set quantitatively. Moreover, the lower value of one single indicator will greatly reduce the overall
performance whereas the higher value of one single indicator will not necessarily make the overall
performance increased significantly. Therefore, the indicator’s weight should change with the
evaluation value where penalty weight should be larger than the awarding value. In this paper, a
fuzzy evaluating model based on variable weight and corresponding indicators concerning three key
factors of military supply chain strategy are proposed.

The indicator system of performance evaluation

In order to evaluate the performance of supply chain, many scholars have proposed various
evaluation indicator systems. These indicator systems can be largely divided into three categories:
SCOR, balanced score card and ROF (resource, output and flexible) [4,5]. However, most of these
index systems is introduced based on enterprise supply chain and may not apply to the military
supply chain. The indicator system of military supply chain performance evaluation must establish
according to its own characteristics [6].

By reviewing international and domestic supply chain performance evaluation index system, we
list out the key factors (resource, output, and the flexible) of supply chain strategy on which the
indicator of performance evaluation are based, and break them down into detailed sub-items. Based
on these detailed sub-items, we design our performance evaluation indicator system (see Fig.1)
according to the characteristics of military supply chain.
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Fig.1: The indicator system of military supply chain performance evaluation

The fuzzy evaluation model
The indicator of military supply chain performance evaluation has two hierarchies. Let the first

hierarchy indicator be (¢1’¢2""’¢"), then the second hierarchy indicator % of % are defined as

29272%a) The weights and the factor evaluation matrices of first and second hierarchy

indicators are denoted as %, “and X, X respectively.

The fuzzy evaluation model calculates the value of performance evaluation, sorting into orders
the performance of supply chain. The basic steps are as follows:
The determination of indicator weights

Construct the decision matrix of every hierarchy indicators, calculate the maximal eigenvalue
and its eigenvectors and educe the relative weights of every hierarchy indicators[7]. Analyze the

consistency and error in the decision matrix and reduce the first weights % and the second grades
indicators “i .
The single factor fuzzy evaluation

Construct the factors and evaluation sets of every hierarchy indicators[8]. Set up performance
evaluation team and judge indicators. Educe the factor evaluation matrixes of second hierarchy
indicators % .
The fuzzy comprehensive evaluation

Educe % and V accordingg to Eqg.1 and Eqg. 2 respectively. Ordering the performancee of
supply chain according to the value of V.
i=12,,n 1)

V=2o-X )
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The fuzzy evaluation model based on hierarchy variable weight

The principle of variable weight is the indicators’ weight varies with the indicators’ value, in
order to make weight can better reflect the corresponding factors role in decision making[9].
The establishment of decision model

Because %% % mutual independence, we may assume that the value Yi of % is the evaluate
¢j1l¢jzl"'v¢jqj XJ (le’XJZ’ .

wjl'a)jZ'”.’w

value of X"“') is the factors’ state vector, i :( Ia ) is constant

SJ(XJl’XJZ’ ) ’qu,):(s (Xll'XJZ’ ) ’Xqu)””’SJ’q (Xll’XJZ’ X

weight vector, $H )) is variable weight vector.

Using variable weight evaluation[lO] we have

Za) (le 12""'quj)xji ©)
Where,

@;S;; (le’sz'""qu,- )

(4)

a’lji(lelsz""’quj): qi

éwﬁsj (Xulxw ’ ’Xiq,)
We use variable weight method to evaluate Y =(y,,y,.y,). We assume o =(w,, o, @,) is the
constant weight vector, S(y,. Y, ¥,)=(S. (Y0 Y2 Y0 )i+ S, (Yo Vouren ¥, ) iS the variable weight

vector. We obtain the decision value

Vo (Yo Yo Yo ) = 2@ (Vi Yoo ) Y (5)
j=1
Where,
‘ S (Y Yo Y,
wj(yl’yz,,,,’yn)z me J(Y1 Y, y) (6)

zwisi (yl’ Yorth yn)
i

According to the value of Vn. we can obtain the comprehensive evaluation results. If there are
two grades above structure of the indicator system, we can also refer to the above method to
calculate.

The determination of mapping function

Mapping function determines the indicator weight of the extent of punishment and reward.
Because the actual situation of military supply chain performance evaluation demands punishment
range should be larger than the reward [11], we determine the following mapping function.

1
b™ +d  x; €[0,a]

1

{MT% +d  x; e[ab]

b-a
d X; e[b,C]

[e-w}mw +d  x elc]]

Where m, is the number of indicators, «; is the constant weight vector of x, ,xj,a,b,c,d,ee[O,l], a

(7)

is the negative threshold, b is the pass threshold, c is the reward threshold, d is the adjustment extent,
e is the extent rate of reward and punishment. According to the actual situation of the military
supply chain, we apply these values: a=0.3,b=0.6,¢=0.9,d=0.2,e =0.75.
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Examples of evaluation

Using the analytic hierarchy process (AHP), experts determine the constant weights of indicators,
investigate four military supply chain (Al, A2, A3, A4) each secondary grade indicators of single
factor valuation. The result of constant weights and single factor valuation is shown in table 1.

Table 1: The data of constant weight and single factor evaluation
First ~ Secondary The single factor evaluation data of

indictors indicators L
weights __weijghts Al A2 A3 Al

Un(0.305 0800 0600 0990  0.602

Ulz() 164 0802 0802 0810  0.600

(0.%%3) Uis(0.240 9801 0800 0990  0.402
U138 9801 0803 0981  0.605
UisQ-152° 9989 0605 0983  0.605
U20.074 0402 0801 0997  0.800
U220.158 9800 0997 0188  0.700
U2s(0-046 9989 0987 0978  0.802

U24() 051 0259 0262 0463  0.295

u, Us(0.041 9963 0597 0498  0.668
(0411)  U26(0.108 117 0201 0218  0.499
U20-126 9168 0048 0063  0.076
U2s(0.162 o527 0472 0469  0.486
U00-183 o871 0862 0882  0.901
U2101§0-05 0.344 0592 0492  0.119

Usl() 118 0527 0965 0585  0.630

U2(0.380 9355 0953 0962  0.728

(0}556) Uss-240 9396 0963 0820 0.712
UsaD-145 0477 0992 0654  0.267
Uss()-117 0826 0.862 0876  0.965

Fuzzy evaluation
According to the Eg.1, we can evaluate the secondary indicators. where
X1 = (a)uva)lz!wm’a)ulwm)'(X11’ X1 K31 Xig, X15)T
=(0.305,0.164,0.240,0.138,0.152)(0.8,0.802,0.801,0.801,0.989)"
=0.8296

Similarly, we can get the secondary evaluation matrix X. By substituting X into the Eq.2, we can

obtain
V =(0.6383,0.7123,0.7377,0.5822)

We can obtain V3>V,>V;>V, form the result. Thus, in the four military supply chain, the highest
performance is A3, the order of rest supply chain’ performance is A2, Al and A4 in turn.
Hierarchical fuzzy evaluation model of variable weight.

We calculate the performance evaluation of A3 as an example.
The variable weight value of U1, Ui, U1z, U4, Uss in A3’ performance evaluation is
(011, 01, 05, 0,4, 35 ) = (0.4181,0.0590,0.2897,0.1072,0.1310)
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and so
f . . . . T
y13 = (a)u!a)12!a)13’a)14’w15)()(1311 X1321 X1331 X1341 X135)
=(0.4181,0.059,0.2897,0.1072,0.131)(0.99,0.81,0.99,0.981,0.983)" =0.9775
Similarly, we can obtain (y;,y;,y;)=(0.9775,0.3565,0.8940)

The variable weight value of U1, U, U3 in A3’ performance evaluation is
(e, @,,0,) = (0.3944,0.5348,0.0707)

and so
' f ' . T
Vs =(a)1,w2,a)3)(yf, Y, yg)
— (0.3944,0.5348,0.0707)(0.9775,0.3565,0.894)'

=0.6394

Similarly, we can obtain(vl VoV Vi) :(0'4790’0'6453’0'6394’0'4671), Vo >Va >V >V, Compared with

constant weights of fuzzy evaluation, the performance of A3 decreases more than other supply
chain. The main reason is that the U22 evaluation value of A3 is much lower than other supply
chains, suggesting that the hierarchy fuzzy evaluation model of variable weight can realize the
desired effect.

Conclusions

The ultimate goal of military supply chain performance evaluation is to optimize the whole
process of supply chain which definitely will reduce the supply time and improve the efficiency of
support. In this paper, we designs the indicator of performance evaluation based on the key factors
of supply chain strategy, where we combine the fuzzy evaluation with hierarchy variable weight
theory to do the performance calculation procedure. Experimental results on a real example
demonstrate that our model is more scientific. Moreover, the model proposed in our paper is
flexible and thus can be applied to other supply chain performance evaluation.
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