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Abstract. The missing of the judgement value is a common issue in the effectiveness evaluation
practice of the materiel support command and control. Based on the fuzzy consistency, a estimation
and compensation algorithm of incomplete comparison matrix is proposed, and it revise the tradition
FAHP methods, then the effectiveness evaluation method and process of the materiel support
command and control based on the revised method are discussed, finally, a case which takes the
command and control system of a certain unit as the research object is proceeded.
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1. Introduction

Due to better combine the subjectivity and the objectivity, qualitative and quantitative, analytic
hierarchy process (AHP) have achieved good effect in the effectiveness evaluation practice of the
system, but the AHP also exposed some problems while using, for example, it is not effective to
handle imprecise judgment value and uncertainty, therefore, some scholars put forward the concept of
fuzzy analytic hierarchy process (FAHP), in order to improve the applicability of AHP. The main
research in this area includes: Buckley put forward the concept of fuzzy matrix, and defined the
concept of fuzzy matrix consistency; Holland scholar Van Loargoven first proposed a method by
using a triangular fuzzy number to represent fuzzy comparison judgment matrix, and sorted the
elements.

In the effectiveness evaluation practice of the materiel support command and control which based
on AHP, evaluation experts may not know about the relative importance between some indexes, at
this time, if the experts are required to graded the relative weight value mechanically, it will reduce
the scientific and objective of the evaluation, to solve this problem, the experts are allowed to use
missing values to represent the situation of unawareness, dimness, unacquaintance, which lead to the
problem of incomplete information of FAHP, therefore, the effectiveness evaluation method of the
materiel support command and control which based on incomplete information of FAHP should be
researched.

From the published literature, in the research of FAHP which based on triangular fuzzy number,
the research of experts’ judgment missing values problem is lacked, so this article proposes a
modified algorithm to compensate for incomplete information based on the FAHP, and the algorithm
was applied to equipment support effectiveness evaluation.

2. Fuzzy comparison judgment matrix and the definition of its consistency

Fuzzy comparison judgment matrix is the important foundation of fuzzy AHP model proposed by
Buckley and Van Loargoven, the following is the definition of the main concepts.

Definition 1: The triangular fuzzy number. A triangular fuzzy number can be defined as three
values of I, m, u, the three tuple R ij= (I,m,u), which describes the fuzzy when deciding and judging.
Common operations of triangular fuzzy number is addition, multiplication, division, tuple,
specifically defined as: let M1=(11,m1,ul),M2=(12,m2,u2), so M1 @ M2= (11+12,m1+m2,ul+u2),
MI® M2 =(1112,m1-m2, ul-u2), MI/M2=(11+12,m1+m2,ul+u2), there are the tuple operations:
(M)L=1,(M)M=m and(M)U=u.
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Definition 2: Fuzzy comparison judgment matrix. By the form of pairwise comparison to
determine the relative importance of decision between the indexes, and the triangular fuzzy numbers
to express, to form the judgment matrix called the fuzzy comparative judgment matrix, can be
expressed as M .M =[R ijJnxn

And M ij is a triangular fuzzy number, n is the order of matrix, and the number of index too.
Which is similar to the traditional comparative judgment matrix, fuzzy comparison judgment matrix
is reciprocal matrix, can be called the fuzzy reciprocal matrix.

Definition 3: fuzzy consistency. To fuzzy comparison judgment matrix, M =[ R ijJnxn, if
Rij® Rjk=R ik, Vi,j.k=1,2,..., n, the fuzzy positive reciprocal matrix will have fuzzy consistency.

3. Incomplete information and its compensation in FAHP

In traditional AHP, each element of the judgment matrix must be completely given by decision
makers, can be established a pairwise comparison matrix, but Harker believes that when they do not
known the questionnaire, these is no necessary to answer, so he proposed the concept of incomplete
pairwise comparison matrix, to truly reflected the objectivity of the fact, it must be used some
methods to deal with, when there is a situation of incomplete information in the judgment matrix.

As for a traditional complete information judgment matrix A, assumed that its elements are aij, if it
achieves the requirements of consistency, then for any k:

aij=aik/ajk or aij=axj/aki(i,j,k=1,2, ...,m)

That is to say, if aij is a missing judgment value, it should be given to determine the value of a
variety of data on the value of the missing of contact from the consistent point of view, so, the missing
value can be estimate from these.

We can use the arithmetic average value compensation of the known judgement value as the

estimated value or missing value of the missing value.
1/m

n 1/m m
aij:|:Haik /ajkj| or aij:{]_[ A /aki} "
ol k=1

aik, ajk, akj, aki are known judgement value, n is the order number of a matrix, m is the number of
rows or columns of the available compensation data. The former of the formula is compensated by
row, and the compensation information sources from the elements in i and j row, the latter is
compensated by column, and the compensation information sources from the elements in i and j
column.

Then, extended the above method to fuzzy judgment matrix. For a complete information fuzzy
judgment matrix M =[ R ijJan, as previously shown, if it achieves the requirements of fuzzy
consistency, then for any k:

Ri~Ri/R ik, V i,),k=1,2,...,nor Rij~R /R, V 1,,k=1,2,...,n

According to the relationships between elements of fuzzy consistent judgment matrix, it can be
given compensation algorithm of the missing values of fuzzy judgment matrix.

Set a fuzzy judgment matrix M =[ R ijJa<n, which can be decomposed into three matrices L, M and
U, and L, M, U elements corresponding to the first, second, third tuple of the corresponding position
in the fuzzy three tuple of M , i.e.:

Li=(R )L, Vi,j=1,2,....n

Mij=( R i, Vij=1,2,...,n

Ui=(Rij)u, Vij=1,2,....n

Let us compensate for the missing values of L, M and U. The emergence of a missing value means
the weight of corresponding indexes are uncertain or unknown to the decision makers, therefore,
when using the arithmetic average value to compensate, we should further enlarged the uncertainty of
the compensated triangular fuzzy number, that is to say, for L and U, can be zoom in and zoom out
certain coefficient z on the compensated arithmetic average value, generally, z is 2.1 ~ 2.4, L uses a
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compensation arithmetic average value divided by z, U uses a compensation arithmetic average value
multiplied by z. Specifically, the compensation formula of L, M and U is in type (1).

After the L, M and U were compensated for the missing values, we can reorganized a fuzzy matrix
by L, M and U, so the fuzzy matrix is the revised fuzzy matrix.

4. Examples of revised algorithm and analysis

Set there is a incomplete fuzzy judgment matrix in the following, as shown in Table 1.
For this incomplete fuzzy judgment matrix, we divide it into three matrix, L, M and U, that M is:
1 5 1/x 3.64

0.2 1 041 0.74
X 253 1 184

028 135 054 1

Let us compensate the M by Formula (1), according to the row compensation and the column
compensation.
Compensation on row: (the points in Row i divided by the j, and then get the arithmetic average)

P 1/2
x{]_[ a, /ajk} =0.506;
k=1

Can also be compensated on column, the answer of x is 0.503.

In the same way, L and U can be compensated respectively, when L and U are compensated, it can
get amplification coefficient z=1.3, the answer is:

Compensation value of L (compensation on row):

r o 1/2
X= ]_[aik/ajk} +7=0.381;
k=1

Compensation value of U (compensation on row):

r o 172
x= ]_[akj/aki} xz=0.381;
L k=1

When L, M and U are compensated, it can be reorganized a fuzzy matrix, as shown in table 2.

Table 1 One example of incomplete fuzzy judgment matrix.

(1,1,1) (4.2,5,5.8) 27? (2.53,3.64,4.77)

(0.17,0.2,0.24) (1,1,1) (0.28,0.41,0.61) (0.68,0.74,0.82)

77? (1.98,2.53,2.99) (1,1,1) (1.32.1.84,2.12)
(0.21,0.28,0.4) (1.11,1.35,1.99) (0.38,0.54,0.63) (1,1,1)

Table 2 Complete fuzzy judgment matrix after modified compensation

(1,1,1) (4.2,5,5.8) (1.608,1.976,2.625) (2.53,3.64,4.77)

(0.17,0.2,0.24) (1,1,1) (0.28,0.41,0.61) (0.68,0.74,0.82)

(0.381,0.506,0.622) (1.98,2.53,2.99) (1,1,1) (1.32.1.84,2.12)
(0.21,0.28,0.4) (1.11,1.35,1.99) (0.38,0.54,0.63) (1,1,1)

The revised method of FAHP based on incomplete information compensation has the following
characteristics: (1) the method use the consistency of fuzzy judgement matrix, which has a strict
mathematical foundation; (2) the method is simple and feasible in computation, the main procedure is
point divide operation in a row or column, convenient for manual or computer operation; (3) a lot of
examples shows that, the answer has more consistency by compensation on row and compensation on
column, that proved the scientific of the method; (4) the method can be proper amplification the
compensation interval of L and U, in accordance with decision psychology of the people, because
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policymakers uncertain judgment value, fuzzy values tend to be larger; (5) by using this method,
greatly increase the humanized and efficiency of FAHP method, so that the decision makers can be
more reasonable, more active, more fully to tap their own judgment.

5. Conclusion

This article on the use of fuzzy judgment matrix with fuzzy consistency shows the estimation of
evaluation value under the incomplete information situation and the compensation method, make full
use of the method, it can easily solve the evaluation questionnaire constraints and limitations to
evaluation experts, so humanization level which AHP method used in the effectiveness evaluation of
materiel support command and control greatly enhanced.
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