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Abstract: Weapon operational effectiveness approach is proposed, the missile system 
operational effectiveness evaluation credibility index system is proposed, the missile 
system operational effectiveness evaluation credibility analysis method based on fuzzy 
AHP colony is proposed. The missile system operational effectiveness evaluation 
credibility index weight, through introducing triangle fuzzy number, can be obtained by 
using fuzzy AHP colony method. Single expert weight calculation method of colony 
decision-making is proposed, the missile system operational effectiveness evaluation 
credibility value can be obtained. The proposed methods can provide the research idea for 
other system operational effectiveness evaluation credibility analysis. 

1. Introduction 

Weapon operational effectiveness evaluation credibility is of fuzzy and qualitative concept, the 
missile system operational effectiveness evaluation credibility index system is established, the 
missile system operational effectiveness evaluation credibility is analyzed. 

2. Weapon operational effectiveness evaluation process 

Weapon operational effectiveness evaluation process is as follows. 
Evaluation step one is to the specific combat scenario of the missile system, the contents of the 

specific combat scenario includes combat posture and character, formation intention, combat 
environment, the missile system constitution and structure, the missile system air defense mission 
and so on. 

Evaluation step two is to select the missile system operational effectiveness evaluation 
methodology. 

Evaluation step three is to establish the missile system operational effectiveness evaluation 
model. 

The 3rd International Conference on Intelligent Energy and Power Systems (IEPS 2017)

Published by CSP © 2017 the Authors 200



 

Evaluat
effectivene

Evaluat
effectivene

Evaluat
Evaluat

validation.

3. Weapo

Weapon
missile sys
plan verific
by U11, the
system ope
system ope
the missile
defined by
defined by
factor is 
establishm
effectivene
effectivene
operationa
the missile
missile sys
by U51, the
factor is 
experiment
effectivene

tion step fo
ess evaluatio
tion step fi
ess evaluatio
tion step six
tion step se
 

on operatio

n operation
stem operati
cation facto
e air defens
erational eff
erational eff
e system o

y U22, the m
y U3, the m

defined b
ment method
ess evaluati
ess evaluat
l effectiven

e system op
stem operati
e missile sy

defined b
tation meth
ess evaluatio

Figure 1  W

our is to g
on. 
ive is to e
on method p

x is the miss
even is the

onal effectiv

nal effective
ional effecti
or is defined
se plan init

ffectiveness 
ffectiveness 
operational 

missile syste
missile syst
by U31, th
d verificati
ion model v
ion model 

ness evaluati
erational ef
ional effect

ystem opera
by U52, th
hod validat
on validatio

Weapon oper

get the init

stimate the
parameters.

sile system o
e missile sy

veness eval

eness evalu
iveness eva
d by U1, the
tial data ver
evaluation 
evaluation 
effectivene
m operation
tem operati
e missile 
ion factor 
validation f

type valid
ion model e
ffectiveness
tiveness eva
ational effec
he missile 
tion factor 

on factor is d

rational effe

tial data re

e numerical
. 
operational 
ystem oper

luation cred

uation credib
aluation cred
e air defens
racity verif
method ver
method rat

ess evaluati
nal effectiv
ional effect
system op
is defined

factor is de
dation facto
establishme
s evaluation
aluation resu
ctiveness ev

system o
is defined

defined by 

ectiveness e

equired by 

l values of

effectivene
rational eff

dibility ind

bility index
dibility fact
se plan integ
fication fact
rification fa
tionality ver
ion method

veness evalu
tiveness ev
perational 
d by U32, 
fined by U
or is defin
nt method v
 result valid
ult figure m

valuation re
operational 
d by U53, 
U6. 

evaluation c

the missil

f the missi

ess evaluatio
fectiveness 

dex system 

x system is
or is defined
grity verific
tor is define
actor is defi
rification fa
d logicality 
uation mode
aluation m
effectivene
the missil

U4, the miss
ned by U41

validation fa
dation facto

method valid
sult simulat
effectivene
the missil

credibility in

le system 

ile system 

on through t
evaluation 

s shown in 
d by U, the 

cation facto
ed by U12, 
ined by U2, 
actor is defin

verificatio
el verificati

model type 
ess evaluat
le system 
ile system 
1, the miss

factor is defi
or is defined
dation facto
tion method
ess evalua
le system 

ndex system

operational

operational

the model. 
credibility

Fig.1. The
air defense
r is defined
the missile
the missile

ned by U21,
on factor is
on factor is
verification
tion model
operational
operational

sile system
fined by U42

d by U5, the
r is defined
d validation
ation result

operational

 

m 

l 

l 

y 

e 
e 
d 
e 
e 
, 
s 
s 
n 
l 
l 
l 

m 
2, 
e 
d 
n 
t 
l 

 

201



 

4. Weapon operational effectiveness evaluation credibility analysis based on fuzzy AHP 
colony decision-making 

Assume that expert aggregation of fuzzy AHP colony decision-making is defined by

1 2{ , ,..., }pZ z z z . Based on Figure 1, assume that the number of sub-indexes for certain index 

(defined by B) is m, and the index evaluation aggregation is defined by G= 1 2{ , ,..., }mb b b . Weapon 

operational effectiveness evaluation credibility analysis process based on fuzzy AHP colony 
decision-making is as follows. 

4.1. Single expert evaluation value calculation 

Because of calculation difficulty of weapon operational effectiveness evaluation credibility data, 
the index B is evaluated by single expert (defined by lz ), through fuzzy mathematical theory, single 

index can be fuzzily evaluated, the missile system operational effectiveness can be evaluated by the 
expert through fuzzy comprehensive evaluation. 

4.1.1.  Fuzzy comprehensive evaluation of single index 

Assume that evaluation aggregation is defined by V={V1,V2,V3,V4,V5}={very good, good, 
common, bad, very bad}. 

Assume that the subjection value of the index (defined by ib ) to V by the expert lz  is liar , and 

the fuzzy relation vector is defined by Rl, 1≤i≤m, 0≤ liar ≤1, 1≤a≤5, Rl=( 1lir , 2lir , 3lir , 4lir , 5lir ). 

4.1.2.  Index weight calculation 

Through triangle fuzzy number, fuzzy estimation matrix is established, the index weight can be 
calculated. 

Assume that triangle fuzzy number mutual supplement estimation matrix is 
~

lP , and triangle 

fuzzy number is 
~

lijp =( lija , lijb , lijc ), 0≤ lija ≤ lijb ≤ lijc ≤1, 1≤j≤m, l=1,2,…,p, 
~

lP  can be defined 

by 
~ ~

( )l lij m mP p  . When i=j, lija = lijb = lijc =0.5. when i j, lija + ljic =1, lijb + ljib =1, lijc + ljia =1. 

When the index ib  and index jb  are compared by significance, the linguistic variables with their 

corresponding triangle fuzzy numbers are shown in Table 1. 

Table 1 Linguistic variables with their corresponding triangle fuzzy numbers 

Index significance 
comparison 

corresponding triangle fuzzy 
number 

bj is more important than bi (0,0.1,0.3) 
bj is important than bi (0.1,0.3,0.5) 

bi is the same important as 
bj 

(0.3,0.5,0.7) 

bi is more important than bj (0.5,0.7,0.9) 
bi is important than bj (0.7,0.9,1.0) 
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Assume that fuzzy comprehensive evaluation value of the index ib  by the expert lz  is 
~

liu , based 

on the triangle fuzzy number mutual supplement estimation matrix 
~

lP , 
~

liu =( lid , lie , lif )=

1 1 1

( , , )
m m m

lij lij lij
j j j

a b c
  
    1

1 1 1 1 1 1

( , , )
m m m m m m

lij lij lij
i j i j i j

a b c 

     
   1 1 1

1 1 1 1 1 1

( , , )

m m m

lij lij lij
j j j

m m m m m m

lij lij lij
i j i j i j

a b c

c b a

  

     


  

  
. 

Assume that left expectation value of the fuzzy comprehensive evaluation value 
~

liu  is 
~

( )liLQ u , 

and the right expectation value of the fuzzy comprehensive evaluation value 
~

liu  is 
~

( )liRQ u . 
~

( )liLQ u

=( lid + lie )/2, 
~

( )liRQ u =( lie + lif )/2. 

Assume that that expectation value of the fuzzy comprehensive evaluation value 
~

liu  is 
~

( )liQ u , 
~ ~ ~

( ) ( ) (1 ) ( )li li liL RQ u Q u Q u    , where   is optimistic and pessimistic coefficient, 0< <1.When 

 >0.5, which indicates that the expert lz  is pessimistic. When  =0.5, which indicates that the 

expert lz  is neutral. When  <0.5, which indicates that the expert lz  is optimistic. 

Assume that the weight of the index ib  given by the expert lz  is liw , 
~ ~

1

( ) / ( )
m

li lili
i

w Q u Q u


  . 

When liw  value is bigger, which indicates that the expert lz  thinks that the index ib  is more 

important. 

4.1.3. Single expert evaluation value calculation 

Assume that the evaluation value of the index B given by the expert lz  is HlB, HlB=( 1lBh , 2lBh , 3lBh ,

4lBh , 5lBh ) =( 1
1

m

li li
i

r w

 , 2

1

m

li li
i

r w

 , 3

1

m

li li
i

r w

 , 4

1

m

li li
i

r w

 , 5

1

m

li li
i

r w

 ). Assume that the missile system 

operational effectiveness evaluation credibility value of the index U given by the expert lz  is HlU, 

based on the index system in the Figure 1, according to the above method, HlU can be defined by 

HlU=( 1lUh , 2lUh , 3lUh , 4lUh , 5lUh )                                                         (1) 

4.2. Expert weight calculation 

Expert weight can be divided by former and latter weight. Former weight is related with the 
expert’s overpassed information, including the influence factors such as specialty level, experience, 
information structure, familiarity degree of the operational effectiveness evaluation. Assume that 
the former weight for the expert lz  is lx , it can be calculated by hiberarchy analysis method, 0≤

lx ≤1, 1x + 2 x +…+ px =1. 

Assume that the latter weight for the expert lz  is lh , it can be calculated by 

1 2 3 4 5

1 2 3 4 5
1

max{ , , , , }

max{ , , , , }

lU lU lU lU lU
lh p

sU sU sU sU sU
s

h h h h h

h h h h h







                                                (2) 
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where 0≤ lh ≤1, 1h + 2h +…+ ph =1. 

The weight for the expert lz  can be calculated by 

1

(1 )

(1 )

lx lh
l p

wx wh
w

  
  



 


 
                                                           (3) 

where 0≤ l ≤1, 1 + 2 +…+ p =1, 0≤≤1. 

4.3. Expert colony evaluation value 

Through the expert weight value l  and the evaluation value HlU for the expert lz , the expert 

colony evaluation value (defined by 
~

H ) can be calculated by 
~

H =( 1h , 2h , 3h , 4h , 5h ) =( 1
1

p

l lU
l

h

 , 2

1

p

l lU
l

h

 , 3

1

p

l lU
l

h

 , 4

1

p

l lU
l

h

 , 5

1

p

l lU
l

h

 )               (4) 

4.4. Non-fuzziness 

Through the maximum value method, weapon operational effectiveness evaluation credibility 

value is the maximum value of the 
~

H = max{ 1h , 2h , 3h , 4h , 5h }. 

5. Conclusions 

Based on weapon operational effectiveness evaluation process, the missile system operational 
effectiveness evaluation credibility index system is proposed, the missile system operational 
effectiveness evaluation credibility analysis method based on fuzzy AHP colony decision-making is 
proposed. The proposed method is simple and practical, and the attempt to carry through the missile 
system operational effectiveness evaluation credibility analysis, and provide a new research 
methodology for other weapon system operational effectiveness evaluation credibility analysis. 
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