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Abstract

The performance evaluation of weapon systems is multiple attribute
decision-making problems. The descriptions and judgements on weapon systems
are usually linguistic and fuzzy. The traditional method of Analytic Hierarchy
Process(AHP), not covering subjectivity and fuzziness of the decision maker on
selecting weapon system problems, are mainly used in crisp(non-fuzzy)decision
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application with a very unbalance scale of judgments. To overcome these
problems, in this paper, we will propose a new and general decision making
method for evaluating weapon systems using concept of fuzzy hierarchy analytic
framework and for fuzzy numbers ranking by central point distance method and
the coefficient of variation. First of all, from specification data of weapon systems
and the opinions of many experts, we will build a membership function of
judgement criteria for all sub-items of weapon systems. When the membership
function is built, we can calculate the grade value by specification data of weapon
systems to represent performance score. Therefore, we can establish the total
fuzzy judgement matrix by total performance score, then using distance index and
CV concept to compare fuzzy numbers ordering, and obtaining optimal alternative.
At last, we use the choice of a new generation military fighter as an example to
illustrate our evaluative process.

Keywords: Fuzzy Numbers, Fuzzy Ranking, Distance Method, Analytic Hierarchy
Process

~HE

J& & 5 #7 % (Analytic Hierarchy Process » ff# AHP) [3]4 Saaty # 1971 £ 57

REN—FHRRF % TERALERTEELHEARSBEAAMMAMLE - 4 AHP 1%

RUR » CRZBANEARR - AHP JEMRE RGP 2B R

UBEHFAFE LM TFHARFMAHLRARS R HER LML YE
#Mag Bhwad  REREBEFENFEHELE  HAPEZEE -

AHP AR REGTLATILE AR B PERERBABRH TR
k@B BRE SO RENUEE R I~IREHMEFXNEAHEZFL
EEFERTSEEARHEN RN EIRMNRAES FAEZTRFE - Floo L HHELL
BHEME B NEFRRE RRAFTERRULBREAREE L EXHYFE
B TRRHLE X A AB AR SHTRE S 8555 — AR ETHAE
AT H BB P ELLEGAE  BAEUE TR LF3 AEME RN E
(FAHP)TT i # #1522 A BB ABMREETH BH AT R P EHEAR
HiM 2 M E > Mon et al.[S]# 1994 32 i 2L entropy # E koot > 35 1 AHP j&
AR TRS LA BBk

1.LAHP 2 X R R oA (JEMM) RRL -
2.AHP A A A HBMREH TR -
3AHP AR EABRH MR THEETR | -
4. AHP k69 3k 548 & R BA 5% -
SRREXTBRGFE - EBRGFH AHP S ENE R FRAHEE | BPHE L
Ry ARAERERREHY o

ATABRUALRAE  ARAREREH -2 BR24EL  LEEHER
HIAMERBBIFAEAGRE B EURB IBRR A EB RBELYE -
HHBEAGMERSETH > THELGERHENOZBEREATKETH &
A AHP A R A RE I BMH ERI BB RAHRFNESR  BRA T ORIEE
BYRGHABSWUBA > FHRBTE > REAM—RKBM A AFETHR
BA 3145 @42 -



FEFESR Fwik Fo4 F118F REBAT=%

REBBTNHHS AR BEYRERBERTETY  AARAHKG S BIHAR
AEAEARAERARAFE PEAEGRAM ) BRRME TS S B MR REuzzy
Multiple Attribute Decision Making, FMADM)# % & - & F /& 41 % 6 32 3% (Fuzzy
Set Theory)E i £ % B M2 RZ MK » & Bellman $ Zadeh[7]# 1970 Fpro & »
BS+ER AMEHMSBLARIARERAR  FAHRR -

B % BHRRF EEARALE REMKS, 9] -

MEEE — o 3 BB H BT A B TE ) EE 2 $ 48 18 (the Aggregation of the Performance
score) °

Mo fk R BEE T R BAE B E A RHER

HEAHE ) % B ik R(MADM) B 28 R 3.0 3K A o #4848 & XA K $(Real Number)
A7 HOTHOLE > TUREFIHLHEEF EoUHAF Bt #AS AR
AREMBOESETNE R M E BHARMBRR  BEFT ROME
SR A AR AT MRAMBESFERAR —HAESER B &
RMEE -HEARMSBRARPMBAEYERY  LRAR > BAHME AN
REME N EE —HEALBR MR E AT 5 -

S BMRRMA TUmxnthrRERDAE LTS
X, X, - X

Al x] ! ‘xl 2

Am xml

X

m2 mn

B j=L2,... nkTHEMEFEREGEK xuiﬁ:zfﬁ A‘_,{{._E/}in 8 345 2K
%t %, tt, % (performance or rating) °

Hwang $1 Yoon[10](1981)% #4449 % B R R FH EMA A 4w ¥ 2 > 5
B BRAEF FOARBRE  RLZABMS B AR HmEA S AN S
otk ik RPIRRZ B M H B E B 0 AR OURE G A]R B 6 TR B X RS
f# -

- BHMERMRMBER

1965 £ £ B & $HiE 4| 2% Zadeh[3]#) 3 THMER > R —EHERTLE
PRMA LT L MO BREAREERFNOEEATNBAENAEIRY
ALtk M oZadeh ABRERMELZES PRBRE  RAHEGHSES
HEm e — Rk -

[ % 2.1) % U & —3% B (Universe of Discourse) » 4 AU &) — @M% > &4
FEExeUHiEx—EE u, (x)e 1] AEiTxAgBREE > BHBAXW
B R B u () U[01]r @op,(x) ks 4 B 2t -



FEG BER RAY ANSHMERIWRSAESR LU FFEXB 44

[£422) BMES AR HRU LoyiERNormal) B Y (Convex)Z ##-F & -
FTEMR, &Bp:

Ix e U, py(x)=1 (1)
Moy, &ep:
Vx,,x, eU,VYie[0]1]
p (A, + (1= A)x, ) 2 Min(pg (x,) 15 (%, ) @

[Z£23]) ERLAENES LEACAMERHBHIHOBMES > BAHK
W o TEPBRBBETESRET I M
B A A—BEE > LB EHA 4 () U-[0]]

(1) 1 (x) B & Fr i 5k

(2) p;(x) 2y — B &

G u;(x) BERIHMTE > B E—THm £53p,(m)=1
[RA24) BHESARKBRU Ltho—cut Z ¥ F% > B
Za ={x|,uz(x)2 a,er} 3)
a # B 15wk #E(Confidence Level) ) a—cut G X RS AE > CTUKRBMES T
R & — Ak % 4 (Crisp Set) °
[£425) AR Axibs—B=nta(abc) RHBIBRTEA

(0,x<a
x—a, <x<b
p(x) =5 b-a 4
X b<x<e
c-b
0, x=c
WA A ZHB RN Hoa-cw R B A
4, =[a".c*]=[B-c)a +a,c~(c-ba] s)
M AR A= (a,a,,a,),B = (6,,b,,b,) 8 EE LR ¢
(1) poik EKADB :
(al’az’as)@ (bl’bZ’bS)::(al +b,,4a, +bz’a3+b3) (6)
Q) AR A®B :
(al,az,a3)®(bl,b2,b3)=(a, xb,a, sz’a3Xb3) (7)

E¥ O pal kmiM¥ik - RikyEETF -

=~ BB

BMEHAHRAERS BN ARAMMAETERY  BRERBHBETREY
B LIEABREEBOASLR  FEEE Y REMRIEF R BRE S
# + 4k Chen #2 Hwang[2)5F s %32 » St F 4B AW KHR
Type 1 : & %F M /% (Preference Relation)

(1) & 1£ #2 & & (Degree of Optimality)
(2) /% 9A 36 #& (Hamming Distance)
B)a—cut (a—#%)



PHEERER Fok F-H R118R REA+-F

(4) tb$% & #(Comparison Function)
Type 2 © ##8-F 34 & % B $(Fuzzy Mean and Spread)
# % 5 & (Probability Distribution)
Type 3 : ##348 (Fuzzy Scoring)
(1) % 1 tt % (Proportion to Optimal)
(2) £ & 14 (Left/Right Scores)
(3) ¥« 245 4% (Centroid Index)
(4) & #% 8 & (Area Measurement)
Type 4 : 35 & % 5~ (Linguistic Expression)
(1) A % (Intuition)
(2) 3% % % #(Linguistic Approximation)

R POIERRER & Yager[13]$2 Murakami et al [12]4- %42 & ; #45-F34
$RPEHZBENSER A G LeeLi[11[RE & 2 LERZMBRNT EERR
FTEHAEERE AT E A BB 1998 FREZ KRG FORIEE AR E
HBOBAEAEBBBFA T -

3.1 ¥.u 2535 4% 75 (Centroid Index)

PO E AR - BEHRKANBHN PR — BRI AR BT
B—xfa AFEAHTHE— VA HHEBATERB X EHRERG b X,y
Ffa i & T 4% Yager[13]#9 3k A &8 41 B X 4 > Murakami et al[12]49 3k 5 74 Rl 1 B
X,y WA > 12 Murakami[12]% 93t F ik AR 6 F F > AAAG YEE48E o dsb™T
R XEMFABSEBFER P E—MAEENER 2R Yager[l3]|&
Murakami et al[ 1219 ¥ 747 BAL T MBS A EA KD - RIILARE AL
MepfAg i RegEME > B R EAERLE  CRAR  AAABBRZ YER—
REiME o EHABRBMBZIIABERLLHARRZAREAEAZIT  yERY
BREBEBEHFRERGERE -

ATHRAULHEE  AAEURE P OB(XY)EEME > RHERBEFC
LA IERE 0 AE A AR FETAE SR T 0 ERGERAZ

[$8—) —#ums i TaA=|abcdl] LHBIETEATS

. 174 g<x<b
f;(x), as<x<b b—a
5 i, b<x<c 7 1, b<x<c ®)
~ =9 = [~ =
A R A
f;(x), c<x<d x-d o<
, <x<d
0, otherwise c—d
0, otherwise

g4 fEifa,b]>[01] fF :[e.d]->[01]

# el p e KERBEN  RRAKKELE BATA
gt:[01] - [a,6]= gt =a+(b-a)y : A#ey % 1] [e.d] > [01] A2 K B RA
o AR EHEE  BRFBE; 0] cd]= el =d+(c-d)y

[$5-)] —Bap i onpi(r,7,)TEhs



HFEG BER RAX ENRBRLIHBSAERLIRMBNFIERB 44

_(Z) f(xf )dx+_[x‘1x+f(x,4)dx
(Ut e+ [avs [ (rF)ax

. )- [bet)ay+ [y

T ety [le

B o 42X, #1 Murakami et al[12])Z x 48 B &Y » & AT A4 A Mathcad %
Mathematica £ # $c g8 it B f o 5k (xo,yo)}:ijmiﬁ

(=) stEHAF 28 RERBEF O IERE B
R(A)= &) +G,) (1)
[S%e] B sempmsd > Zex  x={ 4,4} % anH
$ELS MBHEBAFREAETHHE
Wz R(E)<r(Z) > 714 < 4,
@#%R(4)=R(7) 014 =17,
@2 R(E)>R(E) w4 > 4,
Bl— B 1 AREZAMBRAZBRBEBE >34 4=03571)
4, (35708) B =(57,9,101) » B, =(6,7.9,10:0.6) » B, =(7,8,9,10,0.4) » %22 /8
& $ho T

)

(10)

";3, 3<x<5 ro.s"_3,3s)c<5
fi=1 1 x=5 f={ 08 x=5
—;f, 5<x<7 \0.87_x,5<xs7
x;5,53x<7 X0 6<x<7
5 = 1, 7<5x<9 f§2= 0.6, 7<x<9
10-x 5 x<10 0629=% 9cx<i0

0.4 17,7Sx<8

f~=ﬁ 04, 8<x<9
05-x

0.4 9<x<10



FHEERRR Fwhk F-o4 F118F REAA+T=-#

08|

0.6

0.41

0.2

B 1 ###A,4,B,B,B,

B P CRERETHR— > TUEY f{,f;f&fg,f;z)ig,&&uﬁ 1 (8)
DXEER 1> TURHEHRBLE R R 2 %k 2 B BHEXAF A
A, <4, <B, <B, <B, - Ai# & Liou-Wang[14]% i ¥ A 8 2 HI 88 > £ %51+ -
A=A, EAREEAXRZI T CBHBEREN 4 B A, ZRF -

A1 fi fi R S5 f; 2 RaE%

g585 85,85
4 3+2y 7-2y
4, 3+2/0.8y 7-2/0.8y
B, 5+2y 10—y
B, 6+1/0.6y 10-1/0.6y
B, 7+1/0.4y 10-1/0.4y

% | % | RE)=E) +6)
A 5 0.5 5.03
4, 5 0.4 5.02
B, | 7714 | 0.505 7.73
B, 8 0.3 8.01
B, 8.5 0.2 8.50




BEE BER RAL ANBUMBRKSMTRARERLBBMEBAERERS 424
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