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"CU= xOW xO=O u=Wv 1 pmW QO

=yQ=}atQ} R w =yQ=}at uRw |x@U=Lt "2"3
R= xO=iDU= =@ w |HwR C=U}=kt T} QD=t \UwD =yxv} Ro R= s=OmQy uRw AHP QO
u; |}=v=wD 'xS} w Q=OQ@ VwQ |=yxYNWt R= |m} "OwW|t x@U=Lt xS} w Q=OQ@ VwQ

Ovv=t� CU= O}it |Ov@Tqm |=Q@ xm =yxO=O R= p=t|v}t |xawtHt uDi=} "4
&�C=aq]= O=OaD w O=a@= uOQmsm

&�OwW|t xO=iDU= j}kLD u}= QO� =yQ=}at |Q=O=vat |@=} RQ= "5
[22]"=yxO=O |wQ R= |Q}os}tYD u}v=wk O}rwD "6

%CU= xOW xO=O KQW u}vJ |@} QkD |=yxawtHt |x} Q_v syt s}y=it R= |NQ@
%OW=@ u}vJ Ov=wD|t xO=O pwOH Qy |rm Qw]x@

S = hU;R; V; fi (1)

'R = P [Q |x]@=Q QO ,qFt "CU= <|W Qy R= OwOLt |}xawtHt U u; QO xm
|=yQ=}at xawtHt ?}DQDx@Q w P |=yxawtHtQ} R w CU=yQ=}at R= |}xawtHt R
w CU= r �Q=}at� xYNWt |xvt=O Vr "Ov=s}tYD |=yQ=}at xawtHt w |]QW

%s} Q=O
V =

[
r2R Vr (2)

%s} Q=O U w[a x Qy w R w[a r Qy |=Q@ u}vJty "CU= R R= |w[a r
f : U �R! V (3)

xawtHt R=B pFt |yDQ}e xawtHtQ} R Qy |=Q@ "CU= C=aq]= `@=D 'f pt=m `@=D xm
OwW|tXNWt IND(B) =@ �R}tD p@=k Q}e� |v=Uty |x]@=Ql} 'R |=yQ=}at

%CW=O s}y=wN w
IND(B) = f (x; y)j (x; y) 2 U � U;8b 2 B (b(x) = b(y))g

(4)

w uQ=kDt '|@=DR=@� |RQ= sy |x]@=Q l} |v=Uty |x]@=Q u}= xm CU= K[=w
=@ =Q IND(B) |x]@=Q |RQ=sy |=yTqm |t=tD |xawtHt "CU= �s}kDUtQ}e

[23]"OvyO|t V}=tv w Ovvm|t XNWt U j IND(B)

%Ovvm|t h} QaD u}vJ =Q P |=yQ=}at xawtHt R= H(P ) |B wQDv; "1 h} QaD
H(P ) = �

nX
i=1

p(Xi) log2 p(Xi) (5)

%u; QO xm
p(Xi) = jXijjU j
X = |x}L=v QO P xm |Dkw Ovm|t XNWt =Q Xi p=tDL= p(Xi) `k=w QO

"OW=@ xOW R=Qi= U `HQt R= fX1; X2; :::; Xng
%Q C=aq]= x@ xHwD =@ H(QjP ) |]QW |B wQDv; "2 h} QaD

Q(U j IND(Q) = fY1; Y2; :::; Ymg)
%P C=aq]= x@ xDU@=w xm

P (U j IND(P ) = fX1; X2; :::; Xng)
%OwW|t h} QaD u}vJ 'CU=

H(QjP ) = �
nX
i=1

p(Xi)
mX
j=1

p( Yj jXi) log2 p(Yj jXi) (6)
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"""w
A

H
P
?}m

QDR=
xO=i

DU=
=@xO

vvmu
}t- =D

?=N
Dv=

"xOvvmu}t-=D ?=NDv= ?D=Qt xrUrU "1 pmW

"CtON K]U w C}i}m 'Ct}k |=yQ=}at |xQ=@ QO |D=@U=Lt G}=Dv "2 pwOH
CI �max �W� uRw SGF

0 3 0000 0 4321 0 1882 (a) Ct}k
0 2346 0 1022 (b) C}i}m
0 3333 0 1452 (c) CtON K]U

2 '1 K]U xU QO xm '=yQ=}atQ} R |=Q@ |Q=PoVRQ= u}ty |xvwtv "OwW|t xO=O
j@=]t |Q}os}tYD pwOH l} TBU "OwW|t x�=Q= 3 pwOH QO xOW s=Hv= 3 w
R= hrDNt C=@}mQD x=Qtyx@ hrDNt |=yxv} Ro u; QO xm OwW|t |L=Q] 1 pwOH
?}mQD xOQ=yJ '1 pwOH QO "OwW|t CUQyi |@=} RQ= Ov}=Qi R= p@k '=yQ=}at R=}Dt=
xOW CUQyi |xv} Ro xOQ=yJ xm CU= QmP x@ sRq "CU= xOW CUQyi hrDNt
Qou=}@ xmr@ 'CU}v xO=iDU= OQwt u=oOvvmu}t-=D O=OaD Qou=Wv ,=twRr 1 pwOH QO
Qou=Wv 1 pwOH QO 2 |xv} Ro p=Ft |=Q@ "CU=yQ=}at R=}Dt= hrDNt |=yCr=L
'O=} R Ct}k xOvvmu}t-=D xm OQ=O|tu=}@ =Q |Dr=L xmr@ 'CU}v |Y=N |xOvvmu}t-=D
Qw_vtx@ pwOH u}= TBU "CU= xOQm x�=Q= ?wN CtON K]U w ?wN C}i}m
u}= Qou=Wv |Q}os}tYD uwDU QO 1 OOa "OwW|t xO=O |@=} RQ= s}D x@ '|Q}os}tYD
OwW|t ?=NDv= xOvvmu}t-=D 1 pwOH QO xOW XNWt |=yQ=}at R=}Dt= =@ xm CU=
"OwW|tv ?=NDv= xOvvmu}t-=D '=yQ=}at R=}Dt= u}= =@ xm OyO|t u=Wv QiY OOa w
Ct}k |}xOvvmu}t-=D Qo = xm Ovm|t h}YwD swO Q]U QO swO ?}mQD 'p=Ft |=Q@
?wN xOvvmu}t-=D CtON K]U w C}i}m Qo = |DL OwW|tv ?=NDv= OyO x�=Q= q=@

"OW=@
'Ct}k |=yQ=}at |Q=O=vat '7 |r= 1 \@=wQ w |Q}os}tYD pwOH R= xO=iDU= =@

[16]%OwW|t x@U=Lt 13 =D 9 \@=wQ R= xO=iDU= =@ CtON K]U w C}i}m

U j IND fa; b; cg =

8>><>>:
f1g ; f2g ; f3g ; f4g ; f5g ;
f16g ; f7g ; f8g ; f9g ;
f10g ; f11g ; f12g ; f13g ; f14g

9>>=>>; (9)

U j IND fdg =

( f2; 5; 6; 7; 10; 11; 12; 13; 14g ;
f1; 3; 4; 8; 9g

)
= fY1; Y2g (10)

"CtON K]U w C}i}m 'Ct}k |=Q@ s}tYD pwOH "1 pwOH
s}tYD CtON K]U C}i}m Ct}k xv} Ro
(d) (c) (b) (a)

1 1 1 2 1
0 1 1 3 2
1 2 2 1 3
1 2 2 2 4
0 1 2 3 5
0 3 2 1 6
0 1 3 1 7
1 3 1 1 8
1 1 2 2 9
0 3 2 2 10
0 1 3 3 11
0 2 2 3 12
0 1 3 2 13
0 3 1 2 14

"CU= (CI) |oDUw}B XN=W uOQw; CUO x@ QO
CI = �max � n

n� 1 (8)

u}= |xS} w Q}O=kt u}ov=}t �max w |HwR C=U}=kt T} QD=t |x@DQ n x]@=Q u}= QO
xOvQ}os}tYD OwW|t x}YwD 'OW=@ 0 1 R= QDW}@ 'CI Q=Okt Qo = "CU= T} QD=t
=yQ=}at |Q=O=vat swyit R= xO=iDU= "Ovm s}_vD =Q |HwR C=U}=kt T} QD=t ,=OOHt
pmWt 'CU= xOW O=yvW}B j}kLD u}= QO xm '|@} QkD |=yxawtHt |x} Q_v QO
l} '1 pmW R= swO K]U |=Q@ "Ovm|t pL =Q AHP VwQ QO |@=} RQ= |=]N
uwDU Q}O=kt pwOH u}= xD@r=� xOW |L=Q] 1 pwOH x}@W |Q}os}tYD pwOH
=Q s}tYD |xH}Dv |Q}os}tYD R= TB |@=} RQ= s}D =D '�OwW|tv pt=W =Q s}tYD
xU QO CtON K]U w C}i}m 'Ct}k |=yQ=}at =OD@= "Ovm GQO s}tYD uwDU QO
w \UwDt 'sm pO=at ?}DQDx@ xm OwW|t |Q=PoVRQ= 3 w 2 '1 Q}O=kt =@ 'K]U
|=yQ=}at |=Q@ h}a[ w \UwDt '?wN pO=at u}vJty w 'Ct}k Q=}at |=Q@ O=} R
u=Wv 2 pwOH QO w xOW x@U=Lt =yQ=}at u}= uRw xm CU= CtON K]U w C}i}m
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"""w
|v}

t=u
}t='

O=Sv|
ra=

[Q}
ra "hrDNt |=yQ=}atQ} R |=Q@ 3 =D 1 Q}O=kt |v=at "3 pwOH

s}tYD |xQwO CWoQ@ u=tR C}iQ_ p}wLD C}r@=k ?}=at K]U Q=Okt|Dv=Q=w C=Q}taD u}t-=D `kwtx@ u=v}t]= |vi
?wN Ovr@ x=Dwm q=@ ?wN O=} R sm O=} R 1
\UwDt \UwDt \UwDt \UwDt \UwDt \UwDt \UwDt \UwDt 2
h}a[ x=Dwm Ovr@ u}}=B h}a[ sm O=} R sm 3

%OwW|t
CI = �max � n

n� 1 = 3� 3
3� 1 = 0 (16)

|=yxawtHtVwQ =@ xOWp}mWD|HwRC=U}=ktT} QD=t xm OyO|t u=Wv xH}Dvu}=
VwQ R= xOt; CUO x@ J T} QD=t TBU "CU= Q=oR=U ,qt=m T} QD=t l} '|@} QkD

"O};|t CUO x@ (N) xR}r=tQv T} QD=t w xOW T=}kt|@ |]N sQv

N =

2664 0 4321 0 4321 0 4321
0 2346 0 2346 0 2346
0 3333 0 3333 0 3333

3775 (17)

u}O@ &s} Q}o@ |Q]U u}ov=}t N T} QD=t Q]U Qy R= CU= |i=m xrLQt u}= QO
%OwW|t pY=L R}v uRw Q=OQ@ ?}DQD

Wa = 0 4321� 3
3 = 0 4321

Wb = 0 2346� 3
3 = 0 2346

Wb = 0 3333� 3
3 = 0 3333 (18)

'0 4321 ?}DQDx@ CtON K]U w C}i}m 'Ct}k |=yQ=}at �C} wrw=� uRw u}=Q@=v@
"CU= xOy=Wtp@=k2pwOHCQwYx@ xOW x@U=LtG}=Dv "CU=0 3333w0 2346
xOW QmP |=yQ=}atQ} R |=Q@ Cw=iDt |v=at pt=L 3 w 2 '1 Q}O=kt 3 pwOH QO
|=yQ=}atQ} R |Ov@C} wrw= |=Q@ |Q}os}tYD pwOH l} 4 pwOH "CU= 1 pmW QO
R= 3 K]U� u=v}t]= C}r@=k w ?}=at '|vi K]U %R= Ov=CQ=@a xm CU= C}i}m
|=yQ=}at Q} R |Ov@C} wrw= |=Q@ |Q}os}tYD pwOHl} 5 pwOH u}vJty w �1 pmW
CWoQ@ u=tR 'u}t-=D C}iQ_ '`kwt x@ p} wLD %R= Ov= CQ=@a xm CU= CtON K]U

"C}i}m |=yQ=}atQ} R |xQ=@ QO s}tYD pwOH "4 pwOH
s}tYD C}r@=k ?}=at K]U xv} Rou=v}t]= |vi
?wN 2 1 1 1
?wN 1 2 1 2
\UwDt 2 2 1 3
?wN 2 1 2 4
\UwDt 1 2 2 5
\UwDt 2 2 2 6
\UwDt 3 1 1 7
\UwDt 2 1 3 8
h}a[ 2 3 3 9
h}a[ 2 3 2 10

U j IND fb; cg =

( f1; 2g ; f3; 4; 12g ; f5; 9g ;
f6; 10g ; f7; 11; 13g ; f8; 14g

)
= fX1; X2; X3; X4; X5; X6g (11)

P (X1) = 2
14 ; P (Y1jX1) = 1

2 ; P (Y2jX1) = 1
2

P (X2) = 3
14 ; P (Y1jX2) = 1

3 ; P (Y2jX2) = 2
3

P (X3) = 2
14 ; P (Y1jX3) = 1

2 ; P (Y2jX3) = 1
2

P (X4) = 2
14 ; P (Y2jX4) = 1; P (Y2jX4) = 0 (12)

P (X5) = 3
14 ; P (Y1jX5) = 1; P (Y2jX5) = 0

P (X6) = 2
14 ; P (Y1jX6) = 1

2 ; P (Y2jX6) = 1
2

SGF (a; fb; cg ; fdg) =H (fdgj fb; cg)�H (fdgj fa; b; cg)
=� 2

14
�1

2 log 1
2 + 1

2 log 1
2
�
� 3

� 3
14
�1

3 log 1
3 + 2

3 log 2
3
�

= 0 1882
(13)

CUO x@ 0 1882 OOa w OW x@U=Lt �Ct}k Q=}at� a |xYNWt |Q=O=vat
0 1022 OOa �C}i}m Q=}at� b |xYNWt |Q=O=vat |=Q@ 'Ov}=Qi u}ty x@=Wt "Ot;
R= xO=iDU= =@ �CtON K]U Q=}at� c |xYNWt |Q=O=vat u}vJty "OW pY=L
b w a |xv} Ro |=Q@ '�|Q=O=vat� C}ty= Q=Okt Qo = "CU= 0 1452 Q@=Q@ Ov}=Qi u}=
"WaWb =@ CU= Q@=Q@ b |xv} Ro x@ C@Uv a |xv} Ro C} wrw= 'OW=@ Wb w Wa ?}DQDx@

%OwW|t h} QaD u}vJ |HwR C=U}=kt T} QD=t u}=Q@=v@

J =

0BBB@
W1
W1 : : : W1

Wn
...

. . .
...

Wn
W1 � � � Wn

Wn

1CCCA (14)

|Q=O=vat j@=]t J Cw=[k T} QD=t 'CtON K]U w C}i}m 'Ct}k |=yQ=}at |=Q@
%O};|t CUO x@ =yQ=}at

J =

2664 1 1 8415 1 2961
0 5430 1 0 7039
0 7715 1 4207 1

3775 (15)

u}vJty " �max = 3xm O=O u=Wv u=wD|t jwi T} QD=t |=Q@ �max |x@U=Lt =@
x@U=Lt J T} QD=t |=Q@ (CI) |Q=oR=U XN=W 8 |x]@=Q j@] "n = 3 s} Q=O
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"""w
A

H
P
?}m

QDR=
xO=i

DU=
=@xO

vvmu
}t- =D

?=N
Dv="CtON K]U |=yQ=}atQ} R |xQ=@ QO |D=@U=Lt G}=Dv "7 pwOH

CI �max �W� uRw SGF

0 4 0000 0 4000 0 1337 `kwtx@ p} wLD
0 3000 0 1003 u}t-=D C}iQ_
0 2000 0 0669 C=Q}taD CWoQ@ u=tR
0 1000 0 0334 |Dv=Q=w xQwO

"=yQ=}at Q} R w =yQ=}at |=Q@ |@}mQD C}wrw= |=yuRw "8 pwOH
?}DQD |=yuRw |=yuRw Q=}atQ} R |=yuRw Q=}atC}wrw= |rm |a[wt |a[wt

1 0 4321 { { 0 4321 Ct}k
6 0 0637 0 2715 |vi K]U

0 2346 C}i}m3 0 1173 0 5000 ?}=at
7 0 0536 0 2285 u=v}t]= C}r@=k
2 0 1333 0 4000 `kwtx@ p} wLD

0 3333 K]U4 0 1000 0 3000 u}t-=D C}iQ_
CtON5 0 0667 0 2000 C=Q}taD CWoQ@ u=tR

8 0 0333 0 1000 |Dv=Q=w xQwO

K]U w C}i}m 'Ct}k |=yQ=}at x@ \w@ Qt |tm C=aq]= Qo = 'CU= xDiQo Q=Qk Q_v
XNWt u=oOvvmu}t-=D |x@DQ OwHwt |ak=w |=yxO=O j@=]t 'OW=@ swrat CtON

"OwW|t
w =yQ=}at |wQ xS} w Q=OQ@ |x@U=Lt w |HwR C=U}=kt T} QD=t p}mWD =@
uRw |x@U=Lt Qw_vtx@ "O};|t CUO x@ u=oOvvmu}t-=D |x@DQ 'hrDNt |=yQ=}atQ} R
u=oOvvmu}t-=D |x@DQ w =yQ=}atQ} R w =yQ=}at |rm |=yuRw O}=@ 'u=oOvvmu}t-=D |}=yv
|}=yv C=@U=Lt j@=]t 'CtUk u}= QO xOW s=Hv= C=@U=Lt "OwW ?}mQD sy =@

"CU=yxv} Ro |}=yv uRw uOQm =O}B |=Q@ 'AHP

xOvvmu}t-=D Qy |rm R=}Dt= |x@U=Lt "3"3
u=oOvvmu}t-=D |:tm C=aq]= x@ |UQDUO 'u=oOvvmu}t-=D |}=yv uRw |x@U=Lt |=Q@
T} QD=t p}mWD =@ CQwY u}= QO "CU= |i=m hrDNt |=yQ=}atQ} R w =yQ=}at |=Q@
|x@DQ 'hrDNt |=yQ=}at Q} R w =yQ=}at |wQ xS} w Q=OQ@ |x@U=Lt w |HwR C=U}=kt

"O};|t CUO x@ u=oOvvmu}t-=D

|OOa p=Ft "4"3
|L=Q] |ak=w |=yxO=O |xr}Uwx@ |OOa p=Ft l} 'pOt x@ |WN@ Q=@Da= Qw_vtx@
"OQ=O OwHw |@=} RQ= Ov}=Qi QO xOvvmu}t-=D Q=yJ xm s}vm ZQi "CU= xOW =QH= w
QO hrDNt u=oOvvmu}t-=D |=Q@ =yQ=}atQ} R w =yQ=}at |t=tD x@ \w@ Qt |:tm C=aq]=

"CU= xOW xO=O 9 pwOH
u=oOvvmu}t-=D |}=yv uRw uOQw; CUO x@ "1"4"3

|=yxawtHt |x} Q_v R= xO=iDU= =@ =yQ=}atQ} R w =yQ=}at |rm |=yuRw xm =Hv; R=
|tm C=aq]= u; QO xm � |ak=w p=Ft l} =@ CU= |i=m 'Ot; CUO x@ |@} QkD

"CtON K]U |=yQ=}atQ} R |xQ=@ QO s}tYD pwOH "5 pwOH

s}tYD |xQwO CWoQ@ u=tR C}iQ_ p}wLD xv} Ro|Dv=Q=w C=Q}taD u}t-=D `kwtx@
?wN 2 2 1 1 1
?wN 1 2 2 1 2
\UwDt 3 3 2 1 3
\UwDt 2 2 2 2 4
\UwDt 3 1 1 2 5
h}a[ 1 1 2 3 6
\UwDt 2 2 1 3 7
\UwDt 3 2 3 1 8
h}a[ 1 2 2 3 9
\UwDt 1 1 1 3 10
\UwDt 1 1 2 2 11
h}a[ 2 2 3 2 12
\UwDt 3 2 2 2 13
h}a[ 2 3 2 2 14
\UwDt 3 3 1 1 15
h}a[ 3 1 3 2 16
?wN 3 1 1 1 17
?wN 1 3 1 1 18

"C}i}m |=yQ=}atQ} R |xQ=@ QO |D=@U=Lt G}=Dv "6 pwOH
CI �max �W� uRw SGF

0 3 0000 0 2715 0 1431 |vi K]U
0 5000 0 2635 ?}=at
0 2285 0 1204 u=v}t]= C}r@=k

|=Q@ xOW x@U=Lt G}=Dv 6 pwOH QO "�1 pmW R= 3 K]U� |Dv=Q=w |xQwO w =Q}taD
Ovv=ty 'xOt; CUO x@ G}=Dv R= xO=iDU= =@ "CU= xOW xO=O C}i}m |=yQ=}atQ} R uRw
-qt=m R}v xrLQt u}= QO |HwR C=U}=kt T} QD=t xm O}tyi u=wD|t '16 w 15 \@=wQ
T} QD=t� "�max = 3 %s} Q=O R}v T} QD=t u}= |=Q@ =Q} R &(CI = 0) CU= Q=oR=U
p}mWD 14 |x]@=Q j@] w =yQ=}at SGF \UwD R}v xrLQt u}= QO |HwR C=U}=kt
CtON K]U |=yQ=}atQ} R |Ov@C} wrw= |=Q@ |Q}os}tYD R}v 5 pwOH QO �"OwW|t
C}iQ_ '`kwtx@ p} wLD %R= Ov=CQ=@a CtON K]U |=yQ=}atQ} R "CU= xOW C@F
x@U=Lt G}=Dv "�1 pmW R= 3 K]U� |Dv=Q=w |xQwO w C=Q}taD CWoR=@ u=tR 'u}t-=D
xrY=L G}=Dv R= "CU= xOt; 7 pwOH QO R}vCtON K]U |=yQ=}atQ} R uRw |=Q@ xOW
u}= QO |HwR C=U}=kt T} QD=t xm OQ@ |B u=wD|t '�CI = 0 Q}_v� 7 pwOH QO
w =yQ=}at |t=tD |=Q@ |a[wt |=yuRw w |rm |=yuRw "CU= Q=oR=U-qt=m R}v xrLQt
?}DQD 8 pwOH uwDU u} QN; "CU= xOW C@F 8 pwOH QO w xOW u}}aD =yQ=}atQ} R
QO R=}Dt= u} QDq=@ |=Q=O Ct}k Q=}at OwW|t xOy=Wt xm u=vJ &CU=yQ=}at sOkD
Ot u=oOvvmu}t-=D |@=} RQ= Ov}=Qi QO xOvvmu}t-=D Q=yJ xm ZQi u}= =@ "CU= pwOH
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"""w
|v}

t=u
}t='

O=Sv|
ra=

[Q}
ra "u=oOvvmu}t-=D |tm C=aq]= "9 pwOH

|xQwO CWoQ@ u=tR C}iQ_ p}wLD C}r@=k ?}=at K]U Ct}k xOvvmu}t-=D|Dv=Q=w C=Q}taD u}t-=D `kwtx@ u=v}t]= �MQv� |vi �u=twD��x=t� �xDiy� �OOa� �MQv� ��� �xHQO�
4 2 400 0 85 80 0 04 2 55 1
3 1 700 0 95 95 0 01 1 40 2
3 1 600 0 98 90 0 02 1 45 3
4 3 500 0 90 70 0 06 3 50 4

"u=oOvvmu}t-=D |}=yv uRw "10 pwOH
uRw |xQwO CWoQ@ u=tR C}iQ_ p}wLD C}r@=k ?}=at K]U Ct}k xOvvmu}t-=Du=oOvvmu}t-=D |Dv=Q=w C=Q}taD u}t-=D `kwtx@ u=v}t]= |vi

0 2016 4 2 400 0 85 80 0 04 2 55 1
0 3222 3 1 700 0 95 95 0 01 1 40 2
0 2734 3 1 600 0 98 90 0 02 1 45 3
0 2028 4 3 500 0 90 70 0 06 3 50 4
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1. analytic hierarchy process
2. signi�cance
3. multi objective programming
4. data envelopment analysis
5. multi objective linear programming
6. fuzzy analytic network process
7. analytic network process
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