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"CU=

|}xR=@ |R=i |x} Q_v s}y=it "3
(�1;+1)|xrY=i QO|}xR=@|R=i|xawtHtl} [17]'xOWu=}@h} Q=aD|=v@tQ@

%OwW|t h} QaD u}vJ
A =

n
x;
h
�LA(x); �UA(x)

io
�LA; �

U
A : X ! [0; 1] 8x 2 X �LA � �UA

~�A(x) = [�LA(x); �UA(x)]

A = f(x; ~�A(x))g; x 2 (�1;+1) (1)

"CU=C} w[a xHQO|q=@ OL�UA(x) wC} w[a xHQOu}}=B OL�LA(x) u; QO xm
My = [M�y ;M+

y ] w Nx = [N�x ;N+
x ] CQwYx@ |}xR=@ |R=i OOa wO Qo =

%x=ov; OvW=@
N �M(x � y) = [N�x � s} Q=O x=ov; '� 2 (+;�;�;�) Qo = "1 h} QaD
v �M(x; y) = s} Q=O (v) C@Ft |R=i Q}e O=Oa= |=Q@ w M�x ;N+

x �M+
x ]

"[v �M�y ; v:M+
y ]

OwOL pk=OL =@ |vWrRQwo u=}@ =@ j@=]t |}xR=@ |R=i OOa wO l =QDW= "2 h} QaD
[0; 1]u}@ xR=@ wO Qo = [17]"OwW|th} QaD =yu;C} w[a `@=D xrY=i QOu}}=B w q=@
My = [M�y ;M+

y ] � [0; 1] w Nx = [N�x ;N+
x ] � [0; 1] w OW=@

%=@ CU= Q@=Q@ xR=@ wO u}= u}@ |xv}tm 'OW=@
K = MIN(Nx;My) = [MIN(N�x ;M�y );MIN(N+

x ;M
+
x )]

q=@ OwOL xv}W}@ |vWrRQwo u=}@ =@ j@=]t |}xR=@ |R=i OOa wO `=tDH= "3 h} QaD
[0; 1] u}@ xR=@ wO Qo = [17]"OwW|th} QaD =yu;C} w[a `@=D |xrY=i QO u}}=B w
'My = [M�y ;M+

y ] � [0; 1] w Nx = [N�x ;N+
x ] � [0; 1] w OW=@

%=@ CU= Q@=Q@ xR=@ wO u}= u}@ |xv}W}@
K = MIN(Nx;My) = [MIN(N�x ;M�y );MIN(N+

x ;M
+
x )]

%OvwW xO=O u=Wv u}vJ xm OvW=@ |}xR=@ |R=i OOa wO ~M w ~N Qo = "4 h} QaD
~N = [(N1; N 01);N2; (N 03; N3)]

~M = [(M1;M 01);M2; (M 03;M3)]

'C}i}m %R= CU= CQ=@a Cq=kt u}= QO xO=iDU= OQwt |=yQ=}at u} QDsyt xm OvO}UQ
Q=}at VW ww w uJ [13]"|SwrwvmD w 'C} Q}Ot C=tON '|QwxQy@ 'Ct}k/xv} Ry
?=NDv= Q=}at u=wvax@ =Q C=tON w |SwrwvmD '|QwxQy@ 'p} wLD 'C}i}m 'xv} Ry
p@k Cq=kt QwQt xm Qw]v=ty [1]"OvOQm ?=NDv= lU} Q \}=QW CLD u=oOvvmu}t-=D
Q=}at u=wvax@ =Q C=tON w p} wLD 'C}i}m 'xv} Ry u=kkLt R= |Q=}U@ OyO|t u=Wv
OwN xr=kt QO ww w uJ 'u}= Q@ xwqa "OvDiQo Q_v QO u=oOvvmu}t-=D ?=NDv= |=Q@
?=NDv= |=yQ=}at u} QDsyt xrtH R= R}v |SwrwvmD w |QwxQy@ Q=}at wO xm OvOQm C@=F
jwi Q=}at VW xr=kt u}= QO =t u}=Q@=v@ &OvDUy lU} Q \}=QW CLD u=oOvvmu}t-=D

[1]"s} Q}o|t Q_v QO lU} Q \}=QW CLD u=oOvvmu}t-=D ?=NDv= w |@=} RQ= |=Q@ =Q
|krD u=oOvvmu}t-=D |=ylU} Q u=wvax@ u=oOvvmu}t-=D |wU R= xOQ=w |=yXkv
u}vJty "Ovvm |@=} RQ= =Q =yXkv u}= R= l} Qy Q}F-=D O}=@ u=oOvvmO}rwD "OvwW|t
CU= |WwQ lU} Q \}=QW CLD u=oOvvmu}t-=D ?=NDv= w |@=} RQ= VwQ u} QD?U=vt
R= |Q=}U@ xmv}= OwHw =@ [1]"Ovm|t ?=NDv= =Q lU} Q u} QDsm =@ xOvvmu}t-=D xm
C=ar=]t 'Ov=xO=O s=Hv= u=oOvvmu}t-=D ?=NDv= w |@=} RQ= xv}tR QO |D=ar=]t u=kkLt
u=J [1]"Ov=xDN=OQB lU} Q \}=QW CLD u=oOvvmu}t-=D ?=NDv= w |@=} RQ= x@ |OwOat
pL |=Q@ 8�FEAHP� |R=i xOW xO=O xaUwD |@D=QtxrUrU p}rLD VwQ R= Q=twm w
nv=m [14]"OvOwtv xO=iDU=lU} Q pt=wa x@ xHwD =@|v=yH xOvvmu}t-=D ?=NDv= xr�Ut
'|QDw}Bt=m C=a]k S=Dvwt CmQW l} u=oOvvmu}t-=D ?=NDv= w |@=} RQ= |=Q@ u=Q=mty w
x�=Q= u=oOvvmu}t-=D lU} Q |=yXN=W uDiQo Q_v QO =@ =Q |R=i ANP VwQ l}
lU} Q \}=QW CLD u=oOvvmu}t-=D ?=NDv= w |@=} RQ= x@ u=Q=mty w =} R [15]"OvO=O
pOt l} =yu; "OvDN=OQB u=oOvvmu}t-=D |D=}rta lU} Q pt=wa uDiQo Q_v QO =@
|R=i |=yxawtHt pOt w 9�FCM� |R=i |DN=vW |=yxWkv R= |@}mQD pt=W
?=NDv= xv}tR QO ww w uJ [16]"OvOQm x�=Q= u=oOvvmu}t-=D ?=NDv= xr�Ut pL |=Q@
u}= QO xm OvO=O x�=Q= xOWKqY= FMEA pOt l} lU} Q \}=QW QO u=oOvvmu}t-=D
R= nv=R w |r [1]"CU= xOW x@U=Lt AHP VwQ R= xO=iDU= =@ =yQ=}at uRw VwQ
xO=iDU= |v=yH u}t-=D |xQ}HvR QO u=oOvvmu}t-=D lU} Q |@=} RQ= QO FMEA VwQ

[3]"OvOQm

|}xR=@ |R=i C}a]ksOa "3"2
xO=iDU= [18]uUmQ=D w [17]|vWrRQwo \UwD Q=@ u}rw= |=Q@ |R=i |=yxawtHt pOt
u}= R= xO=iDU= |=Q@ |r}qO pOvt w l}vQ=m w [19]u=Q=mty w T}rvQwm u}vJty "OW
|}=v=wD sOa Q@ |r}qO u}vJty w |v=@ R |=yQ}eDt C}a]ksOa Q@ x@re |=Q@ O=Oa=
nv=w [20]"OvOQm x�=Q= |v=@ R |=yQ}eDt C}a]ksOa Q@ x@re |=Q@ |rwtat |R=i O=Oa=
=yu; x@ \w@ Qt |[=} Q C=}rta w OvOQm x�=Q= |}xR=@ |R=i O=Oa= |=Q@ =Q|i} Q=aD |r w
O=Oa= xawtHt R= xO=iDU= =@ =Q T}UB=D pOt u=Q=mty w |v=}DW; [21]"OvO=O xaUwD =Q
O=Oa= xO=iDU= =@ =Q Qwm} w VwQ u=Q=mty w |O}Lw [22]"OvO=O xaUwD |}xR=@ |R=i
|}xR=@ |R=i ANP |@}mQD VwQ u=Q=mty w |O}Lw [23]"OvO=O xaUwD |}xR=@ |R=i
|Ov@x@DQ |=Q@ =Q xOW x�=Q= pOt u}vJty "OvO=O x�=Q= |}xR=@ |R=i T}UB=D VwQ w
|R=i T}UB=D pOt l} u=Q=mty w O}W=Q [3]"OvOQm |R=UxO=}B xt}@ |=yCmQW
[24]"OvOQm x�=Q= |}xkvRwP |}xR=@ |R=i O=Oa= w |ywQo |Q}os}tYD Q@ |vD@t |}xR=@
?=NDv= w |@=} RQ= x@ |OwOat C=ar=]t O};|tQ@ ?r]t C=}@O= R= xm Qw]u=ty
ẁv u}= |R=UpOt u}= Q@ xwqa "Ov=xDN=OQB lU} Q \}=QW CLD u=oOvvmu}t-=D
xv}tR QO xOWs=Hv= C=ar=]t R= s=Om I}y QO |}xR=@ |R=i C}a]ksOa CLD xr�Ut
|R=i O=Oa= R= xO=iDU= xm |r=L QO &OWv xOy=Wt u=oOvvmu}t-=D lU} Q |@=} RQ=
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"""'|
}xR=@

|R=
iA

N
P

R=|
@}mQD

pOt
l}

|x�
=Q=u=Wv xR=@ l} CQwYx@ u=wD|t =Q =yu; C} w[a Q=Okt 'CU= Q=wWO Q=}U@ =yu;

Q_v R= xO=iDU= =@ |O=yvW}B VwQ QO xO=iDU= OQwt C=aq]= xm =Hv; R= [4]"O=O
O=Oa= x@ =yQ}eDt u}= 'OwW|t |Qw;`tH |v=@ R |=yQ}eDt CQwYx@ w u=oQ@N
T=}kt 1 pwOH QO "OvwW|t p}O@D pOt QO xO=iDU= |=Q@ |FrFt |}xR=@ |R=i

"CU= xOW x�=Q= IVF-ANP VwQ QO xO=iDU= OQwt |v=@ R
%R= CU= CQ=@a |O=yvW}B pOt QO |}xR=@ |R=i |}xm@W p}rLD Ov}=Qi |=ys=o
O}=@ xrLQt u}= QO %|}xm@W Q=DN=U x@ xr�Ut p}O@D w pOt CN=U "1"1 s=o
=@ u=wD|t =Q |}xm@W Q=DN=U u}= "OwW p}O@D |}xm@W pOt l} x@ xr�Ut
VwQ =} '|irO VwQ '=yRet u=iw] VwQ j} Q] R= w u=oQ@N Q_v R= xO=iDU=
�xWwN� s=vx@|}=yxwQo pt=W|}xm@W Q=DN=U u}= "OQw;CUO x@|tU= xwQo
=yxWwN Q}=U QY=va |t=tD =} l} =@ CU= umtt u; uwQO QY=va xm CU=
umtt u}vJty "Ov=xO}t=v �|vwQ}@ |oDU@=w� =Q Cr=L u}= &OW=@ \=@DQ= QO
u; xm OvW=@ xDW=O p@=kDt \=@DQ= R}v u=WOwN u}@ xWwN l} QY=va CU=

[26]"Ov=xO}t=v �|vwQO |oDU@=w� =Q
O}=@ xrLQt u}= QO %|vRw Q=OQ@ u}}aD w|HwR C=U}=ktT} QD=t p}mWD "2"1 s=o
|@D=QtxrUrU Q=DN=U x@ xHwD =@ AHP VwQ QO xm |HwR C=U}=kt Q@ xwqa
|}xm@W Q=DN=U x@ xHwD =@ R}v Qo}O|HwRC=U}=kt|QUl} 'OQ}o|tCQwY
x@U=Lt R}v |HwR C=U}=ktT} QD=t x@ \w@ Qt |vRw Q=OQ@ w OQ}o CQwY pOt
QO xm OW=@ xr�Ut |=Q@ s}tYD T} QD=t l} ~X = [xij ]n�m Qo = "OwW
w �T} QD=t |=yQ]U� "OvW=@ |r=tDL= xv} Ro n Qov=}@ 'A1; A2; :::; An u;
u}=Q@=v@ �T} QD=t |=yuwDU� OW=@ xr=Ut Q=}at m Qov=}@ 'C1; C2; :::; Cm
x}=QO� OwW|t xO=O u=Wv ~xij =@ Cj Q=}at x@ \w@ Qt Aj xv} Ro OQmrta
CQwYx@ =Q ~wij w ~xij |=yQ}eDt u=wD|t "�s=j uwDU w s=i Q]U x@ \w@ Qt
"O=O u=Wv ~x = [(x1; x01);x2; (x03; x3)] CQwY x@ '|}xR=@ |R=i O=Oa=
Ovv=wD|t u}YYNDt |}xR=@ |R=i O=Oa= R= xO=iDU= =@ xm O}W=@ xDW=O xHwD
|Q}os}tYD QO u}vJty "OvQ}o@ Q_v QO xR=@ l} u=wvax@ =Q u}}=B w q=@ OL
l} Qy OQwtQO =yxv} Ro |Ov@x@DQ w =yxv} Ro C}ty= xOvQ}os}tYD k =@ |ywQo

%O};|t CUO x@ 3 w 2 \@=wQ R= xO=iDU= =@ =yQ=}at R=
~xij = 1

k [~x1
ij + ~x2

ij + :::+ ~xkij ] (2)

~wij = 1
k [ ~w1

ij + ~w2
ij + :::+ ~wkij ] (3)

Ctqa &CU= u=oQ@N Q_v R= xOt; CUO x@ u}ov=}t ~wij w ~xij u; QO xm
|R=i O=Oa= xOW xOQ@ Q=m x@ O=Oa= xm =Hv; R= w CU= `tH Qou=}@ (+)

"CU= xOW u=}@ |}xR=@ |R=i O=Oa= CQwYx@ pY=L G}=Dv 'OvDUy |}xR=@
|=yQ}eDt R= 10�DM� xOvQ}os}tYD '=yXN=W u}@ |HwR C=U}=kt QO
|R=i O=Oa= x@ =Q u; 1 pwOH x@ xHwD =@ u=wD|t xm Ovm|t xO=iDU= |v=@ R
"IVF-ANP VwQ QO |v=@ R |=yQ}eDt |=Q@ |}xR=@ |R=i T=}kt "1 pwOH

|}xR=@ |R=i T=}kt |v=@ R Q}eDt
[(0 05; 0 05); 0 05; (0 15; 0 2)] (VL) Q@=Q@ C}ty=
[(0 05; 0 1); 0 15; (0 3; 0 4)] (MI) \UwDt C}ty=
[(0 05; 0 2); 0 35; (0 5; 0 6)] (SI) O=} R C}ty=
[(0 3; 0 4); 0 55; (0 7; 0 8)] (VSI) O=} R Q=}U@ C}ty=
[(0 5; 0 6); 0 75; (0 85; 1)] (EI) O=} R xO=ar=jwi C}ty=

%OvwW|t p}O@D |a]k OOa x@ u}vJ OOa wO u}=

h( ~N) = N1 +N 01 + 2N2 +N 03 +N3
6

h( ~M) = M1 +M 01 + 2M2 +M 03 +M3
6

%OOa wO u}= |xU}=kt |=Q@ w
~N > ~M if h( ~N) > h( ~M)

|O=yvW}B OQm} wQ "4
uRw |x@U=Lt |rY= |xrLQt xU pt=W xr=kt u}= QO xOWx�=Q= |O=yvW}B VwQ
|rm |=tv "CU= u=oOvvmu}t-=D |}=yv |Ov@x@DQ w lU} Q pt=wa |Ov@x@DQ '=yQ=}at
u}= QO |O=yvW}B VwQ |=ys=o "CU= xOW xO=O u=Wv 1 pmW QO |O=yvW}B pOt

%R= CU= CQ=@a xr=kt
(IVF- |}xR=@ |R=i |}xm@W p}rLD Ov}=Qi R= xO=iDU= =@ =yuRw |x@U=Lt "1 s=o
x@C@Uv u;C} Rt wCU= AHP VwQ R= |QD|rmCr=L ANP VwQ %ANP)

|=y|oDU@=w '|@D=QtxrUrU Q=DN=U uDiQo Q_v QO Q@ xwqa xm CU= u}= AHP

C=U}=kt Q@ xwqa O}=@ VwQ u}= QO "OQ}o|t Q_v QO R}v =Q =yQ=}at u}@ p@=kDt
=@ |Qo}O |HwR C=U}=kt 'sDU}U ?D=QtxrUrU x@ xHwD =@ xDiQo CQwY |HwR

[25w2]"OQ}o CQwY sDU}U |}xm@W Q=DN=U x@ xHwD
O=Oa= |xr}Uwx@ ,qwtat |@Uv uRw w |Ov@x@DQ '|R=i |Q}os}tYD p�=Ut QO
xm O};|t CUO x@ |R=i |=yxawtHt R= |R=i O=Oa= "OwW|t XNWt |R=i
w QiY u}@ =yu; R= l} Qy C} w[a Q=Okt xm |a]k O=Oa= R= |}xR=@ |xr}Uwx@
j}kO Q=Okt u}}aD OQ=wt |[a@ QO xm u}= x@ xHwD =@ "OvwW|t h} QaD 'CU= 1

"|O=yvW}B OQm}wQ "1 pmW
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1/
1|

xQ=t
W'

33
�1

|xQ
wO'

�13
96

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt

~A =

266666664
[(1; 1); 1; (1; 1)] [(a112; a0112); a212; (a0312; a312) ::: [(a11n; a011n); a21n; (a031n; a31n)]

[( 1
a312 ;

1
a0312

); 1
a212 ; ( 1

a0112
; 1
a112 )] [(1; 1); 1; (1; 1)] ::: [(a12n; a012n); a22n; (a032n; a32n)]

...
...

...
...

[( 1
a31n ;

1
a031n

); 1
a21n ; ( 1

a011n
; 1
a11n )] [( 1

a32n ;
1

a032n
); 1
a22n ; ( 1

a012n
; 1
a12n )] ::: [(1; 1); 1; (1; 1)]

377777775 (4)

xOt;CUO x@T} QD=tQB wU xrLQt u}= QO %|vRwT} QD=tQB wU p}mWD "4"1 s=o
T} QD=tQB wU uOQw; CUO x@ |=Q@ "OwW p}O@D |vRw T} QD=tQB wU x@ O}=@
Q=OQ@ QO uwRwt=v T} QD=tQB wU |vwDU |=yxWwN QY=va R= l} Qy uwRwt
xOt; CUO x@ uwRwt T} QD=tQB wU "OwW ?Q[ O}=@ xWwN u; |@Uv C}ty=
QO [2]"CU= l} u; |vwDU QY=va `tH |va} &CU= |r=tDL=/|iO=YD
CUO x@ lU} Q pt=wa R= l} Qy x@ \w@ Qt |vRw |=yQ=OQ@ xrLQt u}=
u}@ p@=kDt QF= x@ xHwD =@ =yQ=}atQ} R w =yQ=}at |}=yv uRw Qou=}@ xm O};|t

"CU=yu;
|R=i FMEA VwQ R= xO=iDU= =@ u=oOvvmu}t-=D lU} Q pt=wa |Ov@x@DQ "2 s=o
lU} Q |@=} RQ= |=yVwQ R= |m} FMEA VwQ %�IVF-FMEA� |}xR=@
|=[i w =wy `}=vY QO 1960 |xyO \U=w= QO Q=@u}rw= |=Q@ VwQ u}= "CU=
|Ov@x@DQ w |}=U=vW l}vmD u}= hOy [28w3]"CiQo Q=Qk xO=iDU= OQwt =m} Qt;
C} wrw= xm OQ=O OwHw pt=a xU FMEA QO "CU= xwkr=@ |=y?}a w =yXkv
xO=iDU= =@ pt=a xU u}= [1]"Ovm|t u}}aD =Q lU} Q pt=wa R= l} Qy lU} Q
2 pwOH x@ xHwD =@ w OwW|t u}}aD |v=@ R |=yQ}eDt CQwYx@ u=oQ@N Q_v R=
CU= 11�s� lU} Q COW pt=a u}rw= "OwW|t p}O@D |}xR=@ |R=i O=Oa= x@
lU} Q XN=W l} C}i}m Qo = p=Ft u=wvax@ "CU= |@=QN QF= C}OH u; w
p} wLDXk=v |x}rw= O=wt |O=} R Q=}U@ O=OaD xOvvmu}t-=D xJv=vJ 'OW=@ xOvvmu}t-=D
&OwW|t xO=O u=Wv �VH� Q}eDt =@ w CU= O=} R Q=}U@ lU} Q QF= COW 'OyO
COW OyO p} wLD Xk=v |x}rw= O=wt |tm Q=}U@ O=OaD xOvvmu}t-=D Qo = u}vJty
p=tDL= pt=a u}twO "OwW|t xO=O u=Wv �VL� Q}eDt =@ w sm Q=}U@ lU} Q QF=
Qo = p=Ft u=wvax@ &OQ=O|t u=}@ =Q lU} Q ẁkw p=tDL= xm CU= 12�O� ẁkw
ẁkw p=tDL= 'OyO p} wLD Xk=v |x}rw= O=wt OQ=wt R= |Q=}U@ QO xOvvmu}t-=D

xOvvmu}t-=D Qo = "OwW|t xO=O u=Wv �VH� Q}eDt =@ xm CU= O=} R Q=}U@ lU} Q
lU} Q ẁkw p=tDL= OyO p} wLD Xk=v |x}rw= O=wt |QO=v Q=}U@ OQ=wt QO

"FMEA VwQ QO |}xR=@ |R=i O=Oa= x@ |v=@ R |=yQ}eDt p}O@D T=}kt "2 pwOH
|}xR=@ |R=i O=Oa= lU} Q QF= COW

[(0; 0); 0; (1; 1 5)] (VL) sm |r}N
[(0; 0 5); 1; (2 5; 3 5)] (L) sm
[(0; 1 5); 3; (4 5; 5 5)] (ML) sm ,=D@Uv

[(2 5; 3 5); 5; (6 5; 7 5)] (M) \UwDt
[(4 5; 5 5); 7; (8; 9 5)] (MH) O=} R ,=D@Uv
[(5 5; 7 5); 9; (9 5; 10)] (H) O=} R
[(8 5; 9 5); 10; (10; 10)] (VH) O=} R Q=}U@

=@ |HwR C=U}=kt T} QD=t "OQm p}O@D =yC} wrw= u}}aD |=Q@ |FrFt |}xR=@
|}xR=@ |R=i OOa u}= xm OwW|t O=H}= |FrFt |}xR=@ |R=i O=Oa= R= xO=iDU=
C=U}=kt T} QD=t u}=Q@=v@ "CU= ~x = [(x1; x01);x2; (x03; x3)] CQwYx@
"O=O u=Wv 4 |xrO=at CQwYx@ u=wD|t =Q m � n |FrFt |}xR=@ |R=i
w[a w �Q]U QYva� m w[a |xU}=kt Qou=}@ amn QYva u; QO xm
Q}PBTwmat |HwR C=U}=kt T} QD=t l} ~A Qo = "CU= �uwDU QYva� n
T} QD=t "CU= 1=amn =@ Q@=Q@ amn QYva Twmat Q=Okt 'OwW ZQi
"CU= |FrFt |}xR=@ |R=i O=Oa= =@ |HwR C=U}=kt T} QD=t u}vJty ~A

u; QO xm OW=@ w = [(w1i; w01i);w2i; (w03i; w3i)] CQwYx@ ~wi Qo =
Qou=}@ |HwR C=U}=kt T} QD=t QO (aij) T=}kt x=ov; i = 1; 2; :::; n
"�aij = wi

wj
|va}�CU= j uwDU w[a x@C@Uv i Q]U w[a|@UvC}ty=

R= |m} "OQ=O OwHw |R=i C} wrw= xHQO |x@U=Lt |=Q@ |irDNt |=yVwQ
uRw VwQ u}= QO [27]"CU= |tD} Q=or C=a@ Qt pk=OL VwQ '=yVwQ u}=
"OwW|t x@U=Lt |}xR=@ |R=i O=Oa= CQwYx@ =yQ=}atQ} R w =yQ=}at |rLt
T}UB=D VwQ QO xO=iDU= OQwt |=yuRw '|O=yvW}B VwQ hOy x@ xHwD =@
u}= QO u}=Q@=v@ &OwW|t u=}@ |}xR=@ |R=i O=Oa= CQwYx@ \ki |}xR=@ |R=i
VwQ R= |HwR C=U}=kt T} QD=t QO =yXN=W uRw |x@U=Lt |=Q@ xr=kt
QO xO=iDU= OQwt O=Oa= u}vJty "OwW|t xO=iDU= |tD} Q=or C=a@ Qt pk=OL
=yQ=}at |}=yv uRw IVF-ANP VwQ QO "CU= |}xR=@ |R=i O=Oa= VwQ u}=
VwQ QO =yuRw |x@U=Lt "OwW|t x@U=Lt =yQ=}at u}@ p@=kDt QF= x@ xHwD =@
%�6 w 5 xrO=at� CU= Q} R CQwYx@ |R=i |}xR=@ |tD} Q=or C=a@ Qt pk=OL
~wk = [(w1k; w01k);w2k; (w03k; w3k)] (5)

[(w1k; w01k);w2k; (w03k; w3k)] =

(
Qn
j=1[(a1kj ; a01kj); a2kj ; (a03kj ; a3kj)]

1
n

nP
i=1

(
Qn
j=1[a2ij ])

(6)

=yQ=}at|}=yv uRw u}}aD |=Q@ xrLQtu}= QO %x}rw=T} QD=tQB wUp}mWD "3"1 s=o
|HwR C=U}=kt R= xOt; CUO x@ |rLt |vRw |=yQ=OQ@ |t=tD =yQ=}atQ} R w
xm OwW xO=O Q=Qk T} QD=tQB wU s=vx@ xOW |Ov@VN@ T} QD=t l} QO O}=@
sDU}U l} QO xWwN wO u}@ \=@DQ= Qou=}@ T} QD=t u}= |=yVN@ R= s=OmQy

%CU=

W =

Goal

Ceriteria

Sub Ceriteria

Alternative

2666664
0 0 0 0
w21 w22 0 0
0 w32 w33 0
0 0 w43 I

3777775 (7)

Q@ =yQ=}at Q}F-=D Qou=}@ w22 'hOy Q@ =yQ=}at Q}F-=D Qou=}@ w21 xrO=at u}= QO
=yQ=}atQ} R Q}F-=D Qou=}@ w33 '=yQ=}at Q@ =yQ=}atQ} R Q}F-=D Qou=}@ w32 '=yQ=}at

[2]"CU=yQ=}at Q@ =yxv} Ro Q}F-=D Qou=}@ w43 w =yQ=}atQ} R Q@
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"""'|
}xR=@

|R=
iA

N
P

R=|
@}mQD

pOt
l}

|x�
=Q=|}xR=@ |R=i O=Oa= %s}tYD T} QD=t |R=Up=tQv "2"3 s=o

~Xij = [(aij ; a0ij); bij ; (c0ij ; cij)]

%OwW|t p=tQv u}vJ |Q}os}tYD T} QD=t QO

rij = [(aij
c+j
;
a0ij
c+j

); bij
c+j

;
c0ij
c+j
; cij
c+j

)]

i = 1; 2; :::; n j 2 
c c+j = Max
i

cij ; j 2 
b

(10)

rij = [(
a�j
aij

;
a�j
a0ij

);
a�j
bij

; (
a�j
c0ij

;
a�j
cij

)]

i = 1; 2; :::; n j 2 
c a�j = Min aij ; j 2 
c
(11)

Cw=iDt C}ty= x@ xHwD =@ %|vRw |Q}os}tYD T} QD=t |x@U=Lt "3"3 s=o
%s} Qw; CUO x@ =Q xOW p=tQv |R=i |Q}os}tYD T} QD=t s}v=wD|t =t =yQ=}at
|R=i OOa wO u}= ?Q[ "CU= ~v = [~rij � ~wj ] xm ~v = [~vij ]m�n

%OwW|t xO=O u=Wv u}vJ |}xR=@
~vij =[(r1ij � w1j ; r01ij � w1ij); r2ij � w2ij ; (r03ij � w03ij ;

r3ij � w3ij)] = [(gij ; g0ij); hij ; (l0ij ; lij)] (12)

p;xO}= |xv} Ro xrLQt u}= QO %|ivt w C@Ft p;xO}= pLx=Q u}}aD "4"3 s=o
w 13 |xrO=at� OwW|t u}}aD (A�) |ivt p;xO}= w (A+) C@Ft

%�14
A+ = [1; 1; :::; 1] (13)

A� = [0; 0; :::; 0] (14)

=yxv} Ro |xrY=i =Hv}= QO %|ivt p;xO}= wC@Ft p;xO}= R= xrY=i u}}aD "5"3 s=o
16 w 15 CqO=at R= xO=iDU= =@ A� |ivt p;xO}= w A+ C@Ft p;xO}= R=

"O};|t CUO x@

D�( ~N; ~M) =

vuut1
3 [

3X
i=1

(N�xi �M�xi)2] (15)

D+( ~N; ~M) =

vuut1
3 [

3X
i=1

(N+
xi �M+

xi)2] (16)

'Ov=x} wv=F w x}rw= |xrY=i T=}kt D+( ~N; ~M) w D�( ~N; ~M) xm =Hv; R=
x@U=Lt 18 w 17\@=wQ R= xO=iDU= =@C@Ft p;xO}= R= =yxv} Ro |xrY=i u}=Q@=v@

%OwW|t

D+
i1 =

mX
j=1

r1
3 [(gij � 1)2 + (hij � 1)2 + (l0ij � 1)2] (17)

D+
i2 =

mX
j=1

r1
3 [(g0ij � 1)2 + (hij � 1)2 + (lij � 1)2] (18)

hWm p=tDL= MQv pt=a u}twU "OwW|t xO=O u=Wv �VL� =@ w CU= sm Q=}U@
xOvvmu}t-=D |wU R= xOQ=w lU} Q xm u}= p=tDL= u=R}t w CU= 13�D� lU} Q
|DvU FMEA VwQ QO "OQ=O|t u=}@ =Q OwW hWm xOvvmO}rwD CmQW \UwD
u}= &OwW|t xO=iDU= �RPNS� lU} Q O=Oa= R= lU} Q pt=wa |Ov@x@DQ |=Q@
pt=wa R= s=OmQy w O};|t CUO x@ S w O 'D pt=a xU ?Q[pY=L R= OOa
=Hv; R= [1]"CU= Q=OQwNQ@ |QDq=@ C} wrw= R= OQ=O |QDq=@ lU} Q MQv xm lU} Q
|v=@ R |=yQ}eDt CQwYx@ w u=oQ@N \UwD pt=a xU u}= x@ \w@ Qt C=aq]= xm
|=yQ}eDt QO OwHwt C=t=y@= Q@ x@re |O=yvW}B VwQ QO 'OwW|t |Qw;`tH
O=yvW}B QDj}kO G}=Dv O=H}= |=Q@ |FrFt |}xR=@ |R=i O=Oa= R= xO=iDU= =@ |v=@ R

"CU= xOW
%u=oOvvmu}t-=DlU} Qpt=wa R=l} Qy|=Q@ S w O 'Dpt=a xUu}}aD "1"2 s=o
|=Q@ S w O 'D pt=a xU u=oOvvmu}t-=D R= l} Qy |=Q@ O}=@ xrLQt u}= QO
|v=@ R CQwYx@ u=oOvvmu}t-=D x@ \w@ Qt �=yQ=}atQ} R� lU} Q pt=wa |t=tD
|}xR=@ |R=i O=Oa= x@ 2 pwOH R= xO=iDU= =@ |v=@ R |=yQ}eDt u}= "OwW h} QaD

"OvwW|t p}O@D
VwQ QO |}xR=@ |R=i lU} Q OOa %|R=i lU} Q OOa |x@U=Lt "2"2 s=o

%O};|t CUO x@ lU} Q pt=wa |}xR=@ |R=i ?Q[ R= |O=yvW}B
R~PN = ~S
 ~O
 ~D (8)

CUO x@ R= TB %|a]k lU} Q OOa x@ |R=i lU} Q OOa p}O@D "3"2 s=o
=@ |R=i RPN 'lU} Q pt=wa R= l} Qy |=Q@ RPN |R=i OOa uOQw;
lU} Q OOa |=v@tQ@ "OwW|t p}O@D |a]k OOa x@ 9 |x]@=Q R= xO=iDU=
|=Q=O xm |mU} Q pt=a &OwW|t |Ov@x@DQ lU} Q pt=wa 'xOt; CUO x@
|}xS} w xHwD =yu; x@ O}=@ w CU= |QDq=@ C} wrw= |=Q=O CU= |QDq=@ RPN

QDq=@ lU} Q C} wrw= OOa |=Q=O xm lU} Q |=yXN=W R= xDUO u; "CW=O
xDN=vW |v=QL@ lU} Q XN=W u=wvax@ OvDUy RPN |vRw u}ov=}t R=

"OvwW|t

RPN0( ~M) = M1 +M 01 + 2M2 +M 03 +M3
6 (9)

%(IVF-TOPSIS)|}xR=@|R=iT}UB=DVwQu=oOvvmu}t-=D|}=yv|Ov@x@DQ "3 s=o
OQ@ Q=m OOaDt |=yQ=}at w =yxv} Ro =@ |}=yxSwQB QO |}xR=@ |R=i |Q}os}tYD VwQ
R= xO=iDU= =@ |}xR=@ |R=i VwQ Q=@ u}rw= |=Q@ u=Q=mty w |v=}DW; "OQ=O
IVF-TOPSIS VwQ [22]"(IVF-TOPSIS) OvO=O xaUwD =Q T}UB=D VwQ
p;xO}= |xv} Ro =@ =Q xrY=i u} QDsm O}=@ |@=NDv= |xv} Ro xm xO}= u}= T=U=Q@
xDW=O �NIS� |ivt p;xO}= |xv} Ro =@ =Q xrY=i u} QDW}@ w �PIS� C@Ft
xv} Ro u} QDl}ORv xv} Ro u} QDy@ "OR=OQB|t |Q}os}tYD p�=Ut pL x@ 'OW=@
|ivt p;xO}= x@ xv} Ro u} QDl}ORv xv} Ro u} QDO@ w CU= C@Ft p;xO}= x@
CU= CQ=@a |O=yvW}B OQm} wQ QO IVF-TOPSIS VwQ |=ys=o "CU=

%R=
O=Oa= R= s}tYDT} QD=t |O=yvW}B VwQ QO %s}tYDT} QD=t p}mWD "1"3 s=o
u}= |=yQ]U xm |Qw]x@ O};|t CUO x@ "2"3 s=o QO xOW x@U=Lt lU} Q
x@ \w@ Qt lU} Q OOa u; |=yuwDU w �=yQ=}atQ} R� lU} Q pt=wa T} QD=t

"CU= u=oOvvmu}t-=D R= s=OmQy
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w`}
=vY

|U
Ovyt (IVF- |}xR=@ |R=i |}xm@W p}rLD Ov}=Qi R= xO=iDU= =@ =yuRw |x@U=Lt "1 s=o

CQwYx@ xYqN CQwYx@ xOW |}xR=@ |R=i ANP VwQ |=ys=o %ANP)

%CU= Q} R
u} QDsyt u}}aD R=TB %|}xm@W Q=DN=U x@ xr�Ut p}O@D w pOtCN=U "1"1 s=o
Oqwi CavY u=U=vWQ=m R= |HvUQ_v =@ xOvvmu}t-=D ?=NDv= lU} Q pt=wa
?=NDv= |=Q@ |}xm@W pOt '|Qmi u=iw] w x@L=Yt VwQ R= xO=iDU= =@
2 pmW QO xm u=vJ "�2 pmW� CU= xOW u}}aD Oqwi CavY u=oOvvmu}t-=D
3 pwOH QO "CU= Q=QkQ@ |vwQ}@ C=]=@DQ= =yXN=W u}@ O}vm|t xOy=Wt
Q=}at Q}F-=D pwOH u}= QO "CU= xOW xO=O u=Wv =yQ=}at u}@ |rN=O C=]=@DQ=
p=Ft u=wvax@ "OwW|t XNWt � Ctqa =@ s=j uwDU Q=}at Q@ s=i Q]U
QO "CU= |SwrwvmD w xv} Ry |=yQ=}at C}i}m Q=}at Q@ Q=PoQ}F-=D |=yQ=}at

"CU= xOW xO=O u=Wv =yQ=}atQ} R u}@ |rN=O C=]=@DQ= R}v 4 pwOH
|HwR C=U}=kt %|vRw Q=OQ@ u}}aD w |HwR C=U}=ktT} QD=t p}mWD "2"1 s=o
x@ C@Uv =yQ=}atQ} R 'Q=}at x@ C@Uv =yQ=}at 'hOy x@ C@Uv =yQ=}at |v=@ R
xO=O u=Wv 8 =D 5 pw=OH QO xvwtv u=wvax@ Q=}at C@Uv =yQ=}atQ} R w Q=}at

"CU= xOW
|vRw |=yQ=OQ@ |t=tD xrLQt u}= QO %x}rw= T} QD=tQB wU p}mWD "3"1 s=o

"=yQ=}at u}@ |rN=O \=@DQ= "3 pwOH
S P T D Q C

� � � C

� Q

� D

� � � � � T

� � � P

� � S

"lU} Q \}=QW CLD xOvvmu}t-=D ?=NDv= |=Q@ |}xm@W pOt "2 pmW

CUO x@ 20 w 19 |=yx]@=Q R= |ivt p;xO}= R= =yxv} Ro |xrY=i x@=Wt Qw]x@
%O};|t

D�i1 =
mX
j=1

r1
3 [(gij � 0)2 + (hij � 0)2 + (lij � 0)2] (19)

D�i1 =
mX
j=1

r1
3 [(g0ij � 0)2 + (hij � 0)2 + (l0ij � 0)2] (20)

|m}ORv xrLQt u}= QO %p;xO}= pLx=Q x@ =yxv} Ro |@Uv |m}ORv u}}aD "6"3 s=o
|=Q@ 'O};|t CUO x@ |ivt p;xO}= w C@Ft p;xO}= R= =yxv} Ro R= l} Qy |@Uv

%OwW|t xO=iDU= 21 |x]@=Q R= Q=m u}=

RC1 =
D�i1

D+
i1 +D�i1

RC2 =
D�i2

D+
i2 +D�i2

(21)

%OwW|t x@U=Lt u}vJ R}v RC� |}=yv VRQ=
RC� = RC1+RC22 (22)

RC� T=U= Q@ =yxv} Ro |}=yv |xrLQt QO %=yxv} Ro |}=yv |Ov@x@DQ "7"3 s=o
|QDy@ |xv} Ro OW=@ xDW=O |QDW}@ RC� xm |}xv} Ro Qy w OwW|t |Ov@x@DQ

"CU=

|OQwt |xar=]t "5
u=DUQr Oqwi CmQW QO |O=yvW}B pOt |R=UxO=}B R= pY=L G}=Dv 'VN@ u}= QO
"CU= u=Q}= QO |Rri `}=vY w Oqwi u=oOvvmO}rwD R= |m} CmQW u}= "OwW|t x�=Q=
|=yVtW CqwYLt ẁv u}= O}rwD |=Q@ x}rw= O=wt w 'OQor}t CmQW u}= CqwYLt
u=oOvvmu}t-=D R= =Q OwN |x}rw= O=wtCmQW u}= "CU=hrDNt O=a@= w xR=Ov= QO |Oqwi
u=oOvvmO}rwD xm|DqmWt u} QDxOta R=|m} "Ovm|t u}t-=D|HQ=N w|rN=OhrDNt
|xv} Ry =@ x}rw= O=wt u}t-=D "CU= x}rw= O=wt u}t-=D pmWt 'Ov=xH=wt =yu; =@ Oqwi
'|r=t CqmWt O=H}= x@ QHvt u; `@Dx@ w CmQW |=yxv} Ry V}=Ri= x@ QHvt q=@
Q@ xwqa "OwW|t CmQW |D@=kQ C} Rt Vy=m w pwYLt |xOWs=tD Ct}k V}=Ri=
w O}rwD \N hkwD xrtHR= |}xO}Oa CqmWt x@ QHvt 'O=wt p} wLD QO Q}N-=D 'u}=
?U=vt=v |x}rw= O=wt ?=NDv= u}vJty "OwW|t u=} QDWt |=[=kD uDN=Uv xOQw;Q@
O�=R O=wt |=yxv} Ry V}=Ri= '?w}at pwYLt O}rwD xrtHR= |DqmWt O=H}= x@ QHvt
=@ CqwYLt |=Q=O xm |}xOvvmu}t-=D ?=NDv= CmQW u}= |=Q@ u}=Q@=v@ "OwW|t """w
s=Hv= 'xH}DvQO "CU= Q=OQwNQ@|}xS} wC}ty= R= OW=@?U=vtC}i}m w u}}=B |xv} Ry
lU} Q u} QDsm |=Q=O w ?U=vt |xOvvmu}t-=D ?=NDv= |xv}tR QO ?U=vt C=ar=]t
|xQ}HvR |=ylU} Q Q}=U w p} wLD lU} Q 'C}i}m lU} Q 'xv} Ry lU} Q xrtH R=
=@ xm |}=yx@L=Yt =@ "Ovm ltm Oqwi CmQW u}t-=D CqmWt pL x@ Ov=wD|t 'u}t-=D
u}= |x}rw= O=wt u}t-=D |=Q@ xOvvmu}t-=D 5 'CiQo CQwYCmQW u}= O} QN u=U=vWQ=m
=@ =Q =yu; u=oOvvmu}t-=D C=aq]= uOw@ xv=tQLt x@ xHwD =@ "OW xDiQo Q_v QO CmQW
|HvUQ_v w ?r]t C=}@O= |UQQ@ =@ "s}vm|t |Q=PosU= A5 w A4 'A3 'A2 'A1
=@ u=oOvvmu}t-=D ?=NDv= |=Q@ lU} Q pt=a 16 Oqwi CmQW O} QN u=U=vWQ=m R=
|Ov@s}UkD xDUO 6 x@ xm OW |}=U=vW Oqwi QOY CmQW |=Q@ lU} Q u} QDsm
CmQW u=oOvvmu}t-=D |Ov@x@DQ w |@=} RQ= |=Q@ |O=yvW}B pOt |=ys=o "OvwW|t

%CU= xOt; Q} R QO Oqwi
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}xR=@

|R=
iA

N
P

R=|
@}mQD

pOt
l}

|x�
=Q=

"=yQ=}atQ} R u}@ |rN=O \=@DQ= "4 pwOH
S4 S2 S1 P2 P1 T2 T1 D4 D3 D2 D1 Q3 Q2 Q1 C2 C1

C1
� � � � C2

� � Q1
� � Q2

Q3
� � D1
� � � D2

� � D3
� � � � � � D4

� � � � � T1
� � � � T2

� P1
� � P2
� � S1

� � S2
� � � � S3

"|v=@ R |=yQ}eDt R= xO=iDU= =@ hOy x@ C@Uv =yQ=}at |HwR C=U}=kt "5 pwOH
(S) C=tON (P) |QwxQy@ (T) |SwrwvmD (D) p}wLD C}r@=k (Q) C}i}m (C) xv} Ry hOy
SI,MI,MI MI,EI,MI SI,MI,SI EI,MI,EI SI,MI,MI 1 (C) xv} Ry
EI,MI,EI MI,MI,VL MI,EI,EI VL,VL,VL 1 (Q) C}i}m
MI,MI,MI EI,MI,MI MI,SI,SI 1 (T) p} wLD
VL,VL,VL MI,MI,M 1 (T) |SwrwvmD
SI,MI,MI 1 (P) |QwxQy@

1 (S) C=tON

"|v=@ R |=yQ}eDt R= xO=iDU= =@ xv} Ry x@ C@Uv =yQ=}at |HwR C=U}=kt "6 pwOH
(S) C=tON (P) |QwxQy@ (T) |SwrwvmD (Q) C}i}m (Q) xv} Ry (C) xv} Ry
SI,SI,VSI SI,SI,SI VL,MI,MI MI,MI,MI 1 (Q) xv} Ry
MI,MI,SI MI,EI,EI VL,VL,VL 1 (D) p} wLD
SI,SI,SI MI,VL,VL 1 (T) |SwrwvmD

VL,VL,MI 1 (P) |QwxQy@
1 (S) C=tON

=@ (D1) `kwtx@ p}wLD Q=}at Q} R x@ C@Uv =yQ=}atQ} R |HwR C=U}=kt "8 pwOH
"|v=@ R |=yQ}eDt R= xO=iDU=

C=y=@DW= OwHw QO Q}N-=D uOw@ |vqw]
(D1) `kwtx@ p}wLDp}wLD QO O=wt p}wLD VQ=iU u=tR

(D4) (D3) (D2)
VL,VL,MI VL,MI,VL 1 (D2) VQ=iU u=tR
MI,SI,MI 1 (D3) O=wt p} wLD QO Q}N-=D

1 (D4) p} wLD QO C=y=@DW= OwHw

|=yQ}eDt R= xO=iDU= =@ C}i}m Q=}at x@ C@Uv =yQ=}atQ} R |HwR C=U}=kt "7 pwOH
"|v=@ R

|oO=t; uDW=Ov sOa OwHw
C}i}mpL |=Q@ |Q}PBh=]av= pwYLt

|i}m p�=Ut CqwYLt ?w}at
SI,MI,MI SI,SI,SI 1 ?w}at pwYLt OwHw
MI,SI,SI 1 CqwYLt |Q}PBh=]av= sOa

1 |i}m p�=Ut pL |=Q@ |oO=t; uDW=Ov

130



1/
1|

xQ=t
W'

33
�1

|xQ
wO'

�13
96

u=DU
@=D�

h}
QW

C}
Q}Ot
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=vY

|U
Ovyt "IVF-ANP VwQ R= xOt; CUO x@ |=yQ=}atQ} R w =yQ=}at uRw "9 pwOH

uRw pt=a uRw pt=a
[(0; 0 0001); 00 0004; (00 0019; 00 008)] D1 [(0 0074; 0 0108); 0 0136; (0 0312; 0 0487)] C

[(0 0002; 0 0009); 0 0033; (0 0086; 0 0298)] D2 [(0 0006; 0 0015); 0 0034; (0 0053; 0 0086)] Q

[(0; 0); 0 0003; (0 0017; 0 0044)] D3 [(0 0006; 0 0024); 0 006; (0 011; 0 0193)] D

[(0 0001; 0 0003); 0 0014; (0 0114; 0 0426)] D4 [(0 2194; 0 24); 0 0 5562; (1 0943; 3 2377)] T

[(0 0342; 0 0647); 0 5176; (2 4237; 41 1263)] T1 [(0 0104; 0 0116); 0 0278; (0 054; 0 1043)] P

[(0 0365; 0 0558); 0 2448; (1 8841; 7 706)] T2 [(0 1208; 0 147); 0 3939; (0 8296; 2 483)] S

[(0 0025; 0 0044); 0 0256; (0 1398; 2 4125)] P1 [(0; 0); 0; (0; 0)] C1
[(0 0001; 0 0004); 0 0018; (0 0081; 0 0332)] P2 [(0 0027; 0 089); 0 0431; (0 1781; 1 2311)] C2
[(0 0002; 0 0006); 0 0027; (0 0097; 0 0638)] S1 [(0; 0); 0; (0 0001; 0 0002)] Q1
[(0 0005; 0 0012); 0 0081; (0 0266; 0 141)] S2 [(0; 0); 0; (0; 0)] Q2
[(0 0042; 0 0144); 0 1519; (0 8102; 4 0438)] S4 [(0; 0); 0; (0; 0)] Q3

"�12 pwOH� p;xO}= pLx=Q x@ =yxv} Ro |@Uv |m}ORv u}}aD "6"3 s=o
"�13 pwOH� u=oOvvmu}t-=D |}=yv |Ov@x@DQ "7"3 s=o

|HvUQ=@Da= w G}=Dv p}rLD "6
%OwW|t xO=iDU= Q} R VwQ xU R= |O=yvW}B pOt Q=@Da= VHvU Qw_vtx@

|ovwoJ|UQQ@ xr=ktu}=C}U=ULp}rLD R=hOy %G}=DvC}U=ULp}rLDVwQ "1
"CU=yQ=}at uRw QO C=Q}}eD O=H}= QF= QO u=oOvvmu}t-=D |Ov@x@DQ C}U=UL
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2. analytic network process
3. failure mode and e�ects analysis
4. risk priority number
5. interval valued fuzzy Analytic network process
6. interval valued fuzzy failure mode and e�ects analysis
7. interval valued fuzzy technique for order performance by simi-

larity to ideal solution
8. fuzzy extended analytic hierarchy process
9. fuzzy cognitive map
10. decision maker
11. severity
12. occurrence
13. detection
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