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h} QaD |}x]kv 11 T=}kt 2 pwOH R= xO=iDU= =@ =yC@Uv u}= R= s=OmQy |xOwOLt

"CU= xOW

FIRR |R=i |rN=O xOR=@ MQv "2"3
u; 'Ovm x}rw= |Q=Pox}=tQU |w=Ut =Q xOv}; |=yu=} QH |rai VRQ= '|Y=N MQv Qo =
|xW} Q u}=Q@=v@ "Ov} wo|t IRR �x}=tQU CWoR=@ MQv� =} |rN=O xOR=@ MQv =Q MQv
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"""O
Qm}w

QR=
xO=i

DU=
=@xS

wQB?
=NDv

=w
|Ov

@C}
wrw=.|R=i OOa Qy CU=Q w AJ CtU Q}O=kt 'xOW xO=O X}YND `@=wD '|a]k O=Oa= x@ |v=@ R C=Lq]Y= |}x]kv 11 T=}kt p}O@D "2 pwOH

�R(Mi) �L(Mi) |R=i O=Oa= x@ xOW xO=O X}YND `@=wD |a]k O=Oa= X=YDN= O=Oa= |tm |xR=Ov=
�T (Mi) |R=i ?NDvt Q}O=kt

0 0909 1 0000 M1(x) =

8><>:1; x = 0
(0 1� x)=0 1; 0 � x � 0 1

0 0455 M1 sm xO=ar=jwi

0 1818 0 9091 M2(x) =

8><>:(x� 0)=0 1; 0 � x � 0 1
(0 2� x)=0 1; 0 1 � x � 0 2

0 1364 M2 sm COW x@

0 2727 0 8182 M3(x) =

8><>:(x� 0 1)=0 1; 0 1 � x � 0 2
(0 3� x)=0 1; 0 2 � x � 0 3

0 2273 M3 sm |r}N

0 3636 0 7273 M4(x) =

8><>:(x� 0 2)=0 1; 0 2 � x � 0 3
(0 4� x)=0 1; 0 3 � x � 0 4

0 3182 M4 sm

0 4545 0 6364 M5(x) =

8><>:(x� 0 3)=0 1; 0 3 � x � 0 4
(0 5� x)=0 1; 0 4 � x � 0 5

0 4091 M5 \UwDt Q} R

0 5455 0 5455 M6(x) =

8><>:(x� 0 4)=0 1; 0 4 � x � 0 5
(0 6� x)=0 1; 0 5 � x � 0 6

0 5000 M6 \UwDt

0 6364 0 4545 M7(x) =

8><>:(x� 0 5)=0 1; 0 5 � x � 0 6
(0 7� x)=0 1; 0 6 � x � 0 7

0 5909 M7 \UwDt |q=@

0 7273 0 3636 M8(x) =

8><>:(x� 0 6)=0 1; 0 6 � x � 0 7
(0 8� x)=0 1; 0 7 � x � 0 8

0 6818 M8 O=} R

0 8182 0 2727 M9(x) =

8><>:(x� 0 7)=0 1; 0 7 � x � 0 8
(0 9� x)=0 1; 0 8 � x � 0 9

0 7727 M9 O=} R |r}N

0 9091 0 1818 M10(x) =

8><>:(x� 0 8)=0 1; 0 8 � x � 0 9
(1� x)=0 1; 0 9 � x � 1

0 8636 M10 O=} R COW x@

1 0000 0 0909 M11(x) =

8><>:(x� 0 9)=0 1; 0 9 � x � 1
1; x = 1

0 9545 M11 O=} R xO=ar=jwi

=Q TQDUO QO |=yxSwQB lU} Q u=oQ@N R= |ywQo =D xOW |aU xar=]t u}= QO
x@ |v=@ R � |tqm C=Lq]Y= =@ xHwD =@ w |@=} RQ= u}W}B |=yxSwQB x@ O=vDU= =@

"OvR=OQB@ u; h}YwD

14�=Qwt� C@Uv p}rLD T=U=Q@ xQw_vtOvJ |R=Uxv}y@ "4
ZLt C}vqka R= xQ=}atlD w xiOylD |=}vO QO uwt}=U CQ@ Qy Q_v T=U=Q@
u}t-=D =Q h=Oy= s=tD OwHwt |=yxv} Ro R=l}I}y|ak=w |=}vO QO =t= "OwW|t xO=iDU=
j@]vt |WwQ OvtR=}v '|ak=w |=y|Q}os}tYD QO =yQ=}at ẁvD x@ xHwD =@ "Ovm|tv
|=H x@ =Q �VN@C}=[Q� s}tYD l} Ov=wD@ xm xOw@ T=UL= =@ s-=wD C}vqka =@
15�MODM� xiOyOvJ |Q}os}tYD VwQ |iQat "OyO x�=Q= �xv}y@ MU=B� l}

CtU Q}O=kt '|a]k O=Oa= x@ |v=@ R C=Lq]Y= |}x]kv 5 T=}kt p}O@D "3 pwOH
"|R=i OOa Qy CU=Q w AJ

�R(Mi) �L(Mi)
|a]k O=Oa= X=YDN= O=Oa= |tm xR=Ov=

�T (Mi) |R=i ?NDvt Q}O=kt
0 23 1 0 0 115 M1 sm |r}N
0 39 0 79 0 295 M2 sm
0 58 0 59 0 495 M3 \UwDt
0 79 0 39 0 695 M4 O=} R
1 0 0 23 0 895 M5 O=} R |r}N
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|QY
}kO

=Q|
Qt=a

R=vy
@w

M}W
=[Q "xQ=}atOvJ s}tYD T} QD=t "4 pwOH

=yQ=}at
=yxv} RoBn ::: B3 B2 B1

(wn) (:::) (w3) (w2) (w1)
x1n ... x13 x12 x11 A1
x2n ... x23 x22 x21 A2
x3n ... x33 x32 x31 A3
... ... ... ... ... ...

xmn ... xm3 xm2 xm1 Am

?wr]t �� Q=}at ẁv R= dQ=i s}tYD T} QD=t %s}tYD T} QD=t |R=Up=tQv "3 s=o
x@ jraDt Oa@ uwO@ |OOa xij u; QO xm |Qw]x@ 'OwW Q=Hvyx@ O}=@ �� ?wr]t=v =}
'QUm u}= GQNt |=Q@ "CU= Q=}at u}t=j w xv} Ro u}t=i OQmrta |xOvvmw [0; 1] xR=@
Q=}at Qy x@ xv} Ro Qy |=yswO u=wD R= |y=vDt ẁtHt swO |xW} Q Cr=L u} QDy@

%O=O V}=tv u}vJ u=wD|t =Q C@Uv u}= "CU=
x�ij = xij�

mP
i=1

x2
ij

�1=2 [j = 1; 2; 3; :::; n] (5)

|=yQ=}at 'xv}W}@ Cr=L QO xiOyOvJ |R=Uxv}y@ |=Q@ %hOy `@=D |x@U=Lt "4 s=o
"OwW|t j} QiD ?wr]t=v |=yQ=}at 'xv}tm Cr=L |=Q@ w OvwW|t `tH sy =@ ?wr]t

%R= Ow@ Oy=wN CQ=@a |R=Uxv}y@ |xr�Ut u}=Q@=v@

yi =
gX
j=1

x�ij �
nX

j=g+1
x�ij (6)

|}=yQ=}at O=OaD n � g &OwW xv}W}@ O}=@ xm CU= |}=yQ=}at O=OaD g u; QO xm
?=UDL= =@ ?=NDv= u}t=i p=tQv xOW |@=} RQ= VRQ= yi &OwW xv}tm O}=@ xm CU=
Qo}O =@ T=}k QO |}=yQ=}at xm OwW|t xO}O OQ=wt |NQ@ QO "CU=yQ=}at |t=tD
R= |NQ@ |=Q@ =Q C}ty= u}= u=wD@ xm u; |=Q@ u}=Q@=v@ "OvQ=O |QDW}@ C}ty= =yQ=}at
�� 16C}ty= ?} Q[ |va} �� Q=}at Qy =@ ?U=vDt uRw u=wD|t 'OW p�=k =yQ=}at
6 |xrO=at 'O} Q}o@ Q_v QO =Q xY}YN Qy uRw xm |v=tR [42]"OQm ?Q[ u; QO =Q

%x@ OwW|t p}O@D

yi =
gX
j=1

wjx�ij �
nX

j=g+1
wjx�ij [j = 1; 2; 3; :::; n] (7)

"OwW|t K} QWD u; |x@U=Lt |xwLv xt=O= QO xm CU= Q=}at u}t=j uRw wj
xv}W}@ Q}O=kt pm x@ xDU@ CU= umtt yi %|}=yv |Ov@C} wrw= uOQm XNWt "5 s=o
's}tYD T} QD=t QO �?wr]t=v |=yQ=}at� xv}tm Q}O=kt pm w �?wr]t |=yQ=}at�
|}=yv |Ov@C} wrw= OwW ?DQt |rwRv CQwYx@ yi xm |t=ovy "OW=@ |ivt =} C@Ft
xm |r=L QO 'OQ=O =Q yi Q=Okt u} QDW}@ xv} Ro u} QDy@ u}=Q@=v@ "OwW|t XNWt
T=}kt T=U=Q@ |Ov@x@DQ w |@=} RQ= "CU= Q=OQwNQ@ yi Q=Okt u} QDsm R= xv} Ro u} QDO@
"CU= xOW x�=Q= xar=]t u}= QO |R=i |=yx} Q_v xawtHt R= xO=iDU= =@ |R=i p}O@D
u} QD?wr]t w u} QDp;xO}= CQwYx@ xv} Ro u}= %|R=Ht |xv} Ro l} h} QaD "6 s=o
|=yQ=}at w Q=Okt u} QDW}@ V@ wr]t |=yQ=}at xm |Qw]x@ "OwW|t h} QaD Cr=L

"Ovvm|t P=ND= =Q Q=Okt u} QDsm V@ wr]t=v
|xv} Ro p@k C=[wQit x@ xHwD =@ %|R=Ht |xv} Ro =@ xv} Ro Qy |xrY=i u}}aD "7 s=o

OQm} wQ u}= j]vt "Ovm ltm |Q}os}tYD w ?=NDv= Ov}=Qi x@ Ov=wD|t xv}tR u}= QO
x@ xHwD =@ TQDUO QO |=yxv} Ro |xawtHt R= ?=NDv= w xv}y@ pL x=Q l} |x�=Q=

"CU= ẁvDt h=Oy=
%Q@ |vD@t [30]OW x�=Q= |tD} Qwor= R}v xiOyOvJ |Q}os}tYD p�=Ut pL |=Q@
=yxv} Ro |Ov@xk@]� pmWt |Ov@xk@] "2 &�xv} Ro u} QDy@ ?=NDv=� pmWt ?=NDv= "1
x@ u} QDy@ R= =yxv} Ro |Ov@x@DQ� pmWt |Ov@x@DQ "3 &�uoty ,=D@Uv |=yxwQo x@
"�=yv; |=y|oS} w w xYNWt Q_v R= =yxv} Ro h}YwD� pmWt h}YwD "4 &�u} QDO@
h} QaD xiOyOvJ |Q}os}tYD |=yVwQ R= xOQDUo |xDUO xU u}kkLt R= |NQ@
&`HQt K]U w 'u=tQ; 'hOy |=ypOt "2 &Q=Okt |Q}oxR=Ov=|=ypOt "1 [33�31]%OvOQm
|=Q=O xr�Ut C=[wQit T=U=Q@ xOW |iQat |=ypOt R= s=Om Qy "QDQ@ |=ypOt "3
"OwW|t xO=O \U@ =Qwt VwQ xar=]t u}= QO xm CU= OwN X=N ?}=at w =}=Rt

"OW x�=Q= [35]u}W}B C=k}kLD T=U=Q@ w [34]2006 p=U QO Q=@u}rw= '=Qwt VwQ
p�=Ut pL QO |QF-wt OQ@ Q=m xQw_vtOvJ |R=Uxv}y@ |=yxw}W Qo}O Ovv=ty =Qwt
|=yxv}tR QO ,=Q}N= VwQ u}= "OQ=O xO}J}B |=y|Q}os}tYD |xv}tR QO hrDNt
|=y|Qw=:vi |Ov@C} wrw= [36]'O}rwD OvtWwy sDU}U |Ov@x@DQ Ovv=ty |tra hrDNt
'""" [38]'OQm} wQ u}= =@ O}rwD O=wt ?=NDv= [37]'CU} R \}Lt =@ Q=oR=U jQ@ O}rwD
xm CU= |t}tYD T} QD=t [41�39w35'34]=Qwt ẁQW |x]kv "CU= xOW xDiQo Q=m x@

"Ovm|t |UQQ@ ẁvDt Q=}at x@ xHwD =@ =Q Cw=iDt |=yxv} Ro OQmrta
"\@DQt |xOW |@=} RQ= |=yQ=}at w =yxv} Ro uOQm XNWt "1 s=o

C=aq]=|t=tDT} QD=t u}= QO %=yQ}eDtV}=tv |=Q@ s}tYDT} QD=t p}mWD "2 s=o
xOW xO=O C=aq]= "OwW xO=O u=Wv s}tYD T} QD=t QO =yQ=}at x@ `H=Q R=}v OQwt
QY=va u; QO xm CU= xOW xO=O V}=tv Xm�n T} QD=t CQwYx@ 4 |xrO=at QO
n w =yxv} Ro O=OaD m� CU= Q=}at u}t=j |wQ xv} Ro u}t=i OQmrta |xR=Ov= xij
|=yx}=QO |t=tD =D OwW xR}r=tQv O}=@ xOW u=}@ s}tYD T} QD=t "�CU=yQ=}at O=OaD
C@Uv sDU}U R= T} QD=t u}= uDN=U xR}r=tQv |=Q@ "OvwW xU}=kt p@=k w Oa@ uwO@ u;
|QUm GQNt =@ Q=}at l} |wQ xv} Ro l} OQmrta xm |}xvwox@ OwW|t xO=iDU=
\U@ "OW=@ Q=}at u; x@ \w@ Qt |=yxv} Ro s=tD |=Q@ |}xOvvm xm OwW|t xU}=kt

%R= CU= CQ=@a X s}tYD T} QD=t |x}rw=

X = [xij ]m�n =

2666664
x11 x12 ::: x1n
x21 x22 ::: x2n
::: ::: ::: :::

xm1 xm2 ::: xmn

3777775 (4)

=yQ=}at 'Ai(i = 1; 2; :::;m) =yxv} Ro x@ \w@ Qt C=aq]= 4 pwOH QO
OQmrta u=R}t w 'wj(j = 1; 2; :::; n) Q=}at Qy uRw 'Bj(j = 1; 2; :::; n)

|x�=Q= =@ "CU= xOW C@F xij(i = 1; 2; :::;m; j = 1; 2; :::; n) xv} Ro Qy
CQ=@a xOvQ}os}tYD |xi}_w '|Q}os}tYD VwQ P=ND= w s}tYD pwOH QO C=aq]=

"OwHwt |=yxv} Ro u=}t R= xv} Ro u} QDy@ ?=NDv= w |Ov@xk@] R= Ow@ Oy=wN
Zk=vDt =} =DU=Qsy CU= umtt xiOyOvJ |Q}os}tYD QO =yQ=}at C}y=t

%OwW|t xH=wt Q=}at ẁv wO =@ |ak=w |=[i QO xOvQ}os}tYD =Pr "OW=@
&CU= ?wr]t =yv; Q=Okt uOQmxv}W}@ xm =vat u}= x@ &?wr]t Q=}at �hr=
"CU= ?wr]t =yu; Q=Okt uOQmxv}tm xm =vat u}= x@ &?wr]t=v Q=}at �?

xDiQo Q_v QO u=tRty Qw]x@ ?wr]t=v w ?wr]t Q=}at wO Qy =Qwt VwQ QO
"OwW|t
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"""O
Qm}w

QR=
xO=i

DU=
=@xS

wQB?
=NDv

=w
|Ov

@C}
wrw=QO 'CU= xO=O X=YDN= =yQ=}at x@ xU}=kt Crax@ xOvQ}os}tYD OQi xm CU=

"CU= xOW xO=iDU= |B wQDv; VwQ R= wOj |x@U=Lt |=Q@ xm |r=L
|yOuRw |=Q@ 'OW=@v `r]t =yQ=}at C}ty= xHQO R= xOvQ}os}tYD xm |v=tR �?
uRw w �|tra� |v}a uRw ?}DQDx@ wSj w wOj "Ovm|t xO=iDU= 11 |x]@=Q R=

%OwW|t h} QaD u}vJ wI
�
j w CU= Q=}at u}t=j |=Q@ |vyP

wI
�
j =

wOj �wSjPm
k=1 wOk �wSk (11)

X=YDN= =yQ=}at x@ xU}=kt Crax@ xOvQ}os}tYD OQi xm CU= |Y}YND wSj
"CU= xOW xO=iDU= |B wQDv; VwQ R= wOj |x@U=Lt |=Q@ xm |r=L QO 'CU= xO=O
C=aq]= xOvQ}os}tYD xm CU= xOW ZQi =yQ=}at |yOuRw |=Q@ xr=kt u}= QO
=yQ=}at uRw u=R}t 11 |xrO=at T=U=Q@ w OQ=Ov =yQ=}at C}ty= OQwtQO |rt=m

"OwW|t x@U=Lt

|R=i |}x]kv 11 |yOR=}Dt= T=}kt \U@ "6
|}x]kv 11|yOR=}Dt=T=}kt OQm} wQ R= xO=iDU= =yQ=}at|yOR=}Dt= |=yVwQ R=|m}
x�=Q= [43]u}W}B |R=i |Ov@x@DQ OQm} wQ x@ |LqY= u=wvax@ VwQ u}= "CU= |R=i
u}vJ M Ovv=ty |tqm |=yQ}eDt x@ xOW xO=O X=YDN= |xQtv |R=i `@=D "OW

%OwW|t x@U=Lt

�max(x) =

8<:x; 0 � x � 1
0; otherwise

(12)

�min(x) =

8<:1� x; 0 � x � 1
0; otherwise

(13)

|R=i O=Oa= jr]t u=mt xm OwW|t h} QaD |}xw}W x@ |R=i O=Oa= pk=OL w QFm =OL
CtU |OOa Q=Okt "OwW xOv=Hvo xrY=i u}@ |}xU}=kt OQ=wt QO Q=mOwN Qw]x@

%OwW|t x@U=Lt 14 |x]@=Q j@=]t Mi |R=i OOa Qy AJ
�L (Mi) = SupX [�min (x) ^ �M1 (x)] (14)

Q=Okt xv}W}@ xm CU= (0; 1) xR=@ u}@ |ak=w w OQi x@ QYLvt |OOa �L(Mi)

|OOa Q=Okt x@=Wt Qw]x@ "CU= xv}tm |R=i OOa w Mi |R=i OOa `]=kD pLt
%OwW|t x@U=Lt u}vJ CU=Q CtU

�R (Mi) = SupX [�max (x) ^ �Mi (x)] (15)

Q=}DN= QO =@ "CU= (0; 1) xR=@ u}@ |ak=w w OQi x@ QYLvt |OOa R}v �R(Mi)

CQ=@a ZwQit Q=Okt Mi |R=i OOa Qy CU=Q CtU w AJ CtU Q=Okt uDW=O
%R= CU=

�T (Mi) = �R (Mi) + 1� �L (Mi)
2 (16)

%R= Ow@ Oy=wN CQ=@a Mi |R=i OOa |=Q@ Q}O=kt u}=
�L (Mi) = SupX [�min (x) ^ �M1 (x)] = 0 0909 (17)

�R (Mi) = SupX [�max (x) ^ �M1 (x)] = 1 (18)

�T (Mi) = �R (Mi) + 1� �L (Mi)
2 = 0 0455 (19)

h} QaD ymax CQwYx@ u; Q=Okt CQwY u}= QO "OQ=O =Q Q=Okt u} QDW}@ |R=Ht
xv} Ro Qy |@Uv |xrY=i 'k Q=Okt u}}aD w 8 |xrO=at x@ xHwD =@ TBU w OwW|t

"OwW|t xO}HvU p;xO}= Cr=L =@
ki = yi � ymin

ymax � ymin � 100 [j = 1; 2; 3; :::; n] (8)

u=}@ x@ "CU= xO=O X=YDN= OwN x@ =Q yi Q=Okt u} QDsm xm CU= |}xv} Ro ymin
"OvyO|t V}=tv O=tv u}= =@ =Q OwHwt |=yxv} Ro u=}t R= xv} Ro u} QD?wr]t=v QDxO=U

|BwQDv; |xDi=}xaUwD VwQ T=U=Q@ =yQ=}at |yOuRw "5
C@Uv |}xS} w |@Uv C}ty= R= |UQQ@ OQwt |=yQ=}at xJv=vJ '4 s=o j@=]t
|=Q@ u=oOvQ}os}tYD "OwW |}=U=vW =yQ=}at uRw O}=@ 'OvW=@ Q=OQwNQ@ Qo}Om} x@
"Ovvm xO=iDU= |O=yvW}B VwQ xU R= xr�Ut ẁv T=U=Q@ Ovv=wD|t =yQ=}at |yOuRw

hrDNt |=yxv} Ro |xYNWt w s}tYD T} QD=t T=U=Q@ "1"5
'hrDNt|=yxv} Ro |xYNWt w s}tYDT} QD=t x@ xHwD =@ xOvQ}os}tYDCr=Lu}= QO
'|R=i|@D=QtxrUrUp}rLD '17�AHP�|@D=QtxrUrUp}rLD Q}_v Cw=iDt|=yxw}W =@
QO O}=@ =yuRw |x@U=Lt |=Q@ "OR=OQB|t =yuRw |x@U=Lt x@ """w 18|B wQDv; VwQ
T} QD=t R= xO=iDU= =@ |B wQDv; xm syt u}= x@ xHwD =@ " mP

j=1
wj = 1 xm CW=O Q_v

"CU= xOW xO=iDU= VwQ u}= R= VywSB u}= QO 'OR=OQB|t u=Rw= |x@U=Lt x@ s}tYD

=yQ=}at |vyP C=L}HQD T=U=Q@ "2"5
&OyO X=YDN= =yQ=}at x@ =Q |vRw xJ Ov=O|t ,=k}kO xOvQ}os}tYD Cr=L u}= QO
XNW Q_v p=ta= =} CU= xr�Ut uwt=Q}B C=aq]= w Oy=wW pY=L =} CN=vW u}=

"CU= xOvQ}os}tYD

|xJQ=Bm} X}YND� =Q u; xm '2 w 1 R= |@}mQD T=U=Q@ "3"5
Ovt=v|t �u=Rw=

%OwW|t l}miD VN@ wO x@ Cr=L u}=
p}=tD w CU= `r]t ,=k}kO =yQ=}at C}ty= |xHQO R= xOvQ}os}tYD xm |v=tR �hr=
?}DQDx@ wSj w wOj CQwY u}= QO "Ovm p=ta= |Y=N |xw}W x@ =Q =yu; xm OQ=O
h} QaD u}vJ wIj w CU= Q=}at u}t=j |=Q@ |vyP uRw w �|tra� |v}a uRw

%OwW|t
wIj = WOwOj +WSwSj (9)

WO +WS = 1 (10)

'CU=yQ=}at x@|vyP w|v}a |=yuRwX}YND ?}DQDx@WS wWO u; QO xm
VQ_v Ot C@Uv Q=}at u}t=j |=Q@ Oy=wN|t xOvQ}os}tYD xm CQwY u}= x@
p=Ft Qw]x@ "Ovm p=ta= O};|t CUO x@ C=@U=Lt R= xm xJv; Qy w =Q
|vRw OQ=O p}=tD xOvQ}os}tYD xmCU=vat u}= x@ (WO;WS) = (0 2; 0 8)

xrwtQi VwQ R= xm =Q |vRw w '0 8 pO=at |@} Q[ =@ xO=O X}YND VOwN xm =Q
|Y}YND wSj u}vJty "Ovm p=ta= 0 2 pO=at |@} Q[ =@ O};|t CUO x@
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|QY
}kO

=Q|
Qt=a

R=vy
@w

M}W
=[Q "s}tYD T} QD=t "5 pwOH

C4 C3 C2 C1 =yxSwQB
O=} R |r}N 0 28� 0 30 3� 4 1 1818� 1 2727 P1

O=} R 0 26� 0 28 1� 2 1 0000� 1 0909 P2
\UwDt 0 24� 0 26 3� 4 1 9091� 2 0000 P3
sm 0 20� 0 22 2� 3 1 1818� 1 2727 P4

\UwDt Q} R 0 20� 0 22 4� 5 1 7273� 1 8182 P5
\UwDt 0 22� 0 24 2� 3 1 6364� 1 7273 P6
sm 0 24� 0 26 3� 4 1 0909� 1 1818 P7

sm |r}N 0 28� 0 30 1� 2 1 3636� 1 4545 P8
O=} R 0 28� 0 30 4� 5 1 5455� 1 6364 P9
\UwDt 0 22� 0 24 4� 5 1 8182� 1 9091 P10

sm xO=ar=jwi 0 28� 0 30 0� 1 1 9091� 2 0000 P11

"|tm CQwYx@ s}tYD T} QD=t "6 pwOH
C4 C3 C2 C1 =yxSwQB

0 1885 0 2812 0 1530 0 3773 u=Rw=
0 7727 0 895 0 695 0 2273 P1
0 6818 0 695 0 295 0 0455 P2
0 5000 0 495 0 695 0 9545 P3
0 3182 0 115 0 495 0 2273 P4
0 4091 0 115 0 895 0 7727 P5
0 5000 0 295 0 495 0 6818 P6
0 3182 0 495 0 695 0 1364 P7
0 2273 0 895 0 295 0 4091 P8
0 6818 0 895 0 895 0 5909 P9
0 5000 0 295 0 895 0 8636 P10
0 0455 0 895 0 115 0 9545 P11

2 7 4 3777 4 5295 4 2704 mP
i=1

x2
ij

0 6088 0 4779 0 4699 0 4839 ?} Q[

"xOW p=tQv s}tYD pwOH "7 pwOH
C4 C3 C2 C1 =yxSwQB

0 1885 0 2812 0 1530 0 3773 u=Rw=
0 4707 0 4277 0 3266 0 1100 P1
0 4151 0 3321 0 1386 0 0220 P2
0 3044 0 2366 0 3266 0 4619 P3
0 1937 0 0550 0 2326 0 1100 P4
0 2491 0 0550 0 4206 0 3739 P5
0 3044 0 1410 0 2326 0 3299 P6
0 1937 0 2366 0 3266 0 0660 P7
0 1384 0 4277 0 1386 0 1989 P8
0 4151 0 4277 0 4206 0 2859 P9
0 3044 0 1410 0 4206 0 4179 P10
0 0277 0 4277 0 0540 0 4619 P11

"�|}x]kv 11 T=}kt� |R=i O=Oa= x@ |v=@ R C=Lq]Y= p}O@D "2 pmW

O=Oa= x@ |v=@ R C=Lq]Y= |}x]kv 11 T=}kt p}O@D 2 pwOH w 2 pmW QO
CU=Q w AJ CtU |xOW x@U=Lt Q}O=kt R}v w 'xOW xO=O X}YND `@=wD '|a]k

"OwW|t xO=O u=Wv |R=i OOa Qy
O=Oa= x@ |v=@ R C=Lq]Y= |}x]kv 5 T=}kt p}O@D OvtR=}v |rN=O xOR=@ MQv

"CU= xOW xOQw; 3 pwOH QO xm CU= |a]k

|OQwt |xar=]t "7
VQ}PB |=Q@ OwN |rai \}=QW w |r=t u=wD x@ xHwD =@ OQ=O Q_v QO =ir; CmQW Q}Ot
u}= QO "OvR@ hrDNt |xSwQB 10 u=}t R= xSwQB u} QDy@ ?=NDv= x@ CUO 'lU} Q
|=yQ=}at u=oQ@N R= |atH w Q}Ot O}OKqY w xHwD =@ OW u=}@ QDV}B xm u=vJ u=}t
lU} Q w x}=tQU CWoR=@ xQwO '|R=i |rN=O xOR=@ MQv '|R=i |Qw;OwU XN=W
=@ =Q =yxv} Ro |t=tD Q}Ot ,=D}=yv xm OW xDiQo Q_v QO Vv} Ro u}= |@=} RQ= |=Q@ xSwQB
xv} Ro Qy C}@ wr]t u=R}t w Ovm|t xU}=kt (P11) ?wr]t ,qt=m |R=Ht |xv} Ro l}
=Qwt |R=i |=ys=o x@ xHwD =@ Q}Ot 'pmWt u}= pL |=Q@ "OHvU|t Cr=L u}= =@ =Q
xr�Ut u}= s}tYD T} QD=t 2 w 1 s=o x@ xHwD =@ "Ovm|t =yxSwQB |Ov@xk@] x@ s=Ok=
|=Q@ Q}Ot |wQ V}B |xv} Ro 10 u; QO xm CU= xOW xO=O u=Wv 5 pwOH j@=]t
=yQ=}at "OwW|t xOy=Wt QN; Q]U QO |R=Ht |xv} Ro l} x=Qty x@ xSwQB ?=NDv=

"Ov=xOW XNWt 1 pwOH j@=]t R}v
|xR=@ w xSwQB lU} Q |=Q@ xOWx�=Q= |v=@ R C=Lq]Y= 2 pwOH j@=]t TBU
"CU= xOW VQ_=vDt |a]k O=Oa= x@ p}O@D |Qw;OwU XN=W |=Q@ xOWh} QaD
w x}=tQU CWoR=@ |xQwO |=Q@ xOW u}}aD |=yxR=@ 3 pwOH R= xO=iDU= =@ u}vJty
Q]U wO u}vJty "�6 pwOH� CU=xOW xOv=OQoR=@ j}kO O=Oa= x@ xR=@ |rN=O MQv

"CU= xOW xO=O \U@ Q=Hvyx@ T} QD=t |x@U=Lt Qw_vtx@ QwmPt pwOH QN;
s=tD 'OyO|t MQ u; QO s}tYD T} QD=t |R=Up=tQv Ov}=Qi xm 3 s=o j@=]t

"�7 pwOH� OwW|t ?Q[ uwDU u; x@ \w@ Qt ?} Q[ QO =yx}=QO
l} Qy uRw "OwW|t pta |B wQDv; VwQ x@ =OD@= =yQ=}at x@ uRw X}YND |=Q@

%CU= xOW XNWt u}vJ =yQ=}at R=

wOj =
n
wO1 ; wO2 ; wO3 ; wO4

o
=f0 3224; 0 1960; 0 2883 0 1933g

%Ov=xDiQo Q_v QO |vRw =yQ=}at R= l} Qy |=Q@ u=U=vWQ=m w u=oQ@N TBU
wSj =

n
wS1 ; wS2 ; wS3 ; wS4

o
= f0 3; 0 2; 0 25; 0 25g
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QR=
xO=i

DU=
=@xS

wQB?
=NDv

=w
|Ov

@C}
wrw=%CU= xOW xOQw; xvwtv u=wvax@ Y8

Y8 = 0 0750� 0 0212 + 0 1202� 0 0261 = 0 1479
u}rw= u=wvax@ 8 |xSwQB xJQo = xm OwW|t \=@vDU= u}vJ 9 pwOH x@ xHwD =@
OwOL w CU= Q=OQwNQ@ C}@ wr]t OYQO 52 63 R= QFm =OL 'OW xDN=vW C} wrw=
u=R}t u}= R= Q}Ot xm CU=vat u}O@ xDmv u}= "CU= p;xO}==v OYQO 47 37
xDmv u}= "Ov} RoQ@ pw= |xSwQB u=wvax@ =Q xv} Ro u}= =D Ovm Q_v hQY O}=@ C}@ wr]t=v
|D}@=PH I}y p;xO}= |xv} Ro x@ C@Uv 4 |xSwQB xm OwW|t QDTwULt |v=tR
\U@ w xaUwD p@=k R}v =yxv} Ro Q}=U |=Q@ OQm} wQ u}= "OQ=Ov x=Qtyx@ Q}Ot |=Q@

"CU=

|Q}oxH}Dv "8
C}vqka w u=v}t]= sOa \}=QW x@ xHwD =@ '|D@=kQ |=[i QO w |ak=w |=}vO QO
|OQmrta =@ 'wQ V}B C=O}OyD w =yCYQi x@ C@Uv C} Q}Ot CU= sRq OwOLt
|=Q@ =yxSwQB xm =Hv; R= "OQ@@ =Q xO=iDU= u} QDW}@ =yCYQi R= xv=QmiDt w K}LY
C} Q}Ot |wQ V}B |O}OyD Vkv QO 'Tmar=@ =} CYQi l} Vkv QO C} Q}Ot
|Ov@x@DQ w ?=NDv= 'Cw=iDt |OQm} wQ =@ xOW |aU xr=kt u}= QO 'OvwW|t Qy=_
Qy |r;xO}==v =} uOw@ p;xO}= u=R}t |R=Ht |xv} Ro h} QaD =@ w OwW |@=} RQ= xSwQB

"OwW uWwQ xSwQB
|@=} RQ= |=Q@ |r=t |=yQ=}at |a]k w |v}k} |x@U=Lt xm xDmv u}= x@ xHwD =@
xR=@ l} xm CU= u; Q@ s}tYD 'CU= xH=wt |Y=N |=yC}OwOLt =@ xSwQB Qy
|x@U=Lt CrwyU Ea=@ =yvDxv Q=m u}= "OwW u}at xSwQB Qy |=Q@ =yQ=}at R= |@} QkD
Vv} Ro x@ C@Uv |QDW}@ CaQU =@ C} Q}Ot OwW|t ?Hwt xmr@ 'OwW|t =yQ=}at

"Ovm s=Ok= =yxSwQB
|=yxSwQB xm OQm u=}@ u=wD|t xSwQB 10 |@=} RQ= |=Q@ VywSB u}= |=yxDi=} R=
pw= C} wrw= =@ 8 |xSwQB "Ov=?=NDv= C} wrw= u} QDq=@ |=Q=O ?}DQDx@ 9 w 3 '8
|R=Ht |xv} Ro x@ C@Uv 'CU= |OYQO 52 63 |r;xO}= |=Q=O OvJQy ?=NDv=
uOw@ ?U=vt=v Q@ p=O |r;xO}==v u=R}t u}= xm CU= |OYQO 47 37 |r;xO}==v |=Q=O
u} QD?wr]t xv} Ro u}= xm CU= |vDio xD@r= "CU= 8 |xSwQB QO =yQ=}at R= |[a@
"Ov} RoQ@ Ov=wD|t OwN C=OyaD |=i}= Q}Ut QO C} Q}Ot xm CU= |}xSwQB u} QDy@ w
u; |r;xO}==v w Vy=m |r;xO}= C@Uv =yx@DQ V}=Ri= =@ xm Cio u=wD|t =DU=Q u}= QO

"O@=}|t V}=Ri=
=t= 'CU= xOW xHwD |r=t pt=wa x@ ,=iQY xSwQB ?=NDv= QO j}kLD u}= QO
|iQat |=yQ=}at xrtHR= xSwQB ?=NDv= |=yQ=}at w pt=wa Qo}O Q}F-=D w |UQQ@
u}vJty "OW=@ xOv}; C=k}kLD ẁ[wt Ov=wD|t xm CU= xSwQB ?=NDv= QO xOW
|rw Ov=xOQm xO=iDU= xSwQB ?=NDv= |=Q@ =Qwt |R=i |xw}W R= xr=kt u}= QO u}kkLt
?=NDv= Q}_v =yxv}tR Q}=U QO =Q VwQ u}= u}kkLt Q}=U =D OwW|t O=yvW}B
Q=m x@ """w |v=tR=U ?U=vt |SD=QDU= |Q}oQ=m x@ w P=ND= 'u=vmQ=m VRwt; w

"OvQ}o
� |tqm |=yQ=}at |Ov@C} wrw= |=Q@ =Qwt |R=i VwQ R= j}kLD u}= QO xm =Hv; R=
Q}=U R= |Oa@ C=k}kLD |=Q@ =D OwW|t O=yvW}B u}kkLt Q}=U x@ 'xOW xO=iDU= |v=@ R
Ovvm xO=iDU= """=yxO=O |R=i |WWwB p}rLD w 19T=QB wm Q}_v |Ov@x@DQ |=yVwQ

"OvyO Q=Qk |v}@ R=@ w |UQQ@ OQwt xr=kt u}= =@ =Q G}=Dv w

%R= CU= CQ=@a =yxSwQB R= l} Qy uRw 11 |xrO=at x@ xHwD =@ C}=yv QO
wI
�
j =

n
wI
�

1 ; wI
�

2 ; wI
�

3 ; wI
�

4
o

= f0 3773; 0 1530; 0 2812; 0 1885g

'?Q[ xOW R}q=tQv T} QD=t QO uRw O}=@ 4 s=o j@=]t |R=Up=tQv w |yOuRw R= TB
"�8 pwOH� OwW u}at |}=yv |Ov@C} wrw= 5 s=o j@=]t w

CQwY xU}=kt |=Q@ ,=iQY |R=Ht |xv} Ro h} QaD OW u=}@ 6 s=o QO xm u=vJ
"Ovm|t u=}@ =Q xSwQBl} p;xO}=Cr=L xmCU= |wLv x@ u; |=yQ=}at =Pr "CU= xDiQo
|}xU}=kt TBU w 'OwW|t x@U=Lt =yxv} Ro |t=tD |=Q@ ki Q=Okt 7 s=o j@=]t
C=@U=Lt Q} R QO "�9 pwOH� OQ}o|t CQwY xSwQBl} uOw@ p;xO}= OYQO Q@ |vD@t

"uwRwt xOW p=tQv s}tYD pwOH "8 pwOH
C4 C3 C2 C1 =yxSwQB

0 0887 0 1202 0 0499 0 0415 P1

0 0782 0 0934 0 0212 0 0083 P2

0 0574 0 0665 0 0499 0 1742 P3

0 0365 0 0155 0 0356 0 0415 P4

0 0470 0 0155 0 0643 0 1410 P5

0 0574 0 0396 0 0356 0 1222 P6

0 0365 0 0665 0 0499 0 0249 P7

0 0261 0 1202 0 0212 0 0750 P8

0 0782 0 1202 0 0643 0 1079 P9

0 0574 0 0396 0 0643 0 1577 P10

0 0052 0 1202 0 0082 0 1742 P11

"=yxSwQB |Ov@x@DQ w hOy `@=D Q}O=kt "9 pwOH
=yxSwQB |Ov@x@DQ hOy `@=D Q}O=kt ki x@DQ
|R=Ht |xv} Ro Y11 = 0 2810 100 �

P8 Y8 = 0 1479 52 63 1
P3 Y3 = 0 1334 47 47 2
P9 Y9 = 0 0856 30 46 3
P10 Y10 = 0 0756 26 90 4
P6 Y6 = 0 0679 24 16 5
P5 Y5 = 0 0452 16 08 6
P1 Y1 = 0 0231 8 22 7
P7 Y7 = 0 0050 1 78 8
P2 Y2 = 0 0023 0 82 9
P4 Y4 = �0 0151 �5 37 10
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1. decision maker
2. payback period (PB)
3. return on investment (ROI)
4. net present value (NPV)
5. internal rate of return (IRR)
6. analytical network process (ANP)
7. bene�t, opputunity, cost, risk
8. multi criteria group decision making (MCGDM)
9. Rough set
10. fuzzy bene�t/cost ratio (pro�tability index)
11. fuzzy payback period
12. fuzzy internal rate of return
13. risk project
14. The multi-objective optimization by ratio analysis (Moora)
15. multi{objective decision making method
16. signi�cance coe�cient
17. analytic hierarchy process (AHP)
18. Entropy
19. Copras
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