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8>>>>><>>>>>:
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m�l if l � x � m (1)
u�x
u�m if m � x � u (2)

1 if x = m (3)

0 if else (4)
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~A1 � ~A2 = (a=f; b=e; c=d) (7)
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|=Q@ =yu=tR=U OQmrta MQv xH}DvQO "CU= u=tR=U |=@kQ |xOvyOu=Wv L u; QO xm
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|=y|oS} w '|L=Q]C=YNWt "(HOWs)�=yxvwoJ�|UOvytw|viC=t=Rr=
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"CU= pwYLt QO u=} QDWt
R= l} Qy Q}F-=D |xOvyOu=Wv "|UOvyt w |vi C=t=Rr= |oDU@ty T} QD=t
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"CU= �=yxvwoJ� w �=yxJ� R= l} Qy \=@DQ= K]U |}=U=vW |=Q@ l}D=tDU}U
x@=Wt CqwYLt w u=tR=U pwYLt OQmrta xrLQt u}= QO "|D@=kQ |vi |@=} RQ=

"OwW|t |UQQ@ |vi C=t=Rr= R= l} Qy |=Q@ |rY= |=@kQ
xv=N pL=Qt w QY=va u} QN; xrtH R= "|vi C=t=Rr= |=Q@ hOy Q}O=kt u}}aD
R= |Q=OQ@ wor= R= pY=L G}=Dv w C=t=Rr= |oDU@ty u=R}t pt=W w CU= C}i}m

"CU= |vi C=t=Rr= XwYNQO =@kQ CqwYLt
xv=N |rY= |HwQN |vi C=t=Rr= uRw "|vi C=t=Rr= R= l} Qy |Ov@C}wrw=
%O};|t CUO x@ 14 |x]@=Q R= w CU= SAW VwQ =@ x@=Wt ,=@} QkD "CU= C}i}m
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X
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|O=yvW}B |R=i C}i}m |xv=N "5
Q} R KQWx@ HOQ |O=yvW}B pOt |}=QH= |=ys=o 'jwi C=tOkt x@ xHwD =@
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O=Sv|
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Lt
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DHL

u}U
LOt

LtO
}U

"i R=}v |D@=kQ C}akwt |Ov@xk@] "4 pmW

C}=[Q K]U T=U=Q@ i |OvtR=}v OQmrta Q=_Dv= OQwt VRQ= yi "OQ=O xOyaQ@ =Q
%OwW|t K} QWD u}vJ |D@=kQ OQmrta "CU= |QDWt

1) ~yi � ~Tis p; xO}=
2) ~yi1 � ~yi � ~Ti2 ?wr]t
3) ~yi2 � ~yi � ~Ti3 ptLD p@=k
4) ~yi3 � ~yi � ~Ti4 ptLD p@=kQ}e

%O};|t CUO x@ 21 |x]@=Q R= |R=i O=Oa= |=Q@ ~Zs |Q=_Dv= VRQ= Q=Okt
as = Bsa0; a0 = 1; B = 2
~Zs = (as�1; as; as+1); s = 1; 2; : : : ; S (21)

u}= "CU= xDU@=w =@kQ Q}=U x@ C@Uv OwN pwYLt OQmrta u=R}t x@ B w a0 VRQ=
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u}vJ |a]k w |R=i O=Oa= |=Q@ s=i |OvtR=}v |=Q@ s |xOwOLt uRw "s} Qw; CUO

%OwW|t h} QaD
fuzzy � ~wis = ~zs�
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crisp� wci = as/tis (23)

"OW Oy=wN Q=QkQ@ Tis�1 � yi � Tis \QW =@ |=y|OvtR=}v uRw
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xi1

; i = 1; 2; : : : ;M (24)
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 ui 
 ei; i = 1; 2; : : : ;M (25)
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%CW=O s}y=wN CQwY u}= QO "CU= s=m |OvtR=}v |=Q@ C1 u=tR=U |@Uv
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x@ |@=}CUO |=Q@ "CU= |UOvyt w |vi C=}YwYN Q}O=kt Q}}eD =} hOy Q}O=kt
xO=iDU= 32 |x]@=Q R= HOWs |UOvyt w |vi |=yxYNWt R= l} Qy |}=yv uRw
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u; QO xDiQ Q=m@ s�qa w xOW xO}Wm Q} wYD x@ |O=yvW}B C}i}m xv=N 5 pmW QO
%OwW|t Q}UiD u}vJ

&i = 1; 2; :::;M |i}m |=yxDU=wN x@ \w@ Qt T}Ov= %i
&j = 1; 2; :::; N |vi |=yxYNWt x@ \w@ Qt T}Ov= %j

&l = 2; 3; :::; l ?}kQ |=yu=tR=U x@ \w@ Qt T}Ov= %l
&s=i |i}m |xDU=wN %Wi

&�OwN� |UQQ@ OQwt u=tR=U %C1
&?}kQ |=yu=tR=U %Cl

&=@kQ =@ |@=} RQ= QO s=i |i}m |xDU=wN uRw %Wci

&s=i |=yxDU=wN |=Q@ K}LYD ?} Q[ %ei
&s=i |xDU=wN |=Q@ hOy Q=Okt %ai

&s=i |xDU=wN |=Q@ Ow@y@ MQv %ui
&s=i |i}m |xDU=wN |@Uv uRw %Wfi

&s=j |vi |xYNWt %Hj
&s=i |OvtR=}v |}=yv C}ty= xHQO %Wf�i

&s=j |vi xYNWt w s=i |xDU=wN u}@ \=@DQ= xHQO %rij
&|QDWt O}O R= s=i |xDU=wN |@Uv C}ty= %Iri

&s=j |vi |=yxYNWt |@Uv C}ty= %RIj
&C=t=Rr= |oDU@ty uDiQo Q_v QO =@ s=j s=Rr= |=Q@ hOy Q}O=kt %RI�j

&j |vi |xYNWt K}LYD ?} Q[ %zj
&s=j |xYNWt |=Q@ hOy Q=Okt %bj

&s=j |vi |xYNWt |=Q@ Ow@y@ MQv %vj
&s=j |vi |xYNWt |=QH= |xv} Ry %cj

&s=j |vi |xYNWt |}=yv C}ty= |xHQO %WRI�j
|xDU=wN jkLD Qw_vtx@ |UQQ@ OQwt u=tR=U pwYLt =@ x]@=Q QO |QDWt Q_v %x

"=yO=tv w HOWs w WHATs u}@ \=@DQ= xHQO "1 pwOH
|R=i O=Oa= O=tv \=@DQ= xHQO

[8w10] �� |wk |r}N
[6w8] � |wk
[4w6] O \UwDt
[w2w4] � h}a[
[0w2] �� h}a[ |r}N

0 O=tv uwO@ \=@DQ= sOa
"=yv; Q_=vDt |R=i O=Oa= w |oDU@ty xHQO "2 pwOH

|a]k O=Oa= |R=i O=Oa= O=tv \=@DQ= xHQO
9 [8w10] ++ C@Ft |r}N
7 [6w8] + C@Ft
3 [2w4] { |ivt
1 [0w2] { { |ivt |r}N
0 0 |r=N xv=N x]@=Q uwO@

%OwW|t u}}aD �WHATs� u=} QDWt |=yxDU=wN =@ Q_v OQwt |xYNWt \=@DQ=
RIj =

mX
i=1

wf�i 
 rij ; j = 1; 2; ::; n (27)

C=Q_v R= \@=wQ u}= u}}aD Qw_vtx@ "OyO|t u=Wv =Q |oDU@ty u=R}t rij u; QO xm
pY=L *uQ=kDt |FrFt |R=i O=Oa= w =yO=tv R= "OQm xO=iDU= O}=@ x]w@ Qt u=U=vWQ=m

"�1 pwOH� OwW|t xO=iDU= \=@DQ= u}= V}=tv |=Q@ |v=@ R |=yQ}eDt p}O@D R=
R= Q]U u}= |vi C=t=Rr= |@Uv C}ty= |ak=w uRw "hOy Q}O=kt u}}aD "syv s=o
QO |UOvyt w |vi |=yxYNWt |oDU@ty u=R}t uDiQo Q_v QO =@ C}i}m xv=N

%O};|t CUO x@ 28 |x]@=Q j} Q] R= w C}i}m |xv=N hkU

RI�j = RIj �
NX
k=j

TKj 
RIj ; j = 1; 2; : : : ; N; K 6= j (28)

|xOvyOu=Wv 2 pwOH "OyO|t u=Wv =Q C=t=Rr= |oDU@ty u=R}t Tkj u; QO xm
O=Oa= CQwYx@ |UOvyt w |vi C=t=Rr= |oDU@ty xHQO |v=@ R |=yQ}eDt p}O@D

"CU= |R=i
%(HOW) Ow@y@ MQv "syO s=o

zj = bi
y1j

; j = 1; 2; :::; N (29)

%CW=O s}y=wN x=ov; 'OW=@ bj hOy Q=Okt R= QDnQR@ y1j Q=Okt xm |DQwY QO
zj = y1j

bj
; j = 1; 2; :::; N (30)

l} Qy |=Q@ "vij |UOvyt |vi C=t=Rr= |=Q@ K}LYD ?} Q[ x@U=Lt "syOR=} s=o
|D@=kQ \}Lt l} QO VwQi \=kv =D "s}vm|t pta swU s=o Ovv=t R}v |vi C=t=Rr= R=

"O}; CUO x@
"pwYLt |vi |=yxYNWt R= l} Qy |=Q@ |}=yv C}ty= xHQO "syOR=wO s=o
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 zj ; j = 1; 2; :::; N (31)
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&s=i xDU=wN x@ C@Uv s=x |QDWt Q_v C}ty= %Iix
w k 6= j xm |Qw]x@ s=j |vi s=Rr= w s=k |vi s=Rr= |oDU@ty ?} Q[ %TKj

&k = 1; 2; :::; N
&|UQQ@ OQwt u=tR=U pwYLt |=yxYNWt |vi Q}O=kt %y1j

&=@kQ R}r=v; QO ?}kQ |=yu=tR=U pwYLt |=yxYNWt |vi Q}O=kt %ylj
Q}=U uDiQo Q_v QO =@ |vi C=t=Rr= R= l} Qy |@Uv |}=yv C}ty= xHQO %W �Hj

"=yC}OwOLt

|OQ@ Q=m p=Ft "6
xOy=Wt =Q C}i}m |xv=N w QFD R= |rt=m |xvwtv u=wD|tv C=}@O= QO |rm Qw]x@

"s}yO x�=Q= =Q sRq \}=QW s=tD =@ |D}i}m |xv=N s}vm|t |aU =t "OQm
"s} R=OQB|t wQOwNpe@ xv}}; O}rwD �C1� xv=NQ=ml} O}rwD|UQQ@ x@j}kLDu}= QO
C}i}m |xv=N QO 'x@=Wt C=O}rwD =@ 'Qo}O ?}kQ xU =@ xU}=kt QO x]w@ Qt C=@U=Lt
QO C1 CmQW x@ |Q=}U@ ltm C}i}m |xv=N u}= "OQ}o|t CQwY |O=yvW}B
j@=]t s=o x@ s=o 'sRq C=t=Ok= "OQm Oy=wN CqwYLt Ow@y@ xH}Dv QO w |Q}os}tYD

"OQ}o|t CQwY |O=yvW}B pOt =@
|}=U=vW w C1 CmQW u=} QDWt |=yR=}v lQO x@ |HvUQ_v j} Q] R= =OD@= "pw= s=o
xOy=Wt 6 pmW QO |DNQO Q=Owtv CQwYx@ u=} QDWt |=yR=}v "s} R=OQB|t =yv;
OwN CW=OQ@ 'Cw=iDt |=yC}ty= xHQO =@ |QDWt GvB j}kLD u}= QO "OwW|t
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"""u
=}QDW

t|
=yxD

U=wN
x@|

yOu
Rw|

=Q@O
}OH

|W
wQ"sQ=yJ |QDWt Q_v lQO "7 pwOH

|QDWt Q_vx]kv h}YwD |R=i O=Oa=
sm ��1w0w1�

sm |r}N �0w1w2�
\UwDt �2w3w4�
O=} R �4w5w6�

O=} R ,=D@Uv �6w7w8�
O=} R |r}N �8w9w10�

"=y|OvtR=}v |@Uv C}ty= xHQO "8 pwOH

Ir
Iix

(Whats)
K5 K4 K3 K2 K1

�150w210w280� [8w10] [4w6] [6w8] [8w10] [6w8] W1

�120w174w238� [4w6] [6w8] [4w6] [8w10] [4w6] W2

�142w97w262� [3w5] [4w6] [8w10] [4w6] [8w10] W3

�102w153w214� [3w5] [8w10] [4w6] [2w4] [6w8] W4

�51w194w147� [6w8] [4w6] [3w5] [0w2] [2w4] W5

�154w214w284� [8w10] [4w6] [6w8] [6w8] [8w10] W6

�104w156w218� [4w6] [6w8] [8w10] [2w4] [4w6] W7

�116w170w234� [6w8] [6w8] [4w6] [4w6] [6w8] W8

�57w93w139� [4w6] [2w4] [1w3] [4w6] [2w4] W9

�102w147w202� [3w5] [0w2] [4w6] [2w4] [8w10] W10

"=y|OvtR=}v xOW p=tQv |@Uv uRw "9 pwOH
Irnorm (Whats)

�0 068w0 13w0 255� W1

�0 054w0 108w0 217� W2

�0 064w0 123w0 239� W3

�0 046w0 095w0 195� W4

�0 023w0 059w0 134� W5

�0 07w0 133w0 259� W6

�0 047w0 097w0 199� W7

�0 052w0 106w0 213� W8

�0 026w0 058w0 127� W9

�0 046w0 092w0 182� W10

Q=Qk u=} QDWt Q=}DN= QO 'h}YwD |=Q@ |R=i O=Oa= R= |vwo =vwo |=yh}] xar=]t
1 |=yQ=Owtv j@=]t |QDWt GvB |=Q@ |R=i |xv=o =OH |=yh}] R= l} Qy "CiQo

"OwW|t h} QaD 7 =D 5 pw=OH w 3 =D
OW s=Hv= |=y|OvtR=}v |@Uv C}ty= |x@U=Lt 15 |x]@=Q T=U=Q@ "swO s=o

"u=tR=U |rY= u=} QDWt C}ty= |Ov@ x@DQ "3 pwOH
OOa OOa C}ty= OYQO |QDWt
|R=i |a]k Cw=[k C}ty=

�8w9w10� 9 O=} R |r}N 33 pw=
�6w7w8� 7 O=} R 25 swO
�5w6w7� 6 O=} R ,=D@Uv 22 swU
�2w3w4� 3 sm 10 sQ=yJ
�2w3w4� 3 sm 10 sHvB

"|OvtR=}v 10 |=Q@ |QDWt GvB �|OvtC}=[Q� Q_v lQO "4 pwOH
|QDWt

(Whats)sHvB sQ=yJ swU swO pw=
O=} R |r}N O=} R O=} R O=} R |r}N O=} R w1

\UwDt O=} R ,=D@Uv \UwDt O=} R |r}N \UwDt w2

sm O=} R O=} R |r}N \UwDt O=} R |r}N w3

sm O=} R |r}N \UwDt sm O=} R w4

O=} R O=} R sm sm |r}N sm w5

O=} R |r}N O=} R O=} R O=} R O=} R |r}N w6

\UwDt O=} R ,=D@Uv O=} R |r}N sm \UwDt w7

O=} R O=} R ,=D@Uv \UwDt \UwDt O=} R w8

\UwDt \UwDt sm |r}N \UwDt sm w9

sm sm |r}N \UwDt sm O=} R |r}N w10

"swO w pw= u=} QDWt Q_v lQO "5 pwOH
|QDWt Q_vx]kv h}YwD |R=i O=Oa=

O=} R |r}N �8w9w10�
O=} R �6w7w8�
\UwDt �4w5w6�
sm �2w3w4�

sm |r}N �0w1w2�

"sHvB w swU u=} QDWt Q_v lQO "6 pwOH
|QDWt Q_vx]kv h}YwD pO=at |R=i O=Oa=

O=} R |r}N �8w9w10�
O=} R �6w7w8�
\UwDt �4w5w6�
sm �3w4w5�

sm |r}N �1w2w3�
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O=Sv|
aQ=R

uU
Lt

w|
DHL

u}U
LOt

LtO
}U

"pw= |OvtR=}v |=Q@ |D@=kQ \=kv "7 pmW

|=yT} QD=t R= |Q}ou}ov=}t j} Q] R= X T} QD=t x@ \w@ Qt uwDU �$?�
OQmrta MQv uOQw; CUO x@ |=Q@ p=Ft u=wvax@ "O};|t CUO x@ X1; X2; :::; X5

%CW=O s}y=wN 16 |x]@=Q j@]swO |OvtR=}v |=Q@ C1 u=tR=U
x21 = x211 + x212 + x213 + x214 + x215

5
= 3 + 5 + 3 + 7 + 5

5 = 4 6
%s} Q=O 19 |x]@=Q R= xO=iDU= =@ u}vJty

(E(W1); E(W2); :::E(W10) = (0 9940; 0 9944; 0 9925;
0 9973; 0 9909; 0 9905; 0 9973; 0 9859; 0 9961; 0 9919)

"O};|t CUO x@ |=y|OvtR=}v |=Q@ em Q}O=kt R= l} Qy 20 |x]@=Q R= TBU
=D �sm|r}N� R= xv=oCiy |Ov@xHQO R= =@kQ |@=} RQ= pwOH xm CU= QmP x@ sRq

"CU= xOW p}mWD �O=} R|r}N�
T} QD=t R= =@kQ uDiQo Q_v QO =@ |i}m |=yxDU=wN uRw uOQw; CUO |=Q@ "sHvB s=o
'5 VN@ sQ=yJ |xrLQt x@ O=vDU= =@ "s}vm|t xO=iDU= 10 pwOH QO =@kQ R}r=v;
|D@=kQ xOwOLt p=Ft |=Q@ "s}vm|t XNWt =Q |=y|OvtR=}v |D@=kQ |=yxOwOLt

%R= CU= CQ=@a 7 pmW j@=]t u=} QDWt pw= |OvtR=}v
[c2(4 6) < c4(5 3) < c3(5 8)]

p@=k� '�?wr]t� '�p;xO}=� |xOwOLt Q=yJ QO =@kQ |@=} RQ= |ovwoJ xH}DvQO
"OwW|t xO=O u=Wv u}vJ �?wr]t=v� w �ptLD

1: (yi � 5 8) p;xO}=
2: (5 8 � yi � 5 3) ?wr]t xOwOLt
3: (5 3 � yi � 4 6) ptLD p@=k xOwOLt
4: (yi � 4 6) ?wr]t=v xOwOLt

|=yxOwOLt 5 VN@ R= sQ=yJ |xrLQt QO xOW KQ]t \@=wQ R= xO=iDU= =@ uwvm =
QO s=Om Qy uRw TBU w '�12 pwOH� XNWt =y|OvtR=}v R= l} Qy |=Q@ |D@=kQ

"O};|t CUO x@ �13 pwOH� =@kQ Q}=U =@ xU}=kt
=@ '|D@=kQ \}Lt QO |i}m |=yxDU=wN u=Rw= uOQw; CUO x@ R= TB "sWW s=o
sDiy w sWW pL=Qt R= '|D@=kQ |OQmrta XN=W w |B wQDv; |x} Q_v R= xO=iDU=

"swO w pw= |QDWt |=Q@ |R=i |}x@DQ 9 C}w[a `@=D "1 Q=Owtv

"sHvB w swU |QDWt |=Q@ |R=i |}x@DQ 9 C}w[a `@=D "2 Q=Owtv

"sQ=yJ |QDWt |=Q@ |R=i |}x@DQ 9 C}w[a `@=D "3 Q=Owtv
"CU= xOW x�=Q= 9 pwOH QO |R=Up=tQv R= TB xrY=L |=yxO=O "�8 pwOH�

CLD CmQW OQmrta x@ `H=Q u=} QDWt Q_v Q@ O=vDU= =@ xrLQt u}= QO "swU s=o
?} Q[ uOQw;CUO x@ w |yOuRw |=Q@ |B wQDv; |x} Q_v R= 'Qo}O?}kQ xU w xar=]t
u}vJty w u=} QDWt C=Q_v "OW xO=iDU= 5 VN@ R= swU |xrLQt =@ j@=]t 'K}LYD

"CU= xOW x�=Q= 10 pwOH QO xrY=L G}=Dv
CUO x@ p@k |xrLQt QO xm u=} QDWt |xU}=kt T} QD=t R= xO=iDU= =@ "sQ=yJ s=o
G}=Dv "OW x@U=Lt |OvtR=}v Qy |=Q@ Ow@y@ C@Uv '24 |x]@=Q u}vJty w s}OQw;

"CU= xOW xO=O u=Wv 11 pwOH QO
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"""u
=}QDW

t|
=yxD

U=wN
x@|

yOu
Rw|

=Q@O
}OH

|W
wQ"u=tR=U x@ C@Uv u=} QDWt \UwD =@kQ R}r=v; "10 pwOH

em

u=} QDWt xU}=kt T} QD=t sHvB |QDWt sQ=yJ |QDWt swU |QDWt swO |QDWt pw= |QDWt

wi
X = X5 = X4 = X3 = X2 = X1 =

[xmn]10�4 [xmn5]10�4 [xmn4]10�4 [xmn3]10�4 [xmn2]10�4 [xmn1]10�4

c4 c3 c2 c1 c4 c3 c2 c1 c4 c3 c2 c1 c4 c3 c2 c1 c4 c3 c2 c1 c4 c3 c2 c1

0 1 5 4 5 8 4 6 6 6 7 3 3 7 5 7 5 5 5 7 5 9 7 7 3 7 3 5 7 5 W1

0 1006 5 0 4 6 5 4 6 5 7 5 5 3 5 5 7 7 3 5 3 5 3 7 5 5 5 3 3 W2

0 0999 5 4 5 5 0 7 0 5 7 5 7 3 5 3 5 5 5 7 7 7 5 5 9 7 3 5 7 W3

0 1004 5 5 0 4 2 4 3 5 5 3 5 3 5 5 7 7 3 5 5 5 5 3 1 5 7 5 3 W4

0 0997 2 2 2 6 3 4 2 6 3 5 3 3 3 3 5 5 1 3 5 1 3 1 1 3 1 1 3 1 W5

0 0997 5 4 4 6 5 0 7 0 5 5 3 7 7 3 7 7 3 5 3 5 7 7 7 9 5 3 5 7 W6

0 1004 5 8 6 6 6 6 7 4 9 7 7 9 3 7 7 7 5 3 3 5 7 7 9 7 5 9 7 9 W7

0 0992 4 2 6 2 4 2 3 8 5 7 5 7 5 7 5 1 3 5 5 3 5 5 3 5 3 7 3 3 W8

0 1003 5 4 5 4 4 2 5 4 5 3 3 3 7 7 5 5 3 5 3 7 5 7 7 7 7 5 3 5 W9

0 0998 5 5 4 7 0 7 0 7 7 9 7 5 5 7 5 3 7 5 7 5 5 7 9 3 3 7 7 W10

"OvwW p}O@D pwYLt |L=Q] |=y|oS} w x@ u=} QDWt |=yR=}v O}=@ uwvm = "sDiy s=o
R= l} Qy x@ uO}WN@ jkLD |=Q@ |vi s=Ok= 9 u=U=vWQ=m |=y|UQQ@ R= TB
u}= R= l} Qy u}}=B w p@=kt QO "�15 pwOH� OW O=yvW}B u=} QDWt |OvtR=}v xO
CU=vat u}= x@ �# w "� Ctqa "OwW|t GQO �$ w # '"� |=yCtqa '=yxYNWt
pwYLt u=L=Q] hOy ,=t=Rr= Q_v OQwt C}YwYN QDW}@ xJQy Vy=m =} V}=Ri= xm
=} Vy=m � h=QLv= x@ pwYLt u=L=Q] p}=tD sOa |xv=Wv �$� Ctqa w 'xOw@
hOy x@ uO}UQ =yvD w 'CU= x]w@ Qt hOy Q=Okt R= Q_v OQwt C}YwYN �V}=Ri=

"OQ=O C}ty= Q_v OQwt C}YwYN |=Q@ xOW u}}aD
x@ xHwD =@ �=yxvwoJ� w �=yxJ� u}@ \@=wQ u}}aD x@ xrLQt u}= QO "sDWy s=o
C=t=Rr= R= l} Qy |oDU@ty 2 pwOH R= xO=iDU= =@ TBU "s} R=OQB|t 1 pwOH
'CU= C}i}m |xv=N hkU x@ \w@ Qt VN@ u}= "OwW|t XNWt |UOvyt w |vi
VRQ= Q@ |}=RUx@ Q}F-=D w "Ovm|t u}}aD =Q Qo}Om} Q@ |vi C=t=Rr= R= l} Qy Q}F-=D xm
C=t=Rr= R= l} Qy |@Uv C}ty= xrLQt u}= QO "OQ=O C}i}m |xv=N |HwQN |}=yv

"�5 VN@ R= 9 w 8 pL=Qt� O};|t CUO x@ hOy Q}O=kt w |vi
\}Ltl} QO =Q Q_v OQwt pwYLt uwJ "=@kQ x@C@Uv|vi C=t=Rr=|@=} RQ= "syv s=o
|UOvyt w |vi C=t=Rr= |Q}oxR=Ov= p@=k Q}O=kt O}=@ TB s}vm|t |@=} RQ= |D@=kQ
|vi C=t=Rr= hOy Q}O=kt =D 's}vm |@=} RQ= =@kQ Q}=U x@ C@Uv =Q Q_v OQwt pwYLt
QO pwYLt C}i}m Ow@y@ x@ C@Uv Ov=wD@ C}i}m |xv=N T} QD=t R= xOt; CUO x@
|xU}=kt 16 pwOH "OvwW Qy=_ QDQF-wt 'QFD |Oa@ pL=Qt QO '=@kQ Q}=U =@ |@=} RQ=
ZN Q=Okt "OyO|t u=Wv |vi s=Rr= 9 |@=} RQ= |=Q@ Y T} QD=t j} Q] R= =Q =@kQ
QO xm xJv; x@=Wt '|B wQDv; VwQ R= |vi C=t=Rr= VwQi |x]kv =} �Ow@y@ C@Uv�
MQv Q=Okt "O};|t CUO x@ 's}O=O s=Hv= |i}m |=yxDU=wN x@ C@Uv =@kQ |@=} RQ=

"=y|OvtR=}v |=Q@ Ow@y@ MQv w hOy Q}O=kt "11 pwOH
Ow@y@ MQv u=tR=U xt=vQ@ u=} QDWt xU}=kt T} QD=t

(Whats)(uM ) �hOy� X = [xmn]10�4

Um (am) c4 c3 c2 c1

1 0606 7 5 4 5 8 4 6 6 6 W1

1 0870 5 5 0 4 6 5 0 4 6 W2

1 1429 8 5 4 5 0 5 0 7 0 W3

1 1905 5 5 0 5 0 4 2 4 2 W4

1 5385 4 2 2 2 6 3 4 2 6 W5

1 1429 8 5 4 4 6 5 0 7 0 W6

1 2162 9 5 8 6 6 6 6 7 4 W7

1 3158 5 4 2 6 2 4 2 3 8 W8

1 1111 6 5 4 5 4 4 2 5 4 W9

1 1429 8 5 0 5 4 7 0 7 0 W10

"s}vm|t xO=iDU= u=} QDWt |=yxDU=wN |}=yv |=yuRw uOQw;CUO x@ |=Q@ '5VN@
u}= Q@ "CU= xOy=Wt p@=k 14 pwOH QO G}=Dv u; x@ \w@ Qt C=@U=Lt R= TB

%OvwW|t |Ov@C} wrw= Q} R ?}DQDx@ �WHATs� R= s=Om Qy 'T=U=
W5 > W8 > W4 > W2 > W6 > W1 > W3 > W7 > W10 > W9
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O=Sv|
aQ=R

uU
Lt

w|
DHL

u}U
LOt

LtO
}U "=@kQ |@=} RQ= x@ C@Uv OQmrta XN=W sD} Qwor= R= xrY=L G}=Dv "12 pwOH

W10 W9 W8 W7 W6 W5 W4 W3 W2 W1 =yxOwOLt
0 29 0 37 0 323 0 303 0 37 0 588 0 4 0 37 0 4 0 34 p; xO}=
0 74 0 952 0 952 0 68 0 8 1 538 0 9523 0 8 0 869 0 74 ?wr]t
1 6 - - - 1 739 3 636 - - - 1 739 ptLD p@=kQ}e

"Wc =@kQ |@=} RQ= ?UL Q@ =y|OvtR=}v R= l} Qy uRw "13 pwOH
W10 W9 W8 W7 W6 W5 W4 W3 W2 W1 Wc

0 29 0 37 0 952 0 303 1 37 1 538 0 9523 0 37 0 869 0 34 Crisp weight (wc)

"(�nal weight importance) =y|OvtR=}v R= l} Qy |}=yv uRw "14 pwOH

|a]k O=Oa= |R=i O=Oa= (whats) |a]k O=Oa= |R=i O=Oa= (whats)

0 196 �0 112w0 175w0 301� Wf�6 0 187 �0 104w0 166w0 291� Wf�1
0 151 �0 084w0 134w0 236� Wf�7 0 221 �0 149w0 203w0 312� Wf�2
0 249 �0 176w0 230w0 340� Wf�8 0 184 �0 106w0 165w0 282� Wf�3
0 113 �0 07w0 100w0 1700� Wf�9 0 226 �0 160w0 209w0 309� Wf�4
0 142 �0 080w0 125w0 220� Wf�10 0 308 �0 260w0 295w0 370� Wf�5

"R=}v OQwt pwYLt |vi |=yxYNWt "15 pwOH
xYNWt ?wr]t OvwQ OL=w (Hows) R=}v OQwt pwYLt |vi xYNWt

$ QDtuwDw}v x}=B pwL |Rri QwLt Qw=DWo "1
$ QDtuwDw}v |Rri QwLt pwL xv}�; xvO@ CmQL CyH R=}v OQwt Qw=DWo "2
$ xk}kO Q@ QDtuwDw}v xvO@ ?r=k O=wt s=mLDU= "3
" |}xHQO 90 VNQJ Qy xv}�; OQmrta s=wO CUD "4
" xHQO st} Rm =t |Rri x}=B s=mLDU= "5
" p=U xv}�; Qta s=wO CUD "6
$ QDt|Dv=U xv}�; ?U=vt |vwv=m xrY=i "7
$ ?amtQDt Q@ sQowr}m xOvQ=Oxov ?r=k O=wt xD}Uv=O "8
$ O=Qo}Dv=U x]w@ Qt QwUvU \UwD xOW O=H}= CQ=QL "9

%CU= Q} R

H3 > H7 > H5 > H4 > H9 > H6 > H1 > H2 > H8

Oa@ pL=Qt x@ |vi |=yxYNWt xty p=kDv= |}=v=wD =yu=tR=U R= |[a@ xm =Hv; R=
?=NDv= =yv; u} QDsyt 'wDQ=B |xOa=k R= xO=iDU= =@ OwW|t O=yvW}B 'OvQ=Ov =Q QFD

"OwW pkDvt Oa@ pL=Qt x@ w

5 VN@ R= syOR=wO |xrLQt =@ j@=]t 30 w 29 \@=wQ j} Q] R= R}v �VN � Ow@y@
"OwW|t x@U=Lt

|O=yvW}B pOt R= xOR=wO w xOR=} pL=Qt QO xm xJv; =@ j@=]t C}=yv QO w "syO s=o
"OwW|t x@U=Lt |UOvyt w |vi |=yxYNWt R= l} Qy |}=yv uRw 'OW xDio
Q} wYD x@ �C}i}m |xv=N� 8 pmW QO 'xDiQo CQwY G}=Dv w C=@U=Lt |t=tD
?}DQDx@ |vi |=yxYNWt R= l} Qy |Ov@C} wrw= 'u; T=U=Q@ "CU= xOW xO}Wm
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"""u
=}QDW

t|
=yxD

U=wN
x@|

yOu
Rw|

=Q@O
}OH

|W
wQ"Ow@y@ MQv w |vi C=t=Rr= |D@=kQ R}r=v; "16 pwOH

MQv hOy ?} Q[ |vi |=yxYNWt xU}=kt T} QD=t
HcOw@y@ �u=tR=U xt=vQ@� K}LYD y = [ynl]9�4

(VN ) (bN ) (ZN ) C4 C3 C2 C1

1 2222 9 0 1115 9 8 13 11 H1

1 3333 8 0 1116 10 9 9 6 H2

1 2500 25 0 1104 30 15 25 20 H3

1 20000 300 0 1124 300 300 350 250 H4

1 2857 9 0 1119 10 10 11 7 H5

1 3333 6 0 1101 6 5 10 8 H6

1 2500 2 0 1104 3 1 5 2 2 5 H7

1 1667 3 5 0 1125 3 5 3 5 4 3 H8

1 3333 15 0 1093 15 15 30 20 H9

"C}i}m xv=N hrDNt |=y pOt xU}=kt "17 pwOH

|O=yvW}B pOt [11] [10] [8] pL=Qt
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1. quality function deployment (QFD)
2. product planning
3. house of quality (HOQ)
4. product design
5. process planning
6. production planning
7. technical measures
8. voice of customer
9. symmetrical tringualar fuzzy number
10. Defuzziness
11. sales point
12. entropy theory
13. broad
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