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%CU= Q=QkQ@ 17 w 16 \@=wQ R}v r�i w r+
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Pj�qj if � Pj < �j < � qj ; Pj � qj � 0
1 if �j � � qj

(24)

�j = Kj(A i)�Kj(A i0) (25)

26|x]@=Q R= xO=iDU= =@ =yxv} Ro u=}tj@=]DXN=W %j@=]DXN=Wu}}aD "5 sOk
%OwW|t u}}aD

C(A i ; A i0) =
nP
j=1

�j(A i ; A i0):Wj ; i ; i0 2 f1 ; ::: ; mg (26)

R= R}v =yxv} Ro u=}t j@=]D sOa XN=W %j@=]D sOa XN=W u}}aD "6 sOk
%OwW|t x@U=Lt 28 w 27 |x]@=Q

D (A i ; A i0) =P
A i

(
P
A i0

�Dj(A i ; A i0):fj(A i0)):fj(A i)
(27)

�Dj(A i ; A i0) =8>><>>:
1 if �j � �Vj
���j+pj

Vj�pj
�

if � Vj < �j < �pj ; Vj > pj

0 if �j � �pj
(28)

29 |x]@=Q T=U= Q@|}x@DQ=Qi |xHQO 'sOk u}= QO %|}x@DQ=Qi xHQOu}}aD "7 sOk
%OwW|t u}}aD

' (A i ; A i0) = C(A i ; A i0) �Qn
j=1
�1�Dj3(A i ; A i0)

�
; 0 � '(A i ; A i0) � 1

(29)
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=vY
|U

Ovyt |xrLQt QO =yXN=W uRw "OyO|t u=Wv =Q |FrFt |R=i s}tYD T} QD=t CUw}B
|U=}kt|@ C}Y=N uDiQo Q_v QO =@ w CRITIC l}vmD R= xO=iDU= =@ |r@k
QO 10 pwOH QO u=Rw= u}= |xOW |R=i G}=Dv xm Ot; CUO x@ (

Pn
j=1 wj = 1)

"CU= xOt; CUw}B
(V ) OQ |xv=DU; w (P ) K}HQD |xv=DU; '(Q) |Dw=iD|@ |xv=DU; '3 sOk QO
xDUUo |xYN=WOvJ |=yl}vmD ?=Dm T=U= Q@ u; G}=Dv xm OwW|t u}}aD
�CUw}B� VN@ QO 12 pwOH "CU= xOW xOQw; 11 pwOH QO [25] (MADM)

T=U= Q@ 4 sOk QO "CU= |FrFt |R=i CQwYx@ V w P 'Q |=yQDt=Q=B pt=W R}v
=} |}xDUy |Ov@x@DQ VwQ� Excel Q=Ri=sQv R= xO=iDU= =@ w 25 =D 23 \@=wQ
"�CUw}B QO 13 pwOH� CU= xOt; CUO x@ |rLt |}x@DQ=Qi T} QD=t 17'�|RmQt
|}x@DQ=Qi T} QD=t ?Q[ pY=L R= xO=iDU= =@ �26 |x]@=Q j@] 5 � sOk QO
x@ �CUw}B QO� 14 pwOH 'XN=W Qy xOW |R=i u=Rw= T} QD=t QO XN=W Qy
p}mWD �CUw}B QO� 15 pwOH j@=]t |R=i j@=]D T} QD=t ,=D}=yv "O};|t CUO
=@ Qw_vt u}= |=Q@ "OUQ|t j@=]D sOa XN=W u}}aD x@ C@ wv 6 sOk QO "OwW|t
=} |}xDUy |Ov@x@DQ VwQ R= �Dj(Ai; Ai0) XN=W =OD@= 28 |x]@=Q R= xO=iDU=
sOa XN=W uOQw; CUO x@ |=Q@ "�CUw}B QO 16 pwOH� O};|t CUO x@ |RmQt
RmQt VwQ R= Qw_vt u}= |=Q@ "OvwW p}O@D |a]k O=Oa= x@ |R=i O=Oa= O}=@ j@=]D

%OwW|t xO=iDU= 18pkF
x1
m = L+M+U

3 : x2
m = L+2M+U

4 : x3
m = L+4M+U

6
Crispnumber = z = Max (x1

m ; x2
m ; x3

m)
(35)

"�CUw}B QO 17 pwOH� Ov=xOW p}O@D |a]k O=Oa= x@ |R=i O=Oa= 35 |x]@=Q j@]
sOa XN=W Q}O=kt u}vJty w �Dj(Ai; Ai0) XN=W |xOW |R=i|O G}=Dv

"CU= xOt; CUw}B QO 19 w 18 pwOH QO ?}DQD x@ �27 |x]@=Q j@]� j@=]D
TB xm OwW x@U=Lt �29 |x]@=Q� =yxv} Ro |}x@DQ=Qi |xHQO O}=@ 7 sOk QO

"OwW|t p}mWD 20 pwOH C=@U=Lt s=Hv= R=
31 w 30 \@=wQ T=U= Q@ w 8 sOk QO '=yxv} Ro |}x@DQ=Qi xHQO u}}aD R= TB
p=Ft Qw] x@ "CU= xOt; CUO x@ =yxv} Ro R= l} Qy |HwQN w |OwQw |=yu=} QH

%s} Q=O A1 xv} Ro |=Q@
%|OwQw u=} QH

'+(A 1) = 0 + 0 + 0 + 0 = 0
%|HwQN u=} QH

'�(A 1) = 0=733 + 0 + 0 + 1=031 = 1=764

xOt; 21 pwOH QO u; G}=Dv xm OwW|t pta q=@ VwQ x@ R}v =yxv} Ro Q}=U |=Q@
"CU=

Qy Xr=N u=} QH |Oa@ sOk QO '=yxv} Ro Xr=N u=} QH |x@U=Lt x@ xHwD =@
%OwW|t x@U=Lt 32 |x]@=Q j@] R}v =yv; R= l}

'1 = 0� 1=764 = �1=764
'2 = 1=764� 0 = 1=764
'3 = 0=611� 0 = 0=611
'4 = 0� 2=429 = �2=429
'5 = 1=818� 0 = 1=818

"|Q}oxR=Ov= sDU}U |=yXN=W "1 pwOH
C}@wr]t |Q=YDN= Ctqa XN=W
|ivt C1 �R&R

C@Ft C2 Cg
C@Ft C3 Cgk
|ivt C4 BIAS

C@Ft C5 NDC

C@Ft C6 �R2

"|Q}os}tYD T} QD=t "2 pwOH
C+

6 C+
5 C�4 C+

3 C+
2 C�1 =yxv} Ro

1 2 9 0 004 1 54 1 56 14 55 A1
2 8 14 0 001 1 38 1 42 9 75 A2
0 7 25 0 005 1 41 1 59 5 61 A3
0 75 11 0 001 1 34 1 35 12 A4
1 6 14 0 002 1 68 1 72 5 37 A5

"|Q}os}tYD |xOW T=}kt|@ T} QD=t "3 pwOH
C6 C5 C4 C3 C2 C1 =yxv} Ro

0 238 0 0 25 0 588 0 568 0 A1
1 0 312 1 0 118 0 189 0 552 A2
0 1 0 0 206 0 649 0 974 A3

0 024 0 125 1 0 0 0 278 A4
0 428 0 312 0 75 1 1 1 A5

"XN=W Qy Q}O=kt u}ov=}t "4 pwOH
C6 C5 C4 C3 C2 C1 =yXN=W

0 338 0 35 0 6 0 382 0 481 0 555 u}ov=}t

=yXN=W h} Q=aD T=U= Q@ 's}tYD T} QD=t O=Oa= OL=w w TvH OwW|t Qw;O=}
"�OwW xaH=Qt "1"3"2 VN@ x@� OwW|t u}}aD �1 pwOH�

2 pwOH CQwYx@ s}tYD T} QD=t CRITIC l}vmD R= �pw= s=o � 1 sOk QO
w C@Ft |=yXN=W |=Q@ T} QD=t O=Oa= =D CU= sRq '2 sOk QO "OwW|t p}mWD
"�3 pwOH� OQ}PB|t s=Hv= 17 =D 14\@=wQ T=U= Q@ pta u}= "OvwW T=}kt|@|ivt
u=}t |oDU@ty ?} Q[ u}vJty w XN=W Qy Q}O=kt u}ov=}t 3 sOk QO
xOt; 5 w 4 pwOH QO ?}DQD x@ xm OwW|t u}}aD �19 w 18 \@=wQ� =yXN=W
XN=W Qy Q=}at h=QLv= u=R}t =OD@= 20 |x]@=Q j@] '4 sOk QO u; R= TB "CU=
C XN=W u=R}t 21 |x]@=Q R= xO=iDU= =@ u; R= TB "�6 pwOH� OwW|t x@U=Lt
=@ j@=]t w 5 sOk QO ,=D}=yv "CU= XNWt 7 pwOH QO u; G}=Dv xm OwW|t u}}aD

"�8 pwOH� OwW|t u}}aD =yXN=W uRw 22 |x]@=Q

|R=i PAMSSEM l}vmD T=U= Q@ =yxv} Ro |Ov@x@DQ "3"4
sOk QO "CU= KwQWt |R=Uxa]k |=yCmQW |}=yv |Ov@x@DQ pL=Qt VN@ u}= QO
QO s}tYD T} QD=t '|FrFt |R=i O=Oa= T=U= Q@ 'PAMSSEM l}vmD R= pw=
QO 9 pwOH "OwW|t p}O@D C}a]k sOa \}=QW QO s}tYD T} QD=t x@ |a]k \}=QW
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"""|
R=Ux

a]k
|=y

CmQ
W|

Q}ox
R=Ov=

sDU
}U|

Ov@x
@DQ"=yXN=W u=}t |oDU@ty ?} Q[ "5 pwOH

C6 C5 C4 C3 C2 C1 =yXN=W
0 027 0 761 �0 145 0 282 0 576 1 C1
�0 095 0 292 �0 506 0 882 1 0 576 C2
0 059 �0 180 �0 178 1 0 882 0 282 C3
0 526 �0 539 1 �0 178 0 506 �0 145 C4
�0 225 1 �0 539 �0 180 0 292 0 761 C5

1 �0 225 0 526 0 059 �0 095 0 027 C6

x}=tQU C}=Oy 'u=R=U=Qi |=yCmQW "OQ=O Q=Qk swO |x@DQ QO 1 764 Xr=N u=} QH
w �1 764 '0 611 Xr=N |=yu=} QH =@ ?}DQD x@ wQOwN R=UOQU w u}BU=m
|OQ@ Q=m |=yO=yvW}B 'G}=Dv u}= T=U= Q@ "OvQ}o|t Q=Qk |Oa@ |=yx@DQ QO �2 249
u=oOvvmu}t-=D K]U QO =Q MSA xm |R=UwQOwN CavY QO C}i}m u=Q}Ot |=Q@

%CU= Q} R KQW x@ Ovvm|t |R=UxO=}B
'CmQW |x@DQ x@ xHwD =@ O}=@ 'QwmPt |=yCmQW R= l} Qy |i}m u=Q}Ot �
xOW |R=UxO=}B QDq=@ x@DQ l} =@ |DmQW QO xm MSA |D=}rta |=yptar=QwDUO
Xr=N u=} QH =@ xm wQOwN R=UOQU CmQW p=Ft |=Q@ "Ovvm |R=Uwor= 'CU=
ha[ \=kv |xU}=kt w |UQQ@ x@ O}=@ 'OQ=O Q=Qk |@=} RQ= QN; |x@DQ QO |ivt
|OwaY Q}U =Q} R &OR=OQB@ u}BU=m x}=tQU C}=Oy CmQW x@ C@Uv OwN Cwk w
|] xrLQt x@ xrLQt O}=@ ?wr]t |Q}oxR=Ov= sDU}U |R=UxO=}B QO CiQW}B w
|] �xa]k=vO CmQW� wor= |Q}oxR=Ov= sDU}U x@ uO}UQ =D O}=@ OvwQ u}= "OwW

&OwW
Q@ RmQtD =@ 19 (R&D) xaUwD w j}kLD |=yOL=w O=H}= x@ O}=@ C}i}m u=Q}Ot �
|Q}oQ=m x@ =@ R&D |=yOL=w "OvR=OQB@ u; |=yC}r=ai VQDUo w MSA |xRwL
R= |Q}owor= w |Q}o =Qi =@ Ovv=wD|t MSA |xRwL QO xQ@N w XYNDt O=Qi=
w <=kDQ= Q}Ut '|R=UwQOwN CavY QO =}vO |Q}oxR=Ov= |=ysDU}U u} QDxDiQW}B

&Ovvm Q=wty =Q |rN=O |=yCmQW CiQW}B
QwmPt |=yCmQW Ovv=wD|t 'wQOwN C=a]k u=} QDWt u=wvax@ =B}=U w wQOwNu=Q}= �
Q_v OQwt |=yOQ=Ov=DU= C}=aQ w OwN |Q}oxR=Ov= sDU}U K]U <=kDQ= x@ sRrt =Q

"Ovvm |D=}rta V}B R= V}@ =Q C}i}m u}t[D w |UQR=@ |=yOv}=Qi w xOQm

|Q}oxH}Dv "6
x} RHD 'OW=@ u}}=B u; R= pY=L s=kQ=C}i}m xH}Dv QO w |Q}oxR=Ov= sDU}UC}i}m Qo =
CUQO=v C=t}tYD P=ND= u=mt= w CW=O Oy=wNv |@U=vt Q=@Da= Ov}=Qi p}rLD w
|W=v |=yxv} Ry xm CU= |y}O@ w OQ=O OwHw VQ}PB sOa =} VQ}PB =@ x]@=Q QO
|=Q@ =yv; Q}O=kt w QF-wt |=yXN=W 'MSA C}ty= x@ xHwD =@ "OwQ|t q=@ u; R=
'R&R |=yXN=W u=R}t xm CiQo xH}Dv u=wD|t '�2 pwOH� xa]k=vO CmQW
xHwD =@ "OvQ=O |Q}oxR=Ov= |=ysDU}U |@=} RQ= C}i}m Q@ |O=} R Q}F-=D Cgk w Cg
Cgk w Cg w CU= |Q}oxR=Ov= sDU}U CLY w CkO Ov};Q@ R&R xm u}= x@
xmu=vJ "OQ@ |B =yv; Q}F-=D w C}ty= x@ u=wD|t 'Ovvm|t |Q}oxR=Ov= =Q sDU}U |}=v=wD
Cgk w Cg Q=Okt u} QDW}@ w R&R Q=Okt u} QDtm 'OwW|t xOy=Wt 2 pwOH QO
"CU= xOW xDN=vW QDQ@ |xv} Ro xm CU= �xa]k=vO CmQW� sHvB |xv} Ro x@ \w@ Qt
R}v =yxv} Ro |}=yv |Ov@x@DQ Q@ =yXN=W uRw u}vJty V w P 'Q |=yQDt=Q=B u=R}t

"=yXN=W OQ=Ov=DU= h=QLv= u=R}t "6 pwOH
C6 C5 C4 C3 C2 C1 =yXN=W

0 409 0 378 0 454 0 419 0 394 0 436
u=R}t
h=QLv=
OQ=Ov=DU=

"C XN=W u=R}t "7 pwOH
C6 C5 C4 C3 C2 C1 =yXN=W

1 926 1 893 2 652 1 733 1 517 1 526
u=R}t
XN=W
C

"CRITIC l}vmD T=U= Q@ =yXN=W uRw "8 pwOH
C6 C5 C4 C3 C2 C1 =yXN=W

0 171 0 168 0 236 0 154 0 135 0 136 Wj

%OvwW|t ?DQt |rwRv CQwYx@ =yxv} Ro Xr=N |=yu=} QH TBU
'5 > '2 > '3 > '1 > '4

w OQ=O =Q |Q}oxR=Ov= sDU}U u} QD?U=vt �xa]k =vO CmQW� A5 |xv} Ro ,=D}=yv
%CU= Q} R CQwYx@ =yxv} Ro |}=yv |Ov@x@DQ

A 5 > A 2 > A 3 > A 1 > A 4

VywSB |=yO=yvW}B w EL@ '=yxDi=} "5
R= |Q=OQ@xQy@ C}r@=k w xOW G=QNDU= G}=Dv x@ |WywSB pta Qy Q=@Da= |rmQw]x@
'VywSB |xv}tR w ẁ[wt KQW pt=W VywSB C=}rm '=OD@= QO "OQ=O |oDU@ u;
wQtrk w Cq=wU 'h=Oy= 'CU=yv; x@ MU=B |wHwCUH QO jkLt xm |Dq=-wU
R= TB VywSB u}= QO "CU= xDiQo Q=Qk |UQQ@ OQwt VywSB |v=mt w |v=tR
|}=U=vW ut[ 'xOt; CUO x@ C=aq]= p}rLD w x} RHD w |Ov@xDUO '|Qw;`tH
x@ 'CRITIC VwQ R= xO=iDU= =@ '|Q}oxR=Ov= |=ysDU}U Q@ QF-wt |=yXN=W
|Ov@x@DQ 'PAMSSEM VwQ R= xO=iDU= =@ ,=D}=yv "OW xDN=OQB =yXN=W|yOuRw

"CiQ}PB s=Hv= wQOwN C=a]k xOvvmO}rwD CmQW GvB |Q}oxR=Ov= |=ysDU}U
Xr=N u=} QH =@ xa]k =vO CmQW 'p@k VN@ QO xOt; CUO x@ G}=Dv x@ xHwD =@
=@ wQOwN Ovw}B CmQW u; R= Oa@ w |Q}oxR=Ov= sDU}U u} QD?U=vt |=Q=O 1 818
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"|FrFt |R=i s}tYD T} QD=t "9 pwOH

"=yXN=W |R=i u=Rw= "10 pwOH

"V w P 'Q |=yxv=DU; Q}O=kt "11 pwOH
C6 C5 C4 C3 C2 C1 =yQDt=Q=B

0 02 1 0 001 0 09 0 11 0 35 V

0 015 2 0 001 0 08 0 1 0 33 P

0 005 3 0 0 02 0 08 0 15 Q

"V w P 'Q |xOW |R=i |=yQDt=Q=B "12 pwOH

"|}xDUy |Ov@x@DQ VwQ T=U= Q@ |rLt |}x@DQ=Qi T} QD=t "13 pwOH



"""|
R=Ux

a]k
|=y

CmQ
W|

Q}ox
R=Ov=

sDU
}U|

Ov@x
@DQ

24

"|}x@DQ=Qi Q}O=kt QO =yXN=W u=Rw= ?Q[ pY=L G}=Dv "14 pwOH



2|
xQ=t

W'
38

�1
|xQ

wO'
�14

01
u=DU

tR�
h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt "xOW |R=i|O j@=]D XN=W "17 pwOH

" �Dj(Ai; Ai0) xOW |R=i|O G}=Dv "18 pwOH

"|R=i j@=]D T} QD=t "15 pwOH

"|RmQt |Ov@x@DQ VwQ G}=Dv "16 pwOH
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@DQ

w u=oOvvmu}t-=D u} QDy@ w Q=R=@ u} QDy@ ?=NDv= p=@vO x@ u=R=UwQOwN xRwQt= �
MADM |=yl}vmD Qo}O R= xO=iDU= "OvDUy ?wr]t C=tON u=oOvyOx�=Q=
Ov=wD|t CiQ Q=m x@ |O=yvW}B pOt u=wvax@ VywSB u}= QO xm xJv; Ovv=t
ltm wQOwN C=a]k u=oOvvmu}t-=D |Q}oxR=Ov= sDU}U u} QD?U=vt ?=NDv= QO
x@ |yOuRw |=Q@ |R=i CRITIC l}vmD R= xO=iDU= 'p=Ft Qw] x@ "Ovm |v=}=W

&OW=@ G}=Dv Q=@Da= w CkO Ow@y@ ?Hwt Ov=wD|t =yXN=W
w `}=vY QO hrDNt |=y|w=m OQwt QO VywSB u}= OQm} wQ OwW|t O=yvW}B �
x@� CU= Q=OQwNQ@ |}xS} w C}ty= R= =yv; QO |Q}oxR=Ov= sDU}U xm |}=yu=tR=U

&OwW |R=UxO=}B �|R=UwQOwN CavY RH
|=ysDU}U|@=} RQ= w |Ov@x@DQ |=Q@ 20=yxO=O|WWwBp}rLD |=ypOt R= xO=iDU= �

&�""" w |QDUm =N 'l}iwUwQDwv Cr=L� C}a]k sOa \}=QW QO |Q}oxR=Ov=
C=W}=tR; R= O=vDU= p@=k w Q@Dat 'j}kO G}=Dv Ci=} QO |=Q@ OwW|t O=yvW}B �
xmr@ OwW xO=iDU= ?Dm w Cq=kt QO OwHwt C=aq]= w =yxO=O R= =yvDxv 'j}kLD
MADM |=yl}vmD |=yQDt=Q=B u}}aD |=Q@ u=oQ@N |xt=vVUQB j} Q] R=

"OwW xO=iDU=

"j@=]D sOa XN=W "19 pwOH

CUwQ@ wQ |}=yC}OwOLt w CqmWt =@ VywSB Qy CU= srUt xJv; "Ov=xOw@ QF-wt
u}= s=Hv= Ov}=Qi "Ovm|t p=mW= Q=JO hOy x@ uO}WN@ C}at=H QO =Q jkLt xm
OQwt EL@t uOw@ |YYND x@ xHwD =@ u=wD|t xm Ow@ xH=wt |DqmWt =@ R}v j}kLD
VwQ |=yQDt=Q=B |=Q@ K}LY C=aq]= x@ |UQDUO sOa 'Cq=wU O=}OR= x@ xar=]t
p=tDL= ?} Q[ w xv}tR u}= QO |r@k C=ar=]t s=Hv= sOa x@ xHwD =@ PAMSSEM

"OQm xQ=W= MU=B QO =]N
%OwW|t O=yvW}B 'xOv}; u=QoVywSB x@ p}P |D=ar=]t OQ=wt Q@ RmQtD w xHwD

=yCWwv=B
1. measurement systems analysis
2. multi criteria decision making
3. multi objective decision making
4. multi attribute decision making
5. criteria importance through intercriteria correlation
6. physical asset management strategy execution enforcement

mechanism
nvH C}i}m pQDvm xwQo |=[a= "7

8. American society for quality control (ASQC)

9. gage Repeatability & reproducibility
10. VIKOR
11. analytic hierarchy process
12. open-graded friction courses
13. polypropylene
14. non-linear programing

"xa]k =vO w wQOwN R=UOQU 'u=R=U=Qi 'wQOwNOvw}B 'u}BU=m x}=tQU C}=Oy "15
16. number of distinct categories
17. core ranking method
18. center of gravity
19. research and development
20. data envelopment analysis

26

"=yxv} Ro |}x@DQ=Qi xHQO "20 pwOH
A5 A4 A3 A2 A1
0 0 0 0 � A1
0 1 031 0 � 0 733 A2
0 0 611 � 0 0 A3
0 � 0 0 0 A4
� 0 787 0 0 1 031 A5

"=yxv} Ro |HwQN w |OwQw |=yu=} QH "21 pwOH
'� '+ =yxv} Ro

1 764 0 A1
0 1 764 A2
0 0 611 A3

2 429 0 A4
0 1 818 A5
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