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'(x21) u=} QDWt R= |}xQwO |HvUQ_v '(x20) ?U=vt |x} wyD '(x19) Q=_Dv= ur=U
Q}}eD w |R=U=@} R '(x22) Tv=S; C=tON |iQat Qw_vtx@ xJ@=Dm w =yQwWwQ@ A=J

"(x24) w}WQ; uDW=O w '(x23) CmQW sU= wr@=D
CmQW QO CtON |i}m |=yxYNWt w u=} QDWt |=yxDU=wN u}@ \=@DQ=
"CU= xOW u}}aD w |}=U=vW u=U=vWQ=m \UwD |QoWOQo w |DQi=Ut C=tON
�� �9� O=} R '�3� \UwDt '�1� sm �� |}xv} Ro xU CQwYx@ |yO\=@DQ= |xwLv
u=} QDWt |=yxDU=wN C}ty= ?Q[pY=L T=U=Q@ xDU=wN Qy uRw TBU "CU=
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"xr�Ut |=yC}OwOLt |}=U=vW "5
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"1 w QiY |v=tQ; |R} Qxt=vQ@ pOt uOQm xrwtQi "7
"C=tON C}i}m |R=Uxv}y@ |xr�Ut pL "8

u=} QDWt |=yxDU=wN p}rLD "4
|OQov=yH w |DQi=Ut C=tON CmQW |=Q@ xOW u} wOD p=wmwQU pOt Oa@ GvB

%R= CU= CQ=@a OvW=@|t Q=}at 21 |=Q=O xm V}mwvo
|DQi=UtC=tON|=yCmQW QO Oa@u}= |=yQ=}at "CtON|m} R}i|=y|oS} w �
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uOw@ s_vt w ?DQt w Tv=S; C=tON OQwtQO ?=PH |=yQwWwQ@ w =yx} QWv OwHw

"CU= Tv=S; QO lQ=Ot w O=vU=
x@ xOW xO=O xOaw C=tON s=Hv= |}=v=wD hQat |oS} w u}= "O=tDa= C}r@=k �
w |DQi=Ut C=tON |=yCmQW QO j}kO w O=tDa= p@=k CQwYx@ u=} QDWt
R=� u=} QDWt x@ j}kO |v=UQ`q]= %pt=W u; |=yQ=}at xm CU= |OQov=yH
'C=tON s=Hv= QO Tv=S; pvUQB Ck=OY w |Q=mDUQO '�"""w lt=}B 'uirD j} Q]
u=v}t]= TL |=kr= 'Tv=S; pvUQB =@ OwN Cqt=aD QO u=} QDWt C}vt= T=UL=
hQ] R= C=tON |Qwi |x�=Q= w Tv=S; pvUQB Q=DiQ \UwD u=} QDWt QO O=tDa= w

"CU= Tv=S; pvUQB
|=kr= QO =yv; |Ovtu=wD w u=vmQ=m ?O= w |y=o ; hQat |oS} w u}= "u}t[D �
xm CU= |OQov=yH w |DQi=Ut C=tON |=yCmQW u=} QDWt u=v}t]= TL
u=Wv xkqa 'u=} QDWt x@ x=@DW= uwO@ C=tON |x�=Q= %R= Ov=CQ=@a u; |=yQ=}at
xOaw u=tR QO C=tON |x�=Q= 'u=} QDWt CqmWt pL |=Q@ Tv=S; pvUQB uO=O
x@ CQwYQO Tv=S; C=tON QO C=LqY= `} QU s=Hv= 'u=} QDWt x@ xOW xO=O

"x=@DW= uOt;OwHw
|=yCmQW u=vmQ=m |OQi C=tON |x�=Q= hQat Oa@ u}= "|}woMU=B wC}rw�Ut �
C=aq]=uDW=O %R= Ov=CQ=@au;|=yQ=}at xmCU=|OQov=yHw|DQi=UtC=tON
pvUQB |oW}ty p}=tD 'u=} QDWt Cq=-wU x@ |} woMU=B CyH |i=m Vv=O w
|Qw[LQ}e CQwYx@ Tv=S; C=tON |x�=Q= 'u=} QDWt x@ |} woMU=B |=Q@ Tv=S;
XwYNQO Tv=S; pvUQB uOw@ Q=QU= sQLt w |Q=OR=Q w �"""w |m}vwQDmr= '|virD�

"u=} QDWt C=aq]=
C=tON |=yCmQW X=N xHwD pP@ w C@_=wt hQat |oS} w u}= "|rOty �
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xHwD =@ CtON |i}m |=yxYNWt R= s=Om Qy x@ `@=vt X}YND `@=D u}= R= hOy
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|xYNWt |@Uv w jr]t uRwCtUk '1 pmW QO "CU= xOW xR}r=tQv w xOt;CUO

"CU= u=Rw= u}= Qou=Wv CtON |i}m
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C}r@=k pt=W pt=wa u}= "CU= xDiQo Q_v QO CtON |i}m |=yxYNWt ?=NDv=
Ow@y@ |=Q@ CmQW =Q} R CU=yv; |xv} Ry R}v w =yxYNWt u}= |Q}PBxaUwD w O=H}=
h=Oy= u}=Q@=v@ "Ow@ xDiQo Q_v QO |r=t `@=vt p=} Q uw}r}t 150 dr@t C=tON C}i}m
|=yxv} Ry uOQmxv}tm w |i}m |=yxYNWt O=H}= w |Q}PBxaUwD C}r@=k uOQmxv}W}@
|=yxYNWt =@ u=} QDWt |=yxDU=wN \=@DQ= uOQmxv}W}@ |x}rw= hOy x@ u; =@\@DQt

"OW xi=[= CtON |i}m

C=tON C}i}m |R=Uxv}y@ "5
'C}i}m |xv=N QOCtON |i}m |=yxYNWt ?=NDv= VwQ uOw@vxv}y@ u}= x@ xHwD=@
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uOQmxv}tm |=Q@ 1 w QiY |v=tQ; |R} Qxt=vQ@ 'xr�Ut QO |i}m |=yQ}eDt OwHw w uOw@
Ov=CQ=@a pOt hOy `@=wD "CU= xOW xDiQo Q=mx@ |R=UpOt |=Q@ u=tQ; R= C=i=QLv=

%R=

w u=} QDWt |=yxDU=wN u}@ \=@DQ= |R=Uxv}W}@ `@=D "1"5
CtON |i}m |=yxYNWt

|i}m |=yxYNWt w Tv=S; u=} QDWt |=yxDU=wN u}@ \=@DQ= hQat hOy `@=D u}=
"CU= u=tQ; R= h=QLv= |R=Uxv}tm =@ |QDWt C}=[Q u} QDW}@ PN= |=Q@ CtON

60



2/
2x

Q=tW
'32

�1
|xQ

wO'
�13

95
u=DU

tR�
h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt 0 5x1 + 0 06x2 + 0 31x3 + 0 88x4 + 1 4x5

+ 1x6 + 6 5x7 + 1 08x8 + 4 6x9 + 3x10

+ 0 5x11 + 2 5x12 + 0 2x13 + 3x14 + 0 6x15

+ 8x16 + 0 35x17 + 0 36x18 + 2 8x19 + 1 8x20

+ 0 08x21 + 1 25x22 + 2x23 + 0 8x24 � d+
2 = 15 (8)

0 048x1 + 0 048x2 + 0 048x3 + 0 048x4 + 0 048x5

+ 0 035x6 + 0 06x7 + 0 011x8 + 0 011x9 + 0 06x10

+ 0 06x11 + 0 048x12 + 0 035x13 + 0 06x14

+ 0 048x15 + 0 06x16 + 0 06x17 + 0 024x18

+ 0 011x19 + 0 011x20 + 0 048x21 + 0 048x22

+ 0 035x23 + 0 035x24 + d�3 � d+
3 = 1 (9)

0 057x1 + 0 057x2 + 0 045x3 + 0 034x4

+ 0 034x5 + 0 034x6 + 0 034x7 + 0 057x8

+ 0 057x9 + 0 011x10 + 0 034x11 + 0 023x12

+ 0 057x13 + 0 023x14 + 0 057x15 + 0 023x16

+ 0 034x17 + 0 057x18 + 0 034x19 + 0 057x20

+ 0 034x21 + 0 045x22 + 0 045x23 + 0 057x24

+ d�4 � d+
4 = 1 (10)

xj 2 f0; 1g j = 1; 2; :::; 24 d�i ; d+
i � 0 i = 1; 2; 3; 4

(11)

%R= CU= CQ=@a xrY=L G}=Dv pOt pL R= TB
x5 = x7 = x14 = x16 = x19 = x20 = 0
x1 = x2 = x3 = x4 = x6 = x8 = x10 = x11 = x12 = x13 = x15

= x17 = x18 = x21 = x23 = x24 = 1
d�1 = 0 213; d+

2 = 0 470; d�3 = 0 261; d�4 = 0 262
Tc = 0 135; d+

1 = 0; d+
3 = 0; d+

4 = 0
RH C=tON C}i}m Ow@y@ |=yxYNWt OQ=wt |xty xr�Ut |OOa pL x@ xHwD=@
|x}yD '|U}rov= u=@ R |xQwO uOv=QPo pt=W ��20 w 19 '16 '14 '9 '7 '5 OQ=wt
T=@r '|QoWOQo |=yQwD w Q=]k CmQL w =yR=wQB C=aq]= V}=tv |=Q@ uw} R} wrD
u=tr@t 'p=DQwB |R=Ov=x=Q '|rN=O uw}U=twD= sDU}U |R=Ov=x=Q 'u=vmQ=m ?U=vt Q=m
Q_v QO |=yC}OwOLt x@ xHwD =@ �� ?U=vt |x} wyD w ut}Wv ur=U QO ?U=vt

"Ov=?U=vt xOW xDiQo
swU w pw= |=yC}OwOLt C@Ft C=i=QLv= u=R}t Qou=Wv d+

1 ; d
+
3 ; d

+
4 Q}O=kt

xHwD =@ CtON |i}m |=yxYNWt |@Uv u=Rw= ẁtHt uwJ xm OvDUy sQ=yJ w
Q}O=kt "OW Oy=wN QiY =yv; Q}O=kt 'CU= 1 Q@=Q@ QFm =OL =yQ=}at R= l} Qy x@
u}@ \=@DQ= h=Oy= R= ?wr]t=v C=i=QLv= u=R}t Qou=Wv ?}DQDx@ d�1 ; d�3 ; d�4
O=H}= C}r@=k w |Q}PBxaUwD 'CtON |i}m |=yxYNWt w u=} QDWt |=yxDU=wN
CtON |i}m |xYNWt ?=NDv= |xv} Ry u=R}t R= C@Ft h=QLv= d+

2 "CU= CtON
'CtON |i}m |xYNWt ?=NDv= |xv} Ry Qou=Wv d+

2 |DQ=@a x@ "OyO|t u=Wv =Q

`@vt u=R}t w CU= `@=vt u}t-=D C}OwOLt =@ \@DQt xr�Ut u}= swO C}OwOLt
C}OwOLt u}= CU=Q CtU Q=Okt u=wvax@ Tv=S; hQ] R= xOW xO=O X}YND |r=t
C}OwOLt u}= QOCtON |i}m |=yxYNWt R= s=OmQy uRw "CU= xOW xDiQo Q_v QO
\UwDt "CU= |i}m |=yxYNWt R= s=OmQy |=Q@ xOW hQY `@vt Qou=Wv (rij)

u=}@ xv} Ry CtUk QO '1 pmW QO CtON |i}m |=yxYNWt R= s=OmQy |xv} Ry
"CU= xOW

|i}m |=yxYNWt O=H}= C}r@=k w |Q}PBxaUwD Q=}at x@ \w@ Qt swU C}OwOLt
C=Q_v x@ xHwD =@ (wij) C}OwOLt u}= QO Q_v OQwt |vRw Q}O=kt xm CU= CtON
QO 1 pmW QO u=Rw= u}= "CU= xOW xR}r=tQv w xOt; CUO x@ Tv=S; u=U=vWQ=m

"CU= xOW XNWt CtON O=H}= C}r@=k w |Q}PBxaUwD CtUk
u}vJ C=tON C}i}m |R=Uxv}y@ |xr�Ut 1 w QiY |v=tQ; |R} Qxt=vQ@ pOt

%CU= xOW u=}@

min w1(d�1 ) +
i=sX
i=2

wi(
d�i
Ri

+
d+
i
Ri

) +
i=mX
s+1

wi
�
d�i
�

(1)

nX
j=1

wijxj + d�1 � d+
1 = 1 i = 1 (2)

nX
j=1

rijxj + d�i � d+
i = Ri i = 2; :::; s; Ri � 0 (3)

nX
j=1

wijxj + d�i � d+
i = 1 i = s+ 1; :::;m (4)

xj 2 f0; 1g j = 1; :::; n d�i ; d+
i � 0 i = 1; :::;m (5)

u}t=j |@UvC}ty=wij 'i = 1; 2; 3; :::;m|v=tQ; pOt QO s=ihOy uRwwi xm
|xYNWt xj 'j = 1; 2; 3; :::; n s=i hOy x@ xHwD=@ CtON |i}m xYNWt
|xYNWt\UwD xm s=i `@vt R= |Q=Okt rij 'j = 1; 2; 3; :::; n s=jCtON|i}m
Qou=Wv Ri '(i = 2; :::; s; j = 1; 2; 3; :::; n) "OwW|t hQYt s=j |i}m
C=i=QLv= Qou=Wv d+

i w hOy u}t=i |ivt C=i=QLv= Qou=Wv d�i 's=i `@vtC}OwOLt
"CU= hOy u}t=i C@Ft

|i}m |xYNWt 24 x@ xHwD=@ C=tON C}i}m |R=Uxv}y@ pOt |OOa pL
|r=} Q uw}r}t 150 |xv} Ry uDiQo Q_v QO w C}i}m |xv=N QO xOW u} wOD CtON
CQwY 23 6 V}=Q} w Rto Q=Ri=sQv R= xO=iDU= =@ '=yxYNWt u}= u}t-=D |=Q@ Tv=S;

%CU= xDiQo

min 0 261d�1 + 0 496d
+
215 + 0 158d�3 + 0 085d�4 (6)

0 061x1 + 0 042x2 + 0 051x3 + 0 084x4 + 0 018x5

+ 0 014x6 + 0 038x7 + 0 023x8 + 0 003x9

+ 0 048x10 + 0 029x11 + 0 051x12 + 0 024x13

+ 0 024x14 + 0 056x15 + 0 074x16 + 0 077x17

+ 0 025x18 + 0 037x19 + 0 019x20 + 0 081x21

+ 0 039x22 + 0 030x23 + 0 052x24 + d�1 � d+
1 = 1

(7)
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v}y@u=tR=U |=yC}OwOLt w h=Oy= T=U=Q@ =Q xv}y@ |i}m |=yxYNWt Ov=wD|t 1 w
"Ovm ?=NDv=

CtON|i}m |xYNWt 24 w p=wmwQU Q=}at 21 =@V}mwvoTv=S; QO jwi pOt
C}i}m Ow@y@ |=Q@ CtON |i}m |xYNWt 17 'xrY=L G}=Dv j@=]t xm OW |UQQ@
|R=Uxv}y@ |xv}tR QO uwvm =D xm u}= x@ xHwD=@ "CU= xOW ?=NDv= Tv=S; C=tON
Ow@y@ Qw_vtx@ u=wD|t =Q pOt u}= 'CU= xDiQov CQwY |k}kLD C=tON C}i}m
C=k}kLD |=Q@ |}=yO=yvW}B p}P QO "CiQo Q=mx@ |D=tON |=yC}r=ai Q}=U |i}m

%CU= xOW x�=Q= xv}tR u}= QO |D;
x@ |Qo}O OQ=wt u=wD|t |D=tON u=tR=U w CtON OQ@ Q=m uDiQo Q_v QO =@ "1

"OQm xi=[= xr�Ut h=Oy=
R}v w =yxO=O p}rLD w x} RHD '=yxO=O |Qw;`tH |=Q@ |R=i j]vt R= u=wD|t "2

"OQm xO=iDU= |R=i 1 w QiY |v=tQ; |R} Qxt=vQ@ |R=UpOt
'u=} QDWt|=yxDU=wNu}@ \=@DQ= |=Q@ �ANP�|}xm@W\=@DQ=p}rLD R= u=wD|t "3
"OQm xO=iDU= sy =@ OQwt wO u}= \=@DQ= w CtON |i}m |=yxYNWt u}@ \=@DQ=
Ovv=t� |D}i}m Qo}O |=ypOt =@ =Q |i}m OQmrta VQDUo w p=wmwQU pOt u=wD|t "4

"O=O s=Hv= =Q u; |[=} Q |R=UpOt TBU w OQm j}irD �"""w EFQM 'wv=m

|=yQ}eDt =D OwW u}t-=D CU= sRq xm CU= '`@=vt u} QDW}@ x@ |UQDUO s=ovy
u=R}t |xOvyOu=Wv d�2 xm u}= x@ xHwD =@ CU= QmP x@ sRq "OvwW ?=NDv= sRq
OwHw OQwt u}=QO |D}OwOLt xr�Ut u}= QO w CU= TQDUO QO `@vt R= |ivt h=QLv=
C@Ft h=QLv= |xOvyOu=Wv xm d+

2 &CU= xOWv xO=iDU= d�2 R= |R=UpOt QO 'OQ=Ov
xOW xDiQo Q=m x@ =yxv} Ry uOv=UQ pk=OL x@ |=Q@ 'CU= �TQDUO QO `@vt R= V}@�

"CU=

=yO=yvW}B w |Q}oxH}Dv "6
lQO j} Q] R= |Q=Ot|QDWt '|D=tON |=yu=tR=U |=yxeOeO u} QDsyt R= |m}
OwHwt |=yC}OwOLt x@ xHwD=@ =yxDU=wN u}= x@ MU=B |x�=Q= w u=} QDWt |=yxDU=wN
u=} QDWt |=yxDU=wN |UQQ@ x@ p=wmwQU R= xO=iDU= =@ j}kLD u}= |k}irD pOt "CU=
x@|yOMU=B |=Q@ =QCtON|i}m |=yxYNWtC}i}m |xv=N |xr}Uwx@ w OR=OQB|t
|=yxYNWtC}i}m |xv=N xm u}= x@ xHwD=@ "Ovm|t |}=U=vW u=} QDWt |=yxDU=wN
|=yxDU=wN =D OvWwm|t =yu=tR=U ?re= w Ovm|tv u}}aD xv}y@ CQwYx@ =Q |i}m
QiY |v=tQ; |R} Qxt=vQ@ R= xO=iDU= 'OvR=U xOQw;Q@ OwN h=Oy= |=DU=Q QO =Q u=} QDWt

=yCWwv=B
1. servqual
2. quality function development (QFD)
3. goal programming
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