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|=Q@ |w T=tD 'Ovm Q=QkQ@ \=@DQ= sDU}U =@ |QDWt xJv=vJ p=Ft u=wvax@ "OwW|t

"OwW|t pkDvt x]w@ Qt RmQt |=yQwD=QB= x@ |OwQw x=oQO j} Q] R= |} woMU=B
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x]w@ Qt RmQt QO |Q=m}@ QwD=QB= xJv=vJ "Ovm|t ?=NDv= CU=wNQO ẁv ?ULQ@ =Q
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|QDWt |=Q@ Q=_Dv= hY QO |r=N C}iQ_ xJv=vJ "OwW xO=iDU= u=} QDWt T=tD
p=eW=Q}e |]=@DQ= \w]N R= |m} x@ |QDWt T=tD 'OW=@ xDW=Ov OwHw xOvQ}o T=tD
"OwW xO=O MU=B Rm =Qt Q}=U QO Q=m}@ |=yQwD=QB= R= |m} \UwD =D OwW|t pkDvt
xOW `]k |QDWt T=tD 'OW=@ p=eW= Rm =Qt Q}=U =@ |]=@DQ= \w]N |t=tD xJv=vJ
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Max y1; y2

Min y3; y4

s:t :

Lip � xip � Uip i = 1; 2; : : : ; n
Liq � xiq � Uiq i = 1; 2; : : : ; n
Lij � xij � Uij i = 1; 2; :::; n j = 1; 2; : : : ; n j > i

xip; xiq; xij 2 int
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[12]"OQm xQ=W= 7xrYwLsm u=} QDWt =@ T=tD RmQt sDU}U |=Q@ xOW
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V}=Ri= xS} wx@ 'hOy `@=wD s-=wD |R=Uxv}y@ |xRwL QO |yHwD p@=k -qN w xDiQo Q=Qk
OwHwt |=yVwQ QO "OwW|t xOy=Wt 'T=tD RmQt |=ypOt |v=Uv= |wQ}v |QwxQy@
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QDW}@ C=}�RH =@ |O=yvW}B OQm} wQ |=yR=i xt=O= QO "OvwW|t Ci=} |rQDvm pt=wa

"OvwW|t xO=O K}[wD

C=W}=tR; |L=Q] "1 R=i "1"3
=@ umtt C=aq]= u} QDW}@ uOQw; CUO x@ C=W}=tR; |L=Q] |R=UxO=}B R= hOy
xOW |R} Qxt=vQ@ |=yVqD R=|}xawtHtV}=tR;l} "CU= C=W}=tR; O=OaD u} QDsm
QO OvthOy C=Q}}eD 'hOy Q}O=kt QO C=Q}}eD p}qO|}=U=vW Qw_vtx@ u; QO xmCU=
OvtWRQ= |D=aq]= u=wD|t V}=tR; s=Hv= =@ [17]"OwW|t O=H}= Ov}=Qi |rQDvm pt=wa
xwqax@ "OQm sy=Qi T=tD RmQt sDU}U OQmrta QO xOW xOy=Wt C=Q}}eD p}qO OQwtQO
QO xm =Q sDU}U h=Oy= =@ |rQDvm |=yQ}eDt u}@ |}x]@=Q u=wD|t u; R= xO=iDU= =@
|xv}tR w OQm hWm |DL=Qx@ 'OUQ|t Q_v x@ |rtaQ}e w Q=wWO OQ=wt R= |Q=}U@
R= KQ] wO |rm Qw]x@ "OQm sy=Qi =Q T=tD RmQt sDU}U OQmrta |UQQ@ |=Q@ sRq

%R= Ov=CQ=@a V}=tR; |=yKQ] u} QDiwQat
&10pt=m |QwDm =i |=yKQ] "1

"11|QUm |QwDm =i |=yKQ] "2
C@Uv QDpt=m C=aq]= uOQw; CUO x@ 'pt=m |QwDm =i |=yKQ] |xOta |QDQ@
Q@ |rQDvm pt=wa R= l} Qy |Q=PoQF= u=R}t =@ \=@DQ= QO |QUm |QwDm =i |=yKQ] x@
|}=tv CQwYx@ C=W}=tR; O=OaD 'pt=wa O=OaD V}=Ri= =@ 'xJQo = "CU= h=Oy= |wQ

"O@=}|t V}=Ri=
V}=tR; KQ] l} 'pt=wa O=OaD x@ xDU@ 'T=tD RmQt pOt |=Q@ Qw_vt u}tyx@
|=yOL=w x@ =yQ}eDt |t=tD CU= QDy@ =DU=Q u}ty QO "OwW|t x}yD |QUm =} pt=m

\w]N |Q}oQ=mx@ OYQO y2 '=yQwD=QB= |Q}oQ=mx@ OYQO Qou=Wv y1 xm |Qw]x@
sDU}U QO |QDWt Q=_Dv= u=tR u}ov=}t y4 w |DWoQ@ |=yT=tD OYQO y3 '|]=@DQ=
Q=_Dv= hY C}iQ_ Qou=}@ Q}eDt xiq w =yQwD=QB= O=OaD Qou=}@ Q}eDt xip "CU=
i Rm =Qt u}@=t |]=@DQ= \w]N O=OaD Qou=Wv R}v xij &CU= i RmQt QO u=} QDWt
w xv}tm Uiq "CU= s=i RmQt |=yQwD=QB= u}}=B w q=@ u=Qm Lip w Uip "CU= j w
\w]N O=OaD u}}=B w q=@ u=Qm w 'CU= s=i RmQt Q=_Dv= hY C}iQ_ xv}W}@ Liq
xm =Hv; R= "CU= xOW xO=O V}=tv Ui;j w Lij =@ R}v j w i RmQt u}@ |]=@DQ=
C}OwOLt jwi |[=} Q pOt QO 'Ov=K}LY |=yQ}eDt xOWu}}aD pt=wa |t=tD

"CU=yQ}eDt uOw@ K}LY Qou=Wv xip; xiq; xij 2 int

p@=k pt=wa |xv}y@ Q}O=kt x@ |@=}CUO |=Q@ |O=yvW}B pL VwQ xt=O= QO
"OW Oy=wN x�=Q= pQDvm

xr�Ut pL VwQ 3
T=tD RmQt pOt xv}y@ C}a[w uDi=} |=Q@ |R=Uxv}y@ OQm} wQ l} VN@ u}= QO
"1 %R=i xU R= OQm} wQ u}= "CU= xOW x�=Q= 'OW K} QWD 2 VN@ QO xm xv=oOvJ
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1 �1 1 �1 1 1 �1 1 �1 11
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pta u}vJ V}=tR; Qy QO P (Y 2 Sjx) |x@U=Lt |=Q@ =Pr 'CU= xOW xO=iDU=

"hOy `@=wD ?wr]t |x}L=v "6 pwOH
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5 pwOH QO "s}vm|t xO=iDU= 29�5 = 24 = 16 |QUm V}=tR; KQ] R= 'CU=
"CU= xOW x�=Q= xv=oxU T=tD RmQt pOt |QUm V}=tR; KQ]

53



"""xv
=oOv

JT
=tDR

mQt
|xr

�Ut
|xi

OyO
vJ

|R=
Uxv

}y@"u=v}t]= C}r@=k `@=D |=Q@ V}=tR; KQ] G}=Dv "7 pwOH
P (Y 2 Sjx) J H G F E D C B A V}=tR;

0 48 1 �1 �1 �1 �1 �1 �1 �1 �1 1
0 56 �1 1 1 �1 1 �1 �1 �1 1 2
0 83 �1 1 �1 1 1 �1 �1 1 �1 3
0 67 1 �1 1 1 �1 �1 �1 1 1 4
0 79 �1 �1 1 1 1 �1 1 �1 �1 5
0 71 1 1 �1 1 �1 �1 1 �1 1 6
0 67 1 1 1 �1 �1 �1 1 1 �1 7
0 86 �1 �1 �1 �1 1 �1 1 1 1 8
0 8 �1 1 1 1 �1 1 �1 �1 �1 9
0 1 �1 �1 1 1 1 �1 �1 1 10
0 1 �1 1 �1 1 1 �1 1 �1 11
0 �1 1 �1 �1 �1 1 �1 1 1 12
0 1 1 �1 �1 1 1 1 �1 �1 13
0 �1 �1 1 �1 �1 1 1 �1 1 14

0 67 �1 �1 �1 1 �1 1 1 1 �1 15
0 1 1 1 1 1 1 1 1 1 16

"xv=oxU T=tD RmQt pOt |=Q@ |O=yvW}B OQm}wQ |}=yv |xH}Dv "8 pwOH
x xOWOm Q=Okt x |ak=w Q=Okt P (Y 2 Sjx)

xAB = 0; xBC = 1 xAB = 3; xBC = 5
xAp = 0; xBp = 0 xAp = 6; xBp = 6 0 94
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%CU= xOW pY=L hOy `@=wD |=Q@ Q} R CqO=at 'u=}=B QO
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� 0 06xBp + 0 118xCp � 0 123xCq
� 0 093xAB :xAp

pt=wa xv}y@ Q}O=kt uDi=} "2"3"4
|R=Uxv}W}@ |=DU=Q QO 'u=v}t]= C}r@=k MU=B K]U uOQw; CUO x@ R= TB
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421 8 0 15 0 99 0 8 �1 1 �1 1 1 �1 �1 1 �1 3
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281 6 0 0 0 9 �1 1 �1 �1 �1 1 �1 1 1 12
357 5 0 0 0 83 1 1 �1 �1 1 1 1 �1 �1 13
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"O};|t CUOx@ 0 76 Q=Okt
Q}O=kt '2 xHQO u=} R VwQ R= xO=iDU= =@ xrLQt u}= QO "2 xHQO u=} R `@=D OQm}wQ

[15]%CU= Q} R `@=D |R=Uxv}tm hOy VwQ u}= QO "OwW|t x@U=Lt pt=wa xv}y@
Q(y) = (y � T )0�̂(ŷ(x))�1(y � T )

Tv=} Q=w T} QD=t OQw;Q@ �̂(ŷ(x)) w CU= Y `@=wD hOy Q}O=kt Q=OQ@ T u; QO xm
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3777775
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xBp = �0 38; xCp = 0 54; xCq = 0
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%=@ Ow@ Oy=wN Q@=Q@ swO xHQO
xAB = 0; xBC = 1; xAp = �1
xBp = 0; xCp = 0; xCq = 0
=@ R}v swO xHQO u=} R `@=D VwQ R= pY=L Q}O=kt |=Q@ P (Y 2 Sjx) `@=D Q=Okt

"O};|t CUO x@ 0 86 Q=Okt C}=yv QO w x@U=Lt |R=Ux}@W Ov}=Qi R= xO=iDU=

[14]%CU= Q} R |x]@=Q j@=]t

D (y) = [
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i=1

di (yi)]1=4

%s} Q=O |R=Uxv}W}@ hOy =@ hOy `@=wD |=Q@
di (yi) = yi � Li

Ui � Li
%s} Q=O |R=Uxv}tm hOy =@ hOy `@=wD |=Q@ w

di (yi) = Ui � yi
Ui � Li

'y1 |=yQ}eDt u}}=B w q=@ u=Qm "CU= hOy `@=D u}}=B w q=@ u=Qm ?}DQDx@ Li w Ui
CUO x@ u}vJ pOt u}= QO D(y) `@=D =Pr "CU= 6 pwOH j@=]t y4 w y3 'y2
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0 2 ):(y2 � 0 8

0 2 ):
�0 3� y3

0 3
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:
�450� y4
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xAB = 1; xBC = 0 46; xAp = 0 58
xBp = 1; xCp = 1; xCq = 0
VwQ R= xO=iDU= =@ =Pr 'Ov=K}LY |=yQ}eDt xOW u}}aD pt=wa xm u}= x@ xHwD =@
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QO "OW x�=Q= xv=oOvJ T=tD RmQt sDU}U OQmrta Ow@y@ |=Q@ |OQm} wQ j}kLD u}= QO
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=yCWwv=B
1. multi-skill
2. full-exible
3. acceptable waiting time

4. telephone service factor
5. birth-death
6. block
7. impatient customers
8. balking call
9. response surface methodology
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10. full factorial design
11. fractional factorial design
12. desirability function
13. loss function
14. multi criteria decision making
15. branch & bound
16. link
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