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f �Qw � F (19)

D
Qw
� K (20)

p=ta= w 'jwi CtUk QO xOW x@U=Lt u}t-=D |xQ}HvR |=yxv} Ry uDiQo Q_v QO =@
|R} Qxt=vQ@ pOt T=U=Q@ u=wD|t =Q sDU}U |xv}y@ OQmrta 2 w 1 |=yC}OwOLt

%OQm xrwtQi Q} R K}LY OOa |]NQ}e

Min TC =
vX
i=1

rX
j=1

�
Aijdi1
qi1

+ hij �̂dijqi1
2di1

�
+

vX
i=1

�
Avidi1
niqi1

+ hidiqi1(ni + 1)
2di1

�
+ Aw

m
�

vX
i=1

�
di1
niqi1

�
+ Hw(m+ 1)

2 �
vX
i=1

 
ni �

rX
j=1

qi1�̂dij
di1

!
(21)

s:t:

f �m�
vX
i=1

ni
rX
j=1

�
qi1�̂dij
di1

�
� F (22)

D

m� vP
i=1

ni
rP
j=1

�
qi1�̂dij
di1

� � K (23)

Integer : qi1; ni; m (24)

=Q sDU}U pm |=yxv} Ry jwi |xOvWwQi \UwD |OwHwt C} Q}Ot pOt hOy `@=D
QO VQ=@v= |=[i xm CU= |k]vt C}OwOLt l} pw= C}OwOLt "Ovm|t xv}tm
C=WQ=iU pm O=OaD xm Ovm|t u}t[D swO C}OwOLt "Ovm|t OwOLt =Q |RmQt Q=@v=
OOa CQwYx@ =Q qi1;ni;m QN;C}OwOLt s=Hv=QU w "OW=@K Q@=Q@ QFm =OL xv=}r=U
xOvWwQi \UwD |OwHwt C} Q}Ot pOt pLx@ Oa@ pYi QO "Ovm|t h} QaD K}LY
CPLEX Q=Ri=sQv \UwD =Q jwi pOt hrDNt p=Ft O}rwD =@ w xDN=OQB |O=yvW}B

"s}vm|t pL

pL VwQ "3
xr�Ut |=Q@ j}kO VwQ |=QH= R= pY=L |QDw}Bt=m C=W}=tR; G}=Dv VN@ u}= QO
"s}yO|t u=Wv =Q |L]UxU u}t-=D |xQ}HvR |=Q@ xOvWwQi \UwD |OwHwt C} Q}Ot
xt=vQ@ Q=Ri=sQv \UwD '|O=yvW}B xOvWwQi \UwD |OwHwt C} Q}Ot |[=} Q pOt
|wQ Q@ `t=H xr�Ut l} |=Q@ u; |=QH= w xOW |Q=PoOm CPLEX 12 0 |U} wv

"CU= xOW s=Hv= 4 GB x_i=L w 2 26 GHz VR=OQB CQOk =@ |QDw}Bt=m
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2|

xQ=t
W'

33
�1

|xQ
wO'

�13
96

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt "p=tQv `} RwD `@=D \UwD xOW O}rwD |r=tDL= |=y=[=kD "2 pwOH

j = 4 j = 3 j = 2 j = 1 xOWO}rwD Kw]U /VwQixOQN QDt=Q=B
p=tQv `} RwD =@ xOvWwQi |r=tDL=

�̂ = 1495 �̂ = 1506 �̂ = 1499 �̂ = 1514 L = 1
i = 1

dij

�̂ = 1992 �̂ = 1996 �̂ = 1966 �̂ = 2004 L = 2
�̂ = 3487 �̂ = 3521 �̂ = 3455 �̂ = 3488 L = 3
�̂ = 1487 �̂ = 1510 �̂ = 1521 �̂ = 1489 L = 1

i = 2�̂ = 1963 �̂ = 1981 �̂ = 1983 �̂ = 1978 L = 2
�̂ = 3469 �̂ = 3552 �̂ = 3490 �̂ = 3493 L = 3
�̂ = 1497 �̂ = 1508 �̂ = 1493 �̂ = 1518 L = 1

i = 3�̂ = 2012 �̂ = 1995 �̂ = 2006 �̂ = 1976 L = 2
�̂ = 3488 �̂ = 3535 �̂ = 3466 �̂ = 3451 L = 3

"CU= xOW xOy=Wt MU=B Q}eDt Q=Okt Qou=}@ y2
ij w Q=QmD O=OaD hQat n =Hv}= QO

C@Uv Q=Okt xJQy 'OQ=O |R=Uxv}W}@ C}y=t xm xr�Ut xiOy `@=D x@ xHwD =@ ,=vt[
=@ u=wD|t u}=Q@=v@ "CU= QD?U=vt 'OW=@ QDW}@ jwi �S/N� pqDN=x@ p=vo}U

"OQw; CUO x@ V}=tR; Qy |=Q@ =Q MU=B |=yQ}eDt 'pOt |=yQDt=Q=B R= xO=iDU=
R= �V}=tR;� ?}mQD Qy |=Q@ �S/N� pqDN=x@ p=vo}U C@Uv 'KQ] u}= QO
"�3 pwOH j@=]t� CU= xOW xDiQo Q_v QO MU=B Q}eDt u=wvax@ hrDNt Kw]U
pt=wa C=QF= Q=Owtv R= S/N Q@ hrDNt pt=wa Kw]U C=QF= u=R}t |xOy=Wt |=Q@
xm |Lw]U w s}UQD MU=B Q}eDt S/N Q=Owtv 'pt=a Qy |=Q@ "OwW|t xO=iDU=
QO w xDW=O Kw]U |k@=t x@ C@Uv |QDW}@ |Q=O|vat C=QF= OvQ=O |QDW}@ S/N

=yv; pqDN=x@ p=vo}U C@Uv xm |]=kv 'Qo}O CQ=@ax@ "OvQ}o|t Q=Qk xv}y@ |x]kv
|QDW}@ Q=O|vat C=QF= CU= Q=OQwNQ@ |QDq=@ VRQ= R= xOW XNWt Kw]U QO
C@Uv QD?U=vt |}x]kv `@Dx@ w xDW=O X=N pt=a u; QO Qo}O Kw]U x@ C@Uv
j@=]t K]U xU 'd11 pt=a |=Q@ p=Ft u=wvax@ "OvwW|t ?wULt Qo}O Kw]Ux@
j@=]t xDiQo CQwY C=W}=tR; R= TB u}=Q@=v@ "CU= xOW xDiQo Q_v QO 2 pwOH
|=Q@ pqDN= x@ p=vo}U C@Uv u=wvax@ |WRQ= '3 pwOH QO GQOvt Ot=aDt |=yx}=Q;
QO =Q K]U xU Q=O|vat p@=kDt C=QF= `k=w QO xm OwW|t x@U=Lt K]U xU Qy
Kw]U x@ C@Uv |QDW}@ Q=O|vat C=QF= |=Q=O xm |L]U "O}=tR;|t V}=tR; Qy
Qw_vt u}tyx@ "CU= Q=OQwNQ@ |QDW}@ �pqDN=x@ p=vo}U� VRQ= R= 'CU= Qo}O
Qo}O x@ C@Uv QwmPt K]U |xv}y@ Cr=L Qou=}@ 2 pmW QO xOW XNWt G}=Dv
|QD?U=vt \}=QW QO swU K]U 'd11 pt=a |=R=x@ p=Ft |=Q@ "CU= uwtR; Kw]U
Ov=wD|t Kw]U R= l} Qy pt=a Qy |=R=x@ |va} &OQ}o|t Q=Qk Kw]U Qo}Ox@ C@Uv
K]U Qy C}a[w 'hrDNt |=y=[=kD u=R}t |=R=x@ w OW=@ u} QD?U=vt C}a[w QO

"CU= xOW XNWt 4 pwOH QO xv}y@ Kw]U G}=Dv "OW=@ Q}eDt CU= umtt
pt=wa pqkDU= w |Q=O|vat C=QF= |Q@=Q@ sOa R= u=v}t]= ?Um |=Q@ C}=yv QO
Qw_vt u}= |=Q@ � = 0 05 |Q=O|vat K]U =@ Tv=} Q=w p}rLD VwQ R= 'Qo}Om} R=
=yQwDm =i u}ov=}t pqkDU= uwtR; |=Q@ Tv=} Q=w p}rLD 'u}=Q@=v@ "s}vm|t xO=iDU=
P-Value Q=Okt xm u}= x@ xHwD =@ "OwW|t |UQQ@ 5 pwOH j@=]t �QiY ZQi�
CU= � |Q=O|vat K]U R= QDnQR@ 'pt=wa |t=tD |=Q@ Tv=} Q=w p}rLD pwOH QO
|t=tD u}ov=}t pqkDU= =Pr "OwW|tv OQ QiY ZQi u}=Q@=v@ '(P�Value > �)

CUO x@ |xv}y@ Kw]U 'u}=Q@=v@ w CU= xO}UQ C=@F=x@ jwi uwtR;x@ xHwD =@ pt=wa
"CU= O=vDU= p@=k OQ=wt 1� � = �95 QO xOt;

uwtR; KQ] l} R= xOt; CUOx@ |xv}y@ ?}mQD "Ovm|t |@=} RQ= �S/N� pqDN=
R= w Ovm|t l}ORv hOy `@=D Q=Oktx@ =Q MU=B Q}eDt u}ov=}t '|Jwo =D VwQ \UwD
Q}eDt l} R= V}@ =@ p�=Ut QDW}@ QO "OyO|t Vy=m =Q u; Tv=} Q=w Qo}O hQ]
pmWt "CU= Q=OQwNQ@ |}xS} w C}ty= R= =yv; u=tRsy Ow@y@ w s} Q=O Q=mwQU MU=B
CyH uOw@ O=[Dt ,=y=o w Cw=iDt 'MU=B |=yQ}eDt u=tRsy |R=Uxv}y@ QO pwtat

"CU=yv; |ov}y@
R= |[a@ "OQm xO=iDU= =yQDt=Q=B KQ] |=Q@ 14Ot=aDt |}x}=Q; |=yKQ] R= |Jwo =D
|=yx}=Q; C=}YwYN u} QDRQ=@ R= "OvQ=O |}xO}J}B Q=}U@ |QF=sy Q=DN=U =yKQ] u}=
"OQw;|t CUO x@ =Q R=}v OQwt G}=Dv QDsm |=yV}=tR; O=OaD =@ xm CU= u}= Ot=aDt
OQwt =Q pt=wa Kw]U C=@}mQD |xty xm CU}v |R=}v |Q=t; ^=Lr R= |iQ] R=
�|Q]U |=yQ=QmD� Ot=aDt |=yx}=Q; |=yKQ] R= CyH u}tyx@ "s}yO Q=Qk V}=tR;

"s} Q}o|t ltm
=Q Q_v OQwtC=W}=tR; 'xr�Ut |=Q@?U=vt Ot=aDt |=yx}=Q; uOQmXNWt R=TB
V}B |xr�Ut |=Q@ Qw_vt u}tyx@ "s}yO|t s=Hv= =yQDt=Q=B Cw=iDt Kw]U x@ xHwD =@
pt=a u=wvax@ =Q dij pm O=OaD w K]U '=Q 2 pwOH QO dij Qy (Li) Kw]U O=OaD 'wQ
QO OwHwt |=yOQ=Ov=DU= R= Ot=aDt |=yx}=Q; O=H}= |=Q@ "s} Q}o|t Q_v QO �QwDm =i�
KQ] QwDm =i 12 w K]U 3 |=Q@ Qw_vt u}tyx@ "s} Q}o|t xQy@ Minitab 16 Q=Ri=sQv
"CU= xOW x�=Q= 3 pwOH QO w ?=NDv= OQ=Ov=DU= Ot=aDt |x}=Q; u=wvax@ L27(312)
xm CU=[=kD Cw=iDt C=@}mQD =@ V}=tR; 27 pt=W L27(312) V}=tR; KQ]
`@=D Q=Okt w =QH= Q=Ri=sQv \UwD =Q |O=yvW}B pOt Q=@l} CU}=@|t V}=tR; Qy |=Q@
p}rLD u}vJty w =QH= Qy |=Q@ =Q MU=B u}ov=}t p}rLD |Jwo =D "OQm x@U=Lt =Q hOy
?=NDv= ?U=vt Qw]x@ xm �S/N� pqDN= x@ p=vo}U C@Uv R= xO=iDU= =@ =Q C=Q}}eD
p=vo}U C@Uv u=W}= u}vJty "Ovm|t |iQat MU=B |=yQ}eDt u=wvax@ 'CU= xOW
l} x@ |@=}CUO |=Q@ ?U=vt OQmrta XN=W l} u=wvax@ =Q �S/N� pqDN=x@
R= |vOW |@}mQD 'C@Uv u}= |R=Uxv}W}@ =@ xm |Qw]x@ "OQm |iQat OvtwQ}v uwtR;
x@ =Q MU=B Q}eDt Q=Okt w xv}tm =Q |HwQN Q}O=kt |Q}PB Q}}eD xm Ov}=Qi |=yQDt=Q=B
QO xOW xDiQo Q=mx@ p=vo}U |=yC@Uv "O};|t CUOx@ Ovm|t QDl}ORv hOy `@=D

%OwW|t x@U=Lt u}vJ j}kLD u}=

S=N = �10� log�
�1
n

� nX
i=1

y2
ij (25)
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"""u
}t- =D

|xQ
}HvR

QO|
OwH

wtp
Otl

}|
x�=Q="L27(312) OQ=Ov=DU= Ot=aDt |=yx}=Q; V}=tR; KQ] "3 pwOH

p=vo}U C@Uv `@=D
d34 d33 d32 d31 d24 d23 d22 d21 d14 d13 d12 d11

|xQ=tW
pqDN=x@ hOy V}=tR;
85 4019 18625 1 1 1 1 1 1 1 1 1 1 1 1 1
87 0382 22486 2 2 2 2 2 2 2 2 1 1 1 1 2
88 0211 25180 3 3 3 3 3 3 3 3 1 1 1 1 3
87 8138 24586 3 3 2 2 2 1 1 1 2 2 2 1 4
86 8500 22004 1 1 3 3 3 2 2 2 2 2 2 1 5
90 6566 34106 2 2 1 1 1 3 3 3 2 2 2 1 6
86 8433 21987 2 2 3 3 3 1 1 1 3 3 3 1 7
88 9133 27904 3 3 1 1 1 2 2 2 3 3 3 1 8
85 3397 18492 1 1 2 2 2 3 3 3 3 3 3 1 9
87 8473 24681 2 1 3 2 1 3 2 1 3 2 1 2 10
87 0398 22490 3 2 1 3 2 1 3 2 3 2 1 2 11
89 0001 28184 1 3 2 1 3 2 1 3 3 2 1 2 12
86 9083 22152 1 3 1 3 2 3 2 1 1 3 2 2 13
89 2306 28942 2 1 2 1 3 1 3 2 1 3 2 2 14
86 5700 21306 3 2 3 2 1 2 1 3 1 3 2 2 15
86 6253 21442 3 2 2 1 3 3 2 1 2 1 3 2 16
88 5630 26801 1 3 3 2 1 1 3 2 2 1 3 2 17
87 8553 24704 2 1 1 3 2 2 1 3 2 1 3 2 18
89 3785 29439 3 1 2 3 1 2 3 1 2 3 1 3 19
89 1770 28764 1 2 3 1 2 3 1 2 2 3 1 3 20
87 4225 23503 2 3 1 2 3 1 2 3 2 3 1 3 21
87 3947 23428 2 3 3 1 2 2 3 1 3 1 2 3 22
88 6067 26936 3 1 1 2 3 3 1 2 3 1 2 3 23
86 5790 21328 1 2 2 3 1 1 2 3 3 1 2 3 24
88 9763 28107 1 2 1 2 3 2 3 1 1 2 3 3 25
87 0537 22526 2 3 2 3 1 3 1 2 1 2 3 3 26
87 5209 23771 3 1 3 1 2 1 2 3 1 2 3 3 27

"|r=tDL= |=[=kD |=Q@ |Jwo =D VwQ \UwD xOt; CUO x@ |xv}y@ Kw]U "4 pwOH
d34 d33 d32 d31 d24 d23 d22 d21 d14 d13 d12 d11 =yQwDm =i
2 3 1 1 3 2 3 2 2 2 2 3 K]U u} QDy@

2012 3535 1493 1518 3469 1981 3490 1978 1992 1996 1966 3488 |OQw;Q@ Q=Okt u} QDy@

K]U xU QO w p=tQv p=tDL= `} RwD R= xO=iDU= =@ OwW|t u}t-=D s=i xOvWwQi
30 w 20 '10 |=yTv=} Q=w w 1500 w 1000 '500 |=yu}ov=}t =@ ?}DQDx@
=[=kD Kw]U R= ?}mQD u} QDy@ |Jwo =D VwQ R= xO=iDU= =@ C}=yv QO "s} R=OQB|t
pL |=Q@ =DU=Q u}= QO "s}yO|t Q=Qk Q_v Ot =Q xr�Ut hOy `@=D w XNWt =Q
xOW xOQw; 6 pwOH QO C=@U=Lt G}=Dv "s} Q@|t xQy@ CPLEX Q=Ri=sQv R= pOt
V}=Ri= pL u=tR \UwDt 'xr�Ut O=a@= V}=Ri= =@ 'OwW|t xOy=Wt xm u=vJ "CU=

"O@=}|t

|D=@U=Lt G}=Dv "1"4
OQwt xOW O}rwD |xvwtv p�=Ut |wQ =Q |O=yvW}B pOt R= pY=L G}=DvCtUk u}= QO
|=Q@|iO=YD CQwYx@ xvwtv p�=Ut |xawtHt 'Qw_vt u}tyx@ "s}yO|t Q=Qk|UQQ@
'Hi 2 [3; 12] 'Avi 2 [15; 45] |=yQDt=Q=B =@ |O=yvW}B VwQ OQmrtaVHvU
'F = 140000 'K = 70 'f = 20 'Hij 2 [8; 25] 'Aij 2 [30; 120]

xOWKQ]t C=L}[wD j@=]tTBU "OwW|txDiQo Q_v QOHw = 10 wAw = 25
\UwD xm s=j VwQixOQN |xv=}r=U |r=tDL= |=[=kD 500 O}rwD x@ 'p@k VN@ QO
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=vY
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Ovyt

"pqDN= x@ p=vo}U C@Uv QO =yQDt=Q=B hrDNt Kw]U Q}O=kt "2 pmW
"Tv=} Q=w p}rLD G}=Dv "5 pwOH

P-Value
uwtR; =]N C=a@ Qt u}ov=}t =]N C=a@ Qt ẁtHt C=a@ Qt ẁtHt xHQO QwDm =iQW}i xOW s}_vD xOW s}_vD =]N |O=R;

0 914 0 09 0 7609 1 5219 1 5219 2 d11
0 966 0 04 0 2879 0 5757 0 5757 2 d12
0 867 0 15 1 2418 2 4836 2 4836 2 d13
0 806 0 24 1 9395 3 8790 3 8790 2 d14
0 910 0 10 0 8030 1 6061 1 6061 2 d21
0 777 0 29 2 3221 4 6443 4 6443 2 d22
0 900 0 11 0 8993 1 7986 1 7986 2 d23
0 889 0 12 1 0049 2 0099 2 0099 2 d24
0 828 0 21 1 6728 3 3457 3 3457 2 d31
0 949 0 05 0 4323 0 8646 0 8646 2 d32
0 969 0 03 0 2601 0 5203 0 5203 2 d33
0 926 0 08 0 6491 1 2981 1 2981 2 d34

8 0767 16 1535 16 1535 2 =]N xOv=t|k=@
40 7010 26 pm `tH

"|D=@U=Lt G}=Dv "6 pwOH
u=tR \UwDt Ow@y@ OYQO u} QDO@ u} QDy@ O=OaD O=OaD |xQ=tW

�x}v=F� |D=@U=Lt hOy `@=D hOy `@=D hOy `@=D VwQixOQN xOvWwQi xr�Ut
32 18 52984 43287 8 4 VMI1
50 17 81230 67219 10 5 VMI2
84 9 91221 82681 12 6 VMI3
178 6 119753 112854 14 7 VMI4
379 6 162539 152371 18 8 VMI5
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x�=Q="u=Q=mty w |kO=Y \UwD xOW x�=Q= xr�Ut "7 pwOH

VwQixOQN xOvWwQi =yQDt=Q=B
j = 10 j = 9 j = 8 j = 7 j = 6 j = 5 j = 4 j = 3 j = 2 j = 1

32 66 56 45 60 39 84 85 16 25 i = 1
Aij98 94 33 50 12 74 49 91 60 42 i = 2

89 62 72 64 12 90 64 18 65 74 i = 3

13 17 19 18 19 19 16 18 13 15 i = 1
Hij14 19 10 20 20 20 18 19 15 17 i = 2

17 17 10 10 12 13 10 17 13 18 i = 3
Av1 = 7; Av2 = 9; Av3 = 7; Aw = 4; H1 = 7; H2 = 8; H3 = 9; Hw = 4; f = 3; F = 64000;
O = 36

"|D=@U=Lt G}=Dv "8 pwOH
|D=@U=Lt u=tR hOy `@=D O=OaD

GA PSO VwQ �DR� �DR� GA PSO VwQ Q=QmD
(Sadeghi) (Sadeghi) |O=yvW}B (CPLEX-GA) (CPLEX-PSO) (Sadeghi) (Sadeghi) |O=yvW}B

64 13 40 50

92 32 24 301; 383 282; 444 228; 419 Run 01
121 42 22 329; 680 283; 199 232; 691 Run 02
105 26 19 298; 874 283; 402 238; 143 Run 03
94 42 25 320; 221 283; 167 225; 638 Run 04
111 32 23 303; 968 283; 296 230; 130 Run 05
89 24 23 287; 359 283; 439 231; 201 Run 06
96 45 25 329; 110 282; 857 226; 774 Run 07
102 44 23 331; 210 283; 215 229; 837 Run 08
107 37 23 314; 362 282; 824 230; 207 Run 09

64 13 40 50 102 36 23 312; 907 283; 094 230; 338 u}ov=}t
hqDN= MQv �

QO u}vJty w VQ=iU Q}O=kt |wQ Q@ =[=kD Tv=} Q=w C=Q}}eD C=QF= w xOW xO=iDU=
|=yTv=} Q=w Q}O=kt Q}}eD =@ 'Qw_vt u}tyx@ "OwW|t |@=} RQ= hOy `@=D |wQ C}=yv

"OwW|t x@U=Lt Q}}eD Qy |=Q@ xr�Ut hOy `@=D 'xOW x�=Q= |xr�Ut Q@ =[=kD

C}U=UL p}rLD "3"4
OQm} wQ R= '|O=yvW}B pOt hOy `@=D Q@ |r=tDL= |=[=kD QF= p}rLD |=Q@ C}=yv QO
=[=kD Tv=} Q=w C=Q}}eD =QF= w xOW xO=iDU= =y=[=kD Tv=} Q=w Q@ C}U=UL p}rLD
u}tyx@ "OwW|t|@=} RQ= hOy `@=D |wQQ@C}=yv QO u}vJty w VQ=iU Q}O=kt |wQQ@
hOy `@=D 'jwi xOW x�=Q= xr�Ut |wQQ@ =[=kD |=yTv=} Q=w Q}O=kt Q}}eD =@ 'Qw_vt

"OwW|t x@U=Lt Q}}eD Qy |=Q@ xr�Ut
|O=yvW}B pOt hOy `@=D Q@ =[=kDTv=} Q=w C=Q}}eD R= pY=L G}=Dv 3 pmW QO

pOt |HvUQ=@Da= "2"4
=Q [12]u=Q=mty w|kO=Y\UwD xOWx�=Q= |xr�Ut '|O=yvW}B pOt|HvUQ=@Da= |=Q@
w 7 pwOHx@ xHwD =@ u}=Q@=v@ "s}yO|t Q=Qk |@=} RQ= OQwt |O=yvW}B VwQ R= xO=iDU= =@
|=yTv=} Q=w =@ w 5500 w 3000 '200 |=yu}ov=}t =@ '|r=tDL= |=y=[=kD O=H}= =@
|xr�Ut "s}vm|t pL Q=DWwv u}= QO |O=yvW}B VwQ \UwD =Q pOt '20 w 15 '10
xOt; CUO x@ hOy `@=D G}=Dv w xOW =QH= CPLEX Q=Ri=sQv \UwD Q=@ 9 QwmPt
QO uwtR; u}= G}=Dv "OW xU}=kt |kO=Y \UwD xOW x�=Q= |=ysD} Qwor= G}=Dv =@
p}rOx@ ,=vt[ "CU= |O=yvW}B VwQ QO hOy `@=D Ow@y@ Qou=}@ xm xOW x�=Q= 8 pwOH
x�=Q= |=yVwQ R= QDW}@ pL |D=@U=Lt u=tR pOt pL |=Q@ j}kO VwQ R= xO=iDU=
|r=tDL= |=[=kD QF= p}rLD |=Q@ C}=yv QO "CU= u=Q=mty w |kO=Y \UwD xOW
=y=[=kD Tv=} Q=w |wQ C}U=UL p}rLD OQm} wQ R= '|O=yvW}B pOt hOy `@=D Q@
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Ovyt CyH |RmQt Q=@v= l} w xOvWwQi OvJ 'VwQixOQN OvJ pt=W '|L]UxU u}t-=D

pOt QDW}@ |Q=oR=U p}rOx@ |r=tDL= |=y=[=kD ZQi =@ u=oOvWwQi |v=@}DWB
O=OaD w VQ=@v= |=[i |=yC}OwOLt u}vJty "OW x�=Q= |ak=w |=}vO =@ |O=yvW}B
l} CQwYx@ xr�Ut Qw_vt u}tyx@ "OW ^=Lr xr�Ut u}= QO xv=}r=U C=WQ=iU
|=y=[=kD TBU "OW |R=UpOt K}LY OOa |]NQ}e |R} Qxt=vQ@ |[=} Q pOt
u}ov=}t |xOvvmOQw;Q@ u} QDy@ xm =Hv; R= w xOW O}rwD p=tQv `} RwD `@=D \UwD |r=tDL=
'u=WwQixOQN |=[=kD u}tND |=Q@ u}=Q@=v@ 'CU=yxvwtv u}ov=}t 'p=tQv `} RwD QO
xOvWwQi Qy |=Q@ 'Qw_vt u}tyx@ "CiQo Q=Qk Q_v Ot =yv; |=[=kD u}ov=}t OQw;Q@
Cw=iDt K]U 3 QO |iO=YD OOa 100 Q=Okt 'u=WwQixOQN |t=tD x@ C@Uv
Kw]U R= |@}mQD xJ xm CU= KQ]t p=wU u}= p=L "OW XNWt =[=kD Qy |=Q@
p=-wU x@ MU=B |=Q@ #OwW|t u}t-=D |xQ}HvR QO xv} Ry u} QDsmx@ QHvt xOW O=H}=
4 'xOvWwQi 3 pt=W |OOa p=Ft l} '|O=yvW}B |SD=QDU= h}YwD |=Q@ w jwi
Q=Ri=sQv \UwD QwmPt |xr�Ut w OW xDiQo Q_v QO |RmQt Q=@v= l} w VwQixOQN
C=W}=tR; |L=Q] VwQ R= =DU=Q u}= QO "OW pL Cw=iDt Kw]U |=Q@ CPLEX

|=y=[=kD u}ov=}t OQw;Q@ R= ?}mQD u} QDy@ uOQm XNWt |=Q@ �|Jwo =D VwQ�
K}[wD jwi VN@ QO u; C=}�RH xm CU= xOW xO=iDU= u=WwQixOQN xOW O}rwD
|Q=O|vat C=QF= |Q@=Q@ sOa R= u=v}t]= pwYL |=Q@ C}=yv QO u}vJty "OWxO=O
p}rLD VwQ R= '�Qo}Om} R= pt=wa pqkDU= |=Q@� uwtR; OQwt |=yQwDm =i u}ov=}t
G}=Dv "s}vm|t xO=iDU= Qw_vt u}= |=Q@ � = 0 05 |Q=O|vat K]U =@ Tv=} Q=w
pOt pL |=Q@ 'OQ=wt �95 QO |O=yvW}B VwQ ?U=vt OQmrta R= |m =L |}=yv

"CU= |O=yvW}B
C} Q}Ot |xr�Ut QO |RmQt Q=@v= u}OvJ u=wD|t xv}tR u}= QO |D; C=ar=]t |=Q@
Q_v QO xQ}HvR Kw]U u}@ pkvwptL |=yxv} Ry pQDvm =@ 'xOvWwQi \UwD |OwHwt
p=UQ= |=yu=tR w O} QN |=yxv} Ry =@ pwYLt u}OvJ u=wD|t u}vJty "CiQo

"CiQo Q_v QO Cw=iDt

"=[=kD Tv=} Q=w Cw=iDt Q}O=kt |wQQ@ C}U=UL p}rLD "3 pmW

`@=D '=[=kD Tv=} Q=w MQv V}=Ri= =@ 'xrY=L G}=Dvx@ xHwD =@ "CU= xOW xO=O u=Wv
Q}O=kt =@ =[=kD Tv=} Q=w MQv Q=O|vat \=@DQ= Qou=}@ xm O@=}|t V}=Ri= pOt hOy
jwi |O=yvW}B pOt u=wD|t s=Hv=QU "CU= xr�Ut hOy `@=D xH}DvQO w VQ=iU
|=yQDt=Q=B =@ |O=} R Cy=@W w |Q=oR=U =yv; u}t-=D |xQ}HvR xm |}=yCmQW |=Q@ =Q
|Q}oQ=mx@ w s}taD p@=k xr�Ut u}= 'pOt C}y=tx@ xHwD =@ =Pr "CiQo Q=m x@ OQ=O pOt
=@ w CU= nvQro w u=DUro 'xr=m CmQW Ovv=t VNB w |}=Pe `}=vY |=yCmQW QO

"OW Oy=wN pY=L |rw@k p@=k G}=Dv |ak=w |=yxO=O R= xO=iDU=

|Q}oxH}Dv "5
|xQ}HvR l} QO xOvWwQi \UwD |OwHwt C} Q}Ot |[=} Q pOt l} VywSB u}= QO

=yCWwv=B
1. vendor
2. retailer
3. warehouse
4. vendor management inventory
5. replenishment quantity
6. integer non linear programing
7. bullwhip e�ect
8. economic order quantity
9. genetic algorithm
10. Newton-Raphson method
11. dynamic programming
12. particle swarm optimization (PSO)
13. Empire

14. orthogonal array design
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