
�13
95

u=DU
@=D�

'h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt

87
�79

"X
'1/

1|
xQ=t

W'
32

�1
|xQ

wO

O
ri

gi
na

lA
rt

ic
le|y=oQ=m u=} QH |xr�Ut |Ov@u=tR w |R=UpOt

|}xDUO VR=OQB |=yu}W=t =@ |@}mQD
�OWQ= |U=vWQ� |wHWv=O� u}Jro x}iY

�Q=}O=DU=� |i} QW |v=t
u}wRk OL=w |tqU= O=R; x=oWv=O 'l}v�t w `}=vY |UOvyt |xOmWv=O

�Q=}O=DU=� �|QO=v uty@
|tRQ=wN x=oWv=O '`}=vY |UOvyt xwQo

'|}xDUO VR=OQB |=yu}W=t =@ |@}mQD |y=oQ=m u=} QH |Ov@u=tR |xr�Ut VywSB u}= QO
|=yu}W=t "CU= xDiQo Q=Qk xar=]t OQwt =yQ=m pm p}tmD u=tR uOQm xv}tm hOy =@

C}iQ_ "OvQ=OQwNQ@ xDUO l} QO Q=m OvJ u=tRty VR=OQB C}r@=k R= |}xDUO VR=OQB
u} QN; =D p}mWD R= TB =yxDUO "CU= XNWt xrLQt Qy QO =yQ=m |xR=Ov= w =yu}W=t

=yu}W=t C}iQ_ u} QDlJwm R= O}=@v xDUO Qy |=yQ=m xR=Ov= ẁtHt "Ovv=t|t C@=F xrLQt
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Yb;l;i = 1 8b; l (2)

BX
b=1

Zj;b = 1 8j (3)

C1;b � Zj;bp1;j 8b; j (4)
nX
j=1

SjZj;b � min(S1; S2; :::; Sc) 8b (5)

Cl;b � Cl�1;b + Zj;bpl;j 8b; j; l > 1 (6)

Cl;b � Cl;k +M:(1�Xb;l;k) � Zj;bpl;j
8b < B; k > b; j; l (7)

Cl;k � Cl;b +M:(1� Ub;l;k +Xb;l;k) � Zj;kpl;j
8b < B; k > b; j; l (8)

Ub;l;k � Yb;l;i + Yk;l;i � 1 8b < B; k > b; l; i (9)

Cmax � Cc;b 8j
Cl;b � 0 8l; b
Zj;b 2 f0; 1g 8j; b
Xb;l;k 2 f0; 1g 8b; l; k > b

Yb;l;i 2 f0; 1g 8b; l; i (10)

xOW xO=O u=Wv 1 |xrO=at QO xm CU=yQ=m pm p}tmD u=tR uOQmxv}tm 'hOy `@=D
l} |wQ \ki xrLQt Qy QO xDUO Qy xm OyO|t u=Wv 2 C}OwOLt xDUO "CU=
x@ \ki Q=m Qy xm CU= u; |xOvyOu=Wv 3 C}OwOLt xDUO "OwW VR=OQB u}W=t
|xrLQt QO =yxDUO p}tmD u=tR 4 C}OwOLt xDUO "OwW xO=O X}YND xDUO l}
C}iQ_ xm OyO|t =Q u=v}t]= u}= 5 C}OwOLt xDUO "Ovm|t XNWt =Q pw=
=yxDUO p}tmD u=tR 6 C}OwOLt xDUO "OwWv QDW}@ =yu}W=t C}iQ_ R= =yxDUO
QO xDUO Qy p}tmD u=tR =@ xm Ovm|t XNWt xrLQt u} QN; =D wO |xrLQt R= =Q
xDUO "CU= Q@=Q@ Q_v OQwt |xrLQt QO xDUO VR=OQB u=tR |xi=[= x@ p@k |xrLQt
Ovvm|t u}t[D xm OvDUy =yxDUO R= CiH Qy x@ \w@ Qt 8 w 7 |=yC}OwOLt
"CU= xDUO l} VR=OQB p=L QO QFm =OL u=tR Qy QO w xrLQt Qy QO u}W=t Qy
"OwW|t p=ai =yC}OwOLt xDUO wO u}= R= |m} \ki =yxDUO R= CiH Qy |=Q@
u=Um} u}W=t |wQ l |xrLQt QO xm CU= |}=yQ=m |xOvvmu}}aD 9 C}OwOLt xDUO

"Ovm|t x@U=Lt =Q hOy `@=D Q=Okt 10 C}OwOLt xDUO "CU= xOW VR=OQB
[11]"CU= NP-hard |xr�Utl}|}xDUOVR=OQB =@|y=oQ=m u=} QH|xr�Ut
'CU= |@}mQD |y=oQ=m u=} QH |xr�Ut R= X=NCr=Ll} |y=oQ=m u=} QH |xr�Ut
xv}y@ ?=wH uOQm =O}B "Ow@ Oy=wN NP-hard R}v xOW QmP |xr�Ut xH}DvQO w
R= xO=iDU= u}=Q@=v@ "CU}v Q}PBu=mt= nQR@ |xR=Ov= QO p�=Ut |=Q@ pwkat u=tR QO
"Ovm|t =O}B CQwQ[ hrDNt |=yxR=Ov= QO xr�Ut pL |=Q@ |Q=mD@==Qi sD} Qwor=

|Q=taDU= C@=kQ sD} Qwor= "4
"OvDUy|a}@]|=yOv}=Qi|}xv=}=Q |R=Ux}@W 'xOW xDN=vW|R=Uxv}y@ |=yVwQ QFm =
Q}=U w u=Uv= |DU} R pt=mD x@ xHwD Q@ xwqa |R=Uxv}y@ |=ysD} Qwor= |x�=Q= QO
Cr=L u} QDjiwt w u} QDxO}J}B u=wvax@ w= |N} Q=D w |a=tDH= pt=mD x@ C=OwHwt

xr�Ut h} QaD "2
Q=m n %R= CU= CQ=@a VywSB u}= QO |UQQ@ OQwt |Ov@u=tR |xr�Ut |oS} w
QO "OvwW VR=OQB O}=@ xrLQt c |wQ w Ov=TQDUO QO |Ov@u=tR ji= |=OD@= xm
R= =yQ=m |t=tD "OQ=O OwHw |R=wt CQwYx@ u}W=t ml O=OaD 'l |xrLQt Qy
VR=OQB u}W=t l} |wQ \ki xrLQt Qy QO w Ovvm Qw@a O}=@ pL=Qt |t=tD
Q=@ l} \ki =yxDUO "CU= u=Um} =yQ=m |t=tD |=Q@ VR=OQB Q}Ut "OwW
OW ẁQW xDUO l} VR=OQB xm |t=ovy Qo}O CQ=@ax@ &OvwW|t VR=OQB
u=tR u} QDnQR@ Q@=Q@ xDUO Qy VR=OQB u=tR "OQ=Ov OwHw C=}rta `]k u=mt=
C}iQ_ w u=Um} xrLQt Qy QO |R=wt |=yu}W=t "CU= xDUO |=yQ=m VR=OQB
O}=@v OQ}o|t Q=Qk xDUO l} QO xm |}=yQ=m xR=Ov= ẁtHt "CU= XNWt =yv;
u} QN; =D OvOW p}mWD =yxDUO xm |t=ovy "OwW QDW}@ =yu}W=t C}iQ_ R=
xDiQo Q_v QO =yu}W=t C}iQ_ u} QDsm =@ =yxDUO C}iQ_ w Ovv=t|t C@=F xrLQt

"OwW|t

|O=yvW}B |[=} Q pOt "3
OQwt |xr�Ut |=Q@ \rDNt K}LY OOa |]N |R} Qxt=vQ@ pOt VN@ u}= QO
u=} QH\}Lt |=Q@ xOW x�=Q= pOt |xDi=}xaUwD '|O=yvW}B pOt "OwW|t x�=Q= |UQQ@
xO=O K}[wD u}vJ pOt QO xOW xO=iDU= |=yO=tv w =yQDt=Q=B [11]"CU= |y=oQ=m

%CU= xOW
&=yQ=m O=OaD %n

&|Q=m hrDNt pL=Qt O=OaD %c
&=yxDUO O=OaD %B

&l |xrLQt QO |R=wt |=yu}W=t O=OaD %ml

&j Q=m xR=Ov= %sj
&l |xrLQt QO j Q=m VR=OQB u=tR %plj

&j = 1; 2; :::; n Q=m T}Ov= %j
&l = 1; 2; :::; c xrLQt T}Ov= %l

&b; k = 1; 2; :::; B xDUO |=yT}Ov= %b; k
&c |xrLQt u}W=t C}iQ_ Sc

"C@Ft nQR@ OOa %M
QO =yQ=m O=OaD xR=Ov= x@ ,qwtat =Q =yxDUO O=OaD |q=@ OL xm CU= QmP x@ sRq

%R= Ov=CQ=@a pOt s}tYD |=yQ}eDt u}vJty "OvQ}o|t Q_v
Q}e QO '0 &OwW VR=OQB l |xrLQt QO k |xDUO R= Oa@ b |xDUO Qo = '1 %Xb;l;k

"CQwYu}=
Q}e QO '0 &OwW VR=OQB i u}W=t |wQ l |xrLQt QO b |xDUO Qo = '1 %Yb;l;i

"CQwYu}=
VR=OQB l |xrLQt QO u=Um} u}W=t |wQ k |xDUO w b |xDUO Qo = '1 %Ub;l;k

"CQwYu}= Q}e QO '0 &OwW
"CQwYu}= Q}e QO '0 &OQ}o Q=Qk b |xDUO QO j Q=m Qo = '1 %Zj;b

"OyO|t u=Wv =Q l xrLQt QO b xDUO p}tmD u=tR xm CU= xDUw}B |Q}eDt %Cl;b
Min Cmax (1)

Subject to :
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@u=t

Rw
|R=

Up
OtOOa |xU}=kt R= "Ow@ Oy=wN 1 =@ Q@=Q@ xW}ty '?=NDv= p=tDL= Q}O=kt ẁtHt xm

XNWt |iO=YD OOa =@ Q_=vDt QoQ=taDU= |xQ=tW 'CrwQ xNQJ xR=@ =@ |iO=YD
=Q CrwQ MQJ |=[i R= |WN@ 'QoQ=taDU= Qy p=tDL= Q=Okt xm =Hv; R= "OwW|t
`@=D |=Q=O� QDxDU}=W |=yQoQ=taDU= ?=NDv= p=tDL= CU= xO=O X=YDN= OwN x@
=yQoQ=taDU= x@ xQtaDUt |=yQwWm s=tD VwQ u}= =@ "Ow@ Oy=wN QDW}@ �QDsm |xv} Ry
C@=kQ sD} Qwor= '=y|Qw]=QBt= s=tD |x}rw= Cr=L uDW=O =@ w OwW|t xO=O X}YND
\QW uOW xOQw;Q@ =D xm OQ=O Q=Qk xkrL l} QO pt=mD OvwQ "OwW|t ẁQW |Q=taDU=

"O@=}|t xt=O= hkwD

?PH Qorta "2"4
O=OaD Ovm|t |aU OwN Pwiv V}=Ri= Qw_vtx@ QoQ=taDU= QwWm '|Qw]=QBt= Qy QO
x@ ẁQW xQtaDUt |=yQwWm |Qw]=QBt= Qy QO =Pr "OyO V}=Ri= =Q V}=yxQtaDUt
sD} Qwor= QO 'Q=taDU= Ov}=Qi R= VN@ u}= "Ovm|t x]w@ Qt QoQ=taDU= CtU x@ CmQL
"CU= xOW pOt QoQ=taDU= QwWm CtU x@ C=QtaDUt CmQL CQwYx@ |R=Uxv}y@
=Q xQtaDUt QwWm OQ=O |aU ?PH CU=}U p=ta= =@ |RmQt CtwmL Ck}kL QO
x�=Q= sD} Qwor= QO "Ovm l}ORv OwN x@ |U=}U � |a=tDH= hrDNt O=a@= |=DU=Q QO

%CU= xOW h} QaD u}vJ ?PH CU=}U xOW
O=Oa= R= |}xDWQ =OD@= 'CU=yQ=m O=OaD Q@=Q@ xm xQtaDUt QwWm O=a@= x@ xHwD =@
Q_=vDt OOa xm =Q |}=ypwrU TBU "s}vm|t O}rwD 1 w QiY u}@ CN=wvm} CQwYx@
QO =yQ=m xQ=tW =@ Q_=vDt =ypwrU u}= "s}vm|t XNWt CU= 0 5 R= QDlJwm u; =@
|Ov@xDUO QoQ=taDU= QwWm T=U= Q@ =Q xOW XNWt |=yQ=m "CU= xQtaDUt QwWm
|Ov@xDUO 'Ow@ xOW |Ov@xDUO,q@k xm u=vJ =Q xQtaDUt QwWm |=yQ=m Q}=U "s}vm|t
CU=}U OW xDiQo Q_v QO x}rw= C}atH O}rwD VN@ QO xm |r=Ft x@ xHwD =@ "s}vm|t

"CU= xOW xO=O u=Wv 1 pmW QO ?PH
Q=yJ QO =yQ=m O}OH |xQtaDUt QO CU= XNWt 1 pmW QO xm Qw]u=ty
Q=yJ w CWy 'Ciy 'GvB ?}DQDx@ =yxDUO C}iQ_ xm CU= xOW |Ov@s}UkD xDUO
CUOx@ ?=wH Qo = "CU= xOWv QDW}@ CWy R=Ht C}iQ_ R= l}I}y w CU=
|=yQ=m xm u}= R= Oa@ 'CQwYu}=Q}e QO w s} wQ|t Oa@ |xrLQt x@ Ow@ xHwt xOt;
Q}=U s}OQm |Ov@xDUO QoQ=taDU= QwWm j@=]t =Q xQtaDUt QwWm |xOW XNWt
|Ov@xDUO Best Fit |Q=mD@= sD} Qwor= R= xO=iDU= =@ R}v =Q xQtaDUt QwWm |=yQ=m
R=Ht OL R= xOW p}mWD |=yxDUOC}iQ_ xmCU= u}= uOw@ xHwt R= Qw_vt "s}vm|t
C}iQ_ |t=tD R= OwW|t |aU Best Fit |Q=mD@= sD} Qwor= QO "OW=@ xOQmv Qw@a
R= ?}DQDx@ xOWv |Ov@xDUO |=yQ=m u}=Q@=v@ "OwW xO=iDU= 'xOW p}mWD |=yxDUO

"?=wH uOw@ xHwt CQwY QO p=kDv= C=}rta |=QH= "1 pmW

|=Q@ 2007 p=U QO 5|Q=taDU= C@=kQ sD} Qwor= "CU= xOWv |v=OvJ xHwD 'pt=mD
[13]"CU= xOW x�=Q= T=mwr w |QoQo � RBVD; \UwD Q=@ u}rw=

u} R=e; |xrLQt "1"4
|yOpmW w x}rw=C}atH O}rwD '?=wHV}=tv |xwLv pt=W sD} Qwor= |xrLQt u}rw=
CU= |Oa@ n Q=OQ@ l} CQwYx@ ?=wH V}=tv |xwLv "CU= x}rw= |=y|Qw]=QBt=
|=y|Qw]=QBt= |yOpmW w x}rw= C}atH O}rwD "�CU=yQ=m O=OaD |xOvyOu=Wv n�

"OvwW|t xO=O K}[wD xt=O= QO x}rw=
x}rw= C}atH O}rwD "1"1"4

First Fit |Q=mD@= sD} Qwor= R= |Q=taDU= C@=kQ sD} Qwor= x}rw= C}atH O}rwD |=Q@
|iO=YD |@}DQD =OD@= "O} Q}o@ Q_v QO =Q Q=m n O=OaD =@ |}xr�Ut "CU= xOW xO=iDU=
"CU= Q=m l} =@ Q_=vDt OOa Qy xm OwW|t O=H}= n =D 1 K}LY O=Oa= R= pmWDt
u}= QO "OwW|t xO=iDU= =yQ=m |Ov@xDUO |=Q@ First Fit |Q=mD@= sD} Qwor= R=
?}DQDx@ =yxDUO C}iQ_ w xOW ?=NDv= CU=Q x@ AJ R= ?}DQDx@ =yQ=m sD} Qwor=
R= QDW}@ u; C}iQ_ xm |}xDUO u}rw= "OwW|t |UQQ@ nQR@ x@ lJwm R= xQ=tW
u}ty x@ "s}yO|t Q=Qk xDUO u; QO =Q Q=m w xOW ?=NDv= 'OW=@ Q_v OQwt Q=m C}iQ_

"OwW |Ov@xDUO =yQ=m |t=tD =D s}yO|t xt=O= ?}DQD
x}rw= |=y|Qw]=QBt= |yOpmW "2"1"4

O}rwD First Fit |Q=mD@= sD} Qwor= T=U=Q@ x}rw= |=yQwWm 'sD} Qwor= ẁQW |=Q@
|=yQDt=Q=B R= C}atH xR=Ov= "CU= C}atH xR=Ov= Q@=Q@ =yQwWm u}= O=OaD "OwW|t
"OwW|t x@U=Lt =yQwWm R= l} Qy |xv} Ry `@=D TBU "CU= sD} Qwor= |OwQw
VR=OQB pw= |xrLQt QO =yu}W=t |Q}PBTQDUO T=U=Q@ w xQ=tW ?}DQDx@ =yxDUO
|xrLQt p}tmD u=tR T=U= Q@ =yxDUO xrLQt u} QN; =D wO |xrLQt R= w OvwW|t
|=Q=O xm C}atH u}= |=[a= u} QDy@ R= '|Qw]=QBt= O=OaD x@ "OvwW|t VR=OQB p@k
|Qw]=QBt= O=OaD "OvwW|t ?=NDv= QoQ=taDU= u=wvax@ OvDUy xv} Ry `@=D Q=Okt u} QDsm
xQtaDUt |=yQwWm u=wvax@ xOv=t|k=@ C}atH "CU= sD} Qwor= |OwQw |=yQDt=Q=B R=
u}@ x}rw= C=QtaDUt s}UkD |=Q@ "OvQ=O jraD |Qw]=QBt= l} x@ s=OmQy xm OvDUy
=@ Q=m u}= s=Hv= |=Q@ "CU= xOW xO=iDU= CrwQ |xNQJ ?=NDv= R= =yQoQ=taDU=
11 |xrO=at T=U=Q@ =yv; |xOWQ=Hvy |xv} Ry '=yQoQ=taDU= |t=tD |xv} Ry uDW=O

"OwW|t x@U=Lt
Cn = exp( �cn

max ci
) i = 1; 2; :::; nEmp (11)

QoQ=taDU= u}t=n |xOWQ=Hvy |xv} Ry Cn 'CU= QoQ=taDU= u}t=n |xv} Ry cn
O=OaD nEmp "CU=yQoQ=taDU= s=tD u}@ QO xv} Ry xv}W}@ max ci w CU=
QoQ=taDU= Qy Q=Hvyx@ |@Uv CQOk 'xOWQ=Hvy |xv} Ry uDW=O =@ "CU=y|Qw]=QBt=
u}@ xQtaDUt |=yQwWm s}UkD |=Q@ |}=v@t w OwW|t x@U=Lt 12 |xrO=at T=U=Q@

"CU=yQoQ=taDU=

pn = Cn
nEmpP
i=1

Ci
;

nEmpX
i=1

pi = 1 (12)

VwQ u}= QO "CU= |@=NDv= |=yVwQ u} QDhwQat R= |m} 6CrwQ |xNQJ VwQ
OOa l} TBU w xOW xO}J Qo}Om} Q=vm QO ?=NDv= p=tDL= Q}O=kt s=tD =OD@=
CU= p}rO u}= x@ xR=@ u}= ?=NDv= "OwW|t O}rwD 1 =D QiY |xR=@ QO |iO=YD
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"""w
|i}

QW
|v=t

'u}J
rox

}iY =Q xDiQopmW |=yxDUO |xOv=t|k=@ C}iQ_ =OD@= Best Fit sD} Qwor= OQm} wQ R=
u; |xOv=t|k=@ C}iQ_ xm |}xDUO u}rw= QO w s}vm|t ?DQt |OwaY ?}DQDx@
u}vJ Qo = s}vm|t |Ov@xDUO =Q ?NDvt Q=m 'OW=@ xOW ?=NDv= Q=m |xR=Ov= R= QDW}@

"s}yO|t p}mWD |O}OH |xDUO OW=@v OwHwt |}xDUO

xQtaDUt w QoQ=taDU= C}akwt |}=Hx@=H "4"4
umtt '?qkv=CU=}U |=QH= w QoQ=taDU= QwWmCtU x@ C=QtaDUtCmQL u}L QO
CUO QoQ=taDU= QwWm x@ C@Uv |QDy@ C}akwt x@ C=QtaDUt u}= R= |[a@ CU=
`@=D Q=Okt x@ C@Uv =Q |QDsm |xv} Ry xm OvUQ@ xv} Ry `@=D QO |]=kv x@ `k=w QO "Ov@=}
u=W|=H xQtaDUt w QoQ=taDU= Cr=L u}= QO "Ovm O}rwD QoQ=taDU= C}akwt QO xv} Ry
Oy=wN xt=O= O}OH C}akwt QO QoQ=taDU= QwWm =@ sD} Qwor= w xOQm Zwa sy =@ =Q
|R=Uuwoty CU=}U p=ta= x@ xm CU= O}OH QoQ=taDU= QwWm u}= 'xt=O= QO "Ci=}

"OR=OQB|t OwN C=QtaDUt Q@

|Qw]=QBt= l} pm CQOk |x@U=Lt "5"4
pm CQOk 'u; C=QtaDUt pm CQOk R= |OYQO |xi=[= x@ QoQ=taDU= QwWm CQOk
13 |xrO=at j} Q] R= |Qw]=QBt= l} pm |xv} Ry u}=Q@=v@ "CU= |Qw]=QBt= l}

%OwW|t x@U=Lt
TCn = cn + �fmean(cin)g (13)

OW u=}@ QDV}B xm u=vJ cn "CU= s=n |Qw]=QBt= pm |xv} Ry TCn 'u; QO xm
jraDt |=yxQtaDUt |xv} Ry u}ov=}t R}vmean(cin) "CU= s=n QoQ=taDU= |xv} Ry

"CU= C@Ft |OOa � "CU= s=n |Qw]=QBt= x@

|Q=taDU= C@=kQ "6"4
OyO@ CUO R= =Q OwN C@=kQ CQOk w O}=Ri}@ OwN CQOk Q@ Ov=wDv xm |Qw]=QBt= Qy
QwQtx@ Qo}O CQ=@ax@ "OW Oy=wN hPL ,=H} QOD |QoQ=taDU= |=yC@=kQ u=} QH QO
|=y|Qw]=QBt= w xO=O CUO R= =Q OwN C=QtaDUt h}a[ |=y|Qw]=QBt= u=tR
|=Q@ "OvyO|t V}=Ri= =Q OwN CQOk w xOQm ?L=YD =Q C=QtaDUt u}= QD|wk
u} QDh}a[ 'hPL p=L QO |Qw]=QBt= xm OwW|t ZQi C}ak=w u}= uOQm pOt
u} QDh}a[ R= |O=OaD =} l} sD} Qwor= R= Q=QmD Qy QO =Pr "CU= OwHwt |Qw]=QBt=
u}@ 'C=QtaDUt u}= ?L=YD |=Q@ w xDW=OQ@ =Q |Qw]=QBt= u} QDh}a[ 'C=QtaDUt
u} QD|wk \UwD ,=twRr QwmPt C=QtaDUt "OwW|t O=H}= C@=kQ |=y|Qw]=QBt= s=tD
|QDW}@?L=YD p=tDL= QD|wk |=y|Qw]=QBt= xmr@ 'OW Oy=wNv?L=YD |Qw]=QBt=
=OD@= 'xQtaDUt u}=?L=YD Qw_vtx@ =y|Qw]=QBt= u=}t C@=kQ |R=UpOt |=Q@ "OvQ=O
14 |xrO=at j} Q] R= u; |xOWQ=Hvy pm |xv} Ry |Qw]=QBt= pm |xv} Ry |wQ R=

%OwW|t u}}aD
NTCn = exp( �TCn

maxTCn
) i = 1; 2; :::; nEmp (14)

pm |xv} Ry TCn '|Qw]=QBt= u}t=n |xOWQ=Hvy pm |xv} Ry NTCn u; QO xm
CU=y|Qw]=QBt= s=tD u=}t QOpm |xv} Ryu} QDW}@ maxTCn w '|Qw]=QBt=u}t=n
p=tDL= 'xOWQ=Hvy pm |xv} Ry uDW=O =@ "�|Qw]=QBt= u} QDh}a[ pm |xv} Ry�
x@U=Lt 15 |xrO=at j} Q] R= |Qw]=QBt= Qy \UwD C@=kQ |xQtaDUt ?L=YD

"?=wH uOw@ xHwt=v CQwY QO p=kDv= C=}rta |=QH= "2 pmW

xm |}xDUO u}rw= "OwW|t ?DQt |OwaY Qw]x@ =yxDUO C}iQ_ w '?=NDv= AJ
?=NDv= CU= Q_v OQwt Q=m C}iQ_ R= QDnQR@ =} |w=Ut u; |xOv=t|k=@ C}iQ_

"s}yO|t Q=Qk xDUO u; QO =Q Q=m w OwW|t
QO xm |}=yxDUO '?PH C=}rta R= Oa@ 'OwW|t xOy=Wt 2 pmW QO xm u=vJ
xm CU= 11 w 8 '1 Q@=Q@ ?}DQDx@ |}=yC}iQ_ |=Q=O xOW p}mWD O}OH |xQtaDUt
VW w l} |=yQ=m =OD@= =Pr "CU= xOW QDW}@ R=Ht C}iQ_ R= xU |xDUO C}iQ_
XNWt QDxQ}D nvQ =@ xm =Q Q=yJ =D wO |=yQ=m ?}DQDx@ TBU w xOQm |Ov@xDUO =Q
O}OH |xQtaDUt QO u}=Q@=v@ "s}vm|t |Ov@xDUO Best Fit sD} Qwor= \UwD xOW
'CWy 'GvB Q@=Q@ ?}DQDx@ =yxDUO C}iQ_ xm xOW |Ov@s}UkD 'xDUO Q=yJ QO =yQ=m

"CU= xOWv QDW}@ CWy R= l} I}y xm CU= Q=yJ w Ciy

?qkv= Qorta "3"4
QwWm l} |U=}U � |a=tDH= |=y|oS} w QO |v=yo =v C=Q}}eD Ea=@ ?qkv= RwQ@
QwWm l} |iO=YD |}=Hx@=H =@ ?qkv= '|Q=taDU= C@=kQ sD} Qwor= QO "OwW|t
x=oO}O R= ?qkv= "OwW|t |R=UpOt O}OH |iO=YD C}akwt l} x@ xQtaDUt
|a[wt |xv}y@ s=O QO uOQmQ}o R= |rt=mD CmQL xm OwW|t Ea=@ |tD} Qwor=
x@ =Q u; w xOW QwWm l} C}akwt Ow@y@ Ea=@ OQ=wt |[a@ QO xm O@=} C=Hv
QO VyH Qorta Ovv=ty ?qkv= Qorta "OyO|t p=kDv= QDy@ C}a[w =@ |}xOwOLt
pY=L |=y?=wH QO ẁvD O=H}= ?Hwt Qorta u}= "Ovm|t pta l}DvS sD} Qwor=
TQOwR |}=Qoty R= |Q}owrH Qw_vtx@ ?qkv= Qorta "OW Oy=wN ?PH CU=}U R=

"OwW|t =QH= ?PH CU=}U R= Oa@
p=tDL= =@ =yxQtaDUt R= s=Om Qy |Qw]=QBt= Qy QO '|O=yvW}B sD} Qwor= QO
's}vm|t O}rwD 1 w QiY u}@ |iO=YD OOa l} =Pr "OQm Ovy=wN ?qkv= |YNWt
|=Q@ "s}vm|t p=ta= =Q ?qkv= CU=}U OW=@ ?qkv= p=tDL= |w=Ut =} QDlJwm Qo =
wO '=yQ=m |Ov@xDUO x@ xHwD =@ 'pw= VwQ QO &OwW|t =QH= VwQ wO Qw_vt u}=
|=H w ?=NDv= 'xDUO wO R= hO=YD x@ Q=m wO TBU xOQm ?=NDv= |iO=YD |xDUO
&OwW C}=aQ =yxDUO C}iQ_ C}OwOLt xm |Qw]x@ s}vm|t =Hx@=H sy =@ =Q Q=m wO
'VwQ u}= QO u}=Q@=v@ "s}vm|t ?=NDv= hO=YD x@ xDUO wO ,=OOHt CQwYu}= Q}e QO
VwQ QO [2]"OwW|t s=Hv= hO=YD x@ wO Qy =yQ=m |}=Hx@=H w =yxDUO ?=NDv=
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ẁv R= VywSB u}= QO |UQQ@ OQwt hOy `@=D xmu}= x@ xHwD =@ "CU= QDy@ OW=@

16 |xrO=at R= (S=N) C@Uv x@ C=W}=tR; G}=Dv p}O@D Qw_vtx@ CU= |R=Uxv}tm
"CU= xOW xO=iDU=

S
N

= �10 log( 1
n

nX
i=1

y2
i ) (16)

|Q=taDU= C@=kQ sD} Qwor= QDt=Q=B Q=yJ 'VywSB u}= QO "CU= hOy `@=D Q=Okt yi
CQOk R= |@} Q[ '�nEmp� =y|Qw]=QBt= O=OaD '�nPop� C}atH xR=Ov= pt=W ��

84



"""w
|i}

QW
|v=t

'u}J
rox

}iY "|[=} Q pOt =@ lJwm xR=Ov= p�=Ut pL R= pY=L G}=Dv "3 pwOH
�x}v=F� u=tR xr�Ut pL=Qt O=OaD =yQ=m O=OaD

0 12 2 2 50 15 2 3
0 14 2 2 60 19 2 3
18 2 2 7100 2 3

103 5 2 2 8258 2 3
140 2 2 9373 1 3
700 2 2 101500 0 3

"O};|t CUOx@ 17 |xrO=at T=U=Q@
RPD = A lgsol�Minsol

Minsol
� 100 (17)

R= xr�Ut l} QO V}=tR; Qy |=QH= R= xOt; CUOx@ hOy `@=D Q=Okt A lgsol
xr�Ut |=Q@ xOt;CUOx@ hOy `@=D Q=Okt u} QDsm Minsol "CU= Q_v OQwt sD} Qwor=

"CU=
CUOx@ |xv}y@ ?=wH =@ =ysD} Qwor= u}= OQmrta |xU}=kt R= pY=L G}=Dv
|@Uv h=QLv= OYQO \UwDt |w=L h}OQ Qy "CU= xOW x�=Q= 4 pwOH QO xOt;

"CU= xr�Ut wO
u}ov=}t =@ |Q=taDU= C@=kQ sD} Qwor= OwW|t xOy=Wt 5 pwOH QO xm u=vJ
pL QO Qo}O sD} Qwor= wO x@ C@Uv |QDy@ OQmrta 0 37 |@Uv h=QLv= OYQO

"OQ=O lJwm xR=Ov= =@ p�=Ut

nQR@ xR=Ov= p�=Ut QO =ysD} Qwor= |UQQ@ "2"5
|R=Ux}@W sD} Qwor= =@ |Q=taDU=C@=kQ|O=yvW}B sD} Qwor= OQmrta 'VN@ Q} Ru}= QO
nQR@ xR=Ov= =@ p�=Ut pL QO C=}@O= QO OwHwt C=QP `=tDH= |R=Uxv}y@ w O} Q@D
=@ CU= xOW QmP QDt=Q=B s}_vD VN@ QO p�=Ut C=YNWt "CU= xOW xU}=kt
u}=Q@=v@ &OwW|t O}rwD |iO=YD CQwYx@ xr�Ut 10 ?}mQD Qy |=Q@ xm Cw=iD u}=
"CU= xOW O}rwD =ysD} Qwor= |iO=YD |xU}=kt |=Q@ xr�Ut 180 pt=W |}xawtHt
`=tDH= |R=Uxv}y@ w O} Q@D |R=Ux}@W '|Q=taDU= C@=kQ sD} Qwor= =@ p�=Ut |t=tD
CUOx@ 16 |xrO=at j} Q] R= =yv; |@Uv h=QLv= OYQO w CU= xOW pL C=QP
"CU= xr�Ut 10 |@Uv h=QLv= OYQO \UwDt Qou=Wv h}OQ Qy "�5 pwOH� O};|t
xiQ]l} Tv=} Q=w p}rLD uwtR; '=ysD} Qwor= u}ov=}t u}@ hqDN= |UQQ@ |=Q@
P Q=Okt uOw@ QiY x@ xHwD =@ "CU= xOW =QH= |@Uv h=QLv= OYQO Q}O=kt |wQ
'x]w@ Qt Tv=} Q=w p}rLD "CiQo xH}Dv u=wD|t =Q =ysD} Qwor= u}ov=}t |Q@=Q@ sOa

"CU= xOW x�=Q= 6 pwOH QO xOW QmP |=ysD} Qwor= |=Q@
|wQ 0 95 u=v}t]= |xrY=i w u}ov=}t R= =ysD} Qwor= OQmrta |UQQ@ |=Q@

"=yQDt=Q=B s}_vD |=Q@ R}wv x@ p=vo}U C@Uv |xOta C=QF= Q=Owtv "3 pmW

x@ xHwD =@ "s}vm|t sUQ =Q 3 pmW w xOQm p}O@D S=N C@Uv x@ 16 |xrO=at
R= |@} Q[ '0 1 � nPop |Qw]=QBt= O=OaD '2 � n C}atH xR=Ov= QDt=Q=B Qo = pmW
0 3 ?qkv= p=tDL= w 0 2 |Qw]=QBt= pm CQOk |x@U=Lt QO C=QtaDUt CQOk

"Ow@ Oy=wN QDy@ |Q=taDU= C@=kQ sD} Qwor= pL C}i}m OW=@

|D=@U=Lt G}=Dv "5
Qw_vt u}= |=Q@ "CU= xOW xO=iDU= OQmrta |@=} RQ= |=Q@ |OOa C=W}=tR; R=
xR=Ov= QO xr�Ut |O=OaD pt=W pw= V}=tR; 'OwW|t |L=Q] hrDNt V}=tR; wO
V}=tR; "Ov=xOW pL |R=Uxv}y@ |YYND Q=Ri=sQv \UwD p�=Ut "CU= lJwm
=Q |Q=taDU= C@=kQ sD} Qwor= OQmrta xm CU= QDnQR@ xR=Ov= =@ |r�=Ut pt=W swO
|=Q@ "Ovm|t xU}=kt [11]C=QP `=tDH= |R=Uxv}y@ w [2]O} Q@D |R=Ux}@W sD} Qwor= =@
|xv=}=Q =@ w CU= xOW xO=iDU= Matlab10 w CPLEX R= =yV}=tR; u}= s=Hv=
C}=@=o}o Q=yJ |rY= |x_i=L w RDQy=o}o 2 5 |RmQt QoVR=OQB =@ |}xDUyGvB

"CU= xOW =QH=
'f10; 9; 8; 7; 6; 5g =yQ=m O=OaD 'pt=W lJwm xR=Ov= QO p�=Ut C=YNWt
QO f2g xrLQt Qy QO |R=wt u}W=t O=OaD w f3; 2g |Q=m hrDNt pL=Qt O=OaD
w '|Q=m hrDNt pL=Qt O=OaD '=yQ=m O=OaD R= ?}mQD 12 =Pr "CU= xOW xDiQo Q_v
O=H}= ?}mQD Qy |=Q@ xr�Ut wO w O};|t OwHw x@ xrLQt Qy QO |R=wt u}W=t O=OaD
Qw]x@ xrLQt Qy QO =yQ=m VR=OQB u=tR "OwW|t O}rwD xr�Ut 24 ẁtHt QO xm xOW
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