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ysijt +

X
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yysikt = 1 8s; i; t (2)

ysijt �M � xj 8s; i; j; t (3)

yysikt �M � xxk 8s; i; k; t (4)

yyysjkt �M � xxk 8s; j; k; t (5)

Fcsjkrt �M � yyysjkt 8s; j; k; r; t (6)

Fasijrt = hhsit � ysijt 8s; i; j; t; r = 1 (7)

Fbsikt = hhsit � yysikt 8s; i; k; t; r = 1 (8)P
i Fasijrt =

P
k Fcsjkrt

8s; j; k; t; r = 1 (9)P
i Fbsikrt +

P
j Fcsjkrt = pskrt

8s; k; t; r = 1 (10)P
i Fbsikrt +

P
j Fcsjkrt � Capkxxk

8s; k; t; r = 1 (11)P
i Fasijrt � Cappjxj

8s; j; t; r = 1 (12)

vvskrt = pskrt �Ph qskhrt + rrrskrt
8s; k; t; r = 1 (13)

vvskrt = vvskr�1t�1 �Ph qskhrt + rrrskrt
8s; k; t; r � 2 (14)X
k

X
r
qskhrt = ddsht 8s; h; t (15)X

h
qskhrt � (vvskrt + pskrt)xxk 8s; k; t; r (16)

zshrt � zshr�1t 8s; h; t; r (17)P
r (vshr�1t�1 +

P
k qskhrt)zshrt � jjshrt + rrsht

= dsht 8s; h; t (18)

(1� zshr�1t)(vshr�1t�1 +
P
k qskhrt) � jjshrt

8s; h; r; t (19)

dsht �Pr (vshr�1t�1 +
P
k qskhrt) � rrsht

8s; h; t (20)

vshrt = (1� zshrt)(vshr�1t�1 +
P
k qskhrt)

�(zshrt � zshr�1t)jjshrt 8s; h; r; t (21)X
r

(vshrt)rrsht = 0 8s; h; t (22)X
r

(vvskrt)
X

r
rrrskrt = 0 8s; h; t (23)

usht = vshrt 8s; h; t; r = 5 (24)

uskt = vskrt 8s; h; t; r = 5 (25)

Fa; Fb; Fc; v; vv; u; uu; rr; rrr; jj; q � 0
and int eger

(26)

xj ; xxk; ysijt; yysikt; yyysjkt; zshrt 2 f0; 1g (27)
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x=o}=B x@ i |D}atH |x}L=v R= r Qta pw] =@ xDi=} p=kDv= uwN Q=Okt %Fbsikrt
&s w} Q=vU CLD t xQwO QO k C@=F

k C@=F x=o}=B x@ j Q=}U x=o}=B R= r Qta pw] =@ xDi=} p=kDv= uwN Q=Okt %Fcsjkrt
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h u=DUQ=t}@ \UwD s w} Q=vU CLD t u=tR QO r Qta pw] =@ uwN R= Qo = %zshrt

&CU= 0 CQwY u}= Q}e QO w 1 OwW hQYt
CLD t xQwO QO r Qta pw] =@ k uwN RmQt R= h u=DUQ=t}@ VQ=iU Q=Okt %qskhrt

&s w} Q=vU
&s w} Q=vU CLD t u=tR QO k uwN RmQt QO uwN Ow@tm Q=Okt %rrrskt
&s w} Q=vU CLD t u=tR QO k RmQt QO uwN uDiQ QOy Q=Okt %uuskt
&s w} Q=vU CLD t u=tR QO h u=DUQ=t}@ QO uwN Ow@tm Q=Okt %rrsht

&s w} Q=vU CLD t u=tR QO h u=DUQ=t}@ QO uwN uDiQ QOy Q=Okt %usht
t |xQwO QO =[=kD |=Q@ xm h u=DUQ=t}@ uwN |OwHwt R= xOv=t |k=@ Q=Okt %jjsht
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&s w} Q=vU CLD t xQwO QO r Qta pw] =@ k uwN RmQt |OwHwt %vvskrt
&s w} Q=vU CLD t xQwO QO r Qta pw] =@ h u=DUQ=t}@ |OwHwt %vshrt

w} Q=vU CLD t xQwO QO r Qta pw] =@ k C@=F x=o}=B x@ xOW OQ=w uwN Q=Okt %pskrt
"s

=yC}OwOLt w hOy `@=D "2"3
Min =

P
j fjxj +

P
k fkxxk

+Ps[
P
s
P
i
P
j
P
t Caijysijt

+
P
s
P
i
P
k
P
t cbikyysikt

+
P
s
P
j
P
k
P
r
P
t ccjkfcsjkrt

+
P
k
P
h
P
r
P
t qkhrt(cdkh +O)

+
P
s
P
k
P
r
P
t vvskrthhh

+
P
s
P
k
P
t (rrrsktb+ uusktW )

+
P
s
P
h
P
r
P
t vshrthhh

+
P
s
P
h
P
t (rrshtb+ ushtW )]
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|=yC}OwOLt uDiQo Q_v QO =@ hOy `@=D Q=Okt|UQQ@ '|oOvR=Q@|@=} RQ= "s} R=OQB|t
R= l} Qy x@ =y?=wH uOQm O}rwD R= Oa@ |Q=mD@==Qi |=ysD} Qwor= QO "CU= xr�Ut

|=yx=o}=B Q=QkDU= |=yxv} Ry uOQm xv}tm p=@vO x@ xmCU= xr�Ut hOy `@=D 1 |x]@=Q
|xv} Ry 'Q=}U w C@=F x=o}=B |wU x@ u=oOvvm =Oy= X}YND |xv} Ry 'uwN |=Oy=
'VQ=iU |xv} Ry 'u}t-=D |xQ}HvR |xm@W pw] QO uwN |=yOL=w pkv w ptL
"CU=yu=DUQ=t}@ w uwN Rm =Qt QO uwN uDiQ QOy w Ow@tm |xv} Ry '|Q=Oyov |xv} Ry
x=o}=B x@ =} C@=F x=o}=B x@ =} i |D}atH |x}L=v Qy xm Ovm|t u}t[D 2 C}OwOLt
|D}atH |x}L=v Qy 'Ovvm|t u}t[D 4 w 3 |=yC}OwOLt "O@=}|t X}YND Q=}U
"OW=@ R=@ x=o}=B u; xm O@=}|tX}YND |DQwY QO Q=}U x=o}=B x@ =}C@=F x=o}=B x@ =} i
QO &O@=}|t X}YND C@=F x=o}=B x@ Q=}U x=o}=B xm Ovm|t u}t[D 5 C}OwOLt
X}YND xm|DQwY QO xm Ovm|t u}t[D 6C}OwOLt "OW=@ R=@ x=o}=B u; xm|DQwY
|=yC}OwOLt "OQ=O OwHw Q=}U w C@=F x=o}=B u}@ u=} QH OW=@ xOW xDiQo CQwY
"CU= k C@=F x=o}=B w j Q=}U x=o}=B x@ u=oOvvm =Oy= R= uwN u=} QH Q=Okt 8 w 7
j Q=}U x=o}=B \UwD xOW |Qw;`tH uwN |=yOL=w xm Ovm|t u}t[D 9 C}OwOLt
x=o}=B x@ u=oOvvm =Oy= |}=Oy= uwN Q=Okt =@ Q@=Q@ &OwW|t pkDvt k C@=F x=o}=B x@ xm
x=o}=B w u=oOvvm =Oy= \UwD xOW pkDvt uwN pm Q=Okt 10 C}OwOLt "CU= Q=}U
xOW pkDvt uwN Q=Okt xm Ovm|t u=}@ 11 C}OwOLt "CU= k C@=F x=o}=B x@ j Q=}U
Q=Okt xm Ovm|t u=}@ 12C}OwOLt "OW=@ QDsm x=o}=BC}iQ_ R= O}=@ kC@=F x=o}=B x@
|=yC}OwOLt "OW=@ QDsm x=o}=B C}iQ_ R= O}=@ j Q=}U x=o}=B x@ xOW pkDvt uwN
Q=Okt xm Ovm|t u=}@ 15 C}OwOLt "OyO|t u=Wv =Q uwN Rm =Qt |OwHwt 14 w 13
u}t[D 16C}OwOLt "CU= xQwO Qy QO h u=DUQ=t}@ |=[=kD Q@=Q@ k Rm =Qt R= u=} QH
|OwHwt |w=Ut =} QDsm u=DUQ=t}@ x@ uwN C@=F x=o}=B R= u=} QH Q=Okt xm Ovm|t
uwN hQYt CU=}U QO FIFO p=UQ= '17 C}OwOLt "CU= uwN C@=F x=o}=B
O}=@ ,qt=m =[=kD xm Ovm|t u=}@ 18 C}OwOLt "OyO|t u=Wv =Q h u=DUQ=t}@ QO
"OwW|t xH=wt uwN p=UQ= |=Q@ Ow@tm =@ u=DUQ=t}@ CQwYu}= Q}e QO 'OwW OQw;Q@
OL=w l} smCUO xm |vwN xwQo l} OL=w O=OaD xm CU= |mtm Q}eDt jjshrt
u}t[D 19 C}OwOLt "OQ=O|t xov =Q 'CU= xOW hQYt |v=tR xQwO QO u; R=
w OW=@ QDW}@ TQDUO QO |OwHwt Q=Okt R= O}=@v jjshrt |mtm Q}eDt xm Ovm|t
Ovm|t |Q}owrH QDO}OH |OwHwt uOQm xO=iDU= R= u; Q=Okt uOw@ C@Ft CQwY QO
R= QDW}@ =[=kD Qo = xm Ovm|t u=}@ 20 C}OwOLt "CU= =[=kD uOW OQw;Q@ Qou=}@ w
uwN xwQo |OwHwt K]U 21 C}OwOLt "s} wW|t xH=wt Ow@tm =@ OW=@ |OwHwt
u}t[D 23 w 22 C}OwOLt "OyO|t u=Wv =Q xQwO Qy QO h u=DUQ=t}@ r Qta =@
25 w 24 |=yC}OwOLt "CU= QiY Ow@tm '|OwHwt OwHw CQwY QO xm Ovm|t
ẁv 27 w 26 |=yC}OwOLt C}=yv QO "OyO |t u=Wv =Q uwN uDiQ QOy Q=Okt

"OvyO|t u=Wv =Q s}tYD |=yQ}eDt

pL VwQ "4
u; pL w CU= |]N Q}e K}LY OOa \rDNt pOt 'xOW x�=Q= pOt xm =Hu; R=
sD} Qwor= wO R= pL |=Q@ 'CU}v Q}PBu=mt= nQR@ O=a@= QO 9Rto Q=Ri=sQv j} Q] R=
11 (PSO) C=QP s=LOR= |atHD |R=Uxv}y@ w 10 (GA) l}DvS |Q=mD@==Qi

"CU= xOW xO=iDU=

l}DvS sD} Qwor= "1"4
?=wH uDi=} QO |O=} R Q=}U@ CQOk xm OvDUy |}=ysD} Qwor= 'l}DvS |=ysD} Qwor=
QO =Q =ysD} Qwor= u}= |rY= OQ@ Q=m u=wD@ O}=W xm CW=O xHwD O}=@ =t= 'OvQ=O xr�Ut
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"CaQU Q=OQ@ |wQ Q@ C=Q}F-=D "2 pmW
'C=QP s=LOR= |R=Uxv}y@ sD} Qwor= QO [25]"Ovm|t pta |atH Vwy |wor= T=U=
"Ovvm|t CmQL wHwCUH |=[i QO |m} R}i |a=tDH= Cq}=tD T=U= Q@ C=QP
x}=Uty C=QP C=aq]= T=U= Q@ sy w xQP OwN C=}@ QHD T=U= Q@ sy xQPl} u=mt
u=Wv S = fx1; x2; : : : ; xNg =@ |Oa@ n |wHwCUH |=[il} "Ovm|t Q}}eD
O}vm ZQi "OyO|t u=Wv =Q xDUO QO C=QP O=OaD N xm |DQwY x@ 'OwW|t xO=O
"Ovm|t Q}}eD CaQU Q=OQ@ \UwD pi |xQP u=mt "OW=@ t Q=QmD QO xQP u=mt ~xi(t)
|DQwY x@ 'CU= wHwCUH |=[i QO x]kv l} s=i |xQP OW xDio xm Qw]u=ty
x@U=Lt 30 =D 28 CqO=at \UwD ?}DQD x@ vi(t) VDaQU Q=OQ@ w u=mt 'xQP xm

%OwW|t
Pi = (pi1; pi2; :::; pin) 2 S (28)

Xi = (xi1; xi2; :::; xin) 2 S (29)

Vi = (vi1; vi2; :::; vin) 2 S (30)

x@ pi =@ =Q OwN C=aq]= xm CU= |D=QP s=tD |xawtHt NGi � S O}vm ZQi
x@ g xwqa x@ "OvwQ|t Q=tW x@ i |xQP u=o}=Uty C=QP u}= "OvQ=Po|t l =QDW=
%T=U= u}= Q@ "CU= xOW xDiQo Q_v QO xawtHt u}= QO xQP u} QDy@ T}Ov= u=wva
f(pg) � f(pi) 8NGi (31)

\UwD s=i |xQP u=mt "OwW |t |Q=mDUO 33 w 32 CqO=at \UwD C=QP TBU
%OwW|t Zwa �30� |x]@=Q j@] 'CaQU Q=OQ@

~xi(t) = ~xi(t� 1) + ~vi(t) (32)

%OwW|t p=ta= xQP |wQ Q@ CaQU Q=OQ@ CQwY x@ C=QP u}@ C=aq]= pO=@D
~vi(t) = w~vi(t� 1) + c1r1(~xp best � ~xi(t))
+c2r2(~xg best � ~xi(t)) (33)

"OvDUy �0w1� |xR=@ QO CN=wvm} |iO=YD |=yQ}eDt r2 w r1 xm |DQwY x@
|a=tDH= w |DN=vW |=yQDt=Q=B |=ys=v x@ C@Ft Q=Okt =@ QDt=Q=B wO c2 w c1 u}vJty
Q}F-=D '|rai CmQL ?}DQD x@ 33 CQ=@a QO xrtH u}twU w u}twO 'u}rw= "OvDUy
'2 pmW "OyO|t u=Wv =Q CaQU Q=OQ@ |wQ Q@ |a=tDH= w |YNW C=aq]= R=
QO u=mt u} QDy@ 'u}vJty "OyO|t u=Wv =Q CaQU Q=OQ@ |wQ Q@ C=Q}F-=D |ovwoJ

%OwW|t s=ovyx@ 34 |x]@=Q j@] s=o Qy
~pi(t+ 1) = ~xi(t+ 1) if f(xi) � f(pi) (34)

"�xj swRwtwQm � swRwtQm R= |}xvwtv "2 pwOH
1 0 1 1 0

"�xxk swRwtwQm � swRwtQm R= |}xvwtv "3 pwOH
0 0 1 1

|Q=mD@==Qi |=ysD} Qwor= |Q}oQ=m x@ QO "O@=}|t X=YDN= |oOvR=Q@ Q=Okt l} =yv;
"CU=yC}OwOLt =@ xyH=wt |ovwoJ xDmv u} QDsyt 'C}OwOLt |=Q=O p�=Ut |=Q@
"CU= C}OwOLt |=Q=O p�=Ut =@ OQwNQ@ |=yVwQ u} QDsyt R= |m} xt} QH `@=wD

Or=w ?=NDv= %sQ=yJ sOk
?=NDv= Ov}=Qi "OQ=O l}DvS sD} Qwor= |}=Qoty |=Q@ |tyt Q}F-=D Or=w ?U=vt ?=NDv=
|xwLv =@ \=@DQ= QO O}=@ 'xrLQt u}= QO "CU= `]=kD pta |=Q@ C}atH R= Or=w wO
|Q}os}tYD u=OvRQi O=OaD w u=OvRQi O}rwD |xwLv '`]=kD pta |=Q@ u}Or=w ?=NDv=
'VR=Q@ ?U=vt ?=NDv= '|}x@DQ ?=NDv= %R= Ov=CQ=@a Or=w ?=NDv= VwQ `=wv= "OwW
VywSB u}= QO "CrwQ MQJ ?=NDv= w|}xk@=Ut ?=NDv= '|iO=YD Q}o =Qi |Q=OQ@ xvwtv
u} QDy@ w ?=NDv= |iO=YD Qw] x@ Or=w xU xm CU= xOW xO=iDU= |}xk@=Ut VwQ R=

"OwW|t xO} RoQ@ OQ=O =Q xv} Ry u} QDsm xm u;

`]=kD Qorta %sHvB sOk
u=wva x@ |}=yswRwtwQm xm CU= CQwY u}O@ Ca}@] QO pt=mD Ov}=Qi R= |WN@
?=NDv= |=yswRwtwQm |DU}=@|t `k=wQO "OvwW|t?}mQD sy =@ w xOW ?=NDv= u}Or=w
wO w |}x]kv lD 'CN=wvm} s} Q=O `]=kD Qorta ẁv xU =t "s}yO `]=kD =Q xOW

"CU= xOW xO=iDU= CN=wvm} `]=kD Qorta R= VywSB u}= QO "|}x]kv

VyH %sWW sOk
QO C}atH uOW C@=F R= xm CU= u}= l}DvS sD} Qwor= QO VyH Qorta |xiUri
xm =Q ?=wH R= |}=[i VyH Qorta `k=w QO "Ovm|t |Q}owrH |UOvy u=mt Qy
|=ysRwtwQm QO Qorta u}= "Ovm|t wHwCUH 'CU= xOWvCi=} `]=kD Qorta\UwD
C}atH QO xm =Q |}=yuS w xOQm xO=H}= xOWv |R} Qxt=vQ@ |iO=YD |D=Q}}eD 'Cw=iDt
|tyt swyit 'Qorta u}= =@ |x]@=Q QO "Ovm C}atH OQ=w 'Ov=xDW=Ov OwHw x}rw=
pm R= |OYQO R= CU= CQ=@a VyH MQv "CU= KQ]t VyH MQv u=wva CLD
|irDNt VyH |=yQorta "OvwW|t Q}}eD Q=JO xm sRwtwQm Qy QO OwHwt |=yuS
xOW xO=iDU= Twmat Qorta R= VywSB u}= QO =t= CU= xOW xO=iDU= C=}@O= QO
"OwW|t pO@ 1 x@ QiY Q=Okt w OwW|t QiY '1 Q=Okt xm CQwY u}= x@ &CU=

xtD=N \QW %sDiy sOk
"CU= xOW xDiQo Q_v QO Q=QmD C=aiO O=OaD xtD=N \QW j}kLD u}= QO

C=QP s=LOR= |R=U xv}y@ sD} Qwor= "2"4
|R=Uxv}y@ w u=oJQwt |R=Uxv}y@ %R=CU= CQ=@a |atH Vwy QwyWt sD} Qwor= wO
C=v=w}L |atH Q=DiQ |R=Ux}@W R= C=QP s=LOR= |R=Uxv}y@ sD} Qwor= "C=QP s=LOR=
R= xO=iDU= =@ C=yQ@= w |Ovm \UwD Q=@u}rw= |=Q@ xm |}xvwo x@ 'CU= xOW xDiQo s=yr=
Q@ wCU= xOW KQ]t xrY=i T=U= Q@ ?=DW wCaQU '|o}=Uty u} QDl}ORv s}y=it
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"C=QP s=LOR= w l}DvS |=ysD} Qwor= |=yQDt=Q=B |=Q@ xOW x�=Q= Kw]U "4 pwOH
q=@ K]U \UwDt K]U u}}=B K]U sD} Qwor= |=yQDt=Q=B =ysD} Qwor=

90 60 30 x}rw= C}atH xR=Ov=
l}DvS0 99 0 9 0 8 `]=kD MQv

0 6 0 5 0 4 VyH MQv

2 25 2 1 75 xQP Qy |Q}oO=} ?} Q[
C=QP s=LOR=2 25 2 1 75 xat=H pm |Q}oO=} ?} Q[

0 99 0 93 0 87 xDi=} p}OaD |UQv}= uRw

"C=QP s=LOR= w l}DvS sD} Qwor= wO w Rto xOW xU}=kt G}=Dv "5 pwOH

[27]"CU= QDsm u=tR QO =yQDt=Q=B |xv}y@ Kw]U uOQw; CUO x@ 'xv} Ry Vy=m
"CU= xOW xOQw; 4 pwOH QO PSO w GA sD} Qwor= |=yQDt=Q=B

`]=kD MQv Q=Okt '60 x}rw= C}atH xR=Ov= Q=Okt '|Jwo =D C=W}=tR; x@ xHwD =@
sD} Qwor= xv}y@ OQmrta CyH K]U u} QDy@ u=wva x@ 0 5 VyH MQv Q=Okt w 0 9
|Q}oO=} ?} Q[ Q}O=kt jwi G}=Dv j@=]t 'u}vJty "CU= xOW xDiQo Q_v QO l}DvS
u} QDy@ u=wva x@ '0 93 xDi=} p}OaD |UQv}= uRw Q=Okt w 2 Q@=Q@ xat=H pm w xQPQy
xOW xDiQo Q_v QO C=QP s=LOR= |R=Uxv}y@ sD} Qwor= xv}y@ OQmrta CyH K]U

"CU=

|D=@U=Lt G}=Dv "5
|@=} RQ= |O=yvW}B pL VwQ |}=Q=m '|D=@U=Lt C=W}=tR; s=Hv= =@ 'VN@ u}= QO
|=ysD} Qwor= R= pL |=Q@ 'xr�Ut uOw@ Q@u=tR w |oO}J}B Cra x@ "OwW|t
pwYL |=Q@ "CU= xOW xU}=kt Qo}Om} =@ wO u; OQmrta w xO=iDU= |Q=mD@==Qi
G}=Dv uOw@ Q@Dat R}v w |O=yvW}B |=ysD} Qwor= K}LY OQmrta R= u=v}t]=
xOW pL 23 4 Rto Q=Ri=sQv \UwD lJwm xR=Ov= QO pOt '=yu; R= pY=L
pwOH QO xOt; CUO x@ hOy `@=D Q}O=kt w xOW xO=iDU= |=yQDt=Q=B "CU=
x@ nQR@ w \UwDt 'lJwm O=a@= QO |W}=tR; p�=Ut "CU= xOy=Wt p@=k 5
x�=Q= 6 pwOH QO |OwQw |=yQDt=Q=B Q}O=kt "CU= xOW |L=Q] xr�Ut 27 O=OaD
\UwD |W}=tR; |xr�Ut 27 |=QH= R= pY=L G}=Dv p}rLD |=Q@ "CU= xOW
xv}y@ ?=wH x@ uO}UQ u=tR COt w hOy `@=D Q=Okt XN=W wO 'sD} Qwor= wO
xOW xO=O u=Wv 7 pwOH QO u; R= pY=L G}=Dv xm OQ}o|t Q=Qk |@=} RQ= OQwt

"CU=
'|O=yvW}B |=ysD} Qwor= |=QH= R= pY=L G}=Dv |Q=t; p}rLD |x�=Q= Qw_vt x@
G}=Dv |HwQN "CU= xOW xO=iDU= �95 u=v}t]= K]U QO Tv=} Q=w p}rLD uwtR; R=
l}miD x@ 't uwtR; w 12?D|v}t Q=Ri=sQv |xr}Uwx@ sD} Qwor= wO Tv=} Q=w p}rLD

"CU= xOW x�=Q= u=tR w hOy `@=D |xv}y@ Q=Okt Q=}at wO |=Q@
u}= Qou=}@ hOy `@=D Q=Okt Q=}at |=Q@ p-value Q=Okt '8 pwOH G}=Dv j@=]t
hOy `@=D Q=Okt |=yu}ov=}t xm |vat u}O@ &OQ=Ov OwHw u; OQ |=Q@ |r}rO xm CU=

O=OaD p=Ft u=wva x@ "Ov=QPo|t Q}F-=D PSO sD} Qwor= Q@ xm OvDUy |O=} R |=yQDt=Q=B
?}=Q[ 'sD} Qwor= |=yQ=QmD O=OaD '=yx}=Uty xR=Ov= '|UQv}= uRw 'xr�Ut O=a@= 'C=QP
u}= QO "xQP l} CaQU u} QDW}@ w |DN=vW |=yxir-wt w |a=tDH= |=yxir-wt C@=F

"CU= xDW=O |QDQ@ Q} R |=yQDt=Q=B s}_vD xr=kt
CaQU ?}=Q[ �

QO |O=} R Q=}U@ Vkv |DN=vW w |a=tDH= |=yxir-wt QO r2 w r1 ?}=Q[ =@ c2 w c1
|Y=N CaQU =@ \ki C=QP &OvW=@ QiY |w=Ut c2 w c1 Qo = "OvQ=O xQP u=tOv=Q
wHwCUH |=[i RQt x@ =D Ovm|tCmQL QOkv; w Ovvm|tCmQL =[i QO hOy uwO@
Ovm|t xHwD OwN |OQi x@ QHD x@ \ki C=QP 'OW=@ c1 � 0 w c2 = 0 Qo = "OUQ@

"Ovm|t xHwD xwQo OQi u} QDy@ x@ \ki C=QP OW=@ c2 � 0 w c1 = 0 Qo =
|UQv}= uRw �

Q}F-=D O}OH CaQU |x@U=Lt QO =Q xQP |r@k CaQU R= |OYQO `k=w QO uRw u}=
xJQy w O@=}|t V}=Ri= |twta |wHwCUH OW=@ QDW}@ Q=Okt u}= xJQy "OyO|t
C=L}[wD j@] [26]"O@=}|t V}=Ri= |rLt |wHwCUH u=R}t OW=@ QDsm uRw u}=

%CU= Q} R CQwY x@ PSO sD} Qwor= |rm pL=Qt p@k
&x}rw= C}atH O=H}= "1

&C=QP R= s=OmQy |YNW |x_i=L u} QDy@ w xQP u} QDy@ u}}aD "2
&C=QP s=tD |=Q@ C}akwt w CaQU |v=UQRwQx@ "3

&C=QP R= s=Om Qy |YNW |x_i=L u} QDy@ w xQP u} QDy@ u}}aD "4
sD} Qwor= CQwY u}= Q}e QO 'O} wQ@ 3 x@ xtD=N \}=QW uOWv xOQw;Q@ CQwY QO "5

"O@=}|t xtD=N

sD} Qwor= QDt=Q=B s}_vD "3"4
|=ysD} Qwor= |=yQDt=Q=B x@ COW x@ |Q=mD@==Qi |=ysD} Qwor= G}=Dv xm =Hu; R=
Oy=wN xO=iDU= =yu; |=yQDt=Q=B s}_vD |=Q@ |Jwo =D VwQ R= 'Ov=xDU@=w |O=yvW}B
Q@ xwqa 'C=W}=tR; |L=Q] |=yVwQ Qo}O x@ C@Uv |Jwo =D VwQ C} Rt "OW
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"7 pwOH"C=QP s=LOR= w l}DvS sD} Qwor= wO xOW xU}=kt G}=Dv

"OvQ=O |Q=O=vat Cw=iD xv}y@ ?=wH x@ uO}UQ COt Q_v R= sD} Qwor= wO |Q=t}D
sOa xH}Dv Q@ O}}-=D w u=tR XN=W T=U= Q@ sD} Qwor= wO xU}=kt Q=Owtv '4 pmW

"CU= QiY ZQi VQ}PB

T=U= Q@ sD} Qwor= wO |xU}=kt Q=Owtv '3 pmW "OvQ=Ov Qo}Om} =@ |Q}otWJ Cw=iD
'p-value Q=Okt "CU= QiY ZQi OQ sOa xH}Dv Q@ O}}-=D w hOy `@=D Q=OktXN=W
|=yu}ov=}t xm |vat u}O@ "CU= QiY ZQi OQ Qov=}@ |D=@U=Lt u=tR Q=}at |=Q@
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=yu=DUQ=t}@ w uwN RmQt QO CmqB Qta =@ |OwHwt K]U T=U= u}= Q@ w CU=
uOQm xv}tm Qw_vt x@ hOy `@=D "CU= xOW xDiQo Q=Qk xar=]t OQwt xr=kt u}= QO
'pkv w ptL |xv} Ry 'uwN |Qw;`tH C@=F w Q=}U |=yx=o}=B |@=}u=mt |xv} Ry
QOy w Ow@tm '|Q=Oyov |xv} Ry 'VQ=iU |xv} Ry 'u=oOvvm =Oy= X}YND |xv} Ry
Rto Q=Ri=sQv =@ lJwm xR=Ov= QO pOt "CU=yu=DUQ=t}@ w uwN Rm =Qt QO uwN uDiQ
G}=Dv xU}=kt =@ "OW pL C=QP s=LOR= w l}DvS |=ysD} Qwor= =@ nQR@ O=a@= QO w
u; xH}Dv '|D=@U=Lt u=tR w hOy `@=D Q=Okt XN=W wO =@ sD} Qwor= wO R= pY=L
sD} Qwor= w CU= l}DvS R= QD=Q=m Q=}U@ |v=tR ^=Lr R= C=QP s=LOR= sD} Qwor= xm OW

"OyO|t CUO R= =Q OwN |}=Q=m xr�Ut nQR@ O=a@= QO l}DvS
hY sDU}U uOQm OQ=w 'Ovv=t |D=O=yvW}B u=wD|t |D; C=k}kLD |=Q@ '=yDv= QO
'u=oOvvm =Oy= CtON w Q=_Dv= u=tR COt uDiQo Q_v QO 'C@=F w Q=}U x=oDU}= QO
s-=wD |R=UQB R=@ 'C@=F |=yx=oDU}= x@ uO=O T} wQU QO Q=}U |=yx=oDU}= |@=} Q}Ut
hrDNt |=yCt}k uDiQo Q_v QO w pkvwptL |=yxv} Ry Vy=m Qw_vtx@ u=DUQ=t}@

"O=O x�=Q= u=wD|t Qta pw] x@ xHwD =@ CmqB |=Q@

"=yXN=W xU}=kt Tv=} Q=w p}rLD G}=Dv "8 pwOH
G}=Dv p� value XN=W

QiY ZQi OQ sOa 0 855 hOy `@=D Q=Okt
QiY ZQi OQ 0 021 |D=@U=Lt u=tR

?ULQ@� hOy `@=D Q=Okt XN=W =@ sD} Qwor= wO OQmrta |xU}=kt Q=Owtv "3 pmW
"�OL=w uw}r}t l}

|Q}oxH}Dv "6
u}t-=D |xQ}HvR |OwHwt �|@=}u=mt xr�Ut |=Q@ |R} Qxt=vQ@ pOtl}VywSB u}= QO
u=oOvvm =Oy= pt=W 'K]U xU |=Q=O '|O=yvW}B uwN u}t-=D |xQ}HvR "OW x�=Q= uwN
=} C@=F x=o}=B x@ =} u=oOvvm =Oy= "CU= hQYt Rm =Qt w C@=F w Q=}U |=yx=o}=B 'uwN
CtU x@ Q=}U x=o}=B 'Q=}U x=o}=B x@ X}YND CQwY QO "Ov@=}|t X}YND Q=}U
xm � hQYt Rm =Qt |=[=kD x@ xHwD =@ C@=F x=o}=B QO "Ovm|t CmQL C@=F x=o}=B
=@ =yu=DUQ=t}@ w Ovvm|t p=UQ= =Q uwN '�CU= xOW ^=Lr u=DUQ=t}@ =Hu}= QO
p@=k |xDmv "Ovvm|t xO=iDU= OwN u=Q=t}@ |=Q@ =Q uwN FIFO CU=}U x@ xHwD
C}ty= R�=L CyH u}= R= xm CU= CmqB `} QU |Q}PBO=Ui 'uwN |xQ=@ QO xHwD

=yCWwv=B
1. replenishment
2. Epsilon constraint
3. lagrangian relaxation
4. P-q median
5. P-robust
6. self-adaptive imperialist competitive algorithm
7. invasive weed optimization
8. resilient
9. Gams
10. genetic algorithm
11. particle swarm optimization
12. Minitab
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