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12 11 10 9 8 7 6 5 4 3 2 1 xQwO
1 1 75 0 75 1 25 1 25 2 2 5 3 5 3 2 1 0 5 IN1

0 7 1 1 2 1 3 2 5 3 3 5 4 2 2 0 7 0 4 IN2

xvRNt 4 |xr�Ut KQW "1"2
u; |rY= |xO}= xm [24]&OW KQ]t 1974 p=U QO Q=@ u}rw= 'xvRNt 4 |xr�Ut
CU= xOW PN= 1971 p=U QO |WywSB QO xOW |iQat |xvRNt 4 sDU}U R=
Q}O=kt w OwW|t OQ=w uRNt wO x@ \ki IN2 w IN1 |OwQw u=} QH [25]"�1 pmW�
3 =D 1 uR=Nt |=Q@ |}=yv w x}rw= sHL "CU= xOW xO=O u=Wv 1 pwOH QO u;
'uR=Nt |xty |=Q@ |R=U=yQ |xv}tm "CU= xOw@ 8 =@ Q@=Q@ '4 uRNt |=Q@ w 6 Q@=Q@
w 4 5 =@ Q@=Q@ 3 w 2 |=yuRNt |=Q@ '4 =@ Q@=Q@ 1 uRNt |=Q@ u; |xv}W}@ w 0 005
QO uR=Nt |t=tD |=Q@ uRNt sHL |xv}tm "�2 pwOH� CU= xOw@ 8 '4 uRNt |=Q@
u=Wv 2 pwOH QO R}v uR=Nt sHL |xv}W}@ "CU= xOw@ 1 =@ Q@=Q@ xQwO 12 |xty

"CU= xOW xO=O
1 |x]@=Q CQwYx@ (j) xQwO Qy QO w (i) uRNt Qy QO |oDUw}B |x]@=Q

%CU= xOW h} QaD
S(i;j+1) = S(i;j) + I(i;j) +M:R(i;j) i = 1; :::; 4; j = 1; :::; 12

(1)

T} QD=t M w xv=y=t |R=U=yQ R '|OwQw u=} QH I 'uRNt sHL S 'u; QO xm

[24]"1974 p=U QO xOW |iQat xvRNt 4 sDU}U "1 pmW
"uR=Nt sHL |xv}W}@ "2 pwOH

4 uRNt 3 uRNt 2 uRNt 1 uRNt xQwO
15 8 17 12 2
15 8 15 12 3
15 8 15 10 4
15 8 15 9 5
15 8 12 8 6
15 8 12 8 7
15 8 15 9 8
17 8 17 10 9
15 8 18 10 10
15 8 18 12 11
15 8 18 12 12

|R=Uxv}y@ x@ 'Q}N= |=yp=U QO "O}=Ri=|tp�=Utp}@ku}= |=y|oO}J}B x@ R}v uR=Nt
xaUwD GA sD} Qwor= "CU= xOW |O=} R xHwD ?; `@=vt |xvRNtOvJ |=ysDU}U
|xU}=kt R= TB w xO=iDU= xvRNtOvJ |=ysDU}U R= |Q=OQ@xQy@ CU=}U |=Q@ xDi=}
|R=Uxv}tm Qw_vt x@ [17]"OW XNWt GA |QDQ@ 'DDDP VwQ =@ u; G}=Dv
w �ABC� 9pUaQw@vR |vwrm sD} Qwor= wO '|Rr=t QO `k=w |OU |RQw=Wm ?; Ow@tm
=@ ABC sD} Qwor= xm O=O u=Wv G}=Dv w OW xU}=kt �GSA� 10|Wv=Qo |wHwCUH
QDtm |Q}PB?}U; w QDW}@ |Q}PBu=v}t]= 'QD`} QU|}=Qosy %xrtH R= '|}=y|oS} wuDW=O
|=ysDU}U |R=Uxv}y@ |xv}tR QO [18]"CU= QD?U=vt uR=Nt R= |Q=OQ@xQy@ |=Q@
|=yVwQ R= ?; `@=vt QDy@ |R=UpOt |=Q@ xm OW O=yvW}B R}v �2004� xvRNtOvJ
R= |Q=OQ@xQy@ |=Q@ �2007� ACO sD} Qwor= u}vJty [19]OwW xO=iDU= |}xv=}=Q
CkO =@ CUv=wD xm OW xDiQo Q=mx@ xDUUo s}tYD |=[i QO xvRNt 4 sDU}U l}

[20]"Ovm |R=Uxv}y@ =Q xr�Ut 'GA x@ C@Uv |QDtm C=@U=Lt u=tR QO w QDW}@
\}Lt QO xvRNtOvJ sDU}U R= |Q=OQ@xQy@ |=Q@ R}v HSA �2013� sD} Qwor=
G}=Dv '?rDt w l}U}@ p=wS} w \}Lt wO QO u; |=QH= R= TB w OW xO=iDU= xDUUo
|q=@ |Q}PB u=v}t]= w |}=Qosy CaQU uOQ@ q=@ R= u=Wv w Ot; CUOx@ |y@=Wt
4 sDU}U wO |R=Uxv}y@ '�2013� Qo}O |}xar=]t QO [21]"CW=O QwmPt sD} Qwor=
|UQQ@ O}kt C=QP s=LOR= |R=Uxv}y@ hrDNt VwQ 3 R= xO=iDU= =@ xvRNt 10 w
w OvOQm x�=Q= =Q |QDy@ G}=Dv PSO sD} Qwor= =@ xU}=kt QO |O=yvW}B |=yVwQ w OW
CUOx@ 'OW ?=NDv= s}tYD Q}eDt u=wvax@ |R=U=yQ xm |Dr=L |=Q@ xH}Dv u} QDy@
OvOw@v T=UL u; |xR=Ov= w x}rw= C}atH x@ C@Uv QwmPt |=yVwQ u}vJty "Ot;
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O}kt |=yVwQ |QDQ@ R= u=Wv G}=Dv w OW s=Hv= O}kt Cr=L xU QOACO R=
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"CU= xOW |R=Uxv}y@ 'VwQ wO Qy R= xO=iDU= =@ xvRNt 10 sDU}U l} u; R= TB w

=yVwQ w O=wt "2
w =y|OwQw x=Qty x@ xvRNt 10 TBU w xvRNt 4 |xr�Ut =OD@= 'Q[=L Q=DWwv QO
Q}eDt u=wvax@ uR=Nt R= |R=U=yQ 'xr�Ut wO Qy QO "CU= xOW x�=Q= R=}vOQwt \@=wQ
\@=wQ |t=tD x=Qty x@ CFO sD} Qwor= u; R= TB &CU= xOW xDiQo Q_v QO s}tYD
R= TB 'xt=O= QO "CU= xOW x�=Q= sD} Qwor= Q=Owtv w wHwCUH pL=Qt 'R=}vOQwt
RCFO sD} Qwor= w O=H}= u; QO |D=Q}}eD 'u;ha[ \=kv uOQm =O}B w CFO |UQQ@
xOW xO=iDU= C}U=UL R}r=v; R= xv}y@ |=yQDt=Q=B uOQm =O}B |=Q@ "CU= xOW |iQat
'OvDW=O |]N |D}y=t xm xr�Ut wO Qy |=Q@ hOy `@=D jr]t |xv}y@ G}=Dv "CU=
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OQ=w 8 w 6 '5 '1 '2 '3 uR=Nt x@ \ki xv=NOwQ u=} QH "CU= xQwO pm QO |SQv=
uR=Nt R= l} Qy |=Q@ xv}W}@ w xv}tm |R=U=yQ w sHL %pt=W 'xr�Ut Ow}k "OwW|t
|}=yv sHL u; QO O}=@ xm 'OQ=O OwHw |}=yv sHL x@ \w@ Qt Qo}O O}k l} "CU=

"OW=@ Q@=Q@ x}rw= sHL =@ uRNt
9 |x]@=Q CQwYx@ (j) xQwO Qy QO w (i) uRNt Qy QO |oDUw}B |x]@=Q

%CU= xOW h} QaD
S(i;j+1) = S(i;j) + I(i;j) +M:R(i;j) i = 1; :::; 10; j = 1; :::; 12

(9)

T} QD=t M w xv=y=t |R=U=yQ R '|OwQw u=} QH I 'uRNt sHL S 'u; QO xm
%Ov};|t CUOx@ 11 w 10 |=yx]@=Q R= xm CU= uR=Nt \@=wQ

M =

26666666666666666666664

�1 0 0 0 0 0 0 0 0
0 �1 0 0 0 0 0 0 0
0 0 �1 0 0 0 0 0 0
0 1 1 �1 0 0 0 0 0
0 0 0 0 �1 0 0 0 0
0 0 0 0 0 �1 0 0 0
1 0 0 1 1 1 �1 0 0
0 0 0 0 0 0 �1 0 0
0 0 0 0 0 0 1 �1 0
0 0 0 0 0 1 0 1 �1

37777777777777777777775
(10)

Max I =
10X
i=1

12X
j=1

b(i;j):R(i;j) (11)

C=}�RH "CU= uR=Nt R= l} Qy R= pY=L OwU ?} Q[ b hOy `@=D 'u; QO xm
w xt} QH `@=wD R}v 'Q[=L |xr�Ut QO [27]"CU= xOW x�=Q= |rY= `@vt QO QDW}@

"Ov=xOW h} QaD xvRNt 4 sDU}U x@=Wt u; ?}=Q[

[27]"1979 p=U QO xOW |L=Q] |xvRNt 10 sDU}U "2 pmW

%CU= 2 |x]@=Q CQwYx@ uR=Nt \@=wQ

M =

2666664
�1 0 0 0
0 �1 0 0
0 1 �1 0
1 0 1 �1

3777775 (2)

|R=Uxv}W}@ u; pL R= hOy xm CU= xOW xO=O u=Wv 3 |x]@=Q QO hOy `@=D
"CU= xv}y@ |R=U=yQ T=U=Q@ `@=D Q=Okt

Max I =
4X
i=1

12X
j=1

b(i;j):R(i;j) (3)

Qy |=Q@ [24]"CU= xOW x�=Q= 1974 p=U QO b(i;j) OwU ?}=Q[ Q}O=kt 'u; QO xm
|}=yv sHL w �5 w 4 \@=wQ� uRNt sHL '|R=U=yQ x@ \w@ Qt Ow}k 'uR=Nt R= l}

%CU= xOW h} QaD
Smin

(i;j) � S(i;j) � Smax
(i;j); j = 2; 3; :::; 12 (4)

Smin
(i;j) � S(i;j) � Smax

(i;j); j = 1; 2; :::; 12 (5)

Rmax w Rmin w &xv}W}@ w xv}tm uRNt sHL ?}DQD x@ Smax w Smin'=yv; QO
"OvDUy uRNt R= xv}W}@ w xv}tm |R=U=yQ ?}DQD x@

s=Hv= |}xOQDUo C=ar=]t 'xr�Ut x@ |vOWv |=y?=wH OwQw R= |Q}owrH |=Q@
xt} QH `@=wD [26]"CU= xt} QH `@=wD R= xO=iDU= 'QwmPt |=yVwQ R= |m} w xOW

%OwW|t h} QaD 6 |x]@=Q CQwYx@
P = C:�n (6)

"OvDUy |@=NDv= n w C w O}k R= |]ND u=R}t � 'xt} QH Q=Okt P 'u; QO xm
xOW xDiQo Q_v QO 40 =@ Q@=Q@ C ?} Q[ 'xr�Ut wO Qy |=Q@ 'Q[=L VywSB QO
u=ty '1 R= QDtm |=yxt} QH uOW lJwm R= |Q}owrH Qw_vt x@ R}v u=wD [17]"CU=
Ow}k "OyO|t u=Wv uRNt sHL |=Q@ =Q xt} QH `@=D '7 |x]@=Q "OW ?=NDv= 1 Q=Okt
|=Q@ f hOy |xQ}NP uDiQo Q_vQO =@ "Ov=xOW h} QaD xw}W u}ty x@ R}v |R=U=yQ
8 |x]@=Q CQwYx@ |}=yv sHL x@ \w@ Qt xt} QH `@=D 'i uRNt Qy QO QN; |xQwO

%OwW|t u=}@

P =

8>>>><>>>>:
c0(1� Si=Smin)n if Si < Smin

c0(Si=Smax � 1)n if Si > Smax

0 if Si � Smin &Si � Smax

(7)

P13 =

8>>>><>>>>:
c0(1� S(i;13)=f(i))n if S(i;13) < f(i)

c0(S(i;13)=fi � 1)n if S(i;13) > f(i)

0 else

(8)

Q=Okt u}= xm CU= xQwO |=yDv= QO uR=Nt R= l} Qy |=Q@ |}=yv sHL f '=yv; QO xm
"CU= xOW xDiQo Q_v QO 8 Q@=Q@ 4 uRNt |=Q@ w 6 =@ Q@=Q@ 3 =D 1 uR=Nt |=Q@

xvRNt 10 |xr�Ut KQW "2"2
p=U QO Q=@ u}rw= '�2 pmW� CU= xOW p}mWD uRNt 10 R= xm xvRNt 10 |xr�Ut
w xDa=U 2 |xQwO 12 'Q[=L |xr�Ut QO |v=tR |xQwO pm [27]"OW KQ]t 1979
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w s}tYD |=yQ}eDt |q=@ u=Qm w u}}=B u=Qm ?}DQD x@ xmax

i w xmin
i '=yv; QO xm

u=mt `} RwD 'CFO QO Qo}O syt pt=a "OvDUy ?wQB C}akwt Q}}eD pt=a Frep
xO}J =yOa@ O=ODt= QO |Q]U =} |Q]k CQwYx@ Ov=wD|t xm CU=y?wQB |x}rw=
R= |WN@ CU= QDy@ 'x}rw= |=y?wQB x@ CFO sD} Qwor= C}U=UL x@ xHwD =@ 'OwW
'3 pmW [28]"OvwW ?=NDv= |Q]U CQwYx@ Qo}O |WN@ w |Q]k CQwYx@ =y?wQB

"OyO|t u=Wv =Q CFO sD} Qwor= CQ=Jwri

xOvwWQ=QmD |RmQt |wQ}v |@=}xv}y@ sD} Qwor= "4"2
=} GA Ovv=t =ysD} Qwor= Q}=U =@ xU}=kt QO =Q OwN |QDQ@ hrDNt `@=wD QO CFO

|}=Qosy CaQU uOw@ q=@ 'CFO |=y|oS} w R= |m} [13]"CU= xO=O u=Wv PSO

=O}B Vy=m |}=Qosy CaQU '=yQ=QmD V}=Ri= =@ =t= &CU= wHwCUH ẁQW QO u;
%CU= xOW p=ta= KQW u}= x@ |D=Q}}eD u; pL=Qt R= |NQ@ QO Qw_vt u}ty x@ "Ovm|t

?=DW |R=Up=tQv "1"4"2
"CU= xOW p}mWD G w � '� |=yQDt=Q=B R= 'CFO QO CmQL |rY= pt=a ?=DW
2 =@ Q@=Q@ G w � '� Q}O=kt xm CU= xOW xO=O u=Wv '2010 p=U QO |WywSB QO
O}kt p�=Ut QO [13]"OvQ=O OQ=wt ?re= QO =Q OQmrta u} QDy@ 0 5 =@ Q@=Q@ Frep w
w =y?wQB u}@ uRw Cw=iD V}=Ri= Ea=@ xt} QH `@=D OwHw �Q[=L |xr�Ut Ovv=t�
=y?wQB GwQN Ea=@ nQR@ |=y?=DW "OW Oy=wN Q}eDt |=y?=DW O=H}= xH}Dv QO
&OvwW xOv=OQoR=@ 18 w 17 \@=wQ ltm x@ Ovv=wD|t xm OvwW|t s}tYD |=[i R=
sD} Qwor= =Q} R 'Ow@ Oy=wN xH}Dv|@ O}kt w xO}J}B p�=Ut pL QO QwmPt Ov}=Qi =t=
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=@ ?wQB Qy "OvwW QkDUt �?wQB� sQH u} QDnQR@ h=Q]= QO =y?wQB s=tD xm |v=tR
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U(Mk
j�1 �Mp

j�1):(M
k
j�1 �Mp

j�1)
�

(~Rkj�1 � ~Rpj�1)
jj~Rkj�1 � ~Rpj�1jj�

(13)

w � '� &C=@U=Lt |v=tR s=o j '?wQB |xQ=tW p '=y?wQB O=OaD Np 'u; QO xm
Q=Okt Mp
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2 ; :::; xp;j�1
Nd
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0 otherwise
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(Rk;mj�1 �Rp;mj�1)2 (15)

CQwYx@ ?wQB O}OH C}akwt OW=@ Nt =@ Q@=Q@ |v=tR |=ys=o pm O=OaD Qo =
%OwW|t h} QaD 16 |x]@=Q

~Rpj = ~Rpj�1 + 1
2~a

p
j�1�t

2; j � 1 (16)
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[13]%OvwQ|t Q=mx@ =y?wQB |R=UR=@ |=Q@
if ~Rpj;i < xmin

i then~Rpj;i = max(xmin
i + Frep(~Rpj�1;i � xmin

i );

xmin
i ) (17)

if ~Rpj;i > xmax
i then~Rpj;i = min(xmax

i � Frep(xmax
i � ~Rpj�1;i)

xmax
i ) (18)
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VQ=Ro 1192 39 Q=Okt 'Q=QmD 3000 w xJQwt 300 uDiQo Q_vQO =@ w ACO

"Q=QmD 1000 |=Q@ � C}U=UL R}r=v; "9 pmW

"Q=QmD 1000 |=Q@ VyH OYQO C}U=UL R}r=v; "10 pmW
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Q=}at h=QLv= xv}tm \UwDt xv}W}@ jr]t |xv}y@
0 515 1191 1 1192 24 1192 74 1194 4 hOy `@=D

w KQ]t RCFO sD} Qwor= w O=H}= |D=Q}}eD sD} Qwor= Q=DN=U QO Qw_vt u}ty x@
w 4 |xr�Ut wO Qy QO "CU= xOW xO=iDU= xvRNtOvJ |=ysDU}U |R=Uxv}y@ |=Q@
x@ xHwD =@ CFO sD} Qwor= "CU= xOW XNWt RCFO VwQ |QDQ@ 'xvRNt 10
sD} Qwor= =t= &OQ=O R=}v |@=}xv}y@ w wHDUH |=Q@ |vqw] u=tR x@ 'OQ=O xm |D}y=t
OyO s=Hv= =Q wHwCUH ?wQB O=OaD 'C}OwOLt uDW=OQ@ =@ CU= xDUv=wD RCFO

sD} Qwor= QO xm |D=Q}}eD "OyO Vy=m hYv x@ ,=@} QkD CFO x@ C@Uv =Q =QH= u=tR w
CU= xOW |tD} Qwor= O=H}= x@ QHvt CU= xOW xO=O CFO x@ C@Uv RCFO

Qw_vt x@ C=Q}}eD u}= |xOta "CU= |R=Uxv}y@ |xO}J}B p�=Ut pL x@ QO=k xm
xHwD =@ "CU= |}=Qosy CaQU V}=Ri= w |rLt |xv}y@ QO uOW Q=DiQo R= |Q}owrH
xH}Dv u=wD|t xvRNt 10 w 4 sDU}U pL QO RCFO sD} Qwor= |=QH= C}kiwt x@
|xO}J}B p�=Ut pL QO OQ@ Q=m CyH |@U=vt p}Uv=DB 'RCFO sD} Qwor= xm CiQo

"OQ=O |ak=w |xvRNtOvJ |=ysDU}U R= |Q=OQ@xQy@

C=iqDN= =yv; j@=]t xm OvyO|t u=Wv RCFO w CFO p@=kt QO =Q wov}r VwQ
xOy=Wt xQwO Qy QO jr]t |xv}y@ =@ CFO VwQ R= xOt; CUOx@ Q}O=kt u}@ |O=} R
jr]t |xv}y@ G}=Dv x@ RCFO R= pY=L G}=Dv xm CU= |r=L QO u}= w OwW|t
uRNt QO 3 =D 1 |xQwO Ovv=t� =yxQwO R= |NQ@ QO \ki w CU= l}ORv xQwO Qy QO

"OwW|t xOy=Wt |D=iqDN= �pw=

|Q}oxH}Dv "4
xvRNtOvJ |=ysDU}U pL QO |RmQt |wQ}v |@=}xv}y@ sD} Qwor= 'Q[=L Q=DWwv QO
u}= '|R=Uxv}y@ p�=Ut pL QO CFO |q=@ |}=v=wD seQ|ra "CU= xOW |@=} RQ=
"CU= xO=Ov x�=Q= |@ wN G}=Dv xvRNtOvJ |=ysDU}U R= xv}y@ |Q=OQ@xQy@ QO sD} Qwor=

=yCWwv=B
1. linear programming
2. none linear programming
3. dynamic programming
4. ACO
5. GA
6. HBMO
7. PSO
8. central force optimization
9. arti�cial Bee colony
10. gravitational search algorithm
11. repetitive central force optimization algorithm
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