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le|vwtQ=y sD} Qwor= |=yQDt=Q=B |=}wB |R=Uxv}y@

u=v}t]= C}r@=k X}YND |xr�Ut pL QO IQU
O=R=t |=RH= w

�OWQ= T=vWQ� � |�qw =[QOtLt
�Q=}O=DU=� �u=}t=vy@ O=wH

=v}U |raw@ x=oWv=O '`}=vY |UOvyt xwQo

u}= "OvQ=O |R=Uxv}y@ p�=Ut pL QO '|tyt Q=}U@ Vkv |Q=mD@==Qi |=ysD} Qwor= xRwQt=
C}i}m QO |QF-wt Vkv =yv; |xv}y@ s}_vD xm OvQ=O |}x}rw= |=yQDt=Q=B =ysD} Qwor=

s=tD QO s}_vD |=yQDt=Q=B 'OwHwt |=yVwQ QDW}@ QO "OQ=O xOt; CUO x@ |=y?=wH
xHwD =@ s}_vD |=yQDt=Q=B CU= QDy@ xJQo = 'CU= xOW xDiQo Q_v QO C@=F CQwYx@ 'pL=Qt
u}= QO "OvW=@ xDW=O =Q sRq C=Q}}eD |R=Uxv}y@ pL=Qt pw] QO xr�Ut hrDNt \}=QW x@
|vwtQ=y |Q=mD@==Qi sD} Qwor= |=Q@ '|Jwo =D C=W}=tR; |L=Q] T=U=Q@ =Q |WwQ =t xr=kt
R= |Q=}U@ QO w Ovm|t s}_vD =} wB CQwYx@ =Q x}rw= |=yQDt=Q=B xm s}=xO=O O=yvW}B IQU
pL QO =} wB |Jwo =D QDt=Q=B s}_vD VwQ |}=Q=m "CU=QH= p@=k |Q=mD@==Qi |=ysD} Qwor=

x@ G}=Dv xm xOW |UQQ@ O=R=t |=RH= � u=v}t]= C}r@=k X}YND |R=Uxv}y@ |xr�Ut Q=yJ
"CU= |Jwo =D QDt=Q=B s}_vD l}Uqm VwQ x@ C@Uv VwQ u}= |Q=wDU= O} -wt xOt; CUO

m.valaei91@basu.ac.ir
behnamian@basu.ac.ir

C}r@=k X}YND 'C=W}=tR; |L=Q] '|Q=mD@==Qi |=ysD} Qwor= %|O}rm u=oS=w
"|R=Uxv}y@ 'O=R=t <=RH= � u=v}t]=

xtOkt "1
|Q=wWO pL x=Q '`@=vt |=yC}OwOLt w u=v}t]= C}r@=k u}@ pO=aD |Q=QkQ@ |DNU

[1]"CW=O Oy=wN
|xr�Ut pL |=Q@ |R=Uxv}y@ |=yVwQ R= |Q=}U@ xDWPo |xyO wO pw] QO
pt=W =yVwQ u}= [4]"CU= xOW O=yvW}B O=R=t <=RH= � u=v}t]= C}r@=k |R=Uxv}y@
w ?OLD sOa p}rOx@ "OvwW|t |Q=mD@==Qi w |Q=mD@= |=yVwQ 'j}kO |=yVwQ
CUO x@ QO|[=} Ql}Uqm |=yVwQ R= |Q=}U@ p�=Ut uOw@ |Oa@ OvJ w|i=Y=v
|=yVwQ Q}N= |=yp=UQO "Ov=xOQwN CUmW VN@ C}=[Q |=ypL x=Q uOQw;
OwN R= |@ wN Q=}U@ p}Uv=DB u=v}t]= C}r@=k |R=Uxv}y@ |xr�Ut pL QO |Q=mD@==Qi

[1]"Ov=xOQm ?rH OwN x@ =Q |O=} R xHwD w Ov=xO=O u=Wv
u=v}t]= C}r@=k |R=Uxv}y@ |=Q@ |}xOWOm |Qv}=@ l}DvS sD} Qwor= u}kkLt
xm Ov=xO=O x�=Q= XN=W |xr�Ut xU |x}=B Q@ |}=y|R=Ux}@W w [5]Ov=xO=O O=yvW}B
G}=Dv 'xOW xDN=vW *|r@k G}=Dv u} QDy@ =@ xU}=kt QO �l}DvS sD} Qwor=� =yv; u}@ QO
|L=Q] p�=Ut pL |=Q@ |awvYt |vt}= sD} Qwor= u}vJty "CU= xDW=O |QDy@
|=Q@ |WN@C}=[Q G}=Dv xm [6]xOW O=yvW}B |@}mQD K}LY OOa u=v}t]= C}r@=k
|=yOQm} wQ [8w7]p=w=Qo = w p=B wo w utr}D "CU= xOQw; CUO x@ XN=W sDU}U Q=yJ
"Ov=xOQ@ Q=m x@ O=R=t <=RH= � u=v}t]= C}r@=k X}YND |xr�Ut pL |=Q@ |Q=mD@=
C}r@=k X}YND |xr�Ut [9]'pUa Qw@vR |vwrm sD} Qwor= R= xO=iDU= =@ u}vJty
NP-hard xOW s=Hv= C=ar=]t R= |NQ@ QO "Ov=xOQm pL =Q O=R=t <=RH= � u=v}t]=

QO w 'CU= syt Q=}U@ |ak=w |=yOQ@ Q=m QO =ysDU}U u=v}t]= C}r@=k |R=Uxv}y@
xOQm ?rH OwN x@ =Q |O=} R xHwD |UOvyt |=yxDWQ `=wv= w l}tO=m ; |xv}tR
"1 %OQ=O OwHw sDU}U u=v}t]= C}r@=k V}=Ri= |=Q@ |rY= OQm} wQ wO [1]"CU=
|=ysDU}UQ} R QO O=R=t <=RH= R= xO=iDU= "2 'sDU}U |=RH= u=v}t]= C}r@=k V}=Ri=
O=O V}=Ri= |Y=N xHQO =D u=wD|t =Q �sDU}U u=v}t]= C}r@=k� "CU= hrDNt
<=RH= R= xO=iDU=� "Ow@ Oy=wNv xHwD p@=k =RH= R= |Q=}U@ |=Q@ V}=Ri= u}= |rw
u}= =@ "CU= O=R=t <=RH= Kw]U w <RH ?}mQD |xv}y@ ?=NDv= OvtR=}v R}v �O=R=t
uRw w xv} Ry 'sHL Q@ p=L u}a QO w O@=}|t V}=Ri= sDU}U u=v}t]= C}r@=k pta
VQ=to xQ=@ wO w OQm} wQ wO u}= u}@ \=@DQ= 'Q}Ut wO u}= Q=vmQO "OwW|t xOwRi= R}v
sDU}U u=v}t]= C}r@=k Ov=wD|t xm CU= |Qo}O |vOW pL x=Q Q}PBZ} waD <=RH=

[3w2]"OyO V}=Ri= =Q
QO u=wD|t =Q O=R=t <=RH= X}YND � u=v}t]= C}r@=k |R=Uxv}y@ |xr�Ut
u} QDq=@ x@ |@=}CUO u; hOy xm OQm xrwtQi |@}mQD K}LY OOa |R} Qxt=vQ@ VN@
X}YND w =RH= u=v}t]= C}r@=k ?=NDv= j} Q] R= sDU}U |=Q@ u=v}t]= C}r@=k
p}rOx@ xr�Ut u}= "CU= sHL w uRw 'xv} Ry |=yC}OwOLt x@ xHwD =@ O=R=t <=RH=

pw�Ut xOvU} wv �
"1394 10 6 VQ}PB '1394 10 5 x}LqY= '1393 1 30 Ci=} QO %M} Q=D
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"|QU sDU}U "1 pmW
"3 w 1 |xr�Ut x}rw= C=aq]= "1 pwOH

W C V wi wiv2
i �i 105�i i sDU}UQ} R

200 175 110 7 1 1 5 2 33 1
8 2 1 5 1 45 2
8 3 1 5 0 541 3
6 4 1 5 8 05 4
9 2 1 5 1 95 5

"|R=wt � |QU Q=DN=U =@ sDU}U "2 pmW
"2 |xr�Ut |x}rw= C=aq]= "2 pwOH

W C V wi wiv2
i �i 105�i i sDU}UQ} R

100 175 180 3 5 2 1 5 2 5 1
4 4 1 5 1 45 2
4 5 1 5 0 541 3

3 5 8 1 5 0 541 4
4 5 4 1 5 2 1 5

Maximize f(r; n) =
mY
i=1

Ri(ni)

subject to :

g1(r; n) =
mX
i=1

wivin2
i � V ;

g2(r; n) =
mX
i=1

�i(�1000= ln ri)�i

(ni + exp(ni=4)) � C;

g3(r; n) =
mX
i=1

wini exp(ni=4) �W ;

0 < ri � 1; ni 2 positive integer; 1 � i � m; (2)

�2 pmW� |R=wt � |QU sDU}U "2 |xr�Ut "2"2
"CU= OwHwt 3 |x]@=Q w 2 pwOH QO xr�Ut u}= pOt w x}rw= C=aq]=

max imum f(r; n)=1�(1�R1R2)(1�(1�R3)(1�R4)R5)

|rm pwtQi xm =Hv; R= [10]"CU= xOW C@=F O=R=t <=RH= X}YND |xr�Ut uOw@
OOa |R} Qxt=vQ@ p�=Ut <RH O=R=t <=RH= � u=v}t]= C}r@=k X}YND |xr�Ut
'OvO=R=t <=RH= X}YND |xr�Ut R= QDCNU =yv; w CU= |]NQ}e |@}mQD K}LY
|rm |R=Uxv}y@ |=yVwQ [11]"OvDUy NP-hard p�=Ut RH sy =yv; xH}Dv QO
=Q [13] 1|vt[ VQ=tW w [12]'OL w xN=W OQm} wQ [12]'=} wB |R} Qxt=vQ@ uwJty
'OQm xO=iDU= O=R=t <=RH= w u=v}t]= C}r@=k X}YND |xr�Ut pL |=Q@ u=wD|t
u}kkLt [14]"CU= Q@u=tR Q=}U@ 'OW=@ T=}ktnQR@ xr�Ut Qo = xS} wx@ 'Qt= u}= xJQo =
[14]Ov=xOQm O=yvW}B O=R=t <=RH= X}YND |xr�Ut pL |=Q@ |}xrLQtwO |OQm} wQ
O=OaD uOQw; CUO x@ |=Q@ =Q uO@ |vt}= Q@ |vD@t sD} Qwor= l} pw= |xrLQt QO xm
=Q <=RH= u=v}t]= C}r@=k X}YND R= |v}tND TBU w OyO|t xaUwD O=R=t <RH
|xrLQt QO "OQw;|t CUO x@ O=R=t <=RH= � u=v}t]= C}r@=k X}YND |xr�Ut |=Q@
X}YND u}tND Ow@y@ |=Q@ |WwQ w OQ}o|t Q_v QO C@=F =Q O=R=t <=RH= O=OaD swO

"OyO|t x�=Q= <=RH= u=v}t]= C}r@=k
IQU |vwtQ=y |Q=mD@==Qi sD} Qwor= R= xO=iDU= =@ CU= u; Q@ |aU xr=kt u}= QO
� u=v}t]= C}r@=k X}YND |xr�Ut |R=Uxv}y@ x@ 'u; |=yQDt=Q=B |=} wB s}_vD w
TBU w 'xOW x�=Q= |R=Uxv}y@ |xr�Ut Q=yJ 2 VN@ QO "OwW xDN=OQB O=R=t <=RH=
|QwQt 4 VN@ QO "CU= xOW xO=O K}[wD IQU |vwtQ=y sD} Qwor= 3 VN@ QO
VN@ QO ,=D}=yv w 'xOW |Q=mD@==Qi |=ysD} Qwor= QDt=Q=B s}_vD |=yVwQ Q@ |r=tH=

"CU= xOW xO=O K}[wD =Q =} wB |Jwo =D QDt=Q=B s}_vD VwQ 5

<=RH= � u=v}t]= C}r@=k X}YND |R=Uxv}y@ p�=Ut "2
O=R=t

u; |=yC}OwOLt x=Qty x@ O=R=t <=RH= � u=v}t]= C}r@=k |R=Uxv}y@ |xr�Ut
%CU= xOW XNWt 1 |x]@=Q CQwYx@

Maximize Rs = f(r; n)

subject to : gj(r; n) � lj ; j = 1; :::;m (1)

&sDU}U pm u=v}t]= C}r@=k %Rs
&OQ}o|t Q=Qk 1 w QiY xR=@ QO xm =RH= u=v}t]= C}r@=k %r = fr1; r2; r3; :::; rdg

&=ysDU}UQ} R O=OaD %d
&C}OwOLt u}t=j %gj(r; n)

"sDU}UQ} R Qy x@ xDi=} X}YND O=R=t <=RH= %n = fn1; n2; n3; :::; ndg
|=yC}OwOLt CLD =yv; u=v}t]= C}r@=k w <=RH= |xv}y@ ?}mQD uDi=} hOy

"CU= sDU}U u=v}t]= C}r@=k u} QDW}@ x@ |@=}CUO |=Q@ 'OwHwt
<=RH= � u=v}t]= C}r@=k |R=Uxv}y@ ẁ[wt QO 2lQ=tIv@ p�=Ut R= |O=OaD
QO [1]&OQ=O OwHw OwW|t xO=iDU= xU}=kt w uwtR; |=Q@ |}xOQDUo CQwYx@ xm O=R=t
|=yC}OwOLt x=Qty x@ |@}mQD K}LY OOa u=v}t]=C}r@=k |xr�Ut Q=yJ xr=kt u}=
'|QU sDU}U pt=W pw= |xr�Ut xU "CU= xOW xDiQo Q_v QO |@}mQD |]NQ}e
\w@ Qt xr�Ut u} QN; w [18w17'5'3]�pB� xO}J}B sDU}U [16w15]'|R=wt � |QU sDU}U

"CU= [20w19]u}@ QwD |q=@ CaQU |D_i=Lt sDU}U x@

�1 pmW� |QU sDU}U "1 |xr�Ut "1"2
"CU= xOt; 2 |x]@=Q w 1 pwOH QO xr�Ut u}= pOt w x}rw= C=aq]=

4
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39
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=vY
|U

Ovyt "4 |xr�Ut |x}rw= C=aq]= "3 pwOH
W C V wi wiv2

i �i 105�i i sDU}UQ} R
500 400 250 6 1 1 5 1 1

6 2 1 5 2 3 2
8 3 1 5 0 3 3
7 2 1 5 2 3 4

h1(r; n) =
mX
i=1

vin2
i � V ;

h2(r; n) =
mX
i=1

�i(�1000= ln ri)�i

(ni + exp(ni=4)) � C;

h3(r; n) =
mX
i=1

wini exp(ni=4) �W ;

0 5 < ri � 1� 10�6; ri 2 real number;

1 � i � m; 1 � ni � 10; ni 2 positive integer (5)

IQU |vwtQ=y sD} Qwor= "3
|=yOQ@ Q=m xm CU= C}atH Q@ |vD@t |rt=mD sD} Qwor= l} IQU |vwtQ=y
|m}v=mt |L=Q] '|R=Uxv}y@ `@=D uwJty |R=Uxv}y@ p�=Ut `=wv= QO |R}t;C}kiwt
u}= XwYNQO |k}kLD Cq=kt O=OaD wQ u}= R= [21]"CU= xDW=O jQ@ |UOvyt w
Q=@ u}rw= sD} Qwor= u}= "OQ=O OwHw u=v}t]= C}r@=k |R=Uxv}y@ p�=Ut |=Q@ VwQ
s=Hv= C=ar=]t R= |m} QO [22]"OW O=yvW}B 2001 p=U QO sH ww nv=S \UwD
xm O}OH QwD=QB= wO R}v w (novel harmony search) wv IQU |vwtQ=y [23]xOW
IQU|vwtQ=y u}vJty "CU= xOW O=yvW}BCU= C=QP xOwD|D}atH Vwy R= xDiQoQ@
|=yC}OwOLt CLD |R=wt � |QU |=ysDU}U u=v}t]= C}r@=k |R=Uxv}y@ |=Q@
sDU}U |=Q@ IQU |vwtQ=y sD} Qwor= [24]"CU= xOW xOQ@ Q=m x@ xv} Ry w |OQmrta
[25]"CU= xOW x�=Q= R}v xDr=LOvJ |R=wt � |QU |=ysDU}U w |Qv}=@ |R=wt � |QU
CaQUx@ Ov=wD|t w OQ=O wHwCUH QO |@ wN |}=v=wD IQU |vwtQ=y sD} Qwor=
V}=Ri= sD} Qwor= u}= 3C}a@D |}=v=wD O}=@ wQ u}= R= "Ovm =O}B =Q p}Uv=DB |=Q=O |x}L=v
s}_vD R= xm |}xDi=} Ow@y@ IQU |vwtQ=y sD} Qwor= 'OQmrta u}= Ow@y@ |=Q@ "O@=}
xU}=kt QO u; G}=Dv Rwvy |rw [26]'CU= xOW O=yvW}B Ovm|t xO=iDU= =} wB QDt=Q=B
sD} Qwor= R= xO=iDU= =@ u}vJty "CU}v VN@C}=[Q |r}N 4pt=mD sD} Qwor= =@
u=v}t]= C}r@=k X}YND |xr�Ut |R=Uxv}y@ x@ C@Uv |awvYt |=yQw@vR |vwrm
|vwtQ=y ?}mQD R= xOW s=Hv= C=ar=]t R= |m} QO [27]"CU= xOW s=Ok= O=R=t <=RH= w
|xr�Ut pL |=Q@ xm xOW x�=Q= |Y=N |rt=mD sD} Qwor= 'pt=mD sD} Qwor= w IQU
|vwtQ=y sD} Qwor= [1]"CU= xO=iDU= p@=k O=R=t <=RH= � u=v}t]= C}r@=k |R=Uxv}y@

%CU= s}_vD QDt=Q=B Q=yJ |=Q=O IQU
|vwtQ=y |x_i=L R}=U 5 HMS

|vwtQ=y |x_i=L |Q}oQ_v QO MQv 6 HMCR

s=o s}_vD MQv 7 PAR

"�pB� xO}J}B Q=DN=U =@ sDU}U "3 pmW

"u}@ QwD |q=@ CaQU |D_i=Lt sDU}U "4 pmW

subject to :g1(r; n); g2(r; n); g3(r; n);

0 < ri � 1; ni 2 positive integer; 1 � i � m; (3)

�3 pmW� pB =} xO}J}B sDU}U "3 |xr�Ut "3"2
"CU= OwHwt 4 x]@=Q w 1 pwOH QO xr�Ut u}= pOt w x}rw= C=aq]=

max imum f(r; n) =R1R2 +R3R4 +R2R3R5 �R1R2R3R4

�R1R2R3R5 �R1R2R4R5 �R1R3R4R5

�R2R3R4R5 � 2R1R2R3R4R5

subject to :g1(r; n); g2(r; n); g3(r; n);

0 < ri � 1; ni 2 positive integer; 1 � i � m; (4)

�4 pmW� u}@ QwD |q=@ CaQU |D_i=Lt sDU}U "4 |xr�Ut "4"2
"OvR=HtQ}e |=yCaQU R= C_i=Lt OvtR=}v Q=N@ |=yu}@ QwD w |R=o |=yu}@ QwD
Q=N@ u}@ QwD R=HtQ}e CaQU R= C_i=Lt |xr�Ut CtUk u}= QO Qw_vt u}tyx@
|m}v=mt w |m}vwQDmr= |=ysDU}U\UwD R=HtQ}eCaQU uDi=} "CU= xOW |UQQ@
u=} QH `]k OvtR=}v sDU}U OyO@ MQ xm |t=ovy w OQ}o|t CQwY xDUw}B Qw]x@
xOW ?Yv (V1�V4) xOvvmpQDvm |xJ} QO 4 hOy u}= |=Q@ "CU= CNwU
=@ |QU CQwYx@ xm sDU}UQ} R Q=yJ =@ xr�Ut u}= |rQDvm sDU}U "�4 pmW� CU=
3 pwOH QO xr�Ut u}= pOt w x}rw= C=aq]= "CU= xOW pOt Ov=\=@DQ= QO Qo}Om}

"CU= OwHwt 5 |x]@=Q w
Maximize f(r; n) =

mY
i=1

[1� (1� ri)ni ]

subject to :

5



"""|
vwtQ

=ys
D}Qw

or=
|=y

QDt=Q
=B|

=}wB
|R=

Uxv
}y@QO V=WDe= pt=wa w |vwQO Ot=aDt |x}=Q; QO Q}PBpQDvm pt=wa "CU= xOQm s}UkD

%R= CU= CQ=@a V}=tR; |L=Q] Ov}=Qi pL=Qt "OvQ}o|t Q=Qk |vwQ}@ Ot=aDt |=yx}=Q;
QO "OwW|t |@=} RQ= MU=B u}ov=}t w S/N MQv CLD Q}PBpQDvm pt=wa C=Q}F-=D "1
Q_v QO C=YNWt u}ov=}t w S/N MQv CLD ?U=vt V}=tR; |L=Q] Ck}kL

"OwW|t =QH= xOW xDiQo
=Q S/N MQv xm |L]U OQ=O S/N MQv Q@ |yHwD p@=k Q}F-=D xm pt=a Qy |=Q@ "2

"OwW|t ?=NDv= OyO|t V}=Ri=
Q}F-=D =t= 'OW=@ xDW=Ov S/N MQv Q@ |yHwD |r@=k Q}F-=D xvwoI}y xm |rt=a Qy "3
QO �s}_vD pt=a� u=wvax@ 'OW=@ xDW=O y |=yMU=B u}ov=}t Q@ |yHwD |r@=k
OW=@ xDW=O hOy |x]kv x@ l}ORv y u}ov=}t xm |L]U w OwW|t xDiQo Q_v

"OwW|t ?=NDv=
u=wvax@ OW=@ xDW=Ov y u}ov=}t w S/N MQv Q@ |yHwD p@=k Q}F-=D xm |rt=wa "4
?Hwt xm OQm ?=NDv= =Q |L]U O}=@ w 'OwW|t xDiQo Q_v QO |O=YDk= pt=a

[32]"OwW pwYLt |xv} Ry Vy=m
QDt=Q=B Kw]U ?=NDv= |=Q@ pt=m p} QwDm =i V}=tR; s=Hv= 'Q[=L Q=DWwv QO
O=OaD u}= &CU= Q=QmD |Q}oQ_v QO uwO@ V}=tR; O=OaD 44 = 256 OvtR=}v ?U=vt
x@ R=}v =t u}=Q@=v@ "Ow@ Oy=wNv xiQY x@ |iQYt u=tR w xv} Ry x@ xHwD =@ V}=tR;
|O=R; xHQO O}=@ ?U=vt Ot=aDt |x}=Q; ?=NDv= |=Q@ "s} Q=O |QUm |Q=QmD |L=Q]
Q=yJ QO xm |rt=a Qy |=Q@ |O=R; xHQO 3 V}=tR; u}= QO [33]"s} Qw=}@ CUO x@ =Q
"CU= xOW xDiQo Q_v QO |rm u}ov=}t |=Q@ |O=R; xHQO 1 w 'xOW |Ov@xDUO K]U
h}OQ 4 � (1 � 4) + 1 = 13 O=OaD O}=@ sm CUO ?U=vt |x}=Q; xH}DvQO
L16(4 � �4) s=v =@ xm Ot=aDt |=yx}=Q; |L=Q] R= pta u}= |=Q@ "OW=@ xDW=O
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