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&5 |xrO=at
"5 =D 1 pL=Qt Q=QmD %6 xrLQt

�DA� lk=HvU u}wv sD} Qwor= "1"2
u=tR u} QD?U=vt =@ =Q q=@ |oO}J}B =@ p�=Ut Ov=wD@ xm xv}y@ pLx=Q l} |x�=Q=
wQu}= R= "CU= xOw@ u=kkLtR= |Q=}U@ |xeOeO 'OQw; CUOx@ ptDLt |xH}Dv w
u=Ovtkqa xHwD '|R=Uxv}y@ VwQ l} u=wvax@ |Ww=m =Qi |rt=mD |=ysD} Qwor=
wor= |}=U=vW w u}W=t |Q}oO=} '|awvYt Vwy '|UOvyt |=yOQ@ Q=m QO =Q |O=} R
C=OwHwt |a=tDH= Q=DiQ R= Ca}@] QO xm u}= x@ xHwD =@ "CU= xOQm ?rH OwN x@
X=N p}rO x@ lk=HvU Q=DiQ 'OwW|t xO=iDU= |rt=mD sD} Qwor= Qw_vtx@ |Q=}U@
|=yxwQo =ylk=HvU "CU= xDiQo Q=Qk xHwD OQwt q=@ h=WDm = w OQwt uOw@ lD w
|xrLQt xm Ovvm |] =Pe uDi=} |=Q@ =Q nQR@ |L=wv =D OvyO|t p}mWD =Q |mJwm
=D Ovvm|t O=H}= |oQR@ |=yxwQo G=QNDU= |xrLQt QO &OyO|t p}mWD =Q h=WDm =

"OvwQ@ sy x@ l}ORv hrDNt |L=wv x@
=DU}= Cr=L QO =ylk=HvU |ywQo Q=DiQ R= DA sD} Qwor= |rY= |xO}=
[17]"CU= xOW xDiQo s=yr= Ca}@] QO �VwHw?vH =} CmQL� =} wB w �CL=QDU=�
OwHwCa}@] QO xm Qo}O C=QWL QFm = ,=@} QkDlJwm u=}JQ=mW u=wvax@ =ylk=HvU
QO=v w X=N Q=DiQ lk=HvU sD} Qwor= QO xHwD OQwt Ck}kL "Ovvm|t Q=mW =Q OvQ=O
CU= |Q=OQ@xQy@ w h=WDm = '|R=Uxv}y@ QO |U=U= |xrLQt wO "CU= C=QWL u}=
|=yCr=L QO u=vtWO R= ?=vDH= w =Pe |wHwCUH '|Q@y=Q �|ywQo Q=m � R= xm
x@ =Q =ylk=HvU C}akwt lk=HvU sD} Qwor= "CU= xOW |Q=OQ@ wor= =} wB w =DU}=
l} Ov=wD|t C}akwt u}= xm Ovm|t O=H}= wHwCUH |=[i QO |iO=YD CQwY
Xi R= |Q=OQ@ u=wvax@ lk=HvU u}t=i Qy "OW=@ |R=Uxv}y@ p�=Ut QO xwkr=@ pLx=Q

"CU=
Xi =

h
X1
i ; X

1
i ; :::; X

nv
i

i
(8)

|xOvyOu=Wv nv w lk=HvU u}t=i R= QDt=Q=B C}akwt u}t=j |xOvyOu=WvXj
i xm

xOW OwOLt Q} R u}}=B w q=@ OL =@ wHwCUH |=[i "CU= xr�Ut |=yQ}eDt O=OaD
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[17]�2016 |r}rHQ}t� DA sD} Qwor= =tvOvwQ "1 pmW

N w t u=tR QO �|D=@U=Lt� xOW |@=}OvwQ |HwQN ?q}U |@O OCt u; QO xm
?=NDv=m wX 'K umttQ}e Q}O=kt Qo = "CU= p}U |@=}OvwQ |v=tR |=ys=o O=OaD
R= wQ u}= R= w Ov};|t CUO x@ |ivt s=ov}mU=t pOt QO St w Ot Q}O=kt 'OvwW

%OwW|t xO=iDU= Q} R pmW x@ xt} QH s}kDUtQ}e `@=D VwQ
S�t+1 = �1[St+1]; if; S�t+1 � 0 (22)

O�t+1 = �2[Ot+1]; if; O�t+1 � 0 (23)

|HwQN ?q}U w xQ}NP Q=OktO�t+1 w S�t+1 'xt} QH |=yC@=F/2 w/1 u; QO xm
|ak=w Q}e =t= C@Ft Q}O=kt w OvDUy xt} QH p=ta= R= Oa@ t+ 1 |v=tR |xR=@ QO

"OvDUy

|@=} RQ= |=yQ=}at "3"2
=yxOv=t}k=@ C=a@ Qt ẁtHt |R=Uxv}tm XN=W R= Q_v OQwt |=ypOt |@=} RQ= |=Q@
QO xm CU= xOW xOQ@ xQy@ 15�MSE� OQ=Ov=DU= |=]N u}ov=}t `@ Qt w 14�SSQ�

[18]"Ov=xOW xOQw; 24 =D 21 \@=wQ

MSE =

nP
i=1

(Oi � Si)2

n
(24)

'|D=@U=Lt |=yxO=O u}ov=}t S 'xOW |@=}OvwQ |HwQN ?q}U Si CqO=at u}= QO
C=Oy=Wt O=OaDn w|D=Oy=Wt |=yxO=Ou}ov=}tO '|D=Oy=Wt|HwQN ?q}UOi
xm OyO|t u=Wv =Q |D=@U=Lt w |D=Oy=Wt |=yxO=O u}@ hqDN= MSE "CU=

"CU= xOw@ QDVN@xH}Dv Q=m |va} 'OvW=@ QDtm Q}O=kt u}= xJ Qy

xO=iDU= OQwt |=yxO=O "4"2
uwUr} w |xv=NOwQ |=yxO=O VywSB u}= QO |UQQ@ OQwt |=ysD} Qwor= |@=} RQ= |=Q@
�|ak=w |OQwt |xar=]t u=wva x@� xOQ=m |xv=NOwQ w �OQ=Ov=DU= p=Ft u=wva x@�

"CU= xOW xO=iDU=

%OwW|t xO=iDU= Q} R pwtQi R= |o}=Uty `=aW |x@U=Lt |=Q@
R = (Xjk(max)�Xjk(min))

4 + (Xjk(max)�Xjk(min)

�( Iter
Maxiter

)� 2) (17)

CmQL s=o Q} R pwtQi R= 'OQ}ov Q=Qk |o}=Uty `=aW QOlk=HvU xm |DQwY QO
"OwW|t x@U=Lt

�Xt+1 = (rand� Si + rand�Ai + rand� Ci) + w�Xt
(18)

s}_vD =Q |H=QNDU= w |i=WDm = Q=DiQ Ovv=wD|t xm e w f 'c 's 'a |=yQDt=Q=B OwHw =@
|o}=Uty `=aW l} u}=Q@=v@ &OvQ=O |tyt Vkv R}v lk=HvU |=yx}=Uty 'Ovvm

"OwW|t XNWt lk=HvU Qy |=Q@
pwtQi R= OW=@ xDW=O OwHw |}x}=Uty xm |DQwY QO C}akwt |v=UQRwQx@ |=Q@

Q} R
Xt+1 = Xt + �Xt+1 (19)

"OwW|t xO=iDU= �levy� R=wQB pwtQi R= CQwY u}= Q}e QO w
Xt+1 = Xt + Levy(d)�Xt (20)

"OyO|t u=Wv =Q sD} Qwor= u}= Ov}=Qi '1 pmW CQ=Jwri

|[=} Q pOt "2"2
s=ov}mU=t pOt QOm wX 'K |=yQDt=Q=B |xv}y@ Q}O=kt|@=} RQ= |=Q@VywSBu}= QO
|@O u}@ �SSQ� =yxOv=t}k=@ C=a@ Qt ẁtHt |R=Uxv}tm CQwY x@ hOy `@=D R=

%CU= xOW xO=iDU= 21 |xrO=at j@=]t xOW |@=}OvwQ w |ak=w |=y|HwQN
minSSQ =

NX
t=1

(Ot �Oct)2 (21)
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yt "uwUr}w |xv=NOwQ |=Q@ sD} Qwor= Qy |=Q@ VR=OQB |=QH= u=tR u}ov=}t w hOy `@=wD R= VR=OQB Q=@ 10 p}rLD w x} RHD "1 pwOH

GA HS DA VR=OQB C=aiOVR=OQB u=tR xv}y@ Q=Okt VR=OQB u=tR xv}y@ Q=Okt VR=OQB u=tR xv}y@ Q=Okt
8=52 130=33 3 131=24 18=60 182=61 1
7=98 134=88 2=89 129=44 19=2 190=25 2
7=58 135=11 2=82 131=25 19=35 128=7868 3
7=23 131=87 2=80 130 19=55 128=7988 4
7=39 133=05 2=82 131=26 19=38 128=7864 5
7=64 129=67 2=84 133=11 19=67 128=7867 6
9=32 129=01 2=80 133=08 19=59 128=7895 7
7=27 145=35 2=83 133=89 20=58 200=180 8
7=13 128=9 2=81 137=51 19=72 128=7865 9
7=26 141=99 2=82 130=19 19=58 128=7862 10

128=9 129=44 128=7862 VR=OQB u} QDy@
145=35 137=51 200=180 VR=OQB u} QDO@
134=01 132=07 147=7 =yVR=OQB u}ov=}t
5=61 2=39 30=75 Q=}at h=QLv=
0=041 0=018 0=2082 C=Q}}eD ?} Q[
7=13 2=80 18=60 VR=OQB u=tR u} QDy@

"xOQ=m xv=NOwQ |}=}i=QeH xWkv "2 pmW
"uwUr} w xv=NOwQ |=Q@ DA sD} Qwor= R= xOt; CUO@ |=yQDt=Q=B Q}O=kt "2 pwOH

SSQ m K X sD} Qwor=
128=786 2=151 0=167 0=310 DA

138=805 1=999 0=328 0=300 GA

129=442 2=155 0=164 0=301 HS
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"CU= xOW xOQw; 2 pwOH w 1 pwOH QO uwUr} w |xv=NOwQ
xO=iDU= OQwt |Ww=m =Qi |=ysD} Qwor= OwW|t xOy=Wt 1 pwOH QO xm Qw]u=ty
|HwQN h=QowQO}y 3 pmW "Ovvm QDl}ORv xv}y@ Q=Okt x@ =Q SSQ Ov=xDUv=wD
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[19]"CU= xOW x�=Q= �1974� uwUr} w\UwD Q=@u}rw=VywSBu}= QO xar=]t OQwt p=Ft
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|=yQDt=Q=B |xv}y@ Q}O=kt uOQw;CUOx@ QO =QhrDNt |=ysD} Qwor= OQmrta u=wD|t
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u=wvax@ xOQ=m |xv=NOwQ '?q}U |@=}OvwQ pOt QO |]NQ}e s=ov}mU=t |xrO=at
QO xOQ=m R} Q@; |x[wL "�2 pmW� CU= xDiQo Q=Qk xO=iDU= OQwt |ak=w p=Ft l}
R} Q?; |x[wL |=yx[wLQ} R R=|m} wCU= `k=w d=O xBm � OHUt Q=Ry x}L=v jQW
QDt 2977 x[wL ?Qe p=tW QO |a=iDQ= |x]kv u} QDq=@ "CU= OwQhWm |rY=
|O=@; CUOu}}=B QO w x[wL |HwQN QO |a=iDQ= |x]kv u} QDu}}=B w =} QO K]U R=
QDt|r}t 374=2 x[wL |@ wvH VN@ QO |oOvQ=@ \UwDt "CU= QDt 1200 xOQ=m
u}= QO |UQQ@ OQwt |=yxO=O "OUQ|t QDt|r}t 450 x@ |r=tWVN@ C=a=iDQ= QO w
1371 02 08 =D 1371 02 07 M} Q=D QO |D=Oy=Wt |xRwQwO ?q}U VywSB
"CU= xOW CW=OQ@ xOQ=m w O=@;lWwm x=oDU}= wO QO xm CU= xDa=U 6 CQwYx@

EL@ w G}=Dv "3
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(m3=s) xOW |@=}OvwQ |HwQN |@O (m3=s) |@O u=tR

HS GA DA |D=Oy=Wt |HwQN |OwQw �Ca=U�
22 22 22 22 22 0

21=784 21=784 21=784 21 23 6
20=003 19=914 20=003 21 35 12
20=177 19=486 20=176 26 71 18
29=955 29=155 29=954 34 103 24
44=560 44=325 44=560 44 111 30
57=112 57=449 57=112 55 109 36
67=533 68=264 67=533 66 100 42
75=599 76=496 75=599 75 86 48
80=445 81=281 80=445 82 71 54
81=520 82=125 81=520 85 59 60
80=294 80=597 80=294 84 47 66
75=872 75=867 75=872 80 39 72
69=813 69=590 69=813 73 32 78
61=805 61=524 61=805 64 28 84
53=414 53=285 53=414 54 24 90
44=147 44=140 44=147 44 22 96
35=362 36=170 36=362 36 21 102
28=347 29=589 28=348 30 20 108
23=450 24=770 23=450 25 19 114
20=263 21=308 20=263 22 19 120
19=945 20=018 19=496 19 18 126

"uwUr} w xv=NOwQ |=Q@ |UQQ@ OQwt |Q=t; |=yXN=W "4 pwOH
SSQ MSE sD} Qwor=

128=7862 5=853 DA

138=805 6=309 GA

136=786 5=853 HS

"xOQ=m xv=NOwQ |=Q@ DA sD} Qwor= R= xOt; CUO@ |=yQDt=Q=B Q}O=kt "5 pwOH
SSQ m K X sD} Qwor=
4=551 4=7 0=0215 0=344 DA

5=235 3=542 0=177 0=373 GA
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sD} Qwor= 'OwW|t xOy=Wt 4 pwOH QO xm Qw]u=ty "OyO|t u=Wv uwUr} w |xv=NOwQ
wMSE �5=853929� =@ �SSQ� =yxOv=t}k=@ C=a@ Qt ẁtHt |R=Uxv}tm QO DA

"Ov=xDW=O GA w HS |=ysD} Qwor= x@ C@Uv |QDy@ OQmrtaSSQ �128=7862�
|xv=NOwQ |=Q@ |UQQ@ OQwt |=ysD} Qwor= R= xOt; CUOx@ |xv}y@ |=yQDt=Q=B G}=Dv
|=ysD} Qwor= 'OwW|t xOy=Wt 5 pwOH QO xm Qw]u=ty "CU= xOt; 5 pwOH QO xOQ=m

|=Q@ |UQQ@ OQwt |=ysD} Qwor= \UwD xOW |@=}OvwQ |HwQN h=QowQO}y "3 pmW
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|=Q@ |D=Oy=Wt |HwQN h=QowQO}y w hrDNt |=ysD} Qwor= \UwD xOW |@=}OvwQ
'OwW|t xOy=Wt 3 pmW QO xm Qw]u=ty "OyO|t u=Wv =Q uwUr} w |xv=NOwQ
"Ovvm |@=}OvwQ =Q |HwQN ?q}U |@ wN x@ Ov=xDUv=wD |Ww=m =Qi |=ysD} Qwor= s=tD
hrDNt |=ysD} Qwor= xO=iDU= =@ xOW |@=}OvwQ |HwQN h=QowQO}y Q}O=kt 3 pwOH
|UQQ@ OQwt |=ysD} Qwor= OQmrta 4 pwOH "OyO|t u=Wv =Q uwUr} w |xv=NOwQ |=Q@
|=Q@ |Q=t; |=yQDt=Q=B \UwD =Q �SSQ� =yxOv=t}k=@ C=a@ Qt ẁtHt |R=Uxv}tm QO
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(m3=s) xOW |@=}OvwQ |HwQN |@O (m3=s)|@O u=tR
HS GA DA |D=Oy=Wt |HwQN |OwQw �Ca=U�
2=41 2=41 2=41 2=41 2=41 0
2=370 2=365 2=380 2=41 2=56 6
1=249 1=212 1=997 2=41 7=37 12
3=357 3=381 2=7504 2=41 7=93 18
5=824 5=913 6=115 5=77 2=66 24
4=691 4=748 5=341 6=16 2=56 30
3=336 3=401 2=565 2=5 2=5 36
2=248 2=344 2=519 2=5 2=5 42
2=669 2=580 2=519 2=5 2=5 48

"xOQ=m |xv=NOwQ |=Q@ |UQQ@ OQwt |Q=t; |=yXN=W "7 pwOH
SSQ MSE sD} Qwor=
4=551 0=505 DA "OwW xO=O `=HQ= =i]r
5=235 0=581 GA

4=822 0=565 HS

ẁtHt |R=Uxv}tm QO DA sD} Qwor= 'OwW|t xOy=Wt 7 pwOH QO xm Qw]u=ty
|QDy@ OQmrta SSQ �4=551� w MSE �0=505� =@ �SSQ� =yxOv=t}k=@ C=a@ Qt
|=ysD} Qwor= |}=Qoty OvwQ 5 pmW "Ov=xDW=O GA w HS |=ysD} Qwor= x@ C@Uv
xO=O Q=Qk |@=} RQ= OQwt xOQ=m |xv=NOwQ |=Q@ =Q ?=wH u} QDy@ uDi=} |=Q@ xOW|UQQ@

"CU=

|Q}oxH}Dv "4
|Q=m =]N w |aU VwQ R= xO=iDU= =@ |]NQ}e s=ov}mU=t pOt |=yQDt=Q=B OQw;Q@
|=Q@ |vwo =vwo |=yVwQ R= Q}N= |=yp=U QO "CU= |vqw] C=@U=Lt =@ w Q=wWO
Ov=xOw@ |}=ypLx=Q R= |Ww=m =Qi |=yVwQ "CU= xOW xO=iDU= =yQDt=Q=B u}= u}tND
sD} Qwor= Q[=L |xar=]t QO "Ovvm pta jiwt =yQDt=Q=B u}= u}tND QO Ov=xDUv=wD xm
R= "OW xDiQo Q=m x@ |]NQ}e s=ov}mU=t pOt |=yQDt=Q=B u}tND QO lk=HvU u} wv
|xv=NOwQ w uwUr} w |xv=NOwQ pt=W |OQwt |xar=]t wO|D=Oy=Wt |=yxO=O |QU
sD} Qwor= =@ u; |=QH= R= pY=L G}=Dv 'DA OQmrta |UQQ@ |=Q@ "OW xO=iDU= xOQ=m
|=yQDt=Q=B |xv}y@ Q}O=kt OQw;Q@ Qw_vtx@ VywSB u}= QO "OW xU}=kt HS w GA

OQwt u=wvax@ xm |W}=tR; p=Ft =OD@= ?q}U |@=}OvwQ QO |]NQ}e s=ov}mU=t pOt
uOw@ q=@ R= |m =L G}=Dv "OW pL 'CU= xOW xO=iDU= u=QoWywSB \UwD |D=ar=]t

"CU= xOw@ DA sD} Qwor= u}tND CkO
|Q=t; |=yQDt=Q=B 'CU= |ak=w p}U l} |@=}OvwQ xm |D=ar=]t OQwt u}twO QO
�0 5059�MSE =@ Q@=Q@ DA sD} Qwor= \UwD xOQ=m |xv=NOwQ |=Q@ xOt; CUOx@
Q}O=kt OQw;Q@ QO sD} Qwor= u}= ?U=vt OQmrta R= |m =L xm Ow@ �4 551� SSQ w
u}= 'C}=yvQO "CU=?q}U|@=}OvwQ QO|]NQ}e s=ov}mU=t pOt|=yQDt=Q=B |xv}y@
s=ov}mU=t pOt |=yQDt=Q=B |R=Uxv}y@ |xv}tR QO =Q DA sD} Qwor= C}r@=k VywSB
|@=}OvwQ |xv}tR QO xO=iDU= |=Q@ DA sD} Qwor= R= xO=iDU= wQ u}= R= "O=O u=Wv

"OwW|t x}YwD s=ov}mU=t pOt =@ u=} QH

|=Q@ |UQQ@ OQwt |=ysD} Qwor= \UwD xOW |@=}OvwQ |HwQN h=QowQO}y "4 pmW
"xOQ=m |xv=NOwQ

"xOQ=m xv=NOwQ |=Q@ |UQQ@ OQwt |=ysD} Qwor= |}=Qoty OvwQ "5 pmW

h=QowQO}y 4 pmW "Ovvm QDl}ORv xv}y@ Q=Okt x@ =Q SSQ Ov=xDUv=wD |Ww=m =Qi
|D=Oy=Wt|HwQN h=QowQO}y whrDNt |=ysD} Qwor=\UwD xOW|@=}OvwQ|HwQN
'OwW|t xOy=Wt 4 pmW QO xm Qw]u=ty "OyO|t u=Wv =Q xOQ=m |xv=NOwQ |=Q@
"Ovvm |@=}OvwQ =Q |HwQN ?q}U |@ wN x@ Ov=xDUv=wD |Ww=m =Qi |=ysD} Qwor= s=tD
hrDNt |=ysD} Qwor= R= xO=iDU= =@ xOW|@=}OvwQ|HwQN h=QowQO}y Q}O=kt 6 pwOH

"OyO|t u=Wv =Q xOQ=m |xv=NOwQ |=Q@
C=a@ Qt ẁtHt |R=Uxv}tm QO |UQQ@ OQwt |=ysD} Qwor= OQmrta 5 pwOH
"OyO|t u=Wv xOQ=m |xv=NOwQ |=Q@ |Q=t; |=yQDt=Q=B \UwD =Q SSQ =yxOv=t}k=@
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1. Muskingum
2. Tung
3. DFP
4. Mohan
5. genetic algorithm
6. Premual & RangaRaju
7. scale
8. Kim & Geem
9. harmony search
10. Das
11. Wilson
12. Gill
13. Geem
14. The sum of squares
15. Mean square error
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