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R= "CU= xOW xO=iDU= R}v (Q2) |Q=vm R} QQU R= TB u=} QH |@O |Q}oxR=Ov= |=Q@
R= |Qw@a |@O (Q2 �Q1) u; R= TB w |Q=vm R} QQU R= p@k u=} QH |@O p[=iD

"CU= xOW x@U=Lt (Qw) |Q=vm R} QQU
pw]x@ �� |@v=H TqoQ@}=i uRNt OQ=w |Q=vm R} QQU |wQ R= Qw@a R= TB ?;
OQ=w p=v=m |=yDv= QO u=} QH "OwW|t �� QDt 1 5 `=iDQ= w QDt 1 ZQa 'QDt 2
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|=yxm@W VwQ R= |Q}oxQy@ =@ w |y=oW}=tR; pOt G}=Dv T=U=Q@ TBU "OwW|t
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u}}aD � `@=D '|y=oW}=tR; pOt G}=Dv R= |Q}oxQy@ w 2 |x]@=Q R= xO=iDU= =@ xt=O= QO
"OW Oy=wN

|UQQ@ OQwt |=yQDt=Q=B w |y=oW}=tR; C=R}yHD "2"2
x=oW}=tR; QO OwHwt p=v=m 'VywSB u}= |=Q@ xO=iDU= OQwt |y=oW}=tR; pOt
2 pmW QO [24]"CU= u=yiY= |DavY x=oWv=O |RQw=Wm |xOmWv=O l}rwQO}y
"CU= xOW xO=O u=Wv j}kLD u}= QO xO=iDU= OQwt |y=oW}=tR; pOt |rm |=tW
|xQ=w}O "CU= QDt 8 O}it pw] w QDt|Dv=U 40 ZQax@ |r}]DUt p=v=m `]kt
60 `=iDQ= |=Q=O w QDt|Dv=U 2 Ct=N[x@ 'h=iW Tqo|UmrB TvH R= p=v=m
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Q=kvt
|Q=

vm|
=yR}

QQU
|@O

?}
Q[

u}}a
D"QF-wt |=yQDt=Q=B |Q}oxR=Ov= |=yxOwOLt "2 pwOH

pOt O=OaD CUOq=@ OwQi R} QQU ZQa R} QQU `=iDQ= T=Q x} w=R CUOq=@ |@O R} QQU ẁv
|y=oW}=tR; Fr1 L �cm� w �cm� � �deg.� Q �lit/s�

27 0 7�0 15 75 w 50 '26 20 w 15 '10 135 w 115 '100 '75 10�45 |Q=kvt

|x}q QO "CU= xOWp}mWD|HwQN wu=yvB '|OwQw|x}q xU R=|@Ya|xm@WpOt
|OwQw pkDUt |=yQDt=Q=B "OvwW|t pOt OQ=w |OwQw pkDUt |=yQDt=Q=B '|OwQw
�sin(�=2) 'Fr1 'w=y1 'L=B� |O=a@= p}rLD R= xm OvDUy |}=yQDt=Q=B u=ty
xO=iDU= =]N Q=WDv=TB sD} Qwor= R= 'pOt VRwt; |=Q@ u}vJty "Ov=xOt; CUO x@
|=Q@ =yu; R= xm OvDUy |}x}qOvJ |=yxm@W Q=WDv=TB |=yxm@W "CU= xOW
|=y|OwQw |Ov@xDUO w '|HwQN w |OwQw u}@ |}x]@=Q uDi=} '`@=D l} uOR?} QkD
Ovv=t |irDNt |=yVwQ "OwW|t xO=iDU= K=Q] \UwD xOWu}}aD VwQ T=U=Q@
sD} Qwor= u}= Q@ |vD@t xm OvQ=O OwHw uDw}v |=yVwQ w =y?}W |R}t;syQO VwQ
CqO=at QO OwHwt |=yT=}=@ w u=Rw= '=]N Q=WDv=TB VwQ QO "OvDUy OQ=Ov=DU=
pmWx@ =]N Q=WDv=TB |Q}oO=} '|R=UxO=}B u} QDxO=U QO "OvwW|t xv}y@ x]w@ Qt

%CU= 3 |xrO=at
xk+1 = xk � �kgk (3)

|Q}oO=} CaQU �k w |rai ?}W gk '=yT=}=@ =} =yuRw |rai Q=OQ@ xk 'u; QO xm
xOW xO=iDU= pOt VRwt; QO 9CQ;wmQ=t�|Q@vwr VwQ R= Q[=L j}kLD QO "CU=
T} QD=t u}tND |=Q@ |OOa |R=Uxv}y@ OQ=Ov=DU= |=yxw}W R= VwQ u}= "CU=
`@=D 'pOt QO xOWxO=iDU= p=kDv= `@=wD u}vJty "Ovm|t xO=iDU= 10u}Uy |};Q=m
"CU= |Q}PBjDWt QOC}OwOLt sOa '`@=D u}=C}YwYN "CU= O}�wto}UCv=Sv=D
|UQDUO 'x}qOvJ |=]N Q=WDv=TB sD} Qwor= QO xOWxO=iDU= \@=wQ x@ xHwD =@
x@ xHwD =@ u}vJty "O@=}|t CQwQ[ OW=@ Q}PBjDWt OwOLt=v Qw]x@ xm |a@=D x@
'=yuwQv Cw=iDt O=OaD w u=yvB |=yx}q O=OaD R= |irDNt Cq=L |=Q@ pOt |=QH=

|}=U=vW |=yT} QD=t w OwW|t s=Hv= Q_v OQwt |HwQN G=QNDU= |=Q@ pOt
=} x}q QO |@Ya |xm@W l} C=}rta |xOta "OvwW|t xDN=U �Prototype�
xHwD =@ w OwW|t s=Hv= syt C}r=ai xU =yx}q u}= QO "OwW|t s=Hv= u=yvB |=yx}q
'pw= C}r=ai "OQm s}UkD xDUO xU x@ R}v =Q OwHwt |=yxO=O O}=@ C}r=ai xU u}= x@
X=YDN= pw= |xDUO |=yxO=O T=U=Q@ |rOt CN=U x@ �6VRwt;� x@ swUwt
xOW xDN=U pOt V}=tR; x@ '�7VRwt; u}L V}=tR;� x@ swUwt swO C}r=ai "OQ=O
"O@=}|t Ow@y@ pOt xrLQt u}= QO &OQ=O X=YDN= swO |xDUO |=yxO=O T=U=Q@
Qo}O Q=@ l} pOt 'OwW|t O=} �8|QovV}B� u=wva =@ u; R= xm |}=yv C}r=ai QO
=@ |HwQN R= xOt; CUO x@ G}=Dv 'pOt R= |HwQN uDiQo ut[ w OwW|t xOwtR;
|@=} RQ= |Q=t; |=yVwQ R= xO=iDU= =@ pOt OQmrta w xU}=kt swU |xDUO |=yxO=O
O=OaD w |OwQw Q=OQ@ QY=va O=OaD =@ Q@=Q@ |OwQw |x}q |=yuwQv O=OaD "OwW|t
w j}kO p}rLD "CU= |HwQN Q=OQ@ QY=va O=OaD =@ Q@=Q@ |HwQN |x}q |=yuwQv
O=OaD "CU= xO}J}B Q=}U@ pm QO |v=}t |x}q |=yuwQv O=OaD uDi=} |=Q@ |ak=w
O=OaD xv}W}@ R}v w |OwQw Q=OQ@ QY=va O=OaD R= CU= |a@=D |iNt |x}q |=yuwQv
|x}q |=yuwQv O=OaD "OvwW|t =OH sy R= |]N Qw]x@ xm '|OwQw |=[i R= |L=wv
|=yxm@W ẁv u} QDpwtat w u} QDxO=U "O};|t CUO x@ |@ QHD Qw]x@ ,=twta |iNt
R= xm CU= Q_=v =@ x=Qty QwNV}B |x}qOvJ |@Ya |=yxm@W '|awvYt |@Ya
|xm@W pOt l} 3 pmW QO "OQ}o|t ltm VRwt; |=Q@ =]N Q=WDv= TB VwQ

"CU= xOW xO=O u=Wv OQ=O uwQv OvJ x}q Qy QO xm x}qOvJ |@Ya
Q=Ri=sQv *|@Ya |=yxm@W Q=R@=x@aH R= '|@Ya |=yxm@W pOt O=H}= |=Q@
Qy 'OW KQ]t xm u=vJ "CU= xOW xO=iDU= �7'6'0'324 |xNUv� MATLAB

"x}qOvJ |@Ya |=yxm@W pOt "3 pmW
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O}U
'|v=

t=U
|Q}

@m=[
Qr=O@

a R} QQU QO hrDNt |=yL=B |=Q@ w=y1 ?ULQ@ CM C=Q}}eD 5 pmW QO
=@ xm Ci=} QO u=wD|t pmW u}= |UQQ@ =@ "CU= xOW xO=O u=Wv |Q=kvt |Q=vm
\=@DQ= QO |Q}oxH}Dv u}= "O@=}|t Vy=m |@O ?} Q[ Q=Okt w=y1 C@Uv V}=Ri=
QO CM ?} Q[ Vy=m MQv xD@r= "CU= xDiQo CQwY R}v xO=U |Q=vm |=yR} QQU =@
'C@=F ZQa l} QO =Q} R 'CU= xO=U |Q=vm R} QQU R= QDsm |Q=kvt |Q=vm R} QQU
|@O xH}Dv QO w CU= QDW}@ xO=U |Q=vm R} QQU x@ C@Uv |Q=kvt |Q=vm R} QQU pw]

"Ovm|t Qw@a |Q=kvt |Q=vm R} QQU R= |QDW}@
xm u=vJ "CU= xOW xO=O V}=tv sin(�=2) ?ULQ@ CM C=Q}}eD 6 pmW QO
,=@} QkD TBU w xDi=} V}=Ri= =OD@= QDt=Q=B u}= V}=Ri= =@ CM Q=Okt OwW|t xOy=Wt
'u=} QH|@O?} Q[u}tND |=Q@ 2 |x]@=Q QO � `@=D x@|@=}CUO|=Q@ "Ov=t|tC@=F
uOR?} QkD C}r@=k R= Q=Ri=sQv u}= "CU= xOW xO=iDU= SPSS |[=} Q Q=Ri=sQv R=
xOW h} QaDV}B R= `@=wD |=Q=O u}vJty w CU= Q=OQwNQ@ Q}eDt OvJ u}@ `@=D l}
|y=oW}=tR; |xOW |Q}oxR=Ov= C=aq]= R= Q=m u}= |=Q@ "CU= |Q=t; |=ypOt w
|=Q@ hrDNt `@=wD ZQi =@ w =]N w |aU VwQ x@ 'Qw_vtu}O@ "CU= xOW xO=iDU=
'w=y1 Q}_v �� pkDUt |=yQ}eDt =@ \=@DQ= QO xDU@=w Q}eDt u=wvax@ CM Q}eDt
R= xO=iDU= =@ TBU w OW G=QNDU= CM |=Q@ |DqO=at �� sin(�=2) 'Fr1 'L=B
|y=oW}=tR;G}=Dv |=]N Q=Okt '�7 w 6\@=wQ�NRMSE wWQD|=]N `@=wD

"|Q=kvt |Q=vm R} QQU QO w=y1 ?UL Q@ CM C=Q}}eD "5 pmW

"sin(�=2) ?UL Q@ CM C=Q}}eD "6 pmW

'CW=O OwHw uwQv VW x}q Qy QO w x}q xU u; QO xm |rOt CkO w |}=Qosy
CM xDU@=w QDt=Q=B =yvD R}v |HwQN |x}q QO "CU= xOw@ =ypOt Q}=U R= QDW}@
uO=Ou=Wv |=Q@ "OQ}PB|t s=Hv= pOt \UwD QDt=Q=B u}= |R=Ux}@W w OQ=O Q=Qk
xJv=vJ "OQm xO=iDU= |oDU@ty uwtR; R= u=wD|t '|OwQw |=yQDt=Q=B u}@ pqkDU=
l} |=yxO=O R= |O=} R O=OaD xm OQ=O u; R= u=Wv 'OW=@ C@Ft uwtR; u}= ?=wH
uwtR; |ivt MU=B "Ov=\=@DQ= QO Qo}O |OwQw |=yxO=O R= |O=} R O=OaD =@ |OwQw
R= |O=} R O=OaD =@ |OwQw l} |=yxO=O R= |tm O=OaD xm CU= u; |xrRvtx@ R}v
u}@ 'OwW QiY uwtR; ?=wH Qo = xQNq=@ w "Ov=\=@DQ= QO Qo}O |OwQw |=yxO=O
|oDU@ty uwtR; |x]@=Q |xOvyOu=Wv 4 |x]@=Q "OQ=O OwHw pqkDU= |OwQw wO

%CU=
Cor(x; y) = Cov(x; y)

�x�y
(4)

%OwW|t h} QaD 5 |x]@=Q j@=]t Cov(x; y) 'u; QO w

Cov(x; y) = 1
n

nX
i=1

(xi � x)(yi � y) (5)

"CU=yu; OQ=Ov=DU= Q=}at h=QLv= �x w =yxi u}ov=}t 'x '5 w 4 \@=wQ QO

G}=Dv "4
xOt; CUO x@ Oa@|@ |=yQDt=Q=B T=U=Q@ |y=oW}=tR; pOt G}=Dv VN@ u}= QO
R= l} Qy \=@DQ= VN@ u}= QO xOWx�=Q= |=ypmW QO "OwW|t x�=Q= 2 |x]@=Q QO

"CU= xOW xOQw; u=} QH |@O ?} Q[ =@ Oa@|@ |=yQDt=Q=B

|y=oW}=tR; G}=Dv �hr=
xOW xO=iDU= [1]|JQ=t}O hwQat |x]@=Q R= |y=oW}=tR; CM ?} Q[ u}}aD |=Q@
R} QQU QO hrDNt |=yL=B |=Q@ Fr1 ?ULQ@ CM C=Q}}eD 4 pmW QO "CU=
OQ=wt QDW}@ QO 'OwW|t xOy=Wt xm u=vJ "CU= xOW xO=O u=Wv |Q=kvt |Q=vm
QO u=} QH |UQv}= =Q} R "O@=}|t V}=Ri= CM ?} Q[ Q=Okt OwQi OOa V}=Ri= QF=Q@
V}=Ri= |Q=vm R} QQU R= |Qw@a |@O Q=Okt u; `@Dx@ w xDi=} V}=Ri= h=QLv= |=DU=Q

"O@=}|t

"|Q=kvt |Q=vm R} QQU QO Fr1 ?UL Q@ CM C=Q}}eD "4 pmW
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QQU
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u}}a
DQDsm `@=wD u}= R= xOt; CUO x@ Q=Okt xJQy "CU= xOW |Q}oxR=Ov= Q}O=kt \UwDt

QO "Ow@ Oy=wN QDl}ORv |ak=w ?=wH x@ |v}tND |xH}Dv 'OW=@ QDl}ORv QiY x@ w
WQD |=]N Q}O=kt w SPSS Q=Ri=sQv R= xOt; CUOx@ \@=wQ u} QDj}kO '3 pwOH

"CU= xOW x�=Q= l} Qy |=Q@ R2 |oDU@ty u=R}t w NRMSE w
Q}O=kt w 11 =D 8 |v}tND \@=wQ R= pY=L G}=Dv R= |}xU}=kt 7 pmW QO
x_Lqt "CU= xOW xO=O u=Wv |Q=kvt |Q=vm R} QQU|=Q@|y=oW}=tR; xOW|Q}oxR=Ov=
x]@=Q Q=yJ u}= |=Q@ =]N `@=wD Q}O=kt hqDN= '|O=yvW}B \@=wQ u=}t QO xm OwW|t

"OW u}}aD \@=wQ R= pY=L G}=Dv w

NRMSE =

sP
(f(x)� F (x))P

(f(x)� f)
(6)

WQD =

qP
(F (x)f(x) (f(x)� F (x))2P

(f(x)F (x))
(7)

Qou=Wv f w |v}tND Q=Okt F (x) 'xOW|Q}oxR=Ov= Q=Okt f(x) =yx]@=Q u}= QO

"|Q=kvt |Q=vm |=yR} QQU CM ?} Q[ u}tND \@=wQ u} QDy@ "3 pwOH
xrO=at |xQ=tW xrO=at WQD NRMSE R2

8 CM = 0 123 + 0 233( wy1 ) + 0 587Fr1 + 0 0986( LB ) + 0 0706 sin(�=2) 0 0426 0 405 0 836

9 CM = (0 382� 0 215Fr1)� (�0 058 + 0 349( LB ) sin(�=2)+ 0 0405 0 395 0 8440 918( wy1 ) + 3 63Fr1)

10 CM = [(0 022 + 0 863Fr1)](0 778�0 137( LB ) sin(�=2)�0 411( wy1 )) 0 0393 0 387 0 850

11 CM = [(0 0105 + 0 789Fr1)](0 759�0 1145( LB )�0 093Sin(�=2)�0 324( wy1 )) 0 0389 0 374 0 860

"|Q=kvt |Q=vm R} QQU |=Q@ xOW |Q}oxR=Ov= Q}O=kt =@ |v}tND \@=wQ R= pY=L G}=Dv |xU}=kt "7 pmW
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|@Ya |=yxm@W pOt G}=Dv �?
|@Ya xm@W pOt |=y|HwQN x@ \w@ Qt |oDU@ty uwtR; G}=Dv 4 pwOH QO
Oa@|@ QDt=Q=B wO u}@ |oDU@=w u} QDW}@ 'OwW|t xOy=Wt xm u=vJ "CU= xOW x�=Q=
=} QiY x@ l}ORv pwOH QO OwHwt O=Oa= R= |Q=}U@ |rw CU= L=B w Fr1
|xU}=kt |=Q@ "CU= ?U=vt |OwQw |=yxO=O |QU pqkDU= u}=Q@=v@ "Ov=|ivt
|va} �� QwmPt |=]N `@=wD R= '|y=oW}=tR; G}=Dv =@ |@Ya |=yxm@W pOt G}=Dv
Q@=Q@ ?}DQDx@ Q}O=kt u}= "CU= xOW xO=iDU= �� R2 w NRMSE 'WQD

\w@ Qt G}=Dv R= |}xU}=kt 8 pmW QO "OvDUy 0 9698 w 0 1738 '0 0159
w |@Ya |=yxm@W pOt R= pY=L '|Q=kvt |Q=vm R} QQU |@O ?} Q[ Q}O=kt x@
xOW xO=O u=Wv �8 x]@=Q� |O=yvW}B |x]@=Q w |y=oW}=tR; xOW|Q}oxR=Ov= Q}O=kt

"CU=

|Q}oxH}Dv "5
|r}]DUt |Q=vm |=yR} QQU =@ \=@DQ= QO |O=} R Q=}U@ C=ar=]t 'OW xQ=W= xm u=vJ
w R} QQU |UOvy |=ysQi Qo}O `=wv= =@ \=@DQ= QO |rw CU= xDiQo CQwY xO=U
T=U=Q@ 'Q=DWwv u}= QO "OQ=O OwHw |mOv= C=aq]= |Q=kvt |=yR} QQU xrtH R=
|@O ?} Q[ Q@ QF-wt Oa@|@ |=yQDt=Q=B \=@DQ= |O=a@= p}rLD w |y=oW}=tR; G}=Dv
u} QDxO=U u=wvax@ 8 |x]@=Q ,=D}=yv w OW x�=Q= |Q=vm |Q=kvt |=yR} QQU QO u=} QH
=yR} QQU ẁv u}= |=Q@ u=} QH |@O ?} Q[ u}tND |=Q@ ?U=vt CkO =@ x]@=Q
|@Ya xm@W pOt l} 'xrY=L |y=oW}=tR; G}=Dv T=U=Q@ u}vJty "OW O=yvW}B
xOW |R} Qx}=B |Q=vm |Q=kvt |=yR} QQU QO u=} QH |@O ?} Q[ u}tND Qw_vtx@
xDi=}vVRwt; w xDi=}VRwt; Cr=L wO QO pOt u}= R= pY=L |=y|HwQN w
Q[=L |@Ya |xm@W pOt xm O=O u=Wv G}=Dv |xU}=kt w |UQQ@ "OW G=QNDU=
?U=vt |Q=R@= u=wvax@ Ov=wD|t =Pr w CU= Q=OQwNQ@ |QD?U=vt Q=}U@ CkO R=
Q=Qk xO=iDU= OQwt |Q=vm |Q=kvt |=yR} QQU QO u=} QH |@O ?} Q[ u}tND |=Q@

"OQ}o

"|oDU@ty CUD G}=Dv "4 pwOH
Fr1 sin(�=2) L=B w=y1

�0 4360 �0 1063 0 3957 |{ w=y1

0 4433 �0 0216 |{ 0 3957 L=B

�0 1646 |{ �0 0216 �0 1063 sin(�=2)

|{ �0 1646 0 4433 �0 4360 Fr1

\@=wQ R= pY=L G}=Dv =@|@Ya |=yxm@W pOt R= pY=L G}=Dv |xU}=kt "8 pmW
"|Q=kvt |Q=vm R} QQU |=Q@ 'u}kkLt Q}=U

x@ \@=wQ |x}rm u=}t QO =Pr "CU= lOv= �� Ov=xOW G=QNDU= \@=wQ u} QDj}kO xm ��
u}tND |=Q@ '?U=vt ,=D@Uv CkO =@ x]@=Q u} QDxO=U u=wvax@ 8 |x]@=Q 'xOt; CUO
|Q=kvt |Q=vm R} QQU |wQ R= |Qw@a |@O u}tND |=Q@ u; `@Dx@ w u=} QH |@O ?} Q[

"OwW|t O=yvW}B

CWwv=B
1. McCulloch
2. Rosenbllat
3. Minsky
4. Hop�eld
5. Romelhart
6. training
7. test while training
8. forecasting
9. Levenbery-Marqwardt
10. Hessian

`@=vt
C=Q=WDv= 'R=@ |=yp=v=m l}rwQO}y &p}rH '|tW} Q@= w OwtLtO}U '|v}UL "1

"�1372� |w[Q TOk u=DU;
2. Subramanya, K. and Awasthy, S.C. \Spatially varied


ow over side weirs", J. Hydr. Engrg., ASCE, 98(1), pp.
1-10 (1972).

3. Ranga Raju, K.G.; Gupta, S.K. and Prasad, B. \Side
weir in rectangular channel", J. Hydr. Engrg., ASCE,
105(5), pp. 547-554 (1979).
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