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Article type: Research Article Accurate prediction of the discharge coefficient in sharp-crested semi-circular side weirs is of

high importance due to its critical role in hydraulic analyses, optimal flow management, and
the safe design of water structures. In this study, to enhance the prediction accuracy of this
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EXTENDED ABSTRACT

Introduction

Semi-circular side weirs are crucial hydraulic structures designed for diverting and regulating flow in
open channel systems. These structures are widely applied in irrigation networks, stormwater drainage, and
treatment facilities. One of the key parameters for evaluating the hydraulic performance of side weirs is the
discharge coefficient (Cq), which plays a vital role in estimating flow profiles and managing water resources
effectively. Although several empirical and theoretical models have been proposed for estimating Cqg, their
performance is often limited by specific experimental conditions and a lack of generalizability.

Recent advancements in soft computing and machine learning have provided powerful tools for capturing
complex, nonlinear relationships in hydraulic phenomena. In this context, this study introduces and evaluates
two novel hybrid models that combine Support Vector Machine (SVM) regression with Horse Optimization
Algorithm (HOA) and Reptile Search Algorithm (RSA) to enhance the prediction accuracy of Cq in sharp-
crested semi-circular side weirs.

Method

A total of 212 experimental data points were compiled from two previous studies under subcritical flow
regimes. The predictive models were developed using key dimensionless input variables derived through
Buckingham Pi theorem, including ratios such as h:/D, P/B, and Fri. The data were randomly split into training
(80 percent) and testing (20 percent) sets, and a 10-fold cross-validation approach was applied to minimize
overfitting. SVM models were optimized using HOA and RSA algorithms, which aimed to find the best
hyperparameters for the regression process by minimizing RMSE.

The HOA algorithm mimics the social behavior of horse herds in search and exploration, while RSA
draws inspiration from crocodile hunting behavior. Each optimization algorithm was applied independently to
train the SVM model, and their performance was compared based on three key statistical indices: R2, RMSE,
and NSE.

Results

The results show that the SVM-HOA model consistently outperformed SVM-RSA in most scenarios. The
best performance was observed in scenario SC5, where SVM-HOA achieved NSE = 0.887, RMSE = 0.025,
and R? = 0.899, indicating a high level of prediction accuracy. Sensitivity analysis revealed that the ratio of
upstream flow depth over the weir crest to the weir diameter (h1/D) and the ratio of weir crest height to channel
width (P/B) were the most influential parameters for accurate prediction. The Taylor diagram and comparative
scatter plots further confirmed the superiority of SVM-HOA in both training and testing phases.

Conclusions

This study demonstrates that hybrid SVM models enhanced with HOA and RSA significantly improve
the prediction of discharge coefficients in semi-circular side weirs. The SVM-HOA model, in particular,
outperformed its counterpart across all evaluation metrics, showcasing better generalization and resistance to
overfitting. Given the complexity and nonlinearity of hydraulic flow behavior, such intelligent models can
serve as reliable tools in practical hydraulic engineering. Future work should explore the applicability of these
models under submerged and supercritical flow conditions and investigate other advanced Al algorithms for
further refinement.

Author Contributions

Kiomars Roshangar: Project management, study design, and result interpretation. Aydin Panahi:
Methodology development, data analysis, and manuscript drafting. Arman Alizadeh Sadeghiani: Data
collection and manuscript review. All authors have read and agreed to the published version of the manuscript.

Data Availability Statement
Data used in this study are available from the corresponding author upon request.

Ethical considerations
The authors avoided data fabrication, falsification, plagiarism, and misconduct

Conflict of Interest
The authors declare no conflicts of interest related to this work.



YAFF—YFYY Ll

Homepage: http://ijswr.ut.ac.ir

Vo 0 ko (AP 0499 oyl 1 S g OT Wliixnd dloxo

2 e ol (6053L (B 459, 3l 03wl b (glo plamus (ol (g3, )3 (3 G pd (S

Slamlio (635509, 1555 &Iy

¥ S 035U e lo,l | T by ] B & 9, G yoseS

roshangari @tabrizu.ac.ir :asbll, .ol pl ¢ <o oKl ()l yoe ourtig 02l ol wolio  wdies 05,5 ¢ Jgfune odiam g5 .Y
aydinpanahi@tabrizu.ac.ir :aebbly .oylpl oo oy oKl ¢yl o (owige 0181 «l wolie (pwdigo 05,5 .Y
arzd.arman@gmail.com :aebll, .yl pl (525 ¢ p5 ol ) yos  wdine 03Kt T @olio (owige 09,5 .Y

US>

4

o ol

Sladelos o ol S (18 s 4 i) Gloples (Sl iz 20 (o cars 38 uote
el ol 53 sl 0,585 2L Cuanl Sl e ol slaosls el (A g e A Copte ((Sdgyne
SVM: Support Vector Maching) ) -luidy jlop cpile gy cuS 35 5l cupd cpl (i <80 =5 cps
HOA: Horse Optimization ) cuwl (gilwdigs wuys Jols oo )Sol 1,8 gilwdins wiyol g b
lil .ol ossoslazwl RSA: Reptile Search Algorithm)) 45558 (gocius wisysX! sAlgorithm)
lStaloj] (slaols dsgazeo il drwg iliseo (sla o g odb Lol (23 oy 2 50 s syl
Jae 93 51 a5 als LS ot 0 e (o pd Vo) Cod g (Mo pd A) 35g0] LiSu 93 4 dolal &gty
SVM- & Cannd (6 50 d,5os Cans dlsyo ;0 SVM-HOA Jio Lol i)y 03 o pd i 50 (oYL cé
An3_oe Al (65550 @l 5 i 3,SLacR2Z). « AR RMSES +, Y8 (NSE= + MY) el 031> «il,] RSA
Cognsd NUID) ) 52 5kd (ol 1y &6 95 Ol Bos Cunmd &5 3 (L5 Cslus 3T ¢piomon
i3, ol gl A (5 s 53h S 3 ol 5538 EUPIB) ) JUIS 50 4 oy 5 )
i 8l 10,08 ol pl K15 o HOA 13,650l L SVM S 5 e (o3l Jdo oS Cansl )] W50
Al Slles calises byl i 50 (glopldess (il slajyw (Sdgpdun jld, 58>

g5y Alie 1o £od

VE-F/0/5 el g b
VFIEND 16,5550 & ,U
VEXIVINE 2y e )b

N GPTEAR S PRy

tgulS slaojly

WSy 8 sl 55/
vl 1 JUT

il oy

s S

omilo 553k

63 ela gy 5 o3kl b (clopldes (ol sloiyymw 33 (25 copd (dmiin (V) Gloyl o Sldas odljli e o ol o aly 4 p0gs8 ¢ Kisg, bl

IVD-YVO- () 08 ll SE 5 O clidw dbre glwlie (63,54,

WBS @y p e owile
https://doi.org/10.22059/ijswr.2025.399575.669986

Ol o&usly ol il duge 1l

DOI: https://doi.org/10.22059/ijswr.2025.399575.669986



https://doi.org/10.22059/ijswr.2025.399575.669986
https://doi.org/10.22059/ijswr.2025.399575.669986
https://creativecommons.org/licenses/by-nc/4.0/

(udw@s)-'— ‘;oJ.G) ‘f"f"_sb AKe b)Lowv OHF 8,92 cu‘ﬂ, S 9 ui Uw YYYA

-

400
S U (sl slaolsd 3 bz lilgeds (b2 pelais g Blioul Cap 4 &5 Wi (6598 (Sgdp sloojlo ool sl
S Slg) glaen lapiams (iSo 5 (slol slaaSiad )3 (glod S (slo )8 ool () 058 o )8 03itsls g Lo
o il alisee (3,9, Guyb 3l g e |y (Bl gy (Sdgyin 5,Sles . (Abdollahi et al., 2017) 5 )b baslbapas 4
Swelus g Biggieroetal. (1994) 20 <Yslwe El-Khashab and Smith (1976) s > ol Hager (1994) 5,1 Jobs
L3S o3 3350yt (glyr 45 35,5 o g0 (Ca) (o ity &Yy b ulos ol 25,8 oo Azimi et al. (2014) _sluolxe <Yl
ghie 5 Jsb b elis)) a5l ooaxie Jalge b cov (03 cops sl (y9p0 (S joype dlitel 3 AT e Jidgyy 5,
45 ol 0303 (L5 (25 205 iz 3 )8 sl 5 eVl ol Ll e ol JUIS alao (g JS5 o
(Granata et al., 2016) cusl Golite 55y dlazal y3 5

)5 sl A3 Lz 4 liee |y O Slilllas (ol g0 (18 S0dg) sl

Wged Olgids Wlo3 ) )y Sl g (L] Lulyd 3 1) (25 cops by oS wien (ol Glaggy Jold 020 Olalllae
2 o a8 b i g caby Slmup by bl cot slopld 5 (ot «slaB e (il 5y dslllae 4 Pandey (1985)
Sy JSB g JUST wdin 9 Sgyhn b iie 5T Borghei et al. (1999) sl o ool oy candY 39,8 dae 5l b
St (23 Gupd g ol U Jsb ot g1 a0y L g adllan o5 ad (il slojoy e sl Glen ol 29 cure 2
o B oy (Sdgyien 0 Slas (2Ll gy b (WAF) olsd by 5 ol (3> il oo (bgumiar JB 5 05 52
@ cope S 008 Glo rized ) e (93 cupd (Bl Gl ple & S oy g9 cnl 5 200D (L hopl
Haghshenas and aobsl ;s .51y S (D/B) Lol JUI (oye 4 slopls o (oSl 5oypw ylod Caus 4 35,8 dae jy 0gMe
Je gllad Sl 5 (1Sl a5 050 S &) (gloply o (Sl gy (sly 1y (23 dmslxe o205 &Yolee Vatankhah (2021)
Gy gU Bhe Job iliél as” woby ol wa Daneshfaraz et al. (2023) (oo b (5)155 0o 0 XY 5 VAV Csp a5y
A3 o il 38l Ao W B 0 co s

Jie glsie 4 S o (Giloand |y O waw Ldgp 5 obyz & Shad bl 35 (CFD) (s clalllae ol o958l
233)S onyt o8B sy 0 1y ol5T s oy s bys 5l Slhebre &Yl el jl eslizul L Azimi et al. (2014)

odbosliiul Calises pole )3 oy Jluo Jo (sl 03505 jobas (ogian (hon 5 oy Sluslre (sl shg) il slaJlo 5
Jlos > (Ul e e el YL €y bl olasip gl e Glaghsy 9 (228 Lailyy 4 S bl ol
(FENN) g iy (ooas 4 cubild Bilhan et al. (2010) sl o Slawlbre sbadlja 5 oloj idlS 5 oduzn 5 S5 slaodls
B3l Gl 9 23,8 (bl JS8 iatene JUIST G 53 (8l Sy (23 o (055 Gl ) (RBNN) (ol by (a3
Oleidy Jby eile s, ;I Azamathulla et al. (2016) o> aiwgh ) .cuol RBNN ho, 51 5385 FFNN o, oS
Azimi et .cwl yo0 ANN 5ISVM Jae a5 wols oL zols 10 9 15,8 eoliiiw] (Sl 3y (03 cupd S slp (SVM)
S 55 bt (o5l Sy 2 cups p cilisee (gl yiall 3l (ELM) L3l 50l fuile b, 5l eslizul L al. (2017)
2 Cd Gwiin Gy (Souas e sass jl Ismael et al. (2021) diwly ped 13 .05, wyp |y S5 (gladsjey JUK
Sl s (omae aSd b dunlio ) (RBFN) olad ol b Jdo 5 05 odlaiwl calises (glaylad b ygo (slalgim! (glaj ) puo
oy GialS 10,38 b 1) (RMSE) Glasye (3:5ke yis (slas luis (BPNN)

A3 e il ) gty 85 a5 Wlosd plxl o8 5 gilwaingy Slae)oSI b (ogias Jign Clillae (S qonioren
53,8 edlawl (PSO) wlyd plosjl (glodiny ol o & (GMDH) eosls 3l 29,5 i, ;I Parsaei et al. (2017) aiges sy
ol glis |y gl (ot 1 (SVM) ol jlay ol o (MLPNN) Yz (g sy smae 45 b dulio 5> Jao ol (13))
S5 o8] bawgs 1y iy Jop cpile g, ROUushangar et al. (2016) .30 &1yl (s 5V o5 €83 SVM Jae &S 5 j5boas
Gharib et al. (2020) .55 65Vl ¢d5 GEP g, b duslie 15 SVM-GA Juo o sl oL 5 13905 dinge (SVM—-GA)
33,5 (3ot (SAELM) uss 355 (B3l (553 etle gy b 1 [Kam JUIS 53 oadodls )3 (ool 31y (9 iy



YYFR e loglopend (il (G55 o 53 (013 G o i 103], 0 g SRindg (ig3s — sole)

S8 sl em,S, 9 (MLR) alBas s yemw,S, 4 Cuns |y GA-SVM s 5,5, Nourani et al. (2023) ying}
Copd Swii Sy ly GEP s SVM uiaiisn slags )68l 5, Slae (VF4Y) o) a 5 Jol (sinlo ¢ e 3> L (MNLR)
355 30 1y o 53 o 6V B> 5 03,8 gy B (510,88 (sl (3

My pmile .l 43 3] )8 dalllandyge (godnie ldiote lawgd aS Cunl Slgymn diejyd ool Clegdge | (S (00 oy
ke YIS (gl Lol 5 oolizl iliseo Blaws (3bodend (slyr S b 105,08 8lo (65530 wiysS Sy olyisay ity
byl ol (13905 a9 il ol 2 e (gl Baios cpl > Cplply sl sl (Bl g (e sladings 53 (L8N Al 4
5l Gy (23 b it sl 09556 4 SVM-RSA 3 SVM-HOA i (oS 5 (sl 501 ol sl SVM
Silwdiano (353l i dodly (53l e Gyl eld pl il ol 03y LS 00 co s (e b Jnlpe 5 Buid by, (IS
IS (o0 pgas 4]y (2 o pd ot 9 RSA § HOA (slagi )il L SVM (gla el

| Lodld 3905 3)lg |

| [EYSIEINI: 3 - |

I
v v

| el el | | G 030

v
10-Fold e el Jlos!

v

RSA; HOA (lo o)l sslaadsl  o3)lie

'

1yS5ym 53 (RMSE)Gun b jzals” (ol (5D

e

€

A

[
| €40 € aigs Ao | | SUM-;SVM-HOAL o oy e

b sleylne avlxe

B gy ©ylagld ) S

Bsigs g9l
5l GB35 o o
(Lietal, 2024) 695 o0 ol (V) dlaly &0 55 ad (glopld o8 (> (Sojayp (23 copd 2 Fho slojuiie
C4=f(h;,B,D,P,Fr;,Re,We,S) () i,
oy 25 €5 P islopls s (ol oy 18 D e iol JUS S 10,0 B (ol 51y &5 895 0l o P oo 2 o8
ol (Lol JUI iy o So g g das WE julgin ) dae RE ¢ ols 53y pw Cawd Y 39,8 das FIp (S
g b mined ol 50U 25 oy ol JU cud pib aS by olis 3 slayiubejl 5> Borghei et al. (1999)
210 ST olg e il o (Re>2000) wxisl g5 5l bz 5 0392 €M 3 1 o (ole (slogo oo 2 59 2 Gl oo Sl
(@l yrogMe (Ve ohlSan 5 ol (sunle) 390 Jlaich o crid co ) 1 g (ordaw (SIS Byre a5 & 45 Sl i g
oL B yme (sl yial )by ool ousais 5 S 4 b ] Haghshenas and Vatankhah (2021) Lewg 45 ploSiaSh abaly 5 (650,00 b



(u.wks).!— ‘_@J&) \f"fdh AR b)w HF 2,93 ‘db.j“ SB 9 ui Oldsy YYFe

23,5 dgeyd (V) alarly Cygeody joS ke dlarly ¢ 23 i 2 1S EE dnip slogially o (85 a5 )3 b (imed ik da g

PDPh .
Ct(5. 5050 moFroFn) (¥ e,

0313 490 slroSIS

5 Mohan (1987) Luwg sasal) alBivleil claodly (cpw g5 5l (loph mo (bl lapym 23 copd wiin
» Mohan (1987) ol b e Sl 5 )l 33 obys w23, 45 cowl oaseslazwl Haghshenas and Vatankhah (2021)
AmL Lol JU S Jols o5 ais plosl win (Sye8s, oSl Sdgyaun oli.i;g'ln)'i 258 ad slopls wo (Sl iy o)
5 ol JU ezt 51 F/0 M alols )3 55 4 (oo¥ed el 5l snsazsls ola e 5 9 g1, < AM o Loye <0 M ¢ Jsb
0o MY M Job 4 (88 piaw cud b bt JUIS S Jols Haghshenas and Vatankhah (2021) _islejl Jae .cuils
3 gialel ol alBislejl Solas z)b g odddnss JUIS (639)9 315 M alols )3 Sl oy 45 30 +/O M Gos g+, YO M
ol 0381, (¥) S

L e e e o e s e o o S S e o g AR aar ar ar e e oy o oo g

1ol o (Bl 2y 0 Sl Y S

ol 0353,5 &)1 (V) Jodo 50 55 idgh ol 0 edliiulyyge aBinle] polie wdin g (Sgyie Slastie o3gie
& Haghshenas and Vatankhah (2021) 5 Mohan (1987) (sla yiolejl 5| aio oyl )3 edlatuldyge (slaosls sl st

Bl o YIY (00 oy i glp o (655,54 slaodly JS slawd Jhle 4. adl 0 VOF 9 OF iy

P lejl pralie wiold Y Jgus

&bl Clasuive | yi(m) | D) | Bam) | P(m) | hi(m) | Fry, | Fr Cq
Min AR Sl BRYA R A1 R EEVZS i A BN, N CAYE | Vs | vy
Max RZALASN YA SR IR P INRVAY- DU EERYALY S INRY9 R VAR IR A2 BRVL AN
Ave AT A IR o £ Y SV IRPOPYN S IRRUL L (N IO 4 A 4 o ol IR /LY

oliudy )15 il
38es So 8 slaosls asgecne L ¢ ras aSud Joli opile 153k slagsdgy plo b awlie 13 (SVM) plasy jly oeils
el bl 4 o Mied 3l i dxiee yiaS LSVM (il 5 ogds .kind go b |y 65V prasd sl 5 5l ¢y
VA Jlo p> oS b o obcs s uiile (,.83L 51 o4 (Shao and Lunetta, 2012) was &1yl g5 luabl BB zobs and
Oily i 3l xS g oaly 8 B &b leicas 1y (o kbl Sy o hg, o) b gl Cortes and Vapnik (1995) lawgs
25 Jos o cunl Lad )5 glmio pl o elisidy 100 slamile (Lol ol @8l5)> S oo Jas yige 38 o slaodly il )
5 il i gl &S Wl oo (cldoxio oo il e &S Canl S3LLE L plosl dige el |y 0ol Cilisee sladigas
Jss &g 5 ookl L SVM 55 b5y doxio ol ol b 1y alols s jia8 48 witen (bl 35 bty syl 5 ol LS 5
ol JWl (3YL an) gVl (Shy sbad 4 aiug Jad gilule BB o Lol slel 3 (s &pgon o5 ool (S
sloloy 5 (SVC) (sl plutidy sloylay Cuond 93 & ity 0y oble 08 b (s & jp0a |y gl st 48 255 00



YYEY e sloglopnd (il (G55 o 53 (013 G b i 100], 0 g fRindg (ig3s — sole)

oy sdde pdlie e Ban imeh oyl o J(Fattahi and Babanouri, 2017) 54 oo puwits (SVR) (yamw Sy laiiy

S5y Plao (sly ol ygba SVR Sl .l diwgy sloosly ol @l G (bl 5 syl ol 520 (2

ool dinge gllad ails (8)S Ja5 3 b (295 9 (63959 Glapsie (o (S g o ballyy il Jse 4 B g oai S

31 o) el aslio giisaod Jiluwo gl 45 SVC 4y s o 51 o3lizal

Gan .ol bjgel (clmodls dlaws N S clasgSay aisb o XY={(X1,Y1), (X2,Y2),--., (XnYn)} ©)pos SVR iiee] (slodls

ol YER 255 clbyuiio 3 XERn (38,5 cclaylsp o (V) abasl, o8l SVR 55 Ll

f(x)=w'o(x)+b (¥ b,

L (F) o) (gilodineS 42 5l o] atuge o (58l gl a8 Az (S @l g (yjg oy bl i 4 @(X) W b &S

(Hamel, 2011) cosl (8) 54:8

min(w.b,&) =~ ||w||2+cz<: (F da,
N {1 &y, (W o(x) +)<0 o,
-£,<0

il yikie G sl o (6o § WS oo oo Ut day > cups lgieds 4l 0aiS bty el I C Ly cpl 2 oS
PV S5 5l jlodinge s ool S gl S o e ) € 3lome gllas jlaie L laye (00l (gllas oyl 9 VU do> oS ol

”)5@ b5 (7) dlasly & (F) a5 2950 03lisl

L((wbd.(05)) =3 ||w||2+ch, Z (T 9(x) )14, Z B& e
:(Hamel, 2011) 15,1 o cusd 4 (3) b ( ) by by e clinie (0 )‘)9 Ao b eidloe BISY colps fya oS
n 5
VWL:W-Z aiyi(P(Xi):0—>sz 03y, 0(x;) (v dkl,
V§L=C-a:-:[13i=O—>Bi=C-ai<—>OS(Z]§C (A Ayl
)
Vi,L=w- Z o;y;=0 (A dlal,

i=1
A 4 Alzue 45 W] oo Cawd (V+) dlaly ygods (p31,SY 890 Cun @l 31,5Y adgl @b )3 593 dlre aws > J3 L

23,5 o 35 ol 0503

Lo(a, B)—-2Z aozyy; (67 CD0(x,)) - Z (v
i=1
il duwloo LB 15 G0ty o )Ty @l Coled)
f(x):z 0K (x;,x;)-b (VY
p

&I o pied )18 g cp el J1 S5l Baio0 cpl )3 4S5 Ll glgil a5 b e J)S o @l K(XiXj) (g8 sl 5
ol ookl sl (V) dlaly &gy 48 gl b (RBF) elas by J5)S abi pb

X;i-X P
K (xi.%)=0" (x)o(x;)= eXp<”; J”) (VY dla),
(¢
sl opile jl oolainl )0 a5 JSuiie 5 (ko Cuol RBF 5,87 35 cute Jlade b oniiS oulais ol )y ol Glmb)c_»l)aﬁ
)‘L‘b)*ﬁ])b)"dld***@ﬁ-)u‘“@w)d]ﬁw“ﬂﬁL}’])JASML’L;"‘E‘Qaa o.\ufry.la.u)uo‘)l.’);ld.wubr.u‘ )‘bf

e 4 olswd (gl yimgh cpl ) b Aalgs sl o] Byme 4y asldl )d aS ol suseslitel mus (6, Kal 1,8 ﬂ,;:;“),ﬂl 9
b )3y slue o)l 5 slagin sl o3l RSA S HOA (g 658013 i )50l 93 51 SVM (sl jial s ol iz



(udw@s)-'— ‘;oJ.G) ‘f"f"_sb AKe b)Lowv OHF 8,92 cu‘ﬂ, S 9 ui Uw YVYEY

Sty 8l (Ul gyl oo 9 Sloxe G oS 5 L g Wlord 4185 pladl (Lol (S8 sloai],3 b o) gz ge (202 5
5 (Exploration) Gliast oy wlie Jole dacawl (son jl8) (gilwams L HOA 0,651 .36 1) odore Plue (g puol puo
55 ol Sbal S ololis (ymie (ol U]y atge LIS Klg o g 3)b oYU o, Sed Cap ad e Bluo 3 g o0 45,8
o] bl oSl ) g0 (il Gz (20 capd aribe 0 Orbe 2008 pas g gl 9 5 > 4 s & oSl
oz ysl ol 4y o |y ol olazel 16 g sl b 4 (aliod 9 (3l Jlo! ptalS o as i (sla Sz Capde o
Gymo € &S cunl $5LLs (MiarNaeimi et al., 2021; Abualigah et al., 2022) sjls o plaic GA § PSO aile <SS
5€€[0.001,0.1] £€[0.1,1000] y3lie o3L < pipn ol 00 s yiw polie g (ABly plie o BB i (o i €8>

ol odoalals o 3 Slas o St 4 duwy yelaieds 0€[0.1,10]

o] (g 5lwdinge pis 59!
S lae 3 gl (6518 (gl ol 5y & ol 202 by (e (gjlwinge S (HOA) sl (gjlwainy osys8]
p3le (l) s (S) (g pdsanels (H) ol yodlids (G) 1)z Jolis sl (6)bd, (56 i 5l w50,05) ol ool obais L Lmo—l
aayly Gygod 1SS 2 0 ! Cusdge dblee (MiarNaeimi et al., 2021) cusl oaias,5 ploll (R) o2) 4wy 9 (D) =8>
iCaol (VYY)

Xger,Age:vr:ler’AgeXr(rIlter—1),Age , Age=a,B.y,d (WY dly,

—lter,Age . . - i
5 53 sl o 03900 AR 5 sl ) Sy o Vi cisled S5 TEE ol M sl capadge XUIEDASE T s og

¥ a puw 0390yl cdidd oo L 395 Foliie (gla b,y Calidte ppuw )0 acw] a1 4y dagi b &S e o LS 1) oadais S
0 97 )JO‘P dlzaw\ 45L5Jl>)3 4,\3)|> )5)4., UaJoal) S92 9 L;Lm (5 §7um> d?)ﬂ 9O 5 pumo L;lzz»w1 Lol 04y Croud
)9S ol g o0 9y sl &8 > s po Jl3 0 i) 45 g2 o b )5 (prizen )l e Bl (2957 40 (gt Ble
S5l e sy > P81 1S Sl e Slap sl I g pSopre b g wed e Bl spuliw 5 e opmien I (S
(MiarNaeimi et al., 2021) xS »

OBN i o2 55!

Pl Conb )3 lahiSs)8 (elaial J) 5l & Cunl (o (o922 (e (Silodinge S (RSA) (B85 (sooius w8
T les oo ool (gy5eul) (9,8 55 o (BLEST) 53,5 opolxe Joli b 055,86yl ol 93 jl 5 ol ordass S
Sbpislle ST yowe Jsb )3 9 29800 £9y8 Cumen b (X) 8 saool) I slacgarme b (VF) dbles Billas (gjloain
(Abualigah et al., 2022) siS o o)y |y disge L gl (Jloinl slacusBgn RSA (¢ootine

X=

X1 Xl,n]
. . . (\\::\.Lv“)

XN, 7 XN
pl Casdoo X D9 o0 Sbul (V) dbsles I edlatnl b (Bolay jsbay a5 cunl 81" sla ool I (clacgome X ol &S

e i |y Altwe das 5151 N 5 LIS sl Jomoly Slaos N epl i ol
x;=randx(UB-LB)+LB , j=1,2,...,n (Vo dayl,
9 & 50 i Jolpe (sl oddodly At (sYL 5 b S UB g LB «$ g yoo o (Solad jlude rand cpisen
P g0 S ilizee 3,509 ) b @9
o (oS5 i3y ol g (58 oy Vb 2yl C8 o g5 93 dasb (35 0 polone (2 )3 I frS9)8 {6 el jo goiaz) LIS ()
LS al> yo 53 00 o8 Capmbgn S¥olao 9 o byt = SIS2% &y WS 5ty oly (sl 9 17 & (8, ol YU (55l
Wil o (V) dbleo & g0y



YVYEY o loglopnd (il (G55 o 53 (013 G o St 103], 00 9 SRindg (ig3s — sole)

T
Best; (t)xn; , (O*B-Rgp(Oxrand = N
X (t+1)= LA 05 i

Sl S8 Jole ;S5 olass Sk T e 1S5 olaai t el pl ] oo ) ool cussdy ol o o Best;(f) o
olas das 11 gosins 4l (als ly (U R(; ) ((03)8 0 pobre) BLiST 8y 58 copd @ g Bepl i ol 0 pl | cusdgo
ot stlS 8ol 3lie o sl ezl £33 ES(t) LolS5 s 5 pl T ol il Camigo anmsplii Xy N b oSy o
(Abualigah et al., 2022) 5,5 o ) ,S5 slaws Job 315 93 aie U 9

4 5 Sinlan syl o (5)Sab 5 (Sinled 12l 5l 35 IS5 o > iS58 e i) il (Y
ks &0y gl el dloyo )3 00 joyds Curbge Vlas 258 o bogyite 37 <ISIT 4y IS5 (6 lSad (st 9 27 <137
13l (1Y)

T T
Best; (1) <P j) (t) xrand , 2 7 <t<3 7

X j(t+1)= T (VY dayl,
Best; () xn i) (D xe-Rgjj (1) xrand , 3 1 <t<3T

ol SooS Jaie SGE g Jxb Jooly ol | cuxdge g sdelcwnda soly i pl | Cuxdge o BNB) Aoy Pij
(Abualigah et al., 2022) 344 0 CiBgio bilos 0390y |y acils lre 45 olSin RSA wolysy
Lo (5399 crmad 9 L2031> (gbyporand
s gl 2oyd Yo Jlie > (bieel (glp dopd Ar s b o g bjgal (slaodly cuomd 93 4 laodly dcgaso calllas ol 5

Do o jlael (g 50 g g0 odlaiwl 10-fOld Llie o jlasl ooy 5l b5le e jl 6 pmSsls (gly g Mo o S
Ayeas Y cpl 51 G (K=Y) i cals yo ya 50 g odbpandd s 2l b Y Ve &y Solas jobody o)l (slaosls 10-fold

sl Jie drwgs Sy &Sl ;JULL» Do oo 48,3 Hla ) uzr.:....:)L,:.cl o3l Ac goro O|9J&=L3 LY L;u:)ya] swosly Ac gore
6l 3955 slb b & 355 o o3litl 13 apd 5 e dmg clayite claeaS 5 ) SVM-RSA 3 SVM-HOA (ilises

ol oddodly Hlis (V) USG5 5o (b slaiypw (29 cupd by sl

SC1:[1.2.3.4.5.6]
SC2: [1,2,34,5]
SC3: [1,2,3,46)
SC4:[1.2,3,56]

Target: SC5:[1,2,4,5,6]
Cd SC6: [1,3,4,5.,6]
SCT: [2,3,455.6]

SC8: [1,3,5.6]

SC9:[1,3,5]

1ol o (o8l 32w (23 0 o G Sl (5099 e Y USS

g opSlbe Sl JBle polie Jold pols iagh )0 oddad )3 5 4 sleodly 580 Glasuin (V) Jodo 50 (pd
5 &l e 8yl
sawi &d Sy glaodly Olasuiv .Y Jgia

Syl Glaswiw | b/D | PD | Db | Pb | Fr; | Fr Ca

Min LAY\ BEVAR V.S YA SR BEVZL N S BEVAL A SN BRVZA PN BRVAR N §
Max YA | e | Ve | e | AN | OV | <A
Ave '/‘ﬂ\““ '/Y;A \/\Yﬁ '/‘ﬂ\\ ~/\‘W '/YY’V '/;DR

Std Y < \YF Y50 AT < \¥Y e ooV




(udw@s)-'— ‘;oJ.G) ‘f"f"_sb AKe b)Lowv OHF 8,92 cu‘ﬂ, S 9 ui Uw YVYFE

LIPS

(R?) o oy oo (lol a3l s 1 (il slafoy (03 copd (i ) ol yi (slaJde <8 o)) jglatess
oS ool Ggllas o oS sl S35 133,5 e3lizusl (NSE) CalSlum L5 ol gy § (RMSE) las clay o (3:55lke iy
(Roushangar et al., 2024b V¥ (), Kan ¢ Kidg)) ik K55 oo 4 o] RMSE lais g 5 4 ] NSE 5 R? s
1S o Cinoss |y NSE g RMSE (R? (55 4y (V+) 5 (V) ((VA) &¥olas

2
N —_— P =
R2=/ 25 (Y- (Yi-Y) \ (VA dla,
_ =2
\/zﬁl(Yi-Y)zx(Yi-Y)
(04 aky,
MY )’
NSE=1-220 L U (V- dba,

N(Yi-Y)?

o i 3:5ibe ¥ osd it o ctlpd Ve lanlie 5 calyd 5Sle ¥ o ilanlie o ctlys ¥ YL Ly 5o
Sl oo Lodld S slaw N g o0 s i

Lasdy
e sl gl oaddas (gl il o8 dlotidy (Bl Sy (25 copd b Sl e SVR Jas cadlllas ) 5
ol 02548),] (¥) Jgd> 53 SVR-RSA § SVR-HOA (¢;ludingy

2 bisel (sl 2oy Ar i b (altalefl 0al VIV glopls wid il (slojy o (20 capd ot Sl ool o0l 52
dlie g (gylol slaadls oyl 4 (F) Jgao p b0 Clesl (SCO b SCL) cglite (599l 45 50 s (glp dopd Vo Jilio
3,8dee SVR-HOA Juo SCL (g9 )l 5o .l 0153,5 0,lil cons 15! (sla Jao (slp e 5 0 € oaiS oulais yial)l ol dus g
Gl blie Jlade oS Jlsyd w0dgs + AYS 1l SVR-HOA (clp (905l dl po j3 R? jlade .l 0303 L5 SVR-RSA & s (6 i
SVR-RSA ;> + S5\ e 4 Capud a5 0 5 |55 < A+ pl SVR-HOA (¢lyy NSE lsie ¢ pismons .cowl +,¥+Q L5 SVR-RSA
*YYA 1 SVR-RSA (¢l g+, YA5 ply SVR-HOA (clp 905l 1 R? jlade SC2 (g9 )l 15 md g0 i |y (x> b6 dgup
ol +,2YY ol SVR-HOA Jao )3 RMSE lude oS ¢ jsbdy 34 o0 oanlive 55 RMSE jadld )3 picmed @olds oyl ansl
R? e .cawl 5y oylixes SVR-HOA s 3,Slas SC3 (64l )3 .Comatr +,2 ¥V ol SVR-RSA (glps Jbolize jlage o5 Jlsy>
Lol «ewl 3YL S8l SVR-RSA Jue p3R? jlade ax )31 .cuwl =YY SVR-RSA (¢l g +,YOY SVR-HOA (clys 90l alspo )
SVR-HOA Jse YL S cd5 osimdylis wuwl SVR-RSA (gl + VYV g SVR-HOA (clyy + VYV ply a8 NSE Jlade (ow)p
@ Coms (50 OyShas ¢yg05] Al yo )3+ AOY ol NSE laie g + MR plp R? Jlade L SVR-HOA Jiao SCA (g9l 5> et
ol 0313 &1+ SYY 5l NSE g YY) plp R? jlade L SVR-RSA i

< A& 1 SVR-HOA (glp y90j] dls o 13 R? lade 034 o0 e gy jliw (olod lae 13 Jdo i 45 SC5 (6435l
005 5,35 ASY plp NSE jlade g+ M- ply SVR-RSA Jue 13 R? laie a5 cal Jls 55 cpl wcowl MY il NSE lado 4
ol 1y 68 slas SVR-RSA ;5 +,+YA jlude b dunlio ;5 45 cawl +,2¥0 ply SVR-HOA (¢l RMSE laie ‘pisen Canl
» R? e ¢ blie ;5 sl < ASF pl NSE jlade g MY ply SVR-HOA (clp 9051 ;0 R? Jlade SCB g4,k 5> amd o0



YVYED e sloglopnd (il (G515 o 53 (015 G b (St 103], 0 g SRindg (ig3s — sole)

oy Sjwaiats LHOA 4 i Jdo & amd o ylid polie (pl .l o 5155+ 50Y ply NSE jlads g +,#AY s SVR-RSA

PR? ke e o i |y wguore (ialS e 43 y2 5,Sles SCT (o jluw o Cawl 00 &l o i (3 1) (6,5 885 5 Slas
JJ.A 20 ',QAQ ).gl)g NSE 9 ',Oﬂ\” )g‘)g Rz )).)Lo.o L dwul.n.o po a5 Conl OMO»)I; ',;\ﬂ NSE )LXB.A 9 ’,;Y‘\ ).jl).j SVR-HOA JJ.A

ol 0313 51,3 45U cov 1y Jhe JS By &S wsb hy/D el )l 5 250 Slg e 3,Slas JialS opl )l s ()5 SVR-RSA
s 083pl5] (£lb sy > SVR-HOA VL 83 ssimdylis 35 SC9 5 SC8 g6yl

SVR-HOA 4 SVR-RSA sl Jue slpa! (gl owimudiid (b eyl Y Joua

SVR-RSA (sl sl ,b ylade
Maximum number of iterations Ve
Population size (N) b
k-fold Ve
o N
p )

Cost function RMSE

SVR-HOA  clo o)l lado
Maximum number of iterations K
Population size (N) A
k-fold Ve

g (Grazibg coefficient for all Ages) V0

hf (Hierarchy factor for 3) <A
hy (Hierarchy factor for y) <0
sP (Sociability factor for ) Y
sy (Sociability factor for v) !
iy (Imitation factor for v) <Y
i0 (Imitation factor for d) )
do (Defense factor for o) /0
dpB (Defense factor for B) N
dy (Defense factor for y) o\
ry (Roam factor for v) 0
rd (Roam factor for §) o\

® (Rreduction factor) LRSS

Cost function RMSE

ol 42l SVR-RSA & s (5 yia 3,Skac gy s 11515 SVR-HOA o a8 sy oLt timgs ol gults ¢ LIS ysboas
oS oas 5,Slae ialS jlad gejl dls e 5 Lol il o3ls i il dpe 1> YL B> 3)lge (S 3 RSA Jue oS sy
ol Jlen] (1ol g ool ol bt palais L HOA a0 505 (w51l (o0l (sloodliss) 2 Jbo (ol i 5S3L
03,5 Jos 390 Slopless (oSl Slojayw (23 Cupd miin 2 9 03)5 ml Gplieaes 9 €83 e i PO (A
Ll
6 Jo s )5 03y miie 5B b PIB  DIB (clayiolyly i 48 amd e ol gl ol cysioran

356 hjgel Ao y3 he/D el woigdy S o Wl cupd opl e duld p0 S Jis /D g Fro Fra s el
w03 g0 Bl Jao 3Slos d9mt0 53 (oten WA 9 A1 (23 S (o C8Y (¢ pKedix

ol blio ,5 SVM-RSA 5 SVM-HOA elanis oSl b o sims stias o9 ctlys ¢ ooyt syt () USt 15 ol o ogMle
ol oaodld Ui o g hige] Al yo 93 ya > alKilejl oo



(u"”@s)"_ @J&) \f"f"_gb AR b)w HF 2,93 %,‘,j“ SB 9 Ui oluasy YYFS

3 e Soi Sl SVMERSA 5 SVMHOA by, 51 Jeols gl F Jgso

Optimal value Training stage Testing stage
Model Method
C € c NSE | RMSE R? NSE | RMSE R?
SVR-HOA \AAAS N0 | YOFY ALY V) Q¥ NG ooV N4
SC1
SVR-RSA \72 0 S IEEVE R B VR YAV woNY <AV | EEN o ¥¥ LARR
SVR-HOA VYYO '/'\\G ARARNY '//\?\"J «+Y0 '//\;b '/V}\G ~/~\”V '/VR;
SC2
SVR-RSA Y eV Ve | A VY AN | Y. 2 8 «~/YYA
SVR-HOA VY- YY WY [ Y YAY +AYa LVRAYN +AYa </ YYY VRN </ YOY
SC3
SVR-RSA «A_QY AR A\VARA! '/“\Q\c LVRATA +/A00 </ YYY VRN < YEY
SVR-HOA Y,YYA N0 Y/;'\: '/R\' AR '/ﬁ\" «/AOY '/'Y‘\ '//\/\‘\
SC4
SVR-RSA V/YAY AN AVARRS «AY-. Ny «AVY «FYN oY AR
SVR-HOA A/&V\ A \& Y//\)\\c '/°\'Y '/'Y\ '/ﬂ'f '/AAV '/'YA '/AR‘\
SCs
SVR-RSA \‘L)/F\‘\“ '/'V' \:/ﬂYIA '/AAe\ '/'YY‘ '/Aﬂ\ '/A;Y‘ '/'YA '/AA'
SVR-HOA \'/Y'f’ﬁ '/'\; Y//\'\; '/i"\c LVRANS «AY0 '//\;\C «/+YA « /MY
SCeé
SVR-RSA \/\C;A AN AVZRRS <AV Ny «AVY ~/FC>Y‘ '/'\n\c '/;RV
SVR-HOA \M/"'YJ '/'\\c ATARNY Ve '/'\‘V '/V'\n '/;\‘\ '/'\G; '/5““\
SC7
SVR-RSA | VY« | «/o¥e | Yreoo | </AYY | «/o¥A | <AV | /DA | «/o¥A | -0QY
SVR-HOA \\/'YV A \Y Y/\‘°\\‘ '/°\VY A AR '/ﬂYY '/AYA '/'\“\ '/Aa‘\
SC8
SVR-RSA UYAR e Ne | Ve | 2AYS VY <AYY | 5N <+ ¥Y V24
SVR-HOA V\;/() \F A VY Y‘/\‘Y‘V '/AO\C A \td ~/Am° '/V\‘Y */ R '/V;;
SC9
SVR-RSA V\“/?\V oY YYVY «/AOY A \td «/AOY '/V\N() v/ AR d /Vf"\
Test Data ) Train Datz) Test Data) Train Data )
O  Data ' 09 O  Data ' O  Data ' 09 O  Data
0.8 Fit p 0.8 Fit Fit
- Y=T = = Y=T < 08 Y=T
S o7 S 507 =
E E E g o7
";5; 0.6 "-; "-; 0.6 "-;
& < < £ 0.6
0.5 0.5
.5 g 0.5
0.4 0.4
04 05 06 07 08 0.5 0.6 0.7 0.8 0.9 04 05 06 07 08 0.5 0.6 0.7 0.8 0.9
Observed Cd Observed Cd Observed Cd Observed Cd

(& SVR-HOA _yij90] dls yo (1 :SC5 g1y Comnd 9 (w0590] JnIpo 15 (2 BWslo;l (25 ol pd Sl )3 20Wd sy (25 ) o F S
SVR-RSA Cund dl> 3o (5 SVR-RSA (590! dls po (z SVR-HOA Cowd dl> o

SVR- & bgsye jlages pd cmd o lis |y SVR-RSA § SVR-HOA (¢ludig sl 3 a5 (8) IS5 4 a9 b oo
a8 Jb 3> sl (g ilwdinrs Doty pis 0ind LS 5 00,55 4 )l glal 51 10-fold (¢l (Best Cost) 4 s b jlade HOA
Je 250 9 (6550 Aly8 s LS a5 2gu e sdaline )l)ST Job j3 db e &b Hlade oo )b ials SVR-RSA jbbses )
i ol ol )l SVR-RSA & cns (s yigp 5,Shes SVR-HOA o a5 sl oLis g )lol (slay yadls dunlio (Jls oyl .ol
Al wgmo posd )15 Job )3 o (o5lwaings 40148 Lol odasy diugy jlabe <o 4y dgdma )|,S5 slaxi b HOA 563Ul 48" 5l
G0 g Ve polie bl oplply .l sdowy (653wl dups Hlade @ Lol adly o5 0,0 o, Ken Loy RSA &S Jls > o]
Age Hlde G 4 )] ST 25000 dlaw jd Wil Loy oSl a8 Cowl 48 )3 O jauo wlisl (! o i 5 ),S0 Sl (gl sy
W ] s gboodld do i 5 (g 0 Sles g bl Cund s

olatwl 3y Jao (59) 2 SVR-RSA 5 SVR-HOA (sl o8l Lilosis o sl ysls slages 51 (5) JSib 53 el 52 0gMe
9e5 53 A8 e o3kl (SD) Hlxe il il g (RMSE) las ilasyo (pSile diiny ((R?) pusnd oy (s kol sl dws jl a8 s
Gllas 3,5 00 Sygo Sy ot bl 505 saalie Jlais 4 SD g RMSE R? jaijl odd o st Jlade a3 p0 sl
A8 o plol (635885 i g Cunl (6 5YL ey (glyls SVM-HOA 255501 ¢ jlag0



YYEY o loglopnd (il (G55 o 53 (015 G o i 103], 00 g SRindg (ig3s — sole)

Trend of Optimizing SVR with RSA HOA Progress for SVR

0.0285 r 15 T T r
0.028 | ) 1 )
1k
0.0275 |
- — 05F
2 0.027 2
° o X1
2 2 Y 0.0281531
& 0.0265 &
0%
0.026 -
X 10
Y 0.0254499 05
0.0255 | .
0.025 . . . . . . . . 4 . . . . . . . .
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Iteration Iteration

Eom 63wkt pi y9N! (& 9 (HOA) ol (g5 bwaiuge i 591 (1 251 03lias! L SC5 (10 SVR Jubo (53wt gy dans Ul .0 JS0
(RSA) Wz

*  Observed

0.1
0.3

g
[=1
o3

Standard Deyiation

\ S 099
S

\ /
0 0.05 M
Standard Deviation

SC5 (gly0 ok 413900 & JSUG

b shate (s 23,8 oalitsl ool JIUT 1 ed i g 5 48,54 (63959 sl gialyly 8T ) gz el o

el 558 fsse NSE (ool shoso cess s SVM-HOA 2SI s 03> (slyal 5 55 Jio (53939 sl ol s S35 G

b oo (6 )l el glyls Mlatiwe (Lol JUK 5 #8ly 55 ad (sloply mu (s slasymw (03 copd G iw ;0 PIB g /D
Dy ga + SV 9 OV 4 s dls e 3 NSE jasls e jials & e )] Gls &

SC5
e===NSE Train ====NSE test

elimination

of h1/D
1.000
0.800

elimination
of P/D

elimination
of Fr2

elimination elimination
of Frl of P/B

Cond g9 3900 S0 53 (la 505 (8150 3 30 Jibo Sl JIUT gl Y JSUS
-

5 S 5 oy 300 (oo asle (b o3 oy simtisin )yt SVR-RSA 5 SVR-HOA (sl Jua caslllan ol 5



(udw@s)-'— ‘;oJ.G) ‘f"f"_sb AKe b)Lowv OHF 8,92 cu‘ﬂ, S 9 ui Uw YYEA

e <8 e (slaing Jol g 3,10 SVR-RSA & cuws (6540 3 Slos gy jluw 51,0 SVR-HOA Juo &5 ol ojlis s
Jas! jials g o jzel)b ol 3,85 aulais a8 wsly lis NSE g RMSE (R? Jolis (¢ ll (la padls .S o 3ol (¢ pdspness
3 il Sl o (90 Copd bwiim bkl pae mle )y SVR-HOA Juo 5, Sas dge )0 (sulS” (5d o hjlp i
2Bilojl it blpd & masi )3 Joo glacudgizme 5 (Sl slag) e (Sl sla Sz deodls y3 (5ySejlul slallas
cualad pac pl (ialS gly (655 W RSA s HOA (slani 651l oslaiwl b W yialyb ol wulas a8 ol (S5 il
Do Dgus

SVR-HOA 53594 « solginius (sla Jso 3l oslaiw] 45" sy o jlis Lidgh opl zols «Slg)ld awdine ;5 (63,8 ol
5 ey Ol o Col )3 ggdge nl Sl Al (e Gl 53 (23 iy 58y il el ied)8 ()15 Wl oo
Sdgen 1By 3:33 )3 sl et () a5 ol Bape it (laCuns 9 398 206 i (G slayial)l b Loga
Ol (23 cupd g el cpl (oS pd g oo Ll gl Sl ClllB L (egiae Boa ladae ol (5)905 oL
Slais il o M5 o dnsd pae alS 5 b Lot 2 o9V 3,as) ol x5 koo o83 |y 355 e
S S8 (Sgpden sbojle el i) g ollasl slagl 2 5 (S50

odlitul _alBislesl 03l degame S 5 [RVeS b sla jimgh a5 s o slis Lietal. (2024) (i Sldllas b duslis
o ) (2 YU By snddlyl SVR-HOA Juo sl 03y 00 i £95 L 00> dsgazme 43 jl dalllas opl a5 Jbs s los S
wop) pegde (g, o yige ;> R?=+AA% g RMSE=+,-Yd (NSE=+AAY) sl olis cloplyes ol (lapypmw 03 cops
by (Jes oalitul 1Sl 5 05,8 wals by i SIS g ye ik PIB s /D (salJS sla ol )l cls Juloo
oo ekl g 2,015 Lol iy @ by il adllas plplly Am3 e Iy ol slojz g U (gjlotinge g
NI SV S e PR KV

S 5 AR
8 S oy (23 cord Guoie g Giledde 1 SVM-RSA s SVM-HOA (o5 5 slapn oSl ) ol iaggy
Mol Jdo cpdin e g ololid (05 oo I8 50 w0 sl el Ll o il oolasinl Ll JUIS )0 #8lg 55 ad (glopl
Yo blie ;> (90l (slp o yd Av cani b cond g j90l (slaodly Caond 93 o 6y915,5 (slmodld dcgae iz pd L5135
ook kel slaaidly b eslinl 10-fold Jilie (e jlasl (g, 51 G55ln Gl 3 S ol sl il S s gl 0
il pj g b 4yl

SBjyp (23 Gupd (w35 ) (a5 CeblB egtas Jhan gy 93 10 45 35 LB g dols @l 4 g L)
Dged odlatl YU o b (05 o psd dwyiw ;3 SVM-HOA 4,63l 5l olgi o0 5 35k b

&b e cuns (/D) (glopals o5 (o> juypo b & (Sl 52y &6 5y Ol Bos o gloyiel)ly L SCS Juo ¥
sl 39,5 316 (PIB) ol JUS S (2.0 & ol sy € 65 o {PID) sl o sl 3w 8 &1 sl s
(R?=+ A% g RMSE=-, Y2 INSE=+ AAY) 391 5555 3 oVl 83 5 (FT2) Lol 52500 Cmd by 39,8 33 g (FT1) ool oo
S5 oljes BB (03 cops dwiin 2 PIB g hi/D (olayiolb oS ol s 5y Jde Gl 31U i en

e i ¢85 wiuilyy oy slaodly a5 g aRuislejl (claodls dlax j3g) dgame adlllas oyl Lol clacusgie ;)
@ e 4 29 0 ety Sl laiagly sly ey @)l esslcunnd @l ) e g5 g md GRIBI ) e
gy bl 4 g b ogMa 35 )18 (cw)yp 5 B9 3590 55 Slom 358 9 B Ol lalpd ) (Sl sl
P Sy (2 Copd (e3S (lp 58 Eghae Ghgn slade pls 39d e ety dag] glgl (53,25 5 eguas Shsn
WDigas dunlio 3850 pl 2ol b odelCunddy guli g dgu a8 5,18 4

L2013 dy (o yiansd
Wl oo byl BB aosl 355k 51 Jstme ot Byl 5l ccunlgd 3 s aosld
2l 2929 (B S g (ot @80 5,05 AigRd



YYER e loglopnd (il (G55 o 53 (013 G b St 100], 0 9 SRindg) (ig3s — sole)

&b

Slzens O iy 2 Slopbes 35 ad (Bl om0k 50 Gl gl gy duglis (WWAY) Lo ple el b g sy (olid >
SVNEEY (Y5 ) SB 5 o clidi

Jaelyd sl 3l ookl b g 32)p 3 lga clalé s (V4T o] ol g Lojhues codlj olie (i) g law 10 p0s8” ¢Sl
SW=5N (F)00 ol SB 5 f ol

B b 59y ekt g (Sdgyien sbayiall U Qb3 (VFY) S ccin g Jgw) A oo ol (635 fge e Jul s le
AV-VY OV o] mlio unligo cale dolilad Niaisgn (lags oSl g aEislol (i) 93 b (slo,SiS (sl puo

REFERENCES

Abdollahi, A., Kabiri-Samani, A., Asghari, K., Atoof, H., & Bagheri, S. (2017). Numerical modeling of flow
field around the labyrinth side-weirs in the presence of guide vanes. ISH Journal of Hydraulic
Engineering, 23(1), 71-79. DOI: https://doi.org/10.1080/09715010.2016.1239555

Abualigah, L., Abd Elaziz, M., Sumari, P., Geem, Z. W., & Gandomi, A. H. (2022). Reptile Search Algorithm
(RSA): A nature-inspired meta-heuristic optimizer. Expert Systems with Applications, 191, 116158. DOI:
https://doi.org/10.1016/j.eswa.2021.116158

Azamathulla, H. M., Haghiabi, A. H., & Parsaie, A. (2016). Prediction of side weir discharge coefficient by
support vector machine technique. Water Science and Technology: Water Supply, 16(4), 1002-1016.
DOI: https://doi.org/10.2166/ws.2016.014

Azimi, H., Bonakdari, H., & Ebtehaj, I. (2017). Sensitivity analysis of the factors affecting the discharge
capacity of side weirs in trapezoidal channels using extreme learning machines. Flow Measurement and
Instrumentation, 54, 216-223. DOI: https://doi.org/10.1016/j.flowmeasinst.2017.02.005

Azimi, H., Shabanlou, S., & Salimi, M. S. (2014). Free surface and velocity field in a circular channel along
the side weir in supercritical flow conditions. Flow Measurement and Instrumentation, 38, 108-115. DOI:
https://doi.org/10.1016/j.flowmeasinst.2014.05.013

Biggiero, V., Longobardi, D., & Pianese, D. (1994). Indagine sperimentale su sfioratori laterali a soglia bassa.
Giornale Del Genio Civile, 132(7-8-9), 183-199 [In Italian].

Bilhan, O., Emiroglu, M. E., & Kisi, O. (2010). Application of two different neural network techniques to
lateral outflow over rectangular side weirs located on a straight channel. Advances in Engineering
Software, 41(6), 831-837. DOI: https://doi.org/10.1016/j.advengsoft.2010.03.001

Borghei, S. M., Jalili, M. R., & Ghodsian, M. (1999). Discharge coefficient for sharp-crested side weir in
subcritical  flow. Journal of Hydraulic Engineering, 125(10), 1051-1056. DOI:
https://doi.org/10.1061/(ASCE)0733-9429(1999)125:10(1051)

Cortes, C., & Vapnik, V. (1995). Support-vector networks. Machine Learning, 20, 273-297. DOI:
https://doi.org/10.1007/Bf00994018

Daneshfaraz, R., Norouzi, R., Patrick Abraham, J., Ebadzadeh, P., Akhondi, B., & Abar, M. (2023).
Determination of flow characteristics over sharp-crested triangular plan form weirs using numerical
simulation. Water Science, 37(1), 211-224. DOI: https://doi.org/10.1080/23570008.2023.2236384

Ebtehaj, I., Bonakdari, H., Zaji, A. H., Azimi, H., & Khoshbin, F. (2015). GMDH-type neural network
approach for modeling the discharge coefficient of rectangular sharp-crested side weirs. Engineering
Science and  Technology, an International ~ Journal, 18(4),  746-757. DOI:
https://doi.org/10.1016/j.jestch.2015.04.012

El-Khashab, A., & Smith, K. V. H. (1976). Experimental investigation of flow over side weirs. Journal of the
Hydraulics Division, 102(9), 1255-1268. DOI: https://doi.org/10.1061/JYCEAJ.0004610

Fattahi, H., & Babanouri, N. (2017). Applying optimized support vector regression models for prediction of
tunnel boring machine performance. Geotechnical and Geological Engineering, 35(5), 2205-2217. DOI:
https://doi.org/10.1007/s10706-017-0238-4

Gardiner, C. W. (1985). Handbook of stochastic methods for physics, chemistry and the natural sciences.
Springer Series in Synergetics.

Gharib, R., Heydari, M., Kardar, S., & Shabanlou, S. (2020). Simulation of discharge coefficient of side weirs
placed on convergent canals using modern self-adaptive extreme learning machine. Applied Water
Science, 10, 1-11. DOI: https://doi.org/10.1007/s13201-019-1136-0

Granata, F., Gargano, R., & Santopietro, S. (2016). A flow field characterization in a circular channel along a
side weir. Flow Measurement and Instrumentation, 52, 92-100. DOLl:



https://doi.org/10.1080/09715010.2016.1239555
https://doi.org/10.1016/j.eswa.2021.116158
https://doi.org/10.2166/ws.2016.014
https://doi.org/10.1016/j.flowmeasinst.2017.02.005
https://doi.org/10.1016/j.flowmeasinst.2014.05.013
https://doi.org/10.1016/j.advengsoft.2010.03.001
https://doi.org/10.1061/(ASCE)0733-9429(1999)125:10(1051)
https://doi.org/10.1007/Bf00994018
https://doi.org/10.1080/23570008.2023.2236384
https://doi.org/10.1016/j.jestch.2015.04.012
https://doi.org/10.1061/JYCEAJ.0004610
https://doi.org/10.1007/s10706-017-0238-4
https://doi.org/10.1007/s13201-019-1136-0

iy

i w z (oidgis — ode) VF+F 05 Ve 2,lond DF 293 )l S g Of Gl YYD+

https://doi.org/10.1016/j.flowmeasinst.2016.09.011

Hager, W. H. (1994). Supercritical Flow in Circular-Shaped Side Weir. Journal of Irrigation and Drainage
Engineering, 120(1), 1-12. DOI: https://doi.org/10.1061/(ASCE)0733-9437(1994)120:1(1)

Haghshenas, V, & Vatankhah, A. R. (2021). Discharge equation of semi-circular side weirs: An experimental
study. Flow Measurement and Instrumentation, 81, 102041. DOI:
https://doi.org/10.1016/j.flowmeasinst.2021.102041

Haghshenas, Vahid, & Vatankhah, A. (2015). Comparison of Different Discharge Estimation Methods for
Sharp-Crested Semi-Circular Side Weir under Subcritical Flow Regimes. Iranian Journal of Soil and
Water Research, 46(4), 663—-671. DOI: https://doi.org/10.22059/ijswr.2015.56790 (In Persian).

Hamel, L. H. (2011). Knowledge discovery with support vector machines. John Wiley & Sons.

Ismael, A. A., Suleiman, S. J., Al-Nima, R. R. O., & Al-Ansari, N. (2021). Predicting the discharge coefficient
of oblique cylindrical weir using neural network techniques. Arabian Journal of Geosciences, 14, 1-8.
DOI: https://doi.org/10.1007/s12517-021-07911-9

Li, S., Shen, G., Parsaie, A., Li, G., & Cao, D. (2024). Discharge modeling and characteristic analysis of semi-
circular side weir based on the soft computing method. Journal of Hydroinformatics, 26(1), 175-188.
DOI: https://doi.org/10.2166/hydro.2023.268

Majedi-Asl, M., fuladipanah, mehdi, daneshfaraz, R., & jannat, khalil. (2022). assessment of the effect of the
hydraulic and geometric parameters on the discharge coefficient of the labyrinth weirs Using the
experimental method and intelligent algorithms. Water Resources Engineering, 15(52), 73-92. DOI:
https://doi.org/10.30495/wej.2022.28461.2323 (In Persian).

MiarNaeimi, F., Azizyan, G., & Rashki, M. (2021). Horse herd optimization algorithm: A nature-inspired
algorithm for high-dimensional optimization problems. Knowledge-Based Systems, 213, 106711. DOI:
https://doi.org/10.1016/j.knosys.2020.106711

Mohan, M. (1987). Side weir discharge coefficient. Roorkee Univ Roorkee, India.

Nourani, B., Arvanaghi, H., Pourhosseini, F. A., Javidnia, M., & Abraham, J. (2023). Enhanced support vector
machine with particle swarm optimization and genetic algorithm for estimating discharge coefficients of
circular-crested oblique weirs. Iranian Journal of Science and Technology, Transactions of Civil
Engineering, 47(5), 3185-3198. DOI: https://doi.org/10.1007/s40996-023-01110-0

Pandey, N. P. (1985). Flow characteristics of non-rectangular side weirs. Roorkee Univ Roorkee, India.

Parsaie, A., Haghiabi, A. H., Saneie, M., & Torabi, H. (2017). Predication of discharge coefficient of
cylindrical weir-gate using adaptive neuro fuzzy inference systems (ANFIS). Frontiers of Structural and
Civil Engineering, 11, 111-122. DOI: https://doi.org/10.1007/511709-016-0354-x

Roushangar, K., Khoshkanar, R., & Shiri, J. (2016). Predicting trapezoidal and rectangular side weirs discharge
coefficient using machine learning methods. ISH Journal of Hydraulic Engineering, 22(3), 254-261.
DOI: https://doi.org/10.1080/09715010.2016.1177740

Roushangar, K., Saadatjoo, R., Abbaszadeh, H., & Panahi, A. (2024a). Estimation of air concentration in chute
spillway using metamodel methods. Iranian Journal of Soil and Water Research, 55(4), 601-613. DOI:
https://doi.org/10.22059/ijswr.2024.370643.669640 (In Persian).

Roushangar, K. , Abbaszadeh, H. , Saadatjoo, R. and Panahi, A. (2024Db). Prediction of Air Concentration in
Stepped Spillways Using Data-Oriented Methods. Environment and Water Engineering, 11(3), 316-325.
DOI: https://doi.org/10.22034/ewe.2024.433409.1905

Shao, Y., & Lunetta, R. S. (2012). Comparison of support vector machine, neural network, and CART

algorithms for the land-cover classification using limited training data points. ISPRS Journal of

Photogrammetry and Remote Sensing, 70, 78-87. DOI: https://doi.org/10.1016/j.isprsjprs.2012.04.001



https://doi.org/10.1016/j.flowmeasinst.2016.09.011
https://doi.org/10.1061/(ASCE)0733-9437(1994)120:1(1)
https://doi.org/10.1016/j.flowmeasinst.2021.102041
https://doi.org/10.22059/ijswr.2015.56790
https://doi.org/10.1007/s12517-021-07911-9
https://doi.org/10.2166/hydro.2023.268
https://doi.org/10.30495/wej.2022.28461.2323
https://doi.org/10.1016/j.knosys.2020.106711
https://doi.org/10.1007/s40996-023-01110-0
https://doi.org/10.1007/s11709-016-0354-x
https://doi.org/10.1080/09715010.2016.1177740
https://doi.org/10.22059/ijswr.2024.370643.669640
https://doi.org/10.22034/ewe.2024.433409.1905
https://doi.org/10.1016/j.isprsjprs.2012.04.001

