Iranian Journal of Irrigation and Drainage
No.4, Vol. 17, Oct.-Nov. 2023, p. 787-804

B

Ol (iS2) 9 5yl & pis
YAV-AF o AF+Y T — 0 AV ks Fojlods

w&'“}j?,_g;“'x’ Jlas
3 skl b slo plsas 5 (sloplaps g6 p 5 b sl S sy (Sdgsiet (2518 4o lio

(QNET, SVM, GEP, ANN)  Jul 3 sls Jg,

Y . Y. . 3
Goda S sdgs ¢ Ohsle sl A g5 O fol gl (sigs

VEOX/ORY s sl VBT L b

daSe

bojoppo ool )13 (s (Sl poo & S |y 6ty Ly (23)90 Sl olaiBl sacu o Sl (392 5195 3y (b e (slaja )y
~ppsSdl 15 1y CndVl o eSSl glis) b ity o0 plel) (S (slajy e b duslie )3 (pasetio (Spe 4 50 g6 Jsb SRIB b 5l
Sl (o Grzmen g dluly yiall o Sge Jiue layiehl (i (e ot 355 ladkal) @25 )3 0L (Ul s 4 seder sl
Ol sjp2abp (SVYM) (e sl olustdy (sl oSl 3 Shoe (ingly (nl 3 1038 Iy (ol Sidingfy (o (el o oSl ¢ Sle
Jol sl sl 030> (6w VA SIS (s e (slagay o (23 Coyd (i > (ANN) (egtan (jb9n aSs 5 (QNET) Jl33le 5 (GEP) (5
gy LBl o 0315 (6w FAY Jolis aS (50 5 Jgl (590l Eg0m0) aosld pleal ol pous 435l 5 0015 (6 YV 2laws Lol pgd g3 )liuw g
S s Jobs Gimgy ol 53 03kl 3)90 (Sgyen 5 (ot sl yial)l oo slonldns 9 slopldey iy &6 )3 53 p9d 9 Ul )l
(O, (Lol iS5 48 > 0l sinn ign ol ilim (O0) o oty 3 (0) S ol a9l ) calos 3 (TF) S o
L cslply e (b)) sloaasli b 5 golis & bigayo (2590l saloyo )3 SVM 5 GEP ANN QNET (sla, )5Sl 5> ?7 a, %)
(RMSE=+/-Y-Y) (R%=+/AAYY) (DC=+/29A+) (RMSE=-/-0V) (R?=+/A%A+) (DC=+/235\) (RMSE=+/--A-) (R’=-/a35")
Conl 035 g5 it 4 yoeie oS 3,50 b dwglis 13 45 .03l s (DC=+/3AY+) (RMSE=-/-\A$) (R?=+/43-Y) 5 (DC=+/3AYA)
Sy (o2 i yd iy 5D GEP 9 SVM QNET ANN jl el &ylie (osy jlas o 30 cud g cgllas )l < odimd lis a5

HT 1 5 . . . . Py ae .’ . . .
(?)JS )b s eyl gy (goled )3 (o 5oy (93 o pd s )3 Pge yialil a8 ol LS s U @l ol Jas 8

593 Mo b (slo, K8 w033 cOlgw 9 ST3s8 (1940
oS Wy o cpl do a5y Sy 3y90 |y gl
P sl 3o S il 4 Glo) SIS yp jl Gyge (3 e
S s e 5 sy LB
B9y = B3> 4 pwilyd 5 o Crookston,) (2010cw!
»sks (Tison and Fransen, 1963) wusby (slo, S8 (slagy
2 b bt 5 (chaisjgb ¢ Ao (glo S (sl 3,Skos 3
(Taylor, 1968) 35 aslllas |y glate JSuuw dliss g 55 4
1y el oy Saele a5 039 (3Ll gl 5k 5 (o wmen
(5 ad gl IS5 L) ladijed o (e slo S8 slaj) o 555
Sl Ul sl s aie ol 53 (63,08 @l 4 g ool plol

C))9.\o LY cCMu.)YLj

doddo

e (08Y4) Jlo J1 U8 4 (10,88 (gl oo Lo il
e glo) S8 oy 59y 2 48,5 O ygo Sliding 1S )
Sloy S8 gl y o Sgyaan Bl oo My o IS (glaijed o

Ol @l @lye oSl e awtige 09,8 Hutih -

ol Sy yd sloojl g Ol= lyee wdine (655D (sgmmiily =¥

hdvhK.ael

Ol oShe e Sle oMol ol5T olKatsly .Sl sty .l pos 09,8 =Y

(Email: majedi@maragheh.ac.ir 2 gtane 0 o) — %)
DOR: 20.1001.1.20087942.1402.17.4.14.4


https://dorl.net/dor/20.1001.1.20087942.1402.17.4.14.4

VFoY 5T o0 AV Al (F o o eyl el iaS2) 3 6okl 4 i VAA

Oibot sl sl (Wormleaton and Tsang, 2000) wsb
5 Sl 5 S 9 058 5 ) bawgs oAl pll 020 o
-wl_: L;Lam.éhm u.ﬂ)lf ‘dl)"‘“" uw‘)ﬁl b as ua?!.w.n dl)&o.m
Kabiri and Ll o Lials dadcles adse 3wl Js 45 Casd
(Samani et al., 2010, Zerihun and Fenton, 2007)
SAodid oy g6 S (e Gl hlSes o (5SS
=0 )KS iy Db g5 0 0 sled g ca i Syl o e
(Crookston s gyl (Sg)id 3,Sdes )3 g Jolge 5l 4l
Lacclie (w5 gl Cae 52 el b (Hie (10,8 (sl o
5 U1 oLLSen ¢ 92818 (Carollo et al., 2012) w55 )8
oS ol (g gl gy SIS glaj) o dinte (S
9 90,5 e ) oy 89y ol s ileslnl (2> bl
D.\.‘»‘) .)L’>U‘ l.» um 9 ).:)).w aclod 9 o)]%.) )‘ @L&’M (.)")" l.,
pladl g8 de Jolse dgut0 41 oy aled g Waojlend 69y 32 (2l
ol Sl wlidss zols .(Crookston et al., 2013) wages
oxt el 5 o ol (sl 3 (52) i Ll L 0l
s Dabling,) (2014 a8 o lag i385l yaiwl Cous
23 Ol hlSen g gl by oud plodl (029 (imgh
9 3 Gagms (0 ) i 270 S50 (lo)SS a0 53 5y
ul—” l_mol Cw! J]j\ ul_:)> Ja;l)_.p Cs W"""““““’ j% duJ Fyp
Foye (2305 leasly oy Blpail 42> ioljal b sl
(Seo et al., cu! (h—‘f) Coas b camlize )] Hle 45" Wb o 0l

4 83909 e O (s oS isitnn S 2016)
&5 ol 3y Sas 59y 2 B Suw dasi 13U (slo S5 sl p
Sl il 8l b oS 8 )8 asecs g 3l )8 Gudod D90 1) by
{(Christensen, 2015) 1ol o ialS (6)350] oy da S
2 $5a Jsb Gl b Kbl oy 4 o) Ken g B9 3]
oon oS e JSb glaied (oSS sl Syge (23
wwp & ohKen g (gjoxe (Azarpeyvand et al., 2019).1>
5B Sy > (2t p s Elad U 2Ll
(Monjezi et al., Lzl thie (M b SISj owgd 5 Lls
copd ALl adls 4 )Sen 5 2y SlgSiis 2019)
(Meshkavati = a3l Jbasliy (glaisjed (slo S8 5y yd (22
5 gode daslllas 4 l,lSan 5 450,00 toroujeni et al., 2021)
cayd o o1 U g &gy b (f1oySS oy pe S 5 2Rk
Sy 2D 4o ghlSes 5 3gae aiby Gl (23
oM 2 GLeSl 5 Gl oo, S8 Jobo b ibatie (glo S5
J=B olsS oy 5aae 5| (Bahrebar et al., 2021) w58 o)y

L3l S)ge (20 Ol e (oS Waojle (] coy )y da g

0 )5S sayye (23 Capmd I (610,58 Gl 3)Shas (s L
Sl ol sl o )0 00,8 solatwl Jad 5y 03 4
ool olsis 4 gl Solislyum 6l gl lasg ond
wlsyls Hay and) (Taylor, 1970 54— ou blsd 50w (5,
9 l99)9 i (38 Sl Jse bl o]y 253 Ol gl
u_>‘)lo sl (e diwd K pitred (3ae ool )5 )l O?‘
=8 sadaly S dl")ibéf) b b UG Lgld‘iij)‘s:) sy
P ol S35 asb 49, 5 y3slSu] (Darvas, 1971) s4e5 1|
Sl Job S g a00,8 adlhe |y g 4l (tlie sl o8
Indlekofer and ) (Rouve, 55,8 cayyei L > 30 slos
s Y s gl 4 w0l s oy Sen 5 (gawls 1975
o By b jl a8 (s BB pslas lo)SS o)y (23
L SY g Galoun g u SY (Cassidy et al., 1985) sl
bbb Uos) 5 bybagas dayilesl aloxl 5 oalel Julow 51 oslizsl
oy oy ol 6,87 &) S S5 (1o SIS 520 sl
0P & sk a5 oy gl oy JSum Cani L) (23
(Lux, , Lux and Hinchliff, 1985) 155ge5 a5yl 35,
aliio glao,e j 45 Al olis Ol)l_ﬁo.aa 9 Jus1989
s (5loy S (gl & Cod (S 95 (6105 (gl
9 owds— (Tacail et al.,, 1990) s S o Jos yipp (S
cilisee g JS5 0 g S ¥ b (193 lo)SS o) oo
ol G IS Gy g 50 @B Jsb S5 (S b5l b
ol (S5 (Sdgpen )b gy €] 5 (ol 630 ps
Jor Sl sbjled gl g ol JSS @l JSS oy o)l
1o glajeypw 3)Sdas p bojiall ol pU (yp b 4Bl
23,05 yleassly 4 u il g aaly &1l ) shds (slaylages
CewdVl b il (ad (glajay o s (510)KST (gl gy poo
(Tullis et al., 1995) 15 o Iy (il 2l sles b dw cluss
0 )5S sy (P3lgn s 138l Sldgo 9 kel
dsb 5 ool sl & (S (s sl b dsglie )5 tlie 4
@ Ol p by b gli)] 36 adllas cpl 13 305 52550 g6
Wormleaton and) (Soufiani, 19984 >, ¢ v 351,
Sy (2o g5y y2 1) 295 Clillhe SSlus 5 (ygike )l
oy S 5y 45 By Ao cpl 4 g 10D pldil (oSS
oy Ly dglio 3 5 ol g e JS b auglio ) Llatws
o=l el e 0 e (dlen i 6 pVL ST s
S8 o e BYL L & 2008 el (oo (pidiiee
Js o el pl & b (9938 (e S 4 s it

= ke iy yd ul—’)" 93 wlaay J>"‘\_’ W‘)Jl


https://jstnar.iut.ac.ir/search.php?sid=1&slc_lang=fa&author=%D8%A2%D8%B0%D8%B1%D9%BE%DB%8C%D9%88%D9%86%D8%AF
https://jstnar.iut.ac.ir/search.php?sid=1&slc_lang=fa&author=%D8%A2%D8%B0%D8%B1%D9%BE%DB%8C%D9%88%D9%86%D8%AF
https://jstnar.iut.ac.ir/article-1-3735-fa.pdf
https://jstnar.iut.ac.ir/article-1-3735-fa.pdf
https://jstnar.iut.ac.ir/article-1-3735-fa.pdf
https://jstnar.iut.ac.ir/article-1-3614-fa.pdf
https://jstnar.iut.ac.ir/article-1-3614-fa.pdf
https://jstnar.iut.ac.ir/article-1-3614-fa.pdf
https://jstnar.iut.ac.ir/article-1-3614-fa.pdf
https://jstnar.iut.ac.ir/article-1-3614-fa.pdf
https://jstnar.iut.ac.ir/search.php?sid=1&slc_lang=fa&author=%D9%85%D8%B4%DA%A9%D9%88%D8%A7%D8%AA%DB%8C+%D8%AA%D8%B1%D9%88%D8%AC%D9%86%DB%8C
https://jstnar.iut.ac.ir/article-1-3928-fa.pdf
https://jstnar.iut.ac.ir/article-1-3928-fa.pdf
https://jstnar.iut.ac.ir/article-1-3928-fa.pdf
https://jstnar.iut.ac.ir/article-1-3928-fa.pdf
https://jstnar.iut.ac.ir/search.php?sid=1&slc_lang=fa&author=%D8%A8%D9%87%D8%B1%D9%87+%D8%A8%D8%B1
https://jstnar.iut.ac.ir/article-1-4033-fa.pdf
https://jstnar.iut.ac.ir/article-1-4033-fa.pdf
https://jstnar.iut.ac.ir/article-1-4033-fa.pdf
https://jstnar.iut.ac.ir/article-1-4033-fa.pdf
https://jstnar.iut.ac.ir/article-1-4033-fa.pdf
https://sid.ir/fa/journal/AdvanceWriter.aspx?str=%D9%85%D8%B3%D8%B9%D9%88%D8%AF%DB%8C%20%D9%85%D8%AD%D9%85%D8%AF%D8%AD%D8%B3%DB%8C%D9%86

VAR gloploms g gloploas; g0 o8 b (gle 508 sl sy (Sl o (S dunnylio

9S> Ay Camd SVM s cslio (Bllasil ] g,
(Mehrietal., 5,5 4ol 1, SVM Juoslj By g ad s
Oy ulol_gu duw bﬁ)l_f O])K«m 9 d.}?l.c 2018)

Ol 99535 (pp |y (lte lo ) ST sl (23 Gupo
S (gt 0 oleidy )by esle by, il
N ol 93 (rolio sl 3, 8os 55 e (glo )5S sl o
Majedi) (et al., 2018 >, 5 solatwl wlie 3)l5 0 ;3 g, 0y
Stundil 305 b 0 SYM o2)s801 5,08 3135 5 a2 le
Siae] Gas (e Sl S350 ey |y B Al S5
Eom A ,d) ilizeo  aBiulojl o3l (g pu VFE s a0l JIL]
dy9-0 oy 5 cpile 5l edlil b (cglize  aBislejl bl
9 by, (Majedi and Valizadeh, ) 2018 8,5 ,I,5 [l
0) 58 (swgd 9 10N slojoypw (23 upd S & oo
sbaodly aulio by g sy gl ) (igm )55 g b !
wle Jao olgie 41) SVM Juo 0ad (i 9 (2]l
a0y o) SIS Slagyy ) (3 oS o s—
gy ol ploal ims}y 5> (Roushangar et al., 2018) wsges
GEP wioiign by sln Jacs jl osliil o )San 5 sobo)ly
Silwdiely (b pd gy (23 <o o MARS y GMDH

dy9-0 3 ol )LSen g oLy g0Y 43 (Parsaie et al., 2019) wsges
2 Jib s adaly oilu s slp diodign sl )6l 5,
@l 9453, sy (b g 1o SIS Sl Gyl Ll
2 e 3 Ses GEP & Cowd 335w 90y 50 SVMab L
ohlSen 5 ,legs  (Fouladipanah et al., 2020) s> o i
5 Bl Sygo an]) gl WS lajy e (23 o
Logl ptmgiy (saomd win)S (il oble (bjgel o225
25t rmble Ghigel (sl oS o Jlws €l Sl
Sladiz jlas uiwe o)y 0pe) 3 (o, K8 Slajay
4B)S 58 (e g i Dy (i g (Sgyaen il
claal Sowsl o) Ken 5 ca2lo .(Kumar et al., 2020) .l
oile gy 3l eslil Uy Ly ayly s claseto olulyy s
o V5l pghte cps ol Sdngly cpl didgel ooy sty
lpgyd clooals 5 S ol oS (clofy b 4 bgnye 2l yoxo 0l
25 L (SYM) syl adle Jio gl g L3gas oslizul
dlio (s foew)S) Jae 5 (GEP) 0 ol sisaelip
loslawl b o)) SKen 5 si5lo .(Majedi et al., 2020) wsg0
lajayp)d (23 cupd (moby doke lp 9 03> sl
iz S gl > 25l plol e (5S35 5 il 28
(Cd) (=3 cope (it 1 GEP 9 SVM (sl )5l
5 (RLW) st o 5loy SIS 335 PKW) (55l 8 32550

)1 u_am 0d94 e uuLM:I)) LS)L"'—'“’u—’ u.;_nm 09»5\_; s
b SSLsS Lulyy g aishy ggdge nl ooy 0 5] (gl it
P aS coias Ghsa sla Jus Lledges &) iz baylyi o
5 S599900m (Slbpiuns ) oy (dad d gloosyy (gl e
Lol 5,,L8 aals )3 5,58 (S50 4 cdigas o ool O wlio
Jolis Legiimn oo s Jre cpl 5l (oolaws 8] 095 oo o
llog du i 9 silwJde &ly g (Eouas uas oS
duuﬁg) )1 oali !l LaSleas 0y )KJJ & wl)m 9 uT @a«)
B9y Olye an Wlg e platdy Yy gedle aSle p 5 Olwlxe
-dad g Ol Cles 4 75 sl Jdo g babdlee (gly
Ol lod gl d92 gy utie Blao 3 las Jy5 3] sl
g odmm slooddy oy g iledde ) (255 Cobl b s,
oolasul yid Judo loalsy L dg5 3l awdine Plue (gjlwdiins
@ole slasg) g 1S58y g djm 25l diadgn slo s ||
Jse 3l o hlSan g plulS ) blaus sl o diadign (sl Jio a4y Cans
ol aile )9S )3 (gladg> Cllgy (Bl i sl SVM
S b)_ﬂo.c SISVM Jae oS ol ol Lmoi Gladsd g .\33)5
(Sivapragasam et al., a_sb o jl3)55 5 ANN g, 4 Cuns
JJ._A l_: ]) M9> ‘S?. » uug) 9 U")L‘ ul)&oﬁ 9 9.)‘)9.) 2001)
(Dorado et wages (gl dud Su5 (g3 4ol p g (mac 4
poe alale o iay coa SVM Jus I e al., 2003)
353,5" edlawl P bl j3 aBly zuyed ailBdg, Blee guw)
L ohlsen 5 JLsS 5 o, Kan 5 4l cuolas.(Cimen, 2008)
(egman sas 455 g ANN GEP SVM) s, 5l osliiul
e el St Sas 5 (Sgyn slaofls Sl (S
Ohey 4S5 b Lt g edged (ot altalef] Juo G 5
= L) 2 Slaby) & Cand 653D Gnitn 38 sl
(Goyal et al.,, 2011, Azamathulla et al., 2003) . _a>
S yo iy 895 2 Gl (23 5 lp (Bl g sgmle
slagall 15U 5 wsges ooliwl GEP Juo ) bsts lie
53) dulle g gwyp ) Ol (23 S9) 2 (S g (e
e O (93 il S5 syl Jue 3 3l Gl ol
Abbaspour and >)ls d559 Jio 60 o i g (Slelie
S s pyS Jis 5l o)L 5 S (Aroonghi, 2011)
S ol o (st cle (FALSVM) gty oy oeile
5 i>lo (Kisi et al., 2015) 455,5" oolaiuwl deogyl a2l > 054,
au by odlaiwl sl |y SVM 1,5 S 5l eolawl ol (0VYg8
Jaie ysie cpiis o aBilej] atwly puiio a5 Slagjlo
& e -(Majedi and Fouladipanah, 2017) wles,S ausgs !
ooz ol (o cerd 33l Gl SVM s | oliSan
s 150 ool i8e5  (oylol (slaasis > ogile WIS



VPe¥ LT- po0 IV > P o ylos oyl ol (ouSp 9 golol 4 pis VA

14.6 (o yio 1.2) claasetio b Jlates altylefl JUS
sbaaind g Vs 0l Sl (Goe e 1y Jsb s
b JUIS s sl o S5 iS5 nylgy gl Sy 51
Fob cad adlllae pl (gl 298 00 @l S (Sl S
1oy 2y o b @lals (Bl joka 45 Sped (JUI S
Folo 30.5 53 jio 2.44 Jobo) (8l p )3 iy G 59y 2 (B
(HDPE) YL, JLSo L (Sswodly olsl 5l o sl (el
ol by a o e BB eoVed slaal (gl 48" S cuns
ot (te (oo 20.4) (Bl o B g ccuadi Sl 92 ke
oS CandVl D a0 7 i b0 244 Job 4y oy S5 0G
oly b 1368 g JUI G oy bl Jlil olSel gy 045 s
48 a5y o (63Y9h uShan o 4 1) Ol ol S 9358 o
37509y bl g ol sl e Ul (3L ()18 Lo (&)l
Soy = oo i S bl S8 UK 4 ) cales,
&b b e ey (Hr) JS o )l 5l b (5l S8 (sl o
5039 dn 09 (C) jopp 0l oy g sio o (L) oy
2 $o slayially (1966) (y9)iia 1ol oo Cund & (1) abal, §
G900 dm Olo—oo |y 1o, slagay w3 Ol (23 cups
g (Y) n ala,

2
Q=2cd,/2gLH} ()
Cd=f (B, L, Hr, Hd, P, R, CR, Na, N) (v)

cua 5 ol g sy & JUS (550 (B) (V) el 5
Y 3 by S5 ae (Hr) oy gl Job (L) 00y S

h+1v®

Cosly 3 ol IS 38 (HO) « (Sm) s o il o oy
slo gl (sl S sl plass (R) ciaypos L)) (P) <oy
oA Ojpar Slgi e &S Ry gU JSE By el )l (CR)
9l 9 Sloples « Sy U Sess sbagld L (loph @) «dlo
o, S8 slogs ) > by ass b5 KB eanles (Na) sl
wld o (LB 35, Ol iRy ©ygar Blg e 48 ol

5l _o b S 3115 (N) 5 15l 3 piiane b ol ool

5 Slo ey g JSB L lo )5S oy 1 sliges V S
Wl odd 03Dy LS 5 cui 4 loples ZU

GQKM’;JLA)T slrodly degezes b (TLW) d]dﬁjbs o) XS 5y puo
5 2l (Majedi et al., 2021) s L)l oo (g9l aon
Sbgyyw )3 (23 Copd Gnubn 5 Al Sl oyn & ohSes
Iy ele (685U il 5l eslar ol Ly (g8 (glo, S8
4 o) Ken o ol (Sohrabi et al., 2022a) sl ,(SVM)
1oy 6l japp 3 (23 S S O 0 sy Sl o
GEP 5 ole si=yaobyp (61500 il il eolawl Ly wed
4 ohlSen 5 bsle a0l .(Sohrabi et al., 2022b) sl
D9y L (B oy SIS Ry (3 o pe bl g ilede
.(Omidpour Alavian et al., 2022a) x5l Qnet  Ja .l
gy (Sdgpip hLS awlio 4 ghlsen 5 lglke gl
sle gy 5l edlaiwl b (glo e 5 (sloyplba, zU py8 b (o, SS
Omidpour Alavian et al., )i sl (QNET) Ji .l
Sg oS awlis 4y ol Kan o sl jspa0l (20220
Sloslaiwl b (gloyloas 5 (sloyloasy 2U )3 b (510, RS (gl y o
(Omidpour Alavian et al., sz, (ANN) Juelp g,
i bey e L el il s o) 5> 2022¢)
U e b bt gt bajaype (2 cupd O slp Sgias
] 0L WX 9 MLM (5“’).’.")&‘:5 9 (5“’).’.")@)

sy, 9 2190

P umli_wln)i sleodly gl (gduglie (idgh cpl 5l Ban
ANN SVM (slagis ;o 5l oslitul L) eouns osn I ool
0 )5S Sbajayyw 3 Ol (23 e pd w5 (QNET 5 GEP
9N €83 (bl (izmen 9 slopbes 9 Slopba) gL &
L ol aalio 5 )bl cslajal)l l oslizl b e gtias (Bom (sla
claosly 5l adlie ol > ool aBlilojl claodly (¢ yw zuls
ool Uiy ol Lo olSialeg] )3 (2010, (ygiaS]S sk
SilwJics (sl UKl 93 5l Layiolojl (5luiloly (lp g ond
LS sl Mt JUIS (ol 005 oolial o b
el o S Sl 55 S S o30S

s JUE Olunwls

((2010, (ygumwS1,S) sloylagsy U S U (10 558 59 5y 10 (610331505 U JSS b (510,508 39 5 g 2BT) (610,508 (g3 5 yaws =Y JSU5


https://civilica.com/doc/1636668/
https://civilica.com/doc/1636668/
https://civilica.com/doc/1636668/
https://civilica.com/doc/1636668/
https://civilica.com/doc/1636668/
https://civilica.com/doc/1636668/
https://civilica.com/doc/1636669/

VAY Lol g loploas; g0 o8 b (gle 508 sl iy (Sl o (25 dunnylio

e - ooy e e (BT Le .
LS‘)J. _\M:L)L;o dlo).i.s Py cb » ujlm 9 (?TSW ‘(1) u9‘.zb..o

mp 0 jlealatal b (61o)SUS” 5y by (03 g SlpsS (o) 0
Js) 52yl el 015 plos] (QNET 5 SVM ANN GEP) !

03y9l (1) Jgd 1 &5 dl g S 5V ol 68 12 cpgus 5 0

Sl 04

oy sl oAb () p gyl du Egeme )3 348wl

o3l (5 TVA Sl 5 (Cd, L, ) sla gl Joli 5 le
gl 9 031 (5 pm YAV Slass Jols po> g92)lts 5 Jsl g2 )liw (12
FAY Jols & (pg3 9 Jgl s )liwr ggome) Waodls pleal Jalis pgu
p3lde (pgw 9 p93 o Jgl) gojlicwr (s gl il 00 03> (g

(QNET  SVM ANN GEP) (saJuso & by po pgm 5 095 cJgl 52 )l (5399 Wliio OS5 - Jgoa

JEVPINERRE S 5
Hr I .
Cd, 2> %W VoS
H
Cd, _T’ .
I s
t L .
Cdv Fv w Y u.».{);
L

Cd, a, Ec ¥ oSy
cd, % YRS
Cd, o 14 u.».{);

L
Cd, o VoS

S dae ol yo el Sy slaei )6 S 51 slasLs S
(e o3l (5 gels sl (yidgs slp SuF slapisN!
29> 9 Nmd (6540l p (sl lidlu b pxio cls pl jd g4
S5 daly 50wl Lidlaal 4y iy 50 4l p oUlg lise
(e 04l pojgag)S &S e3g (Bolai glagas Jold Cumer S
«Bid plde 4o Cos Wapgigag)S 5l S (S5l &l g 29
Copmex M 5 Ol Syl 53 Ao yo (gl 235 o L))
oy Sy imyaceliyy Jie > il o Lol ol 51 adsl
) by gla e 5 calisio gla it | JSiide (555 0us0lS
sqart dog dan €os sin x &) Slilie g b, @l g (/ o
blgy @ygio 4 K3 (e 4ol 09 0 cpess (POWET N
2 e Dy 5l (S 2980 03l aled (553 Jbdge 9 (5L,
aS cwl u.l>b|) uﬁl.s ‘u] Gl 9 Cawl d’")‘)" é’l-’ O c(GEP)
dos (295 4 e lad o ojlal 4 (3l 3)lse (eled sl

33,5 50 (b))l @9 0400l 15 S50 3590

(QNET) ,1331 0 5
N33 25 Bl )3 oLl 3)90 (slayl3l o3 51 Sed (S
Silw i Plus J> ol LmoT hl g (e &S gl Jo
b oo 4 QNET 133l e 55 9315 3529 (yo 3 5 (slaodls

(SVM) oyl 1539 yamilo

(Vladimir = la_wg YA8Y JLw 5 4 Jsl SVM 0,5 S
OlSed g (59 bwg VD Jlow ;3 5 00 gl Vapnik)
e Sl Ll 0ad 03l e as e ¢l (4], Corenna
3l ogd o (giidiwd o N Laseis slapn Nl sj» SVM
iwdiwd b oS jasis 4 5l &S ol ya ;0 SVM i,
5,558 0555 3505 o3l lg5 oo Al o (sla WS )5 Ll
Doj9a) ©ygo 4y Niedod sla ybg, el wile 4 SVM 63
=0l I o Loy i 1) b o (TeSE) 9051 ¢ (TTaiN)
ygn 9—0jl (slmodls b aliuee > oles 55 cond odls 340l b
@YU (23 mess <8 1 Gy 5 gedle X5y (0 )8 (b))
e I La S (chd pigle (58 LS cuwl by
Amd o Caundy |y o JBlas sbul cas awsls @Slis b glasans
Sddiwd Glio 1y dlol oy 5 i &S (gloasS KS& axan
sodly 1 35wl 0uiS S doro (p pipg bl audly
GBan 29 0 030l (latiy oy oS SSE amio 4y gl
90 0 35590 slaodly jl oS cul s 8l luidy jop opile
Sy (0S50 Ol 4 b a3k L 1) alols o 5 i oIS
b awsh 1y Sllee

(GEP) &y ol (s 324U
Syl b gl (VAAR) 1) 8 bawgs (45 olo (550,200 0



VPeY bT- po0 IV ol F o ylouds oyl ol (a2} 9 ool 4 piis VAY

1wl o oalil
(DC) et ot 5 (RMSE) Lol (:Sile g0 535 =)
Zoye 9 0dd (i g (Shalie polde (p (Jod  Stuven b

N (Cda—Cdp]“Z

RMSE = ;':1 N (\ﬂ)
_ . SYcag-ca?y?
PC=1758 cartony (%)
N (cd®—cd®ycd?-cdP)
RZ — ( E::_:l(- i ) i J 2 (a)

JEX (cag-zav) T (ca? ~CaPy
& copo iy 4 N g Cdo Cdp (sla el )b YU Laslg, )

Sl ylire .l laoald slaws g oy o (Slialie 5 0dd o o
g alre geil 5 G5isel e sl 58 ssbel

o duglie oS cpl jl Ban b ly M3 & sk len
Sleasd (Cwpien (0 oo b aRiljl slaooly mls oo
43l (QNET) 5 (SVM) (ANN) (GEP) (lap )5Sl
5 n dw )3 le () (1o)X sl o 59 3l rgee Gl
St 1205 552 ol o S el eg ol ) 3l o o
(1) adslae 3o ooy (cmgas atslao Sl (25 oy dlne
Do o 03l

QNET (g,
jlesliwl L (DC g RMSE R?) (s,Lal (sla el L Y Jgas
Syl 4 a2 b Al oo gyl aw po (sl QNET lj3la 5
Ay 4 Caad gyl dw yo ,d (V) oS 5 1 ol vy (6Ll
5 Jol g2 )liw 4 do il .owl osel Cants (g pglae Olgy LS )5
iR s g2yl 4 S ool Candy (glol (sl alyly olie pgd
S5 &l Jsl g2l 4 bgyye DC R? RMSE 5lie il 0
Ly ol jlp i @ 0geil g Ghisel csdlopo 99 g 1 S
w5 5 [ADFA [AYDA o[+ FAY 5+ [AAFY (/A5 o/ oA
Sl 93 2 Gl (o) oS 5) S5 nyip 4 bgye g g2yl
9 +[AVAY +/AVAY /YA L ol oS5 4 gejl 5 Lbjgel
l_g )_gl).g ey Ay pow %)Li_w JrR) [N Y o [AYYE o[ 05Y
Nl ‘/AY’;; 6’/&YAQ "/';A' 9 ‘/QAFQ H/QAV’ ¢ H/’\;A
Sl gyl yo 3l edel Conts gl dbgrpe Jodo ,d s b il
5393 b (Ul by g b (slo, S8 o) p) Jol g2l 45" a3

A8lioo pow 9 p9> o)l I i

by S L (gtine 5 s (glnylS ol Ul 48 sl 0
il g 58 ) (s SloaSed oSS g M8 (sl 005535 158
Se B9 )38l oyt LI 1y 009, Bluwe Jo gl s
o0 Vb sl o bl o s )Ll g (nas (s5lo e i
L s Sl Bl ol 08 oo aseds (gl ignpolS’ 03
S (b Jidle o I8l 5 pl s dga5xel 138l 5
5ol sl oS cm o 41, oy (sl M55 (gl cdh by
sl jo 513 on 03lital s L3l Ly At B398] w9531 |
odsto Jbjgal Gli by Vb ey & G0 (oras 45
3 e S 2o A Jin olas sl ] S Cand
Gl L6 slacs acgesme doodls (Ll S i dng ¢ Ll
L oSy il 3 ol Wl U1 o33 el Jae 500
o)) oles Ciyd D93 el a8 Ll ¢ a8l slacd] Sl ool
ok 52 454 Jan 5395 5 bl oS 301 4y 3
Ohig=l 2S5 IS8 Ll 653k ey S5 a5
Lo b o Como by ddxie (yojgel (slapi yo3) S
0059y )5 (SLad & (gnas aSud s Jae (o)L (2Ulg (oS
41y QNET lisgas oyl plos 3503 0,81 005 03 Jlto blawo g
olil (gl (e 4SS I3l p 5 cp Sl g cp Sied 38 lgis

Cawl 03,8 has

(ANN) Eginns igd 4Ssd

Sl 2 4 (LB b Gl (025 laodls g9y GBjlx L
$3U ) Jas pl 4 &5 05 o Jite 4 jLd L 4 1) laodl
Sl S (S e 6L U5 Sl 0sS o
ook g Cawl Jialasio 3,5 ol Wilgy a8 lailobs .l Kiadgn
S¥olae g Pluwe 3)90 )3 Sli ooy ecnlpls 29800 $52y4%L 0
e gidolyy il SaS @ el oyl ) asl ol B
S s (ygy95 diled Wilgi oo &S D0 o (i (glodly Hls b
ol o (g Syl |y 395 o &S 6,5 o3l il ol 4 &S
JLd el 9o gl Lo, 5 ine 4l b dladls ol o e
JL o g wis (io L (el 5) JULsb pf o (S0 b (0dg))
L esla Ly il s <o sl (1805 o b b i)
e i JUb i 0)5 (355 Jld b S0 o8 cage ke (g
e by Jlb é 1) sam Juate 05 (ite g b slaJl 5 w9
S (oo (18l 0392 S &S ()90 1)

3 les 2L,y b asls
5 byl Sl LaJoe o) obs)) caa Guid cpl



vay

wslop I g slop oz, ZU o8 b (5lo )58 oy yuw (SS9 it (2515 dos Lo

(QNET) Jao 5152 (p9w 9 095 «Jgl) 92,bm 13 (23 0o b o (8132 (6399 Moo OS5 b3 )) 6 )lmo -F Jgaa

Jsl 52l
Train Test

DC R? RMSE DC R? RMSE S5 el
<235 .[aas. oA NIV -[afaY o[ FAY VeSS
<JaAY < JAAYY o[y +JAYAY </ayea -0y YooSy
A - [AAS ofeqs NS - [AYSS RYE VS y
ALCN NALUN NARY\¢ < ¥V¥0 NARAR HATE ¥ Sy
< IVO¥Y - IVoF- o[ 5¥Y ¥ Novy WAING 0 uSy
ALGYS NARCYS VAV ALY .[535 SAAYY 5 Sy
VYT Niaird NARNGS VYA <IEAYY AR Y oS

P9 92)lw
-/avay -/avay YA ALY <IAYYS o[- 05Y VeSS
<JA¥VA < JAFAN o[y <vavy VEVE -/\vay VuSy
- AIYAR < JAYAR o[¥eR -JoovY SIS¥VY o[ A AVY Y Sy
<IYAYY <IYAFA AYYY YIAR N NARAL! F oSy
<I5AY. VAR feAes Y/A¥Y Nirard NATYS D Sy
< ¥AVY < IYAY yvYY V/2aA] < [SYEA WAL $ Sy
I¥VY SIyvEY JAVYY < ¥A < [55EA AR Y Sy

pow 52yt
- /A4 - [3AY- JAEA -IAYSS -/AVAD /P VeSS
< JAVYA - [a5¥- Y < /AYAA </AYA <[5 YeuSy
-/a¥ay -[asay RIS <AV +[AVAY -[-030 VoS y
-av-Y NN <[5y JJ¥sar NISAY g F oSy
YAV IYAVE J\YES -/\oay izl s 0 Sy
-Javyy -JavyY o[asy <[¥SVA -favey SANA 5 Sy
NINZIN LSSV YY) NiiZa% INERS ARAES VoS s

)b s yiah)b QNET Jao )3 (6lo)S08 o) p (03 oy (s
. (Hr ;
Al oo (p ) S &

SVM s, s
5 osliul L (DC 4 RMSE R?) (o)Ll sl gial,l ¥ o
slayiehly @ 425 b Adbe )l 4w po (1 SVM I3l 5
Ay 4 gyl dw yo ,d (V) oS 5 1 ol vy (6Ll
9 Jgl gsbiw 0 a3l .l odel Cands (g iglhae Olgy SluS
i o gyl 4 S ool Cudy (glol (gl ialyly polie pg
o5 e Jsl g2k 4 bgyye DC RMSE (R j55lie il o
L el jolp s (el 5 gejl g8l pe 93 2 53 S5
(’}:L_.u 9 ’/ﬁ,\‘"‘ "/'\A; 6’/%%’Y 9 ’/QA’\ n/'\/\V H/QAQY
e 93 2 Gl (o) <o 5) oS5 npip & baye g g2yl
9 +[AVAY o/ YYF - /AVAS L ol oS5 4 gejl g Ljgel
l_f )_3‘).3 ey A pow %)Li_w P9 “[AAYY o[+ YAD - [ANRF

5 2Blile] clamodly ST 4 basye (sl loges ¥ JS0o
(sl o5 5) <o 5 i Gl gl 4 5 el 003 St
—alatly 51 ol ((R?) poolie .ol ond ooly Lt g0l (sl yo 5
9 u.mli.wuln)i dlbo.}l.) )JJLM 99 (2 u9.Uaa )Lu..u Cdd l) u.\ab S
Sl pow 5 3> gl gslim R yalie b0 00 iy
g IAYYE QXY 1ol o a9l (gl o (iiSTy loges
po gl 1 5 iy (Ktlef] LB &) Cond 0sd i
ol 03,5 5yl 268
01 03,9l )i a2 & bgypo Cosluo LT (¥) Joao

S qy
Gl L 4S5, sk ol 005 duwlee R? g RMSE (s ol

i s %o slojially Gis b aulie )3 igh ae(7T)

@ glapell Bl b dbgye Joio 4 e bl

2 el ()5 e g (n e 980 patude I a0 )]



VPe¥ LT- po0 IVl P oyl oyl ] (uSd) g gyl 4 ot VAY

Adlior LS Loy
015 03y] g2 lies d y2 &y bogyye Gl LT (5) Jgu
oo,y Lo (%) Gis b dbgyye Jas 4 53 by .l

5 O S5 pasde 11w o )] (550 @l o Le]
U e L 1oy S sy (23 Gupd e 3 Jiell (n e
I8 2l )k s 520l SYM o 5 (gloploss &6 5 sloloze,

m e +[ADF [ YEY [ABVS o +[ADYA ¢ o/ VFLY (o [AOFY
Sl gl o 3l osel Cnds ol dbgrye oo 5o cdd b il
399 B (Ulo by g b slo, K8 2y pm0) Jol g2l 45 30
ABlioe pow g p9d )l Sl i
5 A ilejl slaodly (iS4 bayye (slalses ¥ s
(sl o5 5) w5 G Gl sl 4w 52 el 003 Gt

Mbd (ﬁ) -dja.g‘) )I OLM: ( R ))ﬂJL“‘ Ll 045 03 OLM: L‘)}o)‘ d4l>).a )
i 5 pElol cloosls yalis 53 e sllae Jlows B b s ¢
Sl e 9 p9> gl gyl R ol bl o 0 (i
9 +[AVAS < JANAY ol b e ge5l sl e iy Hdges
—O— Experimental Data
1.0 Test O— Predicted Data . Test
0.8 % 0.65
= 0.6 @ g 0.55
0.4 7 £
0.2 F
0.0 % r T r T T T )
0 10 20 30 40 50 60 70 0.15 0.25 0.35 045 0.55 0.65 0.75
Number of Data Predicted Data
—O— Experimental Data Test
1.00 O— Predicted Data 0.75
0.65
0.80 z 0.55
0.60 1@ g 045
51 3
“0.40 g 0.35
0.20 g 0.25
0_00 r . E':'.].Sllllllllllul TT T TTT TTT L |
120 0.15 0.25 0.35 045 0.55 0.65 0.75
Number of Data Predicted Data
(<) ()
Test —O— Experimental Data 0.75 Test
1.0 O— Predicted Data -
g 0.65
% 0.55
s 0.45
E 0.35
Z0.25
0.0!" T e r —— O.ISII T T TTIT TT TT 1
0 10 20 30 40 50 60 70 0.15 0.25 0.35 045 0.55 0.65 0.75
Number of Data Predicted Data
(@)

9 (<) 9 92yt (A1) Jgl 92 )Lww) 92 )liw duw y2 41 boga g0 (90T (sl o 85 (S Hiy 9 (AU LojT (gWodId STy jlages - T JSWS
((2) pgw 92,0



vao

wslop I g slop oz, ZU o8 b (5lo )58 oy yuw (SS9 it (2515 dos Lo

g *JAAYA o [-Y Y < [AAYY b sl ol e 5 0 ojgel g (905
U ol i )5 4 pgd gl ol g /A0 o/« FYY o /AVIY
JERPIRYAYS o SRVRS SLURRVLN'AN SRPRYLV SURY IS ¢ o GRVLVA YN
g [ASED ¢ +[SFY [AROY L il o A pyw gl
Al o JAVYY co[+YVe o [AVAS

(QNET) (g, 43 (9w 9 295 cJgl) 92 5tww 43 bgs po Sl 3JUT ¥ Jgu

Jl 525l
Test Train Gl
DC R’ RMSE DC R?  RMSE i\ ”
Ar L
JABSS [AYOA +/FAY JAREY /R85 el - O
L, Hr
JAVAY /A ./ovF JARY JRAYY /Y = =
Ht L
JEEARCJAYES L[V JRASY oA efeeAs a fﬁc
H
JEVED VY- /\0D- YRV /YRR /VeAY r ko
P w
P> 52l
Hr L
JANVGY O JAYYS ]easv JAVAY  /AVAY  +/eYeA - S
H
JAVEAREVY WAV JREVAGAFAY +/eTYR 'I:TE ?T,a
Ht L
JOOYY [TV +[AVY SAYAL -AYAR +/eYed o fﬁc
H
YA L[5vs YTV JYAEY CIYARA-3YYY = =
Py 92yl
Ar L
NS c[AYAD  +[-SA- S[AASR ANV [SA - AT
L Hr
JAMAA SAOAYA -/-50- JAAYAJRAFe /o AY = =
Ht L
JARRYGAYAY /-0 JAYAY AVAY/eYY o fﬁc
H
JERRY A G JOVEY JOVeY feasy = =

GEP 89, b
5l osliwl Ly (DC 5 RMSE R?) (g,Lal (gl yial )y & Joi
sloyiahly do dogi b il oo gl aw o (6l GEP ISl
Ay 4 Caad gyl dw yo )0 (V) e85 1 ol ooy (6Ll
RMSE ‘Rzﬁsl_&n el odal Cands (g pglae Olgs LS )5
el y0 93 52 53 S 5 oy sl Jgl sl @ by e DC

(SVM) Jso &2 (o9 5 093 cJsl) g2 )Uw 15 (013 s b o 12 (5399 SliSoo OLeS 5 (25! (51 )lire —€ g

Jol g5l
Train Test
DC RMSE DC R? RMSE S 5 gl
SJAAY- ./a4-Y Ny </AA- </aARY <[ \AY FreSy
p9> g2l
< JAAYY NLYLY I VAD -/avay -/avas JeYYE P oSy
pow gl
NLYNSS NEYN L2 <[ YFY AR - 1A0FY +/+¥¥F) FreSy




VPo¥ T- pe0 VY Al P o yloss () o] (SR 9 (5 yLeT g it

vaz

Test O— Experimental Data Test
1.0 O— Predicted Data 0.75
=
= E .
ans T e A R
043 % % E 035
0.2 c¢] 2 025
D.DI' Trrrrrrrrrrrorr T TTTTTT T T = 0.15|||||||||||||||| T T 1
0 10 20 30 40 50 60 70 0.15 0.25 0.35 045 0.55 0.65 0.75
Number of Data Predicted Data
(<)
O— Experimental Data Test
1.0 Test O— Predicted Data 0.75
2 0.65
=
0.8 o 6 ‘@ e 2 0.55
8l].ti % %m%& @ ) £ 0.45
0.4 % @D E 0.35
0.2 E‘ 0.25
0.0 0.15|----|----|----|----|----|----|
0 10 20 30 40 50 60 70 80 90 100 0.15 0.25 0.35 045 0.55 0.65 0.75
Number of Data Predicted Data
(<)
Test O— Experimental Data Test
1.0 O— Predicted Data » 0.75
= 2=
0.8 . ® = gg: R*=0.9542
E .
506 p @ ) %%‘bq ? £ 045
0.4 %} @ ‘%&% £ 0.35
0.2 © £0.25
2.0 +—r—r——r"r—r—r—"rrr—r—rrrrrrrr—rr 0.15 171 T T 1
0 10 20 30 40 5 60 70 0.15 0.25 0.35 045 055 0.65 0.75
Number of Data Predicted Data
()

9 (<) 9 92 5tww (A1) Jgl 92 )tww) 92 )Uw A 32 1 bgy0 (903 (sl o 85 (dw Hhy 9 (AU LojT (godId STy jlages - JSWS
(&) pom 925l

(SVM) (g 42 (g 9 293 gl 92,5l &1 b2y Sl JJUT1 -0 Joo

Jsl syl
Test Train i
s 2 c 2 S
LS R®* RMSE LE R* RMSE  jlb
Voo JEASE /0 Voo ISEVY o[-AR . koo
P w
p9> 52l
A <[$5YY VAN A NINGS ST E E,a
P w
pow 92 )l
YooYy Yoy YoYEYE ATV Hr koo
P w




VAV Lloploms g gloploas; g6 o8 b (gle 508 sl sy (Sl o ()5 dunny o

(GEP) Jo 812 (9w 9 293 cJgl) 92 )l 53 (023 s pd (ot (852 (6399 hliseo LS )5 (b5 ! (s ylino =1 Jouo

Jol 92l
Train Test
DC R? RMSE DC R? RMSE S 5 gl
+[AAYA < [AAYY o[eYeV DAV NA\AN <[+¥YY Fp S
p9d 5 )lw
NAVS < [AAYA <[-YFY - [asFY < [avyY o[Ye P oSy
Py 92yl
< [AFFD NAYINE R <IAVYY <[AVAS B 4a Py oSy
Test O— Experimental Data Test
0.8 O— Predicted Data 0.75
gg g 0.65 R2=0.9713
0'5 2 0.55
= 0 E
< 04 E 0.45
o3 £ 035
0.1 2025
0' 0.15!""!""|- L T T T Lo |
0 10 20 30 40 50 60 70 80 90 100 0.15 0.25 0.35 0.45 0.55 0.65 0.75
Number of Data Predicted Data
()
O— Experimental Data
0.8 Test O— Predicted Data 0.75 Test
0:7 . { _0.65 R*=0.9713
0.6 Z0.55
=03 3 0.45
2y £ 0.35
0.3 EO.
0.2 E 0.25
0.3 I:['.15IIIIIIIIIllllllllllllllllllllll
0 20 40 60 80 100 120 140 160 0.15 0.25 0.35 045 0.55 0.65 0.75
\-“mmmata Predicted Data
(<)
O— Experimental Data
0.75 Test : 1 Test ©O— Predicted Data
0.9
E 0.65 0.8
a 0.55 0.7
= 0.6
= 0.45 832
£ 035 3:3
é‘,_ 0.25 o1
ED-ISI""I""I' T T T T LE ™ 0 -
0.15 0.25 0.35 045 0.55 0.65 0.75 0 10 20 30 40 S0 60 70 80 90 100
Predicted Data Number of Data

()
9 () 293 g2l (A1) gl 92 5Uw) 925l Ay &2 bga o (9051 (Sals 50 800 i 9 (PBWIlejT (slaodl> STy yl3905 — € JSS
((2) oo 925t

—dayly 5l ol ((R?) polie .l ond o3l Lis g0l (sl po p 5 2Bl claodly STy & bgye slaylages ¥ 0o
5 slejl sloodls palie 53 o Cgllae s B L (s (ol s 5) S5 i Sl gpliw 4y sl 00d (i S



VPe¥ LT- po0 IVl P oyl oyl ] (uSd) g gyl 49 ot VAA

U Py L (GloySS 5oy (23 cupd o ) el ()5 Bge
IS 2l b o el GEP o > (sloploes 2U 5 (slo o

e 2

Sl poms 5 pod e Jsl syl R? palis il oo 003 (s s
9 AN /AN ol oS ian 905l sl e iy Hldges
el 3,5 35915 s L 45
015 03 )9] g2yl d y2 & bgppe Cslus LT (V) Jgi
Hr

Lo zal Ly olio (?) Gl L dbgye i 4 €55 b .ol

(GEP) (g, 41 (9w 9 295 cJgl) 92 5tww 43 bgs po Sl 3JUT -V Jgua

Jol 2)lw
Test Train N
2 2 Sy
DC R RMSE DC R RMSE el
JEVED VRN /N0 S¥A2Y  L/Yaq) L/VeAY Hr Lo
P W
9 g2 )lw
YA o/5evS L/YYYA JIYAEY  IYAFA < /AVYY ? E,a
Py 92w’
JESAY LJOYVA WS NN BRI LY ] ? E,a

A5l o t[AFAY o [AFAY /YA

5 aSilel clmosls L], & bgyye (sl loges & JSii
(sl ) S 55 i sl sl a2 gl 003 S sin
ped «Jl o2yliw RZ puolio .ol o 03y L5 9051 (sals o 4o
L ol il ciar ogel st yo (1S Jloges (el po 9
STy Joga A dvg b adl e <[AFAY 4 +[ARFS (/AN
o 2 )3 gajl sl po 00 ity 9 (2Bl slaosls
Loy ol i (sloodld § (alKislej] (slaodly gollas ¢ lu
ol 03,8 3yl S

ANN (99, b
5l o3lizl Ly (DC 5 RMSE R?) o el cgla ol A oo
sloyiohl 4 dogi b abl oo 92)lw aw po sl ANNlj3le
Ay 4 o gyl dw 3 (V) S 5 5l ol a6l
R* RMSE  33Lis .ol ool sty (s pslas lgs bS5
a0 93 52 33 S5 Cnyp lp ol g2l 4 bgye DC
[ /oY L el poly e A aesl 9 bjeal
sy A pod spyls gulS 5o /AAAD +[ANS o/ ¢ <5 4o [AAA
5 S[AESY +[ASF. [AYVE o +[ARQY (+/AADY /W) L
5 SN < [A5 e [ VVE Ly il i Ay paes ol

(ANN) Jaso 5152 (@9 5 093 cJsl) g2 )l 13 (o13 ot b oS 12 (5399 Hioo LS 5 25! sl )bze — (A) Jgoa

Jol )lw
Train Test
DC R2 RMSE DC R? RMSE Sy plb
/a9~ /a9~ NG AV - [AaA8 ofeese r N LNf)’
P9 92 )lw
MYV MYV AN - [A3f0 . [Aafs S JoAvyY Py oSy
Py g2yl
.jassy .Jass. “fevYs NN <[AFAY “[+ VAR Sy




wslop I g slop oz, ZU o8 b (5lo )58 oy yuw (SS9 it (2515 dos Lo

9 () 293 g2l (A1) g 92 5U) 925l Ay &1 bga 0 (9051 (Sals 0 800 i 9 (PBIlej] (sla0dl> STy yl3905 -0 JSS

(&) pom 925l

(ANN) (53, 4 (g 9 295 cJg) 92 liaw 43 by 3o Copmlus 3JUT-Q Jgan

Test —O— Experimental Test
1 Data 0.75
0.8 g 0.65
=
el
= =
4] g -
0.2 2 0.25
0 = 0.15 ¥
0 10 20 30 40 50 60 70 80 90 100 0.15 0.25 0.35 0.45 0.55 0.65 0.75
Number of Data Predicted Data
()
=0 Experimental Data
1 Test O— Predicted Data 0.75 Test
g 0.65
o
= 0.55
-]
E 0.45
E 035
5 0.25
50-15I""I""I""I""I""I""I
0 20 40 60 80 100 120 140 160 180 0.15 0.25 0.35 0.45 0.55 0.65 0.75
Number of Data Predicted Data
()
Test =0 Experimental Data
0.75 1.00 Test O— Predicted Data
5 0.65
2 055 0.80 %5
-]
g oas 50.60 %
E o035 0.40
2 025 y 0.20
E0.15|llll|llll|llll|llll| T 1 0.00l"--|----l----|----|----|----|----|----|
0.15 0.25 0.35 0.45 0.55 0.65 0.75 0 40 80 120 160 200 240 280 320
Predicted Data Number of Data
(@)

Jsl g2l
Test Train N
2 2 S
DC R RMSE DC R RMSE yal)ly
YRS IVEV- /Yo JYRRY/YRAY /YT Hr Lo
P w
p9> g2)luw
FAM faevE-YEA JYAEY JYASA - IYYYY ? =
pow g2l
JESAY OVIA LYW JOSNYIBVSY /YA ? ko




VPe¥ LT- pe0 IVl P o ylos oyl ol (ouSp 9 Gyl a4y pis A

i 9 (BBl claosly STy (ol lyges £ JSs
slayehly Jold & oS 5 cnyp 4 baye g2l 4w 2 00
H L,
5 QNET ,SVM ,GEP Juis jle y sl (Cd Y, 0, 7)
dl_&’)l.)w 4 Cdd L: ol o4 (st 5 09‘)] dd.l>/w Pl SVM
i SVM 5 QNET ,SVM ,GEP Jus jlgs 4y bigyye
dw ya bl ple 4 cuws ANN o R? s RMSE  ,,5lis

ol oS DJ)BT Cuwdy (6 5 (”yb 9{)&”

015 03,5l gl dws y2 4y by Sl LT (9) S

Lol Ly yyolio (?) Gls b dbgyye Jgs & 53 b .l
5 CpSte D9 oo Lyasuine I amd o &) s 50 ol d)L"]
U e L 1oy S sy (23 Gupd s ) Siell cn e
I 2l ok s 2ol ANN o 55 (gloploess 26 5 sloploee,

e (2

GEP, SVM, QNET, ) 0.Ws (ow 2 Jbo ;> g5 dunnliis

(ANN
ERMSE*10 mR"2 Test
12 9 o086
i 09713 o457 ©0-9892 0.9946 (9713 0.9796 0.9682 [ g15s 00285 0.9542
@ 0.8276
£ o8 0.647 || 068
E 0.567
£ 06 0.487
= 0.341
= 0.4 0.289
@
a 0.221 0.187 [ 150 | |0:200 224
0.2 0.06
0
ANN GEP QNET SVM ANN GEP QNET SVM ANN GEP Qmnet SVM
=1 7 > <« . > < >
Jal 52,te 3 315l Py 32,000
Models

(GEP, SVM, QNET, ANN) (gla g, 31 03Ul U g3 Uaw duws b (glebuus o 13505 —1 JSoi5

9(2019) (59595 (540 A i Giod (o] b dbogy e
2] SVM 5 ANN gulss 5 039 sige (650 5 (1396) S,
b sgb 2 a8l oo oo gy plo (slaghy) 4 Cund Buid
(2019) (sjg)9> (e b 360 (ol @l dbogeye Jgi> 4 L
R lie as oo o Lis SVM bg, ;5 (1397) (5,00 9
B9y 9 Mk pire Lay® RMSE jlade 5 yidin jolbs Giiod
A8l o sy i) 5 & Cpnd ol y3l (325 ANN

Ol S b dwylie
w3 SVM ANN GEP il dio_issn (clo b, 5l odlisul
2 S (Hrubey P38 slaadle 4o ol
0l Mlad iy o lisee )L lawgr (Cd) (1o, 58" (lajy o
JB eyl b 3595 () @ls dwolie (V) Joio cunl
9 4biS Gladod guls 4y cdo by il oo aunlis g oanli
4 Cud ANN (39, €85 45 905 ol plg5 0 pol> (325

Jodn g3 el 039 yigp oglate baylyds ) > b ybgy (sded

e prlwr byl (34dios gl gamalio =Y+ Jodo

Exe - S99 e
(1397) (1396) 525, (2019) #o 3
SVM | ANN GEP | SVM ANN QNET GEP SVM
0.9992 Jy gl 0.9725 gl s 0.9855 ! 5w 0.9946 ,l ypyle
0.975 - - 0.985 0.9972 545 gk 0.9097 g3 4 ks 0.9855 445 gl 0.9897 g3 g ks R
0.9840 pooglee  0.9636 pou gyl 0.9584 pou g le 0.9768 pg g
0.0060 g gyl 0.0487 Jy) sk 0.0221 g gyl 0.0187 g s
0.044 0.099 0.089 0.019 0.0127 pgo i 0.0567 pgs sl 0.0209 455 15t 0.0224 455 sl RMSE
0.0289 sy siee  0.0680 g g 0.0647 sy g1 0.0341 sy sk
09985 Uy ptw  0.8569 Uyl syl 0.9500 ;| ;)i 0.9801 Jy im
0.77 0.818 ; 09945 sy gls  0.8107 g ik 0.9644 5> 5 0.9792 4y gy DC
09681 ppugiee  0.8366 pgu pic 0.8127 ppu gy 09539 ppu sk




AN Gloplons 9 sloploas; g6 o8 L lo 58 sl s sy (Sgyid (22,15 aunlio

Theses and Dissertations. Utah State University.

Crookstone, B.M. and Tullis, B.P. 2012. Discharge
Efficiency of Reservoir-Application-Specific
Labyrinth Weirs. J. Irrig. Drain. Eng., 138:564-568.

Crookstone, B.M. and Tullis, B.P. (2013). Hydraulic
Design and Analysis of Labyrinth Weirs. I
Discharge Relationships. J. Irrig. Drain. Eng.,
139:363-370.

Cimen, M. (2008). Estimation of Daily suspended
sediments using  Support Vector Machine,

Hydrological sciences Jurnal: 53 (3), 656-666.

Carollo, F.G., Ferro, V. and Pampalone, V. (2012).
Experimental Investigation of the Outflow Process
over a Triangular Labyrinth-Weir. J. Irrig. Drian
Eng., 10.106/ (ASCE) IR. 1943-4774.0000366,

138:73-79.

Christensen, N.A., B.P. Tullis. (2012). Arced Labyrinth
Weir Flow Characteristics. 4th International Junior
Reasercher and Enginner Workshap on Hydraulic
Structures. JIREWHS’ 12. B. Tullis and R. Janssen
(Eds.) Utah State University, Logan, USA.

Cassidy, J.J., Christopher, F., Gardner, A., Robert, T.
and Peacock, M. (1985). Boardman Labyrinth-Crest
Spillway. J. Hydraul. Eng. 1985.111: 398-416.

Darvas, L.A., (1971). Performance and Design of
Labyrinth Weir. J. Hydr. Engg. ASCE. 97(8):1246-
1251.

Dabling, M.R. (2014). Nonlinear weir hydraulics. M.Sc.
Thesis. Utah State University, Logan, UT.

Dorado, J., Rabufial, J. R., Pazos, A., Rivero, D.,
Santos, A. and Puertas, J. (2003). Prediction and
modeling of the rainfall-runoff transformation of a
typical urban basin using ANN and GP. Applied
Artificial Intelligence, 17(4), 329-343.

Fouladipanah, M., Majedi-Asl, M .and Haghgooyi, A.
(2020). Application of Intelligent Algorithm to
Model Head-Discharge Relationship for Submerged
Labyrinth and Linear Weirs. Hydraulic Journal, No.
15, Volume 2, pp. 149-164.

Ferreira, C. (1999): “Gene Expression Programming: A
New Adaptive Algorithm for Solving Problems”,
Complex Systems, 13:2, 87-129.

Gentilini, B., (1949). Stramazzi con cresta a pianta
obliqua e a zig-zag. Memorie e Studi dell instituto di
Idraulica e Construzioni Idrauliche Del Regil
Politecnico di Milano, 48, in Italian.

Goyal, M.K. and Ojha, C.S.P. 2011. Estimation of scour
downstream of a ski-jump bucket using support

S5 Aol

($1o, NS Glojuyp (23 G pd Smobn sy oieok cnl

laosls clis ,s SYM 3 QNET ,SVM ,GEP i ,Lgx
5y Sdos i odliiwl (2010) ygnS)S Limgin 2Bl
oyt st 5 ANN o QNET ,SVM ,GEP (clapi 5!
YVA S8 4 0y0ldess 9 0pbay 26 b (slo, K8 glagyypuw (20
01> (g puo YV lasd Jols pgd g9 )l 9 Jgl 9o jliuw (slys 03> (g ym
U @l .85 518 )y 3y90 oals pleol Jold pows g)lis
1 goe sielyly (?) U o L s oS 3 5 b

=i 9 020y ZU b 610y sla sy (C) (05 o pd s
(Cd, ? ezl b gl S 5 syl dus ym 3 5l e 0l

(F) S & €8 b ol 039 siag Sl 5 (54 & a1, 25)
bd SVM () de G g2yl duw 52 10 ANN (139 ol
ool sl ol y3lie GEP 5 QNET sla g, & o 5 5220

)l gy

‘_é'b)ﬁ 9 ’&U&“

“coles plad el oylilyl upos S Ol Ll Sy

Dgd o ()48 g ST Coles Sl imeh cpl il &S ola

&l

Abbaspour, A. and Arvanaghi, H. 2011. Forecasting the
flow on the triangular-rectangular compound
overflow using planning. The 10th Iran Hydraulic

Conference.

Azamathulla, H. Md., Ghani, A.A., Nor Azazi, Z. and
Aytac G. 2010. Genetic Programming to Predict
Bridge Pier Scour, Journal OF Hydraulic
Engineering, Technical Note, ASCE. DOI: 10.1061/
(ASCE) HY.1943-7900.0000133, 136(3).

Azarpeyvand, H., A R. Emadi and M. Sedghi ASL.
2019. An Experimental Study of the Discharge of
the Length Increase Effect on the Composite
Trapezoidal Labyrinth Spillway. Journal of Water
and Soil Science. 23 (1):405-418.

Bahrebar A R., Heidarnejad, M., Masjedi, A R., and
Bordbar, A. 2021. Numerical and experimental
study of the combination of labyrinth weir with
orifice and its effect on discharge coefficient.

Journal of Water and Soil Science 25 (2):91-105.
Crookston, B.M. 2010. Labyrinth Weirs. All Graduate



VFoY T o0 AV ol (F ojlods eyl ol S g golal 4y pis A Y

Depth. 23 (4 :) 181-165.

Meshkavati toroujeni, J., A. dehghani, A. Emadi, M.
Masoudian.  (2021). Experimental Study of
Discharge Coefficient at the Dentate Trapezoidal
Labyrinth Weir. Journal of Water and Soil Science

25 (3): 209-224.

Monjezi, R., M. Heidarnejad, A R. Masjedi, M H.
Pourmohammadi and A. Kamanbedast. 2019. An
Experimental Investigation into the Effect of Curve
Radius on the Discharge Coefficient in Curved-
Linear and Curved-Labyrinth Weirs with a
Triangular Plan. Journal of Water and Soil Science
23 (2): 87-101.

Majedi-Asl, M., Daneshfaraz, R., Fuladipanah, M.,
Abraham, J. and Bagherzadeh, M. (2020).
Simulation of bridge pierscour depth base on
geometric characteristics and field data using
support vector machine algorithm. Journal of
Applied Research in Water and Wastewater, 7(2),
137-143. Doi: 10.22126/arww.2021.5747.1189

Majedi-Asl, M., Foladipanah, M., Arun, V. and
Tripathi, R. P. (2021). Using data mining methods to
improve discharge coefficient prediction in Piano
Key and Labyrinth weirs. Water Supply.

Masoudi, M. H., Sadeghian, J. (2021). Study of the
Labyrinth Rectangular Weirs Efficiency with Equal
and Unequal Congresses in Plan. Journal of
Hydraulics, Volume 16, P.109-122. Doi:

10.30482/JHYD.2021.295438.1541.

Norouzi, R., R. Daneshfaraz and A. Ghaderi. 2019.
Investigation of discharge coefficient of trapezoidal
labyrinth weirs using artificial neural networks and
support vector machines. Applied Water Science, 9:
148-158.

Omidpour Alavian, T., Majedi-Asl, M, Soltani, M. and
Shamsi, V. 2022a. Comparison of the hydraulic
efficiency of Labyrinth Weirs with quarter-circle
and semi-circular crown shapes using met model
methods (QNET), 8".International Congress on
Civil  Engineering, Architecture and Urban
Development / 07-09 March. 2023, Tehran, Iran.

Omidpour Alavian, T., Majedi-Asl, M, Soltani, M,
Mohammadi, E. and Shamsi, V. 2022b. Comparison
of the hydraulic efficiency of Labyrinth Weirs with
quarter-circle and semi-circular crown shape using
met model method (ANN), 8".International
Congress on Civil Engineering, Architecture and
Urban Development / 07-09 March. 2023, Tehran,
Iran.

Omidpour Alavian, T., and Majedi-Asl, M, Sohrabi, F,

vector and M5 model tree. Water Resour. Manage.
25, 2177-2195.

Hay, S. and Taylor, G. (1970). Performance of
Labyrinth Weirs. ASCE J. of Hydraulic Engg.
96(11):2337-57.

Indlekofer, H. and Rouve, G. (1975). Discharge over
Polygonal Weirs. J. Hydr. Div., 101(3), 385-401.

Kumar, M., Sihag, P., Tiwari, N.K. and Ranjan, S.
(2020). Experimental study and modelling discharge
coefficient of trapezoidal and rectangular piano key
weirs. Applied Water Science, 10, 43-52.

Kabiri-Samani, A.R., Ansari, A. and Borghei, S.M.
(2010). Hydraulic behaviour of flow over an oblique
weir. J. Hydraulic Research. 48(5), 669-673.

Kisi, O., Shiri, J., Karimi, S., Shamshirband, S.,
Motamedi, S., Petkovi¢, D. and Hashim, R. (2015).
A survey ofwater level fluctuation predicting in
Urmia Lake using support vector machine with
firefly  algorithm.  Applied Mathematics  and
Computation, 270, 731-743.

Lux, F. (1989). Design and Application of Labyrinth
Weirs. Design of Hydraulic Structures 89, Edited by
Alberson, ML, Kia RA,
Balkema/Rotterdam/Brookfield, 1989.

Lux, F., and Hinchliff, D.L. (1985). “Design and
Construction of Labyrinth  Spillways.”  15th
Congress ICOLD, Vol. 1V, Q59-R15, Switzerland,
249-274.

Mehri, Y., Esmaeili, S., Soltani, J., Saneie, S. and
Rostami, M. (2018). Evaluation of SVM and
nonlinear regression models for predicting the
discharge coefficient of side piano key weirs in
irrigation and drainage networks. Iranian Journal of
Irrigation asihd Drainage, 12(70): 994-1003(in

Persian).

Majedi-Asl, M. and Fuladi-Panah, M. 2017. The use of

evolutionary systems in determining the discharge
coefficient of triangular concourse overflows.
Journal of Water and Soil Sciences. Journal of
Agricultural Sciences and Techniques and Natural
Resources, 1.14: 279-290.

Majedi-Asl, M. and Fuladipanah, M. (2018).

Application of the Evolutionary Methods in
Determining the Discharge Coefficient of Triangular
Labyrinth Weirs. Journal of Water and Soil Science
(Science and Technology of Agriculture and Natural

Resources), 22(4), 279-290 (In Farsi).

Majedi-Asl, M. and Valizadeh, S. (2018). Application
of SVM Algorithm in Predicting Vertical Pier Scour


https://doi.org/10.30482/jhyd.2021.295438.1541

MY Gloplons 9 Sloploas; g6 e L lo XS sl s (SHgrid (2,15 o

conference on modern approaches in civil
engineering and environment, Ramsar, Iran.

Taylor G. 1968. The performance of Labyrinth weir,
thesis presented to university of Nottingham,
England.

Tullis, B.P., Willmore, C.M., Wolfhope, J.S., (2005).
Improving Performance of Low-Head Labyrinth
Weirs. In Impacts of Global Climate Change. 1-9.

Tison, G. and Fransen, T. 1963. Essais sur Deversoirs
de forme Polygonal en Plan. Revue C. Brussels,
Belgium. 3: 38-51.

Tacail, F.G., Even, B. and Babb, A. 1990. Case Study of
a Labyrinth Spillway. Canadian Journal of Civil
Engineering, 17, 1-7.

Tullis, B.P., Amanian, N. and Waldron, N. 1995.
Approach to Improve the Discharging Capacity of
Design of Labyrinth Spillways. ASCE J. of Hyraulic
Sharp-Crested Triangular Plan form Weirs. Journal
of Fluids Engineering. 121 (3):247-55.

V.N. Vapnik, The nature of statistical learning theory,
Springer, New York, 1995.

Wormleaton, P.R. and Soufiani, E. 1998. Aeration of
Included Angle and Sill Slope on Air Entrainment of
Triangular Planform Labyrinth Weirs. Journal of
hydraulic engineering. 131(3): 184-189.

Wormleaton, P. R. and Tsang, C. C. 2000. Aeration
performance of rectangular planform labyrinth
weirs. Journal of environmental engineering. 126(5):
456-465.

Zerihun, Y.T. and Fenton, J.D. 2007. A Boussinesq-type
model for flow over trapezoidal profile weirs.
Journal of Hydraulic Research. 45(4): 519-528.

Shamsi, V. and Ayami, M. 2022c. Modeling and

evaluation of the discharge coefficient of an arched
Labyrinth with the Qnet met model method, the first
modern  national conference in civil and
environmental engineering. Ramsar, Iran.

Parsaie, A., Haghiabi, A.H. and Shamsi Z. 2019.
Intelligent mathematical modeling of discharge
coefficient of nonlinear weirs with triangular plan.
AUT Journal of Civil Engineering. 3(2): 149-156.

Roushangar, K., Alami M. T., Shiri J. and Majedi-Asl,
M. 201). Determining discharge coefficient of
labyrinth and arced labyrinth weirs using support
vector machine. Hydrology Research. 49(3): 924-
938.

Seo, LW, Do, K.Y., Park, Y.S. and Song, C.G. 2016.
Spillway discharges by modification of weir shapes
and overflow surroundings. Environmental Earth
Science. 75(6):496-509.

Sivapragasam, C., Liong, S. Y. and Pasha, M. F. K.
2001. Rainfall and runoff forecasting with SSA-
SVM approach. Journal of Hydroinformatics. 3(3).
141-152.

Sohrabi, F., Majedi-Asl, M, Omidpour Alavian, T. and
Shamsi, V. 2022a. Investigation of the effect of the
prediction angle of the discharge coefficient in
arched Labyrinth Weirs using vector machine tool
(SVM), the first national conference of modern
exhibitions. In civil and environmental engineering,
Ramsar, Iran.

Sohrabi, F., Majedi-Asl, M, Omidpour Alavian, T. and
Shamsi, V. 2022b. Investigating the effect of angle
in predicting the discharge coefficient in arched
Labyrinth Weirs using the GEP gene expression
programming  algorithm, the  first  national



No.4, Vol. 17, Oct.-Nov. 2023, p. 787-804 1 YAV=AF .o AFY LT — 0 Y als Fo,lois

Iranian Journal of Irrigation and Drainage I @ Ol 2! 5B 5 5 5lal syt

Comparison of the Hydraulic Efficiency of Labyrinth Weirs with a Quarter and
Semi-Circular Crest Shape Using Neural Networks (QNET, SVM, GEP, ANN)

M. Majedi-Asl*", T. OmidPourAlavian?, M. Kouhdaragh*
Recived: Mar.20, 2023 Accepted: Jun.10, 2023

Abstract

While having economic advantages, non-linear weirs have more passing flow capacity than linear weirs.
These weirs have higher discharge efficiency with less free height upstream compared to linear weirs by
increasing the length of the crown at a certain width. Intelligent algorithms have found a valuable place among
researchers due to their great ability to discover complex and hidden relationships between effective independent
parameters and dependent parameters, as well as saving money and time. In this research, the performance of
support vector machine (SVM), gene expression programming (GEP), software (QNET) and artificial
intelligence network (ANN) in predicting the discharge coefficient of non-linear Weirs of 318 data series for the
first scenario and the second scenario includes the number of 363 data series and the third scenario includes data
integration (the sum of the first and second scenario) which includes 681 data series. The difference between the

first and second scenarios is in the shape of the quarter-circle and semi-circle weir crown. The geomeltric and
hydraulic lines used in this research include total water load ratio (?), magnification (%), cycle wall angle (a)
and discharge coefficient (Cd). The results of artificial intelligence showed that the combinations (Cd, ? a, L—f)
in QNET, ANN, GEP and SVM algorithms in the training stage related to the superior scenario are equal to the
evaluation indicators respectively (R*=0.9960), (RMSE=0.0080), (DC=0.9961), (R°=0.9980), (RMSE=0.0057),
(DC=0.9980), (R*=0.9837), (RMSE=0.0207), (DC=0.9838) and (R*=0.9902), (RMSE=0.0186), (DC=0.9830).
Which has led to the most optimal output compared to other combinations, which indicates a very favorable
accuracy in all four methods, namely ANN, QNET, SVM and GEP in predicting the weir discharge coefficient is
non-linear. The results of the sensitivity analysis showed that the effective parameter in determining the

nonlinear weir discharge coefficient in all methods is the total water load ratio parameter (?). Comparing the

results of this research with other researchers shows that the evaluation indicators for all methods of the current
research are relatively better than other researchers.
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