Jlo olpl of g 6 kel (owiige (Sidgls (oole 4 i

\fooow} ,wsJRO)M .wbé}‘so
g 35 5 S 57 51 odbiianl Uy 1oLzl oy giley 9ol (gl 3y paw BT s > 3331 3
Ul 0,5 g o o o 5951 9 Ly Hlo
TS, Lo yuke o )S cx
WAA VY Jlwyl G,
WA/ ANV o dy Gy
kg llie

oS

$9d oo (Zb U g oo alss cod )b ol Cuar jo oS wtwa by e Sl gnax g9 p9lualS slaj ) e
ozl ilaoddS s 1y 0T 520 18 o pls SOl (Sl (S5 2 ey Joe ol odies JSaS laalS oS 50 50
Pleed o8 ol )1 g )55 (SVR) laiing 1o g )5 Siadign oo ans 5 ,8kos gy ol 5o aialioo
bl agileaaels sl s (Al Glie (iter slr (SVR-GOA) ale - bty jlo 5 (30, 5 (SVR-FA)
5 (RMSE) U ol e uSile iz « (MAE) U olag o el (R2) e e yss el 438,515 23,1 5,50
hoests ] o 4155 IS & Aiabgn (gl e SE3 cyeas (slp 45 aiblso o lel Sl gz (S SasSl, Lasls
g ole e YE AV /AAYVD olis L SVR-GOA Jow a5 sas o l—is sejl 0550 50 ol 5l sl loxe 0y
CJAFYFA olie b SVR 5 -/« cYFY g o/ Yoo /- YAFF ]ADFFF olin b SVRFA Jos 4 s [+ - - ¥5
ol o )0 6yt <30 51 SI 3 RMSE MAE R2 (sla sl sl sy ds o[+ =¥V e 5 [+ FoYY o -\
Zal 1995 1 ol g9l S 52 )

yIobianl (1.9l aals’ 3 5w Ol 055 0ot 595 (Fko oyl ¢ gLy 519 3 (ygumn )5 1 gudS” (Sl
XV POV

. (hkarami@semnan.ac.ir) : s =S Con -+ ylio o2 () poe cwiiges 00Sisls o Sdgyoud (sboosle 5 T (cwoiigen 09,5 jLezils *

. - - . E a . & . 1 . - & '
O CETILAN | ILSUWEIPRA CONWIPYL vt KPP FONCIIWR T S\ Wt K P N PR WP~ TS5 ORI U] IR ST RP-J0i U E V)
.(a.rezaei@semnan.ac.ir)

\ILY4


mailto:hkarami@semnan.ac.ir
mailto:a.rezaei@semnan.ac.ir

AY

Ol 2! ST 5 kel (owiipn (Lhdgly (oole & pid
Voo by i 9 Jo 0 loud a0 Jlw

agly Gl LS Wisged cawlin g aisls y lolisl
o39,e] S o oy (Ral38l ()3T byl pungd S
Solpl lee 4 Wlgh oo jud Wielign slo Jaw 5l oolau]
2l s 4 oo sladlslas g o Joe slp cn 50l
ool 5 (S ar anlsl jo aS a8 5 alol layy o)l )0
e wisSl] 5 GLSan 5 perdsd ol o o L)
oy Ba oe gl SeH5 s 3By e ysN)
cds 5l Sl b wis,s eslinal 55 ad Ll
mASD 5 (9785 Sl ge 8 4 S 595 e o o8l Sty
Khoshbin et ) coul sog 4¥ w5y (omas s
sldos 5 4 b olKes 5 o5 @l 2015
ol o5 Glaitiy Jlop oedle (laiidy o p (eile
53 kel slaadlys Julo g 4325 5 Eal mha B,
P Slas (glo, S8 oy yus ()3 i po (e
widgas odalin |y Sl p 5 Olatiy o il Joe
i o ol es § eudac(Karami et al, 2016).
ol 155 ol Syl T Sl eslisd b
B30 9,8des 5 dnlne (gladijed JUI yo 1) (ol ) 5m
(Azimi et al., 2017) wisged odmlic 1, sl
Sz 1) oleitiy Sl Gedle pi o8l oo 5 Ky
bt 5 b3 GleSS Gl p] aelr
5O Gy B HeSde g, 45 Wo,S edlel g ool
Cowl anils b3l Glap, e en] sl
B4l oL 5 oLsl (Roushangar et al., 2017)
oz il ey jooeion (oras 5D bs; Lk 625
Slayye Jlao platay jlop oedle (35 Olo 2L
L @slasdS sy ool dslas 550l (eile
o 0, Sles a5 0l )38 Lieegh pl jo 000 uesd
oy il glaei sl ol ool Csllae g, Lz
P85 caelae g ,50b rile g Bl po Jolos Loy
(Olyaie at al.,, <ol ool cwyp b, plo
oetle Jold wilizie (6 :50L (b9, Lz (oplasds
waclae (6,850l dle «laye J8las ol oy

B aly b g S, 9 (e im chelae 5,50k (bl

ool josle 5 nieess Gl lag e

3P e (Gl s RSelal slp &S s (S5 e
- oo oolainl Koo sl jelaie g OMw colas ol o
s abaly 5255 Codi b COlES L s el gl
-0 o3k oyl Coonl a5 caims Lid gg.040 (pl 9 o)l0
alaio 815505 Jal i Lo 4y aS 0 )lge cam jo 0l
oolaiwl gl o axlge poye Cudgaze b e Dl
" @SS Glon e ol s e slay e )
GAK] byl il cqa 5ol Sl S Wil
4 @25laslS Gl adl Hla S50 lade 4 55
Joe VL 5l LG ses oy Gl cpl o (5l
O 53 0y e il Seb ggdge (nl g wS
ol awais uzen (Ribeiro et al., 2012) s
bk plp ¥ lagas Gl cel by S ol
Spdge (Jyere (gl SRy 4 S o alsy
s odsl(Anderson and  Tulis. 2012).

295 50 oyl ww g9, 2 Voo Jle o asilyalls
azsu 6 el ( Laugier., 2007) o olx! 4wl
Sl 05,5 j550 1) 2laaelS o) aiey )d Slalllas
s ) eolizal b o), Sem 5 (s ( Schleis., 2011)
ably gly goges dole Sy dgzge (Sujd slo e
(Bieri et woges al)l eiloadS slaj s Juik oo
256 owyn b sppler 5 slile s,eS al., 2012)
2l diule Cgz labal ) il cwaie gl il
S @l elS ) 30 G 5 ST Gy Sl o
,» (Kabiri-Samani and Javaheri., 2012) wsges
2 5easelS 1y 0008 iS55 (SaaslS o5 50
b o Joe gl i )18 opls Sl SleST s,
S3909 9 ooy e aielioe bzl (o ilaalS 55w
Sy r Gomdn Sealudgyied (o 4 (VAT
S as wsged odnlin g wSly ol elaa s
O o Qlolizl) (s e &jgpoty 29laoddS ) e
Cnd (§ s 23] a0 )0 Yo 3505 5 wilgs o 99 |,
alls HlSs oS sl b s osiloaldS 5w
s 56 byl 4 OYAY) o) Kes 5 Ky, ol
@PalS o, anl st S



Joe sl eslanul bl Geids sl Giogn cnl o
@l SVR-GOA) e plaziy o s s,
Dedise (St bbbl asilaalds slag )
55530 i yssll 0 ,Shes 85 (e dunlie (gl (izren
5 g5 5 ed ;98 slagy 5SSl ey )5Sl Lo b
Pleed o35 Gltiy Jon s )5 9 SVR) plonty
oolaul (SVR_FA)

el 0l
g, 9 Slgo
Sore @ e shte 4 pol> lagh e
5 SVR-GOA SVR sla Jowe 3l oolazul b sgilpalds
JS) ol 0 oolial ) Sislas W, 5| SVR-FA
ool 553 sl el Tl el sls cnl 5o ()
Slasie Jols g3l 5 Gl 0y50 53 50 lasos)
S oo dlos 1) (2l e (5550 Ll yd g pie
“Obet ol 5 ol Slhaalie olie & az g b e
Sl slelre e Jas o sl o] ead e
S oo DL o o8l e Saleg ) 9 00l e

SVE-GOA
L ehgug elmealy ool e ndS
t e E Mg o8 L [ SVE_FA ]
cipal g el anga
SVE

Jlo olpl of g 6 kel (owiige (Sidgls (oole 4 i
VP oo oyiamno 3 - sinids § S 0 Lo o290

S iy £85 chelae (6 1S3k (B9, ey Crl o 53
(Olyaie et al., 2018b) cils o s, ple 4 us
Sz Os e sl (gl e b oL 5 (550
$&80 0 See « (GOA) e 02,630 L (MLP) ¥
Noges odslie MLP & s 1) GOA-MLP 2,63
Koo (S9300 5 Sle,S Cuenigd (Heidari et al, 2019)
WYz Goypen s $a5ed Slapt sl % e
(S35 D3 plosjl g sleaingr sl L 55l 5
oy B Srrohe ly Wlsnaed 5 Slicd )5
Sl 635l a5 Wols ylid 5 ws,S solaiwl Heilaads
S ,o8 bl 95 o Sl 0,55 )3 plo
Wghoo 53895 9 VM (gfewpn (e 4D
(Zounemat-Kermani and Mahdavi-meymand.,
Ao 4o a5 ded o i L8 Slalllas ow,, .2019)
ol plnil (lod i glaingh (29laalS slag
5 ol osilaoddS slaj, e ane) 4o Ll el
oS Slp wedsn Sty x5, A eies
ol 48 5 o SW Sldllas ) Joe cpl o]

252 52 Cd e e ppanay clol
cowail g Bigal etlaisl celemplina ol

SIS 315 (BT (S S o Suileud wigy (1) S5

(X a5 358 (oo (23 05) (o0 (eSS |y Lo (29,5 Jlaie
©99,9 4l X a5 Wil oo Slowliv 0,50 sla ools,Y)
Sheslainl b o ,8l cpl sl Slialiee (>9,5 Y 5
IBr e 9 B 609)9 b sl ) ) dolas
s -

y'=f (x)=0 ¢(x)+b M

Ol 103 a5
4 Seigy by b wess plaiy ley edbe
) el Gl sl Coge ol (Bre sele andl
Syl S5l age sla g, 5l eslatul Loy a5 ol
Eoman cmas 5l aSl 10,63 aile o LSl (o
(Vapnik., 1995) wudl o5 e slo aigs plo o
Sl eslatul b platiy o bl o oSl (rizeen
SV ol b oliad a1, o 655,8 1o o b jud &l
‘(514} U?"""}f) ASJ )I o\)La...w‘ L: B e "\"SKSA wlﬁ;

YAA



A4

Ol 2! ST 5 kel (owiipn (Lhdgly (oole & pid
Voo by i 9 Jo 0 loud a0 Jlw

3979 yolyb dw (pl B85 i 5l (B, e 0,05
3 sty FB b Gl b el cnl ()b 5l ol
oe, 5l esliiul sloar LelSS (slap oSl 5l esliul
Dl olhen as |y gilwJae B iulidl dlas g xw
e psite ool 4 it LelSS (slapzy 51 (35
S5 sl sl a4 Ol oe ey cnl 5o el 0ud
(Zhao & «l,3 sl>s;l (Pai and Hong, 2005)
(Zhang et al., asl 4> « Wang, 2010)
e o a5 (Mehretal., 2018) Ll »,5 42017)
wilonds solitul latiy Sy oedle slo el atgs
Sl 05 slap o8l 5l ol gl 5o 08 o Lal
el oo ool el )l v ol 535 s sl e

0z bl shls ileane slapn sl L
2 Saxbae (Sl 9,4 50 gt Jelse gann o5 lin
pls 5o oSl 5l 6 S sl sl ohug 4z si i Jole
bl e ol sbml ] Kes g 5 (oo sloainge
535 SIS & 55 e sons 5 5 ol S32r
ol o (Saremi et al., 2017) ol oo goxins (lad
iy s O abal) Ojga 09,8 50 bagle Cumdse o )65l

g o
X, =S, 4G, +A, O

256 Gy o eloxxl (23S ooy 156 S alal, cnl o
sobiie & il lagle &5 > yo 0l 6 A g (IS
oslainl 7 alal) 5l laghe (oloizl (AiS oo (55l 4
P9 s
Si :le(dijﬁlij *
-
Eho g ol o (e (guoaelil alols b pne Oy alad 5o
S asly o Oy g gloizl 59,0 5l ol (25 S ol
o 1) e o @ plT e 25 o ez osimoplis
Dgds oo iy, Y oalayl Q)yaA_gS &b ask
S(ry=fe ' —e" )
ilse iz Job eliial 5 Qi wasfalal, ol o

Dy oo 48,5 Jlai )3 183 5 i (595 93 ol (3

b alal, Sl T(X) (Joo (295 Y dobae (nl o o8
b et SIS l B(X) g o (25,5 5 b (53959 O
Bl (oo Joe il 5 039 e 3 D50 il
Slze> 9 Joo oy > o S ol Bus
ool LY alaly Gos &l jolate oy .l 28y

Dgh oo Plax> pg a0 (g3le ae b,

min<y = Yol +75 & +£)
i=1
op(X;)+b -y <e+¢&
subjectto 11y —w@(x,)+b <e+&
E,E1=123..,n
B ot et el K 5 S ol oo Bpme 0 5
shls plaiy Jlop e ,S ) 0,08l pl b bl o
Sl e Sd sl e € g oy LTS el

)]

Slcd 0,5 5 lwaint p2 95!

Gl ol S bl )5 oSl
Sl Lawgi )b gl a5 ail oo (Solal 5 jemme Cume
w50 cnl (Yang., 2009) wi yae cole danel> 4
T e Sdx Dl o Sbicd lap S )3 Gl
osle 7 8 anlol ;o 02,6l pl gwll as 3 an S

Cawlodds
wdS Hhi o Lot oz Sl glap S sl o)
D9 503
@y b 5o Sl slap S 4 St o5 58 -V
Sy oo iz ol e a
Bas b b e b Gl sbe pea Sl Jlaws o -
b )g Dad (gl pariee Flae )0 9 015 s alail,
Syls wSe alayl, Bas &b
50 Slicd o8 Cawm & Slicd 05 S obul>
9 g0 iy pai T ally &g
XUt =x 4 pe (x| —x;)+a(rand —0.5) ()

o 5 3lwaints o 595!

&5 Cowl az (giloats ol S Ele o 55!
Fle Jo ln a5 oojle bawgs L sl
odd  (Byre  (sole aml> 4 gy gwiige
L amslio ;o oi,s8dl cpl(Saremi et al., 2017). el



Ol S Gsem )55 w5l ol gl 5o

- iet Sz (SVR-GOA) &lo (sjlutings i 5%l 5

Tk Sl oad oslitul (giluailS ) ol

ol oad 03yl VS yo ei,eNl opl Soleds

Slass Jolb &le o o8l andsl (sl )y s -
S5 slaws JiSTas g CMIN CMAX «Cones

U590l 090 98 4 Gmli.ziuﬂ slrosls (guiy puands Y

ol s

Ayl Comex adgs -V

o yeiio s az g8 b laidy oy atle (byeel —F
logle

L )l Ge—ble 9031 -0

&b 2 2 (MSE)

ol S ol cole, Oygo j0 @il by o Jus-#

7800 5 Ol oy edle slo el b ange polie

Glopls IS5 5 e yo Caxdse Sl 55,40 Dye0 )]

OLY

San b s g ol

Orile byl preal gl piite o Cowl S5 4 p3Y
&b (22) 6 (Hy <0 =2) C Jobd by Jlop
adbos (> by e g (S

gt g &y Leedly (gury poods

Jlo olpl of g 6 kel (owiige (Sidgls (oole 4 i
\f“ob‘.m.o} - 9 Jo= o ylous .wbé)"sé

WL YVA L - SRS ) lagke alols as ;g

O abols pl 4 Sloj g andly & jgoas lagle (595
il adls Syeots gy ol Ak F L Y/VA

o BSged W3l VYAl alols 51 (imen
Soke A akl, (Saremi et al., 2017). 055 co5 ol

il oe lagde Cuadge (Sl 59,40 Jge 8
X @ :c{ic((ubd —Ibd)/Z).s(x‘j’ -x{))

a> g Vb o> Slo cuwspa Ib g ub akal, ool o a5

X;

“Xi |47
d
d,

Losae S T il mass slajite ol

565 € bl ilige O3S ol Ceday CsBse (it

(i ailate (43,8 Sgame gl 20l o o Sy By

el € yahl il oo adls dilie g asdls dilaie

Snbge (al 09d oo Bad Cuows 4 lagile 095 ol oo

OBl Sype 50 wedbee JLio lagle 055 vy a5

590% Joe® SNl A abal) 998 00 9,4 Sa CuaBse
idlbse )85 2 50 € el S,

C =Cpax — | Cpix —Crmin)/L @)
I ila) S5 slaws piSlas Sk Loakal, ol jo oS
- s« €mMin=0.00001 ; cmax=1 . g5 |55 o,leds

sl

(SVR-GOA) gbo ¢yluidiy 510 3 (ygamw 55 5

pruedl agl  cleyzally iy

coail 5 LRl il

legls 2 lgl Conan aules —’

sl obent oy pe3le e |

ke

Crmed g bl Sl gad]

Flo yo oly Bae mls
oo (glayzalily 4y yoolia < l >
ebs bz sy oy — aasls by s Jpmed — e oa meiee Sl gk

C.o5)

(SVR-GOA) gebo (5 lusiart ot 951 3 (ol 133 (s 5 oy Sl 5o 2(Y) JSCb

4.

M



AR}

Ol 2! ST 5 kel (owiipn (Lhdgly (oole & pid
Voo by i 9 Jo 0 loud a0 Jlw

Bz o e A Sy Job Samd (HUP) 550
a9y g WIP) 5y o el s a5 1> (550 s (LIW)
Joe 795 &5 Ca) ol yd «(0) (wsd S
lon,pw pul Cupd b 03] GredS Abl g
O 4 Gl )y (o0 Aol jloslaiul b o giluals
dwle \-. alayl, S8 4
Q
Cg= 00
EL%HLS
3
Hglb Jsb Ly 5l Gosee (@0 Q bl (nl jo a8
Slass il oo ol oy 5 Cy gy (59, SB

D9 g0

D (S &l ys5 e &Lc)'] Yy @L‘boe\o
sae V¥ oo 331 bzl ogiloadS slags ;w5051

sl Joe jo colaiul 8,90 s 2l )l eogaome .ol o

sl 00l asrie V Jgaz [0 diedige

ﬁFLO\V

bl o 93l dodS 395w () o pod ds A Lo 3T pold S loud slod (V) S

Lt lup oSbe i (MAE) s ol
L Glas ciy & Sl Susly, esls 3 (RMSE)
R? asls ogd e oolaul VY g VY Y ) L,
5 PRall ol Gl (Sheen Gl Sl
@ ol Jlde az e 5 ail e dtedse Jao sla g,
Gl aS ol pl saips lad wil S SGop S sae
Sadign Jow mls 5 aBilel slasols o o9
s SI g RMSE MAE sla o3l il o 8,
Slade ax 8 g anib oo Gialejl slas yl5e cauasylis
o Sloz bl 5 SG05 jho sas 4 b Sl

el g8 deden Joe  lwg eud

oolisw! 8,90 Biulojl slrosls
Gloy e ] g slp ol Glegh
Ol ¢ Kby, Slalllas gl 5l bl o eilualls
Jsb 4 JUE o pdione cpl .ol sads oolaul (1YAY)
B oyp & e A Ges g g ) pe e Ve
s 2l p et S gl Sl
pold Gl ¥ USS jo asle,, lebsdl geilaalS
Sore e glall Gemes 5 Rl
3 el ol oads ools islad lolisul oeilualds
s ) APK20 5l sl jle a8 )5 J15 s 950
(az,0 Voo oweb S el b lolisl @yt.m.lf
I gl b lolissl ogiloalds” 5,5 ) APK30
Sobzsl o eluandS 50 ) APKAD 4 (a0 ¥ osd
O b iegh ol jo (azp0 T wgd S agly b
eyl 4 CewoVl s Cond (59955 sresls (5,58

o e Joue

T

[

=Juw (gl coliiwl 850 o yiol )by 0guxe (V) Jgu
aeigh (9 b Hloloul (2 gily dalS 3255w 55l

bl odgie
0 f.-Y.
W/P VIN-YEIVY
L/W Y-V VY
Hv/P NAEYRS 4
Cu o [=YYIAY

LS)LJ 6LQPW
s bgi oad g (al S8 e sl
5l SVR-GOA ; SVR-FA SVR aiciss sl

b (R2) ats oy Jols oL, sloasls



B0l g 4 baye B Y 5 ¥ gla sz 5o

0,99 95 3 bl (2gladS oy 5l 6y5ee (20
SVR-FA . SVR-GOA slo Jos sl oyg031 9 5590
ools doyo Ve ol yimgsy 1o .Casl sals @l JSVR 4
3590 O3e5l 0590 ;0 edls oy Yo g higel 090 4o
org0] 0,90 40 a5 B o L bl .8 5 8 salatul
R85 b ply R? a5l Jade L SVR-GOA Ju
LSVR-FA Juo 5 -/AVFTY Jlaie L SVR Jas 5l 5
Sy50 o bl joSde Jlxe sly /A8 A ade
Jaw 0,98 pl 4,0 SI g RMSE MAE  sla a5l
g fere /o AV 55 A polie L SVR-GOA
<1YYYS polie b SVR Jde 45 G o/ <)F
olie b SVR-FA Jas 5 «/-$8YY 4 +[-YVAS
555 311, 5 it 0 ,Shas o[+ - Y¥R g fo o VED o[- YYYY
als i Jlade 15 ee;l 0)98 48 el sols lis
o e 4 Coes (+/122YY0) SVR-GOA Jus o R?
(-/AFYFR) SVR 4 (-/3055%) SVR-FA sicign
0,95 ¢pl yo alli oo Jowe pl YL s snimslis
polie L oas soly lzs SVR-GOA  Jos (pizres

Jlo olnl ol g )kl (owasies (gl (oole &y
VFoo oybimo ) . o 9 e 0 yloul o0 3190

Z(Ei_c‘i)2
R2:1_ i=1
n ZGiZ AR
Eiz_(i:1 )
(QRD)
(QAD)
RMSE (OT)

Gi o 2lEislo;] Joto 5| Jols s Ei o 3sd Luls, ,o a5

Sl G wiadgn oo lawg odd mies e
olaxi N g dielign Jow lawg ool gumin polas

JOMISOFH
SVR- Jow a4y G +fo+ 2 $5 5 o[+ 0 YF [\ VY :
Joe g /oo YEY g o/ oYee - YAFE olis L FA
@ [ eFVe g +[oFYY /oY Lolie L SVR
&,38 51 SE g RMSE (MAE sla a3l lp cus s
Ablse 50585 5 VL (i
3901 0393 53 eoliiul 3590 b Jue sy (255l Sl s (Y) Jgua
Sl RMSE MAE R? Model
R ofeeeen SRRINE -[33£50 SVR-GOA
ofee¥YQ [+ VE0 <[-XYYY NV SVR-FA
JJOFSYY [-YVAS [eYYYS CAYYYY SVR
09031 098 33 03liswl 3,90 sl Jo (61 (2b 5l Sl AS L gl «(Y) Jgu
Sl RMSE MAE R? Model
ersk$ feeevE SJAYY -/33YYD SVR-GOA
sfesVFY ey <[~ YAFE NLWZd SVR-FA
R AR ofeFeYY ofeFeNY NS 2L SVR




Ay

Olnl T 9 &)kl (owiipe (gl (oole 4y
VFoo fylmey . i 9 Joz 0 lould o000 JLuw

od e G O SKS 0 el ouls Jol> Jase
5SVR-GOA uiaign sla o 5 2okl slaools
0,99 Cpl 5o el o sy 925 050 ,0SVR-FA
(AT Sed oo L SVR-GOA  Juwo 30
oy b SVRFA Joo s s |y (syige 0,5k
s oy b SVR Jae s ROFF S

el 0ol ylid < /AVAY

® Train data, SVR_FA

I e i
Ul o N © ©
1

o
~
1

odeled Cd

M

© o o

= W
1

0

y =0.9963x
R?=0.9346

odeled Cd

M

© o o

BN W
1

0 01 02 03 04 05 06 07 0
Observed Cd
0.9 -
0.8 -
0.7 -
0.6 -
0.5 -
0.4 -

odeled Cd

M
©
w

0.2
0.1
0

.8

® Train data, SVR

@9 elS 1) (o] liee dnliio 4 F S 5o

- Joe boads s 5 2Bislesl cdl> g0 50 ol
U390l 0,9 ,0 SVR 3 SVR-FA SVR-GOA (sl»
“0old  (Siaad yl5ue pizmen (pl jo . Conl oals aSls
1558 glaas sl wiadisn Jas 5 aill gl
ool a5 vas o lis mls cwl oals ools Gisles
Vb o515 5 (Siwen SVR-GOA Joo &y by e
Ol sl 0y98 (pl jo JAAFD  (Sisend Cu o g Wls

0.9 -
0.8 -
0.7 -

® Train data, SVR_GOA

y = 1.0018x
R? = 0.9965

© o o
> oo
1 1

0

0 01 02 03 04 05 06 07 0.8
Observed Cd

y =0.9996x
R?2=0.9733

0 01 02 03 04 05 06 0.7 08 0.9

Observed Cd

higel Al o 50 widgr G Juo g (BRE 5Ty lie pmy dumn Uio :(F) Ui



® Teat data, SVR_FA

0.9
0.8
0.7 -
0.6
0.5

odeled Cd

N
SN
1

M

© o o

=N W
1

o

y =1.0482x
R2=0.9564

Observed Cd

09 -
08 -
07 -

2

0.

§0.4 ]

=0.3 -
02 -
0.1 -
0

0 01 02 03 04 05 06 07 O

8

® Testdata, SVR

Jlo olpl of g 6 kel (owiige (Sidgls (oole 4 i

VFoo oybimo ) . o 9 e 0 yloul o0 3190

® Testdata, SVR_GOA

y =1.0122x
R2=0.9922

0 01 02 03 04 05 0.6 0.7 0.8
Observed Cd

y = 1.052x
R2=0.9282

0 01 02 03 04 05 06 07 0.8 09
Observed Cd

9051 Al po 35 Wieibgr S g (B bo3T polio s dus Lo :(8) JSKib

aliwl jo cuwiin b w8 ¥ S 50 aleads o)
SVR- slaJas sly o9l 0)30 , cilizee (slallas
0,83 5o .l o0 00ls 2ules SVR 4 SVR-FA .GOA
o ool a3 OF 50 YN I i 55 1S
5 SVR-GOA SVR-FA slo Jow ;0 cudp 4 oo
0,9 el ;o Wls wo o ¥l S s gl SVR
wlas L SVRFA Jus ;o beosls awys Voo Lo
oS olbs L SVR-GOA Juaw o wspn Vel S
oy Vel S sl L SVR Joe j0 5 00,0 0

iloads 003 (e

ol abis] o (i lbas ajg # US55

SVR-GOA sloJow sl oigel 0,90 0 il
aS jebylen .l ool ooy lis SVR 4 SVR-FA
5l Gt SVR-FA o )0 0,90 () 50 w05 o ounlie
39 9 %oy AA 5 s SVR-GOA Jas ;0 oo YY
00l L iem soodls ws s YT I iy SVR Jas
Yoo LJ“).BW.&)‘QM)DY}‘);JW&L]G}
VIO 5 oS olas L SVR-FA Jae jo osls as o
Ao, V0 5l S olas LSVR-GOA Jow j5ws )
eSS Qo yd AVD 5l kS olbs L SVR Jas o g



ARYA

Olnl T 9 &)kl (owiipe (gl (oole 4y
VFoo fylmey . i 9 Joz 0 lould o000 JLuw

100 - ¢ P0000000 AAAAA_LA
S 80 -
L A
S 60
>
o L
o A 4
) *
L 40 -
s A @ SVR-GOA
e ¢ .
S 20 - A SVR-FA
g * .
@) SVR
O 'P T T T T T 1
0 2 4 6 8 10 12

Threshold error level (%)

o390l 090 3o cilizko glalhs aibuw] jo S imy glas &9 595 :(F) S

100 - 00000000 A A A A A A A
XX A A

~ A
E\/ 80 - L J A
N L
S A
S 60 -
O
g * N A
t 403 aa
= # SVR-GOA
©
2 20 | A SVR-FA
3 SVR

O T T T T T T T T T 1

0 2 4 6 8 10 12 14 16 18 20
Threshold error level (%)

9031 095 5o alizee ol wluwl 15 us i las 23395 (V) S

3,8 odd gwyp lop sl Gl o 1y 0 ,Slee
£ A e pol> imeh s (Aljarah et al, 2018)

WS e B |y (il ags o yoSl opl YL s

2 T 9 699,9 sesls I oo ¥ Jgu o
polie rien 5 aBislesl slaools gl yge3l 5l
0l 03l w.al.o.: SVR-GOA J.\.A Ja.wy ol LS“‘"U’“‘"’
@QT 5 haelie ‘Scw.g] Jooz opl @ azgi Lol
YL @lks 5l SVR-GOA Jue lawgi ool (oo i
'&)“5)5})%
eyl &5 L ee 5 2l (ieghy o cnl S Gl
sl glap,sSl L, (SVM) plisy jloy Geitlo
CS 3 BA FF PSO GWO MVO GA GOA

Ot GOA 2,551 a5 0l vl wingal (g3lo ainge



Jlo olnl ol g )kl (owasies (gl (oole &y
VFoo oybimo ) . o 9 e 0 yloul o0 3190

SVR-GOA swiigd Juo (2955 9 69939 2 olo :(F) Jgu

20 2 9, 8ee (33031 5 Sjgel 0,90 50 18 50 ()]
SVR- Jue sl a5 (Fiod e polie iz
&y RATY (03] 5 +[295D b30el 6590 ;5 GOA
a5l 9 JAYFE bi9el o9 0 SVR-FA  Jus
53 9 +[AVYY ij9el 0,90 ;0 SVR Jow slp g <1205 F
SVR- Jow 50 el Cawsas +/AVAY 505l 0,90
JB oS rghy nl 5005 @l 58 anbi 1, GOA
6%l oy plge &5 cwl l ablie S8
tin sl 5 el b pglyalS ol
piza g poley Gragh el g )l
SVR- e sl 550 ool L s 5 alEssle]
Dgad (s Vb B b g 0bsS ey B, « GOA
Wyo ploy S ;0 ob g A ja Son )0 8 O )90 (nl 4

BpS 0 D)9 il 297

o L/W W/P H/P C4(EXP) Cd(SVR-GOA)
\E \7AS \IY? ARRE LI +[OAY
\E \7AS \IY? <If20 I <[OOA
\E \7AS \IY? AR AR NALY
Y. YIVY VO <IYYY < [FOA NiaAd
Y. YIVY VO «IAY# < IYAF NALE
Y. YIVY VO < IYO) AL «[F\F
¥ A\VAR \VIVY AR «[AYA oMY
¥ A\VAR \VIVY <2 LI «/fFaY
¥ A\VAR \VIVY <IYYY </f¥4a <[FYY

g o ;0 O S35 slaly) 5l (S g e

BL5,) o aiies b JUS o ol > (6ol o ol
e (Selgee syl 51 (S dag e G b
Ol el Ghagh cal 50 bl 6,00 cud)ls
) oslizad by ol plgsclS slage,m 3l (syee
e SVR-GOA 5 SVR-FA wiaisn slo o
VY 5l ggamme 10 iBan (pl 4 oliws cg culonds
58 2 PlelS 25 Joo s gl liglesT ool
A oolawl a0 Fe g Ve Ve glaie ywgd sbilg L
s WIP LIW 0 (sla il 625,15 b psbate oy
003 (edS Aib o Joo (9,5 a5 (Cd) ol HUP
«R2 SLs,l laylre 5l solaul b gams o8 o 0
15 155 %e aieban sla ke 5,Slee S| s RMSE MAE
@ c8F I3 sy 3550 a3l 5 (gl 090 g0
sl asls s ;0 SVR-GOA Jue a5 ol s

&bw

Sy (29 oo (o sd JSem argly Ol 36 Dbz (o d g e cndel cp (Jeol gozle ST S

. Sdgyaue aloes Db o Slolosl oeilaadS slog ) gum dw Swliyag o AYAY O (659,58 5 | w00l 00

Ya-£) Y.

\hYd



ay

Olnl &f 9 6yl (owaigo Lidgs oode 4 2l
Voo by i 9 Jo 0 loud a0 Jlw

A s e

Anderson, R.M and Tullis, B. 2011. Influence of Piano Key weir geometry on discharge. Proc. Intl.
Conf. Labyrinth and Piano Key Weirs, Liége B, 75-80. CRC Press, Boca Raton FL.

Anderson, R.M., and Tullis, B. 2012. Comparison of Piano Key and rectangular Labyrinth weir
hydraulics. J. Hydr. Engin. 138.4:358-361.

Azimi, H., Bonakdari, H and Ebtehaj, I. 2017. A highly efficient gene expression programming
model for predicting the discharge coefficient in a side weir along a trapezoidal canal. Irrigation and
drainage. 66.4:655-666.

Aljarah, 1., Ala’M, A. Z., Faris, H., Hassonah, M. A., Mirjalili, S and Saadeh, H. 2018. Simultaneous
feature selection and support vector machine optimization using the grasshopper optimization
algorithm. Cognitive Computation, 10.3: 478-495.

Goel, A. 2013. Modeling aeration of sharp crested weirs by using support vector machines. World
Academy of Science, Engineering and Technology. 7.12: 2620-2625.

Heidari, A. A., Faris, H., Aljarah, | and Mirjalili, S. 2019. An efficient hybrid multilayer perceptron
neural network with grasshopper optimization. Soft Computing, 23.17: 7941-7958.

Juma, I. A., Hussein, H and AL-Sarraj, M. 2014. Analysis of hydraulic characteristics for hollow
semi-circular weirs using artificial neural networks. Flow Measurement and Instrumentation. 38: 49—
53.

Kabiri-Samani, A and Javaheri, A. 2012. “Discharge coefficient for free and submerged flow over
piano key weirs”. Journal of Hydraulic Research. 50.1: 114-120.

Karami, H., Karimi, S., Rahmanimanesh, M and Farzin, S. 2017. Predicting discharge coefficient of
triangular labyrinth weir using support vector regression, support vector regression-firefly, response
surface methodology and principal component analysis. Flow Measurement and Instrumentation, 55:
75-81.

Khoshbin, F., Bonakdari, H., Ashraf Talesh, S.H., Ebtehaj, I., Zaji, A.H and Azimi, H. 2016.
Adaptive neuro-fuzzy inference system multi-objective optimization using the genetic
algorithm/singular value decomposition method for modelling the discharge coefficient in rectangular
sharp-crested side weirs. Engineering Optimization. 48.6:933-948.

Laugier, F. 2007. Design and construction of the first Piano Key Weir (PKW) spillway at the
Goulours dam. Hydropower & Dams. 14.5: 94-101.

Laugier, F., Lochu, A,, Gille, C., Leite Ribeiro, M and Boillat, J.L. 2009. Design and construction
of a labyrinth PKW spillway at St-Marc Dam. J. Hydropower Dams. 15.5: 100-107.

Leite Ribeiro, M., Bieri, M., Boillat, J.L., Schleiss,A.J., Singhal, G and Sharma, N. 2012. Discharge
capacity of Piano Key Weirs. J.Hydraulic Eng. 138: 199-203.

Leite Ribeiro, M., Pfister, M., Boillat, J.L., Schleiss, A.J and Laugier, F. 2012. Piano key weirs as
efficient spillway structure. Proc. 24nd ICOLD congress on Large Dams, Kyoto, Japan, Q.94, R.13.

Leite Ribeiro, M., Pfister, M., Schleiss, A.J and Boillat, J.L. 2012. Hydraulic design of A-type Piano
Key weirs. J. Hydr. Res. 50.4: 400-408.

Mehr, A. D., Nourani, V., Khosrowshahi, V.K and Ghorbani, M.A. 2019. A hybrid support vector
regression—firefly model for monthly rainfall forecasting. International Journal of Environmental
Science and Technology. 16.1: 335-346.

Olyaie, E., Heydari, M and Banejad, H. 2018b. Estimating Discharge Coefficient of PK-Weir Under
Subcritical Conditions Based on High-Accuracy Machine Learning Approach.Iran J Sci Technol Trans
Civ Eng. 1-13.

Olyaie, E., Heydari, M., Banejad, H and Chau, K.W. 2018a. A laboratory investigation on the
potential of computational intelligence approaches to estimate the discharge coefficient of piano key
weir. Journal of Rehabilitation in Civil Engineering. 6: 1-20.

Pai, P.F., Hong, W.C. 2005. Forecasting regional electricity load based on recurrent support vector
machines with genetic algorithms. Electric Power Systems Research. 74.3: 417-425.

Parsaie, A and Haghiabi, A.H. 2014. Assessment of some famous empirical equation and artificial
intelligent model (MLP, ANFIS) to predicting the side weir discharge coefficient. Applied Research in
Water and Wastewater. 2: 75-79.



Jlo olnl ol g )kl (owasies (gl (oole &y
VFoo oybimo ) . o 9 e 0 yloul o0 3190

oL 5l e

Roushangar, K., Alami, M.T., Shiri, J and Asl, M.M. 2018. Determining discharge coefficient of
labyrinth and arced labyrinth weirs using support vector machine. Hydrology Research. 49.3: 924-938.

Saremi, S., Mirjalili, S and Lewis, A. 2017. Grasshopper optimisation algorithm: theory and
application. Adv Eng Softw. 105: 30-47

Schleis, A. 2011. Labyrinth and piano key weirs-PKW. CRC Press, Leiden. 17-24.

Vapnik, V.N. 1995.The Nature of Statistical Learning Theory. Springer, New York.

Yang, X.S. 2009. Firefly Algorithms for Multimodal Optimization. Stochastic Algorithms:
Foundations and Applications 5792. 169-178.

Zhang, X., Wang, J. and Zhang, K. 2017. Short-term electric load forecasting based on singular
spectrum analysis and support vector machine optimized by Cuckoo search algorithm. Electric Power
Systems Research. 146: 270-285.

Zhao, S and Wang, L. 2010. Support vector regression based on particle swarm optimization for
rainfall forecasting. In Computational Science and Optimization (CSO), Third International Joint
Conference. 28.2: 484-487.

Zounemat-Kermani, M and Mahdavi-Meymand, A. 2019. Hybrid meta-heuristics artificial
intelligence models in simulating discharge passing the piano key weirs. Journal of Hydrology. 569: 12-
21.

QA



134

Ol 2! ST 5 kel (owiipn (Lhdgly (oole & pid
Voo by i 9 Jo 0 loud a0 Jlw

Estimating Discharge Coefficient of Curved Piano Key Overflows Using
Combination of Support Vector Regression and Grasshopper and Firefly
Algorithms
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Abstract

Piano-Key weirs are a new type of overflow that are designed to increase the drainage capacity of dams
and canals. If the keys forming this overflow model are placed on an arc of a circle, it is called curved
piano-key weir. In this research, the performance of three models of Intelligent Support Vector
Regression (SVR), Support Vector Regression- Firefly (SVR-FA) and Support Vector Regression-
Grasshopper (SVR-GOA) to predict curved piano-key weir flow rate were evaluated. Determination
Coefficient (R2), Mean Squared Error (MAE), Root Mean Squared Error (RMSE), and Scattering Index
(S1) are four statistical indicators that are used to determine the accuracy of intelligent models. The result
of these evaluation criteria during the test period is that the SVR-GOA model with values of 0.99275,
0.01220, 0.00026 and 0.00046 compared to the SVR-FA model with values of 0.95666, 0.03844,
0.00200 and 0.00342 and SVR with values of 0.94249, 0.04013, 0.06027 and 0.00410 for R2, MAE,
RMSE and Sl indicators, are more accurate in predicting curved piano-key weir flow rate.
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Abstract

Piano-Key weirs are a new type of overflow that are
designed to increase the drainage capacity of dams
and canals. If the keys forming this overflow model
are placed on an arc of a circle, it is called curved
piano-key weir. In this research, the performance of
three models of Intelligent Support Vector
Regression (SVR), Support Vector Regression-
Firefly (SVR-FA) and Support Vector Regression-
Grasshopper (SVR-GOA) to predict curved piano-
key weir flow rate were evaluated. Determination
Coefficient (R2), Mean Squared Error (MAE), Root
Mean Squared Error (RMSE), and Scattering Index
(SI) are four statistical indicators that are used to
determine the accuracy of intelligent models. The
result of these evaluation criteria during the test
period is that the SVR-GOA model with values of
0.99275, 0.01220, 0.00026 and 0.00046 compared
to the SVR-FA model with values of 0.95666,
0.03844, 0.00200 and 0.00342 and SVR with values
of 0.94249, 0.04013, 0.06027 and 0.00410 for R2,
MAE, RMSE and Sl indicators, are more accurate in
predicting curved piano-key weir flow rate.
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1. Introduction

Overflows are one of the oldest and simplest hydraulic structures used for flow measurement, water
level regulation, flood conduction and other purposes. Dam safety is directly related to the adequacy of
overflow capacity and this shows the importance of this structure. In some cases, due to the topographic
conditions of the area, the construction of the overflow is limited, the use of nonlinear overflows such
as piano key overflows can be a good way to increase the overflow capacity to the desired value. Piano
key overflows allow dam reservoirs to operate at higher altitudes, which increases the volume of storage
in the reservoir (Ribeiro et al., 2012). In recent years, research has been conducted in the field of
intelligent studies on piano key overflows. For example, Karami et al. by applying methods Support
Vector Regression (SVR), Support Vector Regression-Firefly (SVR- Firefly), Response Surface
Methodology (RSM) and Principal Component Analysis (PCA), Observed the superior performance of
SVR- Firefly Model in predicting the discharge coefficient of labyrinth overflows (Karami et al., 2016).
Azimi et al. using the gene expression programming algorithm, predicted the discharge coefficient of
side weir in the trapezoidal canal and observed the exact performance of this algorithm (Azimi et al.,
2017).
Roshangar et al. used the support vector machine algorithm to calculate the discharge
coefficient of linear and nonlinear labyrinth overflows and stated that this method was more
accurate in determining the discharge coefficient of nonlinear overflows (Roushangar et al.,
2017).
Olyaie et al. estimated the discharge coefficient of piano key overflow using four methods: feed forward
back-propagation neural network (FFBPN), namely gene-expression programming (GEP), least square
support vector machine (LSSVM) and extreme learning machine (ELM). In this study, it was reported
that the performance of all four methods is optimal, but the algorithms of the LSSVM and the ELM
were more accurately than other methods (Olyaie et al., 2018).
Zounemat-Kermani and Mahdavi-meymand used multi-layer perceptron neural network (MLPNN) and
adaptive neuro-fuzzy inference system (ANFIS) with four meta-heuristic optimization algorithms
(particle swarm optimization, genetic algorithm, firefly algorithm & moth-flame optimization) to
predict discharge of piano key overflows and Showed that the particle swarm optimization and firefly
algorithm meta-heuristic algorithms improve the performance of ANFIS and MLPNN, respectively
(Zounemat-Kermani and Mahdavi-meymand., 2019).
A review of previous studies shows that extensive research has been done on piano key overflows.
However, few studies have been conducted on curved piano key overflows as well as the use of
intelligent methods to estimate the discharge coefficient of this overflow model. In this study, for the
first time, the discharge coefficient of curved piano key overflows is predicted using the Support Vector
Regression- Grasshopper (SVR-GOA). Also, to compare the performance accuracy of the mentioned
algorithm with other algorithms, Support Vector Regression (SVR) and Support Vector Regression-
Firefly (SVR-FA) models have been used.

2. Materials and Methods
In the present study, the following schematic process has been used to determine the discharge
coefficient of piano key overflow using SVR, SVR-GOA and SVR-FA models (Figure 1).

SVR-GDA

Dividing input data Estimate the discharge
into training and o coefficient (Cd) in the

testing period training and test period

Figure (1): Schematic process of forecasting of discharge coefficient piano key overflow
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3. Results

In this study, the discharge coefficient of curved piano key overflows is predicted using SVR-FA
and SVR-GOA models. To achieve this goal, a total of 74 laboratory data were used for three models
of arched piano key weirs with different arc angles of 20, 30 and 40 degrees. The results showed that
the SVR-GOA model with the correlation rate of 0.9965 in the training period and 0.9922 in the test
period, has the best performance among the studied models.

4. Discussion and Conclusion

In the present study, out of 74 laboratory data, 70% of the data were used in the training period and
30% of the data in the test period. The results show that in the training phase, the SVR-GOA model
with a value of R2 index equal to 0.99665 is superior to the SVR model with a value of 0.97337 and
the SVR-FA model with a value of 0.96008 for the mentioned criterion. Regarding MAE, RMSE and
Sl indices in this period, SVR-GOA model has shown better performance with values of 0.00870,
0.00009 and 0.00016, respectively, compared to SVR model with values of 0.02226, 0.02786 and
0.04622 and The SVR-FA model with values of 0.03327, 0.0045 and 0.00239. During the test phase,
the higher value of R2 index in SVR-GOA model (0.99275) than intelligent models SVR-FA (0.95666)
and SVR (0.94249), indicates the high accuracy of this model. In this period, the SVR-GOA model has
shown higher predictive power with values of 0.01202, 0.00026 and 0.00046 compared to the SVR-FA
model with values of 03844, 0.200200 and 0.00342 and SVR model with values of 0.04013, 0.06027
and 0.00410 respectively for MAE, RMSE and Sl indices..
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1. Introduction

Overflows are one of the oldest and simplest hydraulic structures used for flow measurement, water
level regulation, flood conduction and other purposes. Dam safety is directly related to the adequacy of
overflow capacity and this shows the importance of this structure. In some cases, due to the topographic
conditions of the area, the construction of the overflow is limited, the use of nonlinear overflows such
as piano key overflows can be a good way to increase the overflow capacity to the desired value. Piano
key overflows allow dam reservoirs to operate at higher altitudes, which increases the volume of storage
in the reservoir (Ribeiro et al., 2012). In recent years, research has been conducted in the field of
intelligent studies on piano key overflows. For example, Karami et al. by applying methods Support
Vector Regression (SVR), Support Vector Regression-Firefly (SVR- Firefly), Response Surface
Methodology (RSM) and Principal Component Analysis (PCA), Observed the superior performance of
SVR- Firefly Model in predicting the discharge coefficient of labyrinth overflows (Karami et al., 2016).
Azimi et al. using the gene expression programming algorithm, predicted the discharge coefficient of
side weir in the trapezoidal canal and observed the exact performance of this algorithm (Azimi et al.,
2017).
Roshangar et al. used the support vector machine algorithm to calculate the discharge
coefficient of linear and nonlinear labyrinth overflows and stated that this method was more
accurate in determining the discharge coefficient of nonlinear overflows (Roushangar et al.,
2017).
Olyaie et al. estimated the discharge coefficient of piano key overflow using four methods: feed forward
back-propagation neural network (FFBPN), namely gene-expression programming (GEP), least square
support vector machine (LSSVM) and extreme learning machine (ELM). In this study, it was reported
that the performance of all four methods is optimal, but the algorithms of the LSSVM and the ELM
were more accurately than other methods (Olyaie et al., 2018).
Zounemat-Kermani and Mahdavi-meymand used multi-layer perceptron neural network (MLPNN) and
adaptive neuro-fuzzy inference system (ANFIS) with four meta-heuristic optimization algorithms
(particle swarm optimization, genetic algorithm, firefly algorithm & moth-flame optimization) to
predict discharge of piano key overflows and Showed that the particle swarm optimization and firefly
algorithm meta-heuristic algorithms improve the performance of ANFIS and MLPNN, respectively
(Zounemat-Kermani and Mahdavi-meymand., 2019).
A review of previous studies shows that extensive research has been done on piano key overflows.
However, few studies have been conducted on curved piano key overflows as well as the use of
intelligent methods to estimate the discharge coefficient of this overflow model. In this study, for the
first time, the discharge coefficient of curved piano key overflows is predicted using the Support Vector
Regression- Grasshopper (SVR-GOA). Also, to compare the performance accuracy of the mentioned
algorithm with other algorithms, Support Vector Regression (SVR) and Support Vector Regression-
Firefly (SVR-FA) models have been used.

2. Materials and Methods
In the present study, the following schematic process has been used to determine the discharge
coefficient of piano key overflow using SVR, SVR-GOA and SVR-FA models (Figure 1).

SVR-GDA

Dividing input data Estimate the discharge
into training and o coefficient (Cd) in the

testing period training and test period

Figure (1): Schematic process of forecasting of discharge coefficient piano key overflow
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3. Results

In this study, the discharge coefficient of curved piano key overflows is predicted using SVR-FA
and SVR-GOA models. To achieve this goal, a total of 74 laboratory data were used for three models
of arched piano key weirs with different arc angles of 20, 30 and 40 degrees. The results showed that
the SVR-GOA model with the correlation rate of 0.9965 in the training period and 0.9922 in the test
period, has the best performance among the studied models.

4. Discussion and Conclusion

In the present study, out of 74 laboratory data, 70% of the data were used in the training period and
30% of the data in the test period. The results show that in the training phase, the SVR-GOA model
with a value of R2 index equal to 0.99665 is superior to the SVR model with a value of 0.97337 and
the SVR-FA model with a value of 0.96008 for the mentioned criterion. Regarding MAE, RMSE and
Sl indices in this period, SVR-GOA model has shown better performance with values of 0.00870,
0.00009 and 0.00016, respectively, compared to SVR model with values of 0.02226, 0.02786 and
0.04622 and The SVR-FA model with values of 0.03327, 0.0045 and 0.00239. During the test phase,
the higher value of R2 index in SVR-GOA model (0.99275) than intelligent models SVR-FA (0.95666)
and SVR (0.94249), indicates the high accuracy of this model. In this period, the SVR-GOA model has
shown higher predictive power with values of 0.01202, 0.00026 and 0.00046 compared to the SVR-FA
model with values of 03844, 0.200200 and 0.00342 and SVR model with values of 0.04013, 0.06027
and 0.00410 respectively for MAE, RMSE and Sl indices..
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