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Abstract

Introduction: The occurrence of flood in the human’s history has always been one of the
mankind concerns. The methods of confronting this destructive phenomenon are of utter
importance between researchers. One of the categories against this issue is flood routing. The
financial losses of flood to human societies have made it too important to predict the
occurrence of floods, so that it is necessary to accurately predict flood. In order to predict the
outflows, the extraction of flood hydrographs is required in the downstream. The routing
methods are divided into two hydraulic and hydrological groups. Hydraulic methods require
the historical data and the solution of equations mainly through complex hydraulic methods
is time consuming. However hydrological methods are preferred because of simplicity of their
relative concepts. They are easy to be implemented and economize the simulation time. It is
believed to be popular with researchers and has always tried to improve the accuracy of the
results of the hydrological methods, which has become a good alternative to hydraulic
methods. The Muskingum method is the most widely used hydrological routing technique
which is divided into two groups of linear Muskingum and nonlinear Muskingum, depending
on the relationship between the amount of storage and the inflows and outflows.

Methodology: Various methods for estimating the hydrological parameters of Muskingum
model have been presented. Techniques for estimating the parameters of the Muskingum
model can be classified into three categories: mathematical techniques, phenomenon-
mimicking techniques and hybrid algorithms. Among various methods of routing, three
parameters non-linear Muskingum method are widely popular. Evolutionary algorithms are
used to estimate the optimal parameters of the non-linear Muskingum method because of their
convergence rate, no need to make highly accurate initial estimate of the hydrological
parameters and their randomness nature. In this paper, a gravitational search algorithm which
is based on the Kepler algorithm was first used to routing three different hydrographs. In fact,
Kepler algorithm is inspired by the elliptical motion of planets around the sun. At different
times, the planets are too close to the sun, which represent the stage of the exploration of the
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algorithm, and at the other times, the planets are far away from the sun and express the stage
of exploitation of the algorithm.

Results and discussion: Using the combination of gravitational search algorithm and Kepler
algorithm (GSA-Kepler), the parameters of the Muskingum model are calculated for routing
three different hydrographs: Wilson (1974), Wye River and Veissman and Lewis (2003). The
first example is a benchmark problem that was first considered by Wilson (1974) to estimate
the parameters of the Muskingum model. This river has no branch to the Belmont and has
little flow. The results of the GSA-Kepler and the Segmented Least Squares Method, BFGS, HJ
+ DFP, HJ + CG, Genetic Algorithm, Immune Clonal Selection Algorithm, Harmony Search
Algorithm and Free Parameter Setting Harmony Search Algorithm are compared with each
other. The second example is the flood hydrograph in the Wye River. It has no tributaries from
Erwood to Belmont and has little lateral flow. The third model is a multi-peak flow hygrograph
that was first studied by Veissman and Lewis (2003). For the second example, the results of
the GSA-Kepler algorithm, COBSA, PSO, DE, GA, BFGS and WOA are showed and for the
third example, the results of the GSA-Kepler are compared with the results of the WOA and
MHBMO algorithms. After determining the optimal hydrologic parameters, their uncertainty
is estimated using the possibility theory. Selecting an analysis of uncertainty depends on many
factors such as knowledge of uncertainty sources and model complexities. There is no definite
guideline for choosing the specific uncertainty analysis method that properly works. The
principles of analyzing the possibility theory are based on fuzzy theory, which was first
pronounced by Zadeh in 1965. To investigate the uncertainty of the non-linear Muskingum
model parameters based on the possibility theory, the aforementioned algorithm and other
algorithms include Least Squares Method, Gravitational Search Algorithm, BFGS algorithm,
HJ + DFP, HJ + CG, Genetic Algorithm, Immune Clonal Selection Algorithm, Harmony Search
Algorithm and Free Parameter Setting Harmony Search Algorithm were used. Then, three
triangular membership functions were assigned to the hydrological variables and the
uncertainty of these parameters was calculated using the fuzzy alpha cut method.

Conclusion: Comparing the results of the GSA-Kepler with the results of the previous studies
shows that the combined algorithm used in this study has an acceptable accuracy and high
convergence rate. Based on the fuzzy alpha cut method, it is determined that for Wilson (1974)
the uncertainty of parameter k is greater than the uncertainty of parameters x and m.

Keywords: Membership function, GSA-Kepler, Possibility theory.

Journal of Hydraulics
14 (3), 2019
18



Oyl Sy o (ol

omtdl
S g youd 4y i s https://doi.org/10.30482/jhyd.2019.98964

'
o
Iranian Hydraulic Association

eI 9 (W SeTi al 3Rl 3 oaliinl b O L9y
2wl PGSl S (SO 5alg 0w (sdvdsmnl ¥ Cuxlad pus

T bl Ll dwrw T Sl 7 colus Lo j3gam0 ¢ (6 o571 dilory

OlosS ol g oSl (lyee i (i ¢ Sl paed slaojlu 5 o sl 2Ss (azeails -
OlesS ymly gl ol isls ¢ cwdige 9 (S8 0aSiils (ol as gwdige i Lokl =Y
OloyS eyl aads olRidls ¢ pwdige 5 (8 0aSiils (ol jas gwdige Gl o Lasile-Y

* hessami@uk.ac.ir

www jhyd.ihair «SJsae 4, oy $EE VYINLSITY o pdy VYAV NV il

2 2l Saenl Silng enay b 09)ksy leely sl 03g )b Jsb 50yt o LSS 5 (S 0lgen Ml olas ) rouSs
e (2bis) (LS slagty) plee jladlioe DD (Shig) altae (al pln o g ladlgie 5| (S o)l Glide (e
S peSals (s 5oe Joo slrazinl b aigr 3551 sl 000 3b) Cmnl (glazinlf an s 5o plSiSole (Sjsls e (2,
Sl Sbigh ol 55 955 (o ol (S55ds 00 (slaaminl B adsl 351 4 (S5l (2 9 Fe e e gz LSS sl 55!
ol @ Al o oolil Sglite HIS5 Ol dw (bl jekiie & LS (0,65 (e (L1 semtaz 02 sl 5l L s
@l Fed Cep g Jgud BB 280 Ghils Biizd ol 50 ek ooliul (oS 5 e yoSUl 45 0B (g0 LA iy Slikdod @l b by,
Ol oo ou &l o oSN 1Sl (6,955 ull (Sl o pleSule Joo slaazinl 3 coalad pae (o) 0 jslaie 4l (o0 (YL
HI+CG HI+DFP BFGS  (slap ;oS ¢ il oz o js8l claypo Jilao (slagtg, Jolds Lt 5801 100 5 e
ooliil azuiwl B o (g0 Sige)le (92ta mi 98l g Sigela Soata o o8l el (S9lS L 5581 (S35 o 565!
iy M g X sloaseinl 8 5 k Al 8 Coadad pae a5 Wm0 lid ALl b 58 Joe sladsuinl 8 Cogae ol ol

e e g oISl 4,085 LS 0550 S sy 2,550 15153l el

Al ee 5L Cawapmly doudo -
Silaren 5 (Selasden 03,7 99 4 iy, slach, b S S ia 5 00 Kl 5l (S OO
Sy sla g, ‘\Scs’L"j Sl Ngd oo (S ol kit ety Axsi 90 o)lgen 45 Wil

laaoles Libe Vot ool (glaesls aejls i ; :

S ° J’?M«S‘° o o (GBS ke )L Qlﬁ‘ﬁ)oﬁﬁmc;lbo)’lm@ijJ#u)Leros&wlooy
589 g oz (Slgysee slagty, o by Cow S slapl smals 5 pio Sl Lis gl 659,05
g o5 (o) Bld 4 (Sojglg ane sla by it b S il Sl s I gl 5 el o
S 0l 0 pszabie 5 ol lepsgie (Solu s, e b el ond o Sl sloaral>
U w‘ LW W}S o)‘}o& 9 ML“SA uLM.?bo 4}5;0)9.0 w‘ ﬁ)y 45 (5)510 @ ..\....JL' G)YL‘ w.a.@‘ (5‘)‘0 u}‘l.».»)

O 4 Sislg e la b, s 8o (0 YL L i

ok Sln Wsd (G SB0 L ol ples g gyl (20
pale (9) ) (Sl Slagis) ) selie 3 de S Ol gl i 3 Candiml Jaw

1 Historical Data

Journal of Hydraulics
14 (3), 2019
19


https://doi.org/10.30482/jhyd.2019.101685.1253

WWAA (], 502 g (5 5]

e g7 o 58531 31 oolistnl b M (2L,

soolie a5 Jb o aib o o2 4 oo X e b Juw
L og3 Gabos 0 bl oS Koo 4 Seopm gk
28l Cwd dgy e 4 EGO=300 oIS Jus sloss
Barati (2011) .cwl o295l Ca5 e s onio ylis oS
@ L Gy nl @l 5 eolanu NMSI 2y 6831 5
HI+DFP 4 LSM GA HS BFGS ICSA o s,
B9y S35 (295 & gy (nl S8 0l plis 5 05 auslie
2 (SSQ) M las wlaye ggamme Hlade 5 <l BFGS
5 LSM ICSA HS GA L awlic ,0 NMS g,
5id S ks o bas Jb o canl Jlade oy eS HI+DFP
3 b aly: 1Kl cow DPOB g SAD'? olis
5 g i b ISl 4zl lezr NMS o0 5551
i 2 ol Res o pw (59, adgl simplex ojlal
Olatie a4 9 04l0 9> o YU o0 ,6l o )ls
53 ekl Cunexr L aoly alalls gl a5 90 5l &
2 i @ Sl iy S o s ol L)
5 absl> wiejls >l glp g cel lul cagiasl
58l p 5 5l eolaznl b pi 631 (ppln] o8 s Sl
o9 Kl ge )5 g cel 00l g5l Jow MATLAB
oslizal 1§ s3loiags 538 s, 388 Sl mdls
Wil Al ooy g lisle ok, oSl il oS
St e sy (50 b 9 sloemial ool
amilf e

Geem .ol audl old Casgme PSFMion )63

saiiSais  gleal> e Bis

Joe sleasinl b 0,91 sl 1) PSF-HS g, (2011)
PSF aulre loy a5 ol o] 510, )5 4 sBiSule
Glp 1 ablge 4l ) Ly b 0 e o5yl sl
YV L1, PSF-HS zls 5908, ,I5 4 oduzy sbrailels
LMM (Das, 2004)"* HJ+DFP .GA ICSA HS s,
Xu et al. (2012) .o,5 awslic NL-LSM!7 4 S-LSM ¥

11 Sum of Square of Deviation between the Computed and
Observed Outflows

12 Sum of Absolute Deviations between the Observed and
Routed Outflows

13 Absolute Value of the Deviations of Peak of Computed
and Observed Outflows

14 Parameter Setting Free

15 Lagrange Multiplier Method

16 Segmented Least-Squares Method

17 Nonlinear Least Squares Method

S Gbaig, by, ol
0,3 ol yle alayly & ax 5 L aS" (McCarthy, 1938)

Wawd 93 lons (29 g ey gk g
G Syl plSule 5 s plSle
ool oyl cln Bl lagis, o5
Sy, al o ail)] pSle Joo (S5l 000
Wwd dw & g5 oo ) pBESCule Joo sloazminl 5551
e85 (8 slaghs; (8 gy 3,5 (S

S 5 sl s 5 ooy
@13 ples3l g, 5l eslizl | Chu and Chang (2009)
LT .is,S 5,505 1) plSeSuls Joe sloamcul 3 (PSO)
slgts, Lo el b,
HS3(Kim et al., HJ+DFP(Tung, 1985)
NONLR4(Yoon and Padmanbhan, 2001)
LSM6(Gill, 5 GA5(Mohan, 1997) .1993)
& S D)3 plo0jl gy 3535 s 5 aalie 1978)

Slyd

21 S See e e 2w Yl la by, saen
w08l Glaes la Ul pi oSl cnl &Sl 5 (93
i )sSI el ool LS 0,5 55 Lol ol 1, S
S 59S diedsigh o950l (ICSA) yanl dilucon Sl
@lFXen g 05 @l Ken Cepu p ke 5k 4 a5 ol
5 o e i LS5 sl 550 5 ol
IS slag S K wile S ol
e JLaio JUglS ol ol 550 sl 3
2V 0 gl 8,510 el o3 ol JLazo
b g sl o] wilolis (550l ailcans bl a5 ol
Luo and .&ilég oo 1) S5 o, o8l o ads (gom
L1y Jow o,8les ¢ ool o061 pl 51 Xie (2010)
BFGS NONLR HJ+DFP HJ+CG LSM o Jow
dod yo Woly lid g awslie GA g HS (Geem, 2006)

2 Phenomenon-Mimicking Techniques
3 Particle Swarm Optimization

4 Harmony Search

5 Non-Linear Regression

6 Genetic Algorithm

7 Least Squares Method

8 Immune Clonal Selection Algorithm
9 Crossover

10 Evolution Generation

11 Nelder-Mead Simplex Algorithm

Journal of Hydraulics
14(3),2019

20



WAA 5l o o lod IF 050

Sy

Ll 5135 53 ads) o 20 s ol az 81 o
550 e, 003l g o Shos 2 aS 51 Jiiws azinl 50
02l gl el il o (sl 5,000 513500
ooy Laseis Jole (g oy (il Lo ol g
dlie ;53 02, L1 0,680 cnl b b1 .o
0,55 VarexQ* 4 SSQ «SAD yolie 45 4z 55 b g 25o,S
odee s 5O (n e pRye VY 4 S VU
Olee y® i ke & @ o e, MHBMO o3 )5l
Hamedi Y- V% Jlo ;o .0ib oo polio 5l slos s asals
e b1y o (8 Sale Jaa | sl ot al
polie ol arwg slaziwl,d adsl 0,33 bbb
6T laax o sloss Al arwg s é plBSule
7o Gyl ol i cBs el a5 oo (g nin
P Sle Jao (sloasiul b (BT 09 oo 00 i i
Sl g 0,050 ool b 1) a8l vy o> a8
P Sale Jao g 3,Ska 59,512 (WOAY' 50 e
Sl b 1) )5 O 35 iy b 48l angs s
Kang and Zhang .45,S b, s bl sleakl, 5
9 EMPSO® (slap ,s31 51 oM (ol 50 (2016)
1y plESile Jow jlsle aw b1 058 S eolazwl IGSAT
A0S Anlie g gwyp oo sl Jus ookl b
sloasiul,d 54l (6l Niazkar and Afzali (2016)
Gl ag o, ol (slaswl 3 £ sl Sule o
sl ol pbol,S g MEBMO Jue 535 (5 5 Cui>
oS dw sl (2B ) (nl 80 S S 51, GRG IS
S Ol oD o5 s, K5 T ol Lo allie 51 ceiia
03,15 @ zgl alais g0 sl)lo sla )55 Sl g p 5 e slo
YU oy, a5 wis S slo bJae ;S0 b avglie 5l e 0l
9 Sl O e ool 43S L5 55 Gl ol ) e le 5o
BB b a1, SSQ lake izl alais g0 gl ks Jle (gl
Y-\# Jls ,sMoghaddametal. .28 o jiolS 4> o8
ookl b1y ez e sBSule Jow sboassnl 3
pSle Jae j0 4z 51 asols jlas .ais )5 541, PSO

5 Weed Optimization Algorithm
6 Elitist-mutated particle swarm optimization
" Improved gravitational search algorithm

solatul ' Lolas JolSS b, 5 asiwl 3 5551, (sl
HS BFGS PSO sla o, L1, (g, cnl gubs g wis,S
L9y 3,5 auulis LSM s NONLR HHDFP .GA
93,10 &y 2, Sen a5 Cul ool by, ol LIS
L SSQ Llade a5l .l o5 ol slodasinl,d slows
3 Ghey ol o SSQ laie 5 wS o (sl BFGS
;) Karahan et al. (2012) .ceol oS ool slo g,
aaS Cdlas 4y 4> g5 L ais )5 oolawl HS-BFGS (25,651
@ ookt B9y S 5 Sl eNl Ceend o 0ud
sl ln ol Ghey cnl e o)ls sl (S oo
o0 4l <[ AYY ol Lal Voo s SSQ i o g
5 s, M) LI, HS-BFGS Jue s o)1 el
Sl @ Sl S5 8590 i o8N isls (LS g anslie
50 00,850V 5l edal s 4 SSQ polie slus 1 g
Excel ;! oolazwl L Y-VY Jlo o Barati .coul sUlgs
Sy ,S 055001, plBSle Joo slaazinl 5 Solver
Gls gy wazmiul$ (gl S (g Gl el
3 o ol el il Aty 5 sloss; iz
s0S J> 3 GRG? soS > L |, baseul s wilg oo
adgl iz aiejli GRG ouisS o 0 zuiwly LalSS
il i ol dign el (o9 4 sl ools lis g 00
Aol B i 4 525 LS5 oS Jo 033k 5 o
@S GPg) 99 nl 5l plaS e az STl atnly o 595l
L ogo yo ol slpiiny wojl (ialidl ol Ll acals o5
Sl 0aisS > 5lel o a8 s 5 ol 4 g, 5 4 00
polie 0l By a5 4l Wiz 5l e g 09d 1,2
oo Olgie aronal Cesday (Sujls e slaazinl b
adgl o 13 .aigd eolatwl GRG ousS J> (sl p adsl
5 Suabd pae g 998 o0 oS GRG oaisS > sl
Sewd 4 (a5 oy 53 dingp Gy (nl plis 09 d o0 S
8L gl Niazkar and Afzali (2014) o1
Sibo e piysl Sl pleSle Joe slaazinl 3
solizil (MHBMO)® s 555 (5 S i o0 5ol

! Differential Evolution

2 Generalized Reduced Gradient Solver

3 Modified Honey Bee Mating Optimization
4 Variance explained in percentage

Journal of Hydraulics
14(3),2019

21



WWAA (], 502 g (5 5]

e g7 o 58531 31 oolistnl b M (2L,

s el (SelST Dbl o XU (S5 e,
09 Sigayle (s97tar o )sSl § Sige e (s97iar
g Sl 00l duglie [0S LY Jow o asial 8 o das
pas Gl (651 Blaie g ool ol oy oIV - 5l eslanul b
(Sl ol 008 (e (S5l pen (sloerind b Lol
e, o8l m s L GSA-Kepler oo ,65l mls ¥ Jow
Jaw slp g WOA 4 BFGS (GA .DE PSO .COBSA*
e 68l mls b GSA-Kepler oo ,68l mls ¥

el 005 duglic MHBMO 5 WOA

S e o 5ol Y

Rashedi et Lawgs )b yuiwse o3l,5 (g v ,oX!
5 g wdl (gl 5l 5585 plell b Ve -8 JLu o al.
P9y el Vb o2 o8l cel ool Gl oS > (s
03 o o9 adlr (g8 o el alibl> o g orex
908 (A5 (o0 i (LIS (095w L) K00 S den
oo Aol 5o L 5 13 eaics o Lo 2 55
Sl WSe s

M. M

F=G 12 (1)
R

Sl G5 B Gy 2515 $9508 Son F (V) abail, 5o
Dl oo Cewd a4 (V) alal, 5l as

t\s
G(t) = G(ty) *exp(r) B <1 )

0

Sy s ol ol 3 G el e G
Aol R g 0)3 Gmegd g etwss py> Mo g Mi o SleS
o9 oolaiwl R 5IR? (sl 4y il il o 0,3 90 oy
s ps° 0B sls ylos S & Gy S
2l ol ol 04 oo 3,15 slo,d W F (g9, a5 Sloj

s (S ol 7 5 9508 4 Lo (¥) alad

F

a=—
M

€)

e, 5l Glacgeme Somins sla fole o )68l cpl yo

cd> GULS e L eSS Olyd pl des aiil o

4 An Improved Backtracking Search Algorithm based
Chaotic Orthogonal Design

5 o eJde Lol Wisd oo Sodumy @bl glainl 8 ¥
sools 4 (by> zol dhy s L s, ol
!y yuan et al. (2016) 045 co 33l yige sloanlin
BSA! 5l b aiSule Jan sloaninl 3 50
ol BSA 5 Slas oyl sl Jlio a5l g 050 )57 oolazul
Ll 4y 00l 2ol BSA a5 wisls lis g oolaiwl oo
Yoo et 5,15 5,55 PSO g GA DE , J> of, coasS
Joe slaasinl 3 5,915 8,90 50 s al. (2017)
30ls sl o] oK ey anlpl o pKLSule
Joe sleaziulp oyl ax Sl a5 wo s ple ol
GA 4 HS ‘AHPSO wile (s0b; sl g, b pBSulo
ools 09 yo o ybg, ol 5l plaSons Lol casl ouls alox!
39yl 0 B wo,S Wl g, W i las pe5 o
&b bl )5 s i SB Lk 5 x lgn leesls
JSes Slypo s ab 5l eolazwl b 1) Tawl-05.5
S She 4l plSule Joo slaasinl,d b aisls
w55 Slas 21y (2ep Olz g WS bgyye adg>
20yl Caws 4 STy s al g sled mb s
Olej 9 WO i 4dg> 5 90 @ |y adg> L
095 3929 b () Jol 4dg> ) 0003S cupd g 35 pel
Cawd & (2,20 gleakal, 5l eolaul b Gy, glaosls
Sy s 3508 Oley of 5l s end alre (e
Loyl 5l oolitwl b g a5o 9] Cows a1 anlpl adg> 0,53

A30,5 i 1) X gk gladsinl 8 i i
st Joe glaazminld ag 0,5l Jlig al lacbas
S i i olinl b oK Sle s
ladzial b Coxlad pae (o) p g LS w08 2 (e
L5l o il as d plSSule Juo (Sjsls e
w8 5 S sy iy o5 5 ool
o lp b3t pRSule Joo slaazinld TS
onl 5l edel s @ s oSST g sl o0 dlee Joo
@ ooad Ay Slupe Bl glagh, g e )eS!

HJ + CG HJ + DFP BFGS (i  slocansd

! Backtracking Search Algorithm
2 Impulse-Response
3 GSA-Kepler

Journal of Hydraulics
14(3),2019

22



WAA 5l o o lod IF 050

Sy

V4 (t+1) = rand, xv.9 (1) +ad () ©)

xd+n=xI@+vd@+1) (10)

SWilp bl b (Sele 4 LuilF g vyl slop >
L (OF) 5 OF) slahl, buyg 5 Bgd oo dwlxe

Ngb oo Sl is,

Mai:Mpi:Mii:Mi i=12,...,.N 1D
fit; (t) — worst(t)

(=17 T 12
mi () best(t) — worst(t) 12
M= i (13)

jélmj(t)

g lop,> L Nt Loy j0i py> S5l ol fiti(t)
Sl (S5l liae (0 g o yige WOTSH(t) g best(t)
(S0 9 SLAST o ol )30 sl Ghe) S
a5 el bl s ey S L lap o Lot alS
Oy SRoSs ) plaaleg s 23555 slap 2 5l (slas goe
Ul 5 Wl als BLaST (g5 098 e 2l 5 005 oo
kbest (sl 5 lade jolare Gl ar sl Rl381 610 o0
a5lel jo .l loy 5l ol aS 0gd o a8 S a5 o
4 kbest floy cudS L9 058 0 3)ly gy g > dan
e Skl obl o g wbiee el (s b
Sge d gy wnly Galply w5 o0 0)ls 555 5o

d (14)

F = X
jekbest

J#1

d
rand i FI i ®

Sl e b el pr Kl slasgee Kbest
.(Rashedi et al. 2009) ol o

kol GSA 2 163! sleal> 1o :GSA-Kepler ps oS!
L el ool g al> o (] 5o 0l 0ols musgs YU o
o Sarafrazi et al. lawgs a5 1,5 a5 b, 5l eolaiul
3940 GSA 1oy )68l e oo el o0y 3,20 Y0 VO Lo
byl ;3 bojlew LS Jol 098 sl 12098 ol

2 Elitism

Sy & DS dan (N5 ES o o 950 (nl g S e
SFAS oS slop,z Ssdie FeS 0)d
Aloye p ST 4GS 0 ES o S slap
aasie ¥ o> 0 GSA o el 00,651 Y (6,18 00 50
(Jud et g Jub (LS 2 ol iy SnBge i)l
peass b ool g ol Gl S 0aiS Gl 2 2
el ogd oo Sulae (LIS g (ol lop s Ceys
85 Wgh Qi pr G F e Lawgs lag > 35, 00
b aslebs G o tanl ainge gl 2 Gl g sl
2 Soge & pll gzt Jale CoaBye gaiiar Jole N

D9 g0 R

d )

Xi = (X e X 1o

N, .
i Xi') i=12..,N

(X
S35 el daws o ol pyr cusye X
4 (0) dolae 51 K5 Glapyr sow 5l px 2 2 0l
ool Bolas Cumle 4y oliiws (gl 5 Wl co Cawo
adal, 5looliiwl Lid am j01 g, 0 00,lg slog s anl

M (8)x M i ()
Ao=-co—— 2 oo ©
RIJ (t)+€
R0 =% 0.0, ©
d,.. N d
R ®=_ 2> randjF() (7)

J=1 j=#i

s 2T e Sk Sl 2 oy 3 1R ()
Pz Mp g e 4 by Jlb 1S 02 1My,
3 S Sl B d ey & by S o215
99 Oy (owinldl alold :Rij(t) S>oS ol et o
5o Bolas sae :randj g Cowl () abasly plyyj gi gy
i oz il 28> o9l slie p il [0 o3l

el ) Oigo 0 d Sz o
R4 )

dy =
a (t) Y

(®)

vu.:ﬁj.a 9 &y u‘)_..a Ll 1 S d ‘5.»)_91 oy M"

139850 demlne 15 D90 0> S

! Exploitation

Journal of Hydraulics
14(3),2019

23



WWAA (], 502 g (5 5]

e g7 o 58531 31 oolistnl b M (2L,

Tobae |y bt pllaSule o 5l (G55UsS sl S
ol sl B U oz e Jow odes 09,5 g0 a4 aS wis S
Gl Bl G yuitio aziwl B s 8 Jos s
Niazkar and Afzali (2016) @ ase) () ;o yiion axlllae
b pé plaSals Jae jlids cnl 5o (Onle asxl e

] 00 oolawl iy S @
(18)
UL°) )b 605)5 UL')", :It & ULQ) )Q (L3) c\.ﬁ‘,;‘ o).:_’.>:) :St
coli K (LIYT) t ley o 9,5 b,z 10 (LTt

S = K(xly +(1-x)0)™

copo X (LIMTME30g, ase> slp 0 us3- )k
My Sl IV G G Joome j5b 4 a5 53,5 305
3 ool b el s e 31 38,5 L s sl oles
dle ) Ojgo a4 (o Ol pllSwls doles

R s

(20)

ool (V) doles ,o (V9) alal,y 5 138 sl> b

SR ERCALNERH

WOk 35 0 A Ol by sbral>

e2y)

d.)j,wéao uajﬁ mgx AK))QLQA_\
3l eslaiwl b &g ool o ail =09 Og oo

S=K(Op)" :f“'.’-)b aAN) dJag‘)
0,3 gls iy i (V1) b, 51 ooliasl L -Y

Pedse dmlre (loj & Lo
dalo p bl 5las B 50 0238 Ol ¥

D9 s

Sp,q = St +AS (22)
O alal) 5l gam o 55 (29,5 Ol Hlade -0
A3 Mo ) (6 o 1) 95 g0 Aralone

(w‘ odls oalawl [t )I It+1 ‘_gl.> LY)

alold 1A wiS o &8> ad e je0 4 SO pan
S w08 @Bly 5o adloed Sul ad e B Laolw
43,5 pledl o j95 590 4 bojlw SISO pan &S > )
S 3edys 4 bojlew it slagley po ol
el 05550 (651 32 0 52 Al o Sl o5 Wisd po SG3 3
Ngd o0 590 sl S yo3 5l oslew S slagyle )
S5s S ool 55 ol i 5 S GLEST el e Sy
Lol sy o0 o CumBge a3 (V0) abaily Lawgs ol
Sl LS| jslate 4y g Lad )0 a0l 93 &S > 4 ates
by ol yo3 CoaBge o owe aineS 50 (3l Sl ey

LS o peds (V) bl

(t+1) = Xp o +R *U(=2,2) (15)

(16)

Lol (YY) 03b yo oISy ajes U(-2,2)

Cewd 4 (V) adaly 5l aud j95 g aojlw (o Cundge

Xi,new i,best

Xpest new +1) = Xpagt O U(=2,2)

(t+1) if fit(X

|,new) < fit(Xi)

(17

Xi,new
Xi (t) Otherwise

sdel V' S5 ;0 GSA-Kepler oS 5 o ,s5! oS acds
e Ojgo 4 (LS Gemter oyl kT 5o o
S yoB Slore )85 e po b uly (e 9 0 2]
L g i e Ll ol Kk olSST g o 425,50
5 0,ew k g (VF) 5 (VO) laddoleo 31 oolaiul
azsliz (V) abal, 5loslanl b ool co Caws a5 095
Ol g Camdn 4y S 38 slap > Syax ondse
il 8 )3 9 Wgd s (i Slpsr (3l WAL e
9 9 LSS 4 eyl g Wed e Bd> D90

ol g delsl aBg Lo 4y o, B YL sloal>

plswle Juo by glaal> po —)-Y
nolie g 02 lade (b (b abal, ()5 Sl s
b olge (B )3 0ad Jlocy3e (29,5 9 89959 slagk~
bt alal) sl 13 el 0392 oy s (slallas

Journal of Hydraulics

24

14(3),2019



WAA 5l o o lod IF 050

Sy

S

=95 oz Op 5 oad swalin (25,5 by> O

wi AW Ml}m
e, b ol anslic 5 pi,93d 0 Sdee b5l Hghaie 4
P MARE? ETP? ‘EQP1 SAD 6L¢:ua_$u )’i alises

Ll 00l oolizwl 3 slaakal, ol VarexQ*

N
SAD = 3. [0 - G| (24)
t=1
Op -0
Op
ET, = iTp -T, (26)
1 N -0
MARE = — 3, M 27)
Nt=L O
N 22
PACTE.Y
VarexQ = | 1-- > %100 (28)
tEl(ot -0)

sanlive zgl dhii >9,5 b,> 10p eakl, (pl )0 a8
Tp 0dd dpwlxe zgl ahil 9,5 0b,> :0p wads
oloj :Tp woad saalie (255 ol gl 4k olej
OrSle Oy g ol arule (255 Olyr gyl abi
Olpee 47,0 abbioe oud osalin (295 lagl >
ETp (lies azpo 5 Coul 5380 Joo ail a5 EQp
Flanyd odld 7 zol aball 00 (o Gl 2BL S5 eS
SIS0 o5lail g S 305 (YA alayly 51 oslical ol
(Moghaddam et al. 2016) 39 o (5,5 03l]
gamwl g coabs pue gileS-F-Y
ST

28T sl (sl slaJole 4 coalad pue Lo Sl
2,18 (K Jao sla S auzmn 9 Cunhad pos slogis
poe Jelos g, Sl Gl parin glesl, g
39y il LL3ls ) Asaii (i 45 oadiie Caalad
2 o caahd pae gl Kol gl sl
S 350 50 5 Jleil slaay i 5l 385 lags oS eIl
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1-Search space identification, t=0;
2-Randomized initialization X;(t) for i=1,..,N;
3-Fitness evaluation of agents;

4-Update G(t), Worst(t) and M;(t) for i=1,..,N;
5-Calculation of the total force in different
directions;

6-Calculation of acceleration and velocity;
7-Updating agent’s positions to yield X;(t+1) for
i=1,..N, t=t+1;

8-Implementing the Kepler algorithm;

-Choosing K agents from Xi(t) for
i=1,...,N;

-Calculation of the Euclidean distance
between two agents | and the best agent;

and best agent Xj(t+1) for j=1,..,K by Eq
(15) and Eq (16);

| ;
i !
i i
i |
i _ » i
. -Calculation the new position of K agents  :
| !
i |
i -Updating agent’s position to yield Xj(t+1) I
i for j=1,....K on elitism, t=t+1; I

9-Repeat steps 3 to 8 until the stopping criterion is
reached;

Fig.1 Pseudo Code of GSA-Kepler Algorithm
(Sarafrazi et al., 2015).

GSA-Kepler o550 oS ais § JSC%
(Sarafrazi et al., 2015)
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Minimize SSQ = [0 - Oy (K, x, m)]2 (23)
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