Journal of Dam and Hydroelectric PowerPlant T G o9y g duw (Liapgly (oade 4 2l
5th Year / No. 18 / December 2018 WAV 5ol / oo ojleds [ ety Jlo

1S ez v 5a8dl l osliiwl b (S 2 )y Slasl 3o (55 lw JElos
' by Sl plhay s
Y-:{e ’_..,.m'“ O.:.’;.cb

LRV

sobie 4 (L85 e o yosl o (291518 sl sl o vz 5 (Sl GBS cal 5o
laojgn 5l silwsw laossn (5 Sl )3 098 0 ooliinl SIS ) e golatdl aige ANk
o3l alox 51l pals o] Wlasl glaas s Sl o> b el pY oS wil o gilpes anje
sy & oo ;5 (65,31 Szl il o (65,5 00iiS Slyos (slooslos doos Slaml aysa s slo
S 2y o558l oS Sgins o3l Boiows (pl ;o &5 098 o0 ploxl by e (92 (2leesle
sloanie loage jshie @ a5 ot phyesl 5l G al 0 (rlple dlios
Pl b el ouus oolazl ] @las| slaas s 2ol Coles 10 5 SIS 55 (S0 5 &)l S
S (GBL oy Slaol age ) 2eS (63,90 anlllae (lyie 4 e 33l 5 asne 50 (qungiaS
Sg9ep slacasgaze (dged jolate b g (21,5 Sori piyoNl 5l ooliial b liwgaie (s 45
9 o0 dalile S35 w5980l 9 (65519 bus Ry @l b gls aalsl )0 09d 0 (e SIS 55 5
ady ez o5 olBie o5 el ol saiaoglis js5e o sl 50 L soms g sy @l amalie
o Somadlug Ghe) & Comd (LS s 1 )sSl 5 S e s s sl sl
o598l bl 4 Cnd Qo y0 VA Ll S gz o8l ol 9wl oo Sgupy w0 VIF 4 F

28l Sgags S
SolS sojly

w08 (25 sortar o)l iy (b (S e 655 oaiS St slaosle

Okl oKisls J& g o 5 ol yes (s sasisls ‘é,l)qf.m sleosls g ~7;| (s ..»i})l GNL;&)[S 692:.&3‘& A
r.moeini@eng.ui.ac.ir - Y\-YYaravay: ab o lpbol olkals ( Jii 5 Jom 5 ol o owiige 00Kls )] o cwiige 09,5 boliwl Y

AYZLVAV SRS JUR AEIOIVD bl o 7,



[V‘!’m")L‘“‘*’/f"'?""’Jl‘“’/u”"d)“’lfﬁj“jws“&ﬁ)’ﬂs“l‘;“r” .................................................... \id

S sy ol Sl osliial 1)l b alls ) S 05
S8 BB LSS ol (VWY 0Ly g S5 y8) 0SS oo
Sk gt e b S Glan )y el a5 ol
s (6 iy Sy g (golaidl i gi 1) gl oo
(Ve o)) g olamF ) 5) Wl g ) plo
oz I il Jelge S 52y e (Ab 0
Sfles gl b g el sbhanie gl fSlos
Oy bl ge (plize Az gl 0590 lojle (Sgyuee
i dlie S LB o OlFse 1y 953 sallis jslats
oo Sobs, 5l (Sl skl b g (sanse 8 sl
Jlae J> sl IS 2l 55 0905 S 1) o (g5loarnge
sty S amanws 51 (Sl plgiee sileante
5 by Gryaebn (b e i yaely oot 5 ,a0b
wws o) 51 S o 550 coliul T LiglST8 oy Sl
e 55 51 ool o35 p0l i s cglas 3 Llse o joe,
4295 390 i 5l G ol Sbilie 44z b (L5518
Lol a8 S8 gileangy Plew J> 0 elixe
Ol g Ladl) o le 1,58l cnl SLlse (et
(\Yay

b Slawlbe Sledbl 5L 5l s allacs Clg cpapni
J> o Sz plo 55 9,5 00 &jpe baad g Soa
5 SilottianS alox 5l lagdy; plo 5l olitul b alle
Dl e 6 ol (6 S Bl

el @le bt sl ol )0 ailaialion (g )Lid,
OBl el nlnliy 5 00,5 (o0 (Slone iy bl o 0l
b Gl Bllae gy abais

O S 4 bole Sl lasgaze b (055 0 e 4
e o035 b at slaclsx 5l gob slass (Olg> S
aingy oz bl aslio b coles ;0 5 Wgd oo crss
2Oy oS s oo plis Slides Bilge ow)
g Sl Gusd Ao 40 Sguzme Sliniod IS (paix
Gl glaghy, 5l eslanl b GSL 5, ()
Yool Jlo o alex 1 ol ouls plol (gjlwaige

b yskaie 4 TS p,s 5l o) Ken 5 sla>S ) 5

b T y3d aler 5l SsSUsS Gilasl (gl o
oyd g P S stle (anald] O g 5p (mels
Feas s slaceand 1 oo o5l .aisd o a5Lu
Slyts gloojles daiy] oyt | o & ol o
s bl g ol T B3] S Lo 51 sl (65,51 oS
1 g 09 g0 033 O 50 g0k 5 Jemilty (55,31 el ol
9 Sleie 551l 5l (kg8 JB jlade o7 el 0¥
Sy e DMae plo g s Cews il o BS 5IE
ol bawg Wlgi oo (6551 el 098 (655 9l
5 el ralyl (sloazos> o b glyl ol
OFYR0 ¢ oo 5 ol igs 152

Bl T J el 45 e (glojln oo S s 4o
Elgil o )y 058 oo ] Cawdpuls s s CewdYL
sy & Olgie ol alexr 5l a5 wjls il
55 o3l SISL 5 spled sl s iok sivhens
Ak oS s glay )l aST e (VYA coiiy il g (So>)
2 s 25 ooliiul ojie il )T azmds> 5 g |l
o 2elyl5 0yaie ral] azmdge 5 e il glaos
a0 95,8 sae (b, oy ey g glar | s 450l
053 ol 4zl 55 5 998 (o0 Sy sl e S
Gl 53 e Gl ol | i T ol 5 b
5 oy ol JSate Wl &5 et Sl
ssbate (nas bl oo el 5wl Jlgte il )T azess>
el Syl 5 ,Lad) 25 000 S sloje ) 5l Olso0
(YA

26 S5 1 o5 el oy ) S SIS 51,
o s o jls aalol cews sy Al U g ool £g,5 53,
ol sl Clel (S8 oy cSle 39 ansaeS
ol pogdle D)l (65 p )y ple 4 Cond )y
Slo loy )y 51 SBL log) e 5o 551 Sl
S 65 S8l Gl &S Cel piog wlul lea b aly oo
ol bl elis ) 5 ral)l azmos> Job rals el
ol 85 el al S 55 bl S0 51098 o0 o

Seslie D hlis 10 by plo 4 Cond Gy

v.Genetic Algorithm

y.Frizell and Renna
v.Meta heuristic algorithm



Yv S e v )6l sl oolanl b S 5y e Slasl a3 g 5le Jlas

28 S9den e 2pre Gl baw b 50) (o>
ol Job b 8le (slasa s i 625 S5 4 e ules
9w e IS ISS i onl 4 ol jo s g0
Sedse ez (V) S8 Gillae bajesie Lo polie

OAAY (s ,55]L29)

>

L

(63929t g) Jlae Loy ) 31 (Job adaito :()) S
(YAAY

e g oo (Srme (Sie 93 Tl Ghg) cnl 5
o Oby> 9o Ges Ol sasmosylas "FIHC
@ 2lr 58 lEl pe azmiem )0 (Sgyaee n
2 doe e "TWRC pomie g wilioo oz i
Sy W, asloe slp oS el Wy, (28
adly cislbe Kooea b s 50 (pl Wb (oLl (aly)
09° Sgiee Ghp obml Glp s gle 4wl
b alog) Goe wb b (20,0 2Ll ) azds>
St b pl G 3l o Ol (gl Be) E9050 Bas
FIHC _ous aoles 3l ooliiwl b g, cpl jo ol
() el 51 (H) olesl (@b iy glisyl () JS2)

VY (539 ]ta9) 998 o0 drmslona

4
.
= o M
7.8q4

t

Sls G ik (20 50 Shb Gee Vid (398 akal; o oS
dlse s (B0 9l 0 ik (2300 g 1S
) haie 93 slp (Joip alal) (99es jshaie b caalsl )

S 9 Gy 2] Coonnd (Do) oy gl L o

g olgz> Shlo caelol jo .aingad oolaiwl SIS 5 e aige
oS e G pysSl YR Sl o o Ses
oalil (5,lia] iall sloazeg> slal (g5luai 2
Yeye Jlo yo ol)en g olas5 )5 cpuiomon Q30505
SrSedzr oSl L G e a2k Sl
Jls 5o olgs Shls 5 Ladl aisges solatwl T fuue 903
sy Sl siledinge ln Se5 w08l 5l 5 VYAS
e 9 Sz Lol Ho isges eoliul SIS
sobaie rgs‘?**"*’ S 9055 S9lS i ys51 51 (VYA0)
assle las g woges eolatwl SISy 5w 4 2k
P50 8L e il 53 0o cnl Sl eslial a5

sl o
Slaws Lais a5 el T oaims bt iliios il sy
9 Ly ity (b aie) )0 Slided )15 (goguxe
L 3285 ol 53 10 ol o plal SIS 3,0 5325
pb (251518 (slap o8l cn oz 51 (Sl ool
oy izt >k Alae TS gomtan o550
o 58yn eallln lyze & oliugiie s 48 2 S,
dgliie S35 02,55 57y mmalus e, @S L 5 ouds

)

0?9, 9 9lge
9 Se5y psNl wsssadbuy Gbs,y 5l GeBS Gnl o
oyt b Glp GBS semias ol
2 S i nl o W g 09h ge eoliial SIS

Dgds oo Al o g, (pl 9550

ST IRLTITY
slo 5 sl g, Of Goe 4 az g b gy 00l o
S ads> CasBee g Job labl wszee ol
oilandly Job 4y a5 b e 050 o0 paeine ool
Shass r oilecdly Job (nl (S5555 4 4z L) o

#.Tehri dam

v.Vittal and Porey
A.Free-Jump-Height Curve
1.Tail Water-Rating Curve

y. Chute

v.Particle Swarm Optimization
v.Honey-Bee Mating Optimization
t.Ant Bee Colony algorithm

o.Gravitational Search Algorithm



MWO)LA«»/WJL»/G"OJJOL?SJ.‘JSMGMAS)J*GAJC‘UM .................................................... YA

(Slgyee Gy agl g adgl Glesl pab asise |
JLg) dgd co s (A) alaly '"USBR ol
(YAAY «5,%29

Lt = 4.25 * \Z) (A)

Ot (V) USs jo oo &l povie 90 duglae U
AZt ( Sdgyap Sop agl Bos g LG L5 S
piY (Sdgyue op S sbml glp a5 0gd o s
Ol WL AZ ojluil & Ll 5y pow dzedg> BS 4T ol
Q) abul, 51 P pleesl 525 (ol elis | cnlpls 009

OAAY (5 59t g) S9i oo dmlne
P, = H, + AZ, Q)

zb o, JS wo b oo jlade 5l eolaiul b caslsl o
«$y529Jt29) Ssdor ks (V1) alaly Lawgi 55
(O AAY

)2/3

hyg = ( ()

rlo g cuwl 3y 59, S5 ae Nod (398 alal, jo oS

loads Gy e 3 51 b el

Sy e (Bl sk Gy 595 S50 e 5l
sl USBR (sl abasl, 31 eslitd b (X)) ool
JEeg) 39 os drwlne (V) alal) Lawgs o 2gl 320

OAAY (599

1
X¢ = 1.455hoq(~L) 785 1)
hogq

2 (N) oy, JS dlax (glp gylaie calal 5o
alayl; g FIHC e 5l oolazal L (VY) alaly g 05 o
R 3 JBle §lag s EL] st (sl ((Sog
-Jg) ssde U s 5 (5051 ey b (Pr) e

OAAY (5,99

2
HO H¢ QdOSPp _ qd 3
P, === +1671—025 (Cﬁ_g) +
0.179 524~ OSP - (Ov)

Slr (Kiwgny alaly (28,5,185,0 b g Gy jo D98 51 3
s ol (1) 5 (V) alaily 93 ) g 51 |5 elade
oS codl S5 bls el
(F) Lulg, ) a5 ool ooliiul G o+ oy (9 b yial )y

shakaly 99 ool slwesls sl

4 -2

= —= 3
—= (05Fr] +Fr" —1—)2 ™)
* 23%C3
2
2 3
P="tog 41 P
23%C3
P
q
0 = S55pis )

(o J7ee 5o addsl 99,8 sas kel ged Ly, ) oS
(Ht 5led) 3,50 glis)| P o(C=0.47) oL> opic
lal Gog) cnl 5o a8 Cal 58 (Ll adlse 2l
Lsgs aolsl 10 g oo dwloe O Llade (8) alaly lawgs
o 2580 Al L g (ns g, LI U(Y) ala
gy azxog> 10 (Y1) (o adgl Ges (F) alaly lawgs

ORAY (55509 L05) S5 o Cymnnd oslel

Ed
Y=h

vo o
1 Maximum Deficiency Az=2.06 m
Sly TWRC 9 FIJHC ‘_gl.{a‘:'.z.}.o oN Ao Lo 1(Y) SO
OAAY (sr929dlug) (bl 325
V1
Fry = 5
"= o *)

sbo g oog G 5l g8 adgl Cee o Vi (398 Al jo 45
adgl os s o= ilodds s o 5l b il
g o (S ) a\.!a.ﬂ) .b.wy Y2 ‘Q—l 4;9_;1.; Bos oy

:(YAAY ‘6)5{.5Jt;%9)

i—z = 0.5(/1 + 8Fr2 — 1) %
1

y.United States Bureau of Reclamation



ya S e v )6l sl oolanl b S 5y e Slasl a3 g 5le Jlas

ssbaie USBR Luls.o (ulul 5 g, (nl datly 5o oolizl
:(VAAD USBR) siloas

vy _ X \1.85
hos = O'S(hod) ()

JS a2 hod g 5, blis Glaise Y o X (598 alaly jo aS

Lol ) 89,

S5 ot x9N

29812 slapm ;s8N G P send 5l (S S5 i yeX!
2 oS ol s e 'l Gl dawgi 45 cul
Adle) el ool glasl oaiy Slogzgo s JolSS (sl
S5 ganTp Sy om sl Ko osle 4 (VAVD
Sl Eilyg oSS Lol (5 swlal 45T !

Slasi & Tlapgjses,8 5l (smaz ol ) weta oS0l cal 5o
5 S 5 Allace (sginn (5Lad ;5 digd cn s (Sna
dopgiges S 5l Soye oS aLil e Sloz o apgiees S
Do o JoSai |y b Ju oyl dcgame a5 0,00 pli 0 )3
s o Bos al Gelul 5 T (S0l 058 0 ay g
S8 bl sl Lalaie (S35l ol 5l 45 59 oo o3l
RO R CV-SRIN JUPS F-Vov JRCE JE B WA K BTGV 0
g sl 08 ol Cbdl Jlas! asl i Sassly
AV i) ol gy gdny o

L1 ol Olgiis Sz slasl (Sl et 5 oy
355 (sl 9 DLl Lb (s (S5l L ble Jleio]
sloSloe 5l gony al>pe 0 05 oSS sum S
ighge Ll gam Jod odg lp G s Giiel
LSO sz ol laaid; poil Ojgosd e
Omets 98 e (Sl Jlade 5 b)) Sus &b g oud
SrSedr ly Lol (Saijln b cesline o3 5 555 o0
31,8 .(VAV0 wdle) wigh oo Bl (gom Jud oy g
b oo nlol aBgy byl a4y o, U493k

s S o oS a8 el S5 LB iS5 ol Lol o
ool 8wl ez 5 el < el Shes 4
3550 50 shaisl ey aalol ;5 058 g fnd Sloz (e ]
g oo bl Slredgi by Mo ool 51 S5 50

Rl s ol boi IS gl Ho (38 akal, o o5
Sade G b e lonids iy e oo 5l b al )l
Joble o) o 512 O laie Pl a0 (0) alasl, )2 Py
39,8 dae (V) alayl, 5l oolawl b dslsl o 090 oo dulxe
g en dnloe Jlo sy p Sl SAn Joee 53 4]
Slesl (V) 5 () Laslg, 5l oolaiwl b« olel 3 ) oo iilon
oolawl b aalsl 4o D9 50 (s JuBlo gloys )y y0 oy
L) Jidle oo a3 G881 b (1T) alaf,

OVAAY (5,909 L0 9) S5 oo CypenS
Ly =6y, —y1) ()

b josp adg> Bl Jsb ggemme a5 Cunl S8 LA
Gy e (B Job pleis 4 ) pe et (B8 sk
Loy (V) ably by izmes gdige johita Li
Sl Dsd (B Jsb jlaie Pr gl 4, Pp 6,550

S5 en drlne Xp o lezl Jile
Soely ke «(VF) 5 OF) Lads, 5l onlicel b s
(10) alasly Lasss (AZp) Jiilo (sl o 2z (sl

(VY (55903 ]E09) D9 g0 drmsloa

N(P, — Az,) = H, — H, 0%
0.5p0.25 2
Az, = 1.6713 P —( fda ) +0179—12
g ’ C Zg g Pp.
O

o lodds w).u d.\_\.) )‘ Lb)m‘)b GALQJ h‘s) L)"‘ 5o as

Slasl IS Job (V9) adayl, 5l oslasul b o gy ol sl

O AAY (5)55JL3) 99 oo dmnloe L« SIS 5 )50

L=(N-1D&p+ L)+ &+L) (v#)

@lais 4 polie (2,8 N (gl as Sloj b el S5 LLS
Job 51 a8 bl L)) 52y JS sl 45 Sigdh (pns
G ol il so o (La) e sl slone

g o S5
Oms OV alaly Sl ey e (Job Jdgn cole o
Sy30 ppolie &5 el 53 L5 iS5 ol Ll o 0ed s

f.Selection
&.Crossover
#.Mutation

y.John Holland
v.Chromosome
v.Fitness



MWO)LAN/WJb/djdfogjﬂjwwgf*wlﬁ‘bw .................................................... Y.

3o hnd (2 ailgiy o, SIN(Y
Dg sad |, Xan 3llas dige Clo> 4 Log3) (¥

15 ST i 5o
w8 e Fnse Sl (S (LIS sertea oS
5 il Loy Yoot Jlo 4 a5 ol L5glST5 slo
29 Sl )3 oSl LS 8l 5l el b g ol e

S (B (g &S > g 1S gl ol
ez 5| lasgorme T gaminar loJole )55l 0l o
ol Aiiles aigy slolyz ablats a5 aries (loo,l)
Sl AiS s i 995 Ceans 43 | b ole ol (glall
5 ML Glapyr B 3 pz e Sl 4 bgye
2 oyl Ll (glag 38 51 i o 005 ooyt
Ol # o5l lagsle 5 S sy, cod Soaen

YV o San 5 ga,) 558 o plon

Slaize oKiws S piagw ases (oo ,68l 0l
ol adass ool e alws e glad jo gomais
Olyz sz cnl i 5l a5 ol allis 5l Slga S Lab
P 2 oS5 Slapgl (bl 2 0gd go Sl aig
e Jud 35 ez ez Condse bl Sy lex
Lo w08l cnl 5o o)l (ol oy g Jb e L2318
Wdber Sk phuw p SS9 WIS Glaggl
(VY Fools 50505

wil szge mar N dllas (somin slad yo 51
Sl X L d e cgz 0 I=1,2,0 N e Cobse
ls ple> 1A g 090 oo 00ls

d _

d
xt = (xt, ., xf, ., xh (VA)

am gz ot ol o) per bugl puz 445 o908
09*"(5" Ml"“ (\t\) 4~]44‘) -}G«J}’ 09-‘-:‘5.4 «))‘9 ‘Fl‘]i‘d
(Vo8 o) K 5 sl

S adgs sl o] 51 golans a8 sl o3Y Al s
Lwg ol ally gl ol 31 ol Gl . wigs bl s
aS 60,8 ;0 aS aigS pl 4 0gd oo plxil Ol Sles
gy el iy bl Jleixl o jls iy Sl
-9y Sl TeS ey Sl g Tedai,g Mol S b
Sl Wiy glapgiges,S AT 51 ey el Slos -
(358) p9jg09,S b Wigd oS 5 oo L a5 Sunl o3 il
Alos bwg bpgjseg,S <o 5 Jos 398 s o
3550 el5i oS (S0 pgigas S B 35 e plowl el
22l 093 sladlly slagy; Sleogas I (oS 5

Sl 355 g5 Jloel Wopgssos,S (oaled (53 sl SSlas
S9don Jlosl cotiia slapgigeg S (59, (rere Jlaixl L
(8 9w slas 5o asb peevon Jle=l O?-‘ 4> 0 as
ol 51 55 S a1 6 e s s S calls
obey g oad ol Slawlres anje all ol sl Jleis|
O (S pall) 09, 00 o0 braule ploel 5l (g0l
50 gl saee Gglis a5 ol S8LGS glgl Slae oy
Mg jolaie 4 Wy slapgjgeg ;S o oy Jobs (K8
el Ago 0959095

S0 051y G5 oS el sanTd e e Sles -
LS (o pags wa (Sl Rl S wdy ol
(23 MelS g 0 ktin s (65t gz Shoe 503 ol
£95509,5 «dijyd 10 Lraal Slee iS5 o ol ais, o
a0 WS e Slml Wl slapsises,S b slite sla
Alg g3 51 (S slags sl w58 slapgises,S
VAR 5 alS) 05 05 ol (slopy;ses,S 5o kol
3 sl cnl a8 el (559,05 Gl S8 Ll o
a5 0)ls (ombee 5 Llze (295158 slap oSl lo wiiles
oSy b o )lil anake i o Ll IS sllse

M (£)*Mg;(t)
Fjj = G(6) —Erpower, - (' (£) — x{' (£) () o o )
3,1 5ks ol L.M...: Slawlore g aladl> a4 ()
f.Goldberg \.Roulette Wheel Selection Method
0.Xing v.Tournament
£.Gao

v.Uniform



A\l S e v )6l sl oolanl b S 5y e Slasl a3 g 5le Jlas

d
d _F@®
al(t) = = YY
£(t) e \39)

t QLO} 59 d A Sy o i e S ol a?(t)‘di 40 aS

Al b by po T (qu il 2 Mi(E) 4
95 28 Syl (o pd Egame b gz 2 o
va(t + 1) = rand; * v (t) + al(t) ")

P e Do Eae g DE(E+ 1) (God alal, o a5
vi(©) {0,1] o5b ,o Solai oue rad; d aw g
OO s JRVIRCIVE Y IFNWE P e U
(VF) akly bawgs Gillae puzr S0 Coxge Zoleiye
(Voo ol g gadl)) 0d oo s

xA(t+1) = x2() + vt + 1) ¥f)

1 g 3> Cadge X (E+ 1) 59d abal, o a5

dé&%)biw«?&eﬁ&ﬁ-’s%xd(t) e JUGTRUNES
RVIAp

Loy (WS col o, 68l ol jo a5 el S8 o)LL
5 gobly) 09 oo dlns LialS Dg0 4y (YO) alal,
(Ve ) e

at

G(t) =Gy *eT (Y0)

Cate s dae @ ¢ 2l S adgl coli Go « 398 alasl) jo a5
ol w95 sl )| S5 S olaws T

(YY) abasl, 5l lop > cpl pulas slp izmen Wigdh oo
o5:le 3 (YA) abayly Lasss Lap 12l o 5 00 o0liciul
S S5l b slop 4 beal> ol (b o g oo
OLSan g gadl)) 0gd o ooy Cod (g yin gy
HAURER

Mai = Mpi = My = M; (¥%)

ql'(t) — fit;(t)—worst(t) ")

best(t)—worst(t)

9 My (1) & oyl yo il )5 2ol G(T) (g6 alal, jo a5
21 Jlb g Jld i (ULS a2 o 4 M(2)
Oy Rpower & lej ;o pez 90 oy Lol Rjj ot Lo
O Mold il S 68 L 00 € g g 90 (o alold
Spbse apmlome (Vo) ally bawgs Jo 0 o 99 (ol

(Ve ) Ko g gl

Rij () =l x; (©) x; () =/ (x; () — x;(8) )

51 e ComBye o i 4 X5 (05 %y (£) 358 alad o oS
Sl U oboy o pez

0o cqz o0 e a0 )l5 slogyd ggome waled 5o
olai sloco,s gz ol FUN) & ol o
S (o0 )l | e & i e K oS ol g
(Yoo Qo) an g gaily) cuils puales ol sl

FA(t) = 2 jekpost ,,-ﬂ(mnd;F{f- ) AR))

S yie K | it azgame Kosst o358 ala o o5
Lol 5l [0,1] 656 5o Solas (soae rand; i
5o rlple 35S oo 35 5 ol e ) e iz
Ngds gad pbiie T pu 43 0 )l5 (slog i oled o ;65!
Sloz 8L (sl ot sl SlasST )08 350 sl aShy
&S o3l oy alod 5l iy g Koy Lo angy
(20,0 ¥ :Yw) Sguds oo 03l

a5 55 ey gl slaylo; o a5 el §3 4L
9 931 on s (sorinr sLas )5 1518 o
9> g oD e iyl lS (a8l clndS L
°)‘3 l.: u’f}ﬁ"“ u.:‘ 09,...:‘5,:: w‘d.b A blas Cooww aQ
ol b a5 Wi o iy Tg o o 5 ' BLEST (slo
Sl b el jo gl pdass 2ol )5 &S0 0 Jele g0
i) 0gd se peas ole g0l 8,50 slapas
(T' -9 ‘u‘)&w$

day Sz 50 (oD e e 4 05 (95 Al b
o5 5 0oy gz 50 0l o )ls 5555 b oS 9,5 o d
(Y- -9 ‘Ql)ls.@ 9 (_g..)...iﬂ))

v.Exploitation

\.Exploration



MWO)LAN/WJb/djdfogjﬂjwwgf*wlﬁ‘bw .................................................... Y

Job s Ly g &b 555 laasyje (nl 51 S y0 a5
GrooR AR G ol e aes beaxsss
Jlo Sl Co b @ a5 b S e 50 50 (5,00,
Juy YWY e s by VAo

OYAR wlgm s 5 ,Lash) coul sas 5 lace

el 3 (6 lwdige s slcosgamme aolsl o

Al ey 4o \TAY

S 95 5 Syud slacosgime Joli a5 35 oo
(S5 i) Wsd oo el 5 SIS 4 45wl e
:(YAAY

Ho — XN.4(P, —AZ,) —AZ, >0 )

Sloazsg> slol Saaly glas,l AZp alal) ol jo o
Sl ] ik 358 bl a3l g Jble slo e il
o sll gla Sasly 5 by, glis)l ggame a5
(e 3585 i Ol bshe M5 el Sl azss>
Sole; b @Sl 2y sl a5 Sl p3¥ Casgame

VY 5)929t9) udls maplys cnlplis 09l

P, — (H, + AZ) > 0 XV
Jsb 3 laazmsse (8 Jsbo o el 39 il 1 ol

clls eplys plpls wll KeS s LB
O (s 9629)

Ly — 2Ny (Li +x,) =0 rY)

iodgaze (JolS' (Sdgjane 5y obml gl (rizren
5o le o5 0gd 0 oo [ Rl )0 s Sy,

Prax =P =0 )
Py — Ponin = 0 ve)
Li = limin = 0 (¥0)

él.é.’i)‘ S Li 9 li min ijin 9 Pmax LN\JG{‘) Q-.{‘ s
oo (B oo ey PBlaz gl )i iSTa>
a8 wtloo JBle Glagy ) j azdg> (Bl Jobo g azmdg>

990 axdlle

M. (t) = —3® A
i(®) 0,0 M)

Judre 5 Jub L85 0y aw j2 598 slaakal, jo oS
ai8)S 1 )0 plp (e IS e 2 Mil (Som ol 5
Oley o 1 e Ban 2b lade @i (1) cpizad Siloods
g best(t) & olej o 1 e Sl oliee fiti(t) &
&0 (S5l ke (3 5 a5 4 WOTSH(T)
Oles o 1 ez oads o5lle i oy Mi() 5T olej o Ban

(YA Ko g gl el t
G lad e b et oSl Gl o (IS Sl o
A5 sk 5 ol Slayinr s Byl (Byme 5 allwe
doloms 1 0y 5 2ol i alid y2 0 Lo
ol (Jld sl (Jud LT lap > aalsl )3 098 o
Oty B a1 Gl s s oo (Gl ,a (22015 <ol s

b e dalol B85 by

35 piyesdl ol &S el (55950 ST cpl S5 Ll o
515 mlee g Llse 8518 slopiy S0 ol aiilen
Sy b o L] dedie iy 4o LT IS sblpe 4y oS
05l ol a8 el ul w60l s (et
g 009 dpde dlwgn Jlaw Jo (slp 1 g 009 gy

il e lin a2uS Bluwo (sl

L 2y silwdinte Joo

oy b Alas giloanay o3k, Joe i ol 5
Jols iloangy 2k, Je o d9dse i SISk
ol e

Wl Ban &b axsl oo (L) iol)] sloamss> a8l
cov |, dlee » Casslhe Gl a5 Sl 5 ke
B il o cpl jo a8 oo b)) @i slacdl>
oS ol S e Slasl glbane gl J8las>
wlgs Shls 5 jLadl) 0 o ciuyms (YA) akal, lae
(VYAQ

Minimize f = ¥, (£, (P, 1,) + £, (P, 1;)) (Y9)

Al st e Slasl slaassse ST 568 alail) jo a5
ol (f2) 30,00 5 (L) )0 oS any 3055 g0 Jolis a5



Yy S e v )6l sl oolanl b S 5y e Slasl a3 g 5le Jlas

(V) Jgo jo Cowl oads jelate N=F G cpl o 13
o9y 5 ooliiwl b e el b (gl sdelcawsa polis

b3 3l oal ooy (gazdga 5 W3 5 Sl :(1) Jgur

3T THLT
N Pp(m) xp(m) Li(m)  Azp(m) L(m)
£ SOIVO  FALF NOFISY  NOIYD YAAIYD

5 2l sy od (B Job i 5 a L g X polie
L ply ooy a8 aidlbior 2l oy azmde> Job
Slasl a e (piomes aib oo e VYO F 5 FA/NVF
by Oselee A8F 000 505 Sl aSGley S 525
W Fyg

5 S5 o, 5l oolatwl b allaws ol aslsl o
Sgdon Jelod g a0 20 gl g oad o (o315 o
W) r:l.?u‘ u\.Lda )‘)S‘r:).: Ja.».‘z.a o G“‘"’?")S )9.’4».4 e
90 e so Ll Aol y slyxl b es I Jols bl g
S s sl T s 5 S5 55
polie i jolaie 4 38 B (pl jo 0gh el
axgi b .ol oo plosl ol U1 o el b gllas
o yiol,b oyl polie oy yige 00l plomil ol 5 JGT &
(V) Jgoz olael asbice (F) 5 (V) Jgo> Gollae
Al ge b Sloe 51 S5y Jloix] ws o saims i

S s 3951 s ol yly g oo oy g :(Y) Jgu

<IN roulette YA
e Ve il @ et oSl ples a5 el S8 Lls

Lol oo > ((Iter)
S vy yoRl (b ol )y olie ¢y yige (V) Jgu

ilyS
rpower a Go elitistcheck
A o/ Y. Y.

oz lapin sl b)) ke & (Guiod cnl 5o
L e St Al Jo 0 ouilS
6390 addllan plgie & (05 S G ) p Sl
138 50 VS 0y, (g 2 o (pl el ool solatul
b IS ore 8 s o el ouls &y lwguis
e MA (Lol 525 ol 515 0 40 (W) (Lol 52
As sy g6 Job easl S e VYV e e e b 0o
e P e Zewsimly jo albeg, e 5 ke
bl Ges e VIA (Ho) olyz by ¢l ggaze
Sere sk 5 550 YUY (Yi0) b oS (sl ailso,
o) o 7y lge) ail o yie VYA (La) 5, e las
(VAAD
ool 2 32y 5 pSTam 5 JBlas sl (izren
el 00l Slgiin yie e 5 USBR Lalgs
Pmin=30.96 Pnax=92.58
o] azmoge (B Jsb Bl laie onl el
alasl 51 oolictul L USBR alasls Lawgs Jle slay ) oo
D5 oo dnmlee limin=6%(y2-y1)
oslaiwl b SBU 55 pe dig oll lactl jo (Guso () o
gy 3l esliinl b agd oo Hend ymadlng by
S sl b o sy and symals
2Bl oo 325y ke g4 d(N) Loy oo Slass (1 gllae
Sgyoun i Yol 4 cal cdlo 9 ol 4o Ladd a5 1>
B Sjgo s gy 5l Sopm el (loazsg 5o
SHaee slacasgame Koo plo @) 098 o0 JoSi5
S ns slacysgams Ll (w5800 L)) ouss Jlosl
Caley gl ) pw Slasl 6l Guytws 5 Job Jolis a5
el 00
sy ke o S o omsdlug by, 5l eslitul b
Slis (L) s ojre IS Jsb ggezme ogd jshiie
orl 98,10 (La = YVA) 5, 50 Slol jlxe Jobo b Sl
A a0 AUl ol e Ve gas DS
Lol Sglis s o)y (IS Jsbo w09l jslate )
Ol gl (La = YVA) 5, Slasl jlxe b
a4 omie DS pl a5 Wb e VWP oog0s

99550 oy ke Sl 4 Cas 5 i gl S

y.Mohan

y.Gang



MWO)LA.N/WJb/djdfolfjﬂjwwsf*wlﬁ‘bw .................................................... Y'Y

g Ly, olal e s a4 (V) 5 () Jgloz aslol jo
leslatwl b Ol o i 5o sdwliwws 4 slaamsg>
Sl 5 1 5 sy 5 S5 slagi 5
5 Jobo L5 il ey 381 Jsb Li o o o8
5 oel)] g (Bl Jsb ggazme) oy aly o S
Sy Slasl (IS ok izmen el () D9
S 5 Sy sl 50 (o Ll gsazme) (SIS

Al oo yie YYVIOY g VYV A iy 4y il

b ool Cawddy (sloazmsge g W ) oo olasl :(5) Jouxr

Slez oy 1l a4 S ek 59!

5o P(M) x(m)  Li(m) Az(m) Li(m)
Jsl  YARY L YEIYY  AYANA NVAY YR
pss | OVEY | FA/b. | NOTAY VFAF VAAUFY
pew  YNAD  OY/-Y  NSFIOY VFIAY  YVA/A

el ABEY L BOFY ATV/FO YAZIAA

b osel oy (sloazdgo g 1o ) pus olasl :(V) Jourr

Slazr o0y Sl 4 (il )5 (g gy vy 595

s P(M) x(m)  Li(m)  Az(m) Li(m)
Js YeAY  YVAF NFeA VY AVY/eY
pes  OFIOY  FYIFY AVFEVY NFe. VALNE
pw  AD/CF BOIYY  NFRBY VYA YYF/A
ple= AN BVY  AYYYDS V9 /0
956 | .
951 |
3?946 B Uy
~ 941
. 936 ————GA
931
= 926 GSA
921 ~—
916
0 200 400 600 800 1000
)I)S;;ol.n;'

39 odwlcawsas S Olg (9wt (o2l xRed Hlogei (V) UK
S Germim 9 S e yeNl 99

O 2Sen ogm awnlie slile a4 (V) S

Gz § S oSl ) edeliiws 4 slacle>

U"‘ G'L"' do e .ol 00l AJ‘U Yoeoo )‘)SJ I &5"“"‘;

0,05l 5l sl Caws 4 bl 45 wms e plis JSi

anio s omlio S5 e eSSBS sei

o (So) Sk Sl (Sl gla lade
58 (StAN) oasiosle 5 jlone 51 Blpzmil 5 (Jb) gekes
9 S5 b, 5l eslaul b asby sl L oo
e oy sz &5 s lp GBS G
Sl @) 5 () shazr o iy 4 (NSF) 05d 0

135 loas

Nl Sl eoliiwl b 3 pw Slasl i 30 gl (F) Jguar

Corox olows Gy oo Slasl 4y 50) Gos &b StdN
SR e sl oSl
Np=0- SN V.-q sy <[-Y\F
Iter=v
Np=1-- afo Vel sy <[+NaY
Iter=\
Np=¥ - - v Veof sy <[+ VAY
Iter=o- -

oz G o5 oo (L (F) Jguor mls om)
Jml} Iter=y... 9 Np:&’ L g_i:.u) p.u)jfﬂ 6‘;&

el Jby aekes AYO il ] Sl 5 095 o

39531 31 ookl b 3y yuw Slusl g 5 g LG (D) Jgue
il s gz
Gy oo Slasl 4y 50) Gos b StdN

Coros Slaas

B O Jslos> S las Silee

Np=0- QY. 0A avs SJeAY.
Iter=v

Np=)- - A 9f4q avf ofe e
Iter=\

Np=v. . qyy a0- Yo BERYNG
Iter=o

Sl oy 45 Qa3 se 0L (B) Jsizr (o) 2 e
s Np=Vee o il o ol Gl
gk VA il T Jlade 5 048 0 Jool> ItEr=Y -+
LS s oo Gl @l (ow)n oeizes Sl U,
S (51,5 (Gominz 5 S35 slaps 55l 5l eoliiu
2 &S d9b e Jol> (e anie 6)ssdluy by 4
1S Goreim o 53 jl ealiiul b anze o 2eS ]

g s Jol>



Yo S e v )6l sl oolanl b S 5y e Slasl a3 g 5le Jlas

S (6 e 0 Sbee 5 (2515 (Somaz ool Culed
Syl S e ,eSl @

ey
S5y aa30 (g5l aieS™ L(VYAR) o olgs Sl g op o LadlN
oo alzeo M Sz i ,oSU 51 eoliil b aidy slaas o Jlgie

f";'.)}i”" .(\YaY) ) 0 9 lk)"' ‘stdi.ws:b) 0.0 ‘)Li.él—\’
O Sl e il e Al 3 s 90 anela (5l
Olroe gtige i 0 S Jaz Glamlie sadlllas daa

AYENNY (VYD ¢ g ,d

0,8l 5 solaial" (WYAD) |, (gume g we ool lis ST
il Gy 55y Aty (il )0 (Eghan Ju 555 (Sl
2938 Ol Ky il S

i o(£) Lo plal olily oLl

5-Bozorg Haddad, O. Mirmomeni, M. and Marifio, M.A.
(2010). "Optimal design of stepped spillways using the
HBMO algorithm", Civil Engineering and Environmental
Systems, 27, 81-94.

6-Bozorg Haddad, O. Sharifi, F. and Naderi, M. (2005).
"Optimum Design of Stepped Spillways Using Genetic
Algorithm", Proceedings of the 6th WSEAS Int. conf. on
evolutionary computing, Lisbon, Portugal.

7-Daraeikhah, M. Meraji, S.H. and Afshar, M.H. (2009). "
Application of Particle Swarm Optimization to Optimal
Design of Cascade Stilling Basins". Cientia Iranica
Transaction A: Civil Engineering, 16(1), 50-57.

8-Frizell, K.W. and Renna, F. (2013). "Cavitation potential
of flow on stepped spillways". Journal of Hydraulic
Engineering, 139, 630-636.

9-Goldberg, D.E. (1989). “Genetic algorithms in search,
optimization, and machine learning”. Reading, MA:
Addison-Wesley.

10-Holland, J. (1975). "Adaptation in natural and artificial
systems ”. MIT Press, Cambridge Mass.

11-Mohan, J. Tiaga, S.S. and Gupta, P.P. (1985). “Energy
dissipation and Tehri and Lakhwar Dams” Journal of
Institution of Engineers, India, 64-68.

12-Rashedi, E. Nezamabad-pour, H. and Saryazdi, S.
(2009). "GSA: Gravitional Search Algorithm". Information
Sciences, 179, 2232-2248.

13-U.S. Bureau of Reclamation. (1985). “Hydraulic design
of stilling basins and bucket energy dissipaters”.
Engineering Monograph, No.25, U.S. Dep of Interior,
Bureau of reclamation Denver.

L OYA0) cone 5 Slobs il bawg ;5500 dlas
A8 > 5 (g Jus 95 (955 o sl Sl eslinu
(N=Y) 5 sl S Gl Jby Gseke VA Slsz
95 LS G iyl 90 @S (o b ol
sloslital b oS aas oo (Lad (eghan Juus)9d) (SolS
Oh9) @l 4 Ced doy0 VIF mls o )sSl g0 e
Sl Slocle 05550 99 5 Wb oo S5t Smsdlus
zels Sl v, o8] Sl eslaiul b cpizmen 5 ls (o3
28l vse somadlus Ghsy @S 4 Ced wo s F
Sy pyesl 5l esliiul b az ST a5 ol S5 bl
Gy b Jol e @ GHmadlug L) @ Cams
&S Gl ez 10,08l 4 Cud 00,651 ()l

Syl g s o, Slae by o gy o )3 VIF LS
Shey 45 Ll 5l a8 cal S5 LB S ol Ll o
sl bl gl ok sl GBI 6 nsdlas
Jble slap e ol Jlis 4 5 oledl 5)pm gl
Aiboed s0al)lS Glaiz by, cnlpls 3106 3529 lecl
Sl i ooy, ol 5l a8 358 oo Sleitn 1

g oolaiwl aigs olwl o gl SoglST,8

G5 A 9 G
338158 slapi sl G ooz 5l (S5l g onl o
Silwding Hobie 4 (L2S sortan o)l oL 4
Caled )0 5 S s iR s GOl laa e
4l ooslawl GBI 5y 2hb jo banie el
S5 e G e DB I (69550 aslllas (lgie
Jog gy b ss5e dllae 5 oS oolisul lsguia
S (GBS e 5 Se) slep )98l 5 5hms
aote Sloz e sz Sl oS ol LA S o) 2
W o0 dbg osy b ol lasl anse 5 00g allece
31 eolazwl b odwl Cawd Gl rizen g U, euleo
22,5 7 6ymadlug gy 4 S SE55 565
(& 9T W pl.;.)ji” )| oolazw! L: Ly o usb Ogude
Somadluy Ghey & Cums wo 3 VIF s 5 IS
5 S5 Slap sl analie ;K Ole a1l s
S o801 48 el T szaslis (L2515 sgmia

2 g Al GHmadlog Ghyy 4 Camd e o Sles



&Qme}mn/w.zuJl.w/u’jd)aelf5r;5ws..&5))*6¢lcmw .................................................... Yy

14-Vittal, N. and Porey, P.D. (1987). "Design of cascade
stilling basins for high dam spillways". Journal of
Hydraulic Division, 113(9), 225-237.

15-Xing, B. Gao,W.J. (2013). “Gravitional Search
algorithm” Innovative Computational Intelligence: A
Rough Guide to 134 Clever Algorithms, 355-364.


https://link.springer.com/book/10.1007/978-3-319-03404-1
https://link.springer.com/book/10.1007/978-3-319-03404-1

Yy S e v )6l sl oolanl b S 5y e Slasl a3 g 5le Jlas

Minimization the construction cost of stepped spillway
using Gravitational Search Algorithm

Sayyed Pedram Jazaeri Farsani'
Ramtin Moeini*’

Abstract

In this paper one of the newest meta-heuristic algorithms named
Gravitational Search Algorithm (GSA) is used to optimal design of
stepped spillway with minimizing cost. Generally, dam construction
projects classify as expensive projects in which the related high costs
should be reduced. Dams consist of different structures. One of these
structures is energy dissipater structure. Generally, different structure such
as spillway have been used for energy dissipation. Here, stepped spillway
is considered as an energy dissipater structure. Therefore, GSA is used
here for optimizing the excavation and concrete costs and reducing the
final costs of this structure. With the use of MATLAB software for GSA
coding, the Tehri dam in India is considered here as a case study and the
construction cost is reduced using GSA so that all of the hydraulic
constraints will be satisfied. In the following, the obtained results of GSA
are compared with the results of Genetic Algorithm (GA) and Vittal and
Porey (VP) approach. Comparing the results of VP approach with two used
algorithms indicates that when the spillway has four steps, the results of
GA and GSA are improved respectively 6% and 7.6% than the results of
VP and the results of GSA are improved 1.8% than the results of GA.

Keywords

energy dissipater structures, stepped spillway, optimal design,
Gravitational Search Algorithm, Genetic Algorithm, Tehri dam.
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