Olnl O 9 6yl (waio ShdgR (oale @085 |y
1Fo) Gl a9 k2 oylos o0 5lg0 JLw

6}-},)4-051-3 > o g9 Olawlro L SSST )l solaw!
ki plas 39 T giia et

vd..\m M.»M' cgownly Ma‘é)sﬂ Ay dwo

(LS VALVRS 25 [ P
VP o FIYO: oy dy fyb

Ry Alie
oS
aaLoa S

ua»..‘y.z&f.s[*ﬁb.‘.n) \)QLL—@%LMJ)5~&S y o o | é_)LJ.A 0

oo L b1 pliled ) 3.8 Sadd a0 G oedl D CHeosls ames L Lo

sl AGA) Siiein 5 5 KPEO) Il sty d log 2y i SH g Sl . owl xa sl s
&5 pl 584 a@llid ey G@lhm b o2

‘:LMKSBQ b'?%’fddjs‘ Qy5..a.z.a L Cceiwsl o™ 2 }.3.

|

> 2
Sool o peFanigo,a d w | Gawas Ly
yoast e gl 2 @tk S
“zopdislSal v Alpdusgiobs oL ol b GBFE s bl agpYiakasr
coooN @ odlmae o gadugy § BSO Liprs o |

a2

2o L .QA.A.L .&LA.}W.;}.MM} 0‘9.)“: Cawm 5| 33
T A P I N R T S

Sl o i 0y 14 Lymiand) Lo, 2B sl i gy 5SPEQs g 4 N 1 jt
1 Lesslyipe Llgd L Sd s agla s ol Soggad,disshe: ©lw s

Py s

05&.24.

s o cha o pogbss) o 5thydolangdl, &3

od e d§dgad i 2 L wlSiiNax s o L X
!

ol >

la 2 & g)lgalnse sdesSoidaxs o 35 &5 pbfas by , 5

ol s
N 3 . Z .
p s hssl o Sl Toblexgfly 63

uimﬁ;Jéﬂ.ja‘L‘S&.e*ﬁlS@Mz; o L X & 1o ‘ ‘5.’4,'. > o



Olnl &1 9 6yl (owsi (idgh (sole syl

\VY
VPV olowl . el g k2 oylols o2 5lg0 JLw
G- - A by & e WOARS e g, s ST doddio
. B . 1 . z
ot A lyed Sl L SSLUEEA) w25 T et (i e ey S L bea,ssladsl b, |
)'O‘OLLAg\lVMﬁl(VO LE’LK'ZQB‘SQ ‘Sut)t ?a, | 61155‘}A0Ju‘>l545)¢°%3~)

2o S Leloliba BAPSQL 51y 5 s ST L BLIL L el ampgll Jptengll &

Fi-- a3 e Gl bl ag, U

a s s 1o ol aiol agal=iiio .)A"is*"o' )&S&Ld_cx:ﬁ)@:;&tli) 5 s s .
35 501 Usa abhelSs b alpdSal Ud 2w |l 1 0l n ] wlea s et sl o
sd e laznads sdanssehs el aiss elidieay b xds g s, |
K-S P C N I T BN "*éJ\ﬁLM.«w@;*&d‘LwLMJIL%J &5, ol oas el
S e A U BN o 17Ts | |- S S S
seapdisle s T Jae S Lely hpsgpaoal A8 mdd™s  yelual < o
ere b abdda 4 g laa b a0y s LE gl % 3N ks
B, el gqce) d wn 48 L & oajlgcig; L.ﬂé},,:,u%__;ﬁs e 21 oa
bysede sgir Laesglbmlass ch_o-_w Ly L) s a=x

CoMeFoopsld vy e b 6iu oLy, 62l KU S47 00 o o 8 ds _aaass

a S o 5 ande dgalil 105 L >a 3Q°Ljf&{¥asf\;di‘l&%ﬁ% e BEF mgeg S, LS
crshd el d shslasady ST g a sl L WD) e L agenl Sag s,
Or e Heak el oML g e w5 NIRLIP ) laieg s 5 Lol p b sz o_o o
Khanjari Sadati . s tallas , 5 5 i | 58, M, et s Sy | il toay L e
SHa bis 4 s e LV DY oS5, LS o

o b —_dald o m B, b Sl b 5 o 2
b sy 65 GAvE ks, 5 £ LAy s Sepaskhaly SGhaRiraman
R e Rt e e TR S NS FC RENFIL NP I NT-R
, Ly 2 a b> e | g Lo o g, 58 *‘J%D‘&—’ﬁﬁir‘* a0 u‘»w--‘é:AUL»J los -
R R R e St BN S U - NS P VE RIS
g O Ox .o X R B (I Oy ke Jd.u\g’o 4°g5)65.blfglsi)/‘|’~' !
Poe Te el Sasosllddatlas o, Ua s | R O Az sl oo o
> S S5l ,n sl 5 a5 5a*|§uw%§>,iﬁfsml“@j$¢;thﬁ.rx-\sea5,4
eabdi s o lsa s ol GLLA gl tms se gl s a0 LS
dr o @dgdans AT 5] q(sch,;)m,t&*éxtz.ﬁ,*rgnomti;_
ol LU Slacew g a4z &1 o O ‘Q,sz}\«-} 4‘9 54%&%@#;154;‘HM .?)_3

e s d e e L5, OO0V JEy 5 ol s e el BBIOA) 4z 5 L,
fe ok MRSy &d 50 5 gBS0) Solla® i mgadkws m S

7 particle swarm optimization ! Dynamic Programming

8 Genetic algorithm 2 Linear Programming

® gravity search algorithm 3 Non- Linear Programming

10 inexact fuzzy stochastic simulation- 4 Soft Computing

optimization programming (IFSSOP) > bio-inspired optimization algorithms

® fuzzy logic



( OInl ST 5 &bl (owidien (g3 (ool 4 303 | YA
1Fo) Gl a9 k2 oylos o0 5lg0 JLw

L s
5 Sad g qpdhixi g9, o o0 Hetad wiscd b — 4, 0 4 553
el Fae it mm sy mm o Jgle ;e s adde, Ly S0 o bS5 g PRI REN
ol o by @sSrs-linns belhaa wol ; opy ae, 50 50 o
s® 3 &l sgdins L3 pAe ab>daes Lo gl ;o
Ja s a s sl ge ol ws gL d i3 s

s | L s s KON s | > | &
- 2 p) J 2 b, > 2 )
b ig) 9 olge » .

ol il LN U I CEI
< a x>, L i;“ “-&}»-'-Q—J--cbdﬂ ¢,
FYO ¢« i |l wwooad 2lus! 50 ga,i L > 0 [ s 5 .
| . "‘/ J 9‘) f.e)) ‘})&'})ZAS f""" - .m.—é'j. lwg ﬁ._g.:‘ y 2 s_)l
s R © I Oc.’.g_:dﬂlf'.;: L;d.)i).\%fu_a.«g Gt 2 o
Ao S pal) QA.L_A,@p;BJSu.;)_LMJ) \“E;Y‘,.WVK g . ., - j
-- - 2 -- - -

SRR S 4 i ks ‘S}SI‘ ’4 &yt L7 ,.8:» .@j;b;noﬁge LLgJ..\;.
Sl ad Lblbz--wdly ez L2y Somrrldd L EakED 0 G

La¥adicd 5 g3 goc @l Wadosiame ) ani g E G i JBA)
I R T o WO S EE I S € ST S (S N 2 )

...b.é} ..55 S ud.j x Sdgl.«é...)_i.a..m).‘* do s
I [ ST N W FL V- T Y oL - - |
6‘ ) & :-uh ) L) ‘; (‘_"JB—‘ “'Sb 'eté 'O'L 2 ‘67_0 ‘0)_& @Aisﬂab— tS')““L’ - -
los-- - d 5 @ ol ad o Y1y QL’}"’); p oS 5| W T T O’
Q&Lq‘gkjﬁ @qﬂao@b@%é 5 Sy 2 &a > y b oo 5 | Sa s

bore D ooeraizlagmsdplles olgd-e -0l Ll Lasd 5L asa, .4
3Ry e s 80D fieedSy o

)..:..é @l L %o ~>9¢.§ &_JLM.A.>‘ oy
ez S L - '.‘;' ol ‘f]“" ”'L&,OAL;;'.',Q“L'@HJH*J;,B Calwizg S iun,
R IR b S B AP o w2 LI T UL SLTUUN R TE Fc R

s> 23 L an ol

ul,:l,e,.: a3 Badg> s 30 o CarBge g 99500035 duw g ddge leo.u (\)JSM



Olnl &1 9 6yl (owsi (idgh (sole syl

h VP pylbinnli . ol 9 o 05lanis o2 )l93 Jlus
ol led Luas 4 3 0 D) 3 -
(5C) 5} Slowlns slacsiss Sga> cao by a0 6
sl gling b slagely o 0 o 4 T I R aia —am Lo T OIY kgl _a o Ll
C by b oo - - Aepihesal § L aaz oo w b e @ilda deao,bis soegSlea ) Lo s
> S8 5 aslabeSys s Hd e T oL F g Ll pad 54 4y mid
Lo dosyd ldalos 3a g, 0@ L1 4 P o | A S .
ex blia b fiodaay 5o L L Ly a5 o o sdlaml on wglogalmdle o a oo s
J> 5 05 gakede L, X L cow bop - s A4S s S 1G s Epbasl ML J -
Sl o Sasd boao Giodlam idlows 1T (Ja A F pyli Sdo lub > aciiVly faox o

G Ls  shie G4l s SBChi soleSindae,lls )T b Lasilng 2, L o
4.&(5[{@5,53(NN)‘5{.C9L;;»4SY(EL)‘3 ‘ Sl bow Coe <o bsb p Cooe X
s - ABICAY cus b 51 o saliio B i h asl B oo gy,laesle (o Ly ee

A kS, i A Bagl win - aboaod > ) RN B S BV VK A W S T P
Castillo et al., ) bl o S AT ¢ ao lnand s gy b ) SBLVALY Y Y
wil o, o 11 5k e @040 - - _ Loy a sl sl O0OYAA
T N L IBTILY T U I Gy WP G oy 3 e e )
4 -2 BA Sy iPREO L by o, X < (UP) s (53 3ol y
w2 s =il ol sk iesss, s b Loged laspmll 5 oS, Lk
SiPSO o 2 5 SPSOS Y Cames jhu diute - clgd ow o L coo sl ol sy
Sy o s br was o pelesy 5 X EL LT pordemaz: ek, a6 2, s 22

A4S cddinlegon Spesdadi 3 e Fe 2p gl | Ky LS L, dhs . Lo By,

o5 ;5 J,r S ae2asdk e Ll a3y T Sylnge by cawlds psan,

sd 1w oo L ggbs , 0241 & dxbao o 6 A g £ 4 ‘\4
Js AL e o pnoSs e O 9 S a s .\JI\;I_I_Q_Q??s 3 ox 3 oL
Ol Seil,dss sdgadagol o b g, o 5] o5 , 5 Inlmlzeill R
y o BSO o5 5 Slalallod U L 2l bos 5 Tai‘ ‘b i 12..n
> s b S basty i liee s adlesla i S LR : T

Legaalao 5 Sls a3yl tzs X 601 2680, dL2,.my 0 | (W
(Kennedy and Eberhart, 1995) o 5 »5,,52 » o2 ,25 , Uog & g ,a ,155, 00 4y <

;1 yparokes;sh s IPSOs 5 5 35 S hdl> 4G e lesSosd ¢ SN E Gy,

(€
U—‘ <oe 5o~ 9 O»\)?}L\Su\’i‘&l«ﬁ.d’.léi}w.& gjg‘; o MMLLLJS) 3 6[;&.». _A_&_Laidf.ﬁg
‘5)409..4.»‘54[..0)\ J%%? .bg ‘Qj{“}?"é%dldaﬂ“———‘j":‘rf‘ °L‘>i}:’4‘.‘>:§?§
onf « ® S G o X ‘SJM‘JM 9‘

. Yeh, 1985; Vedula and Mujumdar, 2005)

4 bio-inspired optimization algorithms ! Soft Computing
S particle swarm optimization (PSO) 2 fuzzy logic
3 neural networks



Olnl &1 9 6yl (owsi (idgh (sole syl

YA«
VPV olowl . el g k2 oylols o2 5lg0 JLw
PSO 195 1 oS> Lulyy ae gaza:()) Jogur
X{(0) ~ U(X7in » X fra ) ) (
x4t 1) x%(t) vit 1) ) (

Vit 1) wVi() cr(®[pbest x{(®)] c,r,(t)[doest® x{(®)] )

Vit 1) wvi(®) e (Olpbest  x{(D] ¢, ®0best’ x!®] ) (

501 sy A xodol S L &g | by &, gy -l o g 04y o, 3 , 2 .
Js Py Sy lsd doo Flpmhaldss «52ls acss | 05 50K &2 5 o83 S
; Swe. o JoHESE 3w Low,lS i S g o2 @azs Kmpd Xaind Yo dalis Jlik, Da s g
abhy b, 51 e e i Ll bbby ol ghadi) b Y ba
ol X, L wa s A4S 58 2l 8w |y, Ziead 3yl Sy S gaby 5, x
a)lbest oy >) o 60,5 d Wway XMW aBlgrxey by gl R, L
pbest; B9 8 bool g0 Lavos o 0¥ Ilaks e loha, fog, dl way, 2,805, ’
Com oo d dgely da s a Sy g S wWlVt) coteanBiy 5o B A gres b R
a5 ox o lcigt o faneul b o o, Kennedy and Eberhart, 1995) o s S% 5 . . & 5
s? gabo Lo ol PN P Sopsr> oyl asa g e, 5, ol
sd Blgas . cwid R LU X & | , 5 g8 65,58 a4y, =3 P

6o O g 2 a_i__d..ii .a.LLg_‘s_A: 4.).).5. _‘_C‘S_Lb..a.m‘ Q)m_’l.:.éé)op_o.

R 4 0 )LM= UOD) - - —akslozy 50 (goy > o 0 das o L - - @
96___..»).1.W‘ G&j.hsn.s).».‘n)‘v)pll.u)5.‘;CJL|A.~>‘ s 3 = P S a4 L
aS  cw sl T Vs agady obhsdaaShndl kodesannss o b
Kennedy)a 5 U - & 4 « by Lo e ,d% s &5 s Db 8 0 sug,50 2394 5. ¢
and Eberhart, 1995; Tripathi et al. 2007 ; J T S S S S VU O
GWPSO ax y ) 3 ST IV, 88 oo b o cogeslaxmse Ly ol ;8 JS a5
e A B D mm e xepo 0l a g L ¢ x| o O
Ol Jr:SJP%Og 8.533 9 9 ¢ ksi'i Il oo o 2
D3 gbﬁstg (51 > o | Ipeﬂv O l)z*"e: 3 9
u‘)o ‘nl..o..':' ‘o)..b y R g_giil—-
& | )5 J__S 4.__3‘5)‘1.7330 )||) s <

4 Global best. ! Cognitive component.

5> Acceleration constant. 2 Social component.

® Inertia weight. 3 Local best.



Olnl &1 9 6yl (owsi (idgh (sole syl

YA
VPV olowl . el g k2 oylols o2 5lg0 JLw
( Initialize swarm with random position (xo) & velocity vector (vo) )
¥
[ For each Particle }<
A p \
Evaluate Fitness ](— Next Particle
v T
e N s N
If fitness (xi)> fitness Update Position
(gbest) gbest= X: Ker1= Xe+ Vi
\ ” J \_ J
e ™ T
If fitness (x:)> fitness Update Velocity
(pbest) pbest=X: V= W*Vi + Ci*rand(0,1)*( pbest-X;) + C;*rand(0,1)*( gbest-X:)
\ Y,
\/NO
Terminat
’Y
[ gbest= output ]
PSO oy 95Ul 3 (bmslmo Jo1po :(Y) JSL
¢ .]o)___.,.i.\ &g._l.‘:. Q,u«z;J9>o ij.o?.?; bn--ﬂSQ) 0(544‘*).‘[55‘ s
e S o 55, e el oo b lhs s il lads T e T
Jé}l.o cb}--ﬁ; ):.AS ds..a.bﬁlv}d:?é )0‘5.30 «{}—IO—LAA;A_)_QAS
) S RS &2 L:—& wfu-dm-‘w)wa)w‘akw.’) é;ns 9.&5:--.—&”,@‘ 6L.m B ‘
c oy a S x| 50! o kil g oS e i, &l o Qa5 o i,
y £ S A > 501 sl d s i Il S gD S, DS LAy Sl 0B
.)‘5940.{:@3 9 L o» W':' F) )%siol ‘g_i.is .)L}g_.i} g_)‘ 3 = - . 3 )
ULAMLVZ&ﬂG&)%M}&‘S [ N a—ES,‘g.@,J&L%n Jé.t}:ﬁn
29 )JJ.A&L:{KJS.E)';" &*WBSﬁfi-‘ﬁ‘L .Q,)JQ‘ ¢ = g o~ & 2 oy 2 O

o LycgYeh and Lin, 2007) o ewoy U o o - i35S Lla,i a- 8 oo g BBdisns o 4 &



Olnl O 9 6yl (waio (ShdgR (oale @085 | Y AY
1Fo) Gl a9 k2 oylos o0 5lg0 JLw

sl oo ) KASGh e o S ll -t sod > 05 5 g0 sl - bS5 5 40

Sy Toke-3dd Wi s 4Sa Sislisaisl gl 3 pefs sl mpy pdld 5 05,

) )L;.m).) UL 52_9.;*3¢‘)l+;]‘?.")‘—‘i5)‘1:5— _4....1905 ) bj 9 s

Crossover

1100101110
1011101010

!

1100101010
1011101110

Chromosomes

1100101010

- Encoding 1011101110
0011011001

1100110001

Mutation

0101101011

d

| 0101111011 |

New

lati .
poputation Selection

Evaluation

Off spring

1100101110
1011101010
0011001001

Roulette Wheel

Decoding

Fitness
Computation

(Yeh and Lin, 2007) <3 s 5951 5o @lawlxoe wig,y :(Y) S5

f 40..&&5;]&*9.»).0”2)“\1 -,’JK——-':’ d) l Lo

de ol —paglbiadamly iy 5 909 5 S

Py Oluwlro 10,509, aadg0 S peenluiadil aLdllegey 5 g b o5 5 E
ootk s @ale@plildian sp s LS, 5 - 1o baliei ol sod » o § »525)
s s) s 2> Gabibasiyyiiee 5 2a LS pe 0 dIUX Ll L L o1 >
50 do o e Uyl loba was adduind epinn 8 T s laapl sl mse 9 5 S
sdpyglor e OV sasr - oaxd o liadirdbailin Lo paon 5 @ 2
I b @b lyeSe - hpdosall goil Gpadd o) pas s
t w-o- - -0, °°L)*5§Kyc,ltﬁf‘>‘14‘ bl Uy - iz s llaem o pll=d 5 8 p8 0,58
By = JETPs « s &4 3y ETg, =5 ¢ soi b A @i b ey iy aaS
A, a i s 08 Basd Nl Fap daligas S8 -
s qd@aosalShonlisyd s 2 o - - s
. Glodberg,1989)c. 5 L

O

ha)s (J g - = PY= N )
C  Js--Paxs oo WNpe
u&;u ))zl.op. Lo s o MJJ.@.@LQ} ~ & = 3

1 Selection

8 Mutation
2 Crossover



ol T 9 Gl (swiiae (Shrgiy sole 4 5
VPV olowl . el g k2 oylols o2 5lg0 JLw

VAY

e 2 a(8in AL Al &

SR Coaleadl amla s [ 55 b % 200 Lmlaisnla Ll

C
OISPhIskL to 5 Ls s ogha G basyi,meSiml ool jokeSemgae ;o2 00
Cos | oy oy | swd b o Rt H  wb sy s, Lo
AL ) 30 — (3350 s (G wi— diontr Wliano 2 o1 Ll ) o (V) Jgux
MaX'(':[l T'Ky @ ETac")]AY P ) (
c.t ——— c Y'maxchec
cll tll ETPc,t
S+1=§+Q-R+Raji-nSpi-le(§:1,9) ) (
SM;R0@i{= SNVRop#l RRR-ETA DP+SM .(Ropi-Rog )(
) (
s [( - ) + + - Ve - e - ) N
ETM= ) &
DP>1 RL-Ef f ) (
AminéAcSAmaxc )(
20l BsTAW & 2l BxAcs R ) (
Ls(y ;)asd =5 shs )o@z ;0 Gopida by npad VI by,a 2 ,00
Se oA o0 N wlomfal b 3 231 c,amladadas 0B gosain, salF e 5 5 o
QLGMJJUL(Dav%JAékﬁBLJJ.».dR%s.a'&uL.BQM___.A..SJL>s‘5.»..»9.
YO O by by 2 bBBH o) Loy asbs s 3 lde sdagimd 4 2y
J.)l.B usi J}AZA > ® M.».&f BI&YGMAJL)_L_Z_AMJG olg)Ale
Jel S - cai Hlaa s Iy, SE AL ey, 2 ay) ahbhil axkgs s s L o»
L)‘ Balllié_¢>m > @ y ° 90 éJ@gflAglﬁ)l&Lgmij l)Ajllj‘R(lQ@)KU_.&.ﬁa.g__ms

AUBMA G4 L E Ve s e SAETAQE sacd Bdy 5o B() 3
Cews |4 S Cowr |0 e WGy 5 g 4 Y 95 o, Ly
Sy g oo a3 byl el sy A e by Ry b
R Ghlo, z ) 6_‘44 {_(Borgﬁgwimeg,}%& )J%_ PRV .
5 b, 0l SewilSowe jddiadeaglia o AR, I8N el bams
Gy Ty Lydgeki 3 g 55 Kos “s?eLdsés‘)“fli’)%iozg%jgi‘jxs

Gl s s G ) YW Jb sl el ) w33 s ShbES 50 5
Lg\};.[,,%a.gPSD.‘@AL;L 2 & s q_gl)‘,alwi"“‘d"fc‘j‘“ :ae , PWP) cp3 ), &

St

9

>

£y J_Q_—_— ol I )5,:';;&4 3 «545914233 5 t)f’-e-r 3

9

\’o\;%&)Ls‘A]tg3|)

O e

oyl o pAlb b 5,

s |

s, |

5 s ,3.\4(3;)# %:4eh ) ula‘_ké,{ G2algh)s  aals> ;.

o~



el s gl ose

s
el

(G
s

Sa Lol X law,s |Adlenetal., 1998)
ET,)

, Moghadasi et al., 2010

Eoiidy d-ie g

)

[GRIWCY L ~ oL)...i?r....:n\ ~*

Ol 2! ST 5 6 kel (owiigw (Sidgls oole sy
PEo) oyl cuiid g i 0ylod w20 3l50 Jluo

\A¥

As sy - 5l e le,pbgailod o ods —Laasie s di -«

o 0 5, xdodlas 0L W y LS o= 1,
__‘_3@|¢Y ?.A_l._f.qm.?r..a CA}_& i _ ..AS ES
\ oé;dﬂ.x.as)' L S Y] 9 d ?:5

i L KO sle ls Suspdoog sy, Sl an ol sGais
FAO' S o Lo - W U’“"L - Aw)l o \b} I 3 & L _.\5\.4\);.\[_;79.@12. )ﬁ A uwsl. =y
s a .24 (Doorenbos and Pruitt, 1984) T . TS L T O S S, gy &
¢ 5 = ¢ e Qx5 oY § = = 2 x ‘S\L«J)L > L)J J\ACJ\A.VL)’z’w..x&z }4&@).;. 9’23) )4.:3.5
o % sl el S & 2 Lk s e el BOS _a (oo ey w9 Cogid
J..C:LSLAg al ol X s Jﬁ&">l'f“"l‘pr"°° 6[. &
;o - g SETA 8 L & oS 2 sy b, oy =
1.4 - 1.6 -
1.2 1.4
| 1.2
1.0
08 1 0.8 -
0.6 - 0.6
0.4 - 0.4 4
0.2 —a— KC-Wheat —— KC-Barely 0.2 { =@ KC-Potato ~—t— KC-Sugarbeet
0 S —————— 0.0 T T T T L L T T T L 1
9% 9 posS Y game (BLS cu pb Ol i :(B) JSB 9800z 9 (e jim (P ) b Ol i :(F) JS
9.5E+11 > 2 &A s ‘Q_J SN lé?.t). S Lo. < a s L
9E+11 . <
‘ W saliadagil joleal o e L3
8.5E+11 J o = 9 J ) TToA 2 B
8E+11 )bs:{)éﬁolﬁ_n.&i_?mdl. gL >J3 M5 Jl. o~ o
7.5E+11 — G\ -2 I, S a2 56 Joly Taslel da 2.
7E+11 PO B Lr 2 o > ».U‘..de 3 B)
6.5E+11 ..
SINQNYRANYBAENG ) Ve Yledoy oo DI MLl e > |
A= A A g _
ey Y QalYo ;8N Gl s ke = J LU &
4 O r -yt sl a3 Y sb e
PSO 3 GA sledoe 3o Bub g o550 gy :(F) S ao, F Y sy sl aagiday @l 5 >
6[ 2 S W U 6‘ > = I ) >0 LAES‘ *-‘-JA:“\JU_LL)_J;..B [o u Jﬁl MHOA)-} e Y
GA P305 S N WATA NN IO PR REE- S -7 YR U IS 1%
s Lgd aw il ,8ea cdeyusidasbianl) plEaS Dbl 4
3 B SN E U s, sl J@e b S e a
5LP ‘J).b.‘o\‘ Y &JV/\ JL - - W s>+ 1 8 | Ja..i | >y - - )



Olnl &1 9 6yl (owsi (idgh (sole syl

\AS
VPV olowl . el g k2 oylols o2 5lg0 JLw
)‘ . dl.:..&:w.» L).Q,ii )T C.AJQ._MJ 9 J&‘ “@a >k oL 6)1% J oo s 65‘5)9 4 J <
s L Q)thAL @SQ 4.;6L4:@J A » s ! ):?‘ RO )fGA;F,?SQ:*a |
L.S)Lt‘f'f] é.o..c 9 Q\J5.4:z.,a Cuda § > o2 ) G.L:...u JAL....: [‘,.:4,43
(] > s B > 3 -\ Ar el }Qil b 8 ° ‘5.».0) ).g S 5y 9 o 9
| s s lg@}mﬁa“ GA, SJ.\A PSO J)):.'Ia‘:..llz..w
> 2 > 2 4 s J o c e J E 9~ == J o
Uy X VT, > 2 | ) 3 )k—«‘:&: Joy d e |4..3C«~dd
Chc o = i S )J)(SE.IQ._\H.A.‘&.&&5,¢2A KR | 'y
. GAJ _,?SOM JJ._\ a0 u}.‘lo> S g w L.S'Mi QUWYM\KJ\ . 495 Caww |
d ? - x> et 3 s- - - e ; .
3 Al YV‘“"Y A . A S i)GA.’ B |y 3 1 .JESO}\ 5 N
s 3
N L | Ml.l..ih s :
R O O R N '\)T‘\Ti“ﬁ.f‘*?“’ 25 0L
5L = s );‘;SIgzﬁégeob}méﬁf_j_,xdso‘ ? OAAL :___
DA - @ X} s2 > bta ke, .\l;.j'.fifo... A‘Mi}uﬁls %![ﬁ S0 -
L loom L liyg l__ P - - .a
é.o.n )iﬁo Q)\L‘A db{f %))A’.G.]a._f%:w J)..) u‘
. s . | 1L L‘Lf"”‘ B S L S | IR P o \)/L.D.»._..u
6 g >x0 A —w A ~~ R ‘-g..\.o.L.a.J S a ...:L...LAS Kio
LSt Glz xae oY s oaxae )|°,J°°u|“4‘:fi{f*l“5’faffﬁ;, o

s

S
UL L laa & ;
o | eNaeat sa s | O AR ARRSL S ek Mk 25 h 5



Ol &1 s ol e shdghy oale 41580 |y A7
1Fo) Gl a9 k2 oylos o0 5lg0 JLw

200
—e—IR.GA —#—ETM —+—IR.PSO 200 —o—[R.GA —=—ETM —+—1IR.PSO
150 150
100 100
50 50
0 0
okl Gas 9 oS (ol 5l SSTs dun o 1(A) JSCi ol Gos 9 52 2T 5l JIao awnnlio :(V) JSCi
GA §PSO sl 31 Juol> GA §PSO sl 31 Juol>
—e—IR.GA —8—ETM —+—IR.PSO —o—IR.GA —=—ETM —+—IR.PSO
300 200
250
150
200
150 + 100
100
50
50
0 0
SHlel Gos g w3 yuin o 5L S Tae du o 1)) JSC BoL 9 S0y (o] 3L ST dunn o :(]) S
GA 3PSO sltuw 3l Jol> GA §PSO slduw 3l Juol>
O R S S B o 3 § > 500 acdolag, e g OV s o - ax o sl o,
e ko mad S gedash g o) day Fe ,Hloa s ] Bt - —d_i.azgi) Soliezyib & s
LP J&.A ) | o A » ‘6[%_.‘_&&%2172)’:)3100)[9&94% Qall 3% 2;[9@. JL
S b} B Y glug Il S @b dgdamelos b cow | GA uRSO ™y g3
) ( - B(
20 30 40 130
20 30 30 120
50 100 - 50
20 60 - 70
- 20 - 20




ol T 9 Gl (swiiae (Shrgiy sole 4 5
VPV olowl . el g k2 oylols o2 5lg0 JLw

VAV

=777 GA = PSO  EZZZZA P —e—KYS s GA e PSO e LP —KYS
00 T 070 1600 1 ¢ 0.40
1 060
400 _ 1400 @ 0.35
\\ 1 0.50 1200 ?;«‘ 0.30
300 Lo 2 1000 - 055 2
- - -
/ 800 %/ 0.20
200 1 9% -
] 600 :E:E:E:///”; 0.15
1 %% 400 % 0.10
100 -7 7 '
g% 1910 200 %/ 0.05
0 LA 0.00 0 7 0.00

Sotetl Bas 9 i T 3 ST dunglia :0Y) S
GA 3PSO ;I Jul>

400

300

200

100

= GA

EEmEE PSO LP —e—KYS

B

0.70
0.60
0.50
0.402
0.30
0.20
0.10
0.00

Gl Gos g wiByuiie o 5L HSTae gl :(1) S5

GA 3PSO jl Jol>

Frrmml GA B

T [P —e— KYS
u.y0

P

e
g

S

R

e

i

R

%

o
A
i

0.80
0.70
4 0.60

0.40
0.30
0.20
41 0.10
0.00

>
0.50 ¥

S)ll Bos 9 (o T 5 S Tae duglio (1Y) S
GA 3PSO ledus j Jol>

6ol B 9 92 @ 5 PSIa> anlio :(0F)
GA §PSO slgdus 51 Jol>

JU e Ll odh o ynwy o¢3Y 5 0 Suaomo oxi 28 , Jh wce S , g = e Loa
G L B S s o bobs ,e8b 4 > gyl a2l 4, LBSQLa Lo 5 o

X\ Vo L;\ Y’)ANJW\‘ )63361|P§@L4~q)l¢i.g.ai D\JY?WVMC}L“_)J ﬁ.d“ > 4 s b

55 oM LU L s dTdiie §5 )3

PIERCICSSST

Ced x bl & n o m bl 5La3

y °

PR

ob, Flaryxs v

4&&'43...‘.09 ) D g d..:......al..?

9 4 d bl sy s, gltaa S)*.-“-‘.“*:jc PRSIV 3 SO CIFL B

« “:“‘if‘fr”jﬂ"".’."x“%ﬁ)"‘)rﬁj&)“\ Caox _hw.‘éa L 3

u..GAaPSQ 3 (5.» 9 L\)S)| i)g.éj )GL)QI &X’. ﬁ‘lc’z.&jm))‘ﬁ;\&ﬁ_ou‘.o oMb oa X - 2w
oY g a e &L, =1 5 S LS ;g ik 1 S @b, 2ol
QxS J..o[ > | ) (5;30,‘&.3_.).‘:)’L9.3;Er93m os,aon.,.)&Slglmml 935, “@a >z »

Lo S st Ly saladie WS _og 505 »
G LS gyl 3 ed Sl ,00adl oo |



olnl ST 9 6yl (ot ShpgR (oale @285 | Y AN
1Fo) Gl a9 k2 oylos o0 5lg0 JLw

jji > Md '.5_la_)_ w9 6‘ S 1&53‘.’"" 3y 9 Oy > % oy = 5‘55..5/42.“";
} 1-) ’°L§})9‘)%)3€ 6«_9;.&_]_‘.4. QJ.)’*J)"} a s Lol oas 9 CA)_ﬁ_).é_}_.C,é UA...AA 4&\55

1 ~ 3 " QA ww
£ Boop st o
;>-.‘.L

Aidjf O¢¢AS ¢ A y m+ 29 ~€.‘£%LL.:§>A)3.OS‘_:
% .

." o=

> b3 GA RSO A 5 Sus by eSQL———M%vJ\g —;-?uxfuﬂjuwﬂﬂs),
=Y A

s | JL o] y ° LSOO.L..\..A,.)Bfl 5 9 u‘fz‘ﬁ 505)1&5:’ 6}|L>$)‘|EJL—QKJL’M¢ ;0‘:; _
sloo g wid Baas 30N 5L S los ., glagl ,0 ac, ;. =

S g w o 5| 9 3 oY 9 ALZ.’ © JLQA.L)*:JSA )\_}L_:%l&l:‘,‘)*;k&ﬁ LJ)-*E'%-?)L‘MWA g_,&).,}:'

50! o A w Tsxé«_‘.ﬂu\g) s o L & “‘(GA,LPSO 4 - MJ“)L liﬁ.o) i) °QL‘,’.)_J‘*_1JL*“;§"

yi 5 zho- 9°‘55’L5“"‘k’°d‘4"‘9|54.5»§yffa NN I SRS
G£4Uzl;rsla>)¢>s }).».9.:.».55 e.:Y}»ALZA)*’*.&lSA‘ M}Qiﬁ%_s_b—sﬁi’iek:/-tbl

b2 GA_CBSO 1o4,58 5 4 9 S L, & A5 0 }9*5)‘9;%‘5;?;}##15&[99

w.# -

i S U T TP N T - P eI A S S NI &

L= -2 - W ) ngJ Y >, Sl - Al‘sJ‘)Jl}._f-Ajsjs)éjgf_‘_Bwé LUJA)MQ_»E .i".‘n 0 o

JGIA.». Tiggpso'_k{. .p.;.u) )5§J | =2 ‘[vjx-i-*::w M;)Jt)‘> a‘?‘o*-’n S
Cams | 6 O g 2

@‘é)\.és s.‘.u

'=5l.c 9 4..'2.5)..5&..:.'): (5)915....i4 9 P&l.c oli..i}..ms

CoVY RAE A Y s BA F VY o, las Ly (azd i,y @, s lzs
9 }S)A QT r:)'J.ZA Ca..mLi) 6;[141& )‘ d.l?m
Segoss i o, aB P y S

&b

» L PR oS )&5’3}4%4)[[;33%)]% 9):.;;!:"0 &yc)sl \‘)y\l;f\ﬂc;&l..sécm)lsﬁai S D

s
oy ol &y Lo d

Cs s ekea s, aslel g n NI xd e dglgal mwmpilixy 5 0 s s s >
£ A VA =xFa o  VIVeod, g SL > GAPSQd % M L &mw s exs o, 9 X 501 o o L

sy Lo, LA I Y 5 oo Ll ax wl Lo YR 7, opb &5ady poudd , o ol
Y SA W = &V oo W Veodbley 2ol e bl &k ol Medzic S5l w,es o,

Gy e kot 2 o Gllessa & MPYIAAL & 0 G d g A s = P) S s h o2

At o)L-m.w L JLA...L Z.Au‘)&jl.o.‘.o..\k??—‘ w.e..ul).,.ﬁ.aijd;li


https://jsw.um.ac.ir/?_action=article&au=29721&_au=%D9%85%D8%B5%D8%B7%D9%81%DB%8C++%D8%AD%D8%A8%DB%8C%D8%A8%DB%8C+%D8%AF%D8%A7%D9%88%DB%8C%D8%AC%D8%A7%D9%86%DB%8C
https://jsw.um.ac.ir/?_action=article&au=16537&_au=%D9%85%D8%AD%D9%85%D8%AF+%D8%A7%D8%A8%D8%B1%D8%A7%D9%87%DB%8C%D9%85++%D8%A8%D9%86%DB%8C+%D8%AD%D8%A8%DB%8C%D8%A8
https://jsw.um.ac.ir/?_action=article&au=79899&_au=%D8%B3%DB%8C%D8%AF+%D8%B1%D8%B6%D8%A7++%D9%87%D8%A7%D8%B4%D9%85%DB%8C
https://jsw.um.ac.ir/article_37140_26d938628037b3e0e4dde4912290ecab.pdf
https://jsw.um.ac.ir/article_37140_26d938628037b3e0e4dde4912290ecab.pdf
https://jsw.um.ac.ir/article_37140_26d938628037b3e0e4dde4912290ecab.pdf
https://jsw.um.ac.ir/issue_3600_3607.html
http://iwrr.sinaweb.net/?_action=article&au=143927&_au=%D8%B9%D9%84%DB%8C%D8%B1%D8%B6%D8%A7++%D8%B3%D8%B1%DA%AF%D8%B2%DB%8C
http://iwrr.sinaweb.net/issue_5414_6053.html

ol T 9 Gl (swiiae (Shrgiy sole 4 5
VPV olowl . el g k2 oylols o2 5lg0 JLw

Y AS

Allen, R.G., Pereira, L.S., Raes, D. and Smith, M. (1998). FAO Irrigation and Drainage Paper
No. 56, Crop Evapotranspiration (Guidelines for Computing Crop Water Requirements). FAO,
Water Resources, Development and Management Service, Rome, Italy.

Borg H, Grimes W. 1986. Depth development of roots with time: an empirical description.
Transactions of the ASAE 29(1): 194-197.

Castillo O, Melin P, Pedrycz W, Kacprzyk J. 2014. Recent advances on hybrid approaches for
designing intelligent systems, Part of the Studies in Computational Intelligence book series (SCI,
volume 547), Springer. Tijuana, Mexico.

Doorenbos, J. and Kassam, AH. (1977). Yield response to water. FAO Irrigation and Drainage
Paper No. 33, Rome: FAO.

Dudley, B. J., and Scott, B. W. (1993). Integrating irrigation water demand, supply, and
delivery management in a stochastic environment. Water Resources Research, 29(9): 3093-3101.

FAO (2003). FAO s I nformati on Sy sonlieenat
http:/www.fao.org.

Ghahraman, B. and A. R. Sepaskhah. (2002). Optimal allocation of water from a single
purpose reservoir to an irrigation project with pre-determined multiple cropping pattern. Irrig.
Sci. 21: 127-137.

Ghahraman, B. and Sepaskhah, A. R. (2004). Linear and Non-Linear Optimization Models for
Allocation of a Limited Water Supply. Irrig. Drain. 53: 39-54.

Goldberg, D. D. (1998). Genetic algorithem in search, optimization and machine learning,
Addison Wesley publishing compane Inc, 401.

Kennedy, J., and Eberhart, R. C. (1 995). Particle Swam Optimization; Roc. IEEE International
Conference on Neural Networks (Path, Australia), IEEE Service Center, Piscataway, NJ, N: 1942-
1948.

Khanjari Sadati, S. Speelman, S. Sabouhi, M., Gitizadeh, M. Ghahraman, B. (2014). Optimal
Irrigation Water Allocation Using a Genetic Algorithm under Various Weather Conditions.
Water, 6:3068-3084; doi: 10.3390/w6103068

Li, X., Huo, Z., Xu, B. (2017). Optimal Allocation Method of Irrigation Water from River and
Lake by Considering the Field Water Cycle Process, Water, 9(911), DOI: 10.3390/w9120911.

Moghaddasi, M., Morid, S., Araghinejad, S. and Agha Alikhani, M. (2010). Assessment of
irrigation water allocation based on optimization and equitable water reduction approaches to
reduce agricultural drought losses: the 1999 droughtin the zayandeh rud irrigation system (Iran).
Irrigation and drainage, 59(4): 377-387.

Paul, S., Sudhindra, N.P. and Kumar, D.N. (2000). Optimal irregiation allocation: A multilevel
approach, ASCE: Journl of Irregiation and Drainage Engineering, 126: 149-154.

Reca, J., Roldan, J., Alcaide, M., Lopez, R. and Camacho, E. (2001). Optimisation model for
water allocation in deficit irrigation systems, I. Description of the model. Agricultural water
Management, 48: 103-116.

Vedula, S., and Mujumdar, P. P. (1992). Optimal reservoir operation for irrigation of multiple
crops, Water Resour. Res., 28(1), 1-9.

on

Wat e


http://onlinelibrary.wiley.com/doi/10.1002/ird.v59:4/issuetoc

olnl ST 9 il (waieo ShdgR (oale @08 | 14
1Fo) Gl a9 k2 oylos o0 5lg0 JLw

NN pyrs o

Vedula. S and Mohan. S. (1990). Real-time multipurpose reservoir operation: a case study.
Hydrological Sciences Journal. 35(4): 447-462.

Vedula, S. and Mujumdar, P. (2005). Water Resources Systems: Modelling Techniques and
Analysis, Tata McGraw-Hill.

Yeh, J. Y.and Lin, W. S. (2007).Using simulation technique and genetic algorithm to improve
the quality care of a hospital emergency department I , Expert Systems with A
32(4), pp. 1073-1083, 2007.

Yeh, W. (1985). Reservoir Management and Operations Models: A State-of-the-Art Review,
Water Resource. Research, 21(12): 1797-1818.

Tripathi, P. K., Bandyopadhyay, S., & Pal, S. K. (2007). Multi-objective particle swarm
optimization with time variant inertia and acceleration coefficients. Information sciences,

177(22), 5033-5049.



ol T 9 Gl (swiiae (Shrgiy sole 4 5
VPV olowl . el g k2 oylols o2 5lg0 JLw

Y4

The Use of Soft Computing Techniques for Irrigation Scheduling
during Drought Episode

Sedigheh Anvaril*, Esmat Rashedi?, Sedigheh Mohammadi?

Agricultural sector is the main water consumer in our country. So the appropriate decisions for
irrigation scheduling and its optimal allocation is of great importance for an efficient water
management. The aim of the present study is to employ some soft computing techniques, such as
the particle swarm optimization (PSO) and genetic algorithm (GA), and to determine optimal
irrigation scheduling as well as reservoir release for agricultural networks located at downstream
of Zayandeh-Rud dam. In this regard, the crop calendar, total amount of available water as well
as arable land in agricultural sector, the amount of water available at the beginning of water year
and crop water requirements are the most important non-linear constraints of current research.
The results showed the integrated PSO modeling with better distribution of water shortages
among different crop growth stages could significantly increase the net profit of system while
compared to those of traditional irrigation systems. Regarding the time of reaching the
convergence as well as total attainable benefit, the PSO has slightly outperformed the GA.
Consequently, application of soft computing techniques in irrigation scheduling will provide
effective water allocation patterns to save more water in an arid region with limited water
resources.

KeyWords: Irrigation scheduling, optimization, variable agricultural demand, genetic
algorithm, particle swarm optimization.
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Abstract

Agricultural sector is the main water consumer in our country. So the
appropriate decisions for irrigation scheduling and its optimal allocation
is of great importance for an efficient water management. The aim of the
present study is to employ some soft computing techniques, such as the
particle swarm optimization (PSO) and genetic algorithm (GA), and to
determine optimal irrigation scheduling as well as reservoir release for
agricultural networks located at downstream of Zayandeh-Rud dam. In
this regard, the crop calendar, total amount of available water as well as
arable land in agricultural sector, the amount of water available at the
beginning of water year and crop water requirements are the most
important non-linear constraints of current research. The results showed
the integrated PSO modeling with better distribution of water shortages
among different crop growth stages could significantly increase the net
profit of system while compared to those of traditional irrigation systems.
Regarding the time of reaching the convergence as well as total attainable
benefit, the PSO has slightly outperformed the GA. Consequently,
application of soft computing techniques in irrigation scheduling will
provide effective water allocation patterns to save more water in an arid
region with limited water resources.
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1. Introduction

Water scarcity and the increase in demand for water, food and agricultural products are challenging
issues that water resources managers are encountering in Iran, dominated by an arid and semi-arid
climate (Anvari et al., 2014). About 90% of the available water in Iran is used for irrigation purposes
(http://news.moe.gov.ir). Therefore, optimal irrigation scheduling is of utmost importance to cope with
water scarcity and mitigate consequent losses.

In the present paper, an integrated optimization model of Zayandehrood reservoir-farm system (IRFS)
and its downstream agricultural networks has been formulated during the severe drought of 1998-99.

This integrated model was designed for optimal reservoir operation and water allocation. Due to
existing numerous constraints and complexities of this integrated problem, the soft computing
techniques such as genetic algorithm (GA) and particle swarm optimization (PSO) have been used as
the optimization models

2. Materials and Methods

IN this study the metaheuristic models of GA and PSO were applied to maximize the summed benefit
of all cultivated crops in the Zayandehrood irrigation system (Equation 1). Therefore, based on a 10-
day irrigation period that is usual in our case of interest, water is optimally released from the reservoir
and then allocated to different crops according to their water requirements and sensitivity to water stress.

§ 1 ETag,
Max: | [1 | Ky (@
cl  t1

ALY, P
ETP, ¢ Vmaxcle M

Following are the main constraints of the IRFS:

$= 0t = F - - (+,) @
" = + o+ - -+ . ) Q)
s (4)
2 (- ) 0
< < (6)
> % < > & < @)
3. Results

Figures 2 shows the operations for determining the best fitness values for the GA model.
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Figure 1 Profit changes relative to the size of the population
in the GA and PSO model

In this regard, out of the total arable land which is equal to 198290 hectares, the total area under
allocated cultivation in PSO and GA models is 197808 and 196763, respectively.

The results of crop lands for the mentioned models showed that both models completely confirm the
restrictions on the maximum arable area. The results showed that the profit from integrated PSO
modeling for the water year 1998-1999 is equal to 3/9x1011 Rials. This amount has significantly
increased compared to the real profit of the region, which has been reported from the method of sealing
equal to 4.53x1011. In fact, the use of PSO and GA metaheuristics approaches was able to better
distribute water shortages among crop growth stages and achieve greater yields and profits.

4. Discussion and Conclusion

The results of the PSO and GA approaches showed that due to better distribution of water shortages
between different stages of crop growth, these metaheuristics approaches could significantly increase
the profitability of the system compared to the actual values obtained from the traditional approach and
scaling.
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