VAP oleal o ler ool o Jlo oSG 5 O mlio cblis 4 2

ISSN 2251-7480

CUcd 055 mi o1 51 3liun] b (53,9l O (el (15 (3350 51 (551350 302 (5wt
T 2 o]l oo (5l g0 s o0

Ol ! s\”\o/\V—VV/\V\sCJS ¢ b Gl;.» ERUSET SAQENERER X o3} S5 Eglbl.ﬁj Golsl eeliga 0 S (6,85 eelils ()
Ol S0l g5 FYFANT=OTVO0 e 208 (Olms 5 gl o 10,8 oKl s280a5 5 (gLl wdige 05,5 ¢5L1s (Y
banihabib@ut.ac.ir : e J s sdins 55*

WAV bl G ITATNYY il b

LXVLES

ol 5 O b cblis 1 a2y JB Gl & it ol ) Ol lagy olital plplo D9 o Bpae (65)gliS Lisu ;5 4eiS Ol ke o i
e Sl e )by )5 aige | 255 Cud ol ipghiS Gl el aiy (sloysd slats (Fblie (Gl 5> sl g0 39290 O Jl (S has
13 (sl Ll o )lS o8 ilords odlisl aiiaj ! > SUSS (sjloaiiny slaigy 5 05 (s O plie Syt glaise cn it | S
a0l 48,5 )54 (8l (e | ol e At sl G Sl g (B9) e & (FA) OB b )3 wi)oSUl Gimgly ol > iilee
Sygo 4 odd 48,5 iy Ban ol .cd)F g VE-YO G 50-55 T (o Jlo 4 bgsype anlo VY- 0k o (ly 5l s o350 51 )b pope (silw e
b FA o)) 5Slae 3,5 Cped s)lapone 0093 (b Jlo At & oy oad (glulay Jlade g jl5 e JOLS Cus jedome ggeme (35S
Fe 3 p8es | (Sl gols a8 obj)ly aslie idlye (adli 5 Jshie jludte slagdy) &5 (PSO) @) dsgare (siludinge 9 (GA) S i)l
5 [PV ply s 4 PSO 3 GA (gly Bua mb bwgio g «/F+A ply FA I ol Gua b lawgie Jide a5 glaisS & 0 1505 iy 89 4 Cums FA
ol 03,5 03l50] PSO 5 GA & Coms (6 piinits g jioS (cladgeaS jlaie FA wbin gl canlio jlida p y958] ol Cowday +/ANY

ﬁ‘éjb.[)}uéé}lf\}L_;LAUJ})Q%L_;)\:){AJQQ;’JU%JC;ﬂ)}ﬁhabj‘s.\&s

Sz 3 Wslaanl) codl (55,0 Sl das dosdo
b S i e s 5L Cames 158

s Gob Sl e laib SialS 5 O ssnS

SO po e sl Al Gileang sl Sy, 5l 0sSU

sy sy ol bl ol eslizad O5be e ot Lol ple s Sande D05
°>\>W)55L:3duuij)ua5\)3@));ﬁé‘4{j%k 23 ey 4 S gl 5L Ol gl s BB

. Ve 3 b Toabe 3l o8 s

Sh ol e g ang b wlw C‘f@‘ Form Log o > S s b R
O San 5 iz) 35 (LP)\&E} 5ol b O3ls Slcabe Gominar plals 355 o el laa
S S e s s Oibee 31 (golse e avge

! Linear Programing


www.sid.ir

s 9 Solegs = [ VA

Gt 51 ls e Cupde sl (HS)  Syesls
SEOYAD) O 5 slis= S5 L5 S eslinul Jiss

s slusss S Sletne oS

5,8 eslaial O35 3l awgs 15 e e 53 (HBMO)
(GA)' S5 o235
340 ;.j W 3 03 S Lype (PSO)HQbS
Calzts glaaa; o Ll 5 Sas 5 Lilas ) 3 oslizl

Hall;Esat JL’L& Ls\f Sl 0l U;'J\J; ;,.:,Z_ejﬂb

seme Gileang

Slle 3l ols e $iletng: @l GA 5l (144%)
(V44¢) o, Ken 5 Fahmy s 00 eslatal & el
alio 3)50 O35 3l (G403 o 40y 52 1, DP 5 GA
DP & ol 6 5V Ul GA Ws S 0Ly 5 sl 5l 3
sk 4 GA 31 (Y44Y) Loucks 5 Oliveira .5,0s
S Lo glaabele 51 oolspe e (il 2l A
sl PSO 31 (Y++V) Kumar 3 Reddy .55 5a5 eslazal
L S eslinal O3e 3l Wl L we (Sul e e
53 @dake- PSO 31 (YY) 0K 5 Ostadrahimi
il e i bl 31 (515 0 15 i

293 ge0
el adds gty S| b O3 Sl (83l e
9 de Cle VL laag sa Ciy saa e dle s
a5 1 5piS OF el ctlibus sslasl e
oy i s sl Ko b 5l das e
SV sladsse 3 8 by 5 Lol o e a4 Sl
STl Cossdoe S 53 s 5 ol
oS el Sl gl o ol mls S 528
3150 bl 3 psl Jasa bad ety O e S
Al el lodzmy 5 b Gllie 05
Cobe aey pl 5 oleaig gy a5l ool

Soge o bl ae ol o AsT8 s B, Lo

¥ Harmony Search

? Honey-Bee Mating Optimization
' Genetic Algorithm

' Particle Swarm Optimization

Sl 5 (DP) Lgy (535000 1 31 0T 51 e (VWAL
w5 3 eslisel sy (SDP) sl by
! .(Mousavi et al. 2005; Ben-Alaya et al. 2003)
E’féﬁ#ﬁ R sl Ly 5w e,
TN N P B A (P (WFCNK P
b Sl o s 2l gk & solal IS
s Lol des o sla e sldas 20058
s Slwang a3 D (A1 5 sla i
At g aaly Sl b, onl 23S
GlttannS 4 (G515 & g itn O35 Jast b 5 o
03 el Sl G e Gl rames (gl A
(Rani and . Lol o 552 50 sla S, le b oanslis

Moreira, 2010)
s Bhey @ o D550 5o 3 SAs18 sla by
g5 il Se S ipd e e il gz, S
S35 00w 350 Ol ooy dodr Sla gy Bme s
W) 53 Cendls Ay Ol 4 Oy S 1580
s E sla sy Sl O Bl A ol e e
OLa 5 Manatwy .l ol eslizal 0,SUS
35 S5 OTA) Os 5 pesls 5 (Y0r0)
e 3l ety 15 00 sslaien (SA) sl (3luan
Silease > SA LIS I S C,L:., 5 LS eslixal
(*:UJ{J\ 3 eslizal L (Yo eA) oK 5 Karaboga .5 4
ST S 2 Ses (T9)
3R s Al O lag e
oSO O 5 Ll 5 (1TAQ) OKas

-

3l Sl a5l 03 (ACO) "0l 550 anal
Lsges LS sl | ol 5 Ses 5 L5 S esla

S s (,.:.i)jﬁ\ 3EOYAQ) O, ey e

? Dynamic Programing

? Stochastic Dynamic Programing
* Curse of Dimensionality

> Simulated Annealing

% Tabu Search

7 Ant Colony Optimization


www.sid.ir

V87 b o8 a8 5l sl b (65,5088 Ol el ) 0550 ) 05 o 5lean

lAui_,)Jal‘,n
6590 andllas —

S0 addllas Olgs @SB3l O35 Gaied ol o
03 a3l wlisy, Suy p O ol S a S La s
b ge ol oad Gl ol s Jbueler Ol
WYE-Y0 ladle (bl 55 s O &Vl 350w
Lo ol oo 0 g Yorn 50 \TVA-VY G
g0 WWJQ&AFQWWYMW
s Gl @30S O ol aiby xS e O sdee
O 31 6olse g 3lwdde (gl w a)ls adge o 1 59
23 Oy 4 3as Ok Al 5 LT 51 s
Jle Ve Sde o VE-VE B e T sladle Jb
ailie (g5,5liS wlabe 5LV Jsds s S eslixad
22 SE5L O w250 0Lz ¥ ol 5 dbs e
s e Ol 1 VE-Ve o= T sladle Jgb

ol cins abi Ll slledd a5 Sw (g elois
i Blae g 4 s Sl w8 Sl gl s
dns 4 Ly alies Glloe Ol K15l SlS 5 i
I s e 550815 lagn ) SN s cins da
S35 b s 5815 sla Sy, s ol DA G b
g Lpde Kooy Gl g Sl @ G ile
(FA) b o8 oo Sl Gl ol 53 s (et
Solwdegr Sln i I Ry S Olsew
ma el el sleliy 055 5l Guls e e slac b
5GA 3 xSl edhe FA L LTS oo 0 5 s
lapt s S g S5 5 o S e 3l 4S 55 PSO
Olye 4 5kl o japel 4 U ol &l gluag
L 551 sasta iy 2D Lo sl sl
aw ool s Sl s 5 L3S sl cllodls 4B 0y

238 5 sl 3550 AL B,

(oS 70 Dackes) S5k O s ol (5555008 51 ) Jgur

)

T A o e N [ s I L B
WAy 144 VAV Yes 8 A4 " Wo Ao AV NY v e
(aSa 7 85en) VE-YO G0 ol sladlr (B s 35k D 53505 Ol r ¥ Jgir

DS 3ls 50 S sls > g BT Ll e ) JSI QLJ 4 Jl
VV/A AREY;3 ANavas Yiv/e ArE/A YA A 144/ Veo/e Yoy A/ AL/ \y¥e-11
AY/Y AREVAS Yy /0 YV AR RYA LAA/ WA YY4/A Yvo/» e/t VYA Ve -y
04y Y/ ARLVAN AVNYA% Y/ £Vo/Y YoUA Ved /v \Y/ AYIV 44/A oY/ AFIV-A
[AVAY av/e ARRVAS ANAva vy YYy/A YoA/L VAL/A VYWYV Yoy Y/ to/¢ YA
L4/A AL/ AO/V AARVis YiAA oo/t AEVA ARRYaY av/e YA/ [AVA 0/A 1Ya-ve
Ve/t A YoVUA /0 VYA v/o YoY/A ARRZAY ARAVAN YYV/A L8/ vy 2R
VY/A AR\VA% YVe/0 EVY/Y ALE/A RARPAY YerY/0 YYY/A LAV Yei/e YA/ ALY \FVY-VY
0 VA av/e AO/Y YV ARANVA Ya¢/e YYA YYY NV ARAFAS Y/ VEE/) LAY AFVY-VY
Yoo/t q0/1 \YV/e ARRVAY Yo/A Yot YAx ASAVA YIAX S WA Yoy ;v 0/ VFVY-Vi
/A AO/Y YA/ YYA/L £Vo/t oo/ YAY/Y \YAIV Vo/s 0\/N VA OA/Y \YVei-vo



www.sid.ir

s 9 SEge i [V

dde Glp 5 @osd Fml S Ly, » oM
O ui e Mie gl mjfjla_:)_s LS)"}EU@%
O oty o 5l L 208 e S e S Wl o

Sl ledde 3 55 Sy w34l AS Sl

Lo
0< Re(t) < De(t) ®
Smin <5 ) < Smax *)

S(z) + Q(l) - Re(z) - Loss(l) = Shax
%) = I Sw + 0 ~Re@y = Lossay > Smax(v)

0 lf S(l) + Q(l) - Re(l)— L()SS(Z) < Smax

O P WJWW s 4 Spax 9 Smin S
dal ) o a8 Jol Ad il e (G 2 O sebe)
o Slapite S5k 4 bgs e dd (el ol OLs (0)
A cpl ol O 5l aig Gl s 2 o i
ol i b sileang anlp gl s Llge
52 S s sl glacaaer sbml (ol s
ol el O e e b g WS 850 4 S
Silotingy Anlp 3 s S 015 0 1 A
Lgo 3 5 a4 (63508 05500 Lol gl o8 S L s
aogr b )i el gl e J 58 5550 05k &
Ss8 3 S S Gy el gy s e el
03) dp 0 83553 Lada &b« oy e 4l sl
OT L blas Jooly 555 00 sl & (olotineS filws
ek 5 arld Cle ool Olyeas Cua U
Ol s ladd plas oS Sl ool (g Jmely s
23 O Sl s 25 (V) daly Lol sl ule,
305 Ol e oS slsle Bk o s | ot oo
5o dalgt do ol e e Sl S Smax
O shile 398 Spar 31 iy O o S Soye 3

2 S el ) e

O 5 6ol pe e Jhe -0

e 1l el Sloang dul bl sl &
GL? sskie pd 35S jasiie O3 3Gl e g
S gdme §pame 03 SaS Sope 4 SAa
@ Oy Sl el Gilula, Hlaie 5 5l Mz Lols
S s a8 hiys (s e g 0ss3 b o3 3L ety
:asﬁ&a i, (V) daly O s @

2
T( De/— Re
Min Z = Z(M]

=l De max

t=12,.,T Q)

G150 g 095 dsb T i GULZ alasly pl s a8
(o 20 O 5akes) el ole 55 5L i Degy o(sle 1Y)
5 (e Osdke) plt ole s O (rs = Rey
Osaes) (Sols e 0553 Jib o 5L anly Depa
P R N L N
S &S Sl O3e 31 (6505 0 g (3led e Lasl g,

A

S(t+1) = S(t)+ Q(t)_ Re(t)— Sp(t)— Loss(t) ™)

22 O a5 & S g Savp adaly b 55 &S
O O (caSaze Oska) topss el 5 Il
(ene 0 Ogaie) T oysn dsb 5 0% 4 G343
Osaeo) toy55 Jsb 03 O35 51 e Llkas Spoy
Jsb 5o O 3l s Jluae LosSp 5 (xS e
O 5w Loss acsle (gl ol (CaSn 20 O sas) £0 )93

el o osliznd 5 Jails

Loss(t) =A (t)x Ev(t) )
3 2
A(py = aS(g)+ bS()+ ¢Sy + d )

FaAS) plt ole 53 Ope maw A Laily, (pl s S
Sk Ol ) 5 e 3 LA s ()
bl d s b a5 () ¢\t oo 53 ([
A oS 4 S Ll e D el ol

A /YO g /YA ALY /AT


www.sid.ir

YA/ bt oS Sl Sl eslinal b (6550le8 O el sl o5 51 51 et S3leaiogs

(FA) Sl ¢S5 3,800 -3

S a8 n glaen S S Cbcd oS ), S
b ol glae s slarl Jl) & cl Cab
Joo 53 Kb bwy 0, S cpl S o (Sileand
obcd slap S (Yang, 2008) ws )5 3,xe YA
S LS 8 555 6 S S e 0y o
ol K s e Ol ke 4 Ll el ol
b s daly g ol Ol oS e eslid Ly
P o5 Ol 8 8 550 b ayls Clicad o8 culi
Slae S Lk, Olge s mb JMee Olge 4 oS
2es de Slatingy @8 S s 4 | Sl
2 cbcl sl S (Su5 leans >l @l
ol 4 S Laiys wlal 5 5 4w g3lede Aol
Dl ies (i SO (Sen Db slap S O
L KIS e s gl Dl s 8
el St sn b Obed ¢S 5 o ol Ul (Y
)0 oSe o gl Aol by s o
s glae S ple Jedilatns Sl o5 ol
LS o dr 5 e 4 |y @{‘;\éwﬁa\s
Lol oS > L (6,55 5l SolisysplsS = ST 5
Sy plail Balal Do 4
e el s Slae S St s Ol (F
e
Sl slap S ol U Al a5 boles
5 (M) obcd ¢ 5 55 o dolb 4 5 035 o (B)
LB 5 adaly 1S sl (Ko (V) L 2l oo

] dslea
By = ﬁoewz ()
2 FlER s S Cullx Ol Py aals cpl s
wq@sf}\mc‘l’ 0S5 Cadye ol 1 =0
wlos 5 alady S ol jolis S olj oS

IJJ;L;G

0 51 5,13 e 53 2L Lasbas -
ol s 4 ojlsen O35 31 (guls e, 0o
52 TG il S 5 T el gl
5 Srholabl batls ezes bl b
Hashimoto Law 5 O35 51 615 00 50 03 (6 iyl
boastls ol s S 3ose (VAAY) OlKes
Sl i amle sl b S Olpe 4 Ll e
LS el O 3l uls e, il
by O e Cd Do e (bl
S TSP TN STER PR S Ve S R
skieas () alaly A8 el oS sl a5 Loyl e

v\ib; oslazul P dj.’-)\.iuw\ Mbu

T

Re!/ =7 W)

S0

)'| LS)"’)PJG% BL .J‘}.ZL;G dl.u M)bwﬁ‘yw
e Oglen Caeal ghls el SKE e O35
S eSSl 2o 10 O e ) :,ﬁs@dmd\ﬁ
oeFla ol LS e Oade 0 35S K4 S
Dl 0t S g g5 e ol g Sl S ]
ol slowl s 3 9maS Sl 5 C b 6 o]
wbm q 4.]9_:\) ja..,:j.'a' aS LS)‘JJ'.MJ‘@{ 092 djjo BE

Pyt
T De,, —Re | De ,y > Re
Vul = %’1 x (O ® ' (t)) @

De(t)
A Sl Gplicand atle Tul wal,y ol s S
J:-\:\-:-E LSJ.’J.:QLMAJG\ )\.,LZ.A Ju‘jb aS LS)‘JJ'.mJ‘@'f g;...wL‘.w

12 Reliability
1 Vulnerability


www.sid.ir

st 9 SoEge [ VY

A pslie Ygome FA (2, S wigy gla el (s o
e [100) o3k sy e s [0 ek s B
Ldf\u‘l )\ ‘5)“].30)@.5 Lon B .(Yang, 2008) Sl
i ezl glab 5l oakl p ze L L Cda
2S5 eslinal Ui ool e s cal sl 5

e o OLES (6515 00 g 0593 3 1) O P age

(PSO) <15 46 gazes (5 jludings —o
eds 65 s8I 08K 5 Olale max b, 51 PSO
1980 Ul s Sl ol 5 oS b5 2, Sl i
.(Kennedy and Eberhart, 1995) coil sdss S 3 =s
S ol Sy s 5 K syl U';JAV.:U}_Q\ oyl
e ol Jele il e 56 Jele s S Sl
Gl by O 4 J= 4 B o3 S Col naBgs
o)sdﬁéwl&@yw%p:&b)@besﬂ
L g D aies & (gl .(Gbest) Cowbotony O«
OF) oy 51 ol 033 S > i3l Cgmer N

::.sjf&awbu

n+l

Vid =

n n n n n n n Oy
)((w.vid +opn (Pbestid - xid) +oony (Gbestd - Xiq )

i=1..,N d=1.,D

Aol b 1SS ol (el )3 Cop V daly ol s oS
3 e Sop S ol SeSt oy cgsleag
ot S ol O35 WS o SIS Al e a
s Fhe ols e, 50 esls (’:‘“ﬂ‘ @IJ@ 33
LSS s A on Bl sluel any 5 1 sle]
Sl G ol Gl sprs 8 SIS msy
BNy u.‘.:il Camdye oplply 25l o genal gl2d

1358 o drslms 5 adaly 51LLSS a s Coame

n+l _.n n+l i1 N
Yid = Xid TVid (\F)
d=1.,D

n—1 i -1 n-l n—1 [QR))

QAD)

PS5 Serise (X fos oS QU p S Cundse X S
ol gade (A LSS ol (M gOLis s O
Llyie o cal ool slasl 5 by @
ol pow Coed AL S L CH IS S S
Lol & spdp e daly il e 0D
oS b alis panss gl28 Spelr (g it
My bl gl BB S @lae S Ol 58 s
Sl e p SO e w0 LT S S
Ca GU Sy e oy 2 f/'s o2 CBU BERR PR
Ol Iy wz, S cpl lesisy ) IS S o sl Lo

..,\AJL;G

9 e ol Comnns

aBgi sla,lixe

¥

I Aol Camosr Slaxs) |
v
| PSS slee,S oS e
P olis 0 e 5 cwow
9 Lt 50 (sHlw By
o ;S CaxBgo

¥

FA (s5lating o2, 8 Liiy, ) S


www.sid.ir

VY ol S Sl Sl eslinal b (6550leS O el sl o5 51 1 S5 leaiogs

c2_5 cl ;ﬁﬂ)bubﬁ:\)bw.&s&bbﬁ\b

¢ +c, < 4@\) fyw

(R b Sl
3 labE (ilatngr Aulp lesl L3 DY Condse
S uls e e iwlw o g & Sl anal sl
PSO V:‘Uﬂ‘ Sladdis, ¥ Ko das o amt |y O35ea

(GA) K55 2,80 - ¢
dile b g o il 5815 2, S0 5 seke GA
2! .(Holland, 1975) X5 S 3 =e VAVO Jlo
S g8 bessses S 5l gldsl Conex b o S
05 hls s sl sldad 4y Lapsise S (pl AS e
Sl Khoe baw 5 03 ol Soloang Aol 3 b caes
2 esise S Al e Yo s eSS S
a dlsl gy L blee s al (Sals ol
Sl ey s S e bl day Jud
s Vs bl 5 el fr 0 b Sl
S eslizal b 58 e eslizal s LSO gle Sl
Sl py3ges S 53 sOS 3l Gl oS5 Shes
S Sl b s ki e I KIS L
e LS e i UG S Slal S son
o Pl Jlasml Ol gl Sass bl b s
Sovr b sl al San 5 8l Sl g ses S
(Pl Slos aw B o o WS s i
S S a b leane B S5 e
Iy, Gaa @U Slde ol sl 6“(’)&)*‘);5 S L
Ll S G b S ge s e S

AL OLL (B glab s gl S b s gl
GA L3 b lanlly 5l (S S5 F5 Sl

FA M S e S (£0) 03b Ol Sldie &S

1 Crossover

15 Mutation

16 Roulette wheel

17 Tournament Selection

b0 Soplanl ps SIW e (s e OLES 4 2

Jol LG @l L S gileag anl

s S eslanal ey Sl W gl cpl ol A4S
RA— 4 i=LuN

imax = Winin) X7 (1)

iterax d=1.,D

e Ol Wnin o ) adyl Oljpe Wmax 0T 3 oS

My, SIS S st He
el S5 s

5 ‘st . ')bg' & s .
a5 sl ,Lxo

v

Aadol Cumosr Ol

v

SGos L acwlxo

v
9 Poese ool
Goest

v

ey (GHlw

<l CuxBoo 9

v

SBad 2b acwlxo

v

¢<J-e

PSO (g5lusngs o, 8 Leiiy, Y S

Vyoms Js L)l asie o350 PSO (gla el

oY S ) iy X5 Sl sl Y Wi


www.sid.ir

st 9 Solega s [ YF

}PSO Ls\f Lol t.k;wd\ ebu.lw\ J.:L; L;?D-\)A.:_}k:«wd\ PRy
a0 s 53 sl sy SIS dad, FA
LS).L“"“’L:-.’, )\Jﬁ\tf u{\ ja_:z-.a BE W};JS C))}aﬂ

TR WY

Cou g mli

e e 15 sl S ol S
ol S GOl 5o Sl gy e sla bl ag
‘.“J’-"“f{":ﬂ)ﬁ\ OAE s 3 s w2 e 2l L
ol el sl oS e a4 s ae
Ll bl e Slae b 3L S ﬁuﬂ‘
S 53 50 ) GIFA s aali 5olal Ll e
5 s ol 6 e 3T s ke S
55 bbb ol celie e 5 ool L Y Gl
Yang, ) Kb Lo 5 ol 4o 55 63 3dms Olaa 55 Ly L5
Wile FA (gls )y olas .ol o LG (2008
plonil Lot 5 O3l hgy b S5s slapn S e
gl s FA e {,,Ja.i sl ¥ Jsus ssd s
PSO ) S obin (gl ol ka3 oLt 1 anlllns
ok 03,51 0 Jsdr 5 & sl 53 iS5 4 53 GA
sl
1 e, S 58S g pl 4 e L
3 s dbml ol Shse 4 Ayl Cane
Llen) baisy nl oo spmse b Shes romes
b s ol slac sbwl Col (GA s i
3 Jol Glaclyz pd o e, S s ol Aol
4 g dalgt Oglae (il glal s V:‘i)jij\ A
ol s A 00 A L o U ocde e
A OBl s S Ul s s Ol
Lt b S e e S e pel by S
O ol e olwddbe I e ol )3 53,5
Gl T B R 3
DS Veen bccalstes gl Ve S (,;wi)\

Vgoro ¥ olp ol Sass slis 5 doys S e
Ll Jlaie Ji= cpl L dS o mes | GA o) Ses
Slr &35 S Ol g ped 5 Sl dlis 50 4 anly
oo w1l s ol 1B gy 23S ks Lol
Lol s s V.:.U}ﬂl s S8es 5y gl U
o 38 e dhes el O]
Oy Sla s 7 cn e oS gLl o p3s0 S
L Gl SO s 05 2 Guls e s dsb 52
ol 1y (,.:.i)ﬂ\ ol sy Y IS s e 0L

.MJL;G

GA (s5lusings o2, 8 Leiiy, ¥ JS

O Sl aee Ul ledde el sl w
GA .35 s3lizd MATLAB 2010b 53l 5 31 =330

AM::.?)\J.&\(:J.: u{\)} aJLaT é:ﬁ‘ﬁ cda_:b&.i C)J}aﬁ‘b


www.sid.ir

YO/ bt oS i Sl Sl eslinal b (6550le8 O el (sl o5 51 1ot S5 leaiogs

FA & by Ol id oo i 350 ('-:-i)jﬁ‘ A
5T s w GA S PSO (sl 500 Ya
ol e Res s b S el sal s 4 1/ 0 AT
Jaﬂﬂjzﬂqlpﬁfg}g.idl.m:&aom\)(@")}ﬁlu
Kol am g bl Ve s (55 4w s Shes
e ] Jf\i: oo 95 3 Sewwle FA &\J@
3,5 Joe GA 3l z VYeer oLl 350> L PSO

ol 2310 Gl 5 BB i OF Sl e Lol el

;M.':'JSA.:GA)PSO)\ obLﬂ.iM:\l.:g_eJ.A CU .]a...u}ln
SRS O PRV RCWNTRVALVSPRVAR | gy
@bl gl bl een 4 dl Vel 5l ol
S el Gl O3y Soop L8158 s,

FA oS v.:h-e" ‘5‘.&,14‘)‘53 .VJJJ#

104 Y ﬂO Cmez 3lAas bk
FA
A )e o g Sl
PSO sl r-h-e sla sl £ dgas
X Wi W in C2 cl Coraraliad S
PSO
\ +/40 AL Y Y BIE*H
GA s o B3 (5la al .0 g
S b ] sl Sasdalw S ES 5SS ES Corarr 3ldes e
GA
CH S e ¥ +/o AN Sl

25

2

1w
bl
‘:-”.
2]

q 1

05

0

5 10 15

2 2% 30

(xV+") Gua &6 b b))yl olaxs

GA 5 PSO FA slagn, Sl ol Ken 506 £ JSS


www.sid.ir

s 9 SEgs [ VE

sVl S5 4 GA 5 PSO Gy, lal o
sl g pdobabl Slas Bl el e3g +/EA
A S s sl s ey e e Sl
5 GA 5 e oKl 5 FA (o & s plyoes]
tglie pslite 4B S 15 ps 5 ps3 4, 3 PSO
2 oS e Sl e g s Ol G

sl ol 03l OLES A 5 AV glad s

3:\‘5
Ey
3
3
“i_\o-
1
2
1
1
Y £ Y A \ \Y
(o) lo
Las peS 5 5L HUS Hs FA I feol> gla g & .0 IS
3 Yo
Py
3 v
3
‘1 Vou
1.
=l
4
i
Y £ A A
(obo) yloj

s gS 5 L5l HUS 55 GA 51 Jol> sl & 0 IS

~
°

3 GA|
2

4

ER

=

9

-

‘3; Vo

3

3

kS

i

Y £ Y A \ \Y
(olo) sko

s gS 5 Ljks HUS 55 GA 51 Jol> sla s & VIS

4 G358 WO pxem Sl Vo5 4 A sla I
o Sl b O Sl e 5 05 Ol (s D5
ol e ey b s e Ol Eon s o) S
3 o 4 by gladd S cul asie la 1SS

S bl o e I35 Sws 4 (e =

PSO 5 GA FA r.;_,,?.n sl @l A\ dpr

RV c\; Slide

Lol o jlet
FA PSO GA

/EVY +/Yoo AN \
/Y AVANYZ +/0VA Y
AN ARAI +/01Y Y

A 2%1 T/AEE +/Ato ¢

/e AT +/ovA 0
AR */ANY as\s 1
/84 \VEEAY v/o0t \
AR +/Yo +/OVA A
/81 */ANQ J/A0f q
HJYAL +/AAT <40 e

i A JANY SUWA 5 Slas av g2
VAL /Yoo /008 s Shes o e
JET VARV Aty 5 Shes cp 5
/0 \Y AR o/ 0Y Slere B il
VAL AT A Sl kS

S ee de sl eSS an glxl Sl as
Jol= G o sl e ols e g slacal (O
#}\ﬁ)ﬂ\md\%mw.wﬂby.@;)f
A s Ske e ol pe,e slacala il
e & ol OF 5l Sl s s a5l s b,
GeS lasseS FA 5l ool st gla s 5
JK.I-C,.«J\ ebjs Jbu‘GA)PSO Ui')) )JA{CA,:.\M.;
ol DL>L1\ J%SQ‘J.:AJ‘)QJJLSJJ b ﬁ)ﬂ\ww\
)|ASJJJ0QLQ.A .JAA:L;G QL.I..: LS)\JJ'PJ@{ 69> djja BE
Dde a0 sem s Ry 4w ol sl
0335 8 B s b ) 4w s sl s pdioteDl
oerle ol el casa Ay AE 0 Lisl
df\u‘l )\ Ls)\bﬁoj@.z Jle Ve 69 )bj'.:..: LSJ"JHWT


www.sid.ir

YV /ol oS Sl Sl eslinal b (6550le8 O el sl o5 51 1ot 3Lttty

BERETEBY) QL:J}- J.;.AJL;G QLI..: K 9 4 A LSLQJK‘:'
Ui\ft" Lg;..ﬂ\wsj‘.kiﬂ OY U A oo dile lacls ff
le.«hv.:.i)ﬂ\ d‘LA: Lﬁo)}b U'l\ B Sl L;*:J’
CUJ\J}A‘\SJ&LLSPUM.,\.LL!L@)JJJ‘}J&)JLAJM
FA & .l u.a.>=..’;.a LA:‘}AAS 9 L‘“f);" LLQLS.SJJ‘}
0555 ol 53 oS Cule w55 5o sV oLl
355 3 ol 38 GA O 5l w5 ol axils
sl 3gS i coMae Jhi 3ol el Ol
0 oLd 4 laj.aja co“ U f,/\ LSL&eLd DL FA Ja..w).? ol
Mbc’b u,;‘ sl 0l .C) 0 _50\ elﬂ)b‘\sw\
FA 5 Sles aslis 4 5 (Y0)Y) 0K 5 Pal G
(Y+ 1)) 0, 5 Senthilnath ..Gs ses (5,557 1, PSO
aS sls olas @L:j s gduad 2 e L J-<-L>
3ls LAV.:.UJQ\ bl Ole a1y s Shee o i FA
s GA L I, FA 5 sase (Y2))) 0lL,Kes 5 Gandomi
2 LS anlie g3l dies pr > PSO
- ple 4 Ced FA LIS 5l S 5 Wl G

.J).zl.«h

FA 5l edel cosas 2350 O3 |

050 w2 Olyaad g 35y 2955 469939

O p2x> Ol ypd g 3500 (52955 489959

O350 pxe Ol yaad g 305y (2955 469939

Osden £00) st ldde p 2l 53 Oe a2
336 5l e 305 Ol S asls 13 (G
T 03 eed '("U‘J O 31 5o, A3l Ol
o Oseker VEY) OF &aS oo 51 O3 oz (Slesss

sl 2 a8 (CaSe

1000
800
{a
4
4
200
0
(obo) (yloj
(82908 Ob SLS ;5 FA ) J.,ol} ‘5@‘;?‘9]:, A )g-
O P e DS 5 O ) ) e
1000
800
1
4 4o
200
0
(sbo) o
“«S2909 Q‘ij’ )L'S 3PSO 3l J,,pl;, éug;'.’ﬁj.’ q JS";
D o DS 5 O 3l ) e
%

(o) yboj

(833,59 Ob =4S ;5 GA I Jol= sla 5 N S

P o Ol S 5 O 5l s e

g b s A Ok Y ol

DS 3ls 50 S sls > g BT | e ©3 550 ol 4 Jl

VEV/e VAL/A VAANY Vov/Y VALY ARLVAN \VY/A AL/O va/¢ 44/ ARRVA% ARAVAY Y-
AEAVaY VAV/Y AELVAS Yo/t VAL Yea/y VWA VA/E VA/+ AV/A Vel AN/ AAmS Y
\YA/L WYY V4o /e VOA/N VAA/N YV /A WYY Vo/i \a%3 Ve A0 ARAYA% AFIV-1A



www.sid.ir

s 9 Solegs = [ YA

VIA/Y YooV WY/E VoYV VAV YV \Vi/0 VY AT Qv/¥ VAR ay/o AR
Ny Vo WA /g VIV VAV/0 Y470 ya/a VAN WY TVA v0/6 v 1Ya-Ve
VeoV VAO/E Vag/s Yoo/t VAV/Y AARVA YWY/ MY AV av/¥ A0/ a' ATV-V
V80/4 A0/ Vag/a YOA/A VAV/Y YV /0 WYY T4/ YA/ Qg/¥ VY VeV/o AFVA-VY
YYA/A V1476 WVa/E Y80/ VAV YoV WY/0 A/ AY/A av/A Vv VOV/A ATVY-VY
VEr/A WY VAQ/+ Yoo/t VAV/Y Yoar WY/A vY/6 AT qy/¥ Ve AV/E ITFVF-VE
Vee VAV/E You/e yor/a VAV Y4y WY/ WA VA IXVE 44/1 a1 AYVE-Vo
PSO 1 ol st 3L O Sl g o s 0L A Jsd
SsAS sls e < sls 2 gl et A e 82 A ol 4 b
V84/Y VAVIV Vave VY VAA/A VAV/E \WVE/A Ao/t AVY ar/y VY/A (ERVA 1re-11
AFAVAL VAV/Y V40/¥ ARYYAS VOA VAVA \WE/A AO/E AVY VeV/E ARRVAN AERVAl -y
V84/Y V01 /4 VAO/+ VY VAA/A VA \WVE/A A0/t AVY VeV/e VYA (ERVA AIV-1A
V84/Y \YV/Y WY Yo W/e Vag/s \WVE/A Ao/t AVY VeV/g VYA (ERVA AR
V84/Y Yoo/ WY/E /e VAA/A YA/ Wen A0/t YA/ LAV £V/4 (ERVA AatED
V84/Y VAVIV YAQ/\ VY VAA/A VAV \WVE/A A0/t AVY VeV/e T0/A 10/6 ATV-VY
V84/Y VA YAY/\ VY VAA/A Vag/A \WVE/A A0/t AVY VeV/g VYA (ERVA) AFVA-VY
Vv Yov/\ WY VY VAA/A VAY/A \WVE/A A0/t AVY VeV/g VYA (ERVA ATVY-VY
Ve VA WA yar VEA/Y YAO/\ VAY/A \WVE/A A0/t AVY VeV/e VYA (ERVA ITFVF-VE
V84/Y Yo4/Y YAV VY VAA/A VaY/Y \WVE/A A0/t AVY VeV/g VYA AY/A AYVE-Vo
GA 31 odel Gty 3L O 3l g @la s 2 0L -4 Jsd
DS 31550 S sls > g R Ll e ©3 550 ol 4 Jl
VE0/4 VAV/ a4,y Ve VA0/0 YovNy WY/ AY/0 A0/ VA VeV a3/t 1re-11
VEE/Y VAY/+ a0/ VEV/A VAY /Y Yoo WAN VWA AN Ver/o VAR VaY/e -y
WY/ VA V40/8 Vod/0 WV/E YV+/A VIV AV A/ A/ a4y 44/¥ AIV-A
\YV/ VEY Y VA0V YOA/+ VAV/Y Y/ WA VeU AL/A Ver/d VYA VoYV AR
VEV/Y NY/E W /e VEA/A WYY A\ \a/e v4/4 To0/e oY/0 A+/0 vo/v RatER
VEA/Y VAE/A VA Yoy NV VAVY Yo/ VUVE AV AOY v VoA 18/0 ATV-V
VEY IV \VA/A 144/6 YOV/A VAA/O YA/ WY AG/Y AL/ a8/ VoA/Y VoA AFVA-VY
(EAYAN Vo VAL/A Yoy /Y YWV Y4/t WY/0 AN AWV A/ Vae Ver/A ATVY-VY
YA/ VAY/0 VaVY Y04/A VAV/Y Y 0/) W/t AL/0 AVE vy A oo ITFVF-VE
AV WA/Y yauy Yoo/t VAO/Y Yot Ve A v Vool /s VA AYVE-Vo

535S 5 O e Sl gy oslizal Ol e Flie
o304 AN 3z e T Plas Sl 5 At s |
3 (,.:Uﬂ\ ol ol njfda sl Ll s il
Solwtng i 5528 Ol w by e Kos caliis Jilws
.JDJ§ oalaiul oj.:.i‘«)w}gl

S S 4onss

S 03 Ll s, K oOlge 4 FAL G610

S et Sty Sl Zlaal Gl (gilaang

308 ales T glaobele 53 FA 5 Sl @6 8wt
D3 el 3pse ot glatss gl 4 Kl
Mw\);FAJ\SWu@up@jb.zﬁf
Sl by Bl Silusngr 53 Ladyl o2, S

9 ﬁéﬁb 6@&)}{)\ )‘ oalaul La E3) U‘l\ )\ J.Jll.:


www.sid.ir

YO/ bt oS Sl Sl eslinal b (6550le8 O el sl o5 51 1ot S5l

V':-"'))Ql AYAL € c)l..i_‘.)\ Bl C c)L.:;_")\ o t)\_)}(.f))-.l
J> » (HBMO) Jos la,ss @8 ix olae
NUGH VLA pste Medl o w5 gileane il
A AR A DAL WG P RUV S N T
(,:wi)\j\ oslizal L oL sle o sine i s 51 (g3 0 40
A=Y Sb g Ol [l alows O 50 anels

é)‘)ﬂéjé-.l AYa. | ‘by&w ERS) € ‘LS’L""’ "6 c&)l}'
523l leand @S 51 eslinal b O 3 g
ML.L_Ajﬁ QT S TAIT V- s 80 38
Ae=4¢ (V)T J:.>r_»T 09> v..»‘ﬁ.)w

C“i]‘.’.')"‘ AYAQ cj‘bgf)ﬁ B € cgfll} o ¢Jq.:.w)¢;?
el s8I 5 eslizad b s slades 1 (505 e 4
00 ) DI (A R+ Y PP GV PP PP WS
A=Y

wl.:..,q w}}' Avay € cg.)l.l)ﬁ 9 C ca)\)'l.gl.g cu LL;;\)')

Lol i s opshhe dr Ope SISO e e
4,25 MODSIM 8.1 Jue | eslizasl Lo e Cuzsdous
NN T S5 of ple cbli-

L;)bj.wjé'.' AYAL € cdil}b?‘j C‘)ﬁ('“:’u “) ¢ ‘5421-_:

b e 5 G3usliS ke dome Syt s O
XV-Y0 (0 Y

Ben-Alaya, A., Souissi, A., Tarhouni, J. and Ncib,
K. 2003. Optimization of Nebhana reservoir

water  allocation < by  stochastic = dynamic
programming. Water Resources Management.
17(4): 259-272.

Esat, V. and Hall, M.J. 1994. Water resources
system optimization using genetic algorithms.
Proceedings of first international conference on
hydro informatics, Balkema, Rotterdam, The
Netherlands, 225-231.

Fahmy, H.S., King, J.P., Wentzel, M.W. and Seton,
J.A. 1994. Economic Optimization of River
Management Using Genetic Algorithms. ASAE

1994 International Summer Meeting. American
Society of Agricultural Engineers, St. Joseph,
Michigan, USA.

Gandomi, A.H., Yang, X.S. and Alavi, A. H. 2011.
Mixed variable structural optimization using

Ol o 3usS L el Sda L 5L e
b S 555 (63,50 anlllas Ol & S5l O e ke
g yozes 035 wenS Gaa L 0T 51 (gl po e Jhe 5 A
Shedd ilula, Jlie 5 5L SR JolE S ) sl
bl VT e Sl )b ot & =df=‘
Gl FA O 51w 135 4 Vo U0 sladle
o5 ol dsb ss S5k Opee o s 2 (oleag
Olpe 4 55 PSO 5 GA 3l omes Al S S«
FA SUlg 5,50 55 cylas ol glaslie sla 2y,

.,\i.sjf oslaiul
PSO 5 GA i 5V Ul FA sls ol zb
e &S g 2l Wy Sl 4 gbows 5
e L K IR T~ L B R L S
Lo wS J= s el Cosa /E0A ) Gl
VAN 5 VA 5 4 PSO 5 GA G 1
FA Gla il 0op oS Sle 4 amen Sl o0y
S O (sl b5l s ez, Sl 4 s
Al gh e el st e ) Sa e s Sl
A Gadobabl b fy) 4w o 6 ndiOlabl jlas
ol Ll Ll s glalie Cans s slls (o
> S e e S e Sl S LFA
S FA Jol il il ol wils |
sl cballe 53 leang ©lp el 5 Ll

Sols e AV e 5 ) (S ol wa ol
Aok 4 b D':JK" Shestaad b bads O3l 5l age
OV 0l pee wdige 5 Wtz ysn o5 ST 55 oalad
TO-AY
IS e e gls oS U, s wsly s wld
V)V S T e Bl 4t s 4,

A


www.sid.ir

s 9 SEge i [V

Oliveira, R. and Loucks, D.P. 1997. Operating rules
for multi reservoir systems. Water Resources
Research, 33(4): 839-852.

Ostadrahimi, L, Marifio, M.A. and Afshar, A. 2012.
Multi-reservoir operation rules: multi-swarm
PSO-based optimization approach. Water
Resources Management, 26(2): 407-427.

Pal, S.K., Rai, C.S. and Singh, A.P. 2012.
Comparative study of firefly algorithm and
particle

swarm  optimization for noisy non-linear
optimization problems. International Journal of
Intelligent Systems and Applications (IJISA),
4(10), 50-57.

Rani, D. and Moreira, M.M. 2010. Simulation—
optimization modeling: a survey and potential
application in reservoir systems operation. Water
resources management, 24(6), 1107-1138.

Reddy, M.J. and Kumar, D.N. 2007. Multi-
objective particle swarm optimization for
generating optimal trade-offs in reservoir
operation. Hydrological Processes. 21: 2897-
2909.

Senthilnath, J., Omkar, S.N. and Mani, V. 2011.
Clustering using firefly algorithm: Performance
study. Swarm and Evolutionary Computation,
1(3), 164-171.

Yang, X.S. 2008. Nature-Inspired Metheuristic
Algorithms, Luniver Press.

firefly algorithm. Computers & Structures,
89(23), 2325-2336.

Hashimoto, T. Stedinger, J. R. and Loucks, D.P.
1982. Reliability, resilience, and vulnerability
criteria for water resource system performance
evaluation. Water Resources Research 18(1): 14—
20.

Holland, J.H. 1975. Adaptation in natural and
artificial systems. Ann Arbor, MI: University of
Michigan Press.

Karaboga, D., Bagis, A. and Haktanir, T. 2008.
Controlling spillway gates of dams by using
fuzzy logic controller with optimum rule number.
Applied Soft Computing. 8: 232-238.

Kennedy, J. and Eberhart, R. 1995. Particle Swarm
Optimization. Proceeding of the international
conference on.neural networks, Pert Australia,
IEEE, Piscataway. 1942-1948.

Manatwy, A.H., Soliman, S.A. and El-Hawary,
M.E. 2003. An innovative simulated annealing
approach to the /long-term hydro scheduling
problem. Electrical Power & Energy Systems.
25:41-46.

Mousavi, S.J., Ponnambalam, K. and Karray, F.
2005. Reservoir operation using a dynamic
programming fuzzy rule-based approach. Water
Resources Management. 19(5): 655-672.


www.sid.ir

Vol. 3, No. 4, Summer 2014

ISSN 2251-7480

Optimizing operation of reservoir for agricultural water supply using firefly
algorithm

Seyed Mohammad Hosseini-Moghari ' and Mohammad Ebrahim Banihabib =

1) Ph.D. Student, Department of Irrigation & Reclamation Engineering, Faculty of Agricultural Engineering & Technology
College of Agriculture & Natural Resources, University of Tehran, Karaj, Iran

27) Associate Professor, Department of Water Engineering, University of Tehran, Aboureyhan college, University of Tehran,
Tehran, Iran

Corresponding author email:_Banihabib@ut.ac.ir

Received: 16-02-2013 Accepted: 22-09-2014

Abstract

The largest amount of water in Iran isused in agricultural sector. Thus, efficient use of water in this sector will be
significantly effective in maintaining water resources and optimum use of available water. In many regions, surface
reservoirs are responsible for providing water to downstream agriculture. Optimal operation of reservoir is one of
the major parts of surface water resource optimization. So far, several optimization approaches have been used,
among them, the most popular methods are Evolutionary Algorithms. In this study, Firefly Algorithm (FA), as a new
method, was proposed for optimal operating of Bazoft reservoir. The operation modeling was carried out for a
period of 120 months related to 1986 to 1995 years. The considered objective function was defined as minimizing
the sum of squared differences between the demands and the release from the reservoir divided by maximum
demand during operation. The model performance was examined compared to Genetic Algorithm (GA) and Particle

Swarm Optimization (PSO). These two mentioned algorithms are known as common and standard methods.The

results indicated that firefly algorithm can better perform than other methods. The mean value of the objective
function of this method was 0.408, and the mean of the objective function for the GA and PSO were 0.618 and
0.913, respectively. In addition, FA has created less deficiency values and milder deficiency compares to GA and
PSO.

Keywords: Bazoft reservoir; evolutionary methods; firefly algorithm; optimal operation
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