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1- Standard Operation Policy (SOP)

2- Deficit 3- Simulated Annealing (SA)


http://jwmr.sanru.ac.ir/article-1-150-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-10-25 ]

AY e gy 95 5 b (3lwand i yoSl Sl eslainl b ()35 5l dte 510 o o

b (9, 9 dlge
SOP (g3 lwdumis vtz 595!

0)93 ;B )0 (FRe oS o> (e
9 g_j ;'}v.';)‘é).g ‘u):u 4 (599,9 ‘50 u»l.w‘).s
Sy s A e gilwans ol olals
S (Swg alaly oluly 3% (§jlodnd
S4=S+Q+R-R-Ev-Sill. ()

O oS x> 1§ by (ol po a5

O oS a1 G, b (0,90 slal o
Obyz ez QAL (goyg0 gl o
b > iR bge,90 50 i 4y (6995
> RO o0 jo azlye mhae
dooy0 0 aw e 3l golele, Lo clilo
5 b oyed ;0 azl,e mhw 5l ju5es w2 BV,
Sl N alal) ot 0y90 50 5 s o2 Sl
S e Js wilie bejleans des
5 WS oo pleie RSy ) bagsjluas
lisee  glocabw  owl  sgme el
wol culsp ol g lade WD oo (5,18 120 o
Silwans &8 Y 5l S wib s R
sl o el g3 5l ol
(SOP) s lastissl (5,15 0y Gl 3985 o0
S0 o e (s DByl a5 a5 Wil
oo 50 (VD) 098 oo 0aul 35 (S)
Ole Tail SOP - 02,6801 bl (355
ae bl oF cloyy liee 5 a0 5,5
Sled B pl S e g 9980 258 5l

3ol wl L.V 5 YA) el ouds oolazul
ool copas g3l SA s,
s sleasld s (b 5 swein)
0,5 S (Y 5 ) el 0as oLl (g 0
Syl 55 SA g, b S 5 5 S
00 00 5L A (35 5l (6l oy 556
S e, el cuS 5 5l eolawl b (F) el

SO ot §ilwasinge SA 9 a8l d9pe
Ga505) 50 (S (s 5P A i
Ol o5 5 oSl al planil (e Sl gy
G (6 yaS Loy Do jo aS oyl |y cudild
plo 51 SA g a8l gy Sl pu,eN 4
s o 5 oS oy ol s iy bl
ploul asllas (VYY) 05 )Xo (5 puol joo iy
o Gaa Lokl o S35 00 dw (59, 0
0,99 G b kel ol 85S uils, JSlas
50 ilwands o sl as ools lias aJls ¥
St S S es S5 o peNl 4 s Zny
Sl slie () iy (g 4Bl
5 S Slapiman 5l et )00 4
S 5 S YY) S5y aalys sy
L aalie )0 Sy —oomy 5L (gileans
S sl Sy 5l (g slwand o 555l
an wSlg o yir s Ligy Siaeliy ) 9
55 098 1Ko (6 sl o g
31l me e s ilwdinty Sl soleiny
Oagim oyl 3l o (YO) o)l0 |y 3l 5w
Ao S e S )0 SA g 0 ) LS
2Ol @S i s 07 5 ol e
o9y 5l eolaiwl b (6 paol pus aigy alads yes


http://jwmr.sanru.ac.ir/article-1-150-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-10-25 ]

AY

Random ;1 ,s a5 (AX=Random/K,)
anS a5 cwl oo Kaiy ¢ Bolai an3s
EBS wslor Sz ol Cud 4 ol
sk EPOCh Jokss Ly 4 boype 2l
Sy Lo o 0 )| ST slaws wSTas et o9
sl slos Ty ol Ly e e,
Oy Alite >l S sl (ABg5 b yl)
(VY) Wil oo p) &yge 4 SA
SA Ghsy sl el Sle>1-)

(Tf 4 It .Epoch.EBS AX B .TO)
3 S Bolay diges sl el diges olowl -Y
5 s slaaed @ axgi b iyl sl
sl 4 FE(S) Gaa ol Jlade 10,51 Cowas
Lblis o)
S olal diged oboul el diges olxw! -V
s slaad @ 4z b iyl slad o
a FE(S) Goa ol jlode oy0,5] casas g
blas ol sl
Bas b Olypxd oy -F

D=FF(S)-FF(S)

P84S Bolal diges puis sl 4 S
(D<0) oo svmlie ol Bon b jlaie
S Pl Ol ol 4, JEsl gl
& 0 O9bee S (iRl STy el aidpdy
ey Bolas sae S (D>0) &, sanl
Ju=l 5 (R(0-1)) ady o 5 yao
P8 Ded oo dmwlxe P(D)=exp(-D/Tr)
(TO) adsl sloo by ol (TT) Leo el by eyl
5, JEz! ol s P(D) >R(0-1) 51 (cuud
oo e b pls 5l ala) Sz 55 VU @
Whpdy Gyl dite S & 21508

WA bl g ke 1Y o leds [pgo Sl udul )92 Cu i dsliimg}s

é_o_vaLOQ“S' 9‘5)_»Ol s"ﬁJJ S

pz> 5l e 090 2l e ST 0sd e
S ogbee plml pype il iy Jloy
Wil oS eye w3l e ol ez
@ g ol s 5 el plls o35
ol @b ol ools 7y geS s Pl
Wyl P &5 Se (gl po e Sl
Ol 3l s yd w8 el JolS job ) 5L
ol Ghagh nl 0 dgbee el
Ok @ SFmeelS asly So SOP o 555
hoanlp opl &8 cwl ead as 58
lad oo awle g (g3luals
(SA) ey b (g3l o 5o

v Siludinty gy Su SA 5Nl
Gl p a5 canl wiadigr Solay Lsle b
JUEsl (58 anl @ b b 5 )lel SLlS
Coto )3 (Supd anlp S ol 4 o)l >
Gaxg LYY 5 VY) ol onds (g3lwacs
g olls &l Sod anld a4 ol el
0dls 0duel ol ol il a1 0,8 0w
5 SA Gileagy by, &S ol eyl ol
Lodsl el a8l o sl
b grhe (1) phler 9 mdgig e lawgs
Olse &5 widl e ol es 5 Su5L S8
=5 P Sl blae sl ol cnl
i SA ey bl pl g S o9
oot (VY 5 1) wsidgad 6135 by
Sy ol 5l S &S el 5 bzl
5 on ol B 9y5e a1 SA
B sl glos TO 5l obi,le Wigd aulans
ol o5 Jsb AX les pals sl


http://jwmr.sanru.ac.ir/article-1-150-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-10-25 ]

AY e gy 95 5 b (3lwand i yoSl Sl eslainl b ()35 5l dte 510 o o

4 OrR ol 4 GreelS (saslp
o0l 4_».(3‘.: ‘-b.u)ﬁfﬂ ol oA 4...9‘.: G)LMJM )

posNl g ead oS5 SOP o6l L

o Sla piio g BuS (Sus &b
b5 polie giledig by, SO0
L 6}“4-2-505 )B.E.Lc FORPOUNP sla
lood e Jlosl b Baa &b (g5luaitan
Sl e 00 e aile dacgogase g
a5 wlbioe ¥ oakal) ©)ysa Ban b gl
s Jlaise o (g3luares
N
FF =) > (R, -TD,)/D,,)? M

y=11t=1

Y Bae b ade (FF akl, ol o oS
1t ‘Lg)Lo] sl Jls olaws :N Jlo ouileus
)" G}L‘“L‘b) L C.'Mi)\o).g > :Ry,t wbo o.\J')Lo..i)
J5 5L s TDyr oy Jle 51t ole jo o (35w
2 (Goko 5 Sab 5 55,088 ks ggexe)
alale ol 5L iSlo> Dmax 9 Y Jlo 51t ole
lgslale, polie o)l pose s0,90 Job 50
Olee 4 Jlo calizes slaole o o (35
Sl ool a8 Sl 0 peeal e
e Sy )3 39290 ol 08 0 ers
hadlbiee Voaaly w35 5l 6,10 0 e
Ol v 4 plgee 500 ol slaad alex
el S yesio SIS 5o gl Y w>
> eSSl g Jle Jold 605
e sl e ST 5 il 5 ¢
Sged o,Lil Bolay bl cys

Oygan] e )3 09hoe S (Sl STy eud
0,90 Job slasi an |, F o ¥ slo o5 IS5 -0
(Epoch

S siegh crl 50 ol bbb pwyp P
Cal oas solitl 5)ly 5 wledis Jols b
(YY)

Dy oy p s alaly O jean Jols b b
(Fe-Fg)/Fg|< EBS Y)

San b ke e waaly pl o o
oSl FG es o 50 0590 Sl (b o
3 O lroyge plas (boyo Bas &b
Cudn 9 S8 ol laie (EBS g Lo yles
2,5 wg a5 el Jolw by sass S
e N R R
Wl oo Canay adgl wlin sl

Ll Va8 s 8, Jols bys Sl
a,1,SG ooy iSlas & jgai] jue )0 000
(1) Jols byd 4 (oew) caz L o 0
sloply 1SS Slado slowi F1 068 o gy
gl )0 gb o 2l YV a8 o, It 4 F 5 Y
Y el a4 cusib o)ganl
Ghegh ) By b oy Y
e bbb plee 4 ol sles @ (o,
B @y bos S (cul ouls as s las
age le Glgie 4 saal Canay Ol s
sealS Ojgan! e 0 0l e adpd (B)
clS b g Tr+1=BXTr 4w 4 Lo l)l
Y el5

S5 SA i, Sl el g opl o


http://jwmr.sanru.ac.ir/article-1-150-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-10-25 ]

AD

Sl g Jlas el 5 adl 5 caSo e
2 oeaSesie YYALY o #1-Y Csp 4 o
W ¥ o) Jghas el sad oyl sl
S &8 5 O i Slasie ool
o SKSD U dw Cewd u-‘-‘b slale

WA bl g ke 1Y o leds [pgo Jlw udul )92 Cu i dsliimg}s

039950 (30 s
4t sla Jae L5 (polo (las jelate 4
4 03090 S dw lp s (nl oad
e Jled jo aws ol el ool 00y IS
& bwgle il sals Slasl 5l el
YeIAS e a0 AVl Suejlys (69459

() 53990 dw (3P0 (i Slasi -\ Jso

VEAY/O (s o 51 20) 26 515
VEVEID (U s 5 5) Jboy 55
VEYYD (Lo o 3l ye) iy 5l
a4y (oS o (y9ekee) Jlo i 515 53 035 o
AN (oo e gelee) Sl 515 50 ()55 o>

() (xS Yo gadie) (1395,0 s Cewd (ol alale L5 & 595 -V Jgo

LYo abwl e 0 N bl o 399 s ol yo I% ols > Cugmd,l 20,9,8
INATIE - - - - - AVAR SRR ATA TR & A% SEEER R ¥ A R FAYAVA 1 SRR VAP B VeFoF oglis
fYIXY YV YA YA YA YA Y/AR ¥y ¥y ¥y ¥y ¥y ¥y e

AYV/AY  YIVE O YA YA YA YA YAIYY O AFO/FY VFAIYS VLYY V0FY VWYY AY VeAl-# Egozmo

JB g osx S L gbole J e
sl 9031 almil 5| s L(VY) 848 Jogud
sl sl Gl bishl cwle oSS
Y sz 50 ol @l &5 b e o2,68])
Olime o s ieh ol jo .l ool &l
Kav yebl 9, SA 00,8 colus

VI

oS 8o g Skl o2, e SA o 65l

Sl ol (69559 layelly 4 Cod 3l
o szl 5l 8 adsl glalzl 0wl g
S 55,5 peens el ol colie Mo
9 Sl g0l b cdy Bro el
@ e wlsl ol sl e g
25 Jodee Slaslme (loy 5 S sla)l,SS

oolazul Sye0 RV ela)b d)wlruwembgl)mu@}uwu ‘51),..»5 LsLm)...al)L,—Y‘ de}

Kdiv EBS It Epoch

B T TO NG

y. A s \.

‘Y ) Yoo FF

aS el ouls ol (6,955 bld 4 g 0410
A Cow 4 S Jleix! b SA 0,651

Ll pls 5l zop Cohls SA )8


http://jwmr.sanru.ac.ir/article-1-150-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-10-25 ]

A? e gy 95 5 b (3lwand i yoSl Sl eslainl b ()35 5l dte 510 o o

Aol o
5 el (Kot Copo a4 G, b -F
byye b ga ool culpo polis (Jsd 050
gz oolaiul 0j50 li8le s 5l T a4
D9dige o O abaly & jga ¥ oakal, 5 e
F oalal, 5l oolatul b Guas &l Jlade ol plo

N - :0=a+bx(FF) ©®)
g =-2 *)
b

Alol> (slaclyz oS b alpe (] 5 -0
Gl Ay (Sed Jlade b anslas o
S Sl IS4 pY 005 B byl 990
Loawlie o dols slole> cuas 3
ML e Sl d (Fe Hlade
g9 as Coul wsd.m l; 9 ol ﬁl.?u\ L5:9.>
oz 658 slaghs) Sl (Gl S
LS‘)'? D g oolawl alol> LSLQ%"}? @b»‘
clo i wlidl Lo ole o lawbsl
o ol los iy ials g adl
O Y ) Kol oyl el a |,y o,
5 Sl 4 Ban gb St ooy
Sl 5 ol & 5, sl Jisl 5 Lo Jis
seslai .l Ly SOP-SA Joo ol
e 5 )T sz sla el

slzl gl o8 5 o)l 2l SKen (6 pml
ol (o Comw a4 b ST olaws b g 0,65l
e Djgar do o do ol Sl ST e
A salgs [Sen grulie A S &
Gh9y U & oy Sl cnl 510 5 0)
Getlio 5 (6 ol A 3,505 S il
Gl 0 Sl ol b alol> glaly>
i le Cibre g,y 5l eolaiul slepslS (YY)
3
oeals g adgl glos ialisl b sl lacol jo =)
oid melais slayell o ol sl
b, S5 olaws cud 5 opl 4 0gl T2l o
3y O 9 Wl (o0
5gn ool Gl 4 55 (sl Jli
&b a8l Sgnge polie Wb al> o ol jo -V
olasws slil jo (b 4 g, sl Jlasl) Bos
Sl gails (o el a8y oSS
Sl ojled 5 Jiws pite (lore @
e plaie 4 ol Gl A ead aidpdy
gl an8 S e o anly
oS Wgd LS5 b ol B Y 5 ) cleals Y
§oabuly o atily g S ptie o
5wl 0zs 4 clie (Shacer oy
B G R EUNRCI -3 ]
ol 00l oslazwl Table Curve |l58le 53
£
N
o 4y ol S5 olaws N calal, ol 4o

=a+bx(FF) M

Sas b FF g Gas b Jlade 4 o, U


http://jwmr.sanru.ac.ir/article-1-150-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-10-25 ]

AY

YA ool g 4l /Y o les [pgo JLu ,;UT 039> Cu i doliipgh

(FF) Gos &

Vo- 3 Vede o AYee Y. Vdee

N) L) S5 olos

Lo Jlzsl S sl 4y Bam als i -1 S

U0

A/

ANO *L\

FF) Gos &b

A+

Yo- q.. Vede Yo AYBe \Bee

(N) L1, oloaes

ol gy el syl a4 Bue ml Ol s -V S

e et o 4 729 cailin  San
a4 odrg b S e e ATV (pulie
sdal Candy Ban ol polie o9 S8
e &5 CdS lgiee e gy g Joe
Syl o dige sadats 8L ColilB ool ags
Wb oo pusmo odel Cuwyy Slg> g o)l |
Gy Canliw wlulpy Gua b lade
o) el odel Cawds VY/YAD o |t
VYN Glyee 0 1y Ban a0l assles SOP-SA

apd (malS SOP 20,63 4y Cond as )0

Table acby sl oolecal LY o o

Sas mll gasl sgye  polae Curve
olads plp o (Gmb 4 5, sl s
e g odd oo odd apdy eSS
F Usa> 40 45 onys,S ey Y =atbx
e, ol sl o 1P g b a ol
el @zl s ol sas )l SOP-SA
NYYE Gos ali luie SOP-SA oy 65l
cilze by, KeS 4 Sl odel Cany
coye b Gur b a5 cl oals ocvslin


http://jwmr.sanru.ac.ir/article-1-150-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-10-25 ]

AA e gy 95 5 b (3lwand i yoSl Sl eslainl b ()35 5l dte 510 o o

1750
00+ ‘J
|
250 ‘
4 10004 ‘
. |
504 \I
|
o \"'\\
& = g ] 10
(FFY how s
yi=arbx ooue ¥ S
P oba polie-F Jgux
a r?
—-FFIAAYFE <[+ OYAYAY Q¥ [AAVN B FEY

bugie 5 F JSa 4 azg L s e
‘Q%.%ﬁ)é LgL(bol.m o g_j ;’M‘bloﬁ 64JL®L°
3 yies SOP Juw jo ooz g Caigad)|
Oz el oS a5 90 50 5 010 50 €55
Joe a5 conl Al e oyl Lo (65—
sole o uT Silwo S L SOP-SA
it ke ola 5 5 ksl (s
Ol g ed g S0 ye e slaole jo ;s
Gl pope Canlw I olatsl LS o
dols U"‘ I u—| )-<>5 wb)—’ L SOP-SA
45 Sgdiee 038 e 5yt o
5 C3pSy ole cnl jo 1) beogeaS @395 ol
w@lf (5")'7U 6LbcLe e ‘) LQQ}AAS Sl

.A!bé‘so

O (S 89959 Olz 9y b 4

AVVAS ¥l pudas ollgs aslllas o g0 o
3 S el ez |y o S e (el
I dels s ol caws ol Yl
0,90 Job y0 a5 was o lis b Jow 12l
5 SOP Jow g0 wlolp ale YA Ll
@ hugie job 4 cwl 0B e SOP-SA
oS e yaadio YAR/EY o A-QIVD i 5
i e sl 3 s sl T Jla o
bglo 0gd 0 ovdlin a5 jgb lan auS
Jos 30 ot )l ol ccal, s eVl
5 ywoS oy Y/FY e a4 SOP-SA
O Joao ol 0 ol oS AVl bawgi o
SOP Joo 3l yis 0o, VOIVY ol
bogio coi,d 4 0 9 F LSl il oo
Hlas Jow 90 0 1) Of 0gueS g clils p ailale


http://jwmr.sanru.ac.ir/article-1-150-fa.html

A4 WA bl g ke 1Y o leds [pgo Sl udul )92 Cu i dsliimg}s

m OP m OP-A O Jds

‘j\ Yoo

3 Vo

_% VO -

9 YO

_’jﬁ Yoo

T e -

—_ 5 4

2w

=

(@) * T

% N\ = N\ N 3
3)‘ ‘/)-‘)D‘ D\vq {) \7\{> ‘a{?f S)Z \\)) 37 577 J”‘Z ),9)

olo

ey oo Aoy 14/AF 4 SOP-SA Jus Blale ol vy lawgio & Jguz o

Jsb ;0 SOP-SA (5,15 oy Cawlws el el oo &l,) SOP-SA 3 SOP Jow o
o ole slaxs (ole YYF) o ol (s lel (0,90 ol Cuws ilbble ol dop Lawgie
B+ 5l geS) oS Gl dilale ol wo o oS ol ;o 0 bl 5 a4 el slaJls
Vo &y SOP Jow 0 ol YY 5l el (ao)y0 ool asye lawgie SOP Jaw [0 ail

b oo yialS ol 3 ol i a5 Wil e vy AY/AD dilale

(MCM) 0T 39005 (s dilale Jawgie
L

ole

SOP-SA 3 SOP Jue ;o ol 35008 cailale Lawsgio -0 S

SOP-SA 4 SOP Juw ;0 dilale el dus )0 lawgio -0 Joo>

Sl e &2 A I T e D S e e B

cefee Neefee Neefoe Neefee Neofoe  AYAE O VYAY O VONY  AS/f- AY/SY  QAVA Ve/-- SOP
celee Neefee Neefee Neefee Neofoe YRAY  A-/F3 0 VAAY  AV/Y-  AV/YS AY/A- AYAY  SOP-SA

[ Downloaded from jwmr.sanru.ac.ir on 2025-10-25 ]


http://jwmr.sanru.ac.ir/article-1-150-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-10-25 ]

a- e gy 95 5 b (3lwand i yoSl Sl eslainl b ()35 5l dte 510 o o

95 opl sl Sowe 5o gyl 0y98 Job jo ol
55 ol 50 2T 05eeS Glie g 00l (ge3l Sl
SOP-SA 3 SOP Jow g0 ;3 eolaiwl L Jls
3 SOP Juw wloly sl ool dculxe
g FYTAD iy a4 plid g pow o Jle
Joe wluly 9 caSeyie oo FAAFA
FPEIAY 4 YVMFPe w55 4 SOP-SA
g sgzy Ol ogiad caSe o (el
40 SOP-SA  Jaw ;o Ol 0geS olie .iils
g YAUVY oy a4 i g pow ol
Golopoy Cawlew 3l S asye FITY
Vg # JKal & azg b ool oo o lastinl
B I
Jae a5 el sols &, ols 3 ole jo la Sl 0]
ol Jed BB Gl a4 ally SOP-SA
plmil a5l nlpls WS ol 1) 05eS
Sl s S oo 0l I, (LS mls ws S
5 S sleo,ge glp |, SOP-GA Juw
e 3 T Sl asge ke gl

a2 o lid

09,0

Qo pols Boa SOP Jow o a5 ol

Sl (pl olal il oo dlale 5L as o
Slos G 55 2l 05 oy 40 ol e
Sl el ciloy b gie 4 6095 bz
ol b dsdiee JB Ol I 55 sz
o 5l s ol maw ol asl &S
abse 2l SOP-SA o 4y Comns (35
AYlo Lwgie b 4 SOP-SA Jue wluly
55 s 5 s S e pekos P
i o, MYY e 4y a8 clls ol
SOP Jow a5 sl 5l .ail oo SOP Jow
QS el 1y 5l e j0 de ols w0 )lgen
3 i e, YIFA ol 4 g pdsoleel ol
Ol Cad e 4 9 <l SOP-SA - Juw
s Q2,0 YYIAQ 55 Jow o) e pdscal
Jae S ) s @ oy sl
S e bl J g0 SOP-SA
ol 090 Jlos YA 5l gitia 5 oy sla b
o onl g el W8S IE w300
90 ot Casns Ol clls p sailale lawgie
cols p dlale 50 L SOP-SA 4 SOP  Juwe

©o
L o
S

(MCM) Ol 39005 (5 ailals lawgio
L

olo
6stol L (ymoges 45 SOP-SA 5 SOP Jaw 1 o 5geaS ailale Lawgio -5 S5


http://jwmr.sanru.ac.ir/article-1-150-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-10-25 ]

a9

WA bl g ke 1Y o leds [pgo Sl udul )92 Cu ke dsliimg}s

5ol
&8
O
Qb

,j
s Y
g ~f.
G —Fe
\1 A A
gt
EERT I
=

O

=

ole

ool Jls e 15 SOP-SA § SOP s o ol 550 dilale bawsgio -V IS

@ dlale Sjygo 4 ojlgen Joo ol bl
5 9580 ox>d e ;0 ol aslhs (e
FB e b Sloy 50,90 12 50 (5510 n0
Joo ol o5 azlse Ol 25aS (ol
Silodinge slp Wl Gad m2 o9
oolisul 9)90 (gaw 2 (y3Fe Sl (65l0 0 0
by 3 el b SA 3,6l 5,5 18
Gl Sd5 plgioe g 0b (e Coo il
svbe cnl sl DS 5 sl (g, S s,

il e

s Jaw g0 3l eoleiul b imgh cpl jo

w3l gylo e ,es SOP-SA 4 SOP oo
L cdS I8 cn s 030900 S
&y SOP-SA Jos ousl sy mlis 4y ax g5
Ol ol sads slpian 5 31 syl o e
W Se A ead Jlesl 0peS (e Joe
ol 5l g wile, oo Pl a4 |, asin
SrS ol Sas slale jo wad slesseS
et bl SA 2,8 ey S
dbee Llo 1y i 5l aee )l no e

&L

1. Borhani Darian, A. and M. Mortazavi Naeeni. 2008. Comparsion of application
research methods at optimum operation of water resources. Journal of Water and

Soil. 68: 57-66. (In Persian)

2. Borhani Darian, A. and L. Shahidi. 2008. Optimization of reservoir operation using
simulated. International Publication of Engineering Sciences. Elm-o-snate Iran

University. 19(8): 31-40. (In Persian)

3. Cereny, V. 1985. Thermodynamical approach to the traveling salesman problem: an
efficient simulation algorithm. Journal of Optimization Theory and Applications. 45:

41-51.


http://jwmr.sanru.ac.ir/article-1-150-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-10-25 ]

A e gy 95 5 b (3lwand i yoSl Sl eslainl b ()35 5l dte 510 o o

4. Chiu, Yu.C., Li.C. Chang and Fi.J. Chang. 2007. Using a hybrid genetic Algorithm-
simulated annealing agorithm for fuzzy programming of reservoir operation. Water
Resources and Environmental Engineering. 21: 3162-3172.

5. Connolly, D.T. 1990. An improved annealing scheme for the QAP. European Journal
of Operational Research. 46: 43-100.

6. Cunha, M.DA.C. 1999. On solving aquifer management problems with simulated
annealing algorithms. Journal of Water Resources Planning and Management. 13:
153-169.

7. Cunha, M.DA.C. and J. Sousa. 1999. Water distribution network design optimization:
simulated annealing approach. Journal of Water Resources Planning and
Management. 125: 215-221.

8. Emadi, A., K. Qaderi, SA. Mohseni Movahed, A. Soleymani and D. Davood
Maghami. 2009. Study of reliability water-Supply per reservoir dams by standard
operation method. 1St National Conference on Engineering and Management of
InfraStructures. Tehran University. 27-29 Oct. 8 pp. (In Persian)

9. Iran Water Resources Management Organization. 2001. Estimation of total sediment
load and its distribution in dam reservoirs. Management and Planning Organization
Publication. 221: 36 pp. (In Persian)

10. Johnson, D.S., C.R. Aragon, L.A. McGeoh and C. Schevon. 1989. Optimization by
simulated annealing: an experimental evaluation. Part |. Operations Research. 37:
865-892.

11. Khodabakhshi, F., A.R. Ghirian and N. Khakzad. 2009. Applying simulated
annealing for optimal operation of multi-reservoir systems. Journal of Engineering
and Applied Sciences. 2(1): 80-87.

12. Kirkpatrick, S., C.D.Jr. Gelatt and M.P. Vecchi. 1983. Optimization by simulated
annealing. Science. 220: 671-680.

13. Li, X.G. and X. Wei. 2008. An improved genetic algorithm-simulated annealing
hybrid algorithm for the optimization of multiple reservoirs. Journal of Water
Resource Manage. 22: 1031-1049.

14. Loucks, D.P., JR. Stedinger and D.A. Haith. 1981. Water resources system
planning and analysis. 1st Ed. Prentice Hall. Englewood Cliffs. New Y ork. 559 pp.

15- Mass, A., M.M. Hufschmidt, R. Dorfman, Jr. H.A. Thomas, S.A. Marglin and G.M.
Fair. 1962. Design of water-resource systems. Harvard University Press. Cambridge.
Mass. Science Magazine. 136(3512): 250-251.

16. Metropolise, N., A. Rosenbluth, A. Teller and E. Teller. 1953. Equation of state
calculations by fast computing machines. Journal of Chemica Physics. 21: 1087-
1092.

17. Mohseni Movahed, S.A. 2004. Preparation of mathematic model hydrolic work
optimization of irrigation channels by simulated annealing method and appointment
of relative value assess indexes. Ph.D Thesis in Irrigation. Faculty of Agriculture.
Tarbiat Modarres University. 274 pp. (In Persian)

18. Monem, M.J. and R. Namdarian. 2005. Application of simulated annealing (SA)
techniques for optimal water distribution in irrigation cannals. Irrigation and
Drainage. 54: 365-373.

19. Namdarian, R. 2000. Preparation of water distribution program at irrigation
channels by simulated annealing method. M.Sc Thesis in Irrigation Structures.
Faculty of Agriculture. Tarbiat Modarres University. 104 pp. (In Persian)


http://jwmr.sanru.ac.ir/article-1-150-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-10-25 ]

ay

20.

21.

22.

23.

24,

25.

WA bl g ke 1Y o leds [pgo Sl udul )92 Cu ke dsliimg}s

Rasoolzade Gharibdoosti, S. and A. Bozorg Haddad. 2009. Study of Efficiency
reservoirs yield variations on probability distribute optimum output. 1st National
Conference on Engineering and Management of InfraStructures. Tehran University.
27-29 Oct. 8 pp. (In Persian)

Shahidi, L. and A. Borhani Darian. 2007. Study of application fuuzy moddeling and
simulated annealing algorithm at optimum operation of water resources. 7"
Congres of fuuzy Systems. Mashhad University. 29-31 August. 5 pp. (In Persian)
Tospornsampan, J., |. Kita, M. Ishii and Y. Kitamura. 2005. Optimization of a
multiple reservoir system using a simulated annealing-A case study in the Mae
Klong system, Thailand. Paddy and Water Environment. 3(3): 137-147.

Wilhelm, M.R. and T.L. Ward. 1987. Solving quadratic assignment problem by
simulated annealing. |1E Transactions. 107-119.

Zegordi, S.H., K. Itoh and T. Enkawa. 1995. A knowledgeable simulated annealing
scheme for the early/tardy flow shop scheduling problem. International Journal of
Production Research. 33: 1449-1466.

Zhang, Y.Y., Q. Huang, F. Gao and X.Y. Sun. 2010. Optimal reservoir operation
using a hybrid Simulated annealing algorithm-genetic algorithm. Water Resources
and Environ. 454-458.


http://jwmr.sanru.ac.ir/article-1-150-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-10-25 ]

af e gy 95 5 b (3lwand i yoSl Sl eslainl b ()35 5l dte 510 o o

Reservoir Operation Optimization Using Simulated Annealing
Algorithm and Application of Asymptote Method in itsValidation

M. Khademi', A.R. Emadi® and S.A. Mohseni M ovahed®

1- Former M.Sc. Student, Sari Agriculture and Natural Resources University
2- Assistant Professor, Sari Agriculture and Natural Resources University (Corresponding author:
emadia355@yahoo.com)
3- Assistant Professor, University of Arak

Abstract

Reservoir optimum operation is one of the optimization issues in water resources
engineering which has been evaluated by varios known optimization methods, yet. In
this study firstly reservoir simulation was done based on standard operation policy
(SOP). Then simulated annealing algorithm (SA) has been used as a numerical
optimization method with inteligent random structure for optimal reservoir operation.
Because of SA agorithm sensivity in input paratmeters, therefore sensivity analysis
were done and appropriate combination of that parameters was selected. In order to
validation of SOP-SA combined algorithm, asymptote method was applied. Results
indicated capability of algorithm on global optimal finding. The SOP-SA combined
algorithm was run with objective of annua deficit minimization with constraint and
limitations such as reservoir storage and release volume for Doroodzan dam. After
algorithm run, reservoir storage and dam release in operation period were studied.
Results of Research shown that SOP-SA combined algorithm reduced deficit intensity
in drought priod by distribution of deficit in different mounths. In addition, the number
of months with a very low monthly supply probability percentage (less than 50 percent);
22 monthsin the SOP agorithm, were reduced to 10 months.

Keywords. Reservoir Operation, Simulated Annealing Algorithm, Standard Operation
Policy, Asymptote Method, Optimization
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