Downloaded from jamlu.liau.ac.ir at 12:58 +0330 on Wednesday October 11th 2017

YVE o o A7 5l (OF L) dol ejleds o ler Jl OT las )8 5o Slles 5o Gaos dloes

YYOV-VYAZ LLs

Sl Jo (812 G113 (S i 595N 3 08lakal y  Julow § duslic
(P g ok

W 295 T Sy dlg 2
Ol cOlde (s guntign o9 8 ¢ i 0dSEil3 i o gy o315 ()l slid -

Ol 08 i (i 09 8 ol 1 ol8tils ¢ Ltils Y

WAB 5 ed W ialie Ay

WAD o T ilin 3,

Calies (518187 Sllas onlin 5 e GU20L ) 5 o ke (63,2187 5 Sliions (slao) s 53 pr Jolows 51
5 AL sy Gl 53 d ¢l jlatn s ol o gl e (slas SG55 5 b Es) o) cpl 1o
L@\f)l{.&:}j&.ﬁiobj‘}inP-Hard4.34:.-}.7LILJ:-éusﬁj)a\j‘é.g;_w\a.\.n-‘-b_}q-)é.fsb\f)[;}::ﬁ
Sly3 035 (jlmaig 5 ESES ﬁ)}iﬂ (25 el (g (S i i (6,1 B shﬁjﬁi" 3 eali
s ol o e ol ols m i cpl 3 1 614 T 15 s g w5y g0 Caliies Ve 5 &S B L e
w35 i 55 Calbn slal b (ilos 5 glate oty 358 a5 LT aslin 5 ot @0 clany ) SU1 ol 687 4 ¢ ol |

.C,.w\Aﬁﬁ;\g:C))j..p@Tbjyjbéﬂbl.;j@fcgbjéhd:bﬁjcﬁ

c(GA)é_g:bj {":'i)}is‘ c(SA)ﬂ)uG slesst ((TS) C}.M S e cu;ﬂf)l{ A:S}I LNy :ES“'\'.?K Olods”

(PSO) )3 05 65 (giluang

doNdo )
HEE s G0l s (S o 3555 2 OT b Sl 187 51 (6ol 87 (las 0 g 51 (S
Sl 5 il aug Jilan 5 (oo digr 5 Sy e a3 63L5 y l 51 anole; ¢ 5 cpl o]
OT o g oSS anw 5L g wlyl 5[V ] 03 NP-Hard Lilus s dllus ol a8 | o 60| jla, 5
4 SOl S 2 s AL G Wiles S5 a dzen S (6okes I €D L Sl s Sl il 55 e
Oloj 13155 55 m Dlabad 5 3150 24 ald e 5 Al Sy Ob e Sl 41 (5 Fnlin S

xﬁ&)&?“}&uﬁ)ﬁ\j\obw‘cl.ag;:j)alj\6\@3.&@6§k3@@‘6}ﬁ3?bﬂ

S ls sge
p.samouei@basu.ac.ir : Sy S a7
4


http://jamlu.liau.ac.ir/article-1-854-fa.html

Downloaded from jamlu.liau.ac.ir at 12:58 +0330 on Wednesday October 11th 2017

PO 5 il flee o 12 K05 glanz ) S S oslinal 1 oot 5 eglin (8 5 S 0

oot 41y g5 B BB S sl e D3 ex g5 (giluatg 5 ESB5 ¢ ) slazsl (§ sen (6 i
3 oode ¥ G855 n T dY10s50 Y 05 & 015 or ko p) (5 paien Goslb1 5 lite 4 il
2V 55 S AP0k s 5 5T s 0] 018n 5 655 ¢ s slomil 3 ) a3 [F] O
V-“w}i” 308 4 [N 0L 5 55 V0] s 5 655 A0 5 K A ] 522 (f Sor (S i
o1 1S 5 (sunle 55 3 035 (3l Sl osliad & (VW] 55 L5 5 [VY] s 5 Li 5 oS08
A5 kil e (51 ¢Szme o) S K [VF] OLSCen 5 be 55 sl (sladlow 55 Lo g
o3kt 3 g5 dowe (gla g 55 Koloan slajlistlu 145 L5 S alyl oy 1l 5 i js b a8
Syt ite Solaed (s gt 5 D3 035 lutigr Slon 020 S K 55 V0], K0 5 56 15 503 0
Syt omn (6 gt b 55 02,5 S 6 5 [V8] o33l ks S w0l (2, 4 5 il Al
Jes 393 @ﬁﬁ)ﬁ\a&ﬁshw Il 53 5l e 550 w1yl AL W5 guuObe; dlwe
IWVIEs 8 eSSy & mlen 351 2l 50T 55 53,8 03,1 (AL a5 (suile) s 2 (6550 (o8 5ne
2555 G Sl (AL W5 GOl sl Fae ras & AT OLKan 5 LSl cal Lz osdke
OL S i b S L5 55 1y Ol IS 5 eSS 0l 055 ol jastls 53 5 L5 S wlyl s
ST Sl 6l s L3ls e g AL a5 uuole) ol (61 i WAY 5lani V4] 5oy 5
Olj Silmtings 51 Jalse o) (Kot 250l 815 5 i3 g3 o3l (55LT (Sla 25 5 omile 5,80k
Solad o iz iy i S5 Sladlas [Yo] s b5 Iy 55 osdle 4§ oSS oSS
[YV] O 5 p ST nls plawil 055 50 Sl b (g5l il oa b A Wy ol dlws 5l 5
ez 3 b (g 83 g0 ) (AES 5 0le blaa (1 e (8 slemil o2, SIS 55
e fo Sl b 5 il 5 055 Sl sl oy S 51y s (S5 55 (VY] Sy
ol 3 Shes 0 g 53 o sl & SVe 1 51 o Lol s S w0yl iy Oollanil (A8 sutole
0 Ol 025 S g 5 F Sl eslizal a3 o g Al ol 53 W 6l 15 Cialiime slal 55 ag 5 58I
lis cpl 53 o plawil Sl lin 5 Lo Julows Sl oslinwl sy aetls 5 LOT 5 Shes Jous 5 aslis @
Wil 5 o Floly ditn A A5 (5120l (6l oo 020 S 3L JLis 4 6 o s O il 5
55 S p @2 S S il g amili ol oDl Bl e dls sl eds - e (slag 5 S Ole |
o P 5 a0l Jilee Jor sl Waem S ol G 5 O DS 4 315 o fosl tins 4l
R

il 5 A A ) e e L

Do 5 35 p s iy 93 23,13 olaz | 0T (bl de 5 (2B W5 uoles (B mn 4 ps> i
oLl o 5 4 3205 5 demslie @ ol iSm 155 (g0 0315 0d 4B SIS 4 (gl 5 Sl e )3 (6 s
lie ool (6,8 At 5 Shupar oy b 3 Tl 330 0 0 (AELE W5 sau0b 55 Lagz, Sl ! 51
el ol

41


http://jamlu.liau.ac.ir/article-1-854-fa.html

Downloaded from jamlu.liau.ac.ir at 12:58 +0330 on Wednesday October 11th 2017

FY-VF (1¥48) OY OT sz )8 53 Slhes 53 Guiised dloes

(SO adgi SOl ¥
My e My My e alem 655d, cnedy ¢J, L8N gunole) folis a8, W5 il dls
03 eble g il pesdle b8 el 5 5 4 b oS A Bb e Sles Ny Gl 55 S Al
SOllas L Olejar (5505 5 0Kl S5 Sjle 4. kS 5505 1) Slhes K Gl 536 L Olaj 1 o
26l bOlles g o G 5w opl 53 G0l 5 Coda L R L OB il & (6,

(sl oeT 5 53 dlls ) Bl Jube .3 g dtege | 0k (i 5 13 51 ol o5 Sl (sl S 4 oile

Min Cmax

s.t.

Cmax thhj + pj,hj j=%..,Nn o)
tn, + Pinst. J=%....n; h=\..,h; - ()
T+ PjnXi jrk STM I=Y.,m j=y.,n h=y0hn k=y k=) ()
Tmi'k St],h+(\_XI,J,h,k)L i:\,,m, j:\,,n, h:\,,hl, k:\,,kl (?)
Tml,k+(\_xl,j,h,k)LZt1,h i:\,,m, j:\,,n, h:\,,hj, k:\,,kl (b)
T2 % =) P=),m k=) (%)
iJ

%xi‘J-‘,mk=za1.J.‘h i=\..,m; =y, hz\,m,hj )
t;n=0 J=Van; h=y0h, )

Pin Ojn Sllas 25155 75 -2 05t )8 alS” a5 0l oS e Cmax G5 5l dbe 52
231 il (55,0 Sler 8 Sloj A BL KL s Lio LIS Xk <Ojn Slhes 315 Ol
Ol odadila Ty ol o sBle .3y Al st |y S e 5 ge 4 53 5 ) 5lkie 0355 plawil Ky o
Olasly S oyl ay ,f,ﬁ&s;.u&_Lw.up@kgwu,;iQ,:uw,u,\s@,;
Ly 1) &S b s o L5 o 55 5lie pl 3 b 3 s plonil e (555 il O Slles 87 o> o
sl
23y sl Ll () s s guen. S o (B me |y Coua &b Slae (V)& s gds (Jde ol s
S n sgdoa JIS Oles I JS Slkes plosl 1) Slikes o g3 Ol j Sy s3dos 2,8 o
&S 55l k) Cug s, 4 Llg wﬁbéﬁig)}_p)sgsjjT@Aﬁ)Qbfl}sldl(\‘)dﬁi:)v\m
L;)}.pﬁc\fsﬂT@:ﬁ-)4{l)r\j’l\dl(b)j(\‘)s;isj.be.a..mlfa@)rw\quﬁyﬁdﬁihoTJK
Ablen ST Caley 1y dle Cosgdoue @b 5 (L S Cadsdons op 45 555 65,8 Ll 5 o Dllas
5l polas| IS K S Sllas 66 g8 (a5 bl 4 o 338 (o o e (F) Sy pdons

oslizul Slhes OT @ ol 0513 sl il )l QL:.L..QG_QL;\J;-\ L;\J.gcfnjfsa s (V) Cusgdoae

70


http://jamlu.liau.ac.ir/article-1-854-fa.html

Downloaded from jamlu.liau.ac.ir at 12:58 +0330 on Wednesday October 11th 2017

PO 5 il flee o 12 K05 glanz ) S S oslinal 1 oot 5 eglin (8 5 S 0
':‘};"@

Ol 48 5 I 4 (Sldpi 591 Y
. . S - . . . .
a:}?6}@%)&1&54@3)-\33@\4&}@6}?&_@éhﬁ)ﬂ\)\éwﬂ@ﬂgwa\

.))‘} UPLA:}‘ C)‘)S

EFon S o -
j\\)quwg\ﬁaﬁewjtjﬁ4.353\;.;!ﬁ-dﬁjll@\&@\s\d;qﬁ)}g‘@\ﬁ)b—u
CLEL LB 1 3 de ses S 1gd 53 Olgm pl &S Sy 3 S o Ol b Ol (slats Las Oleo
Al S |y S slons ol 4 (S 5bme o35 SN D) 5o e 53 S (00 O i lnen Ol 4 025 S
OT 4 2 S Bl 2 057 6 odd Sk Ol 07 5l arlomed Ol ST kS jlme ol 5 87
tgles Ol 4 02 S ES o 5l g il 4 e S g 3 Ol 0T ST (o 035l 05 >
CS o alan Ol 4 0T Gahw g 4 &5 |3 0S8 - oS Lins ol 358 0 Sl yjo) 4 48 sian S b
dﬁfﬂh}@;uﬁi\jg\ﬁomﬂ,ﬁ\gw@fﬂ;\u;};@mw\;@w@ﬂsﬁﬁg;
ﬁ)ﬁ‘&éﬁ)\}j‘dTbj&@‘ww‘S%?ﬁ)}g\)sdﬂ}g‘wwc,mﬁéé\))).)ﬁ
&Lasc_,fj’-j\Lg:‘.wcs\.oj:.uQ,_wﬂé).sL&Sﬁffosls)\}jlm.sﬁidéﬁf}lq—@Lgs\.’.:e);
Sl b g 51 S o e s )15 0L 40 e Ole3 oS sl G Lo 5 0,8 el 5 4 yias

Sghods 4l b i a8 b e aslsl ol U 50 aliens

XN Sl Y-
Jw s p-’w;ﬁ‘ ol A Il JELSes 5 S 5L oSS g b sl (61 ot sle! oS!
3 b Db 3 Ol 53 0T Sy (s 2 5 0t 53 I3 55 sleal 48T 3 51 plgdl L QA
S5 B 5SS oo 53 em S ol s CenlodaT S 4 (655 o 50S 4 Oy rioes
om Ol Sl oy 55 0T 6550 sosle S Ej 5 S 51 Canog 55 0T (6550 5 03be Sl
J b Sl Sy ol by 05 o pdy Al ol AL i (olus b 5ESG ST 5T OV (o5 ]
52l s dsb oo p-iiuil‘ IS gl s byl &S ) ‘rliui” nl e sl Szl G

..\‘5@o:&h\c@ldh}\cjjgcjjﬁ&nﬁﬁcUngillj\w

e v
w@‘){.uﬁymﬂﬂ‘a%\d‘)‘oJW‘bjC,.w‘a-l.& @ﬁ‘md‘}‘b‘“_};)bgﬁjﬁ‘dl}ﬁ)}g\a‘

44


http://jamlu.liau.ac.ir/article-1-854-fa.html

Downloaded from jamlu.liau.ac.ir at 12:58 +0330 on Wednesday October 11th 2017

FY-VF (1¥48) OY OT sz )8 53 Slhes 53 Guiised dloes

i Sl (A o onl 53 5 T o s (6 sl o g Slap a5 503 S oS 3 Sl b )3 &S

.xﬁs@&d&“%u\{w‘&g&adéjjucjj}aj;)b}g

53 03¢5 (& 3boding £-T
G, 5 Sl os (5,15 S e le 5 OB W, elal Suij ks, 51 0T 45 45 PSO pﬁmﬁ‘
©§ 50 (1)3) dslas gl 31os 8 eSS b ooy cpl S o oslit | 355 oo 0usli 03 4" Lasl
c)\,s‘g\ﬁ&_;«&égd\ﬁ.,m@upwldzpﬂ,o&ggwa,yguﬁruww@)\f
23153 Glaal (il ol Ol LOT 1 (S o 8 5355755 &S 1 4 Ol sLdd 515 5 b
oSl Callsn oo 55 ST S Ol o 2 Coon 55 BOT B s o 13 55 e L
i 5 bt Lad 31555 O 0)3 ja calisd a3 &S LS o i 1458 4 13 O 5 e
et eilon 5T Cs 4y P Len S oS S o g s il 13 0T 53 056 oS S e 4

oS

DI aded o) 50 yeks 590 duslio £

Ll 5 gr s K4S 5 ISP Al 53 45 Ll S5 b6 555 413 3 Lae 5 5 ag e 4 S50 51 J3
Vsl o Sl 0 o3liza| Gen & Cheng ¢Ku S i callue ¢S oo g Ols 51 Ab L ool Sl Sl
o sl (oalad (511 ol sdhe 3,8 o 51 s G (sLab 53 0l e LG 5035 g J6 5 05l
G sl eadsl SlaslejT el 2 o (51458 4 Sl 45y Sy byl e a1 3 55 50
15,5 plonil 48 1 Hgb 4y fle 5SS 2 (sl L1l BkeT Cs s L el slis Minitab 153l
@L}J}“ShwﬂbjOV\-‘T\:Mﬁ'JAJLS\Ac«ﬂLLWﬁ&)}ijlé;)l{@oﬁ‘wd\)}&“_Mﬂ‘
231 S 4 Ol g5 oo Calides slasl 5 1) 0T

Egn S oz V¢
5 Solns sl (51 (ol oMo 13 5 gn sl (3Ll SIS S50 40 a5l Ol 4,418 4 02, S )
P81 o glize ST 53 (gl Calies Slkes 93 glralr 4 g go I s 5l e JIs K 038 I
o Lty 8 el o 1SS slad 5 g s S b 31 025 S Gl 51 e Ll s
Lol 6 a5l (6l eyl & et Lo ¥ 5 STV L s L adedin Cd 0 Oy g &7 ol el
4 G E 4 il e W5 oo ba eyl St el 0k 05l DIy 25 s 55 7 s o 51y
O LI 63 g0d oo Jolo |y gl o i V0 B 053 5 Y00l 1SS e STl a5 50 gl el Ol
;)}o(,.:i)jill)l.gb BSph o > ‘S;Qtﬁbl&ﬁﬁw&f\'&bgﬁsdy Shkds Jo flase bl

4%


http://jamlu.liau.ac.ir/article-1-854-fa.html

Downloaded from jamlu.liau.ac.ir at 12:58 +0330 on Wednesday October 11th 2017

PO 5 il flee o 12 K05 glanz ) S S oslinal 1 oot 5 eglin (8 5 S 0

TR,

RN ol Y-¢
sl (s 0 5dley Liks sl B3lad Sy ge 4 adsl Ol 55 SA (2, S eSS 4 files ol o ol
il o I 15 53 olie Cumbge (godiadilis & Salas e 53 @3 g g0 I s 3l bds JIg eSS
los  glanl glos gl melyl s () o b 9B o -l VALLAL:&;}A 33 295 g0 dldel 9ol b sl
93 55 b jzlyl ol 51K n cad sl (b g le3T 51 058 5le o Jsb 5 o iin (65l e Er sl
slal s 4 ba el ods a0 WXV dlas a7 Us jedeiin ol ol b bl @ ar g bl L\;Jcb

T s a5 Jdar ollae cba el )l o 2 blas ol (61 oplpo e s ol 28 S

SA eSS 4y o 6l okl s a5 gl el o 20 ) S99

Ml gl s\l sl LSS 258 b oy sk

O \ VLW Y.

OGS ol yeI P
Sl sl g Sy 4 p305,S p i bapgipns S5l e o 4 S adsl Sl sl
p35325,5 Oble (Bl bzt s 5 L 55 bt 6l JI 55 slml sl ik Gy o3 L) S Dldas 1 (Solas
i Jlel a5 e ik 41> 5 55T e Cews @y lagem s 2 oS (31T chay o )3
15 3 g 33 0035 503,8 A St et 3 08 Ol (31T el Dy g0 &y ez 31 p3Y sliked
35 (S 5 Jlazl 5 b s e ool sl (6l LS 50 0L oSl 5 0ds bl Coslias 4 OT
p roes O8 Wl ) dy &y o OT s U PPX s ¢SS 4 g odd lsusl Coslosal 4 passns S
slmsl 55 3 A J1 s S boesT 5 5 (WS anl e [YY] R RCAB R & T R P
S p—*u)f-“ Al Comazr Bl g Slapises S 5 Wpsses S (n g (O3 a8 sazme (b 0
3 el dlul |

Camazr i (S5 Jlal ¢ i Jlol chag 51T 53 035505, Oile (Bl Jlazl sla el sl
o2l 3 ol 5 5 Jsder L s Ol mla Y Sl 2ol 3T 51 e 5 il T LSS slias

a3 o OLES |y el

GA S 4 o (sl osteT s s gla 2yl o 20 Y 90

IS5 s S Comazm 5lds5 p35505,5 Ole Bl Jloz| CroSSoVer Jlu| Comaz 3ldns

O ) oy s o

A


http://jamlu.liau.ac.ir/article-1-854-fa.html

Downloaded from jamlu.liau.ac.ir at 12:58 +0330 on Wednesday October 11th 2017

FY-VF (1¥48) OY OT sz )8 53 Slhes 53 Guiised dloes

S0 0395 (S ilwding £-£
Wl 55 b sl o 5L 55 B3kl amdge 5 S b (153 1l o5 ST 0l S w0 J
s 03 5doma 1 35 D3 Canban 5 e, dials 5 U5 S ghte baylS Slhes I elS g oK oo)d a
St 2SN ol 45T s a0 855 (5w 1t Blod Slles JS7 slad Sote b Slbes JS7 515 ¢ goomes
Al oty ) S (sLad 4 PSO i g (sUid 55 Slyd Cambgn s (6l el ol $ll din g (sL25
Sl om0 JSE 4 b JI5 038 e iman 5 OT Gy g 5003 il (olad Cunbse i 4
A5 3Lzl el ed 5o sle]

i8N Gl (b 53 i pal s e 5 oleirl 5633 (55 bl 0y Sl
el okeT s 5 g 53 ozl psslie . lodd Ll ol

PSO ¢SS & o (gl oo T s a5 o byl o 20 ¥ J 90

SSS sl sl 6,5l 35 6,58k s Coarezr Sl PV

O I v/ ' \/y

B ) ol 3 ool Cawd 4 Sl 0-¢
Ol 3lie ¥ Jgdr ol ok 435 513 gy 1 3550 51T 0 53 02y SUF ol 5ol s 4 slagenly
a3 oo 0L 1) BOT Hlae Ol il iomenn 5 ke )1 ST 0 51 ey o 24y e
el S B F f gt (g i (25 S LS 0 o s A 3 0350 0> &5 gbo0len
JSb & s o (151 L b slne Ol ol Sl o e sBle il S gy Sl 4 Ll 5
4 Lo s S ok il XY Wl jline Ol il 45T ol i Uy pome ity o 21531 (55 00
A8l s S 8 slul L5 4 Wl 5o S o ey g Dl 4 o2 S Gl 2l ol
s agy Ol 4 551l 5 Ll JL0 3§ sten St iy 4 SILae B 3 5 SA (2, S
0345 Las cpds .Sl ol Jao ol jlae ol meil 5550 ¥ 55 a7 gl ol b el oy dlgy Ol g 4 el
Als 33 g5 ¢ ston Gt 53 Jo 53 o Lo iy Ol & L) 2 Tads fila gl 5l a5 ¥
4 S 15 SA 125 58U 5 Wl 5 oo it S 1l o lanly s gy g a1 ST plas XY
A3 Ol 5yl e azws pl J> 53 TS
@\&LM»@\}\WJY);L&GLA\M{Q@:%&@@l@ﬂjduﬁ\‘);}gd{:ﬂjﬁ)ﬁ|

el ok 4 Ol 4 12l 5LO 8 o oS

Lh‘.:i)}ij\ Bl odol s 4 ‘_gl,a'c,,li' .f_J’,\?

Name Dimension Ontimal Cmax(TS) Cmax(SA) Cmax(GA) Cmax(PSO)
(nxm) P Best Avg stDv Best Avg stDv Best Avg stDv Best Avg stDv
Ty Y Y Y . Yy Yy . Yy Y . Y Yy .

MT.# Fx§ 00 0d  OAF NFr 8 % 748 IR T- NG VYA ORI VA NS\ 7A L R VAR

74


http://jamlu.liau.ac.ir/article-1-854-fa.html

Downloaded from jamlu.liau.ac.ir at 12:58 +0330 on Wednesday October 11th 2017

PO 5 il flee o 12 K05 glanz ) S S oslinal 1 oot 5 eglin (8 5 S 0

Name Dimension Ootimal Cmax(TS) Cmax(SA) Cmax(GA) Cmax(PS0O)
(nxm) P Best Avg stDv Best Avg stDv Best Avg stDv Best Avg stDv
LA Voxo 444 FAL VAEIY ARV BVY  £A0/% AY/FS VO fav/Y  afFA Ay VR8N /54
LA.¢ \Ox0 qys vg avv/y  #li¢ avs  avs . qYs  ays . aFF  asFlY WA
LAV “x0 AYYY O AYYY OAYYA/Y  AF/AL NYYY  YYY ©AYYY AYYR/Y O Y/E O NYVA AYAY/E YAV
LAY 10%Y s VoS ANV AYVOIY FR/AF AYAY AYFEIA FAAR VISF N4 YF/AS ALY AFYYY YE/PF
LAYs Yox\s AYAA  VFSe ABPIY FEIAE A¥AY \FYSIF YEIYE YD \Fee YAIYY V044 \SFYV/S YA/LY
LA Foxye \WVAF WMDY VA8VIY 0%IVD AAAS VASYIA FY/FY AR VASVIE YF/DS YABD YYD YA/VA

S 3 gy Jom Wil 5 Ala Y elon | 2515 55PSO 02, KN oS o1 210 53 | o 5 F sl

Wl oy gy Sl 4150 53 5 dles sl sl

b gzt plod 1-£

:.\A:@QL&JMTOGde.a&J@éu)\ﬁ)aljw&duwrwﬂjéuﬁ

130

50
1]

63

50

I
100

L
150

L L L
200 250 300

0§ ks 591

L
350

L
400

L
450

500

120 1
10
100 .
90 "

au

70

60

50

0 500 1000 1500 2000 2500
N dloxil
130 T T T

120+

1o

100 H

90

80

70

50 L L ! ! L L ) ! !
0 50 100 150 200 250 300 350 400 450 500

ob.’:eé}?@}h%
ﬂ)}ijlé\ﬂ\xj)jszﬁ}aéhwrw.‘ J:-f)

)szélj;ﬂwagszéb&l?@l?(sw@C}wkgwﬁcucf@\ﬂ&:fv&)}bdw

s ok S b Silwn 3 slS Slles 10 6l o o3l & glize

ﬁ)}g\jjg&‘u\lf\&‘fjbuﬁ .>L>J\u\.:‘9)4.:bjbg@‘c\abﬁﬁ)v\fékx|u‘§&)\

Ve


http://jamlu.liau.ac.ir/article-1-854-fa.html

Downloaded from jamlu.liau.ac.ir at 12:58 +0330 on Wednesday October 11th 2017

FY-VF (1¥48) OY OT sz )8 53 Slhes 53 Guiised dloes

Wl i LA ol e 03 5

OT sla)lS” plowil oSS 0le 5 0 Sl ap g g S 51 (SO 55 45,18 4 oS5 g':i)}i” 35503
Sl esisns S e Sula a5 L oo b ol s & Hbolen s w8 s 02, S b s

s O g IS (G5 p b S jeT 45 sl JSKE 4 W ot Ly ) clilods Ol ga sla,l ST

@‘aaj‘j‘t;djtm‘.ﬁﬁ:@)‘m@‘u‘hs‘j\" G Lglﬁ)‘)gwr))y};d“&{d)}b‘bi.«w‘

.JQLL Cwd

Lﬁf)\.\}uMJLM:-)L;.“Uu,&bhu\};‘b‘gw\.ﬁj]ﬂuﬁu\ibjfpso ﬁ)}iﬂj\oaml):

@‘oJ‘JQWMTOG ASL““‘LS‘J"ﬁ)ﬁ‘&‘&‘ﬁ‘&)b‘)é‘)b)‘éLSL“}":“"'CL“JJ.?PSO“’

595

58.5 H

8751

5651

555

59

5.5

58 F

575

Best. cmax

56.5

56

555

L L L L I L
10 20 30 40 50 60

E g0 (S gy

57 F

55
0

|

50 100 150 200 250 300
lteration

0§ ks 591

350 400 450 500

Best.crax

Best.cmax

Dle p re 4 (gliwd N9y V-£

:Mbdﬁ olas Lhrj)}a);

6356

63

6251

62

615

611

605

60

5951

L
0 20

! L L L .
40 60 80 100 120 140
Iteration

R BEURPES]]

58

L
0 50

L L . . . . L L
100 150 200 250 300 350 400 450 500
Iteration

O3 0095 (& lwdug
Sl e glies L, VK6

el ls 1 aie Sy Il G T 5 g K5 53 (o slami) 025 S s o a3 e 0L Y IS

‘,utajf)\;um_wu,,ﬁagzsjﬁ)ﬁmJ&ufjjy};ﬁusMgwowpalw

\Al


http://jamlu.liau.ac.ir/article-1-854-fa.html

Downloaded from jamlu.liau.ac.ir at 12:58 +0330 on Wednesday October 11th 2017

PO 5 il flee o 12 K05 glanz ) S S oslinal 1 oot 5 eglin (8 5 S 0

AL s g Hlie 4 (o 0305 Olad Lia b ot L, ) K 53 45 ol Sl p 55 505,55 s e
Lﬁ.\r@;ajﬁ-&@&\.\b‘LSLAJ\JS')QASC_,—M‘OELNCJ‘)QGQ}: Lg)l_wwa‘loff‘_}i_&):d!jajﬁk«
.C_,..»|4:é\iJ&\fcmaxj\.ﬁu)sé}jo)\{jbcﬁa\.;ojjbdg“GE)CM»\@MJ..;\:-

Il Ol Ouw A-£
FolS S35 Jo 3 ol slales b 8518 () r 5 pse 5 L Olej ke e i a5 S

Llois 0315 OLE5 5 Jste 55 Pentium(R) 4 CPU 2.8 GHz, 1.75 GB of RAM

ol oslizul L;ur_a_,}in ¢SS ISP > 0l .0 J9aa

Dimension Elapsed time (sec)
Name
(nxm) TS SA GA PSO

xy Vidind vy g Y/0AAN
MT.# x5 o/ V/Ys¥ Y/AN AT 24
LAY Vexbd \W/OAS Vv \EAN Ao dF
LA.# V0% FAIEA Y/vvY \V/8Y \RTANAS
LAY Yoxo VEV/E P YIVEA Yo/ AY VF/FA
LAY 10X\, Yovirey ALK YAl YA/ 50
LAY# Yoxy 4\0/F5Y \7Ata' #2 /A YVIFAQ
LAY Foxy YOO4/4A VY/NY VAVAA FA/aNY

4 by n ol ool Gla bl 4 a5 L Jo a0l 0 530S (Dl aseiin G i S &S ) sb0kes
415 oles ol HILASL dloe e s b & VL slasl b flos 61 457 555k 4 il o SA o2, S
B 0W5 el YA I 2ty (o p8 sleal 4 S § sten (St o) &S 108 4 s Ol o0
Cwﬁweg,_w\;ﬁSA;\;,u\\ﬁ\)pa,ﬂs;umc_wQgtﬁa;@&TP,&p)u
ol il ¢ Sile i 31 ol g domilior g oSyl 0205 ST ) 4 o (6 s slome O3l il 5 S0
A3l e TS a0 o VU bl (1 157 on ohab ) 5b 4 SA (25 S i 55 5 50 Ole 5 slne
upau,g.m@ow,m,yéuﬂ),ﬂ&s%;ﬂsu&w&ou;ﬂwup
S 4 63k ald Dlydes 5 (5l gy 5 s slesnil ez S (slal ol Ole oS | i 1
bl 6355 gnadalioa Jlpy oG T oS bl 55 68 Con 10T Sl fston Smeie i & b0 S5 il

st 23 o Olaj St g slal il

\Al


http://jamlu.liau.ac.ir/article-1-854-fa.html

23 G s

FY-VF (1¥49) OY 0T las 5,8 4o &

(=3 | :
— o
A
mw x o’ Uw
5 5 =3
L L : .
=1 S 2] -
—
< < M. M ?
S S .
139 N s 48
L L DS
o S 3
A - T $ fo
> RS Y
e R H ¥
L C e ¥ 4mr a
2 = e 3N o
S M 3 ML
N %
L S AR .
o 9 o 9 . P [ ————————
X 3 0 gy - |M FSVASVRAVVRARVARAVAAN RN VARV
[T I = 3 H 6 ] A,
L : [ o »
w R a . < 2
X [=2e | M Al
S =7 3 0 g
=1 L ) Uw_ N A
[ ©
o &S 3 “w /wj
o L =2 — o) o |
[ o M
x .
R R o B
el T T T T T T T T \- .
. . . . . . D O 1 O W1 O 1 O 1O o -
< < o o o~ N A ~—
+ o O © © < o o ' =
- — =1 ConD M \)
et 2
_ o a9 2t
o —-—
S X .
S S n
Lo - = 9
= g 8
o I H
N N m )
L - — o]
o o il < wnw«
—
< < D 0 S OakFwn
o ) : E ol
x - N 28388
r v D D D q
2 7] . oo Q0 Qoo i
= s
mw * [ o «J “W T T T T
B o o o o o o
LD & 3 S S S S S
- S 2 &8 % § &
Ww W4 - % . o
B o _
S X W
~—
B «~ =] w
nv.w \ .
© <
- o
o L
x
o el
x
T T T T T T T T o
o o (=3 o o o o o o
EEEEEEE S8 S S S
IS ST IR S S I U S =T T o o o o oo o o o
S & & © © F «
Con — — —
ﬂrﬂan

/T0Z YTT 1990100 Aepsaupapn Uo QEE0+ 85:ZT Te JI'oe’nel'njwel wolj papeojumod

<l

> gy

[——

s olae 4 Lo

s

e S5l

30x10

odel s 4 Slagly o g e £ UK

)4y

10%5 15%5 20x5  15x10  20x10
| ok
\A

6%6

3x3

cﬂh@&‘%;‘ju “*)j.i”C "cutfsoéjrfbla{\dblbSJ)\:’JQ»}QS@‘@UJ&@ U‘i‘)‘

SESS g 03 VX0 Wls Ol o 2 S ST 1SS L0
b disb o 568 5 slal L 51 aST Y exD 5 10X0 frlus 534S J 53 6w


http://jamlu.liau.ac.ir/article-1-854-fa.html

Downloaded from jamlu.liau.ac.ir at 12:58 +0330 on Wednesday October 11th 2017

PE W sl il Jo 512 Sl (slagz ) SN 3l eslizal o 5 anglin 5 5 S g

it B b 513505 31l posdle Al Cs gy Ol 4 Llaiail g a5 S 5L PSO oz, S
b s 3 Shoe bz ) S ol 4 S el 0 43 8 i3 55 0T (61 4 (kLo LPSO &8 o
d;.e,u;,eﬁg,,;;théﬁsw?}ﬁ)xguglc&;;ﬁ),ijt&mﬁ.@m\;ou;;fﬂ

.u\slaré)f OB e s Jol j3edeT Cows 4 slagal

Ol Cymal (S oyl oS 4 0T Cwd 4 Sl (pSilo duglio V¢
4S5 g dnl 5 Sy led amglie o L1 Loz, SO Sl oeT Cs 0 (slagealy 5 ls ol oy apilir
Sl (5l Jil G s o LT 15 ol (6 5V @épdumﬁ);ﬂﬁqus%o ﬁ)}ij‘
S o Joe Fns oks 4 SIS 4 (slap ) S e & s o2 S ol o7 L (6,505 s Ll 5 e
e ol oslinal (6,85 sla jh s a4 Lo K55 o) S 47 ol i tin S 151 oman

sl aJ;JA&

2500

optimal

M average_PSO
2000 | |m average_GA
Maverage_TS
1500 - average_SA

1000 -

500 -

07

3x3 6x6  10x5 15x5 20x5 15x10 20x10 30x10
ool s 4 LSL”.CNL, J_ial._.» awlie .0 S

&5 gudo Olo) &5 38 ol Cawd 4 S Rwl dwslio V)¢
ou;&iﬁuuafﬁ_@*‘uwg\ﬂ\&\ﬁ@,moumuﬁ),ﬂ\j\&iﬁsww
(5‘]")(5“)]’@‘6““"}.’.)‘-]‘5"\’V".’.’.L“"g_s"")j"J°"\"TCM"Qdu@hw‘)‘ﬁ&)"}df%ﬁ

u&)daduujbb)ydw

S 5 om0
Sl 3 055 S3luang 5 (sl slommil ¢ sion (S i (2G5S (slap ) S hd o i gl 3
ooy dla e OIS @Lﬁ .JJJ?A._M%&A VAL{QT@L:SJ od—d eslar il QAL?)‘S g ol e >
035 (§3lwdings 41 Comd (S P Ll (15 (6 2 Ol 40 55 e ) SN ol 0 S sien (5 gir
bl ol o sl 4 3 2l S e 5SS oS5 02 Sl posdle 5 gad on syl 13

Slagal oS0ba 5 51 o 5 ool s 4y Ol o e 5 3l on o 1 63,8 518 e3linal 3 g0 Sl 5 8

\Al


http://jamlu.liau.ac.ir/article-1-854-fa.html

Downloaded from jamlu.liau.ac.ir at 12:58 +0330 on Wednesday October 11th 2017

FY-VF (1¥48) OY OT sz )8 53 Slhes 53 Guiised dloes

g;“s‘,:@ujjz”oujﬁ&T&fﬁwu,\;ur;i,}inﬂu 4 Commad (6 5 om0 53 0a] w3 &

Ll s Lac.ub ol

59 59
59 -
58 -
57 -
56 -

55 55 55
55
) I
53 - ; : : :

GA TS SA

PSO

Optimal
&S e Oloj &5 s cJATC_..wbﬂa.‘sLh.ch‘ awslae T SO

La 55 (6508 Ole & T pe 4 § st (S gt 4y S Sl 4 4 5 L D3 035 (Sl 02,8 (s

le.@'cwlia\fo\}:{u\il.& c:\.s)lfio_sLé:...ulajj.abc.,é))lfa\fd\ngkd\“gjfg;Lgu)L&b Ol s dosil ol

S35 8wy bz S 1 S sl sl 3l slgin 015 oo ST Slidiond (51 10 603k s (6 g

3 g5 oslinl (6 g S8 4 G T (sblsa 510150 b

&b

J sl s sl 5 655 8l p slapz ) SIS e (oS5 (IF40) cp o Sy e wp g b 2h [YY]

(1]
(2]
(3]
(4]

(5]

(6]
[7]
(8]

XNV PN 0T glas )8 55 Slhes 55 Gudios dlos .y Collans! a8 gauile; s
AYM sl Sl el o s oils it (6,80 13 (slapz, SILOYM) €0 s [YY]

Wang, L., Zheng, D. Z., (2001). An effective hybrid optimization strategy for job-shop scheduling
problems. Computers & Operations Research, 28(6), 585-596.

Van Laarhoven, P. J. M., Aarts, E. H. L., Lenstra, J. K., (1992). Job shop scheduling by simulated
annealing. Operations Research, 40, 113-125.

Aydin, M. E., Fogarty, T. C., (2004). A simulated annealing algorithm for multi-agents systems: A
job shop scheduling application. Journal of intelligent manufacturing, 15(6), 805-814.

Elmi, A., Solimanpur, M., Topaloglu, S., EImi, A., (2011). A simulated annealing algorithm for the
job shop cell scheduling problem with intercellular moves and reentrant parts. Computers & Industrial
Engineering, 61(1), 171-178.

Zhang, C. Y., Li, P. G., Guan, Z. L., Rao, Y. Q., (2007). A tabu search algorithm with a new
neighborhood structure for the job shop scheduling problem. Computers & Operations Research, 34,
3229-3242.

Dell'’Amico, M., Trubian, M., (1993). Applying Tabu search to the job shop scheduling problem. Ann.
Ops Res., 40, 231-252.

Brucker, P., Neyer, J., (1998). Tabu Search for the Multi-Mode Job Shop Problem. OR-Spektrum, 20,
21-28.

Davis, L., (1985). Job Shop Scheduling with Genetic Algorithms. Proceedings of the 1st International
Conference on Genetic Algorithms, Pittsburgh, PA, 136-140.

Yo


http://jamlu.liau.ac.ir/article-1-854-fa.html

Downloaded from jamlu.liau.ac.ir at 12:58 +0330 on Wednesday October 11th 2017

PO 5 il flee o 12 K05 glanz ) S S oslinal 1 oot 5 eglin (8 5 S 0

[9] Cheng, R., Gen, M., Sujimura, Y., (1996). A tutorial survey of job-shop scheduling problems using
genetic algorithms-I. Representation. Computers & Industrial Engineering, 30(4), 983-997.

[10] Zhang, R., Wu, C., (2012). Bottleneck machine identification method based on constraint
transformation for job shop scheduling with genetic algorithm. Information Sciences, 188(1), 236-
252.

[11] Zhou, H., Feng, Y., Han, L., (2001). The Hybrid Heuristic Genetic Algorithm for Job Shop
Scheduling. Computers & Industrial Engineering, 40, 191-200.

[12] Sha, D. Y., Hsu, C.Y., (2006). A hybrid particle swarm optimization for job shop scheduling problem.
Computers & Industrial Engineering, 51, 791-808.

[13] Xia, W. J., Wu, Z. M., (2006). A Hybrid Particle Swarm Optimization Approach for the Job-Shop
Scheduling Problem. International Journal of Advanced Manufacturing Technology, 29, 360-366.

[14] Mencia, R., Sierra, M. R., Mencia, C., Varela, R., (2015). Memetic algorithms for the job shop
scheduling problem with operators. Applied Soft Computing, 34, 94-105.

[15] Gao, L., Li, X., Wen, X,, Lu, C., Wen, F., (2015). A hybrid algorithm based on a new neighborhood
structure evaluation method for job shop scheduling problem. Computers & Industrial Engineering,
88, 417-429.

[16] Asadzadeh, L., (2015). A local search genetic algorithm for the job shop scheduling problem with
intelligent agents. Computers & Industrial Engineering, 85, 376-383.

[17] Asadzadeh, L., (2016). A parallel artificial bee colony algorithm for the job shop scheduling problem
with a dynamic migration strategy. Computers & Industrial Engineering, In Press, Corrected Proof.

[18] Scaria, A., George, K., Sebastian, J., (2016). An Artificial Bee Colony Approach for Multi-Objective
Job Shop Scheduling. Procedia Technology 25, 1030-1037.(1st Global Colloquium on Recent
Advancements and Effectual Researches in Engineering, Science and Technology - RAEREST 2016
on April 22nd & 23rd April 2016).

[19] Mirshekarian, S., Sormaz, D. N., (2016). Correlation of job-shop scheduling problem features with
scheduling efficiency. Expert Systems with Applications, 62, 131-147.

[20] Kuhpfahl, J., Bierwirth, C., (2016). A study on local search neighborhoods for the job shop scheduling
problem with total weighted tardiness objective. Computers & Operations Research, 66, 44-57.

[21] Akram, K., Kamal, Kh., Zeb, A., (2016). Fast simulated annealing hybridized with quenching for
solving job shop scheduling problem. Applied Soft Computing, 49, 510-523.

\4


http://jamlu.liau.ac.ir/article-1-854-fa.html

