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1. Job Shop Scheduling Problem (JSSP)
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1. Assembly Job Shop Scheduling Problem (AJSSP)
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1. Harmony Memory Size (HMS)
2. Harmony Memory Consideration Rate (HMCR)



Vaud (Q\)&m&}f‘:ﬁ)df)hdf@}jwﬁ)}ijh\ﬂ)‘

bl (58l Glp pipsl 0)Sles )3 Sl (385 Sl ioled o900 Olga (laled 8900
Hide g9 dw ciune (ialed B9y 53 GioR (nl )3 )l dliue slaclse (LS il
gacrlil Y g jlge i (sl dlgesme o (e Olles Iy e
oiales sl By cnl ) Do o3y Gialed 3)90 dw pa i (el Giales (g,
i, Sl LS Sy aile gammay b 5l Sllae o b dndlgasma ) clacbles Jlg
dsyo Cloz o g)cnlil Badiee e Sldes o sl 5 dgesen; 1 w2 g Cusl 0l
S5 53 Jle sl 3y o33 ires ¥ S5 3lan (55 b sl s 30y
Coi g &S Cawl dgezmo i 90 sl Glles ja g Sldas ¥ gl ) Joazo I ) askad oY
9 ) Caglyl Y Jpazme loge Gis )3 pimes s (i A 97 ) lacagll )

sl ¥ Coglgl 0V Jauame

(DY)
(V)
(YY)
(YY)
(V.Y
(NY)
(Y,Y,Y,))
(YY)
(YY)
(V).v))

Y. v Ae ¥. q. Y. v, v A- ¥.

e[ Cuglgl| (P.J,S,N)
<
=
o
-
>

PEHE g
5L
loclp> yislad ogoui VS

SlEr by (Bolad ©jgon blles Iy 4 baje adgl Carer gl Cumon b
Ol Caglgl 65l Bpae jslaiods 235 o Cjgo Clles 4 > S 58 by
ol 0 &)y 5 Kl clles K (gl
Oled 4 e 9900 dbml Coglgl cpyin U 5l (Bolal cuip Ojgodr (o3lael
g 00wl > (S slaclg bl el &Sbljl 008 o )13 oyl (i
53 ol 005 03 S Aol an] B eg algs g St 5 6T el (gl ccanl 3L
Giloin ol & dpbie gy bl olad ploag epu 2ol il ol
Caly & co il eoglgl cplply (bl ond coley HI8 1o 3y90 10 dgasoys o bsllos
G5 o s 3l Clex w5 laanlyd ) Jlosl b gl o sl 53l Jsel b ullas



WA Hlg Y ol 4[..@_" Ju (e S pde )'Lul‘...ig- Y¥

aadls )3 g (2bj)l Baa &b a5l e 05 Sl el xSl (SIS s>

5 2 Mg alen 9 ol oliShe; ol dlins (ol 3 BN (LSS 50,
Sl Jub aigle; asly 5l (BB Mg aline s 55 et poNl cnl 3 )03 392 SWge
5% Slbee 5l i 1y Slles plges Jlb aslyy 3 39 odlitul Jool) (oLiS5a,
S5 agy aline slacudgie LAk b g K00 claclles 3 3 sbel L Ko 0,8 5]
il 2 Ojgohy
solbles gle jldbgye pile 655k b owaxd 2 Gao gloj 5l ggps LY
29800 Ll gl loj plgieas (S 98 loj (n29) i)l> 98 ISkl 4 39290
Syl adlgen s ilipin lacedgize cols) b Clles £9,8 loj )5 axsly Y
D9dse md Olilas g9y loj bl oibples dbgpo (il (59, (L
ol (edle 69y (B Sllas JooS5 gloj b ol Sllos g9 loj «jgopl > ¥
D900 Sloyigrh bllas plail g £9)8 Gloj ¥
(b oo ol ldas plos Cunsy o yasuive U Lgy oyl O

P95 (Jgaze jlidyge lalad axliz oS Cusl Ojgo (pl 4 dg) J SWge Al )

Db e E9yd 5393 Jgarme o)l SLige ISt Lige als o &

O 9 39850 bl b Sgeyl dlabls 4 dx g b dyde Ssepla sy i (gl dlowl
Mo Bolal dae S sy pl 0 0,5 o JLE odlatuldyge Doy jelaieds sl Slas
ol g obl dadls 3 3g250 polie (S sl HMCR I 5SasS 515 258
D35 (o0 iy Ay dw lp eippSl ul 3 w85 e (Slen lajlidlo 90 oo
s (Slor )il I Jlg 4 baye (Solues clajlisle skl (4
9d Mg oo rasls oa b g bl Caolal & Clles 9 1390 0 00liiwl Jge )l (g9 5
a Slles 93 0,5 0 Sygo bl g il wsSae Jos g wlbl olai 4 Slles
a by (Soluon H3lo 0 298 0 Jlee! ol p Jisl g Gls Joo 5 ol Clas
] L 9 04U ul?w] Bolas 4 LEAJM)J) > A Mbuwu )l..\.o.n 99 ‘L(bd\j%?m);)
3 oge 93 (ie il 4 bgrpe (Koo dbml sl 55 SWoe isu 53 dsde rals



Vo (Q\)&A}f‘:ﬁ)df)hdf@}jwﬁ)}ijh\ﬂ)‘

oaln ly it wisSl 0 ek Nl 39 jeliiear g g i dbul
(sin Olles & Jasl ol bdgesoyn; poe «ldas Coglyl & baye slacodgises
gese plod adgl oo b dlgezes jo sladlgasme ) w2 ggeome (92005 5 SLge Cuglyl
Al Jud ol slacls g 295 03505 Caglyl 5 poe
oo bl slacldas (3 bdlgeste i o3lil (gl clinse glacusgizn | (S5
02> b b dlgecee jo cladgance oo fgeome &5 (g sbds fusl ol 4B)S jla ) 4yl
O )ygody c.)yf:uo odlail Ju.S u)] d)‘ﬁﬁ 4 K8 le)’. "L Lg)ilo& Jwa‘.) )gl)g djyo&u Jf
Sldas 4 3 bdlgose ) w2 wla Sipgba WS o Jos i Sge)le 9 i
i @ balles o 51 (5 dgemmop; a4 il jieS ol s o I Lol
5 ndlgooa s @ ggeome o5 (Jygey> (V1 JSB) 9o 03938l poe dapoe S
Blal e 5 ool Bolal 4 bdlgazeyj 5l 350 90 Ml i sad sl S pos

(¥ JS) 39800 05 ] 5l (g0 & p500,

PASH | AN | VLYY [ VY | YLYLYY

PESN Y. . Y. y.

v
PASH | AN | Y YY [ VY | YLD

JEN Y. q. A- Y.
P2 gyt Sypo g3 Iodlzare pres Cadgie ()l b bgype g TS

PISH | AN | YV [ VY | YLD

PESN ¥. q. . Y.

| !

PASHh | AN | YY) [ VY | YLYLYY

PESN Y. ¥. Ao s,
P2 gy g g0 ladlgeo s Cudgdne (o) 4 baipe g ¥ S

A5 gd o 5B See)le Sy @bl ) b g 485 )3 dginyge & (6503 4B

dgeze | Jgl Slles ¢ Jlio (sl ol dgazarsj 2 4 bgye slaclles )3 siliie

Cudgioe ol & (5)g0)d 09 plonil dgezmey lon & bagrpe pgd Sllas I J3 2L sl
B JS5) 9 g0 0391 0 8wl (Sge)ln S (59 @bl Shos Jlos! b il )13



WA Hlg Y ol 4[..@_" Ju (e S pde )'Lul‘...ig- \"d

PASH | VY [ AY | LYY | YY

%9’9' ¥ Y b q

>

PJSH | VY | AT LYY |V YLY

%9’9' A ¥ I a
booldas (o5li iy Cadgizs 4 bgyyo ablir A S5

JWge i 53 mble S gl aSLl &4 a2 b 5 OV guane flige A8 )y sl
e Jlosl & S5 Gilae ign Slos 5,0l 155

| Vg JIgi | V| ) |
| Vpame JIgi |V | Y|

Jlige dbsyo Codgume 4 byyyo yigs S JSS

Silwodygly yolaiods gblis 5 yins dbml 5 (Klwos idle Jloel 5l an o Slws9,4
Wb oo (M) 0o Ll ade oyl 3o g jl aladls (3 dgn g0 (slayldy don

o5 b sl 1] 3105 51 ane do & (e i3S o] )3 i by iyl by
D9 S5 wiaysSll 2Vl lopl g )85 byd (&S

aazdly 5 Wodls oo .£

S 9 @9.4)[@ S 9Cum> rw»ill )‘ odlatwl b (gd3s LglmJL‘La J> 4 Sy u.»l 5
s le)“ ‘_,’.l:_e o ) oJ.wC)Jan oo RVC SR T du.;>|.)).v U}l:wl.’ (§OMBCS yo
2 dlie Plus a5 dgu5 g0 dlasMo a5 (sika3 Sl a4 axnlye b Lol el 0l cawyp )b
NP adllaesjgo (Ve oA) GllSen 5 ol bawgi St Sl dlsye b (25 Ay dine;
boawlie el (Sealid g (8 slagingh b (Sales (ly gycnljl ol 43S
Bloe g 005 pll (VeoA) o an 5 ol dlio G digad Jluo sy (31 sl stmgy
el 0ad (b jlaid)ge g9dge 9 Jdo b cuslita



vV (Q\)&w}f‘:ﬁ)d}n)hdf&@jwﬁ)}ijh\ﬂ)‘

00l UJai 05 ) Jauds

52380 puii Alold L3I
m—{3,5,7} o cymtlo olass
p—{3,5,7,10} Y g 3l
n :{3, 6,8,12} Lhéj’o.’?bo Sy
h={2,...,.7} N slolles sl sl
DM, =[1,50] Jyao LGP
D, —[PU-T-R/2),PA-T+R/2)] -
P=YPt,/mT=[0.,05],R=[0818] Jyae Jig7 405D
Pt in =[1,20] oy ole;
At, = [L10] e olej
t,=[011] ey
ep = [001, 01] LS)IJ‘QS’. dou >

g Jelse oV Jodo ol ond oolial (25U (Bg) I whpoN)l sl el wlais sl
w3 o0 i3 1) o gS) Jelge zolaw

i (oopls w65 cloyiolil ol T o>
Bl brwgio dieS

¥ ¥ \ el

AR o- Y- ool alasls ol

v Voo A IS5 oy

ERYA <A + A 9ol dadls 4 axslpe F
.- X0 .X. o &

oS cusl Lo (2555 o9y 4w cnl sloyiehly wasls sl elio tolizo o]
a5 )18 oalitlyyge @l (3eSike 5 0ud ST b dw hlejl e by (il daiea;
bls plod 5l Juols Gan a5 90 jlade S5 )Ly 0 s pgddiniis 4 as g b cul
Mo cp i pdlie Giloplien ly Cunl oad (plie s g glwl Sp ik
Ol e polie don g ol a3 a5 0 Bua ya gly e o)l ,ST el
Lol oy Jlade o yieS 5 0l ze o2 b Bua 1l 90y 1dlie g (] 005 puunnd
33 4 odelCundds dged sy g (2950 by syl 5l o ol 48,3 1,8 exlauld g
LSS olaws pging N ee Sgeyla abasls ol gl Jlade oy iny Dgd o dalie ¥ IS
sl YD a5 25 5 /A Sge )l Alable a4y dxgi £y cddye Vev ok yoSl



WA Hlg Y ol 4[..@_" Ju (e S pde )'Lul‘...ig- YA

Main Effects Plot (data means) for SN ratios
A B

-3.8 /./. /“.

3.9 /
4.0/
4.4

‘ ‘ ‘

4.2 T T

i 2 3 il 2 3
c D

2 P at— /\

-3.9 / \

-4.01

4.4

4. T 1 T T 1 T
il 2 3 i 2 3

Signal-to-noise: Smaller is better
leniy isayls s 13 Jolge s o (slor i SN o ol 33 Lol il g ¥ IS

o (lodles ) v oSl g3 3l odalawddy (695, (slacy )i dunlie aSH) & v g5 b
il 0l 0dlatwl y35 Hlxe dw j Jlaidyee (golpidiny iy 90 5 ol gl awslis (4l

oz oym (Sp e Liomw Glp 23l ol MID Jlous! dlold busgio s Lo
yieS ade oyl ds y2 95 0 035,84 (Hao g yho ) Jlos] ahads g 43,03l 5 sdelcanday
Dgas oo dawloro XY alayly 54l 1 (el Cpl il i (s s w6l CualS il

n c
MID:& )
n

Ci =4/ f1i2 + fzzi (Y’\“)

s gazme S N 5 o3 Sl 50 )3 pgd 5 Jol Bun wlyy polae Ty o Ty

g sliel gl sl (359 Gl (a3lE (ol TSNS (53 s ad L
Fyed o jlolael b abl i sddader Cglael slacley dliwi ds o e o i 1) b
Bl 5SS )5 el ol ke 42 p 35S (0 363 4 6 5S R e el pl il
duoloee Y dlaly 5l edlatwl b (edls cpl jlade cCwl p)oS gy 3 Sles sdimd lis

R alty



va (Q\)&w}f‘:ﬁ)d}»)hdf&u}jwﬁ)}ijh\ﬂ)‘

3 (MID-C,)? (%)
SNS = || =

n-1

Sliwd Fp olise (padls pl IRAS Buad 2l 93 & lojed oliwd i (asls
CotsS ondd s (asls oyl oS jlade s o lis 1y Jladyee Bua &l 93 4 i oSl
sl w950 5V

i(fli;':i)+(f2i|;Fi)

. _ Yo
RAS ==t Ti (Yo)

n

F =Min{f;, f,;} (v%)

S8 dlal jd b & 39y 00 il ()] (Saon 9 At eNP-hard 4 asg5 L
laidyge wia)oSl sliel 9 (Gl o)y sl gycnlil (08l s 385 Sl 4 g dliee
Sasf sl 3 Jao o 4 )b 1y 385 Ul (58l CoblB &8 305 J3les 5l enlinal |
103,55y 5 S 45 0 odlitel [edodgioes &y o Ly 51 U (sl ol o azsls
5 JBles g dtase Jo Lol 5 & Jpie ol msiy Bl | a2lse o
b Jlus o 5 Jols polis & 355 0 odalie 3o olii |y olotin ol
ol 0357 o35 ool S 5 35 38

iy )95 5 jo5 jl feo b MID ol 1" 5>

Ao b)w 3 Y ¥ <
GAMS Yoo YYYo/a Y ARl ARERYA
NSHS Yo- /¥ YANO/Y YVFA Y.aa/\

Slooolitwl b Jlaidyee slawi Sl g osd o wiyoNl g0 lawg caline ol jo
b sl oy wadle sl adls & Jods 10 0ed 0 duslie il b jadls
tlie 5 dpala dgna ol 6xS S apie Sl 53 s 5o ) ol il

e
Ay Gisy ) dliise dwnd 5 ol gl el 4 o dlis Cpnlus A S

b opeile i jiolyl 4y Cod MID jlade lpss liae (JSS opl Billae a2 0 LS



WA Hlg Y ol 4[..@_" Ju (Sxw2 Qﬁﬂu\.aj‘ub"r_‘l;‘- A+

ol )lse sdar 53 9 WS o (o 1y (1 gy Loy S o i el o o e
Sy L wgdioe ymie die (S (il 4 &5 apdle Sl ad i b e
ol 0dg UW‘)Bl
sl )03 sy 51 ey (ool iyl 3 Il o o 9 ¥ (sl o> & 295 L
OSle | dols bawgie (et ls jlade g oo odalive Vo 9 A sla S5 ;5 45 j5b lan Lol
Cglial oabid yo S} wiys3l 5y s (3l w5l sdelcanddy CGua wlys
o3lisl (yloj &S’ Canl (SAJ5 S0 b lojls odee p dinej ] 53 (6 S e gycnlil ]
borly ool wpodl )3 (530S asls jluie calins g5 93 pp ) 398 odalie
sdolcanddy slaclys i (53,8 sximdlis cllae cpl )l oyt yial38l (odlpiin
&0 e @ lojed sliwd Fy Jlde 30 O 9 W sl jlages ] (oolpiuin o635
a g b ol 5 oS yipe 3 Slos oniad jlis (asll pl oS jlade im0 lis |y Gan
iyl 5 e (ooleddin wyoRl jd ke £45 93 o 3 el opl jlade bajlges cpl 4

ol S
pamo Jly> iS5yl e o )3 w355 33 3pSlas sla sl gl F s
Ao Run Time MID SNS RAS
(P*n)*m _ NSHS  NSGAl NSHS  NSGAII NSHS  NSGAII NSHS  NSGAII
(Fa¥) =y vEA/Y YA oYoY  avaviy . . o[y ofoxy
(YY) % 0 Yo- va/y 0-Yd/N  -Yd/) . . e <[y
(V) =Y VOOV £¥IA VEREIY  VAAVIY . . ofAY ofAY
@)=Y YOOAY /Y FAA BAVF/A . . <I¥AS <[AYA
@=5) =0 VALY iy OYMIY oSy . . SANGY AR
(0%5) =Y \fal £0/ AYEEIY  ARVY . . FAR NARY
(VaeA) Y YOA/F Y ISRV AN . . -Jovy VYVY
(VaA) 3 0 Y- /v AOYAD  AVVV/E Vev/y . <IvYY -[f08
(VeA) =Y YV.[p £\ INAY YA Vo . - /Yoy 120
(Ve# Y)Y Yeo/o v\ .04 SYEYIVY YASIY O Naefs VY AZARN
(VoY) 20 YOAA va AEEYN YD . . < 00A VoY
(VoY) =V YAFlY Aalo VAAZY WYAYR/D . . ALY +[A¥0




(Q\)&uﬁ}ftﬁ)d}&)hdf;&}jwﬁ)}gh\ﬂ)‘

AN
oo Gl ()B4 b )3 i) 55 50 3 Slas slajadli mls 0 >
oo Run Time MID SNS RAS
(P*n)*m___ NSHS _ NSGAII NSHS _ NSGAII NSHS __ NSGAII NSHS _ NSGAII
(F=¥) =Y VRV YENY Ya--lf  FVYY/s AV -[oyy
(Fs¥) w0 YOV V) YMON FYEV/A /0 . -[-AY -Jos+
(Fay) =Y Y¥o/y \id FIVF/ 0-0A/Y -IvY¥ -Ivos
Bs)wy  VEYIA SVIE £y seey - IVAY <[AAD
B=s) =0 YA PFIA FEVVA  0eVIY -IvE -Iv¥Y
Bws) =y YEVIY WYI¥ FASFIV ADRY/A \EI¥ . -IvoY -IAY¥
(VeA) =Y YAV sols DAENA A0W/E VAV . -I5¥Y VV-¥
(VaA) % & YA £ BMAD WY -ADIY YVIA  SYAIY -/20- V/aay
(V=A) =Y VAN W\/E Y-EYIE WWASF IS vy VAVA
(Y)Y YYY AV BOVY/D  AYAYV/S ¥4 . VYD v/ava
(@Y wd TSN YEN AVAAY \SFAY/A yayy o Yaviv (A% YIYEN
(-8 Y YW vala AYUA WYSAYIY GAUF YYe/D VY A
16000
14000 y =2685.7x + QOA-Q’X
12000
i 10000 D e X 478 x4 25358
)] 8000 MWD
S 6000 I '
4000 = —
5000 g == =R PR r3499:5=0
0 3 5 7
—0— p*n=3*3 3500.4 2791.6 3147.3
—— p*n=5%6 4199.3 44238 7643.6
—— p*n=7*8 5868.7 5783 10825.7
—x— p*n=10*12 9194.6 10500.6 14566

ol sloyiolyl 0 Cod dlino ol A S

Data

0.24 4

0.18+

0.124

0.06 4

0.004

Interval Plot of MID of NSGAII, NSHS (S=1)
95% Cl for the Mean

Log

NSGAIl NSHS

Data

0.8

0.6

0.4

0.2

0.0

Interval Plot of MID of NSGAII, NSHS (S=2)
95% CI for the Mean

e

NSGAII NSHS

MID asls o ey o5 (130 Sluabl L) olice GSMST fSlis 0l 5 5ilko 4 JS



WA Hlg Y ol 4P.€J Ju (e S pde j‘u\}‘r..‘la;

MID (s=1)
20000
15000
10000
5000
0
1 2 3 4 5 6 7 8 9 1011 12
—&—NSGAIl —m—NSHS

20000
15000
10000

5000
0

MID (s=2)
1 2 3 4 5 6 7 8 9 10 11
—8—NSGAIl —%—NSHS

MID sl duglio a5 clargai )+ S

Interval Plot of SNS of NSGAII, NSHS (S=1) Interval Plot of SNS of NSGAII, NSHS (S=2)
95% ClI for the Mean 95% CI for the Mean
0.8
0.4
03 0.6
8 02 £ 04
o o
0.1 0.2
0.0 ——
0.0 —e
NSGAII NSHS NSGAII NSHS
SNS sl o lae 55 (40 ylisabol L) joliee XS] filis 05l 5 ko ) ) K5
=2
SNS (s=1) SNS (s=2)
1000
300
250 300
150 400
100
50 200
0 0
1234567809101112 1 234567809101112
—#—NSGAIl —#—NSHS —B—NSGAIl —%— NSHS
SNS sl o duglio o5 cla)lgai ) S
Interval Plot of RAS of NSGAII, NSHS (S=1) Interval Plot of RAS of NSGAII, NSHS (S=2)
95% ClI for the Mean 95% CI for the Mean
1.2 20
09 15
g 0.6 S 1.0
0.3 0.5
0.0 e 0.0 —e
NSGAIl NSHS NSGAII NSHS

RAS asls o e 55 (130 luabl b) oline ST filis ol 5 ko VP S5




AY

RAS (s=1)

5

0 BT R

1234567 895101112

—@— NSGAIl —m—NSHS

5
0

<U‘)&“A}L;"b)J}‘)L‘”Lﬁj’ﬁ“"'jg;;“@:ﬂ)}g“‘j‘)‘

RAS (s=2)

- R

1234567 8 9101112

—@— NSGAIl —#—NSHS

RAS sl 0 duglio Los (oloogai ) F [Si

9 Sl Job b aline cpl )3 dgeme by porde Cuenl 4wy L
S5 ) oslil & Joan 4 drgi b sl ool & Jgdn )3 dgezme by 455 Sapas

o B N W b

4 5

6

7

8

9

—l—5=] —=d=—s5=2

sl 03,5 wnl 1y Aliucs

10 11 12

oo by xS B apde 5 Sl b o Cllu 0)9) o b duglis D S

pao by 5555 Jl ol Sty dops 5 215 F i

o oylows §;=1 5;=2 Sona o yd
jspl Yvs- Y¥aA YY/5
jsp2 YFY- VS/Y s
jsp3 avy- YS\OIA o-
jsp4 YV Y-00/0 A
jsp5 LA va-¥ Yo/
jspé VWYY YYVE/Y £YI\
jsp7 YAV ¥ YoAN¥ vIY
jsp8 INAR YSOv/¥ ¥a/y
jsp9 VWYY YYas/y £ IA

jsp10 TYFO/A YEEY/Y Y/A
jsp11 avy- YovYls o-
jsp12 SN Yeva/y fa/8




WA Hlg Y ol 4[..@_" Ju (e S pde )'Lul‘...ig- AY

I nple; 9 Copte 5 CatS cloj ol 4 ds gy ( DBy jas (D . Ko SABL
5 o ( (SuST (b8 ol o pie calisee dlul (655,84 bl jlayes oYL Cuonl
b lojlo v g yloj ials cuas ioli8l daai o yials 3 )b 51U 20,5 o o g,ls,
SaL i g ..\.Jy L')Lo)‘ uﬂ.mlf oo G ..\J.Sdo SoS (o dl.b.}b-lg 4 ‘LSJLQ(L;';,;? @)3@1
ol ]y e Jb g (SeST 5560 Glge 5 ag alse o it 3 edd Sy

Lodlehdny 9 (6 o5 4205 .0

Ol )5k b Jlige alsye So b (B Mg ganple) aliue (laghy (nl 5
i ggedme g JroSS Gloj Cn b (yp ol 2 Jlaidyge Bun @i S () dlgece
25 4By 5l > oladlgene g0t Clalad Al (pl )3 09 35395 9 d)S 2> (S
g Sgdiee Mg b 2)ly ladlgesmay Nigd o ol joS o> L oladgesmep 4 oS
ol 8 e Jithe SLoge alsye Sl (i 39290 YLl 4 (813 Sllee pbosl 1
Slloe & 39800 g9p8 (Sloj (Jparme o My lp Ol [lge Slles &g
YL Sz Ce 4Bl o) (bl & Jpae S 5 jlidyge libab plod () pitle
4 dog boad olitl geayla gergtun p (e (LIS ceyeSll I Alies
b gehaie jlainyge pi sl Clial sunas) porde | 650y b s (o000
sl Slas dlis )3 39290 lacudgize (S )80 solateds g 4 bl dansi Ll
el 2l @t & <85 )18 oolitulyyge (oleidn pnpNl b 5 L
U dgame by 3l eolizul & ol L uimen ol ol oL |y s jge (oolpin
9 oiboh opl 0 edddl)] Juo ax 31 o)l OV game Cale oyed ialS 0 oljwa
b bl sl oad (o )b optess sy dlinne (pl )3 dgesme (b2 parde (605
s ailed dgeme b > porde I oolaiwl 48" g o Alan Mo wilive (sla yimgly 4 dxslys
5 ol Uibgh @l dsdiee a8 laanie 4 ol el gk ol 5 edolcussy
b 50 OV gz 3,510 55,5005 sladja Hlade oy yeS &S db L 50 (V] o,
Sye e 3)Slas (slalins g Cusl 0ad 43 ey dgere (b2 porie o 0ad Jol>
dox o] 5l & ol ooz B ST slagingly sly (soaxte (slayge aimd oo (LS
3oy e bl lp Jlisl glapahl g cuslabpae (i85l 4 (lyie
I g dbe il ol mzmen 95 )3l giluosle] glagle; 85 i)
58 olitl 1So5 (6,50l 5 (sl Sl



AD (Q\)&w}f‘:ﬁ)d}»)hdf&u}jwﬁ)}ijh\ﬂ)‘

&l

1. Chan, F.T.S., Wong, T.C. & Chan, L.Y. (2008). Lot streaming for product
assembly in job shop environment. Robotics and Computer-Integrated
Manufacturing, 24(3), 321° 331.

2. Chan, F.T.S., Wong, T.C. & Chan, L.Y. (2009). An evolutionary algorithm
for assembly job shop with part sharing. Computers & Industrial Engineering,
57(3), 641° 651.

3. Dileeplal, J. (2012). Multi-objective assembly job shop scheduling using
genetic algorithm and tabu search. Ph.D Theses, Cochin University of Science and
Technology, Department of Ship Technology.

4. Fattahi, P., Hosseini, S.M.H., Jolai, F. & Safi samghabadi, A.D. (2014).
Multi-objective  scheduling problem in a three-stage production system.
International J. of Industrial Engineering & Production Research, 25(1), 1-12.

5. Fattahi, P., Saidi, M. & Jolai, F. (2007). Mathematical modeling and heuristic
approaches to flexible job shop scheduling problems. Journal of Intelligent
Manufacturing, 18(3), 331° 342.

6. Geem, Z. W., Kim, J. H. & Loganathan, G. V. (2001). A new heuristic
optimization algorithm: harmony search. Simulation, 76(2), 60-68.

7. Gholami, H., Mehdizadeh, E., Naderi, B. (2018). A model and imperialist
competitive algorithm for the two-stage assembly flow shop problem with setup
times. Journal of Industrial Management Perspective, 8(29), 93-111. (In Persian)

8. Gholizadeh, E., Afshar-Nadjafi, B. (2018). Solving a Bi-objective Resource
constrained Multi-mode Project Scheduling Problem with regard to Payment
Planning using the NSGA-II algorithm. Journal of Industrial Management
Perspective, 8(30), 39-63. (In Persian)

9. Han, H. Y. (2012).Minimizing the total flow time for lot streaming flow shop
using an effective discrete harmony search algorithm. In Advanced Intelligent
Computing Theories and Applications. With Aspects of Artificial Intelligence,
Springer, Berlin, Heidelberg, PP. 32-40.

10. Lee, K. S. & Geem, Z. W. (2005). A new meta-heuristic algorithm for
continuous engineering optimization: harmony search theory and practice. Computer
methods in applied mechanics and engineering, 194(36-38), 3902-3933.

11. Mahdavi, M., Fesanghary, M. & Damangir, E. (2007). An improved
harmony search algorithm for solving optimization problems. Applied mathematics
and computation, 188(2), 1567-1579.

12. Midhun, P., Sridharan, R. & Radha Ramanan, T. (2013). Multi-Objective
Assembly Job Shop Scheduling Problems: A Mixed Integer Model. Twelfth AIMS
International Conference on Management.

13. Rahimi, H., Azar, A., Rezaei-Pandari, A. (2015). Designing a Multi
Objective Job Shop Scheduling Model and Solving it by Simulated Annealing.
Journal of Industrial Management Perspective, 5(3), 39-63. (In Persian)

14. Reiter, S. (1966). A system for managing job-shop production. Journal of
Business, 39(3), 371°393.

15. Sarin, S.C. & Yao, L. (2011). Single-batch lot streaming in a two-stage
assembly system. International J. of Planning and Scheduling, 1(1), 90-108.

16. Tajbakhsh, Z., Fattahi, P. & Behnamian, J. (2013). Multi-objective
assembly permutation flow shop scheduling problem: a mathematical model and a


http://dyuthi.cusat.ac.in/xmlui/handle/purl/1
http://link.springer.com/journal/10845
http://link.springer.com/journal/10845
http://www.inderscienceonline.com/loi/ijps

WA Sl Y o5lad (o Jl ¢ ixio Sy ke Itk A

meta-heuristic algorithm. J. of the Operational Research Society, 65(10), 1580-
1592.

17. Wong, T.C., Chan, F.T.S. & Chan, L.Y. (2009). A resource-constrained
assembly job shop scheduling problem with Lot Streaming technique. Computers &
Industrial Engineering, 57(3), 983° 995.

18. Wong, T.C. & Ngan, S.C. (2013). A comparison of hybrid genetic
algorithm and hybrid particle swarm optimization to minimize makespan for
assembly job shop. Applied Soft Computing, 13(3), 1391° 1399.

19. Yao L. & Sarin, C.S. (2014). Multiple-Lot Lot Streaming in a Two-stage
Assembly System. Essays in Production, Project Planning and Scheduling, 200,
357-388.


http://link.springer.com/search?facet-creator=%22Subhash+C.+Sarin%22
http://link.springer.com/search?facet-creator=%22Subhash+C.+Sarin%22
http://link.springer.com/book/10.1007/978-1-4614-9056-2
http://link.springer.com/search?facet-creator=%22Subhash+C.+Sarin%22

Providing a Harmony Search Algorithm for
Solving Multi Objective Job Shop Scheduling
Problem with Considering an Assembly Stage

and Lot Streaming

Parviz Fattahi’, Elham Mohammadi”, Fatemeh
Daneshamooz

Abstract

In this research a multi-objective job shop scheduling problem with
an assembly stage and lot streaming is studied. Lot streaming (LS)
technique is a process in which a job (lot) is splitted into smaller jobs
(sub-lots) such that successive operations can be overlapped. The aim
of this study is to schedule and sequence operations in order to meet
constraints and minimize the makespan and total weighted earliness
and tardiness penalties which, in turn, leads to decrease time and costs
and achieve more effective management in industrial departments.
First, a mixed integer linear programming model is presented. Since
this problem is classified as NP-hard, a metaheuristic algorithm based
on Harmony Search is proposed to solve the problem. In order to
verify the effectiveness of the proposed algorithm, several
performance measures are used. Computational results revealed that
the proposed algorithm outperforms non-dominated sorting Genetic
algorithm.

Keywords: Scheduling; Job Shop; Assembly; Lot Streaming;
Harmony Search.
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