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Scheduling Flowshop Manufacturing Cell

Student : Kuan-Ming Pan Advisor : Dr. Muh-Cherng Wu

Department of Industrial Engineering and Management
National Chiao Tung University

Abstract

The memetic algorithm, a type of meta-heuristic algorithms, has been widely used
in solving complex space-search problems. Most prior research focused on how to
apply or enhance the search mechanism to various problems. Aside from the
traditional track, this research-examines a-new research-issue—Can the adoption of a
new solution representation scheme improve the performance of the memetic
algorithm? A flowshop manufacturing cell scheduling-problem with permutation is
used as the problem context, and two.memetic algorithms are compared. The two
algorithms, essentially the same in algorithmic flow, are distinct in using two different
solution representation schemes (respectively called Sqiq and Spey). Noticeably, Sqiq
was developed by prior studies and Syey is by Wu et al. (2011); the two algorithms are
named Memetic-Syiq and Memetic-Spe, accordingly. Extensive numerical experiments
reveal that Memetic-Spew mostly outperforms Memetic-Sqiq. This finding highlights an
important new research track—exploring new solution representation schemes while

applying meta-heuristic algorithms to various space-search problems.
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BRI ML EZoArE I A LA AT b ajag > 0 o

Bkt RfRenff 4 e § L - B2 BARBENZ B P % 1 -

e

feai iz pAr1 E%- 12z 3

- }%%«_’_Y_ (E3 S s I C O ] s R E IR }%g'\

I

a1 i

=
&
A

I

CEB IR TRCE IR STl AL EA S MAE D
S0 iR B AT ] 3.4 4T o TER B R E 2 07 SERET ST IS 4 R A
FEEALRFLIEEF AW S T A FEH 154 F My - g a2

HERF AP S IR S 1 - 2 D 3

|
=
—
o~
=i
o
=4
[}
i
N

S
o3
F_&.

T

>
4~

W hebe 1ER KRN L1 B F b 1R S 12 12 AN

e s A N N E I AN M= R R -

R R R P EE



I IV NS0 Oy VR VP oy R VPR R R O B I P S
Sequete of |y Sequence of the jobsin Sequence of the jobs Sequence of the jobsin
amilieg family 1 in family 2 family 3

b | 4 | e [ (e [ T M P [ [

s |

B34 EHhdmidiz2 f2s

DAL R AR S AL R o 35 4 > R R
FEFETRATATEI L WA BRI BT A S 1 E R EF 1
P Ry - BRI L a Py - BAeana 2L O 2%

BEREASH IS - B2 2% - ma1 25127 Iy BiEFAc

Family & | F.

iobj:‘-\ﬂ"_l-;nljﬂlj|Jo|Jm|Jq|J4|J.¢.|Jq|J1|J9|

B 3.5 #7484 Eik 2 2k

33 BMP A Rzt

AT R AR RfRS PR AL 2 LR E S 0 FI36 SRE YD
W RfRIN AL A TR EF Y ik 2 58 E %% Moscato (1989) ¢ !
LR B OEP B2 EFRET 2 41T GA(2 B )FSA(E B) 2 R jEE AL

BT R ETE BH LR -

19



S E

ET iR
(1*3:&%%5%11

H%T%i%fglnﬁ_nﬁﬁi%
STEERNERERE
v
220
v
R HRETEREHES

@
4

EIIP

4-]]}@

i

F13.6 IR B A LI AZ A

Stepl. & T & 3%
)% REFE 2 R R AT R R R B R R R Y S - B
EE S ST E SRR SR FE &k = SRR
® idnfEAd 4 o
R R 2 A
® L FHEBHHE S

® iR IHESE S

20
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Ad At R EMOS NI EWAL T RFAATELI A EE T R AT
ME TR EF NAL 0 F R ERA e A2 SN A 422 5K
Fmp o @ A REMOL ] Ao FE s iRt SEM RS AT R

NS TN SRR

Step3. #-2 RN {7 RBIPH
WA FTA L nR N LT A sl BRI 2 i T D R T R B PR
B E 0 RAT AR F T R 2 BRI NGE  Ap MR AR ] 3.7 1 (B
4 % & Metropolis (1953) ) 7 4p b e 5Bk he™ -
® i=4~F & 1000 B
® iR %#c:06
® o mt i ER YCER M XD
@ Fifit I BERYMFIIORNUT
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Fyr FHEBRALS

PO BRBRBEAELD TR NOREIFTE 2 HH Wuetal (2011) % F # A iE 2
3R BRI ER PR R FR LSRR L A W H AR AR A2 T
Fosrmufr REFE 2 EREL WAL NG DU RE S F g
AR IERRELEROLE > VHR AP T TR DT GH o AR
Microsoft Visual Studio 2008 % i& {7 4258 e 8 > §a F S By 771 * en T "Gfie i 4o
B
® iT¥ % %(0OS) : Windows 7 Enterprise 32-bits
® ¢ g2 E(CPU) : AMD Athlon(tm) I X4 640 Processor 3.00 GHZ
® =548 (Memory) : 4.00 GB (2.75GB + *)
® i i3 ATE ks
® ¥ IC+Ht

® %:F=E(Compiler) : MSVC9.0

4.1 R =B

AL AT REEL I MAEZRE VR TR T Y Sl R R
Schaller et al. (2000)#73% 3+ e Wk %0 4P M 2Bk T40T 977 ¢
® @ =BA ko] hEH R

B Small setups (SSU) : U[1,20]

B Medium setups (MSU) : U[1,50]

B Large setups (LSU) : UJ[1,100]

FRLERLELBWoOFERFERT LR D
O FREFRFETYFIRHR( A% B LE) (3:3):304) 404
(5:5)>(56)>(6>5)>(6°6)>(8°8)> (10 8) (10 > 10)

® 1 PN na B S A F U[2,10]
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® A1 iendeapEfii=3 e U[L,10]

® =BRGP aE BB T A W% 30 B AR (instance) 4 £ g8 T 5 By
(seed)
Flpt A AR FHREFRT 0 Ak ¢ A4 2*3*10*30%15=27000 £ #cy e

Bl 4.1 %77 -

EEIIREEEINEE RS

]
[T][ssu][(say][1]]|
]

=2X3X10X30X15=27000=
([ msu ] (34) [ 2 ]

= [ v ] [(1010)] ( 30

s )

B4l 277 2 F %TH

4.2 3% b iE B A defR ek T

LR A A ET T AN R B R R ST 0 R IE R

(SN R RS e 5 &

421 ¥ k5t R R
AT R ARG AR GRS R EFR L PEE IR SR By

Lo R LA RAT R T BEA S AT (% WA TR

R WA ) o (BRI WA LA S ELI WAL ) A Enp BB L
T HENLE

*F7 3 i * Hendizadeh et al. (2008) 4= 7 #g 02 B® 48P+ * Paired t-test X i& {7
e T MRRL AP L TR Wi Sl - B R H o AT AR AR o
15 1 seed §aT 32> & B R G PR T HE BEEIPE - BRALE TR L Rk
e T AP P HLK e
® A—S,4; i=LSU33, LSU34, ..., SSU1010

(P BB AT BR S AAEE A AR RS ITET e B IATD )
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® B —S,4; i=LSU33,LSU34, ..., SSU1010

(o et BT EAIMALZ L AFARFEFRE T HE BN RE)
® A —Sp., i=LSU33, LSU34, ..., SSU1010

(et PR ATATR I WAL 2 LEFAPFEGFRT DL BREPRE)
® B — S, i=LSU33, LSU34, ..., SSUI1010

(ol it BT AT WAL L EEFFROEFRE T HE BRI FE
® n: ik
® di(%) : % i B Scenario ez L &
® d(%): Tzl K

® S FREL

MR GRS A S R R Gl M e

® n=30
o 0;(00)=T e o) 100, i=LSU33, LSU34, ... LSUI010
—old,i
Y &(%):Zlifl[.]sll?;g d;
n

_ ey, 2
A

_ d
° tO_Sd/\/ﬁ

® (=196(At% > ZHE-K®E 5% o d B=n-1)

FAPPE Nty N ALt AT RELA N KL A S P R
MEFRSA A § APt it <A At Bl T A A
Bz PRI HFLAR D 24158 RFEES F 07 F M@ e f 5%

FEROoGHTUFHI FRERF RS F R Y g I TR R
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0.11%7- 0.05% » = & # 4.2+ rig J 5 4% 2 5000 =7 F 3+ & o & 2000

O f% AN j\pi‘xﬁq_\(i_ ®# @ ﬁ%v(%ﬁxliﬁ*ﬁ —+ ll‘féj IFqu\mu«»-

‘o

(=)

%41 BRiEEa FRET F RO T

feac d 2000 & VS 5000

Scenario T a4 % (%) to | fgnr | BT EE
S EE ES 4 0.1143 4.22(2.05| A2 F dn
ATA S R A 0. 0564 3.50 [2.05| A ¥ i

242 RAEES SN BT S A E BT

3B pF R (sec)

2000 = {5000
B4 d MWAsE2 | 30435 | 767.17
3744 M)A &2 | 25454 | 596.98

422 FrdsfReng 4 3 N

AP RARY AR DA B P BE A A 2 ATEA S A A
f2 04 AT oseed i MERASAER S MALRE DT o H30
W N A A PR ERL I WAL R F A AR e T A P G 4o
Bla2 e 5 R A 43706 M4 E % e dafd o £ 0d B> A4 5% ¢ 48
2 e 4R o L S A A fRadp oo 4ot i i 31973 R initial solution s

)

*E 7+ F1* e oseed £ [ initial solution 2 ¥ 4.2.1 4p e it ik 0 i
BRArdk 43970 o d P T g I A RFRSAER AR 0 A dof2 R T e oseed &
initial solution ‘¢ & ¥ 1 e & Fl 5 474 fR 0 oo ¥3P AP Ak (e T R EFEP
Nt R B RE 2 RATA AL BRI MAEZ T S
SRERAESAL T Ak - BAEsE) o APy R EEE R initial

solution & # -
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e T el il
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i = ¥ Fanily
BELVEENERER

) iobFilJnlJﬂlJ|J9|Jm|J;|J4|Jﬁ|Jq|J1|J')|
P 4
ﬁﬁ&%%zﬁm@¥ﬁ F L F LR L [ | D L [ [ ] Do [ [ 14 [ ]
Sequence of job Sequence of the jobsin Sequence of the jobs Sequence of the jobsin
families family 1 in family 2 family 3

Bl 4.2 F A dofaeng 4 5 N

% 4.3 F Seed £ = Initial Solution %t ¥

f Seed VS F Initial solution
Scenario T ymie L % (%) to | fgnr | HTEE
B4 d it 0.0003 0.02(2.05| 2} &%
ARG A E R 0..0000 0.002.05| 27 %%

43 FHEFRLH
AFE G P Bk dod AART 0 TN AR AT A DR R AT AT

® Scenario: 27 A BEBRALL ¢ FHEERFEF L) 1 EEE 0K

® N: RP{Ecndcp

® Nw+Ne: fnte T Lol (= L BRAY 7L MAE2 ELd i

® Ne:-TZfcp

® Nw: Fnifificp

o CREFRE ZERATLIMEAEE N L RBRETHPEE

® Ct:REFEZHRERINMAEZ= L BRETIBPFE

® Ave (%) B BRINE T med o s F(BER I wA

E 2P AR

7

\m
ﬂw

AT R A EE P HRE) LS A EE P R E*100%

® Tn:#rxd

e

L A BT 2 LR R AL NT R

She
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® Gap:tfirHz B ALST 0E 8 R L pe(Tt Tn)

Tt: B3¢ WA

AR T LR R AT T SopE

%44 A2 F5%RES
ID Scenario makespan Computation Time(sec)
N Nw+Ne Ne Ny Cn Ct Ave. (%) Tn Tt Gap
1 SSU33 30 30 30 0 134.47 134.47 0.00 103.65 114.58 10.93
2 SSU34 30 28 24 4 151.09 151.16 0.04 119.72 133.29 13.57
3 SSuU44 30 28 20 8 185.73 185.86 0.07 140.03 161.60 21.57
4 SSU55 30 29 7 22 242.75 243.52 0.30 192.94 228.08 35.14
5 SSU56 30 27 3 24 254.40 255.52 0.42 208.52 243.86 35.35
6 SSU65 30 27 3 24 287.08 288.14 0.36 222.74 268.22 45.49
7 SSU66 30 30 2 28 296.24 297.76 0.50 242.43 300.11 57.69
8 SSu8s 30 30 0 30 407.32 410.49 0.76 367.70 458.52 90.82
9 SSU108 | 30 29 0 29 489.80 493.12 0.65 496.29 601.95 105.65
10 SSU1010 | 30 30 0 30 531.81 537.63 1.07 595.49 682.27 86.78
11 MSU33 30 30 30 0 160.00 160.00 0.00 101.72 113.46 11.74
12 MSU34 30 30 28 2 184.69 184.70 0.01 111.56 123.87 12.31
13 MSU44 30 29 28 1 23762 237.66 0.01 130.71 149.08 18.37
14 MSU55 30 28 13 15 306.36 306.87 0.16 180.12 209.93 29.81
15 MSU56 30 30 11 19 317.87 318.64 0.23 195.21 238.89 43.68
16 MSU65 30 28 7 21 362.98 363.77 0.20 210.27 258.46 48.19
17 MSU66 30 29 5 24 380.96 382.23 0.32 237.70 283.39 45.69
18 MSU88 30 30 1 29 513.31 516.64 0.63 386.13 464.74 78.61
19 MSU108 | 30 25 0 25 630.48 632.97 0.39 513.40 635.41 122.01
20 MSU1010 | 30 27 0 27 663.28 666.91 0.53 567.76 722.64 154.88
21 LSU33 30 30 30 0 228.03 228.03 0.00 106.68 114.71 8.03
22 LSU34 30 30 30 0 239.00 239.00 0.00 108.75 120.63 11.88
23 LSuU44 30 30 28 2 323.46 323.48 0.01 127.24 14411 16.87
24 LSU55 30 30 19 11 416.20 416.50 0.07 169.73 198.44 28.71
25 LSU56 30 30 13 17 437.41 437.99 0.13 190.04 231.05 41.01
26 LSU65 30 29 16 13 492.11 492,51 0.08 195.85 239.45 43.59
27 LSU66 30 30 13 17 514.47 515.28 0.15 212.04 268.07 56.03
28 LSu88 30 30 0 30 702.39 706.30 0.55 361.59 468.91 107.33
29 LSU108 | 30 22 0 22 852.43 854.11 0.19 480.56 625.20 144.64
30 LSU1010 | 30 29 0 29 912.75 916.96 0.46 588.56 725.85 137.29
Average of all Scenarios | 30 28.80 12.03 16.77 395.22 396.61 0.28 262.17 317.63 55.46
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FEWVESE

PoRE IR 2 ERRATA S A EE AL

g’gﬁ%\?i(é)j\mﬁf’mdm_rrT%L;Ii:j

0.28% % 71

Rt A4 RR PG R < 2 YL BB S

Rxd f}rt ;}'ﬂvfﬂ'—mlj

PCL kg T A P AR o

i 7

R E PR ATE 0 3 OB HE A

A fd ;{—r TOLREFE 2B REL

'Jiﬁm‘i){#ﬂﬂli fz_.,;l:__?é

R T

L FREE O R 43T g N ARt L S 2 AR S [ deie 0 &
B AL > L n S ARB F IR G o
makespan
_l'/& 1.20
1.00 P
% 0.80 N/
$ 0.60 o~
_t_ 040 ﬁ%f—
S 0.20 =
Q\ 0.00 ‘J
-~ (33) | (34) | (44) | (55) | (56) | (65) | (6,6) | (88) | (10,8) | (10,10)
——ssU | 000 | 004 | 007 | 030 | 042 | 036 | 050 | 076 | 0.65 | 1.07
——msu| 000 | 001 | 001 | 016 | 023 | 020 | 032 | 063 | 039 | 053
——1SU | 000 | 000 | 001 | 007 | 013 | 008 | 015 | 055 | 019 | 0.46

AR L 0 A FEAR X IR

T AT hRTL M A LR

i 2% A 41

;}5 ﬁ"‘/gﬁ;g‘ /ﬁ-n = {Axiiﬁ”ﬁ lﬁ%‘bm o

A E R R S et 0 R IR

F o BAR R R AR S g A

200.00

% 150.00

EE 100.00

»  50.00

D

a 000

~— (3,3) | (34) | (44) | (55) | (56) | (6,55 | (6,6) | (8,8) | (10,8) |(10,10)
——SSU | 10.93 | 13.57 | 21.57 | 35.14 | 35.35 | 45.49 | 57.69 | 90.82 |105.65| 86.78
——MSU| 11.74 | 12.31 | 18.37 | 29.81 | 43.68 | 48.19 | 45.69 | 78.61 |122.01|154.88
——|SU | 8.03 | 11.88 | 16.87 | 28.71 | 41.01 | 43.59 | 56.03 |107.33 | 144.64 | 137.29

W44 kg2 B8R ALE




PR AT EREBERFRT SE AR 230 B R AT DY fute
T L 288 B E G #1677 B A T IREFE B RATL WAL &
B R R R R E R RS WAL P EF R S L BBk

ARKARBEF o AFT 7 § 44 | FREFMVRITARFEL S

4.4 ¥uit¥e

WY - SRR TR 0 @ B 421 Al A R R - B AL
i o ARE BT ch15 B seed T30 ¥ 73 il T AL RIR=
BAR < PR ILIE 2N AL B4 FH(SU - MSU ~ SSU ~ Total) -
w4 R HA B F 300010 B3 *30 B R AE)~300(10 - *30 B A° 4E)~300(10
i H5*30 1 B 4F) ~ 900(300+300+300) 4 7L 40 Bl # BLIK Z Ao T
® Memetic — S,y4,, I=LSU33, LSU34, ..., SSU1010, j=1, 2, ..., 30
O (HhdMid L AERPFREFETrL BRI £E)
® Memetic — Spey, j, i=LSU33, LSU34, .., SSU1010, j=1,2, ..., 30
® (FTAIMAZLZLAFAWRANETE BRI EE)
® n: FHRiEk
® dij(%): % i B Scenario T % j B A JE e L
® d(%): Tzl K

® Syt KM

1 LSU & et B 3- B 4o

® n=300

(Memetic—Sold‘i‘j)—(Memetic—SneW‘i‘j)

® d(%)= x 100, i=LSU33,

(Memetic—Sold_i_j)
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LSU34, ...,LSU1010, j=1, 2, ..., 30

LSU10105:30 4
j=1%ij

° &(%):Zi=LSU3iE j=

1
_ S0 I (di )2 2
® S| {
n-1
d
® (=
0 Sd/\/ﬁ

® t=196(Ht# » HIF-K®E % pd A&=n-1)
BT Nt AN ARt R AFREFTE 2 ERATEL S WA

LG HEFLE > LRFRRT oy d

o
Al

BPimdd MAE2 AN FRREFTEI 2 ERELIMAEE F5 ) ERES
E R AP RN R A ARt R TS 2 B BF
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