DT
4002.
4215
100

@i%}]}é_ﬂ&j{% 225185

P oE R @ %5+ B =18
R R
|\|||||H|||ll||\||l|||||||l||||||ll||||

225185




BRAALGEFEEENBRERFITHRZIRE

Applying artificial immune algorithm for parallel machine scheduling with
preference of machines

i R A BEE
| A BRRN WL

to .
Department of Indugtriél‘""Ehgmeermg & Management
National Chin-Yi University of Technology
in Partial Fulfillment of the Requirements
for the Degree of
Master of Engineering

July 2011
Taiping, Taichung, Taiwan, Republic of China

PERE—BFLA




B o ¥ % # B KX 2
R R b e W Es & X3

(RS AEITABARAXELEZRER)

AR ERRE LRI ARBEALR LY BHBRE
IEIRARFEA w99 2EEE > PHMRAAL
B/ ZHX e |

HXAE D ERAAT R EENAFRPATHRLIRE
TR BRA

=1 -
B EE

AARLEZHHZAXSXENR  FEE - BEBRTAAERER
B4 AMMIR -~ SRS RE > U AR BN FEESES
KREURHA > REFEFANFERESERALARZ R LR
FHE -~ TRAFIE °

BX X EREB AN ZEE AR

knEseEs | W vERE 102 £ 7 A 26 82K

whmmmEy | PERBR 100 &7 A 26 B 2 H

# #H ABEY
£ £:% 3%
TO# K B (oo&f " A zﬁa




P ET
HEL X ETHE L BT

A IEE IS SR R NGB R PR TR TR
B 00 B  EHINSIRTEALZIRIL -

SRR ¢ R TR BT P
e BB |

W FRIE AT N A EFR R (SHE) » IFEE -
BRI B - AIRMIE - RREEREY - DUHE ~ s
MR g F e s o B e EE SR
BT ERRER 5 IR RN SRR AR AR
3~ B~ TEEGIE -

(]3RSR A A AR TR i e R F S B M A AR o (A
FAEESEAT - ) @ A H&RERESEW
OB EEAER -

S B LIRSk ER A g - 0 (oS4 1) A > BEFHE EF IR
o, AR -

A R |
mppeREE: 4 W B B |ovtE 1 AL H

B - HE :
BRA&HubE @ BT TR R 126881157
E-Mail : pgbd750422@yahoo.com. tw




B oo s A EAS
T EI R AL ERBALHE

BXUREBEQERE

A¥ TEraEt Ets YHE B

R BRAALGBEAELENAFRFARZ IR
SNELEHAE  FRAZAGHERT -

%) E4E g ApRRdel

FHRE 100 % 7 A



BRAALGREREEINEERPFARZIIE

HEE BEHRBRRS HE

RIS HEASE TEIRAFEABALYE
LS & F

EHEEABIERTEZNESAM BETURS AT ERME SR

%?%E\%ﬁﬁtwﬁ%%“ﬁw%%mwﬁ¢ %émmr% % B f
RN ERREERABEARN UESREORB- A TRLMARNRER
AlA B % B hERH T2 M R4 RRERZIE -

B TR AIA 24848 » AFEERY EHESM(ANOVA) T EARR AIA 2
BHsMms o TR BHET 43k B EVBME EDD AR Z BRI EAK
BABRZEREKR -

MekF : P ATRRREL - Ll - RS




Applying artificial inmune algorithm for parallel machine scheduling
with preference of machines

Student : Chih-Chieh, Peng Advisors : Dr. Li-Man, Liao

Department of Industrial Engineering and Management
National Chin-Yi University of Technology

- ABSTRACT

The electro-etching aluminum foils are the major component in the aluminum

which usually has n :

to produce three grad

processing a job in one gradetoajobmanothergrade The complexity of these
scheduling problems is generally NP-hard.

In this study, an artificial immune algorithm (AIA) is developed for the scheduling
of the first and second grade equipments in the manufacturing process of aluminum
foil. The objective function is to minimize total tardiness. AIA has a systematic
immune mechanism which applies machine-based encoding method and integrates
carliest due date (EDD) rule to find better initial antibodies. The antibodies are then

separated into memory or suppression cells by affinity, and the suppression cells will

ii




be eliminated based on the concentration level. Further, the crossover or mutation
techniques are used to constructed antibody proliferation mechanism to obtain superior
antibodies. To avoid falling into local optimal solutions, AIA applies receptor editing
mechanism to acquire the near-optimal or optimal scheduling.

In order to move up the robustness of AIA, this study applies ANOVA method to
determine the best parameters of AIA. The computatibnal results show that the

performance is significant superiority than EDD based heuristic and agent based

algorithm.

Keywords: parallel machine, artificial immune algorithm, antibgdy, affinity
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KEE 1 AT REBTT EHRERZ ANOVA Fwk 2T o BER2TEHES -
ABER T PAEEY - XEE BEELAE - S REGE L HR RELR
BHABELELE  RESEZRGEELEN AARFIRAAANS
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% 2 RS#HTTEHRERZ ANOVA &

TBET Ty Fo AdE 3 % Fo F & P f&
Type 482155079.40 3 160718360.00 17665.11  0.000
P, 118369124 2 59184562 65.06  0.000
P, 21672.05 2 10836.03 1.19  0.304
x 969334.91 . 2 484667.46 5327  0.000
d 100681.05 1 100681.05 11.07  0.001
. 7044037.80 1761009.45  193.56  0.000
Type * P, 601  0.000
Type * P, 0.47 0.833
Type * x 6.68  0.000
Type*d 0.656
Type * G 0.000
P*P, 0.994
P*x 0.000
P*d 0.371
P* Gy 0.998
P *x 0.996
P,*d Do 0.879
P, * Gy 7617.46 8 952.18 0.11  0.999
x*d 950439.29 2 475219.65 5223 0.000
x*G, 2606.25 8 325.78 0.04  1.000
d*G,, 7662.17 4 1915.54 021  0.933
®E 293922219.80 32306 9098.07
Yo 790996585.40 32399
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B & 2 ik BASAR (Type ) & K FIERB(Crn)Z X EH B S AP

=0.000<0.05 * A FHEBRS£E > BRAHYG I HERARBFRARAZEA
& FREMEELAREEAMEER - MABRYARARCARIZZBZR
BN R SHT BBES *ﬁiﬂi B 21 21 MAERYEERERE
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% 6 xEFERBHFCARI LB/ LR

4a3e B I
X P=05 P=07 P,=09
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4.5 PGS

ARG LHRE > UEE AIA 2 RESHEE AT w—FSEE
k7 4% » 3 ATA ~ EDD H & Agent H Z#H H ik > P47 4 ARAL S
6 RS 54 30 4] T (instance) 2 K% - R RdoMtF 1523 & 4P -

B E 123 R 4754 0 £ 120 EHF P - AIA A7 R 6 #4E% EDD_H &

Agent H #9452 100% ° AIA ~ EDD_H & Agent H A7#4T4) 120 1815 -F 2 4838

AL 120 BEIFEF #2418

AR B R NI FR

#.5% %L EDD.H & Agent H B AH 3 °

4 3E R I A

Agent H 2 8 110

BMME 123 R4 %32 H & 12wk 12 7755 > 120 86 F & 4 ERAERT
T B Rz e B > ATA K3 4ase BeFR 5 % A 21.50 ~ 30.27 ~ 128.63
& 21.60 » F{E3455i% EDD H & Agent H> M ARAEHEY -1 IV &Y 4 3t VB B
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% 12 AIA ~EDD H & Agent H §5 4% 2 7 48 3e B R
4 3¢ 48 B i)

HEHE Typel Typell  Typelll  TypelV

AIA 21.50 30.27 - 128.63 21.60
EDD H 72.03 65.98 181.48 76.20

Agent H 56.45 53.80 166.33 62.97

AT#—F THRAIA MBS E » %55 )#%E EDD_H #2 B Agent H f2#&4

/L}J"EA(7)P)? 7N °

n

PI%) =~ >
n

i=l

83.05%%1 83.38% » % & 18 A4 5 ik 80% Ak *EBHTAIA EIfHRRBHNE
G T 0 RERAS TR KERRERA - B & 14845 HERTY
M EEA 7027%  EXERELEHET%  FARY I A5 FRTHERS
BREEMERY £ AIA AWERAEY P Bk REREAIHLY > 24
% 15 /%40 0 ATA A FIAEST I % EDD_H w95 & £ 4 3547% > #EBEE=S
2—2 ko AR AIA W KRBTSR REE RERYPHRERR 68.04%
%57 AIA £ 120 184 F » ¥ EDD_H #y % # 8 £ 18 % %1% 68% -
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AIA 20 % Agent H 883k B R34y » bk 17 £220 40 > £FRMA L AIA
# Agent HO9Z SR EERS > R E£4 7578%  HEWEETSHRAL > 12 P 7R
FA IV > AIA %% Agent H R E RS A E 5 5% 81.11% B FRMERK
h& 18454 MAED N MR EES 5872% HAEBERL% BEIIF
ko o AIA ZPJRESAT TIT % Agent H s4ek %% % 2828% > S ¥R PHAERS

60.97% * &7 AIA 4 120 B4 F % % » ¥ Agent H sy B £ 18K & 60%Z/
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# 13 AIA % EDD H 2zt 4 &F--FAHY |

i 1 ks 1T, IT, PI (%)
1 146.0 253.5 42.41
2 147.0 210.0 30.00
3 1.0 72.0 08.61
4 0.0 76.5 100.00
5 0.0 42.5 100.00
6 2.0 42.0 95.24
7 92.5 165.0 43.94
8 84.95
9

—
o

F3
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% 14 AIA % EDD H z s & 2 --FAHA 1I

K5t F TT,, TTy, PI (%)
1 340.5 4175 18.44
2 20.0 68.5 70.80
3 36.0 94.5 61.90
4 10.5 20.5 48.78
5 120.0 133.5 10.11
6 7.0 50.5 86.14
7 2.0 57.0 96.49
8 100.00
9 66.48

[a—
O

77.36

F4
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% 15AJA # EDD H z # & %% 11

BT 17T, IT, PI (%)
1 301.5 343.5 12.23
2 62.0 97.5 36.41
3 103.0 180.0 42.78
4 2.0 70.5 97.16
5 279.0 286.5 2.62
6 73.5 108.5 32.26
7 79.5 148.5 46.46
8 194.0 17.27
9 88.29

F
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% 16 AIA % EDD H z 2 % & --FIAMA IV

BB+ TTAJA TTH PI (%)
1 236.0 274.5 14.03
2 0.0 84.0 100.00
3 0.0 12.0 100.00
4 10.0 715 87.10
5 40.0 88.5 54.80
6 44.0 99.5 55.78
7 9.0 70.5 87.23
8 100.00
9 93.65

: 97.40

25 125.0 170.0 26.47
26 0.0 33.0 100.00
27 0.0 75.5 100.00
28 7.0 62.5 88.80
29 6.0 64.0 90.63
30 53.0 127.5 58.43
T34 83.38
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% 17 AIA # Agent H 2 2 & 2 --FRHEA |

L dikn IT,, ITy, PI (%)
1 146.0 183.0 20.22
2 147.0 - 174.0 15.52
3 1.0 70.0 98.57
4 0.0 30.0 100.00
5 0.0 7.0 100.00
6 2.0 27.0 92.59
7 92.5 130.0 28.85
8 76.67
9 84.95

[
(=

100.00

29 33.5 70.0
30 0.0 51.0 100.00
T34 75.78
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% 18 AIA # Agent H 2 g & £--FIRa#% 1

B F T, T, PI (%)
1 340.5 380.5 10.51
2 20.0 37.0 45.95
3 36.0 78.0 53.85
4 10.5 19.0 44.74
5 120.0 140.0 14.29
6 7.0 37.5 8133
7 2.0 12.0 83.33
8 0.00
9 59.93
10 63.64

25 47.5 83.0 42.77
26 11.0 29.0 62.07
27 11.0 13.0 15.38
28 7.5 45.0 83.33
29 12.0 82.0 85.37
30 29.5 58.0  49.14
T34 58.72
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% 19 AIA ¥ Agent H 2 2 % %R I

L TT 4 ITy PI (%)
1 301.5 360.0 16.25
2 62.0 77.0 19.48
3 103.0 124.0 16.94
4 2.0 70.0 - 97.14
5 279.0 303.0 7.92
6 73.5 106.5 30.99
7 79.5 131.5 39.54
8 164.0 2.13
o

—
i

4

53




# 20 AIA # Agent H 2 2t & £ --FBEHAY IV

BT IT,, IT, PI (%)
1 236.0 313.0 24.60
2 0.0 62.0 100.00
3 0.0 15.0 100.00
4 10.0 49.0 79.59
5 40.0 96.0 58.33
6 44.0 81.0 45.68
7 9.0 55.0 83.64
8 100.00
9 92.73

—
. ©

96.15

25 125.0 158.5 21.14
26 0.0 25.0 100.00
27 0.0 31.0 100.00
28 7.0 39.0 82.05
29 6.0 63.0 90.48
30 53.0 110.0 51.82
F-34 81.11

54




B1% HBERRART®

51 &%

$m%ﬁmAM¢iﬁ%@%%§kz$ﬁ%ﬂﬁ’ﬁiaﬁ%m 3 3B B5 B
(TT)& b hEEEFHTHAREEHE S~ PREESR > BTN ERTH
AAskARRME  ZHRAFEEHEREFHFMER AFRIFHBRETHE

ﬁ%%ﬂlﬁﬁ’ﬁﬂﬁm&@%%

%%uﬁeii,%:é,ﬁf DD_H #2 AgeniH Eié‘r—ﬁﬁﬂ’i% ESTHEE S 3330

#7 60%3A L » £ ATA # EDD Hﬂ‘rﬁnaﬁ&% V o REEEHE %
% AIA % Agent Ho PR A T £ IV 5 > & EF 57514 75.78%K 81.11% » &
FAEEER Y AIA BERFOMRIBER L FefTiEF AL - 415
REGHAERE -

A3 ATA 8388 120 R BB P ATA RAF4eBrrR] 400 09474 24 -
SREN 10 0HFE 38 2R AIAMKEMBLEREEE  ARERRL
L 4 R HY HERE -

55




5.2 RRARFT @

AT EMEEREY > THOEEFMAARAKNE REFMA
Al Bkt EREARERS  BAERE—AETARNRAEETAR
v &@ﬁiﬁﬁ%é%@%&k$%ﬁéﬁ FHNER $m%ﬁﬂk% TH
FIRAMIES AR RO BRRBEERLT -

1. 4 ANOVA 2¥# BRARBERMFEBLER AR REANT AIA E &

56




2% K
BWE BAS A EAOM T E- RBEAKE LB RS AW 2002
L B E S MAALABAKSRFHEEBNYESBRELZAR-RIC K
B2 HE A B EARAEAS  REHX 0 2005
. Azizoglu, M. and Kirca, O., “Tardiness minimization on parallel machines”,
International Journal of Production Economics, Vol. 55, Nq. 2, pp. 163-168, 1998.

. Azizoglu, M. and Webster, S., “Sc afallel machines to minimize weighted

preference of ;_inachn}
14, pp. 4139-4152, 201

. Dunstall, S. and Wirth, A

problems by artificial immuncm}system “Future Generation Computer Systems, Vol.
20, pp. 1083-1095, 2004.
. Graham, R. L., Lawer, E. L., Lenstra, J. K. and Rinnooy Kan, A. H. G,

“Optimization and approximation in deterministic sequencing and scheduling : A

survey”, Annals of Discrete Mathematics, Vol. 5, pp. 287-326, 1979.

57




9. Gupta, J. N. D. and Ho, J. C., “A new heuristic algorithm for the one-dimensional
bin-packing problem”, Production Planning and Control, Vol. 10, No. 6, pp.
598-603, 1999.

10. Huang, C. J., Liao, L. M. and Lin, P. A, “Multi-agent-based negotiation approach
for scheduling jobs on parallel machines with ready times and machine preference”,

Proceedings of the 2010 International Conference on Manufacturing Automation,

2010.

sequence-depende

100, pp. 464-474;1997.

14. Zandieh, M., Fatemi Ghomi, S:*M..T. and Moattar f;;lddeini, S. M., “An immune
algorithm approach to hybrid flow shops scheduling with sequence-dependent setup
times”, Applied Mathematics and Computation, Vol. 180, pp. 111-127, 2006.

15. Zhang, R. and Wu, C., “A hybrid immune simulated annealing algorithm for the job

shop scheduling problem”, Applied Soft Computing, Vol. 10, No. 1, pp. 79-89,

2010.

58




16. Zuo, X. Q. and Fan, Y. S., “Solving the job shop scheduling problem by an immune

algorithm”, Proceedings of the Fourth International Conference on Machine

Learning and Cybernetics, Vol. 6, pp. 3282-3287, 2005.

59




M% 1AIA -~ EDD H & Agent H 2 F 84 2--FAMH I

KL ikn AJA EDD _H Agent H

1 146.0 253.5 183.0
2 - 147.0 210.0 174.0
3 1.0 72.0 70.0
4 0.0 76.5 30.0
5 0.0 42.5 7.0
6 2.0 42.0 27.0
7 e 130.0
8 30.0
9
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Mt#& 2 AIA - EDD H & Agent H 2 T4 R--FBHA I

el F AIA EDD H Agent H
1 340.5 417.5 380.5
2 20.0 68.5 37.0
3 36.0 94.5 78.0
4 10.5 205 19.0
5 120.0 133.5 140.0
6 7.0 50.5 37.5
7 57.0 12.0
8 3.5 0.0
9 174.5 146.0
10 v
11
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®t% 3 AIA - EDD H & Agent H 2 F 54 R--FAAHA 1

S ik ATA EDD H Agent H
1 301.5 343.5 360.0
2 62.0 97.5 77.0
3 103.0 180.0 124.0
4 2.0 70.5 70.0
5 279.0 286.5 303.0
6 73.5 108.5 106.5
7 79.5 148.5 131.5
8 160.5 194.0 164.0
9 21.0
10
11
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M % 4 AIA ~ EDD H & Agent H 2 F 84 R--FAHA IV

£ BT AIA EDD _H Agent H
1 236.0 274.5 313.0
2 0.0 84.0 62.0
3 0.0 12.0 15.0
4 10.0 71.5 49.0
5 40.0 88.5 96.0
6 44.0 99.5 81.0
7 9.0 70.5 55.0
8 0.0 46.0 34.0
9 550

bt ek
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