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51926354 MAJOR: INDUSTRIAL ENGINEERING; M.ENG.
{(INDUSTRIAL ENGINEERING)
KEYWORDS: MULTI-OBJECTIVES SCHEDULING, PARALLE MACHINES,
TABU SEARCH
THAWEEPORN KHAMDEE: MULTIOBJECTIVES PARALLEL MACHINES
SCHEDULING ADVISOR: JAKRAWARN KUNADILOK, Ph.D., 97 P. 2011.

This research was to study and develop a method for production scheduling of jobs to
paralle]l machines with different performances. Each job required setup activities before
production where the setup time depended on the precedence job scheduled on its assigned
machine. The scheduling goals were to minimize makespan and number of tardy jobs. Tabu
search approach was used for scheduling this problem. Several models of neighborhood structures
and tabu lists were designed corresponding to the scheduling goals. The resulis revealed that the
production schedule created by using the proposed tabu search can reduce makespan and the
number of tardy jobs compared Lo scheduling with Shortest Processing Time and Earliest Due
Date methods. It was found that the proposed tabu search cutperformed the scheduling methods
from previous research when using real production data sets in comparison. The average

makespan and the average number of tardy jobs were decreased 17.5 % and 1.8 jobs, respectively.
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a 4 o o
MINMARUIN N-1 HadWEN ARty INIsTIasIRInouN AR 17 Toyn1 (Guuuy 1)

s . . mmunmy‘ﬁ' 10-60% YBITTHIUNIN
o |SMIN| 91U
I | 0.1 0.2 0.3 0.4 0.5 0.6

dym | au in3eadns Conax | NL | Coa | NL | € | NL | Cn | NL | C e | NL | € | NL
jobl 20 2 1073 2 [1048| 1 | 1058| 2 | 1058 2 [1048| 1 | 1047 2
job2 20 2 1013 1 11009 | | 1009 1 | 1003} O | 1002| | | 1009) !
job3 20 3 622 0 (635 | 1 | 592 0 | 592 0 |592]| 0 |592] 0
Job4 20 3 580 | 0 | 597 | O | 575 O | 576 0 |91 0 | 517 O
jobs | 40 2 1836 1 |1822] 1 | 18241 1 |1834] | |1827| 0 |1832] I
Job6 40 2 1624| O | 1604| 0 | 1609| O [1611| O [1614] O | 1620( O
job7 | 40 3 1350 2 [1347| 2 | 1335| | |1348| 2 [1344| 2 [1354| 2
Job8 40 3 10750 0 11093 O [1093] O |1096| O [1092] O | 1104) O
job% 80 2 3826 3 |3836( 3 |38l6| 3 |3854| 2 |3824| 1 |3850( 3
jobl0 80 2 4205| 9 [4248| 9 |4193| 9 [4228] 8 |4231| & [4215| 8
jobl3 | 60 2 3035) 2 |3017] 3 |3031( 4 | 3023 3 |3029| 3 |3036| 3
jobl4 60 2 3065 O [3066] 0 |3063| O (3058 O |3072] O [3060| O
job21 | 30 2 1483 | 1 | 1468| 1 | 1473| 1 | 1461 1 |1478| 2 | 1463 1
job24 30 2 2240 1 (2213 1 122461 1 [2240| O |2246| 1 |2247) 1
job25 [ 50 2 2653| 4 |2648| 5 [2650| 5 [2634| 5 |2646| 4 |2656( S
job28 70 2 3677) 1 [3678| 2 [3688| 2 [3665| 2 |3666( 1 |3666( |
job29 | 70 2 3548 2 13562] 1 [3566) 2 |3569| 2 |3572] 2 |3589| 2

Fhm?iﬂ 2171 2 j2170( 2 |2166| 2 |2168) 2 | 2169( 2 | 2168 2
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MINMARUIN A-2 HBaRENsnanesymmsiiassdoneuinaed 17 Jgmi (uuy 2)

4 . : ﬂ'J]!JﬂTJﬂ}uﬁi 10-60% UBIWIMIMNY
¥e |d1wu| Sw
0.1 0.2 0.3 0.4 0.5 0.6

Taym| 0w T indpadns Cmz |NL| Com |NL| Cog |NL| Cpze |NL| Com |NL| Cum | NL
jobl | 20 2 1035 | 1| 1018 [ 1| 1ot | 1| 1028 | 1| 1025 | 1] 1305 | 1
job2 | 20 2 1083 | 1| 990 | o 995 | 1| 1013 | 1| 1018 | 1| 999 | 1
job3 | 20 3 619 | 0| 580 [ 0| 574 {0 574 | 0| 570 O | 565 | ©
jobd | 20 3 574 | 0| se1 | 0 s62 [0 s63 | 0| 569 [0 571 |0
jobs | 40 2 1860 | 2 | 1860 | i | 1852 | 1| 1861 | 1| 1855 | 1| 1851 | 2
job6 | 40 2 1612 | 0 | 1607 | 0| 1636 | 0| 1636 | 0| 1642 | 0 | 1666 | I
job7 | 40 3 1380 | 3| 1359 | 3| 1392 | 3| 1382 | 2| 1384 | 3 | 1402 | 4
job8 | 40 3 i oy | o 1108 | o 130 | o 1122 0| 1124 | 0
jobd | 80 2 3890 | 3| 3921 | 3| 3948 | 3| 3950 | 4 | 3937 | 5| 3954 | 5
joblo | 80 2 4276 | 9 | 4254 | 10| 4302 | 9 | 4319 | 10| 4323 | 11| 4329 | 11
jobld | 60 2 3048 | 2 | 3066 | 4| 3093 | 3| 3101 | 4| 3097 | 4 | 3131 | 4
job14 | 60 2 3G [ 0| 336 [ 0 3107 | 0] 3158 | o | 333 | o 3171 | 1
job21 | 30 2 1503 | v | 1503 | 2| 1490 | 2| 1499 | 2 | 1479 | 2| 1513 | 2
job24 | 50 2 2265 | 1| 2270 | 1| 2269 | 1| 2290 | 2 | 2297 | 1 | 2313 | 2
job25 | 50 2 2702 | 6 | 2689 | 5| 2707 | 5 | 2734 | 5 | 2726 | 6 | 2738 | 6
job28 | 70 2 3744 | 2| 3730 | 1| 3760 | 2| 3779 | 2 | 3766 | 2 | 3751 | 2
job20 | 70 2 3625 | 3| 3657 | 3| 3636 | 2| 3672 | 3| 3638 | 4 | 3680 | 5

i 2099 | 2| 2196 | 2 | 2202 | 2| 2217 | 2| 2211 | 2| 2239 | 3
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(gUuuy 3(50))
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s . ] mmm’amyﬁi 10-60% YBINUIUOIU
¥o  |dou| 1w
0.1 0.2 0.3 0.4 0.5 0.6

dum| au 13993 Cox | NL | Croex | NL | Croge | NL | Core | NL | € | NL | € o | NL
jobl | 20 2 1018| 1 |1018] 1 |1018]| 1 |1o11| 1 |1018] 1 |1018] 1
job2 | 20 2 996 | 1 1979 | 1 {988 | 0 |1000] 1 | 993 ] 1 |99 ] 0
job3 | 20 3 574 | 0 |s565| 0 |565| 0 |565|0]574|0/|574]0
jobd | 20 3 596 | 0 1623 | 0 [598| 0575|0576 0|593]0
jobs | 40 2 1797] 0 |1793] 1 [1807| 1 |1807| 1 |1804| 1 |1808] 1
job6 | 40 2 1560| 0 |1554| 0 |1572| 0 | 1568| 0 | 1576 0 |1560| O
job7 | 40 3 1329| 2 [1337| 2 | 1336 2 |1329] 2 | 1329] 2 |1335] 2
job8 | 40 3 1078 0 {1092 0 |1064| 0 |1103| 0 [ 1056 O [1073] 0O
jobo | 80 2 3757 2 [3692| 1 [3745| 1 |3714] 1 [3729] 2 [3717] 2
joblo [ 80 2 4148| 9 |4177| 9 |4148| 10| 4165| 10| 4127] 10 | 4127] 11
job13 | 60 2 2979| 3 (2063 2 [2975| 2 |2989| 3 [2970| 2 |2953| 3
jobld | 60 2 2997 0 |3000| 0 |2987| 0 [2983| 0 |2992]| 0 |2978| 0
job21 | 30 2 1475| 0 | 1480| 0 |1487| 0 |1455| 0 |1472| O |1459| ©
job24 | 50 2 2191 1 [2192] 1 [2194| 1 |2176| 0 [2184] 1 |2186] 2
job25 | 50 2 2619| 4 |2596| 4 |2626| 5 |2608] 5 |2617| 5 | 2595 5
job28 | 70 2 3580| 1 |3535| 1 [3579| 0 [3595| 1 [3570| 0 |3575| 2
job29 | 70 2 2921| 0 |2939| 0 |2921| 0 |2932| 0 |2934| 0 [2947| 0

fundu 2005 1 |2090| 1 [2095( 1 [2093| 1 [2089| 1 |2088| 2
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(gUnuv 3(100))

A . . mmunmyﬁ 10-60% YD HIWNY
0 | 0IHIH| UHIU
0.1 0.2 0.3 0.4 0.5 0.6

dym | nu InSpadns Coo | NL| € [ NL | Conae | NL | Congee INL | C e | NL | C o | NL
jobl | 20 2 1020 1 |1019] 1 |1015] 1 |1010]| 1 |1016] 1 |1010] 1
jobz | 20 2 1002 1 ]992| 1|97 |1 |96]| 0([984]1|989]1
job3 | 20 3 590 | 0 |565] 0 |565] 0565|0574 058 |0
jobd | 20 3 611 | 0 [ 575 0 ]566| 0 |566]| 0 |576| 0 |587]0
jobs | 40 2 1795| 0 | 1791 0 | 1796 0 |1793| 1 | 1786| 0 | 1796| 0
jobs | 40 2 1554 0 | 1570 0 |1543| 0 |1562| 0 [1561]| 0 |1549] 0
job7 | 40 3 1306 1 | 1320 2 [1328] 2 [1325| 2 | 1301 2 |1320] 2
job8 | 40 3 1044 0 | 1063| 0 | 1055 0 [1056| 0 | 1058 0 |i052| ©
jobo | 80 2 36961 1 {3734 1 [3703] 2 |3706] 2 |3706| 1 |3708| 2
joblo | 80 2 4127| 7 [4122] 9 |4134| 8 [4115]| 8 [4117| 10 [4131] 10
jobl3 | 60 2 2052 2 |2958| 2 |2950| 2 | 2949| 2 [2923| 3 [2943| 2
jobl4 | 60 2 2953 0 |2979| 0 {2973 0 |2968| 0 |2962| 0 |2978| 0
job21 | 30 2 1472| 0 [1448| 0 [1445| 0 |1454| 0 [1467| 0 | 1456] 0O
job24 | 50 2 2170| 1 2166 0 |2168| 1 [2181] 1 [2172] 1 |2171] 1
job2s [ 50 2 2594| 4 | 2601 5 [2586| 4 [2605| 5 |2597| 4 | 2578| 5
job28 | 70 2 3540| 1 |3569| 0 |3565| 1 [3570] 0 |3565] 1 [3533] 1
job29 | 70 2 2916| 0 [2941| 0 |2918| 0 |2920| 0 |2938| 0 |2920] O

ﬂ"lm?;ﬂ 2079 1 2083 1 2077 1 2079 1 |2077| 1 | 2077 1
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agMsyaveagluuuMyNosniuy

ATNNIAKLIN -1 FRANVEINATRTAARAINS I Bounta

s |, ) FAINE 1IN nﬁqmﬁwnﬁ’wﬁ"lﬂnﬂﬁ‘umsﬂm
¥o [S1wan| dau . .
natanulugdusyn srununelugiioun
Taym| o |nfeadns| 1 2| 350 | 3000 | 1 2| 3(s0) | 3(100)
jobl 20 2 1059 | 3329 | 140701|140701] 2502 | 13673 | 23951 | 23951
Job2 20 2 3157 | 99784 | 5571 | 59947 | 1092 | 67517 [ 151604 | 124701
job3 20 3 939 4245 61 179 1978 1062 0 |
job4 20 3 3582 32 285 536 857 1440 52 1
jobs | 40 2 162205 | 191654 | 82958 | 136553 | 251674 257903 | 13171 | 555402
Jobb 40 2 241170| 457385 | 213861 | 271201 | 378769 29935 | 14665 | 5004
Jjob7 40 3 260605 | 15421 | 254284 | 378880 4891 (715358 83501 | 88402
Job8 40 3 55206 | 71117 | 6854 | 111008256982 (325770 202 9802
job9 80 2 443138 | 107985 3495701 481000 | 129537 | 700021 | 24654 | 12203
jobl0 80 2 43592 | 34291 | 118423 | 92917 | 578472 449621 | 25010 | 709392
jobl3 60 2 77503 | 23308 | 273878 | 116004 | 282907 | 57472 | 95465 | 36112
jobld 60 2 200488 | 162464 | 2008671275779 1590 | 58848 | 71251 | 1104
job21 | 30 2 50013 | 116420| 77687 | 884907 | 243972 [ 362400 | 44655 | 1623
job24 50 2 75025 | 710164 | 437658 | 130958 | 190234 [ 176858 | 56053 | 10101
job25 50 2 73960 | 8426 | 25897 | 256791 | 294577 | 509962 | 524752 | 26811
Job28 70 2 52790 | 502415 [ 225017 | 346958 [ 165618 | 96449 | 95284 | 4910
job28 70 2 95191 274745 5473 | 160270461031 | 103662 | 145607 | 226604
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@ d 1 ° o o kY © o o a
ayUHadWE R square vosd1uanamitudndsduiag siaunusideatiua?

wafsau

ar  d
AT HNNIARUIN A-1 HAOWENT R squaer ﬂﬂgﬂll‘ﬂ‘ﬂ

o . A1 r square AT square YO IR BINYAVSINHINNH
Awmwve 9| guuum
X x*2 X x"2
1 0.213607378| 0.184984759 0.464492039 0.488503169
2 0.071518441| 0.039177601 0.02475509 0.001754277
makespan
3(50) | 0.203013095] 0.16224278 0.359386249 0.286448455
3(100) 0.028327| 0.01862951 0.002565619 0.002134805
1 0.328010702) 0.28770424 0.767092335 0.726233561
2 0.14375969( 0.130976679 0.030837153 0.030837153
tardy job
3(50) | 0.017755334] 0.006049073 0.005633409 0.02313023
3(100) | 0.100694582| 0.120394794 0.212460927 0.266122549
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1

Hien%

HOV%

C

max

Y%

C

max

1%

C

max

Muu%

C

mex

Hien%

C

max

oY%

4Jobl

3070

12.6

3349

614

241.0

1000

291.0

793

241.0

100.0

2410

1000

241.0

100.0

4Job2

2710

64.5

2710

64.5

200.0

100.0

2000

100.0

200.0

100.0

2000

100.0

200.0

100.0

4Job3

250.0

715

250.0

715

2430

309

204.0

100.0

2040

100.0

204.0

100.0

204.0

100.0

5Jobl

243.0

59.9

248.0

59.9

177.0

100.0

177.0

100.0

177.0

100.0

1770

100.0

1770

100.0

5Job2

307.0

380

361.0

68.2

274.0

100.0

2740

100.0

274.0

100.0

274.0

100.0

274.0

100.0

5Job3

3830

417

3300

63.6

2420

100.0

245.0

988

2420

100.0

242.0

100.0

242.0

100.0

6Job!

184.0

89.2

203.0

177

166.0

100.0

166.0

100.0

166.0

100.0

166.0

100.0

166.0

100.0

6Job2

3240

76.3

468.0

214

262.0

100.0

262.0

100.0

262.0

100.0

262.0

100.0

262.0

100.0

6Job3

358.0

65.9

358.0

65.9

267.0

100.0

267.0

1000

2670

100.0

2670

100.0

2670

100.0

7Jobl

5400

583

5010

68.5

409.0

92.7

3810

100.0

3810

100.0

381.0

100.0

381.0

100.0

7lob2

425.0

18.2

5130

530

3490

100.0

3490

100.0

349.0

100.0

34%.0

100.0

349.0

100.0

Tob3

437.0

733

441.0

72.2

176.0

91.0

3450

100.0

345.0

100.0

345.0

100.0

345.0

100.0

8Jobl

361.0

706

496.0

222

306.0

%0.3

2790

100.0

279.0

100.0

279.0

100.0

2790

100.0

8lob2

476.0

69.2

5200

571

389.0

3.1

364.0

100.0

3640

100.0

364.0

100.0

364.0

100.0

8Job3

571.0

151

605.0

6.1

330.0

942

3120

100.0

3300

94.2

3300

94.2

3120

100.0

9Jabl

476.0

89.0

5330

758

453.0

944

429.0

100.0

429.0

100.0

429.0

100.0

4299

100.0

9Job2

5770

62.0

685.0

36.1

473.0

86.8

449.0

926

418.0

100.0

418.0

100.0

418.0

100.0

9Job3

4470

78.9

477.0

70.7

4020

91.1

399.0

919

3829

6.5

3820

96.5

369.0

100.0

10Job 1

562.0

59.5

580.0

550

429.0

928

4240

94.0

400.0

100.0

400.0

100.0

400.0

100.0

10Job2

417.0

89.7

4170

8%.7

378.0

100.0

3890

97.1

3780

100.0

378.0

100.0

378.0

100.0

10Job3

475.0

56.1

5210

42.1

3330

9%.1

333.0

99.1

3330

99.1

3330

99.1

330.0

100.0

ANRAY

400.1

684

4339

576

319.0

95.5

3114

57.7

305.8

99.5

305.8

99.5

304.1

100.0
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