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Genetic Algorithm with an Effective Dispatching Method for
Unrelated Parallel Machine Scheduling with Sequence Dependent and
Machine Dependent Setup Times
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This paper considers a unrelated parallel machine scheduling problem with ready times, due times and
sequence and machine-dependent setup times. The objective of this problem is to determine the allocation
of jobs and the scheduling of machines to minimize the total tardy time. A mathematical model for
optimal solution is derived. An in-depth analysis of the model shows that it is very complicated and
difficult to obtain optimal solutions as the problem size becomes large. Therefore, a genetic algorithm
using an effective dispatching method is proposed. The performance of the proposed genetic algorithm is
evaluated using several randomly generated examples.

Keyword: unrelated parallel machine scheduling, sequence-dependent and machine-dependent setup
times, genetic algorithm
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<Chomosome>
il gk
. [ —: ___________ !
Machine 1 e Pil | Sikl ! Pr i Pi1 | Sin Pr
________________ | .
Machine 2 . Pj2 Sik2 Pi2 Pj2 | Sikz -‘ Pi2 i
| .
7, 7 Time
(a) Case 1 (b) Case 2
Figure 1. The Dispatching Rule for Job k to the Corresponding Machine
<Chomosome>
(a) with special character 2| 4|8 3| |7 1 6| 9] 5
(b) with dispatching rule 2 7 1 4 6| 8 3 9 5
<Corresponding schedule>
Machine 1 So21 P2 So4 P+ Sig1 Psi Sg31|  P3t
I
Machine 2 So72 P $712 P12 S12 | Po2 Seop| P2 So59 P32
T I I I :
72 7 n T 73 s Yo T3 75 fime
Figure 2. Chromosomes Representation and Their Corresponding Schedule
point point
v v
Parent1 | 4 | 2 | 6 | 8 1 * 3191715 Parent1 | 4 | 2 | 6 | 8 1 319|715
h b
Child 4 2 6 8 7 % 5 9 3 Child 4 2 6 8 1 5 9 3

y <

__——=rrv 3 __—— =TV 3

Parent2 [ 7 [ 8 | 1 | 4| « | 5| 92| 6] 3 Parent2 | 7 [ 8 | 1 | 4| 5| 9] 2 (6|3
(a) GA_SC (b) GA_ DR
Figure 3. One-Point Crossover
Al 10] EE G AUABAGNLE 2T ditH o FASIYES o

<Figure 2> & AT A A A 2GS HHS o A o] A Ak(crossover), & 11 ©] A 2K (mutation), A A 2H(reproduc-
E QA 28 ol the GAA G = et Fol @4 don) Al 7HAl RAARY S-S ol &t A E S A
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rithm with Dispatching Rule : GA_DR)O] A= 7Fs(infeasible)dl] & WY A 71 A &1 thofal o & ghAle &
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AQEA 1A G EA 9 A A 2 T

point 1 point 2
v v

Parent 4 2 6 8 * 1 3 9 7 5

Child 4 19| 6| 8|« |1 3 (2|75

point 1
v v

Parent | 4 2 6 8 1 3 9 7 5

Child 419 |68 1 31 2|75

Figure 4. Swap Mutation

(2) GA_SC
Yoz Mdd F He 435 ndste] 2A4S M 1S
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AdulolHE AT 24 71 A A 7 2o AGA
{30, 601 T AIZE 73 ol A, 24 F 1] AZEE (10, 301
AZEFE WA Yo E A A T H 2 A Y En AT
AAFHNTY 70%E 1ABFAT AP FAFS A T
TA AL 012 A 8 7] ZHplanning horizon) o] U] ol A ¢
A3tE, 71 7H4 0] 90, 1801 Al ZE oW 2 EH £ F 3}
CEAANTEY 31 903} 4 180 ZHP AT 2 F )
of Hjgtel vl e E Aottt YukA o2 WHI|A dA
JEA o] ER/EE 7AS B A7 5ol g net &
P A Atk webA GA_SCH GA_DRE] 4thd H5H7HE
HEH 7NATE 2,3, 40 &2 1A, 71 AT B @%‘T% 5,
10,20, 307N & F7HA A A3 & ATt 2 127019 AF
ol tha 247 37) A 3l o] H(instance) & A A 3k F 3670 9
Aol HE A s, 2 Aol el sl 108 &4
& Nttt 24 9] AgdolEd i F AT 2 A
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Table 1. Number of jobs and Planning horizon

Machines 5 3 4 Planing
Jobs/Machine horizon
5 10 15 20 325
10 20 30 40 650
20 40 60 80 1,300
30 60 90 120 1,950

Al 27 AAT EFAF ZF T HFs = ILOG
CPLEX 10.2& A g3}o] 13141 % T frA g & C#
S o] &3t FdEP o, RE AF L 1.86GHz Intel Core 2
Processor, 2GB RAM S| PC& ]%O}Oq TE«EQ Aok FAETE
Z getE 242 AAE GA_SCH GA DR 25 o F &9

TE 2-nl0 % S5, wAHO &I AW &L oY 7}
2 23| o] AgARo M Mg F& HAee ﬁ_%ltd 0.73}
0302 FY3tAtt TE T 23t A o d vl S ¢
F3k7] 9Jskel GA SCY F AT+ 200002 GA_DRJ
A4 1,0000.8 4 %sloi),q HFA Q] 3§ SAATHS
AbetA skath A A E-E <Table 2>l A 2|33t

GA SCS GA DR| Ath & vl w A& & AJ33t7] Aol WA
HA s oo AjA A vlwE A8l 74T Bt A re 57
Q22 R FAE e AEES At Att 7145 2,3,
4901 3 B E ZH7E 37) A E vlol o el EFATER =
CPLEXE 33 A3, 7]7 2t 7459 A HA HolE &
73.250%, F HA| Hlo] B & 430.368%, Al MA H|©]H = 9050.150
Z gt HH& & T2t H o 714 3, 4TQ] A 59 ZE
olE ol thall A= 108002GAIZhW Al H A& E&3HA Kot
Stk =2 HHs)= 77] 33,77, 972 ©|:= GA_DRE] A3}
9} W W3} H(<Table 2> 1), GA DRO| A& A 5o] 1
7F AlgHE A ol tal S-rEe & AT

AAE FEEo A8 dolHEe g4 Azte]
CPLEX °J3f HAE g 2o E7F53IEE, GA_SCa <}
GA_DR3| 9] Al vlu & %’—lﬁﬂ 2 (13)8] | 93 GA_
SA thH] GA DRE] At 2191 74 &(Reduction Rate : RR)E ©]
£33t

4o ofy

Mean(GA_SC) — Mean( GA_DR)
- Mean(GA_SC) <100 (13)
<Table 2> &= RE A& ¢ o]E 2] 10 9 HHEof T3t GA
SC9 GA DRO| 39| H# Fh(mean), H v A o) H A} (Mean Abso-
lute Deviation : MAD), =38 AJ7F, 18] 1 GA SC t)H] GA DR¥]
RRE 23T <Table 2>¢] Ag A7E HH GA SC Hf
H GA DR® RR ZA ¥ o] 2897%Z GA DR 3|7} GA SC
ol wls| FA3 sttt ole EFEAE o] &3 EA



Table 2. Performance Comparison for GA_SC and GA_ DR
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Testing Data GA_SC GA_DR RR%)
Jobs/Machine Total jobs Machine Mean MAD Times Mean MAD Times ’
40.4 29.31 0.291 37.2 18.06 0.238 7.92
10 2 113.7 21.69 0.286 77 0.00 0.236 32.28
113.8 19.75 0.292 100.3 4.61 0.236 11.86
115.9 32.86 0.604 92.6 10.93 0.619 20.10
5 15 3 38.3 52.69 0.603 24 130.00 0.610 93.73
97.7 14.76 0.604 78.6 12.72 0.609 19.55
172.1 29.13 1.051 105.7 17.26 1.273 38.58
20 4 165.9 28.14 1.041 60.4 27.42 1.285 63.59
167.2 56.58 1.042 17.2 82.79 1.264 89.71
236.6 18.87 1.014 220 21.73 0.867 7.02
20 2 2335 29.51 1.009 150.8 25.20 0.863 35.42
991.9 8.05 1.011 992.7 2.03 0.865 -0.08
218.2 31.64 2.212 58 61.38 2.351 73.42
10 30 3 311.2 50.39 2.197 100.1 69.45 2.344 67.83
552 32.21 2.232 517.4 31.77 2.392 6.27
251.1 57.08 3.792 112 23.04 4.786 55.40
40 4 556.8 39.40 3.789 230.3 38.25 4.763 58.64
555.1 41.35 3.809 439.5 26.85 4.666 20.83
1823.8 4391 3.763 8125 13.56 3.282 55.45
40 2 2875 33.98 3.721 2210.8 22.62 3.280 23.10
2303.6 32.49 3.740 1682.3 10.07 3.232 26.97
1855.7 41.56 8.412 2249.4 27.10 9.212 -21.22
20 60 3 2904.6 24.00 8.451 2513.3 21.40 8.905 13.47
941 49.93 8.363 383.4 50.15 9.485 59.26
3885.2 33.30 17.577 4781.3 27.70 19.572 -23.06
80 4 2478.4 18.25 17.494 2712.7 19.13 19.046 -9.45
3277.8 28.78 17.596 2106.1 40.57 19.175 35.75
1959.8 36.30 8.480 863.8 23.94 7.486 55.92
60 2 2248.2 50.12 8.343 1092.4 21.00 7.505 51.41
2371.1 31.79 8.460 2007.1 19.47 7.684 15.35
5748.6 20.90 20.305 5697.3 17.42 20.571 0.89
30 90 3 6875.1 20.80 20.042 4782.7 32.87 21.330 30.43
4162.9 5L.15 20.232 5801 31.58 20.634 -39.35
7385.2 41.71 41.995 5670.1 26.01 45.122 23.22
120 4 7312.8 42.25 41.399 5037.7 16.49 44.524 31.11
8604.3 32.45 41.360 7619.3 18.41 44.620 11.45
Average 34.09 9.073 28.97 9.581 28.97
o v, %ol 27 WAglel 948 FAERHE 2L S 4 9o,

S 0] 83 FA 7

AAGEZA O e GAY] 5 A T Alte M S
¢ 5 AT S FAALE F AYTT B g S
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LR o] AAEA AEA EEHA ALY +8 0]
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EAA 22 GA SC tH] GA DRE| $44& AZ3}7] $l8)
o 95% A & 742 3 3} Tukey HSD(Honestly Significant Diffe-
rence) intervals = 7] A g 29| Wgke} 7] A9 wigtel o
2 5 9082 rrol 0 o5% A9 7o AT EA3
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(a) Jobs/Machine Group
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Figure 5. Mean Plots and Tukey HSD Intervals at the 95% Confidence Level for Machine and Jobs/Machine Groups
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