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Heuristics for Non-Identical Parallel Machine Scheduling with
Sequence Dependent Setup Times
Shiegheun Koh - Karunia A. Mahardini
Department of Systems Management and Engineering, Pukyong National University

This research deals with a problem that minimizes makespan in a non-identical parallel machine system with
sequence and machine dependent setup times and machine dependent processing times. We first present a new
mixed integer programming formulation for the problem, and using this formulation, one can easily find optimal
solutions for small problems. However, since the problem is NP-hard and the size of a real problem is large, we
propose four heuristic algorithms including genetic algorithm based heuristics to solve the practical big-size
problems in a reasonable computational time. To assess the performance of the algorithms, we conduct a
computational experiment, from which we found the heuristic algorithms show different performances as the
problem characteristics are changed and the simple heuristics show better performances than genetic algorithm
based heuristics for the case when the numbers of jobs and/or machines are large.
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Table 1. Results of numerical experiments
n =20 n =130 n =40 n =50
mean min max mean min max mean min max mean min max
IBH 0.98 0.92 1.00 0.99 0.97 1.00 0.99 0.98 1.01 1.00 0.97 1.01
B GAl 0.93 0.87 0.98 0.95 0.93 1.00 0.95 0.93 0.97 0.98 0.96 1.00
m=2 GA2 0.93 0.87 0.98 0.95 0.92 1.00 0.95 0.92 0.97 0.97 0.95 1.00
J&K 0.94 0.85 1.01 1.01 0.96 1.05 1.04 1.00 1.08 1.09 1.06 1.12
IBH 0.99 0.95 1.03 0.99 0.94 1.01 1.00 0.98 0.01 1.00 0.97 1.01
o= 3 GAl 0.94 0.88 0.99 0.95 0.89 1.01 0.99 0.96 1.03 1.01 0.98 1.04
GA2 0.92 0.87 0.96 0.96 0.89 0.99 0.98 0.95 1.02 1.00 0.97 1.02
J&K 0.94 0.88 1.01 0.98 0.93 1.01 1.05 1.02 1.08 1.08 1.05 1.13
IBH 1.00 0.95 1.07 1.00 0.95 1.05 0.99 0.97 1.00 0.96 1.04
S GAl 0.94 0.88 0.99 0.99 0.94 1.05 1.03 0.96 1.08 1.05 1.02 1.11
GA2 0.92 0.86 0.99 0.97 0.93 1.03 1.02 0.94 1.06 1.03 1.00 1.11
J&K 0.90 0.86 0.97 0.98 0.93 1.05 1.03 0.95 1.09 1.08 1.05 1.14
IBH 0.98 0.93 1.00 0.99 0.92 1.03 0.98 0.94 1.00 1.00 0.97 1.02
o s GAl 0.91 0.87 0.97 1.01 0.89 1.09 1.04 0.98 1.14 1.08 1.01 1.14
GA2 0.90 0.86 0.96 0.99 0.92 1.07 1.03 0.97 1.09 1.06 1.01 1.12
J&K 0.85 0.82 0.90 0.97 0.89 1.04 1.01 0.96 1.07 1.05 1.01 1.10
F AT wets NAD ZAGE vEmm)o] ARAFE a8 EHGAl © GA2)Y 2L2AZte] HAZ Joo and Kim
B A7 f4 dugFo] Judez £ A& T (20120)9 GA DRET ZthE AL WA E £ 9o A
3o &5 9 X#‘”«lT 7t ARFE I Aol = AZGgE A& & Ut
2) 71AY F(m) F& AN ATt BotdrE @ w3 dugEe F 01] ALl AZd &4 )7t A
< Fe 28 BHY 2H7E f4 daFel vls) $F AW 22ALE BARNAL NAY Fm)e 28T 2
At F, #AY B Ert S A daugEY JFS nAA dEgE AL o] £2 F & ¢ Aok 28y
Aol GAAA Ak E& ZE A9 ABHAE E o]f3 A8 A7t WsloE B7ety FAAQ B A B
At g Fe2go] 78 SuYFEG H ¢t 2 gd g Feag e BRol1 §4 ¢ugE Ak Fex
HE BAFE A2 )¢ ol g Holgt & 4 9t} H T A 3ol| A 2 -g8t7]d A8 A7) 18] 44 ¥oha
3 ABALE JIAFm) FE AUFmt B AFHEAL  F 490
ol e mxn grol ek 150 23H)oll= IBH €18 &S
AR, T8 A & Aol 7IA AYa vl &l Table 2. Computation time for GA-based heuristics(seconds)
o o ;;;;gjj;; B im(20126) GAl | 002 | 004 | 010 | o014
QAT A Al T Y 4l m = GA2 0.02 0.06 0.11 0.15
deont £YALY BN Sae ol 45E 4o SR
B}, A& <Table 2>l 2] 5o Mgﬂ% 4GB RAM % 2. 60GHz GAl 0.02 0.06 0.09 015
G620 CPUZF A28 pCAA C++ Aol T ® e = m = GA2 0.03 0.07 0.11 0.18
AEHAL W] 2 AT B e 2 A3 ao]q, &K | 0.01 0.01 0.05 0.05
01 uﬂolEm(n m) 23] w2k Je ol e, Fo % Gal | 004 | 004 | 009 | 010
o thé 2 2EBH D IBH)S) SHAEE w4 Fope M T GA2 | 0.03 0.06 0.10 0.14
2 041:}“ 74011—/]_ b Fe 29 AL AQA7he] BE J&K 0.01 0.04 0.03 0.09
0.01% u]u]-o] ] =S H]Lo}‘_ 7/\_‘% @_Qﬁﬂi%«l GAl 0.03 0.04 0.09 0.11
0 & 747 01;‘51;]. ot »3]_9;‘ 7] W Eo]t}, m = GA2 0.01 0.06 0.08 0.10
<Table 2>8 A 02 FoHH B AT AN T A &K | 002 | 002 | 004 | 009
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