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% 2 Taillard X > F~ — 7 BREFNC K 3 5 FHRAE R

Instance NEH [8] NEH-D [12] PRgkg [11] E-NEH ALL

n m avg time[s] avg time([s] avg time([s] avg time([s] avg time([s]
20 5 3.30 0.00 2.70 0.00 2.71 0.00 2.09 0.00 1.97 0.00
20 10 4.60 0.00 4.08 0.00 3.68 0.00 3.16 0.00 2.75 0.00
20 20 3.73 0.00 3.82 0.00 2.91 0.00 2.68 0.00 2.66 0.00
50 5 0.73 0.00 0.89 0.00 0.88 0.00 0.40 0.00 0.36 0.00
50 10 5.07 0.00 4.90 0.00 4.84 0.00 3.97 0.00 3.78 0.01
50 20 6.65 0.00 6.12 0.00 6.42 0.00 5.15 0.01 5.09 0.01
100 5 0.53 0.00 0.41 0.00 0.54 0.00 0.25 0.00 0.21 0.02
100 10 2.21 0.00 2.16 0.00 2.24 0.00 1.66 0.01 1.61 0.03
100 20 5.34 0.00 5.65 0.00 4.99 0.00 4.69 0.02 4.61 0.06
200 10 1.26 0.01 1.24 0.01 1.24 0.01 1.05 0.03 1.01 0.07
200 20 4.44 0.01 4.57 0.01 4.15 0.01 3.93 0.07 3.79 0.12
500 20 2.07 0.08 2.13 0.08 2.13 0.08 1.91 0.38 1.80 0.75

AVERAGE 3.33 0.01 3.22 0.01 3.06 0.01 2.58 0.04 2.47 0.09
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NZ1 AVERAGE T 0.18, 0.21, 0.19, 0.88, 1.16 Tdh 5. E-NEH (Ific> NEH X— 2D FiE L 0§ 4.5 1%
BR300, ALLIS® L CIER 0.75 8N S iz, Taillard DR F~—27 DA L i LT, E-NEHOD
SHERMAEML7Z. LML, VRF OXRF~v— 2T HMOREL, o NEH XR—2ADFEL Y 8
NTWD. LLEXVEREICS bR EZETET 25002 TOMEFICIS W TR RER L
TOHEMIMEER L.
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Instance NEH [8] NEH-D [12] PRgkg[11] E-NEH ALL

n m avg time[s] avg time[s] avg time[s] avg time[s] avg time[s]
100 20 5.71 0.01 5.61 0.01 5.44 0.01 4.84 0.02 4.82 0.04
100 40 5.47 0.01 5.31 0.01 5.25 0.01 4.78 0.04 4.60 0.06
100 60 4.95 0.01 4.51 0.01 4.70 0.02 4.28 0.06 4.23 0.09
200 20 4.23 0.02 4.02 0.01 4.17 0.02 3.72 0.08 3.60 0.11
200 40 4.71 0.03 4.66 0.04 4.56 0.04 4.27 0.13 4.19 0.22
200 60 4.60 0.06 4.35 0.07 4.45 0.08 4.03 0.22 3.99 0.37
300 20 3.00 0.04 3.03 0.04 3.00 0.05 2.71 0.13 2.45 0.22
300 40 4.08 0.07 3.90 0.07 3.97 0.07 3.65 0.28 3.56 0.44
300 60 3.93 0.12 3.91 0.11 3.85 0.11 3.55 0.50 3.52 0.73
400 20 2.56 0.06 2.43 0.05 2.44 0.05 2.17 0.24 2.04 0.33
400 40 3.66 0.13 3.51 0.11 3.57 0.11 3.28 0.50 3.12 0.72
400 60 3.56 0.20 3.47 0.19 3.36 0.17 3.17 0.93 3.14 1.16
500 20 2.27 0.08 2.23 0.11 2.00 0.08 1.86 0.36 1.77 0.50
500 40 3.20 0.18 3.11 0.21 3.00 0.18 2.90 0.99 2.86 1.10
500 60 3.12 0.27 3.20 0.34 3.10 0.28 2.82 1.54 2.79 1.79
600 20 1.57 0.12 1.64 0.13 1.61 0.11 1.50 0.58 1.47 0.72
600 40 3.13 0.23 2.98 0.36 2.97 0.24 2.78 1.42 2.69 1.57
600 60 2.93 0.40 2.94 0.44 291 0.38 2.73 1.68 2.68 2.54
700 20 1.40 0.16 1.23 0.16 1.30 0.16 1.13 0.74 1.11 0.96
700 40 2.77 0.34 2.60 0.46 2.65 0.34 2.49 1.55 2.43 2.13
700 60 2.75 0.54 2.71 0.59 2.69 0.53 2.55 2.65 2.53 3.51
800 20 1.23 0.20 1.15 0.26 1.13 0.19 1.08 0.90 1.07 1.25
800 40 2.46 0.45 2.50 0.49 2.38 0.54 2.32 2.16 2.24 2.76
800 60 2.71 0.68 2.67 0.73 2.57 0.73 2.52 3.46 2.47 4.43

AVERAGE 3.33 0.18 3.24 0.21 3.21 0.19 2.96 0.88 2.89 1.16
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The Permutation Flowshop Scheduling Problem (PFSP) is an important manufacturing scheduling
problem where n jobs have to be processed on m machines, with each job following the same order at
the machines. Since the problem to minimize makespan has been proven NP-hard when the number of
m is larger than three, a number of heuristic methods have been developed for finding high quality
solutions in a reasonable computation time. NEH heuristic is one of the most efficient and effective
constructive heuristic methods for PFSP. NEH algorithm consists of two key steps 1) order jobs based
on priority rule (the original one is the sum (average) processing times of each job); 2) insert jobs one
by one according to the initial job order to construct a sequence (solution) of n jobs by testing all
possible inserting positions for unscheduled jobs. Since the first step is crucial for the resulting solution
quality, many different priority rules have been investigated. It is well known that the priority rule
based on two moments of the average and standard deviation of processing times to order jobs is
effective. Furthermore, a more effective priority rule including a third moment called skewness has
been developed recently. In this paper, we present an extended NEH based method called Extended
NEH (E-NEH) for PFSP in which the appropriate combination of moments is selected from the three
moments step by step, depending on the search situation. Computational results on benchmark problem
set showed that E-NEH obtained better results, or at least the competitive ones, than the original NEH
and other NEH based methods including the rules based on the three moments although more
computation times are required.
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