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Heuristics for the No-Wait Flow Shop Problem with Makespan Criterion
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Abstract  This paper aims at finding a permutation of jobs for the no-wait flow shop (NWFS)
scheduling problem with the objective of minimizing makespan. First, after investigating the
property of the solution of NWFS, a speed-up method with the computational complexity O(n) is
developed for calculating the makespan of a permutation. Second, a discrete particle swarm opti-
mization algorithm (DPSO) is presented for solving this problem. Two kinds of neighborhood,
insert neighborhood and multi-insert neighborhood consisting of multi-insert, which performs
several inserts simultaneously in a single iteration of algorithm, are fused in the algorithm to bal-
ance the exploration and exploitation. A short-cut for insert neighborhood is also proposed.
Third, an anomaly in NWEFS is studied where increasing processing time of some operations may
decrease makespan. Several theorems about this anomaly are reported, and an improvement pro-
cedure by slowing down some machines is designed for a permutation. Last, computational tests
based on the well known benchmark suites in the literature show that the presented DPSO is ef-
fective and efficient on finding optimum or near-optimal solutions, and that slowing down some

machines may result in significant reduction of the makespan yielded by DPSO.
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Rec35 10 X50 4718 —6.08 1.1 —6.17 1.1 —5.91 1.1 —5.13 105.0 —6. 47 0. 26 0. 26 —8.98
Rec37 20X 75 8979 —09.41 2.5 —9.49 2.6 —9. 36 2.6 —8.2 635.0 —10.02 0.14 0.77 —12.94
Rec39 20X 75 9158 —7.00 2.5 —6.99 2.6 —6.91 2.6 —5.67 897.0 —7.23 0.18 0.89 —10.81
Rec41 20X 75 9344 —8.78 2.5 —8.57 2.6 —8.82 2.6 —6.77 883.0 —8.93 0.15 0.87 —12.47
Hell 10X 100 780 —8.08 3.8 —8.21 3.9 —8.33 3.9 — — —8. 87 0. 20 1.24 —10.33
Hel2 10X 20 189 —5.29 0.2 —5.29 0.2 —5.29 0.2 — — —5.29 0. 00 0. 00 —7.78
STy —6.50 0.9 —6.59 0.9 —6.56 1.3 —b5.65 142.49 —6.74 0.07 0.21 —9.10
2 A, (4) )\ DPSO # ol 3F 25 37k & 4~ 8 i 1

(D) t# DPSO 5 TS, TS+M Fl TS+ MP. %
F TS+M & 3 Fpak 48 2500k b i fe i 5
TESAL L3 DPSO 5 TS+ M. &l il 5 401 >k &
DPSO Xf 14 NMEFI R ES R T TS+M,7 &
BT 45 R DPSO %+ TS+M, B 3 MR
TFEEHR S T TS+ M; a8 H K F % F T4
Bg KT 50 B4, DPSO Frig 45 B ¥ T TS+
M, i L Fifi % [0) 83014 BASE 1 K, DPSO 9 11 1 i ok
R I s VAR 25 ok DPSO LT TS+ M. gk
PR AR E R E LSS DPSO SR A AL A 3 4% T
TS+M A3 %%, {H & DPSO {14 - 35 i} ] A 2] TS+

M a@%. R 1 1T A3, 7 RV RE 88 B6F [ ) DPSO 45

Ve SR i B L B DPSO 4 F TS+ M.

(2) H#% DPSO 5 HPSO. DPSO % fir 45 & 4 (1
PHEESE R F HPSO. 1 EL K 1) 5 B8 K
DPSO xf HPSO # 4 Pkt 48 . B 4% DPSO % H
() b B 25 %A F HPSO (9 4 B 25  {H L1550 fif (] 22
gt /N HPSO Y315 ik |). A e w] 1, DPSO A1
F HPSO.

(3) DPSO Fr s 22 477 228/ o 10 AN 45
M7 28 0. e K7 2220 0. 26 %. X F B DPSO
VR B ) R

A R AR A B T ROR B . HLRE R TR RO
IRCRUNNE i S P S I N C R NI I $ i
SIS 2 G 25 AR T 3506, 3k R BT SE K B 8 T
R I TRk 8] RE A A% 4 0 A= 7 A 3.

6 LHRIE

ASCHETE T VAR ™ 5 391 o0 B 19 D6 45 i K %
TR DIG A 9 J3E TR 192 288 T L1 DG A 20 S P 2 < ¥ 5
SR S OB 7 E 98 AR R 2R S U 48 )5 1
Ao S A T e o T [ A — 2 S P A R R O 56
2 G AL RBURFAIE & $5 1T — b AR 7 o S0 1 B 5
A — b4 A Bl 408 355 1) RS Rk s o A 1l — Ik
[l 5 SR AT 22 A 52 % Bl 1 22 40 A RS 3 4T O
T AR B BESE T S R AN R AR L O
F T3 o A K T 0 A ) R E 9 7 56 5
5. 5 FLSLHR R W] T AR Bk B AT AT A A R
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gorithm to combinatorial problems is due to its continuous
nature. To remedy this drawback, Pan, Tasgetiren & Liang
presented a novel variant of PSO algorithm, called DPSO al-
gorithm. In this paper, the authors apply DPSO to solve the
no-wait flow shop scheduling problem with makespan criteri-
on and propose an improvement procedure by slowing down
some machines for a permutation. Computational tests show
the effectiveness and efficiency of the presented method. This
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