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A double level mutation iterated greedy algorithm for blocking hybrid flow
shop scheduling
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(1. School of Computer, Liaocheng University, Liaocheng 252000, China; 2. The State Key Laboratory of Synthetical
Automation for Process Industries, Northeastern University, Shenyang 110004, China; 3. School of Information Science
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Abstract: Hybrid flow shop scheduling (HFSP) is a frontier direction in the manufacture field, and it is of practical
significance to study the problem with blocking constraints. Aiming at the blocking hybrid flow shop scheduling problem
(BHFSP), this paper establishes the mathematical model of the BHFSP with the objective of minimizing the makespan
and describes its calculation process in detail. Based on the zero buffer characteristic, an iterative greedy algorithm based
on a double level mutation (IGDLM) algorithm is designed to solve the BHFSP. This paper analyzes the advantages and
disadvantages of the traditional IG algorithm, and a double level mutation strategy based on the blocking characteristics
is proposed to improve the diversity of the solution, balancing the global exploration and exploitation abilities of the
proposed algorithm. The 100 test instances numerical simulations and statistical comparison with five representative
algorithms show that the proposed algorithm integrating the double level into the IG algorithm is able to get a better
objective value, and provides a better scheduling scheme for the medium and large-scale BHFSP than the compared
algorithms.

Keywords: blocking; hybrid flow-shop scheduling problem; iterated greedy algorithm; double-level mutation; maximum
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step 1: 2 Az pfront 5[] 5 41 7 25 1 ML E ) L
Py, TR pBaek iR ) 7 51 1 B Ja — M E I T 7y,
LYy M, BB r = {ny,m9,...,my_1,m}, WE
o T r = o, BWREFEAL AR 7/ T, bk
BTN AT = {7y, T2, Ty 1,71}

step 2: piront R — ML E, pBPack g fE — ML E,
LHer = {ry,ma,..., 75 1,m ) PN TERFTTE A
) LA mo My, 33 7 = {7,751,
R T 7, W r =7, 850w AR AR,

step 3: B & step 2 I £ 1E, B 23 & pfront >
pBack 552 R B 4 R
24 EZEN

PAT A LI R, 75 AW AR A BT E N T
— XS 5IEARMIAR, — T 5, f5 7 B PR 22 52 1 U 2
A TR LG AR A 1 52 T TE) SRR U] 24 Wi A
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A OG0, 75 05 35 2 R ff. I ERAE BAR T R 5 AT (H
TEZ FEME I DR R B RCR I AN IR, PR, A ST A P AR
#1iR ‘K (simulated annealing, SA) /£ | $& Tt fi# 1) 2 £
PR8I AR g G ST A= A 1 1 B A 0 2 T A,
U ¢ S 4 48 8 DL — 5 A5 (0 random < exp{

(Crax (meurent)  — O (70781)) /Temperature},

5 J
Temperature = T'- (Z pr-)/lo -J- S, random

s=1 j=1

eaM)TemJﬂﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁ
o 4 i

3 ALK

AR SC T H VL BT Visual Studio 2019, C++ 5K
B, 17 H #E Windows10.0 R 4t, 4k P 2% Intel Core i7,
2.60 GHz, 16 GB RAM ] PCHL_F3& AT, £ I ik 1] 73 1)
TAHCEBUETEE 2 T € {20,40,60,80,100}, T4
IR BERUMETE I S € {5, 10}, AP B R bl 21
IANECN M, € {1,5}, I LS E p, ; € {1,99}. 34
10F AR AT x S), R A& EEE 10
REFEH],HE5 x 2 x 10 = 100 4NF B, 43t 2 KT
LW, S P,  THRENP, =0.1,T =0.5.

AT AT AR SRR ) IGDLM Sk P g, 561
FA R, ¥ 1z ik 5 A5 401G kR DL RIFEH T
fift TR HFSP [{) GA SVEM | A 2% S 1A (effective
migrating birds optimization, EMBO) &8 B HA
T4 ¥ (discrete artificial bee colony, DABC) % y:[1%)
N et B BORL - 3 A fL (discrete  particle  swarm
optimization, DPSO) 5220 AT Lh A%, H HE R RV
SR B MR PR

*1 BENSHRE
FER/IN R AR 8 A R A e 5 A E R T BRI T

Sk P size d P, P,, a T
IGDLM 1 4 / 0.3 / 0.5
IGA 1 3 / / / 0.5
GA 100 / 0.7 0.1 4 0.85
DABC 20 / / / 30 /
EMBO 25 / / / 10 /
DPSO 100 / / / 200 /

[E A, N 7 P I, 1B 200 26 Timelimit =
J x S x CPU,CPU € {5,10}, H— H F|iX Timelimit

AR, B FE ERIZT5 IR
3.1 SHHBRENL

RO SRS R 25 B d 2 R i S B AR R e AR %
B — A2 HAR MU ORI TAFECH a1 i 5k
{1 Jo #8480 28R 4 PR 28 DA W Bk ) SR AL 1k AN 22

B A 25 26 5 T . 6 T A SO BR 2 0 S s
M5, 3ok w5 1) o 82 o 0V 1A 1 BT %, 6 2 1 i) 3
EZEN AR =R B SO RN ISl I Sl c7 BURANI D)
R TF R 1 FE RS, N, A SOt 2 80 d it 47 T UK
FEAR, MR EE N d € {2,3,4, 5,6}, F FTE 5451 1) 5t
K58 T A] (R P 3B R 4 R, 45 K 3 Fow.

2875.0
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2 3 4 5 6
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BRAR T BIRISOE . 2d > 4, BREEEA
BRI SIOH B (H R Jm) 48 2R e 22 . IR, AR SC
HFEd = 4 0] DLV S RSSO AN SR T 2R
1.

FE R A8 S SR v, AN [o] 1) 2% S MR 26 P, o fie 1
P BB IR 52 w2 FE AN 8], 9 7 4R B B AR A 1K 3 5
0008 B B, A SOt P, 3EAT T B0 RE IR, AR
H£H NP, € {0.1,0.2,0.3,0.4,0.5}, F Bt & 5451 (1)
e K 56 I TA) RSP 3B AR R 45 2R, 45 3L an 1 4
Fi7s. 24 P, = 0.30F, A% 7 41 i 85 K 58 I [R] {8
/AN Py, < 0.3, A8 e MEER AU, TAF 7 51 g A
(TR BUR /D, BT 3 S W X 22 12 1) S AN B s 4
P, > 0.3, 48 S MRS 55 w8, A4 e 51 oo 1 o oS
Z, FEEILZ RSB AN P4 DRIk, AR Sk
P, = 0.31E N R AR,
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= 2874351
H
35
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Dn
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32 KRS
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5 R Z A2 5 57 1 (IGDLM) BT A3 5481 15 21 1) e K 56 T
I [6] R 35 15 (AVG) PA K B /M (min). 1646, R 23845
H TR 2 K N 0.05 1 Wilcoxon Two-Sided Rank
Sum 358, “17 F1 “1” 435K~ IGDLM (1] AVG {E
min 5 T IGDLMN_DLM, % & 2 5t B 2. £ %2
Hi: “J x §7 FRoR TSR T B, an “20 x 57
FoR 204 TAF, B TAFE A0 54 THr B, 322
HHOITRE A 2 7 SR A ] — UASE ) 15 380 1) e A
#*2 CPU=5BENELRRIEHHATIATE

IGDLMN_DLM IGDLM
J xS
AVG min AVG min
20%5 794.5 546 794.1 545
20x 10 1350.2 1218 1350.2 1218
40x5 1371.1¢ 9041 1367.3 889
40x10 22171 1565 22177 1565
60x5 2761.1 1586 2761.1 1586
60x 10 3184.2t 2101% 3180.3 2076
80x5 3404.5 1484 3404.5 1487
80x10 42739 3758 42729 3758
1005 3908.6t1 15321 3906.1 1506
100x 10 5502.5¢ 5193% 5487.6 5163
Total_AVG 2876.77 1988.7 2874.18 1979.3

FH % 2 1] %0: EF xS 10 28 (%) B A &1 1) min {H,
IGDLMN_DLM 75 #| 1 54~ & &F () min &, 111 IGDLM
330 9 A UF (1) min {8, DRI, BRTE 80 x 5 AUARE 1) i 75t
| IGDLM 1% K T IGDLMN_DLM ) min 18 4+, 7€
b BRABE 1 0] AR B 3945 3 T B U I min{E. X T AVG
{H,IGDLM FR7E 40 x 10 A i) 7] @ |t IGDLMN
_DLM (] AVG {HANAX K 0.6 2 A, 75 FoAth FUAE fr) i) 85t
915 2] T & F ) AVG {H, 11 IGDLMN_DLM Y AX
BT 4NRIFHAVGE. B2, 3 2 7] %1, IGDLM
SRVE Ay BIAE BT AR 1) B K 56 T ) P 3 (R e

AME T 204 _E 348 T IGDLMN_DLM, He 5 P2 5
K78 5 SRS 1) 1G SRR AE P At 1Y) 2 AR VAN Ak 1
NGl Riek7 5y e AW SR TN E SIS EL Je s AR b At
PEREAR B — D Tt

F3(CPU = 5) FIF4(CPU = 10) T 4175
W (055 —1T) ¥ 9 IGDLM 532 54 He e s A sk
fife [7) — AL R 104N B049) BT 49 21 B K 56 T [R] R 35048
(AVG) LA K ¢ /IME (min). MM, R IFIFR AL H T B
47K 0.05 ] Wilcoxon Two-Sided Rank Sum &5,
“1r M “4” 535278 IGDLM f AVGE A min {5 A8 T
W LAk, 22 S

1 ¢ 3 M1 4 7] %01, IGDLM S35 78 SR it FT A5 1)
15 B B K 58 T IR) ) AVG E 3 T A vk, 8
143472 3 W] 0, IGDLM 78 AR A 20 % 10 [ ] 3t
K AR fi K 52 T 18] 45 2 () min {8 E DABC 75 2 (#) min
52 9, {H7F HoAh MUAR L3498 2 T fe /M, L4, IGA
Af LS B 4 AN HUAR 351 20 x 5+ 40 x 10+ 60 x 5F1
80 x 10 1] A i) £ /IMEL, DABC 1] AZE A 20 % 10
e B SR A5 /N () B K 56 N TE) M, HeAth gl Bl A ik
(GA. EMBO #1DPSO) #4515 3| 5 #f 1) AVG {E
min {8. H1 3 4 7] %01, IGDLM [ 7€ 3R fift LBy 60% 10
{14 0] 7 45 21 (1) min B S 40 EMBO b, 78 HAth Bir A5 31
By ) 8 35 e 45 21 55 47 1 min (A B 4b, IGA FT LA
FEFRES 5117920 x 5,40 x 10,60 x 5H180 x 10 1)1
45 35 4T 0 min i, DABC 7] PAZE IR A 20 x 10
60 x 5 [ iA) @115 2 % 4F () min {86, EMBO 7] DAZE R
BN 60 x 10 [ 1A A5 30 1A 5 B mindd, T4 EE
5 GA R DPSO o443 B S 4F ) min{E. &5,
KIMEARIHE L F KRG, IGDLM ik fER 3K
4 BT AR I Total_AVG #R i T HoAth 532

#=3 CPU = 5K T EEZRFBRASTILATEA AVG Flmin

IGDLM IGA GA DABC EMBO DPSO
J xS
AVG min AVG min AVG min AVG min AVG min AVG min
20x5 794.1 545 794.2 545 799.31 559% 796.4 554% 795.7 546 832.87 589%
2010 1350.2 1218 1349.9 1218  1360.1f 1218 1356.61 1209 1358.6 1218  1477.71 1297%
40x5 1367.3 889 1368.6 894 1387.3f  923%  1399.41  931f  1372.8f  903% 14827 1017%
40x 10 2217.7 1565 2219.5 1565 2241.5f 1585f 2263.7f 1582f 223211 1581f 2403.7f 1657%
605 2761.1 1586 2761.1 1586 27625 1600f 27639 1599f 2762.1 1730f 2806.21 2340%
60x 10 3180.3 2076  3186.51 2094f 3202.8f 2114f 3244.7f 2190f 3189.51 2071f 3331.7f 2340%f
80x5 3404.5 1487 340591 14921 3417.6f 1560f 344291 1627f 340791 1500f 3471.2Ff 1564%
80x10 4272.9 3758 427721 3758 42931 37671 4380.8f 37671 42805t 3767% 441471 3819%
100x5 3906.1 1506 3909.11 1527f 391921 1599f 393931 1660f  3913f 1529% 395337 16667
10010 5487.6 5163 5507.6f 5188f 5523.7f 5201f 5760.7t 5194f 5507.31 5194f 5800.1f 5245%
Total_AVG 2874.18 1979.3 287796 1986.7 2890.7 2012.6 293484 2031.3 288195 20039 299734 21534
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IGDLM 1IGA GA DABC EMBO DPSO
J xS
AVG min AVG min AVG min AVG min AVG min AVG min
205 794.1 545 794 545 799.3 559% 795 551% 795.7 546 825.67 5891
20x 10 1349.9 1218 1349.9 1218 1360.1} 1218 1354¢ 1209 1358.61 1218 144891 1297%
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IGDLM K fift bk 5451 i 431 B 2 41 1 H e an 1 5
HE 6 TR,

H R B R AL R 200 B 3R B K 6 LI (], AR R
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