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Model and algorithm for two-stage flow shop group scheduling problem
with special blocking constraint

YUAN Shuai-peng’, LI Tie-ke, WANG Bai-lin, YU Na-na

(Donlinks School of Economics and Management, University of Science and Technology Beijing, Beijing 100083,
China; 2. Engineering Research Center of MES Technology for Iron & Steel Production, Beijing 100083, China)

Abstract: A two-stage flow shop group scheduling problem with special blocking constraint is investigated based on the
production reality of pipe-processing workshops in steel industry. In contrast to traditionally used blocking constraints, we
use the attributes of the jobs, not the quantity of jobs in the current buffer area, to determine the need for a blocking feature.
Firstly, the mixed integer linear programming model that minimizes the makespan is established, and it is proved that
the problem is strongly NP-hard by reduction of the 3-partition problem. The co-evolutionary estimation of distributed
algorithm (CEDA) is proposed according to the problem characteristics, in which the group sequence and the job sequence
within each group are encoded independently. Heuristic rules based on the features of the sub-problems are provided to
construct the initial population. Moreover,a block-based probabilistic model is designed to guide the population evolution.
A variety of scale experiments based on the actual production data are carried out, and the result shows the effectiveness
of proposed model and algorithm.
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Pinter T Pier 1ER— 2 Qe LR AT Gh, K F A ST
I AT T AL PAT AR AR, oA 4E 5 CEDA
{5 — 2, LIS IE CEDA 13 [F) B4k S0 (104 2501k
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4) AELE HIAEFRE A B 0 B ]340 23 A ik
TH5% (CEDA-D). WIia ek BE AL 77 2077 48, LR
56 CEDA WU P e A= J S s 11 355

4P LBV I SR B U0 R 2 WSCHR [14], 4
GA [F R R B N 200, 3R ECH 150,58 X\ AR
FREZR 539008 0.9 F10.5; 4 CGA H 138 X\ A8 S
[FAE T B N 0.9 F10.5, HoAth 241 5 CEDA M [F); 5 FE 3|
EDA Ay 51 5% et A i34k, Sy 38 S DR P R B 15 B AN

xR ¥35%

JET BE M BR AT R ), SIEIG ok R AR 1 B
4 CEDA ) 2 fi, HiAth 2% 55 CEDA {x+F— #{; CEDA-
[P T 258 B [R5 CEDA fR#F — 2L

B0 10 4 K HBE 1) 1) R S 451, 45 2H B L AR R
10 ZH0 R S0, 23 0 FH Bk 5 Bh BVE R AT SR, 1
SRR PP B 1Y PRD B AR HE 22, 9F R 5 2 0 b
(analysis of variance, ANOVA) X} 5 # 575 PRD 21 1]
ZE AT BE VRIS, ST S R R 2 k.

®2 SHEERPRDIME. FREEFFA EDGEITEER EIEENERIRED

CEDA GA CGA EDA CEDA_I ANOVA(« = 0.05)

n X n;
avg std avg std avg std avg std avg std F P-value
10x 5 2.24 0.26 9.89 0.96 4.52 0.63 4.37 0.77 3.24 0.80 83.36 1.71e-12
10 x 10 1.66 0.10 8.27 1.46 4.04 0.94 3.30 1.04 2.69 1.07 101.78 2.43e-26
20x 5 1.38 0.34 8.15 1.26 3.81 1.19 2.61 1.27 2.46 1.21 103.52 3.48e-23
20 x 10 1.59 0.23 7.87 1.13 3.39 1.01 2.14 1.45 2.12 1.08 118.92 4.63e-28
50 x 5 0.97 0.24 8.73 1.39 2.87 1.23 2.67 1.20 2.04 1.23 93.61 2.69-15
50 x 10 0.62 0.29 731 1.58 2.12 1.40 1.92 1.79 1.35 0.92 193.54 3.81e-29
100 x 5 0.59 0.36 7.97 1.26 1.86 1.32 1.99 1.68 0.98 0.79 229.88 4.50e-36
100 x 10 0.44 0.30 7.36 1.83 1.65 1.29 173 0.98 0.81 0.89 310.17 1.13e-45
150 x 5 0.41 0.26 6.89 1.01 1.49 0.85 1.58 0.74 0.73 0.96 273.75 4.87¢-37
150 x 10 0.35 0.23 6.20 0.94 1.32 0.90 1.41 0.46 0.61 0.57 311.40 2.83e-46
FHIME 1.03 0.26 7.86 1.28 2.71 1.08 2.37 1.14 1.70 0.95 182.00 1.73e-13

HE2400H 45 R LUE e AL A e, R4, 5 GA FH LG, CGA 1) PRD 41

1) BT A MR 5256 7 ANOVA 4 #7158 21 /1 P-
value [H#EE T 0, B /N T o, Ui BH 5 Fh B2 SR i
JR AT AE B M R BB, B R 52 56 1 CEDA
SR fif 1) PRD B 4 HIC T- HoAth 4 P ARLVE, 1X 32 B CEDA
AE A AH L ) e

2) AT MRS 56 o GA 1) PRD A #4 8  K, IX 15
BH AN SC R4 o 0 B IR 2 A 20 A A T E kb B2 B A
TAE SR AL .

3) CGA ffJ PRD {& /& CEDA f{] PRD 1§ “¥* 13 2.63
£, e 3.77 i, IX R W 1 AR SO A2 1 0 A Al 1 gk

o

SR BEAR T 65.52 %o, 1% i B B 5] 33E A4 S 1) 77 7E R
2R E R NP ST e

4) 5 EDA M b, AT A i 52 5 CEDA Fil CEDA-1
() PRD [1)~F- 3548 53 50l FEAIK 7 56.79 %o 28.20 %, iX i3
— R T B IR Ak SR W E SR 00 R T (1A K
PE.

5) 5 CEDA-TAH tt, B A il iX 52 46 CEDA [1) PRD
1B R b 14 22 7 28 B AR T 72.63 %, 1X it B CEDA 3 T
Jia R X HI ) BT U o 2 s SR AN LA B s R
fige o 5, T ELSR AR BR AR X ARE .

®3 SHEERPRDIME. FUEEFA EDNGEITEER (K1EEN: B1TRYE)

CEDA GA CGA EDA CEDA_I ANOVA(« = 0.05)

n X n;
avg std avg std avg std avg std avg std F P-value
10x 5 2.45 0.45 9.53 1.19 4.54 0.94 4.42 1.04 3.37 0.83 77.13 5.26e-16
10 x 10 171 0.29 8.56 1.67 4.07 1.14 3.61 1.12 2.86 1.08 105.42 1.08¢-20
20x 5 1.64 0.53 8.05 1.38 3.92 1.47 2.74 175 2.83 1.52 191.02 1.89¢-32
20 x 10 1.42 0.38 8.03 132 3.64 1.39 2.51 1.61 2.25 1.29 139.23 2.27e-23
50 x 5 1.15 0.35 7.79 1.59 3.41 1.61 2.78 1.50 223 1.15 155.20 1.96e-26
50 x 10 0.70 0.46 7.32 2.06 2.53 1.53 2.16 2.13 1.53 1.31 108.39 3.88e-21
100 x 5 0.65 0.49 7.08 1.65 2.51 1.57 2.35 2.07 1.21 1.24 124.05 5.97e-26
100 x 10 0.61 0.41 6.92 1.87 1.65 1.41 1.87 1.62 1.08 1.06 168.44 1.62e-29
150 x 5 0.54 0.32 6.65 1.13 1.57 0.88 1.82 1.29 1.01 1.09 223.13 6.95¢-45
150 x 10 0.53 0.27 5.87 1.06 1.39 1.16 1.71 0.94 0.86 0.57 205.37 8.74e-34
FHIME 1.14 0.40 7.58 1.49 2.92 1.31 2.60 1.51 1.92 1.11 149.74 5.26e-17
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SR K W S B U 7E A IR 32 47 B D £ R
A8 % i, % SC SR P32 47 B8 6 A £ A v U, % ik
5 9 AT O 92 0 S 07 v Bt A
4L, AR I R S0 O O £ )
S g /5s, S S P SR L3 47 8 TSR
=1

. B B 3 R

HER 3 MGt 45 R DUE Y, B4 S50 43 2 1 P-
value {H 3 1 & /N T o, H BT MR 525 CEDA (1) PRD
PB4 A T oAt 4 b 59, 3 i3 BA AR AR [F] 38 47 I
8] ", CEDA X IH §& i U453 AH X AR B A 340, B
I 52 56 CEDA 1) PRD A fE 22 [R) FE 42 A T o Ath 4
Fh ARV, Ui B CEDA MY B B 3K A Jod &, 1 HLAE
FaoE My A T HoAth 4 Fh L. 28 b 3R 3 RIS 25
HE— DR T AR ST H ) CEDA 78 3K fife 1 B ]
F|gs, block™| Cyax I HIF 2.

5 % #

ARICHHA T — 56 Rk B 25 29 SRR I B Bt
K25 1) B 2EL R B i) 8, S O A P ZE 2 AN ], SR
HE S W JE R TR AT HZE=Um T &
6 Lhsse/ME makespan 24 H bR 57 T VR A BEE S R
RIBEAY FLURAIE B 1 1% n) A i NP AR 2k, 30 T i o
T =M T U E A I A Ak SRR R EE X T
{20 HE 7 A8 AR N TAHET AN 1 In] @ AT M
SEY RS, K B AN TR B JE J SOR A4 38 T 4a B, S
T R A AR X g MR R s R AR Y, i
AN TR RRABE ) S5 DA K 55 06 U SR R LB i, 26 B T
AR R
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