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Abstract: A dynamic scheduling problem of Chinese materia medica pharmaceutical workshop
driven by multiple dynamic factors(DSP-CMMPW-MDF) model was established, the multiple dynam-
ic factors such as raw material shortages, emergency order insertions, and machine breakdowns. An
improved artificial bee colony with Q-learning (IABC-QL.) algorithm was proposed to solve the DSP-
CMMPW-MDF with the optimization objective of minimizing makespan. In the IABC-QL algorithm,
an opposition-based learning strategy was proposed to generate the initial population, ensuring high
quality and diversity of the population individuals. Five local search operations were designed to en-
hance the deep exploration capability of the algorithm. Thus the proposed model and algorithm were
applied to a Chinese materia medica pharmaceutical granule production workshop. The results show
that the proposed model may effectively improve the flexibility and adaptability of the production sys-
tems in the face of uncertainties. Additionally, a comparison with existing algorithms validates the ef-
fectiveness of the proposed algorithm.

Key words: data-driven; Chinese materia medica pharmaceutical; workshop scheduling; dynamic
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Fig.1 Schematic diagram of the workshop
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Fig.2 Dynamic scheduling model based on multivariate dynamic factor driving
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®2 RFERETH

Tab.2 Examples of local operations

JR B R
S
LST  |5.2.7,1,3.6.,4,10.9,8=>5,6,7,1,3,2,4,10,9,8

5,2,7.1,3.6,4,10,9.8=5,6.,7,1.3,2,4,10,9,

8=1,6.7,5,3,2,4,10,9,8

LS3  |5,2,7.1,3.06,4],10,9.8=5,6,4,2.7.1,3,10,9,8

5.2.7.1,3, [6:4],10,9.8=5,6,2,7,1,3,10,9,8,

LSt 1 [47=5.6.2.7.1,3.10.9.8.4

AT A

5.2.7.1,3, [6,4,1071,9.8=5.,2.7,1,3, [10,4.,6].
9,8=5,2,10,4,6,7,1,3,9,8

R AR 2 nF

2(C"—O) c’'<cC
R=]1 C'=C (28)
0 c’'>cC

K. C R C N IHAE.
EERIFER . Q £ (— 1 X XY M) iy
Q HAZAMIE Y . B Y B PAT A o 48 2R o
B, Q R AN I Q &k, BENF.Q
RS HATI R . Q (HB K, Qlearning WA
KA 4 T B e B0 N Jmy FR A R A . AR
O fife 1 JRy S 4E 2 SR M TR A ok AR (B O I .
A AR action, IR AR v, ME X, =

{-1'/.1 STz sttt )

W CERE AR X, = {xa a0z
Fori = 1 to 0.1p, do
WAL Q RARE states
A<~ QF;
IF A =1 then
‘ X, < LSI(X);
Else if A = 2 then
‘ X, < LS2(X,);
Else if A = 3 then
‘ X, < LS3(X,);
Else if A = 4 then
‘ X, < LS4A(X )
Else if A = 5 then
‘ X, < LS5(X,);
End if
IF C,... (X, ) < C,..(X,) then
| reward” = 2(C (X)) — Co (X[
Else if C, (X, ) = CL (X))

‘ reward” = 1;
Else

‘ reward” = 03
End if

Q= 10—-A)QGs,sa,) +AR+
ymax Q(s i1 sa,41));
End For
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Fig.6  Algorithm flowchart
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BRI 4 A A S G AT T iR
THO7 2 B S50 43 B, DT B o B 3k 4 )R S 800 I
RAA X A NSERMFERBL(p ) ELLHH K
T S5 KRB (L) e A 06 By B 08 S it K i () DA
T At %% 86 By B A= B A &0 480 A 1) B it () o SR BT
RIS, A SRR T LA MORE L Ik 3 fr
IR BT S EOUKOF B T e R E SCH [ L6,
AR 16 A SHA G . T HASHAE .
I T v 3 5 P S LR (4-2-60) HFAT IE 28 i
5, B S B A 3 4 N HEAT 10 YR ST S 5 L 5
B de Kaz AT A ] T ) AR P 52 L B T = (L, +
LN AR s, B Ja fE 45 20 0 A0 X ot iyt
(RPD) {8 89°F 2 {E CARPD A4 g w13 45 5, 3 4
B . AT E 43 He ok

wre1 (¢) = (¢ — Cpin) /€ min (29)
A g [ — B [ S 81 9 B M1 5 i 89 ) — RS AV
17 552 {61 ) 85 /N A4

ARPI 85 (0 arer) [T S3E1E 2K 256
JIT 35 B 1) Fo A1 A 16 57 359 7K 7 B B /N 2R B 7 m
TS ) A R B B A R R Ak R

SR XT T Q-learning 1 & 518 & by BL 1K
N KEESEA N y) ST TSR3 7 vk i 58
5 3 A1 5 DT A 2 B8k R A S RO e R A . 56
BRH R EZRG AR RS, 25N
A Fly SEILAMAUE, ke 5 iR, TS
BOVUIK R 2 5 OE S8 A5 B 116, A2 Al 16 Fl oA
FMSHAG. MTENSSEAS . NEEREE T
Ve AR HIAE (4-2-60) AT IE IR . AF 4 B L
A B4 BT 10 YOk 37 5256 L fe AR R R
(4 X2 X 60)s, fx)a¥ 321 RPT ) F ¥ H
(o arer) VE MR R 45 5, 25 R W3R 6 TR .

®5 BWASHEE

Tab.S Values of the two parameters

o K
1 2 3 4
A 0.6 0.7 0.8 0.9
Y 0.1 0.2 0.3 0.4

xk6 BWMAATESHAEH ARPLE
Tab.6 ARPI values for two different

parameters combination

®3 41MSHEE A Y @ ARPI
Tab.3 Values of the four parameters 0.6 0.1 0.002 525 1
: 0.6 0.2 0.002 270 2
2 AR 0.6 0.3 0.004 749 9
! 2 3 4 0.6 0.4 0.003 768 2
/s 30 10 o0 60 0.7 0.1 0.005 611 5
“ ° 10 15 20 0.7 0.2 0.001 463 5
L 0 10 15 20 0.7 0.3 0.008 801 9
4 5 10 15 20 0.7 0.4 0.007 530 2
R4 ANMNAEASHAEH ARPI E 0.8 0.1 0.004 376 7
Tab.4 ARPI values for four different 0.8 0.2 0.007 129 5
0.8 0.3 0.008 037 4
parameters combination 0.8 04 0.003 814 8
be « L p @ ARPI 0.9 0.1 0.011 772 4
30 5 5 0.010 202 4 0.9 0.2 0.000 851 8
30 10 10 10 0.002 696 9 0.9 0.3 0.001 886 4
30 15 15 15 0.006 596 0 0.9 0.4 0.008 067 0
30 20 20 20 0.006 933 4 7.8 8 BaATHTFKFEBEE,w\pr (HHE
10 > 10 15 0.006 435 9 INGPERE RS, FTRABH B A B, SRR p, =
40 10 5 20 0.004 644 8 -
m ; o TR 40 B 5 H AL B AL LU w arer TE 570 5 B 9 By B
5 5 .007 05
40 20 15 10 0.006 751 9 LRI R @ =20 BYIRBOR St s A PR IE S0
50 5 15 20 0.009 772 4 TR W) B R B 22, o 1T R SR b 2 L PR ke R T
50 10 20 15 0.012 177 6 L =5 % F g i By B, 4Bk A it o M 10,15 19
o0 15 > 10 0.005 621 2 PEREL T ¢ i 5.20 WUPERE  UEBH T i 88 8% I BL 1)
50 20 10 5 0.008 171 3 N e e 1
e, BRI R, Y FET R A =0.6,
60 5 20 10 0.012 250 1 _ i
60 10 15 s 0.014 587 9 PrF v =0.2 i, apm EHR/N I T RIS R
60 15 10 20 0.016 180 6 ROE R, MR b i, &R E RS ECH . fh
60 20 5 15 0.005 049 2 BERUBE p =40, JRAF S By Be A8 iR B e =20, 4>

+ 1255 -



REALAR TR 5 36 % 2 6 ] 2025 4F 6 H

AR T 5 TR 2R ) e R UK L =5, g2 e B B

B SRR B =10, 2 A =0.6, PN

Yy =0.2,
0.012

0.011
0.010 F

0.009

W APRI

0.008

0.007 |

008 304050 60 5 10 1520 5 10 1520 5 10 15 20
s a L @
7 HELERBSHAKFEER

Fig.7 Algorithm global parameter level trend
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Fig.8 Algorithm local search parameter level trend

3.2 ETF Qlearning B EZBE N
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TABC-QL 5 R Al sy #6485 9 57 3% TABC 47 %4
L Hrp S RO SE A 1R LU )3z 47 1 )44 D
LAk ZRAF. WL BECE SRy 25 A . f
Kis Ayt To o3 50 S as 47 10 Rt A7 58
%, MR 7 HRAER AT LA L AE 25 AN IS
Hh A SR TR R Y R N T B R B ARk S s Ay
LOW AN TR LR G 29 8 10 {8 46 28 /0 T 81
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FHa25%
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Tab.7 Comparison results of local search

effectiveness algorithms S
. ] o IABC-QL IABC
FRERE(L -Ly) | ITHEE(ND TR E | TR
30 70 596.0 70 596.0
2-1 40 76 110.0 76 362.0
50 92 782.0 93 052.0
30 45 725.6 45 829.4
40 62 859.6 63 010.8
2-2 50 73 505.7 73 740.0
60 86 583.1 87 225.3
80 100 535.0 101 362.0
40 41 274.3 41 405.5
3-2 60 56 810.5 57 440.1
80 67 814.0 68 414.7
40 38 126.5 38 406.7
1-9 60 48 324.2 48 469.0
80 67 225.7 67 314.0
100 85 434.6 86457.4
60 42 336.5 42 624.9
4-4 80 49 519.0 49 688.7
100 65 004.0 65 151.6
60 34 362.7 34 550.6
5-5 80 39 857.8 40 202.2
100 52 265.7 52 624.6
70 18 232.9 18 346.4
10-10 80 20 303.8 20 365.4
90 23 190.8 23 313.4
100 26 877.2 270 52.9

33 ETSnpBERFINEFHGHAEAHE
A B 4 AT A S

DA v 2 441 25 sk B A SRR 3T SR B (1
A SCE 7T OSID MR RS BD LR G F IR
Z IR FE IR OB IT 0 AR AR
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Fig.9 Gantt chart of planned scheduling without holiday impacts
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Fig.11 Gantt chart in case of raw material stock-outs
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Fig.14 Gantt chart of temporary faults
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Tab.8 Comparison results of IABC-QL with EMPGAL'S1 /IPSOM'*1SS-GWO ! /JHGWO!'"! algorithms

i . EMPGA!! IPSOLH] SS-GWOL16) HGWOL7) IABC-QL
FEREL L, ITHE N - - - - -
¥ R A -y s A ¥ e E -y s E By A
30 70 596.0 70 866.0 70 836.0 71 820.0 70 596.0
2-1 40 76 110.0 78 216.0 77 946.0 79 482.0 76 110.0
50 92 614.0 97 630.0 97 828.0 99 364.0 92 782.0
30 45 724.0 45 734.6 45 758.6 45 894.5 45 725.6
40 63 027.8 63 876.3 63 799.8 64 189.3 62 859.6
2-2 50 73 585.1 74 448.2 74 563.0 75 395.6 73 505.7
60 86 961.7 88 475.3 89 382.8 90 030.2 86 583.1
80 101 141.0 103 827.0 103 646.6 105 069.1 100 535.0
40 41 384.4 41 798.0 41 820.9 42 343.4 41 274.3
3-2 60 57 452.2 58 130.0 58 530.5 58 502.1 56 810.5
80 68 032.1 70 745.3 70 741.9 71 291.3 67 814.0
40 38 278.8 39 216.6 39 369.8 39 996.6 38 126.5
12 60 48 577.0 50 711.0 50 434.3 51 681.2 48 324.2
80 67 356.0 69 545.6 70 289.8 71 676.7 67 225.7
100 86 261.4 89 827.1 89 665.9 91 075.1 85 434.6
60 42 643.6 43 584.2 43 421.1 44 108.8 42 336.5
4-4 80 49 828.1 50 608.3 50 800.1 51 632.0 49 519.0
100 65 265.3 67 024.1 66 726.0 67 692.0 65 004.0
60 34 597.1 35 002.7 35 031.4 35 497.0 34 362.7
5-5 80 40 113.6 40 859.0 40 951.2 41 726.7 39 857.8
100 52 592.1 53 791.4 53 738.5 54 653.7 52 265.7
70 18 252.6 18 454.2 18 779.7 19 741.6 18 232.9
80 20 422.6 21 152.5 21 168.2 22 050.1 20 303.8
10-10 90 23 211.4 23 984.1 24 176.3 25 091.0 23 190.8
100 26 919.6 27 800.0 27 575.1 28 650.1 26 877.2
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