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A Genetic Algorithm for Production Scheduling of

Biopharmaceutical Contract Manufacturing Products
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Abstract

In the biopharmaceutical contract manufacturing organization (CMO) business, establishing a production schedule that
satisfies the due date for various customer orders is crucial for competitiveness. In a CMO process, each order consists
of multiple batches that can be allocated to multiple production lines in small batch units for parallel production. This
study proposes a meta-heuristic algorithm to establish a scheduling plan that minimizes the total delivery delay of orders
in a CMO process with identical parallel machine. Inspired by biological evolution, the proposed algorithm generates
random data structures similar to chromosomes to solve specific problems and effectively explores various solutions
through operations such as crossover and mutation. Based on real-world data provided by a domestic CMO company,
computer experiments were conducted to verify that the proposed algorithm produces superior scheduling plans compared
to expert algorithms used by the company and commercial optimization packages, within a reasonable computation time.

B Keyword : Genetic Algorithm, Biopharmaceutical Contract Manufacturing, Sequence Dependent Setup Times, Total Tardiness, Job
Splitting
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Parameter Explanation
I Number of orders
0 Number of operations
L Number of Sites
T Number of total batches
ij Index of orders
l Index of Sites
0 Index of operations
¢ Index of positions
|4 Very large number
Dio Processing time of operation o of order i
D, Due date of order :
Q: Size(number of batches) of order :
) Setup time required to process batches of order ;
" just after those of order i
Decision variable Explanation
S Start time of a batch assigned to ¢-th position of Site /
s Completion time of a batch assigned to ¢-th position of Site !
C Completion time of order i
7 Tardiness of order i
Ziss =1 if order i is assigned to ¢-th position on Site / and 0, otherwise
=1 if order ; assigned to s-th position precedes order ;
Tt (order j is sequenced just after order /) on Site / and 0, otherwise
L T Vi=A{1,..,1,
YDz =@ Vi={l-0} 0 ~Wi—z,)-D <7 Vi={l,..L}, (9
=1=1 vi=A{1,.,T}
Vit = 0'5(ZiAl,t+Zj,1,r,+1) :iz{l{ll,LT}— 1}, 4 V(l 20“ 2 21 Lt Vi=Al...L}, (10)
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Site
change
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change

Batch
of order4

Batch
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Batch
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Batch
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Batch
of order3

Batch
of order3

Batch
of order2

Batch
of order2

Batch
of orderl

Batch
of orderl

Batch
of orderl

[ 020 | 062 [ 098 | o1 | 044 | 030 | 078 [ o084 | 023 | 038 [ 099 | 050 | 047 |

§ orting)

[ o1 | 017 [ 023 | 029 | 030 | 038 | 044 [ 059 | 062 | 078 [ 084 | 098 | 099 |

Batch
of order4

Batch
of order3

Batch
of orderl

Batch
of orderl

Batch
of order3

Site
change

Batch
of order4

Batch
of order2

Batch
of orderl

Batch
of order2

Batch
of order3

Site
change

Batch
of order2

Step 2 (Decoding)

Sitel: Order2(1) Sitel: Order2(1)
(Merging)
Site2: Order3(1), Order1(1), Order2(2), Order4(1), Order2(3) ‘ Site2: Order3(1), Order1(1), Order2(2,3), Order4(1)

Site3: Order1(2), Order3(2), Order3(3), Order1(3), Order4(2) Site3: Order1(2,3), Order3(2,3), Order4(2)
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0

shu] 3] 4] O] ukA ofefel Q= AMA 7}
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2o GAY 4% 1L o) 42w
28 (Expert Heuristic)¥} H]

w3tk AETL felAge MA} A 214
A% Aol uhet ARAY S EEeHe Frels
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w2} «lﬂ?E (1), Site (L) L2|aL ofFF
wo] w2 A Bxe) Zolg Fof 379 Hla
= AES Ao ol% 204 et
o o] 9] oS0l F Hiek, & Hie, BAS
A ATE B A} FHIATES: MARS] 34 o]
Bl Zustel AgeLTh ROlUBE B
GAS) A4t wetnle s ZAslgon o
3014 el 7F HlAE AlEw sAje] £
2 Agstdon 24 5 97 A9 L An
=& AREe Felston F 971 Aol st
o] At A Z|4x(Relative Delay Index; RDI)E

%3] A4o]2 LFER) ST RDE= 004 1 Afoe]

AA s A EE, 09 T E 22

E2AYS oujaict
dTEE 4% AP 915 AMD Ryzen-T

5800X CPUS} 32GB RAMo| &2+ PCE Al&-

(# 2) & Hlojef A

Number of Number of  Number of
Test set .
Orders Sites Batches
Small 30 3 X~ U(1,5)
Medium 50 5 X~ U(1,10)
Large 100 10 X~ U(1,20)

(H® 3) GAY| 5lo|m{mtztolE

Parameter Value
Population size IQO(Small),
200(Medium), 300(Large)
Crossover probability 0.9
Mutation probability 0.5
Arbitrary constant for 100

stopping criterion

Maximum execution time 3600sec
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(B 4) FE ANZHEHY © =) 2 & 7] XA(SHP : &) Hlw
Total tardiness(RDI) Execution time
Test setProblem CPLEX(1Hr) Hizf::ic GA CPLEX(1Hr) HE;;I;’;EC GA

1 1333(0.865)  1508(1.000)  215(0.000) | 3600.000 0.001 91.938

2 953(0.735)  1287(1.000)  25(0.000) 3600.000 0.001 74.003

G 3 251601000 12110438)  195(0.000) | 3600.000 0.001 68.246

4 3906(1.000)  1864(0.394)  539(0.000) | 3600.000 0.001 59323

5 6540(1.000)  1342(0.156)  380(0.000) | 3600.000 0.001 128.821

Average 3049.6(0.920) 1442.40.597)  270.8(0.000) | 3600.000 0.001 84.4662

1 16333(1.000)  77400.371)  2671(0.000) | 3600.000 0.002 1190.445

2 11481(1.000)  6415(0.487)  1602(0.000) | 3600.000 0.003 1072.210

Mediom 3 17770(L000)  8767(0381)  3213(0.000) | 3600.000 0.002 915.666

4 17291(1.000)  8690(0.426)  2287(0.000) | 3600.000 0.003 1211.674

5 13200(1.000)  7833(0.486)  2745(0.000) | 3600.000 0.002 812.349

Average 15215(1.000)  7889(0.431)  2503.6(0.000) | 3600.000 0.0024 1040.469

1 na. 38556(1.000)  24615(0.000) na. 0.010 3600.000

2 na. 36476(1.000)  24107(0.000) na. 0.010 3600.000

Large na. 35129(1.000)  22080(0.000) na 0.009 3600.000

4 na. 40847(1.000)  26230(0.000) na 0.010 3600.000

5 na. 37132(1.000)  21145(0.000) na 0.011 3600.000

Average na 37628(1.000)  23635.4(0.000) na. 0.010 3600.000
st elmgo] 222 IBM ILOG CPLEX  A8-% 31013t A3} W 37.19%2] 42 39l
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