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Joint Optimizafion of Subcontractor Options and Single-machine Batch Scheduling

TANG Wen-Na, LIU Le
(Business School, University of Jinan, Jinan 250002, China)

Abstract: Outsourcing with multiple subcontractors is a major operational management challenge for today’s
manufacturing firms. The joint decision-making between outsourcing options and in-house scheduling is crucial to the
cost reduction and efficiency increase of these firms. To jointly optimize single-machine batch scheduling with multiple
subcontractors available for job outsourcing, this study constructs a 0-1 integer programming médei, the objective of
which is to minimize the sum of total outsourcing cost and total in-house batch processing cost under the premise that
both the total outsourcing cost and the latest leading time for outsourcing jobs are subject to upper limits. An improved
genetic algorithm and a greedy algorithm are also designed for joi"n} optimization. The study takes the joint decision-
making scenario of outsourcing and batch scheduling in-aiceramic enterprise as an example and compares the solution
performance of the two algorithms. The improved genetic algorithm shows its comparative advantages in terms of
solution quality and efficiency. The tesults of a sensitivity experiment show that the latest leading time for outsourcing
jobs has a significant impact on the total operating cost, while the upper limit of the total outsourcing cost does not
significantly influence the total operating cost.
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Js 10 6 10 52 6 56 10 52 8 54 %ﬁﬂl{aéﬁgﬁ ;7:0.1’ D=48 h , Q:25 m3. &E%ﬁ;ﬂ%ﬂ
S A WLk, CPLEX 4G 7] P 759 A5 SR W R 10 7T s bk 4
Jo 10 8 22 40 25 37 16 46 17 45 N N ) :

s 24 16 6 56 16 46 20 42 9 3 $TF. 8 7T HA IGA 5% GM AT CPLEX 1)
Jg 16 14 13 49 14 48 28 34 12 50 KL IR, AE AT S50 oK CPLEX SR () b R v &
Jy 9 6 6 56 4 58 18 44 14 48 3600 s, KFiE A 15 1T R 038 JBE LT 7% 4 200m 1K

ool A E s 0 Y Rk Sl IGA SRR 1GA
1 ) 3 ¥ ¥ I g 5
Jo 19 10 20 42 18 44 6 56 12 50 FEA R LT IR A IX, 12 IGA FIR MM fE sk
Js 7 4 14 48 13 49 16 46 10 52 6y PR BRSO IZ AT 2 IRISR R 45 R (H Ar s il
Juo 17 1220 42 200 42 4 S8 16 46 HISK A I [8]). 75 A% 1 fe S2 40, A IGA VLA
s 15 1006 56 24 38 g2 § TSI GM FIEAER MR /) B ZE R, F7 5] N —AN K fg o &
Js 26 16 15 47 20 42 .9 Slwl2 50

b 10 e seetn on s s w s WEIEEIRR Gap, BRI Gap SRR T Rl

Jig 14 14 .20, 42 380" 32 28 34 16 46 _ zpa(m) —z"(m)

Jo 11 4 15 Y47 16 46 13 49 20 42 Gapria = z*(m) 100 (10)
o 6 8 26 36 26 36 34 28 28 34 . , r s

H S D D 3 /—\'/ NE—N
I 13 4 32 30 18 44 28 34 12 50 Ht, HA 29 1GA SEA GM ‘%:%H/‘JJ%M}E%’ A /HAG
Jp 10 12 19 43 14 488 12 50 16 46 {IGA, GM}. ziga () & IGA BIXMATIEAT 15 IS H
Jy 27 16 24 38 30 32 34 28 20 42 b bR B I ME, zom(m) /& GM FIEFT 13 fE 14 B bR iR
Jy 12 8 20 42 8 54 14 48 10 52 $UH. 2 (1) =min {zigA (1), 2om (1))
o R4 MR EGERB L HE . B
Je 13 12 6 36 10 52 6 56 8 54 A, X ) ,
I 10 16 46 2 60 4 58 7 55 CPLEX 3K fig il X 57451 119 éﬁﬁ‘%%( Horr, Obj1 M

3
5 4 8 5 5T 3 59 4 S8 State 73 5%~ CPLEX ﬁﬁﬂﬁﬁﬂaﬁ?ﬁ%%\ FSPNAE|
A b B KU I EDIRAS; Min® Max. AVG. SD.
Jo 15 8 11 51 10 52 16 46 15 47 : R N S . i oimsm co
T {1 1| 5 7 iR ¥ & 15 &
6 B om 15 a6 a6 15 4 ime A1 Gap Gy Bl ATLHE L 38t A SR BT IEAT 15 IR
8

448 15 a1 s a1 a4 MEMMECEOKM. I RREEZE . SRARI I DA K

I3 13
Jy 15 12 8 54 6 56 5 57 .11 5=k GapapalfME; Obj2 « Time Fil Gap 73 5K 7R i385 %
B 1395 5T T Sl M 52 BB AT PSR AR EE S X H b R B0 1 SR ] DA
Jss 16 10 13 49 17 45 15 47 16 46
o & KGapemMIA.
s
X
g B R4 HOIHRIRAERL . UEERES CPLEX SR il sh B bh iz
. CPLEX IGA GM

N n Objl State Min Max AVG SD Time (s) Gap (%) Obj2 Time (s) Gap (%)

1 30 197 — 197 197 197.00 0.00 7.00 0 235 2.001 19.29

2 31 201 ~ 201 201 201.00 0.00 7.01 0 236 2.001 17.41

3 32 205 ~ 205 205 205.00 0.00 8.00 0 239 2.005 16.59

4 33 213 ~ 212 212 212.00 0.00 8.00 0 248 2.001 16.98

5 34 220 ~ 218 219 218.33 0.47 8.01 0 254 2.071 15.45

6 35 227 ~ 225 225 225.00 0.00 8.01 0 261 2.009 16.00

VE: Horr, < FRIRINIIZ 3 600 s I H AR REUE, “~ 7 3KAUIZ 3 600 s FR H Ax ek 2.

H1 T CPLEX /22 T4 2ok i il 5 o1, 3T n=31 5], CPLEX #EBE K 3 600
FEI 2 BEAE AL n (3 KT FE AU . R 4 AT LUR WA B B R UUIR, N RESRIGIT LR IR, T IGA
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SRV H) e T B R T )45 R B o o O B U A,
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31, 323X 3 NEBIRIRAET, IGA BIEAHE 15 L5
W A3 B RT CPLEX AHSE (1 H A5 R EUE. 75 n=33.
34, 353X 3 MG SRR, chodk B AL SRR AE A
15 YR SE56 TR 3438 B8t CPLEX SR F 45 B K. mf
WL, 5 CPLEX Hitt, IGA S5 MR 54 L f 41k
2R [ b ) SR B BE 4

AHN, I IGA S GM kRt Bik 6 ANE1 1)
KRG FRF, BIR IGA HikL GM FikAE % (1 [a]
%, (R JZ X LEI 8] HASRAE ST 1, T2 A AT T R
. IGA HiLH Gap ¥4 0, 1 GM HiEW Gap

HIITE 15% DA b iX Ui IGA HERI A i = i AL |

T GM ik, d#t— PR 1IGA BRI SkEE /).
33 SBIMRBMESHAH L

275 3 R S SR BT 4k L
V32 8 S A B SRR T 42 5 8, 388 3ot 0 5249 o e e T
B A0 O, A AL TS 2 1R ks S A
HE— 45 BT SR T R 1 M R A AR A
0 FIZEAFIH I £ (EALEC 0 5B F A A E, BT
il A 38 28 S Ak LB o7 e ) T AR A
O GUT W WUBS LA SR, 0 TS o A 7T A
B, R T 91 h (R AT B8 Sblrh (T %
¥ B S A U Budger F1AMLE b 55 3 A
1 D, TSN A T Budger 1152 R 4N A 25
VPSR V. DRI, % 5491 52 P 26 3 2l
SR AZS Y FIAMIEAL I 22 A D T

R IGA ST S0 1) R AR S, Je

T RSl S5 DAy WAL & (Do), 3
8 BRI PRI A, FE14 1GA S
IEAT 15 R EISMEAR L5 5 b 8t . b, 1R kia
H AR TC Row, SMIAE AL F A AT E PR [0
For. BRI TE A 72 2 E S BRE o, e
1T REE SR, » VG HEIEL [0.05, 0.5], BA7F 30 AUE
5 0.05. 48 L. TERERUE, K ERHT 50% 25% 1 [E] FE
LB D R N E (0, 301, (30, 45]. B (45, 60] =
AN B 7E DS RER b, B RS D i RAEB s
M DLSZIR, 7E IR HL De[20, 60] F5E FlBEAT 5256, Bfr
FNEUE N 3. B 4 M REAFSEA S (D, n) Fixt
R VIE E SR TC.

225

HE 4 RILLTR 4 NG (1) SMEE Nl s AL
{18 D XHENIZ S S A TC 2N B R, 14k
LA ZEVE S WHEVIZ S B RAR TC A &
(2) 4 #>0.15 B}, ot D WA, TC MEJLF S 4=
0.15 B TC MMEFFF. 3) A@ WK D EZEH (0,
30] B (30, 451 BN B 703 R AR T AMa ARl 5
W AZ AT S PR B 240 SRASE A LT A AR ML LE A AL AL B AL
N, Al e A S 3R A DU TE ML A
TS ARST 78 2 IS IL R, D I HUE R 1, TC B
IRk 2. 24 D=54, 57, 60 h 5}, 55 (0, 30]. T+
(30, 45] AN BLAfILL, TC 73 3l A 15.70%. 21.07%.
23.97%. () -

HRE S AV B A S 2 L, LD
A A 75 VR AR B e <SS D 1R AR
ReEALIE E A TC (R PR AR i, B ik R A
SLIGAS B AT XA 2R T ZE TR, % S A
(R UR 7 2 i AR 36 45 1. A3 5 ATLLE H, 4b
ARG VT2 FIAMIAE L B e 2 A D 2 R 28 B
TR p KT 0.05, MUBH Giit 248 A= I,
HMELREARZR VR FIAMEAENV B A8 A1 D 1 p B 5%
A4 0.991. 0.000, AIAN ML ERA R V2 BIAN [
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TC A .35 52,
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