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Coordinated two-machine flow-shop and transportation scheduling under
size constraint and game theory consideration

GONG Hua®, XU Ke, SUN Wen-juan
(School of Science, Shenyang Ligong University, Shenyang 110159, China)

Abstract: In this paper, a coordinated production and transportation scheduling problem on two-machine flow-shop is
studied. After being processed on the first machine, the jobs are transported to the second machine in batches by a
transporter with capacity limitation. Each job has different size requirement during transportation. The objective is to
minimize the maximum makespan. Since different jobs belonged to different customers have the competition for the
machines and the transporter, a non-cooperative game model is established. In this game model, the jobs are viewed
as players, the waiting time of each job is viewed as the strategy, and the completion time of each job is viewed as its
profit. By transforming the problem into a Markov decision process, a Q-learning algorithm with linear approximate
value function is designed to solve Nash equilibrium scheduling. The experimental results show that the approximate
Nash equilibrium scheduling obtained by the ()-learning algorithm has a better global optimality. The algorithm can
improve the production efficiency and achieve a win-win situation for customers and enterprises in satisfying with the
interests of customers.

Keywords: production and transportation coordinated scheduling; non-cooperative game; ()-learning algorithm; Nash
equilibrium; two-machine flow-shop
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}J\ﬁ‘ﬁﬁ . L ap€A(sk)
ITIEBEIIATN.
R; = —ct3; + p1j + pa2j + t1. (12) 2) W RS FE I Z1) 9 S IR A LA 52 R

A1 =X (12) A7 %0, A% 9 58 TR [R1ER /N, 3845 (1) 22
Jah R K. TE 94K 2 3] S R 2 R T A A I il
[P IEAE E RE AR BT 3RAF 1 SR R, 0 R AR 2L )
K, BT A (0 S5 AR B ) R0 /0N, AT 478 SR 54K
ALk A 25 1 i
3.2 ETERBIEILA Q-learning BiE

AR SCR HH 57 56 W Q-learning 77 75, R FH 28 144
PR HSCE I P R SR AN A 3D BV SR AR LK ZE ) AR
T2 % B U R R ) L AR ST ISR A ek BOE 1 2
KA & 10, 38 1 B ST R o IR SR B R IR A AE R 2L
HEAKWT:

n+11
Q(s,a) = ) Oidn(s). (13)
k=1

Horpon + 1L RAARE A& BN i (s)(1 <
k< n+ 11) 3R 8 AR 2 A b 1) eR 8 07 3R
INTEIRAS 5 FiEEAT Na € A(s) FIBLE. IEMALI
LR A R fos:
Jrea, 1<k <2
fr—2,2, 3 <k < 4
fr—a3, 5 <k < 6;

fr—64, T< k<8

br(s) = (14)
Jis k=19;
f3,1> k =105
f3,2> k=11;

frosa, 12<k<n+1L
FTH PR BOE T I Q-learning FIEHESL AT .
NIRRT B S
D) N B A @S T En, s E R E
cp, I8 ¥ ZE 18 K — e AR RIS 1] ¢ o 3 5] R)IRFIA] £, T
PEAE S BLAS 0 s 18] B R
2) ¥\ Q-learning HAEZHL: 5 21 o, 0K T
v, R T e, EIRFN, R BUIRLE ), = (1,1,...,

1)n+117€fﬁéﬂﬁaﬁgﬁ%ﬁE(a) - (0, 07 ey O)n+11.

TFE:
for ¢t = 0:MI do
W BRI Z to RATIEIRAS so, WIUAIE BRI 2L.

T, TR se s a5 4 22 220K Bl R R e IR &
MR B FAE, TSR B MRS s REUT N ay, £
R sppr FTERAF A RIS 23 7 (s, ag, spr1), I T
Bk R BRI 60, Mt SE IR B R 2, e

0f = 0y + ad(ay)E(ar),

d(ar) =7(sk, ar, skr1) — Q(Sk, ar)+

v max  Q(Sgy1, k1),

ap+1€A(Sk+1)
E(ak) = )\E(ak) + ngQ(Sk, ak)

end for

end for

i 4 AT A ) A I 1) B G 58 I T

SRLFHESE T EAE PR EI, W Z 6 & — IRk
PRALRE P — P RS, AN 2RI AE B — ik
REH )G T EPRE s, TRAT N a IS H 07 1%
25 — S AR FPR S AT i 1 28, FR R
N 1 B, I A OEAR A 33 SR, e T

R e
[P
*‘

B

B
>

| iame s AT T |

T RS HRIN ZDF IR
v t=t+1

HLEE M, £58 T L4505 num /s
F IR E R

AT REL /N TR
IEAEMI

s AT AR
SEARF I [|) A 5E I (]

T

1 Q-learning EERTE
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18 PR EUE 1 Q-Learning Bk B B 34 21 54K, 4 2]
BIEZ [ 850 A (3 ALk G A1 350 i S

4 ERIE

41 ZRIMERSHEIRE

AT I8 I S0 56 UE R4k 2% 2] Q-learning SVE K
i A 7 A A A R R P i) SR 2R R R (A . S
X F Intel(R) Xeon(R) Silver 4110 CPU @2.10 GHZ 4t
FH#%, 16 GB % %% N 17, JetBrains PyCharm Community
Edition 2017.3.4 ¥ {4 F2 S .

SR E W R ARG AR I TSR] py - AR RST
qj~ IS TE] ¢y Aty 3 R M 2] 3 AT, BAR A pyj ~
U1,50],q; ~ U[1,25),t; ~ U[10,50], £, ~ U[10,30];
1B 45 5 cp = random|[25, 50].

He T 2R A R BUE IR 1Y Q-learning EL 1A, 24
a, A\, 7y, e BREUE 8 Y PR 28 =K 1) IR A i A1
B FEH o g 5 ) F IR TD A 22 1 27 =, F il
B A H AR R B SSIOR FE, — M o € (0,1; A\ €
(0,1)) RRPILZERA v (y € [0,1]) Fofrinkl 1,
R R AR, e R DU 2E R 1, I8 BUE AN T
0.1. WEZH a, A, v, e ¥IHEKF 43 71 4: (0.001, 0.05,
0.01,0.02); (0.002,0.1,0.02,0.05); (0.005,0.2,0.002,
0.1). 18 i 2 RS2 58 3%k B 3 AN /K P 1) 2 3UME, 1R 4
Lo (3%) FUNPR A~ 2 B AT 384, AR Q-learning 5
EH AT R, AR B S HE N e = 0.001,
A=0.05,~v=0.01, e = 0.1.

42 SWHERROH
4.2.1 Q-learning H¥EK POA

N Al AR R ML 1R B R 44 DL & Q-learning V%
A R, SINFR PR G AT (POA), il 1 15 Q-
learning 5% 15 F1] 1 44 A1 25 4687 18 FE 1) e K 56 T[]
5 AR BE (H br o f/IMb e K 58 T Ta)) /) e K 58
LIS A B B AR R 36 E 15 ZE AL 1] ) e 22 RICR. POA T
CHNMIIE

CNE
POA = 8% (15)

Hop: CNE RIR Q-learning H2:AF BT L4 (35 i
A FEE 1 B K 58 LI [], COPT SRR d AL 18 2 (1) 330 K 58
TR B AR AR SR I8 I Q-learning B SRS, 5
SR AAAT AN A 350 1 8 P2 1 DX 7 22 i oR B ) W B b
RIVIE 22 s SR MLAS 5 32 4 27 25 R B TE) AN PR AH e 4,
AR SRR AL AR, R FE 77 5 ) B R 52 LI TR
LA Sn = 15 01347 S5, S RIEARIR
HMI = 500, F| FH Q-learning SHIA15 £ BT AN A
ST 0 3R 2 P, TR I ARG A 35 1 O 52 7 S WS

HH AR A A 1D 55 A B 1) DA R 56 T [R]L S Al £
Yoy 167 VR e e e R P G 2 3 BT, e Rl A i A 2 1
A A K e LI TR) Dl 585, e pie 1A B 3 K 5 I ) Ry
579, POA {1 79 1.01. % 82 3 At A1 35 i 1 P e ot
Q-learning 517575 B AL 5 RN 2 flios. % 3
Hh 3B i AR a0 R — R AR N7 #ES 2RoR. B,
FIFH Q-learning 5y 3R H 193 ALl gy A1 353 4 1 5 AN X
BRTH AR R, B A R 3, R
BT Ik B AR IR AL

&2 R ISERE

SR (AL 45)

58 LI 1] (e 2 2 450

(476,319,401,467,191,382,259,  (585,424,514,553,310,481,371,322,

216,66,75,309,295,436,128,0) 193,164,405,398,540,262,110)

®3 AU BHERERSRIEE
AT R is i
AU -2 1 B L%
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[Js, J3, Jis], [J1, Ju] [Je, J3, J2], [J1s, Ju]
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422 AFEFERER Q-learning VAL 45 R
SN B UE S AR T T, AN R R () AL K
V) A2 7= ()3 A B O 8 P ) AR AT S8 3 i B =
15, 30, 50, 80, 100, 150, 200, ¥ 75 A~ [ 3 & =ML U T
RIFH Crnax 5 Q-Learning 57545 31| 1 1 ALL 99 41 15
17 18 E ) Cane T LA, W3R 4 FT7R. 25 4 7R (R0 R
BLAS My K32 % 25 VLU -HL 28 Mo B 3 358 7 14
. S5 AR, 5 HAd S & A B, Q-learning
TEAT BT AL N AT 25 1857 8 FE T Crnax BB/, R Q-
learning 575 15 21| 13 AL 9N A1 34 1887 1 B AN AN 0T 5% %

FUE R, T H N A (AR = Al f R TEAR. R EK
n = 200, i A [F]JE A BN Sz Q-learning 5515
FIH Crnax R ELEE R ANE 3 PR,

Q-learning FIEERE IR TR e T 2R SR MK 1k
FEAT R AR 2 S BT S ET R L )T . ln =
100 R, 3 F Q-learning 5545 21| 1) £ K 5€ T[]
BEIEAC R E AR A A N ] 4 o, B0 T 2B
BRI H0E 1T 1) Q-learning HVE B8 4 15 AT EL 1 14 A
e SN = SN a N TE N S <R NITE R 3= SN
LN TRVEE/IN R AT Bk A A 25 1 R

*F 4 FAREBEAMNE Q-learning H3E S5 EIH) & A 5E LATE]

%% Bl G
n =15 n = 30 n = 50 n = 80 n = 100 n = 150 n = 200
H, SPT-A1-SPT 860 1474 2531 3968 5102 7830 9159
H, SPT-A1-LPT 796 1349 2084 3330 4988 5926 9159
H; SPT-A1-FCFS 796 1349 2084 3330 4988 5926 9159
H, SPT-A2-SPT 860 1474 2562 4107 5102 7749 9303
Hs; SPT-A2-LPT 796 1349 2404 23850 4988 4966 8759
Hg SPT-A2-FCFS 796 1349 2404 3028 4988 5690 8759
H; LPT-A1-SPT 926 1851 2745 4463 5835 8690 11205
Hg LPT-A1-LPT 744 1236 1971 3297 5783 7015 8981
Hy LPT-A1-FCFS 768 1368 2039 3523 5783 7015 9077
Hiyg LPT-A2-SPT 846 1712 2611 4281 5435 8854 11097
Hyy LPT-A2-LPT 796 1349 2404 2850 4988 4966 8759
Hy, LPT-A2-FCFS 796 1349 2404 3028 4988 5690 8759
Hiys Johnson-A1-SPT 956 1669 2564 4050 5224 8001 9956
Hyy Johnson-A1-LPT 956 1669 2564 4050 5148 7846 9879
His Johnson-A1-FCFS 956 1669 2564 4050 5148 7846 9879
Hig Johnson-A2-SPT 956 1669 2644 4112 5224 8124 10103
H,y; Johnson-A2-LPT 956 1669 2644 4050 5148 7766 9879
Hig Johnson-A2-FCFS 956 1669 2644 4050 5148 7766 9879
Q Q-learning 585 1060 1539 2421 3197 4658 6073
0l 5 & »
10l 9579 ARSCRE R WL K 25 T8 A 7 5 A 8] 3 s 1

9879 9879

L 9
9159 9159
8 8981 ¢7358759

Cou/ 10°

A N X O
T T

Hl H3 HS H7 H‘) HII HlS HlS H17 Q
scheduling rules

3 n = 2008 K5 LATEIXT L Blizk

3.28 1
= 327}
: 3.26 ¢
SEpH|
3.24 ¢

100 200 300 400 500
number of iterations

B4 n=100F KT LB Lz

WL R HEAT AT AT, 5 R8T i A AR A AN R R
LR AR 1 A O TSR 5, K A A
32 A TR R SRR I TR A RSN D T 2R Ty S, % A
5¢ LI Ry Helle o, @ Sr AR A 15 2R B A Y s 4k
TR SRR R AT SRR, I E LR GURE
A5 0 B 3R il R 0, K 8 U T i A D ) 7K R Rk
SRR, Yot 2k T LA o BOE I 1Y Q-learning ik
SR AT XA R RE. S 56 45 R AR W, Q-learning ik
REFT X AN A K R GUIRES RAFIEFAT N, RAF AL Bh el
A2 R A B I A R i e, AR T A AR %
BRI WIESE IRl Vi
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