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Production and transportation coordinated cooperative game scheduling
problem of single batching machine

GONG Hua't, SUN Hong-mei?, SUN Wen-juan', XU Ke'

(1. School of Science, Shenyang Ligong University, Shenyang 110159, China; 2. School of Automation & Electrical
Engineering, Shenyang Ligong University, Shenyang 110159, China)

Abstract: We study the coordinated scheduling problem of production and pre-production transportation for a single
batching machine. The objective is to minimize the total production cost related to the completion time. The scheduling
problem is transformed into a cooperative game model with the jobs as the players and the maximal cost savings of the
coalition as the characteristic function. For the case of the same transportation time and processing time, it is proved
that the cooperative game has a non-empty core, and the (3 rule can get a core allocation. For general problems, the
Q-learning algorithm is designed to solve the optimal scheduling of the coalition, and the 3 rule is used to allocate the cost
savings. Numerical examples verify the feasibility of the cooperative game model and the effectiveness of the Q-learning
algorithm and 3 rule for cost savings allocation.
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KH e ARG G INME, Q(s,a) WIRE s T
e FEENAE a I B 2, B AR % 4 BDIR A TH AT
Q(s, a) HHRKHIBNE. Lle MR R RINEE B, b
PUEFEBNE; LL1 — e IR IR S AE B, 72 4 AR
A TFIEFEQ(s, a) IRIIBNE. e TRAEFE I K
AW

{Random Action, P =¢;

A(s) = (18)

argmax Q(s,a), P=1—¢.
a

4.2.2 HFHEL

K FH BRI BB I 1) Q-learning 595 K fif vl 4T FE
N A B A R AR T AR e B T R e OB T
Q(s,a), B Al

n+10

Q(s,a) = Y nidy(s). (19)
k=1

Horbin + 10 R H E 73 BN By (s) KRR
e FoRAE G HDIRAS N IE S SNE o FIBE, AL 7]
2 AR T BRI AT BT, IR B iR O

Jig, 1<k <4

Pi(s) = fak—a, 5 <k < 10; (20)

foost, 11 <k < n+10.

Q-learning FyZ P IR0

step 1: WA AL in] 2 H0F1 Q-learning 5592 2 44
W S H: TSR HEAL BRI & A0 T )
ISR AR R AL A8 4 S 2R Bl [R] SRVE S
B o) B o FEIREN A T R el B
BB E D = (1,1,..., 1) pg10~ BIKEEE(a) =
(0,0, ..., 0)nr10-
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xR ¥39%

step 2: 5 XHIURIZ]CIRAS.

step 3: M4 e AR SRR L R IK S AT NI AT

step4: THECREH AL I (8], BB 4 A0 21, v 5
i, EHRAS.

step 5: S 5 R HORCE, SRR 40 R o

E(ax) = AE(ax) + Ve Q(sk, ax),
dar) = r(sk, ar, sk+1) — Q(sk, ax)+

max
ak+1€A(SK+1)

Me =Mk + ad(ar)E(ay).
step 6: FIBTHEALFRHLE 1500 T 58 oA 50 TR,
AN AR, AT step 3, 75 U, $44T step 7;
step 7: | W1 =4 B AC B 15/ T I KIEARIK
BT WEEARIREIN 1, /AT step 2; 75 W), %t T
P AR U B, 5 R
LA E N Fs.

WA RS H . BikSH
[P
v
&SI Z . IRFS

Q(Sk41,k11),

IEAUEN 1

2k bR OB

JET A LA SN 58k

i i AT IR AL BT

1
43 LHHE
431 SZRIABHKRSHKE
A 33 i Python i F 7E JetBrains PyCharm
Community Edition 2018.3.3 1 49w B2/, i1 5L
L %E N A7 N 4.00 GB, A #2454 Intel (R) Core (TM)i5-

Q-learning B LR TZ

6200U CPU @2.30 GHz.

ZHOE N LA [t ~ U5, 15], 0
THfEt; ~ UL, 50], A R w; ~ UL,5], 8%
R EIE R T ~ U1, 10], #tAL FEHLZE & ¢ ~ random([1,
10]. I = 7K ~F DY DA 2% 1 52 SI2 56 v 1 0 S 56 Q-
learning 5%k Z 8, o, N, v, ¢ 8] 46 K7~ (0.01,
0.08,0.1,0.1),(0.02,0.1,0.3,0.15), (0.03,0.15, 0.5, 0.2).
SRR R S E 0 = 15, ¢ = 2,7 = 3,5 K%
ER 500 IR, 1 8 = 7K U BRT 3R (Lo ) FHI T - B0 92
ST, R FE S BEUE N a = 0.02, A =
0.08, v = 0.5, ¢ = 0.15.

43.2 AFEHEE B Q-learning HiE LI 45 R

IR Q-learning 5735 3K Mg 1 B A fI0 R O A
SE M, BN [F] 1] SRR AT SE 8. B8 c = 2,T =
3, TAF%0E ) 5B 15,3040, 5070+ 100, Ft KIEALIR
H0h 500 YR e R 2H) H 32 B 2R 0 DU -Ftk Ak BERATL RN
P94 38 3 2EL e, o EEAS [ JE R SR 55 Q-learning 5
AR BN TAF R, 45 R 3K 3 R,

®3 BERMNE Q-learning EEB RN THSRA
SRA
F

n=15 n=30 n=40 n =50 n =70 n =100

VI-FCES 6752 18881 32356 51631 93401 181019
V1-SPT 6690 18897 32328 51542 93396 181505
VI1-LPT 6812 18881 32356 52879 93402 180998
V1-FB 6752 18881 32356 51631 93401 181019
V2-FCFS 12914 37985 63349 94169 191987 368470
V2-SPT 12517 36645 61623 91733 187008 364131
V2-LPT 12914 37641 62932 93434 190614 366851
V2-FB 12514 37985 63349 94169 191987 368470
V3-FCFS 12921 37872 63630 91851 189285 356941
V3-SPT 12517 36645 61623 91617 186892 359659
V3-LPT 12914 37641 62932 89983 185597 348943
V3-FB 12921 37872 63630 91851 189285 356941
Q-learning 6234 15563 27912 38164 75842 138438

FH 2% 3 1] 0, &0 AN [R] 0] @RS, Q-learning 7%
5 H A 5 & R VEAH A 5 D BEAIK T 6.8 %o, B
Z BEAR T 62.42 %, £ L T8 & EE 1P 3 BlA
EFFAK 7 42.07 %. L3R 5 B R AEEH L, Q-
learning 575 AT 19 S BE B3 P9 AR 1 B A0 18 B2, 436
AR R AR B/, T4 B B R AR T4
433 FETEEREIRMRE RS R

FEWIAE I FE T A 1 LA (B AR 4SS, 12
L, AL N, TAERIRT g . L i T
fH¥En = 15, MBS Hc = 2,T = 3, #BEF,
PEALTT BT 8 AT RIS S 4 b B A6 TR FE I
o0 = (1,2,3,4,5,6,7,8,9,10,11,12, 13, 14, 15), & i



F3H

T e RS MMM B AR EAA ERA 963

T WA REITUT o0 38 5 T AT, ik A B KL 25 bR B Al 0
T I8 8 58 B AT, 45 55 fr s i X T A #ciE /N T4t
R, ) A AN 2 S A H At T 205E 5 AT 2
T IR E S TS AH 7495, M TAFA VRS L
F B, 1) P Q-learning B5192% 3R figf Bk B 11 ¢ 10 41 P55 7
T, 19 B % 3% i I B T AR Y 4 L KRR s A R
IR R A A B AS S 6 234, Bt R H e I dn ) 2
F7R.

I BE oo~ P 114) A P A8 45 R P, Bk A
A0 TAFIE LT AR FEAAR, @ A 1 45 3R 7 s Ufdi e
) 253 B Bt K. Q-learning 57515 3] 4% 14 18 196 A 11

JEASTT B IR AFTR, B {a — b} RAR M a B b
(R34, Nk {3-6} Fon M Ek i {3, 4,5,6}.

- J

_ .
= .
S = =

B 3 -,
E =4 [ j:
& —
S %
=2 R TTI =

N Jis

0 50 100 150 200 250

t/s
2 IHmtmEAEEHE

x4 BEBKBANRATE

WIS MATE(S) || S MATEo(S) || BES MATHo(S) | BES MATA(S) || BES AATHE(S)
1,2 265 8-10 148 4-8 894 4-10 894 1-10 1180
2,3 0 9-11 146 5-9 894 5-11 894 2-11 1258
3,4 422 10-12 0 6-10 297 6-12 357 3-12 1108
4,5 0 11-13 0 7-11 297 7-13 336 4-13 1143
5,6 894 12-14 0 8-12 162 8-14 281 5-14 1068
6,7 0 13-15 0 9-13 186 9-15 186 6-15 505
7,8 297 1-4 422 10-14 39 1-8 894 1-11 1258
8,9 0 2-5 422 11-15 0 2-9 1180 2-12 1258
9,10 7 3-6 894 1-6 894 3-10 894 3-13 1258

10,11 0 4-7 894 2-7 894 4-11 1077 4-14 1143
11,12 0 5-8 894 3-8 894 5-12 1068 5-15 1068
12,13 0 6-9 297 4-9 894 6-13 387 1-12 1258
13,14 0 7-10 297 5-10 894 7-14 429 2-13 1261
14,15 0 8-11 148 6-11 357 8-15 281 3-14 1258
1-3 265 9-12 146 7-12 297 1-9 1180 4-15 1143
2-4 422 10-13 39 8-13 208 2-10 1180 1-13 1261
3-5 422 11-14 0 9-14 186 3-11 1108 2-14 1261
4-6 894 12-15 0 10-15 39 4-12 1082 3-15 1258
5-7 894 1-5 422 1-7 894 5-13 1068 1-14 1261
6-8 297 2-6 894 2-8 894 6-14 429 2-15 1261
7-9 297 3-7 894 3-9 894 7-15 429 1-15 1261
HEATRo(N) = 1261, FIF g iE s 5 4 »

AHEAT Iy BL, 25 LA BUE 2 (v) = (0, 134,57.5, 116,
281.5, 274, 74, 47.5,216.5,19.5,39,0,1.5,0,0). & 48
D zi(v) = o(N) = 1261 Ha; > v({j}) = 0,

jEN

IR 5 B B A B — RO AU B

A GRTEAA AELE STBE (3.4 Y, =
Jj€{3,4}

173.5 < 422, FRIALE— M0 Bk, g A5 2 (1 A
SEFFAR M AE. BT o({2—-13}) = v(N), &
FH1 144 1555 RIRER A DTk, iAs 7 Be B 9 0, % 7
5.6, 9Z 5N B SAFER A4, R it 43 B 2]
LA ZNSVEYI-B

AL FUEL & AL BENLAE 7= 5 A 77 Hias b 1A
W E ) L DL AR N 2R T, B AR oo-2H B T
AT A B R FE NG, DA 48 A D Bk B )RR AIE o £,
LA VR ZR R BRI, BE X (N, 00, w, Pay) 1), 1IE
BZ A AR TR T AN HoAE oo-2H ] e 25, AT
A B2 4% . HCFF A ] i e 25 16 R 1A g A 8 It
¥, A PRUE R I SR A28 A7 AE, SR FH 8 R 55 48 il A
BEAT 73 BC IR B 2 — Bl 20 . il G SR T
VR TR Ko AR 43 TE 07 16 A8 R 0 — Mk
& (N, 09, w), BT Q-learning 5% 3K fif 25 1 8 1) B
PEIR BE, 72 A0 3 16 B A0 A0 2 ity b, 15 31 2% 1%
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TR B A REAE AR, ST B R 0T 5 48 AR 34T 03
Bic.. 5256 45 FLUGE T Q-learning 5593 SR M f A1 1 & LA
S A Gy B 77 U AT AT PRI 251

KRR IRBEXT 2 GiaindE N % 6 AL BN
A 5 2 A PR S A B AR AAE 1 8 i) R, R A
VERZRBRBEAT A 78, T h SRR I R s 0 1A B A 2
E, IE TR PR E B AR 53 B0 J7 1 BAYak /2 4 e
A,
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