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Cooperative games on proportionate flow-shop scheduling problem with
due-dates

SUN Wen-juan*?, GONG Hua'*!, XU Ke'?, LIU Peng?

(1. School of Science, Shenyang Ligong University, Shenyang 110159, China; 2. School of Management, Shenyang
University of Technology, Shenyang 110870, China)

Abstract: For the proportional flow-shop scheduling problem with multiple customer orders, due dates, earliness and
tardiness penalties are taken into consideration. The cooperative games model is established with the customer’s
expenditure cost as the optimization objective, and the maximum cost savings obtained from the rescheduling as the
worth of the coalition, which is formed by customers through cooperation. It is proved that the corresponding
cooperative games which have no externality are balanced and have a nonempty core. Taking into account the different
urgency degree of customers to advance processing and delay processing, a kind of cost allocation method based on the
B rule with earliness and tardiness penalties is proposed, and it is also proved that this allocation method gives a core
allocation of the game. Finally, a hybrid differential evolutionary algorithm is designed to solve the optimal scheduling
arrangement. The experimental results verify the effectiveness of the scheduling strategy and the cost allocation method
based on the cooperative games model.
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5% 6, 5 Ja I TAE559.

32 T R

AN KA IMBRHE T Z0% 5. BEERMN
NS 5. BEALIE S — MR AT A e 4 A, XA BE
AT LAFE 53 22 43 AL R 1) B B AR 2 ST I RE T,
PE VN ES S i
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321 EHEBR
X FIDE/rand/ 1/bin %% 7 5 0&

UE—H = xvtnl + F(xiz - xis) (17)

ol aly, oty 7R TE S AR EE HR BEALIE B
3NRFERIARAME, FRGETRIR T, v N R G724
(BTN

WEERNE ERITES T RE, B FAMER
IRt ] REAS TR 55 . gl 24904 R AE A,
A5 AR SN (2.83,1.57,3.6,5.5,4.2,1.6,5.6,6.2,
6.83), LI 75 BEAG AL 9 I 2 . AR SR FH Bt L
4 RN, B 42 BE R AN A A A 1) KN HEAT I 4
s AR e A 2 s v, A6 A B /N R 1,57, 68 B B T
FE55 08 15 5 KR 6.83, X ML I I TAF %5 9 9. LI K
e, 0 F2 A AR K NHERE J5, 0T 9w b5 4: (3, 1,4, 6,5,
2,7,8,9).
322 WHZR

TE B % 70 S v dE AT B0 A I BB K FE AN A B Y
B8 ML 5, B AR AT D 75 G B 5 471 v B BLagE H A

4,8,9)H BEMLIGEEL“T” 27 Wik 52 %2, 1,5,77,
6,3,2,1,5,7,4,8,9).
323 WALR
TEAT 55 HE 7 A B AL 3% B — A g 05 200AH, 4 L4
NEA— AL EUE 2 /. WfEAME6,3,7,5,1,2,4,
8,9) FBENLILHUT 2% 3, 44 HAFN BT 8 5115592
8], HWAT 55 6 ST 55 TIEBAE — i, LR — AN A
1£(6,7,5,1,2,4,3,9).
33 ¥ X
K Goldberg 5251 4 Hi ) PMX (5 73 Bl 5 52 )
TPEHEATAE XA, PMX AE IR AR 1 T,
ik [1]2]3]4]56] 7]8[ 9]
sk [s[2]1]7]6[8]3]4]9]

(a) BAHLIE PR A 51
A1 [ 2[1]7]6[8] 7] 8] 9]
iAok [5]2]3]4]5]6[3[4]9

(b) AR AN A

[374]5]6]
(c) WEM 5
AL [3]2]1]7]6[8] 4[5]9]
T2 [8]2]3[4]5]6]1[7]9]
(d) PMX 32 AR A
1 PMXEXX

TEAE A 11, 75 BT H €, 4 2 AL 2L
rand(0, 1) /) T 32 X A2 CR, M HEAT PMX 22 X, 75 U]
ANHEAT, R AP IR

step 1: Bl BLade 28— D SARA AR 22 Ak o —
BOESE I i i 7 41, A g 410 (0 BE B AL, LA
e B AR TR, 4 B 1(a) K B4

step 2: S HRIX AN FTIE AL E B A5, A2 Rl
PRI S FARAMA, 40 1(b).

step 3: M SRAS I, (K4 B 128 1) 2 5 1 471 1 4 RS 0
EE— DB SR LB 1) H, IS KRR 8 «
6 < 5 AB, A LLE B step 2 H Il B FARNMA 1 £ 7E
PN 8, X I 4 1 £ A1 1 G i 8 8 3 B B ¢ R AL R
5K, BB FAUIME A IR I

step 4: 2L BCTARAME, 10 & 1(d).

34 & #%

AR PO R B ) AR 1 B ) FARAME S
SR H FRAMAEAT LU, Fod S FEAB BRI AR AE
BN — UGEAGE R . B TR T H AR g TR
PR FE N A 5 P A S H RO 1 48 A K, A i
L FEE AL I 5of 7 ) W S5 L R BT A 2% 2 e LA T
H.

HDE H3E B AR QT

step 1: FHHEVILH1L, % B HDE Bk 1) S350 Pt
0 H Np, 2 X MEZ CR, A8 7 46 i K 7 F, e Rk AR
BML WIGIERR St = 0, BENLF= LRI AG AP RE R
20 = {z9,29,..., 2%, }.

step 2: 5 XCUHT BARMEAR S5 = 1.

step3: 7E H AnAME ot 2 AMRE AL IE B A A 2L,
xly, ol o, AT AR R HAE, N 3T AR S B+ BEATL I 3
— AR TN R AME.

step4: #7i# A& rand (0, 1) < CR, M3 4728 X #1E,
Xif ot Aol BT PMX S8 XA BGHT AN wl T A5 ), A
AT RS SR S ot IR B 25wl T

step 5: PATEFARAE, B HTMA TR T B ARA
Rzt Mt = T BN =2t

step6: HIWrE ML d > Np, #02, W4T
step 7; 47 AN AR, M BEHT i = @ + 1,3R [0 step 3, 4k 2L 4%
R IR R EPAT .

step 7: FIWr e T L FIE LR AR R > M,
I 2, WEEARES R e s B, ¢ = ¢ + 1,0% 1]
step 2, Zk S 4 I8 _F IR EAE AT

S AR AR A 2 .

iz H HDE 3K & 1 18 25 e A U B2 6, B R AR 25
TS5 L1007 9 5 5, N2 52 5 38X
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xR ¥37%

| otz Esy |

i=1 |«

o 2R X E AR BEAT AR R R A,
"ERAR AV

v

xR A PUTPMX S XE
) FHT MK,
[ |

v

IEFE AR AT B AR MR X
W™ =al AN, X = X

Y
& 2 HDEE.ERTE
e, B AR O B L A7 B G AR R AN AR, (R AR
TR R B A RTAT R B, 1 T SRR A
SEIE. SeAh, MBI B R ANk = 2 B T E

A S A BB SR B 3AN DA AN R AN R, T B B TR
2 HEFN AR 82 AN, e O A e Rk H A A T B
.
3.5 HDERIMEEESDHR

9 iE HDE 3K fif f5 0 VA B2 4 1 e, 1 554 HDE
JH 3t 3K % OR-Library H H bR BRI EUN Chax 1 Car 25451
R AT DI, K S 56 25 5 bk 22 3 340 5325 (DE).
SCHR [26] A1 SCHER [27] 7 ) 5 A 5 2] (QL) S K U
2k (FA) 1R i 45 5 147 B 8%, B30 F2 5% ] Matlab
2017a %% 5, 1847 ¥ 5% 9 Windows7 64 i R 45, Ab HE 4%
N 1.9GHz,16 GB W 17. 5752 %4 & ~: HDE ', it
KIERKEMI = 300, Fi 2 H Np = 40,58 XM
ECR = 0.2, Z7ZFHHFF = 0.5. fEFAH
EH,MI = 300, FHEEH N 40. 7E QL H, BRI EL
95 000. A5 MARESA Car 26 (0] B S22 4T 20 %, Wk
SERANF 2 . Horh BRE N A ATHR 2 (BRE =
(min(Chax — C*)/C* x 100 %)), ARE V-3 FH X 5%
Z(ARE = (avg(Cuax — C*)/C* x 100%)), WRE
N EMMIEZE (WRE = (max(Chpax — C*)/C* x
100%)), Crnax J9 535 BT SR 8 /)N 5K 56 10 (], O
SRkt I FE v R SIZ o g /) B K 5 T [

F<2 Car KoMK LESR

BRE ARE WRE
SEIG A cr n, m

HDE DE FA QL HDE DE FA QL HDE DE FA QL
Carl 7038 11,5 0 0 0 0 0 0.32 0 0 0 2.8 0 -
Car2 7166 13,4 0 1.22 0 0 0 4.57 1.29 0.71 0 6.62 2.93 -
Car3 7312 12,5 0 1.88 0 1.19 0.75 3.69 1.86 1.91 1.2 5.64 3.16 —
Car4 8003 14,4 0 0 0 0 0 2.28 0.33 1.12 0 5.24 1.57 —
Car5 7720 10,6 0 0 0 0 0.06 0.27 0.59 0.61 0.23 0.75 1.45 —
Car6 8505 8.9 0 0 0 0 0 1.06 0.57 0.94 0 2.47 2.15 -
Car7 6590 7,7 0 0 0 0 0 0.05 0.04 0 0 0.65 0.80 -
Car8 8366 8,8 0 0 0 0 0.04 0.41 0.28 0.31 0.15 1.06 1.35 —

H 3 2 T LUF Y, 56T FTidk 1) Car 2 ) 1, A SC R
P2t I EE L e AR BB AR, SR 208 100%, =
T 3% ARAH [F] KK DE A FA. [5]I % J5 46 bt
T B 1 B A% QL, B T HDE AT BT (1 4 IR
SHfE 1, R AR 2 S B R K 4 TR R ) R — R o
RCEE. BT BT IR A 28 B Y PRSP I @5 A
TR R PR e FE AR A B B A T B E, B
FAT 55 58 I 1) (AR 261 ok 8, LA R 25 7, #i
R BB  ER TR AN ). 24 e R K, SR A
FUASE IR M, [ IR 30K 24 i) 0 2 A 5 ) o RVt A
/. IR, AR SR F HDE 5K 3K fi PRSP 4 1 18 25 5%

5 B AR R
4 SRR

A R F W SR B T 9T ) 2 T PRSP & AR
TR AR 18 5 5 vk B 3 T B wi AN HE B4 1 1 8 R
W) 43 B T i AT BT
4.1 VREFRHEFESH

WAHIMTHFE T ONAFIIE T, AT H
HIMEIN TS, BMELS A 4E LR EA4 A
AN A B RS b LR ) I I . AR G T 46 =
Bk 3 fis.
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®3 MBEXBHR

7% 1 2 3 4 5 6 1 8 9

P 52 35 50 51 46 50 56 47 50
A 9 8 7 6 5 6 7 8 9

D 150 170 250 300 260 280 150 300 350
E 12 03 14 05 13 06 1.7 13 03
T 04 18 06 05 04 14 08 07 08

AR 2 P $E A2 VT B B o 3] 56 iR 45 Js ), 1
SERTGE W EIT 7 = (1,2,3,4,5,6,7,8,9).
42 ZLWHERSEHH
. FEWIIR T FEIGUT R, BT & 7 B RS lAs
D tny (i) = 3544.7.
El%%%ﬂ%%?ﬁ%%ﬁﬁ%%%&%ﬁ#ﬁ
IR B PN R EL A LR SR I T, 0 T i 3R S AR
548, FF HDE T & B S IR RAR 548 o(S), 45
R 4R,

x4 BEREANBAETE

W AT W R 173+ AT
S v(S) S v(S) S v(S)
12 21.9 567 69.3 45678 124.3
23 15.1 678 12.2 56789 77.1
34 0 789 0 123456 84.7
45 5.9 1234 21.9 234567 3829
56 8 2345 62.7 345678 391.2
67 12.2 3456 473 456789 124.3
78 0 4567 107.6 1234567 382.9
89 0 5678 77.1 2345678 466.5

123 21.9 6789 12.2 3456789 391.2

234 15.1 12345 62.7 12345678 466.5

345 27.1 23456 84.7 23456789 471

456 19.7 34567 337.1 123456789 471

FH % 4 7] %1, HDE 50325 3K H (1) & 1K B de K A
WA E AR AT . SRR AT B N
471, LI 120 30 40 5. 64 7. 8. 9 A {E4E AUk
R S TR FEOE R B H AR B B 3 B, At TR
m=(1,7,5,6,8,4,3,9,2), B3 H AN 3073.7.

M4 BN (Gl [ B
M3l [SEEE 5 PR

P

M2 | R (s e s Ba]

3 mAEEEE
T A5 (15) F1 (16), 12 F A SCHE H 1 23 T & A A

i B AE ST 1 B U 43 T 7 925, % 15 48 B AR HEAT
B, 25 RN
z(v) = (0,48.678 8,123.4413,21.830 0, 51.946 2,
17.4675,160.2852,44.9350, 2.418 7).

BRI wilv) = o(N) = 4TLHEIE S A
iEN

JIT3RAG IR BSCAS 15 48 4 JE R T SR i AN 48 B0 48 11 1 8 R0
W4y BET7 e il oy B gs T 2 5 1% 7, A
AR AR AFE T, 2 1 BB R 46 A [, % B R
A TR, BRI 8 AR 7 E 9 05 % 7 7 73 B B A
K, R L2 72 0 B B, 0 e SR A BRI A
AR BCTTVE T AR R S s P AR
B B A Z A8 KT8 1 Bk B AR 1 48 o (S), 3t
— BRI T iZ R — MZ T L.
5 4 #®

AHET AR, B 2% IT
AL A A B I EL A8 IR K 2R D B e AT T R
Fo. LUIN T RAR | 2 il 285 31 4t 3 A8 111 R il i) 2%
F 3 A A H R bR, DA R B o i 5 VR AT B
A T e 12 B ) e K RRAS 7 48 (LA DA Ik BRI ) A
I R K, L T A S B PRSP S AR T 2R Y AIE
W iz E R AN B A AR . H AN
& FONHRHT N T EE 5 N TR a UIRR EEAS RS2 T
TSR0 S AT 1 BRI 43 B T7 32, Ik IAE e
T3 WA 3 Be 2 SRR B — /M%7 e, Be g IR
UE IR B AR A . X Al A 22 B 91 1) PESP, 1) H DE
NEZREE & GAAR 57t S A8 XA, et 1R & 22 73 i AL
SR, FH A SK it 4% 0K 50 P 1y g e 8 2. e e S 48] B 4
TIRAG 220 BEA VR SO 3 W J7 VAT R R
KT AR 8% i A 20 TARSS . 2L
S22 2R ) AR P A R B2 ) S A T R ) R, O et 2
REAR T FR S5 RS2SR 1 2 1) AL
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