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Abstract: The negotiated scheduling problem of distributor is studied for a supply chain that consists of a manufacture and a distributor.
The manufacturer is more influential than the distributor. It makes scheduling decisions followed by the distributor. The manufacture and
distributor do not share information during the process time of any job. To improve scheduling results of the distributor, a negotiation
model is built based on compensation mechanism. A negotiated scheduling strategy with information privacy is designed. A distributor
negotiation-scheduling algorithm that consists of a scheduling algorithm of the manufacturer and ecologic population competition based
coevolutionary algorithm of the distributor is designed and analyzed. Simulation experiments show that the negotiated scheduling of the
distributor can effectively improve the scheduling performance of the distributor. Scheduling cost of the distributor can be cut down over
25% while the scheduling performance of the manufacturer does not become worse. Moreover, the proposed coevolutionary algorithm can
obtain better scheduling solutions than the genetic, particle swarm optimization, and ant colony optimization algorithms.
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Fig.1 Supply chain considered in this paper
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I n ANFEFESK BT Sy 02 Sy Edn S, R F TR AR kG B VR Mk AR FETE Sy TR S ST 2 4
T 8 AMEME(n=8) I JiE ) R A XA 7~ =k ] k=5.

3 & =

SR FH R DRI A8 40075 e S W6 BEATLAZE P AN kg R Ko, AC 4 PR B b R SR o i 18 3 45t T 8 Mk
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Solution S, Solution S,

Fig.2 Single crossover operator Fig.3 Swap mutation operator
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R AE VAR 43 7] A 20,40,60,80,100,150,200, 403 1S4 ARASE A /) 31 K ) AR A AF PR MV AT 3 AN G491 il it
RIS 7 A b A B R 1A 1~100 A B B2, — AN Ml B A8 052 390 s AR b 76 43 7o A 8 1) 5 — A B ATL R o
TR, SHIBUAE Y Rl Dy 1.5~2.5. 507 JE 12 8 41 I ] 24 1~3 2 [F) P 44

HE Java S S T SEBIEAT4E A Lenovo ThinkPad Z&ic A< Hifii_|,CPU Jy Intel (R) Core (TM)
2.1GHz, W fE 4 3GB.AI M A0, HEERIE4T 10 3,50 10 WIS AT P A 3 LB R 39 (8 8047 B 7 R5R Hh2.
368 7 FH 4 T 2 1) E BRI 5T R 1 AR 0.5. 58 4ris AL STV I 2 5500 TR oEAN B8 2,58 AN Bl AR 1) 2 50(Ny=N,=
50), SEAN B A PR B8 25 28 0 BT Bl R RS 2 (K, =Ko=100), Bl B AU K 3 ri=KiIN+2,i=1,2, 5 AN Bl A9 a8 XMk
R AR SRR R B B35 B I 740 R 0.7,0.3 Fl 2,38 45 50 VAR, AN BE 3 24 T A AL R N s AL

Fl MDS 7R il B b R0 PR B, DNS 3R 78 348 i 1 vl R 5 A 2, P 32 v O JEE A% E A S5 o0 B v
WA BE MR H bR 2 FIK R 7R MDS Fil DNS P95 Fft ] 82 fiff 1) £ 2% 45 SR AR 9 5 2 1,DNS E3XA™ B Ax R 3RAF S A At B
ST AT BT M AL, MDS I DNS 7EIXAN H AR T 3R1F 1 2 72 1 i 2 43 40 1 B R o PS80 R L4t T W i 2
FEZAE 10 YOE AT 0 3RA5 I S 4 H AREL (P Best 3 7R) A1 10 YRIEAT BT 3145 16 S At (40 1 34 1 () Avg 3% 71%).DNS
SRAF )R B B LA 6t MD'S e FE FH Im R Ho k805 3 A 1(10) i s, e v Bestps A Bestpns 73 i 4 MDS
H1 DNS JraffF i) ds - fi H AR (8.
_ Bestyps — Bestpys

Best,ps

M 1 FTEUE HIm {E0 0E, Ui B DNS BES 13 2008055 40 85 75 1 52, 5 KU B0 25.07%, 5w/ G5 FE A
6.62%, T34 8 0 17.41%.

F 24517 MDS FI DNS Vi JE 1) B i At o o 1 R 4085 A 00 2R AR 5, B Img BT Imp 43 137~ DNS B
U g b 335 7 R RS ARAELAR T T MDS g gt o s 7 U8 B H B 1) 26035 13 A K DNS S it v o 4 v 1 5 H
FRAEAER T MDS S5t fift v 2085 i U B2 I b i 00 5 2, 30k 85 07 =08 F (3L, MBestyips #l DBestyips 4371 4
MDS 5 i fift Hh 1113 7 A0 53-8 75 I 5 H A5 4H, MBestpys £l DBestpns 7341 DNS S5 4 fif r il 38 s A1 234 78 14 2 H
FrA):

Im x100% (10)

_ MBest,,,s — MBest

Im,, DNS » 100% (11)
MBest,ps

Img = DBest,,ns — DBestyy g «100% (12)
DBestyps

M 2 ATLLF Y DNS SERAS (K T SRS R AR 22 . 70 B B AR 4, 20 4 1 o A2 13k 7 4 REEAT
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PN AFTE 23 4 1AM T 3 7 5 3 A R KRR R e 2 R T i R 2 AR T LR B E bR AR ) b,
Im & 25.07%F1) ] & 202,708 7 4 & 203 Imp 14 1 92.34%.
Table 1  Scheduling results of MDS and DNS
F 1 MDS 1 DNS i i &5 5

MDS DNS

Mean Best Mean Best Im (%)
20_1 20 555 20 555 16 121 16 110 21.62
20_2 9448 9 447 7162 7079 25.07
20_3 8 064 8 064 7078 7032 12.80
401 29422 29 363 27 539 27 418 6.62

40 2 53 180 53 010 44 867 44 532 15.99
40_3 43 238 43142 33540 33056 23.38
60_1 80 643 80 625 66 993 66 486 17.54
60_2 88 202 88 142 68 991 68 474 22.31
60_3 89 915 89 880 74 824 74 591 17.01
80_1 195194 194718 | 156396 155887 19.94
80_2 178 762 178688 | 141241 140 257 21.51
80_3 131955 131780 | 115161 113287 14.03
100_1 | 259677 259515 | 223142 221528 14.64
100_2 | 263512 263038 | 218564 216 767 17.59
100_3 | 263081 262407 | 224960 223001 15.02
150 1 | 513122 512562 | 445785 442 227 13.72
150_2 | 617051 616014 | 504017 501124 18.65
150_3 | 525695 523495 | 437318 435440 16.82
200_1 | 996920 996 203 | 818779 814041 18.29
200_2 | 995876 994556 | 838150 834626 16.08
200_3 | 979258 977645 | 817570 812529 16.89

Table 2 Scheduling results of manufacturer and distributor in MDS and DNS
2 2 MDS Fl DNS H il i s A1 70 4 e A i 2 45 2R

MDS DNS

MBestmps  DBestups | MBestopns  DBestpns  Imm (%) Imp (%) Im (%)
20 1 10 158 10 397 11172 4938 -9.98 52.51 21.62
20_2 6094 3353 6 822 257 -11.95 92.34 25.07
20_3 6 005 2 059 6 313 719 -5.13 65.08 12.80
40 1 25351 4012 26 399 1019 -4.13 74.60 6.62
40 2 32 352 20 658 35 687 8 845 -10.31 57.18 15.99
40_3 26 194 16 948 30192 2864 -15.26 83.10 23.38
60_1 56 251 24 374 61 580 4906 -9.47 79.87 17.54
60_2 58 645 29 497 65 117 3357 -11.04 88.62 22.31
60_3 67 885 21995 72 390 2201 —6.64 89.99 17.01
80_1 117 986 76 732 138 134 17 753 -17.08 76.86 19.94
80_2 107 162 71526 125226 15031 -16.86 78.99 21.51
80_3 95170 36 610 103 034 10 253 -8.26 71.99 14.03
100_1 180 100 79 415 197 337 24191 -9.57 69.54 14.64
100_2 175013 88 025 199 048 17 719 -13.73 79.87 17.59
100_3 178 030 84 377 208 426 14 575 -17.07 82.73 15.02
150_1 364 837 147725 409 090 33137 -12.13 77.57 13.72
150_2 408 792 207 222 463 481 37 643 -13.38 81.83 18.65
150_3 355 500 167 995 409 803 25637 -15.28 84.74 16.82
200_1 684 401 311 802 755 159 58 882 -10.34 81.12 18.29
200_2 688 510 306 046 770 640 63 986 -11.93 79.09 16.08
200_3 647 132 330513 739 710 72 819 -14.31 77.97 16.89

4 LIS 40_1 R 80_1 Al eh t T 4B i AN v BRI AR § A 3 R 00 AR BN ) 70 6T DNS 8 B 45 1R R
Wi 85 50, 2> 775, 0= &y 0, SV BUE VS 8 1.0~1.7 B #5313 & 11 72 MR 98 getObjbyDistributorSchedule 53, SN T 1,
DU ) 325 T — 2 AN SR AR A A TR M 2 SR A, M, 3 B SR B I K Lox 3R SR,y 267k DNS (¥4 %
S5 RN 4 v LU B A SHUE R 19 1, DNS 1 8 45 F Bk 872 (H 32 B2 52 52 0 (14 52 4385 B TR BOAS, Tl 32 i 1) it
AL FANSZ T HAT N BRI X R W] gy g B pj g 3, DNS 1R 82 80O BT 1 2% B, L 138 78 0 434
Tl 2 P45 SR B, VU0 65 5 o 0 SR A, 0 A 38 7 8 2 19 &5 SR AR BR 4 1) 3 7 el T DR TSR 1) T 42 1
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Fig.4 Influences of estimated process time 7; 4 of manufacturer on scheduling of DNS
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Fig.5 Effects of combination-split operator on optimization capacity of competitive coevolutionary algorithm
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(%122 TR 5 4 B ), LA — NP GGA o) B 7 ESVRE CR I SCHR[25] 2 H 1K) 3 N VR 13 R 1 I A%,
M PSO 7.t T CCE WA 5 FE AR AL 2R, i PSO th A% FE 1 bafie H 10 5 T 413 B0 B L% 2% SR ) 5 I
B CR M SCHR[26] 7§12 i R WG 57302, 1T ACO 7, e AN 255 R i ) 410 oA 90) 3K 3 7t 5732 2 ) 810 AN [l R Il R4S
F1 ) 70 (e o JORABE 1 ] LG 6 265 1 NS4 ), PR RIS B2 O 100 [ 25 RS 3 g ol AN 3] s A 45 1 b A L 1) 6 2
T 4 Bl EAE AN AL RS ) R _E BT 3RS K S e 15 00, 6 PP P B () T 2R 1 e A gt a kv U, I&] 6(b)
FT 55 2 Bl A 45 L AE L AP 6 nT AT HY, AN T8 Rl 4k 57 1 HE W, CCE S8 R 3R1G L LAt 3 Fh I BE 4 i)
fift, Fe i GGA SA M HUR b CCE 2222 AHAIE T oAb Py k395 AC O SH3EA K0T AL R0 SR i 22 O 3045 1 s DL Ak H A
JLT3E CCE S HARE R L %, AT e 5 M A v 55 AT OGN 6() T &0, £ AH R T 57 IR [RDIK gt 23 1 34 855
,CCE B Re 3 AT LEF At 3 M B3k ST L 1R 8, 70 70 W I 77 JHC SR A A S 12 0 7 8 ) 0 ) B 1
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Fig.6 Comparison between four algorithms on different computational cases
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Fig.7 Evolutionary processes comparison between four algorithms

K7 4 R R UL

305 T 1R 0 4 R 1 A B A 30 % 5 444 1 T 4 0 e 0 9 9
52 0 I8 T R0 S5 6 P 50 A 0 X 03 0 (L 23 PR 1 B 1 8 e A 3
L4348 5 1 80V 0 S, B 05 62 0 0 0 PSR, 45 500y S 0 404 1 V8 )
0.y AR 345 MBI £330 Vs N2 0 0 A FE R S T EDD f i
S 35 50 8 P 5 T A B 2 20 VR 00 AR A T 40 R B VR R S 56
UL 5 St 404 P R S R,y (15 B R PSS 4R T B e

SRR 15 5 1 S S 1 7 5, 01 4 — /3 1 2/ 38 00 9 . B8 890 7548
T LS FE T A2 0 I B T A 4 T 57 5 R A . o T 43 9 98 R
T A TS I, O VR A2 1 1 U 12 3 R, R P 2 Bt S5 78 ) A 0 {4 A
57— T T 44 T BB 2 T T — A 4 5 50385 0 R L0 4355 W 0 25 3 9, S I 4
S 1404 0 S8 L4t R O 07 12—

© PEEEEBAITT

http:// www. jos. org. cn



A FULE T AR B ik 23

References:

[1] SuS, Zhan DC, Xu XF. An extended state task network formulation for integrated production-distribution planning in supply chain.
Ruanjian Xuebao/Journal of Softwase, 2007,18(7):1626—1638 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/
18/1626.htm [doi: 10.1360/j0s181626]

[2] Hall NG, Lesaoana MA, Potts CN. Supply chain scheduling: Batching and delivery. Operations Research, 2003,51(4):566-584.
[doi: 10.1287/opre.51.4.566.16106]

[3] Chang YC, Lee CY. Machine scheduling with job delivery coordination. European Journal of Operational Research, 2004,158(2):
470-487. [doi: 10.1016/S0377-2217(03)00364-3]

[4] Hall NG, Potts CN. The coordination of scheduling and batch deliveries. Annals of Operations Research, 2005,135(1):41-64. [doi:
10.1007/s10479-005-6234-8]

[5] Chen ZL, Vairaktarakis GL. Integrated scheduling of production and distribution operations. Management Science, 2005,51(4):
614-628. [doi: 10.1287/mnsc.1040.0325]

[6] Pundoor G, Chen ZL. Scheduling a production-distribution system to optimize the tradeoff between delivery tardiness and
distribution cost. Naval Research Logistics, 2005,52(6):571-589. [doi: 10.1002/nav.20100]

[71 Dawande M, Geismar HN, Hall NG, Sriskandarajah C. Supply chain scheduling: distribution systems. Production Operation
Management, 2006,15(2):243-261. [doi: 10.1111/j.1937-5956.2006.tb00243.x]

[8] Agnetis A, Hall NG, Pacciarelli D. Supply chain scheduling: Sequence coordination. Discrete Applied Mathematics, 2006,154(15):
2044-2063. [doi: 10.1016/j.dam.2005.04.019]

[91 Gong H, Tang LX. The coordination of two parallel machines scheduling and batch deliveries. In: Proc. of the COCOON 2008.
LNCS 5092, Berlin, Heidelberg: Springer-Verlag, 2008. 670-677. [doi: 10.1007/978-3-540-69733-6_66]

[10] Esaignani S, George S. Approximation algorithms for the supplier’s supply chain scheduling problem to minimize delivery and
inventory holding costs. Operations Research, 2009,57(2):426—438. [doi: 10.1287/opre.1080.0622]

[11] Zegordi SH, Kamal Abadi IN, Beheshti NMA. A novel genetic algorithm for solving production and transportation scheduling in a
two-stage supply chain. Computers & Industrial Engineering, 2010,58(3):373-381. [doi: 10.1016/j.cie.2009.06.012]

[12] Li KP, Ma SH. Study of synchronized scheduling of parallel machine manufacturing and air transportation within ATO supply
chain. Systems Engineering-Theory & Practice, 2007,27(12):9-51 (in Chinese with English abstract).

[13] Tadeusz S. Coordinated supply chain scheduling. Int’l Journal of Production Economics, 2009,120(2):437-451. [doi: 10.1016/j.ijpe.
2008.08.059]

[14] Alebachew DY, Kudret D. A genetic approach to two-phase optimization of dynamic supply chain scheduling. Computers &
Industrial Engineering, 2010,58(3):411-422. [doi: 10.1016/j.cie.2009.01.010]

[15] Yao J, Liu L. Optimization analysis of supply chain scheduling in mass customization. Int’l Journal of Production Economics, 2009,
117(1):197-211. [doi: 10.1016/j.ijpe.2008.10.008]

[16] Bhatnagar R, Mehta P, Teo CC. Coordination of planning and scheduling decisions in global supply chains with dual supply modes.
Int’l Journal of Production Economics, 2011,131(2):473-482. [doi: 10.1016/j.ijpe.2011.01.011]

[17] Yeung WK, Choi TM, Cheng TCE. Optimal scheduling of a single-supplier single-manufacturer supply chain with common due
windows. IEEE Transa. on Automatic Control, 2010,55(12):2767—-2777. [doi: 10.1109/TAC.2010.2049766]

[18] Dan B, Xiao J, Liu XH, Zhang XM, Li ZW, Tang HL. Batch scheduling of a multi-stage supply chain with due windows. Computer
Integrated Manufacturing Systems, 2007,13(2):312-316 (in Chinese with English abstract).

[19] Yao JM, Liu LW, Pu Y, Zhang XM. Analysis on ants optimization algorithm for supply chain dynamic scheduling in mass
customization. Journal of Management Sciences in China, 2007,10(3):7-41 (in Chinese with English abstract).

[20] Chen ZL, Hall NG. Supply chain scheduling: Conflict and cooperation in assembly systems. Operations Research, 2007,55(6):
1072-1089. [doi: 10.1287/0pre.1070.0412]

[21] Manoj UV, Gupta JND, Gupta SK, Sriskandarajah C. Supply chain scheduling: Just-in-time environment. Annals of Operations
Research, 2008,161(1):53-86. [doi: 10.1007/s10479-007-0290-1]

[22] Dong HB, Huang HK, Yin GS, He J. An overview of the research on coevolutionary algorithms. Journal of Computer Research and
Development, 2008,45(3):454-463 (in Chinese with English abstract).

© HEBEERAET hipd/ www, jos. org. cn



24 Journal of Software #k#F33& Vol.24, No.1, January 2013

[23] Tan KC, Yang YJ, Goh CK. A distributed cooperative coevolutionary algorithm for multiobjective optimization. IEEE Trans. on
Evolutionary Computation, 2006,10(5):527-549. [doi: 10.1109/TEVC.2005.860762]

[24] He RJ, Chen YN, Yao F, Xing LN. Knowledge-Based co-evolutionary approach for flexible job shop scheduling. Computer
Integrated Manufacturing Systems, 2011,17(2):310-315 (in Chinese with English abstract).

[25] Zhang CS, Sun JG, Ouyang DT, Zhang YG. A Self-Adaptive hybrid particle swarm optimization algorithm for flow shop
scheduling problem. Chinese Journal of Computers, 2009,32(11):2137-2146 (in Chinese with English abstract).

[26] Keskinturk T, Yildirim MB, Barut M. An ant colony optimization algorithm for load balancing in parallel machines with sequence-
dependent setup times. Computers & Operations Research, 2012,39(6):1225-1235. [doi: 10.1016/j.cor.2010.12.003]

M HR 30525 SOk
[1] J5RZ2E, A2 B AR 108 KR T4 IR 25 AT 55 I 1 i 3 436 1 4 oF Rl 4 £ 27 91 ,2007,18(7):1626—1638.  http://www.jos.org.cn/1000-

9825/18/1626.htm [doi: http://dx.doi.org/10.1360/jos181626]

[12] Z=EMS, LA ATO (i R B P T 2% 08 i B AT HLAE 7= W IR 8 5 il . R 496 TR 3818 15 50 88, 2007,27(12):9-51.

[18] AHE, % &1, X e 21, 5K A, 4= 75 B, 32 HE W .k 38 5% 301 6 11 240 SR 1) 2 041 I A it ko 15 i) BUAIT 9 SR ML Bl L i R 4, 2007,
13(2):312-316.

[191 S W1, B 3C, il 2=, 5K 75 B8 MC B 446 1 e 2 245 1 1 IR 5008 43 A 4 BB 27 2417, 2007,10(3) : 7-41.

[22] 200k, 3 5o, B A e 75 W [ 3 A0 SR St e v SR 90 1 K 2, 2008,45(3):454-463.

[24]  BRAAS BReged e TS S 1 SRAA R 2 TR b U8 82 1) e AR 2R W )yt Ak D7 3k SR B i 3R 4,20111,17(2):310-315.

[25] kA BN o BKBH P, 3 i MR A 2 (] 38 B2 e 85011 15 38 N TR A T B Tk T ST 4% 41, 2009,32(11):2137-2146.

FEQ978—), 5, W TR T L R
$2, 5 BTN 5L 2% R G e A i
S, B P R 5|

E-mail: susheng@uestc.edu.cn

RIEH(1971—), Y5, 18 &, @l Bz, 12 20T
FUATIR A N ELHA HLE A BAR.

E-mail: wzhzxwz@sina.com

F A 977 —), Lo, 1l PRI, AT
AU g A3 B B 5T T R R L
E-mail: yuhaijie@uestc.edu.cn

HI(1964—), W 1+ #I%,CCF Mg s
A R G B B o 7 W 5 (T
T

E-mail: yutang@uestc.edu.cn

o e

© HEBEERAET hipd/ www, jos. org. cn



