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Auction-based cooperation mechanism for cell part scheduling with
transportation capacity constraint

ZENG Cheng—kuanT, LIU Shi-xin
( College of Information Science and Engineering, Northeastern University, Shenyang 110004, China)

Abstract: For the cell part scheduling (CPS) problem with transportation capacity constraint, an integer nonlinear
programming (INLP) model is formulated to allocate the machines and automated guided vehicles (AGVs), and to
schedule all parts. A reasonable transportation mode is presented, and an auction-based heuristic approach is proposed
to solve the problem. An improved disjunctive graph model is developed to optimize the feasible solutions obtained by
using auction-based approach. The auction consists of two aspects: Auction for AGV and auction for machine. Auctions
can be used to evaluate the value of resources in different periods of time properly, so as to improve the utilization of
resources and reduce the total production time. In both auctions, AGVs and machines act as auctioneers respectively, and
parts act as bidders. Numerical experiments are conducted to test the auction-based approach and improved disjunctive
graph model. The results demonstrate the effectiveness of proposed auction-based approach and improved disjunctive
graph model, also indicate the influence of the capacity of AGV on scheduling parts.

Keywords: cell part scheduling; transportation capacity constraint; reasonable transportation mode; auction-based
cooperation mechanism; improved disjunctive graph model
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Step 5: BT TAFA T A /NER M SEhn 5 B, 5 F
INZETE 7, D) % Step 6; 75 W, AR AE T — I Z1 4k 45 1)
N TEARME B, L Step 5.

Step 6: &5 /INETF AR 2 BT 40 32, TR e 4 0 ik %
Wi I — 40/ 22, B J LA AR A 5 1 77 X
I SEAR B, SRS AN AR PPIRES, 1R 5] Step 2.

Step 7: 41 SR T A A5 56 B JEE, T #% Step 8, 157
3R 5] Step 2.

Step 8: & T Xk 1) (AF) 3% 18 B, A S g g A2 h
KEEY N e i &, 43 2007 1 FE 77 . #1533
BT 5 S B O3 58 WAL ET 7 SRBE LA 7 &,
Tter = Iter + 1,5 A Step 9.

Step 9: 11 Tter > GENNO, M| FEAN Bk 45 3, 75
3R 7] Step 8.

5 SERAERSHE

T IAAR SO R PERE, 1 AR TEE AR L 2R TA)
benchmark 54513247 MK, 545 La01 ~ La40 & H STk
[21].

MR BT

i KIEAR IR EL GENNO A 150. X T BT A 1 5451,
A 35T, AR &K S AT Re b~ 35 43 I 31
FABIG, M RITH s RN R, T AR R
TG ] (R 3 B[] A 30.

T, {8 H Lingo 28 F /i 3C o £ A 2R %o 5
I FEAT SR A, RIASERE T /N KA (0 5497, AE TH B 4 A1
I 2 JE A AN BEAS 2 W4T A, 169H Lingo ANid & 3K A 1tk
2 I L, R B 1 b ) R A2 2

ARG, I AR SCHE R R G et () i d B
OS2 B R R MR A, 45 SR a0 3R 8 R B 1 A E R B k.
10x5 ZRFHHAE 10N TH, BN THIEES
T8 7. 32 8 W HIME AN R RS SR AG1 76 A [R] 18 i A
3 A AV LA [F R AR T, LA 58 B )
make-span{H. #7 L4 20, W ZE A R 4, 16
I, 22 AR5 A ECE ) B A7) B 2 20 %o, 5 2H 5451
(RIS LE 100 s A 56 L.

T AT A A BT R B 5 T [R] R 2 e e i
R8I 1445 R, LL 100 % Lb A~ 15 2 ) make-span
B A FEAE, THE R R B AN R 2R A0 A & T 58 LI
i) make-span {8 5 Z [ 22, I 53 5l v SEAS [R] FUASE 1)
YA, @ R WR PR, it H kR



696 #= % 5 Xk % 344
# 8 AREBEBHERN FREE ARNEFRTHISTIATE
NS TR ] /%
S B
10 20 30 50 80 100
La0l  10x5  881/1096/1021 759,/781/808 755/777/802 750/770,/796 748,768 /796 743 /764 /787
La02 10x5 1017/1249/1187  890/927/945 884,/916,/939 879,/908/936 875/903/936 873/901/925
La03  10x5  899/1090/1045 787/828/836 782/813/832 780,/805,826 779,/799/826 777/797/819
La04 10x5  895/1072/1031 779/822/835 774/811/830 770/804 /824 764 /795 /824 763,789,820
La05  10x5 716/865/827 624/669/668 619/648 /664 615/643/662 613,637,662 610/633/657
La06 15x5 1226/1515/1433 1045/1071/1127 1037/1062/1122 1033/1057/1119 1030/1051/1119 1028/1045/1116
La07 15x5 1212/1484/1436 1023/1049/1102 1017/1046/1101 1011/1037/1096 1008/1032/1096 1006/1030/1091
La08 15x5 1151/1406/1396 1016/1053/1096 1010/1046/1092 1003/1039/1089  995/1039/1089  988/1037/1083
La09 15x5 1197/1459/1421 1037/1082/1121 1029/1078/1117 1022/1074/1113 1015/1068/1113 1011/1065/1109
Lal0  15x5 1187/1423/1436 1041/1064/1134 1029/1053/1130 1023/1044/1128 1016/1040/1128 1012/1036/1121
Lall 20x5 1565/1860/1889 1356/1416/1488 1341/1403/1485 1338/1388/1483 1334/1385/1483 1333/1378/1479
Lal2  20x5 1306/1613/1552 1152/1183/1267 1146/1174/1263 1132/1169/1260 1130/1160/1260 1127/1155/1257
Lal3  20x5 1402/1773/1688 1235/1255/1342 1227/1243/1339 1218/1238/1335 1209/1233/1335 1206/1230/1330
Lal4 20x5 1502/1868/1808 1321/1412/1442 1315/1400/1439 1311/1388/1436 1304/1383/1436 1300/1381/1431
Lal5 20x5 1686/2021/2013 1431/1492/1565 1423/1479/1562 1417/1473/1558 1408/1470/1558 1401/1466/1555
Lal6 10x10 1484/1787/1813 1324/1345/1451 1316/1331/1448 1304/1324/1446 1299/1316/1446 1292/1310/1440
Lal7 10x10 1220/1479/1496 1058/1094/1162 1050/1077/1158 1047/1072/1155 1042/1071/1155 1036/1060/1152
Lal8 10x10 1375/1696/1663 1197/1275/1312 1195/1270/1308 1191/1253/1304 1186/1248/1304 1182/1246/1301
Lal9 10x10 1343/1670/1684 1149/1198/1252 1143/1182/1248 1134/1178/1244 1131/1178/1244 1126/1172/1238
La20 10x10 1394/1699/1708 1202/1298/1315 1192/1280/1309 1192/1273/1306 1190/1269/1306 1189/1265/1298
La2l  15x10 1617/1918/1923 1403/1433/1548 1398/1425/1544 1396/1416/1542 1388/1407/1542 1385/1404/1536
La22 15x10 1550/1871/1876 1362/1462/1502 1356/1447/1498 1352/1428/1496 1349/1419/1496 1346/1416/1488
La23 15x10 1537/1870/1881 1356/1458/1489 1350/1453/1484 1349/1432/1483 1347/1430/1483 1344/1427/1477
La24 15x10 1509/1802/1828 1338/1412/1476 1334/1392/1473 1331/1385/1471 1330/1382/1471 1327/1375/1466
La25 15x10 1536/1903/1844 1345/1398/1482 1340/1386/1478 1331/1375/1475 1324/1368/1475 1320/1362/1471
La26 20x10 1799/2203/2141 1568/1652/1713 1564/1639/1708 1558/1618/1704 1550/1617/1704 1543/1614/1701
La27 20x10 1976/2359/2358 1667/1696/1849 1661/1691/1845 1659/1689/1843 1653/1688/1843 1650/1686/1840
La28 20x10 1871/2272/2295 1627/1674/1778 1619/1670/1775 1612/1666/1771 1608/1659/1771 1602/1654/1765
La29 20x10 1907/2360/2267 1687/1751/1854 1683/1736/1851 1681/1719/1847 1674/1703/1847 1665/1691/1840
La30 20x10 2000/2523/2364 1736/1849/1902 1731/1829/1896 1724/1807/1893 1716/1773/1893 1705/1752/1888
La3l 30x10 2489/2980/2974 2123/2235/2356 2118/2218/2352 2112/2206/2349 2104/2199/2349 2099/2196/2344
La32 30x10 2672/3256/3286 2258/2367/2488 2253/2358/2486 2251/2334/2482 2246/2327/2482 2243/2313/2478
La33 30x10 2323/2855/2788 2067/2165/2285 2052/2159/2281 2044/2151/2280 2038/2151/2280 2033/2148/2275
La34 30x10 2476/3057/2987 2107/2194/2342 2103/2186/2339 2099/2179/2335 2094/2175/2335 2090/2170/2328
La35 30x10 2593/3251/3046 2238/2351/2488 2231/2340/2483 2226/2332/2480 2225/2324/2480 2221/2318/2475
La36 15x15 2266/3469/2812 1883/2076/2185 1880/2064/2182 1876/2061/2178 1872/2057/2178 1869/2054/2172
La37 15x15 2310/3622/2878 1892/2150/2223 1888/2138/2218 1884/2104/2215 1884/2088/2215 1872/2062/2212
La38 15x15 2169/3346/2695 1795/2013/2123 1781/2001/2120 1772/1994/2118 1773/1991/2118 1770/1986/2114
La39 15x15 2154/3226/2673 1770/1962/2112 1762/1945/2108 1753/1942/2107 1750/1942/2107 1749/1939/2102
Lad0 15x15 2120/3209/2668 1775/2058/2098 1762/2027/2094 1756/1992/2092 1744/1945/2092 1726/1920/2083
R9 TRNESRTEIMNENRE MZE =
AINERARS TSR L) / % 24 B make-span 1 — 100 % Ht. 45 make-span {& 100 %
LA o 20 1 0 s 100 % Lt 45 make-span {E -
(16)
La01-05  10x5 1708 196 129 075 036 \ i o
La06-10  15x5 1837 232 153 094 038 FH 39 T LA HY, AT th K LR D) R
Lall-15  20x5 17.08 202 135 076 028 AN TR A T 7 A 3 i 2 1) 29 3R 1 22 B e B E R B2 )
Lal620 10x10 1709 18 121 074 04 L 4 H I35 20 % W HERT B 4B, 15 508 12] 0
La21-25 15x10 1528 122 083 055 024 - ot g - .
La26-30  20x10 1701 147 114 084 044 S B R PR SRR L. T8 A A
La31-35 30x10 17.44 1.01 067 043 02 E@?ﬂiﬁ%ﬁiﬁﬁifﬁk[m]*@iﬁ%‘iﬁ?ﬂ‘]%ifnw
La36-40  15x15 22.63 145 098 062 041 VEVA B [n) 75, 25 B3R 8 28 2 41 Al i~ s FH SC ik [12]
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BALE F: RMAEBHE QRS AR Y10 % 5 ok

697

®10 FRIZWERRFREETK

4B =a

37T

THtEgmE

NS TSRS /%

=8l HAE
10 20 30 50 80 100
La01-05 10x5 21.79 / 1591 5/6.62 3.99 /6.67 3.63 /6.63 328/655 3.15/6.49
La06-10 15x5 21.99 /19.27 3.04/8.1 3.18 /8.59 3.13/89 329/93 334 /9.42
Lall-15 20%5 22.62/19.94 3.98 /9.38 375 /9.85 3.69 /1025 3.78 / 10.65 3.73 /10.77
Lal6-20 10x 10 2232 /2273 475 /9.48 4.16/9.75 3.96 /9.99 4.02/10.17 3.92/10.37
La21-25 15x10 20.86 /2071 529 /10.18 481 /1031 4.11/1048 3.99/10.6 3.91/10.65
La26-30 20% 10 22.64 /19.62 4.06/9.78 3.71/9.89 322/10 2.93 /1023 2.87 / 10.67
La31-35 30% 10 22.67 /20.12 4871081 4.69 /11.01 439/ 11.14 44/1125 427 /1138
La36-40 15%15 53.05 /24.58 12.56 / 17.87 12.16 / 18.21 11.66 / 18.5 11.1/18.59 10.87/18.94
A \ VSR iR & ‘4AI’-H‘ ) AR N PN s 5
TR B i 8, &8 SR an 2R 8 TR 2 3 A iR, JE AR 8 i ES
v oL s o e e s AR TR E 1/
1SS N, 5 BB 5 2 2. FLRE, 43 52 . ﬁ i
AFIBBL R 1, 1028 10 B, i 507 LR X (16). S
M 32 10 45 141 25 SR DA 3], A3 H s s Lall  20x5 1963 1592 1581 1578 1554 1513
*ﬁﬁ‘l‘ﬁj\ﬁﬁfﬂi%j( jﬁﬁ%x%j(%ﬂ%‘iﬁ@” Xﬂ‘ﬂ: Lal2 20%5 1685 1348 1345 1336 1326 1274
e o w e o Lal3  20x5 1723 1454 1435 1422 1407 1356
WA A [ S AR = S R RS A Lald  20x5 1864 1538 1532 1517 1516 1502
E6 A1 S 10 0 BF, X6k T A /N KRS 5451, 5€ T B 7] make- Lal5  20x5 2123 1687 1684 1664 1620 1602
span [1) 7 B 7E 20 %0 7 47 5 24 545 S KRR IR, 72 FE o La3l 30x10 3305 2583 2575 2556 2538 2526
TR F 53.05 %. 24 b 51 ik B 20 % Sz LA 11, 36 T o La32 30x10 3512 2765 2751 2733 2726 2711
. . N “w . La33 30x10 3236 2644 2621 2608 2604 259
WAL 051, 56 T IF 18] 22 B 7E 4 9 7647 24 B0 9 B0 S
e g3t o S La34 30x10 3365 2531 2514 2506 2498 2489
ABLINT, 22 BEHE R 1L 10 %o, e K IK 3] 12.56 %o. AR La35 30x10 3658 2812 2796 2790 2778 2756
138 A 0K 78 A2 st A2 H R B R = R T
H1# 10 28 2 71 45 S ] DLE e 24 B 8 10 % F12 XESIEESANEERBERZENRE
o, SR [12] P 7 52035 5R 78 010 45 SR 15 2 S 42 o F 4 A ——
T B SR A R 22 B AE 20 % A7 A5, B K 2 R AT ik L Wﬁlo o . 0 s 100
24.58 %o; 24 LLAIE $1] 20 o S LA LI, X rp /N A AR £
Lall-15 20x5 2547 1729 1741 1717 1631 13.77

], 22 BEAE 10 %o o A7, X T R HUARE SR04, 22 B G 9 B
5, B K AT IE 18.94 Yo, 3B XF Lb, 7843 R B T A ST
& tH A S BE 0T T SRAR L 10 8 ) R

N T35 B R SRR R A (R A 2
FOIX —REAE B 200, IS SCHR 18] 59 IR SR i 45 R
HEAT LR SR [8] 4 H 1 B2 9 B B st A% BV,
E/NERFRIRIE FEH, R RN RN LIS B,
RI/INZE B 2 ) I B RERE 38 1 /> oA, DRIk, Sk [8]
SR Z BN E RS RN B A TRt AT iB %
AR A R R AT X RIS, % B 439 ik B
SY B Lall ~Lal5 Ml La31 ~ La35, 13 3 () 45 5 4
FK11FR.

[FIFE, AR 8 35 1 FI &5 S B, tH R 11 ()
E R 52 W2, I B E I, iR 12 Fios.

R 12 (145 S mT LA X 1 A R B 1 B4,
PR B9 SR A5 5 SR ) A 22 43 0l 513K 13 o ~ 26 Yo 1

La31-35 30x10 36.1

22 % ~ 37 Yo. Fifi A 151 FARE [ K, 22 R 0AH B Ry B
. DRI, B A S i s TR s A 2R AR PRI T,
RBA A HIS LB A TIHLE], TPRER 2K = 1A=
FERFA], X 8 A AR B T B AR AT T SR AR SCRT
B AR T (0 A R ) )
6 4 W

PGPS PO el EIEAR N A= STy X (3 )i
i L, 7E 32 G HE A X i R A b s sz E g,
I A 32 A 7 O A RS M SR AT A PR B
AR B T 0] A T AT AR, FE T SO Y (AR i )
T 19 2 1 v] 47 i st — 25 AR Ak, 5% )5, 8 i benchmark
I, 5 O s 7 AT R B, B E T AR
SCPTHR HA A S SRR I 0, DL AR I8 f i R A
P 3 A e 2P B 2

23.56 2326 2295 2278 2242
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