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5-7-8 2531.24  2852.69 3600.00 927 081 2 846.14 2 846.14 4 569.03 33 0591 12.44% —0.23%
5-10-4 2 824.06 3 278.50 3 600.00 137 655 3029.44 3 263.89 3 600.00 196 356 7.27% —0.45%

5-10-6 3 323.56 4 364.41 3 600.00 54 561 3718.74  4198.07 3 600.00 86 098 11.89% —3.81%

5-10-8 4775.01 5 556.56 3 600.00 70 156 4792.29 5453.01 3 600.00 74 789 0.36% —1.86%
5-15-4 3 115. 88 5200.93 3 600.00 35 112 3837.68 5089.11 3 600.00 42 936 23.17% —2.15%
5-15-6 4 915. 74 6 914.02 3 600. 00 22 396 5032.73 6 671.46 3 600.00 25772 2.38% —3.51%
5-15-8 5 462.16 3 600.00 17 834 5 594. 94 3 600. 00 13 239 2.43%

7-7-4 2 503. 46 2932.56 3 600.00 59 316 2932.56 2 932.56 53.69 21 503 17.14% 0
7-7-6 3 038.09 3 754.98 3 600.00 148 169 3706.40 3 706.40 1 148.90 148 011 22% —1.29%
7-7-8 2 991.77 604.26 3 600.00 79 934 3 904.40 4 545.49 3 600.00 192 118 30.5% —1.28%

7-10-4 3 180.79 591.26 3 600.00 107 053 3937.07 4 587.18 3 600.00 226 267 23.78% —0.09%

7-10-6 3 998. 11 7 035.66 3 600.00 76 347 4 872.64 5 741.46 3 600.00 36 998 21.87% —18.39%
7-10-8 6 581.10 8 634.43 3 600.00 46 326 6 617.84 7 872.30 3 600.00 87 710 0.56% —8.83%
7-15-4 4 495.55 7 044.38 3 600. 00 110 189 5543.00 6 923.67 3 600.00 180 440 23.3% —1.71%
7-15-6 7 453. 96 3 600.00 8 741 7 649.65 11 302.50 3 600.00 26 194 2.63%
7-15-8 8 292.95 3 600.00 24 193 8 434. 71 3 600. 00 19 067 1.71%
10-7-4 3 497. 64 5 271.34 3 600.00 51 952 4492.72 4 730.57 3 600.00 415 420 28.45% —10.26%

10-7-6 3 788.57 6 465.46 3 600.00 86 840  5384.96 6411.54 3 600.00 165 452 42.14% —0.83%
10-7-8 4 433.62 7 958.04 3 600.00 59 785  5968.45 7 876.88 3 600.00 131 321 34.62% —1.02%
10-10-4 4 406.75 7022.78 3600.00 156 719  50915.75 6 958.06 3 600.00 71 581 34.24% —0.92%
10-10-6 5 900.98 9 904.66 3 600. 00 31662  7302.21 9 761.20 3 600.00 40 428 23.75% —1.45%
10-10-8 10 100. 60 14 144.00 3 600. 00 37 774 10 293.50 13 179.30 3 600. 00 58 720 1.91% —6.82%
10-15-4 6 140.13 3 600. 00 13412 8 064.22 3 600. 00 17 485 31.34%
10-15-6 11 254. 80 3 600. 00 3488 11 506.70 3 600. 00 9 788 2.24%
10-15-8 12 605. 50 3 600. 00 2901 16 302.18 3 600. 00 3105 29.33%
SEHME 5 026.54 3478.69 96 377 5 771.21 3204.10 97 843 16.04% —3.25%

TE < T R B8 Al 2 7 B9 e U A
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3.4 BRRXBEEKRBURSN

N RAEARSCER 1. 2 45 B4 RS S U E SR ORI Y 2 5 B CPLEX 7E 1 h N PR 45 21 5 A SOk
XF 3. 1 8 E B 27 AT SR fifp 45
CAIAT ) S AEAY 2 AR A% b FE ORI AT ) Z B W 7T 40 L 28 00, A 2 3ROR AR SR R UREFER 5 ACHY 2(CPLEXD #6122

BEAT XS HEAr#r S5 R WL 4, Horh, A1 KRR A SO % U5 34T B ARl

(B8] A8 7 0 b 22
x4 BERAEEHRIK
Tab.4 The test performance of heuristic algorithm by comparing with model 2
BRI 2 (CPELX) JA Gk Ty 2B

o TH L& FEM /s FARE FE /s Al A2
5-7-4 1 898.77 1 898.77 14. 90 1918. 31 0.51 1.03% —96.58%
5-7-6 2 243.03 2 243.03 42. 20 2 273.40 0. 60 1.35% —98.58%
5-7-8 2 846. 14 2 846. 14 4 569.03 3 079.52 0.68 8.2% —99.99%
5-10-4 3 029. 44 3 263.89 3 600. 00 3 616. 85 0.75 L.1% —99.98%
5-10-6 3718.74 4 198. 07 3 600. 00 4 118.51 0.77 —1.9% —99.98%
5-10-8 4.792.29 5453.01 3 600. 00 5 787.54 0. 80 6.13% —99.98%
5-15-4 3 837.68 5 089.11 3 600.00 5 222.55 0. 85 2.62% —99.98%
5-15-6 5032.73 6 671.46 3 600. 00 6 657. 31 0. 90 —0.21% —99.98%
5-15-8 5 594. 94 3 600. 00 7 561.11 1. 11 —99.97%
7-7-4 2 932.56 2 932.56 53.69 3 097.67 0.74 5.63% —98.62%
7-7-6 3 706. 40 3 706. 40 1 148.90 3970.41 0. 80 7.12% —99.93%
7-7-8 3 904. 40 4 545. 49 3 600. 00 4 781.73 0. 82 5.2% —99.98%
7-10-4 3 937.07 4 587.18 3 600. 00 4 626. 04 0. 88 0.85% —99.98%
7-10-6 4 872. 64 5 741. 46 3 600. 00 6 164. 39 0.92 7.37% —99.97%
7-10-8 6 617. 84 7 872. 30 3 600. 00 8 273.41 1. 05 5.1% —99.97%
7-15-4 5 543.00 6 923. 67 3 600. 00 7 019.63 1.23 1.39% —99.97%
7-15-6 7 649.65 11 302. 50 3 600. 00 10 001. 90 1. 47 —11.51% —99.96%
7-15-8 8 434.71 3 600. 00 11 604. 70 1. 65 —99.95%
10-7-4 4 492.72 4 730.57 3 600. 00 4 336.06 0.96 —2.0% —99.97%
10-7-6 5 384.96 6 411. 54 3 600. 00 6 963. 60 1.28 7.39% —99.96%
10-7-8 5 968. 45 7 876. 88 3 600. 00 8 091. 46 1. 36 2.72% —99.96%
10-10-4 5 915.75 6 958. 06 3 600.00 7 001. 28 1.52 0.62% —99.96%
10-10-6 7 302.21 9 761.20 3 600. 00 10 285. 20 1. 85 5.37% —99.95%
10-10-8 10 293. 50 13 179. 30 3 600. 00 13 312. 72 2. 06 1.01% —99.94%
10-15-4 8 064. 22 3 600. 00 11 257. 80 2.17 —99.94%
10-15-6 11 506. 70 3 600. 00 15 311. 80 2. 45 —99.93%
10-15-8 16 302.18 3 600. 00 17 232. 40 2.86 —99.92%
S 5771.21 3 149. 21 7 049. 31 1.22 —99.74%

MR A4 PR AT, B XL 2(CPLEXDAE 1 h WRERSSKRAS SR AL MR A 5 AT A SCRT # A4 i3 e UL A

A
M

1 s T ARAS AT AT % 45 e 0 19 22 BE S 7E 1020 LAY DRI AS SCT 418 1 39 i3 2 3080k R 68 1Rl Xk /N R ASE 530 431 5K 1y
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R AR AR . B R RIS (CPLEX REA2 3K 15 1 5t 47 S AR ] fE 2 e IR ) - AR SO )a R vk IR nl AT i 5
CPLEX 3575 F R Hy ZEWAE 10 % L HFERH A X CPLEX SE 324 T 99. 97 %, BFXF KM 5] (CPLEX 7
1 h WA B BN F) 7-15-8 ,10-15-4 ,10-15-6 Fl 10-15-8) , A& i K XA IELE 3 s WREMS IR (AL ] 17 .
3.5 BBKRBEZESH

TG R DR ST 2 B T 0 B B X R) R A S % B AR S [ RE R I P I 0 B (7 A FIRS R
(4 A BEHUEA 5-7-4.7-7-4 F 10-7-4 , FF R A SR ik i3 6 550491 95 K 1) e 5 722 ik 5 B A0 29 8 H 2647 5% Le 23 17
MIE 3 B B £ B B B3N, PR A B R 29 S8 B B I RS S B b DA E A 7 B
F) 10 B, 0] BR A 02 2% B2 38 00 . LR O BT AN T 0 B v 0 XoF ) SR A 52 2% BE I R I [ GE S A o0
BB A FIRT R EEE (4 F R HCE ) 5-7-4.5-10-4 F 5-15-4 , [ B 1 485 750 S figp 35 26 545 461 5 K 174 e 5 70 2
BOH ML H AT A BT U, DAL A4 R ()R A A 2% T B R T 0 I v 0 B0 8 i e B
[l BE L & 5 B T R b B 2 50 0 1) SR At 52 2% B0 52 ) B 255 TR o5t ol 2R 50 1 6 SR A A2 2% R AR KL (HL A 48
TIRR G 2815 CRR A & B it v oO B H RN V& B0 oo 808 128 40
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Fig. 3 The influence of the townships number Fig. 4 The influence of the villages number
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Fig. 5 The influence of the commodities number

3.6 FEWHFEHEEXTETKMEH NG

FE S BRIEE R /NI GR AE R B B s B S LY T b O RS Y U O B9 U [R) B AR RUR AR B
T 5 W0 0 BRGE B TT 5L SIE S R L /N B R A 2 A R BB B T SR R A AR SORE R L /N AR 4R 3
8530 200 F 40 B ALY R L /ANBY B AL AR AT 1 43 I 250 50,300 F1 60 X 2 A F AL, I S &2
VAN 301 WHRE M 27 DB A R IEATX L b A R 5.

M2 5 A1) Yok NI B R A B WY R E 250 150, BURA AT 7.22% 55 1 MY B4 %
BIAFHEAT 0.58% @ IREWAFLHHAT 2.62% .45 2 IWEEMBBR WA FHHAT 6.27% . &
IRZEMASEH T T 18140, 2) MR PR R A T 4008 K E 300 F1 60, MURAFH WL T 17. 26 %,
51 BB R AT AT 15, 86 00 [ E IR E U B A T 25. 3500, 5 2 B B AR BUAS - 3T
AT 9.41% FEEIRG AT AT 26.96% , T LI LS50l 50 3K /N B0 5 A 2 4 5 L T LU 7R
Wi 55 B 2 1 2 ST rh O BOR Y& P TG S TR I AT R TR B AR 4 A RO Ak s TR B IR DA ] Bk S 2 R
R TR R AR U B8R . WA, WG] 7-7-6.7-10-4 F1 10-10-4 A1, Y R R A R IAE — EREE,
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Tab.5 The test results of different load capacity of vehicles JL

KNG LR AR B4 5 R 200 1 40 R NARIER A 30 25 5 40 i 250 A1 50 R /NEL R ZE e 3k 25 & 4 il A 300 60

" GRS T3-S CRNNE S BB W ONE

I
BAA g ORYE MR ORE ORRAR W ORE BEORE BRE BR ORE MEORE
WA RA WA A WA WA WA A WA RA A AR

5>7-4 19183  722.5 300 475.8 420 1861.3  722.5 300 478.8 360 1645.5 688.5 200  457.0 300
576 2273.4 746.2 400 527.3 600 2 273.4 746.2 400  527.3 600 1918.3  722.5 300  457.8 420
5-7-8  3079.5  903.0 600 676.6 900 26584 903.0 600  555.4 600 23185 751.3 400  567.1 600
5-10-4  3299.7 746.2 300 1653.6 600 3151.7 746.2 300 1565.6 540 2979.0  722.5 300 1 536.5 420
5-10-6 4 118.5  903.0 600 2075.6 840 4303.3 903.0 600 2080.3 720 4 016.1 746.2 400 2 209.9 660
5-10-8 5787.5 1109.6 1000 2596.1 1080 5396.2 1109.6 1000 2326.6 960 4301l.4 903.0 600 2 078.5 720
5-15-4  5222.6  903.0 600 2819.6 900 4474.0  903.0 600 2 311.0 660 4 220.5  746.2 400 2474.4 600
5-15-6 6 657.3 1109.6 1000 3347.7 1200 63885 1109.6 1000 3258.8 1020 5343.9 903.0 600 2 940.9 900
5-15-8 7 561.1 1109.6 1000 3831.5 1620 6951.3 1109.6 1000 3521.7 1320 6249.9 1040.3 900 3169.6 1 140
7-7-4  3097.7  970.9 400 1306.8 420 2983.5 882.9 400 1280.7 420 2644.9 744.2 200 1280.7 420
7-7-6  3970.4  851.6 600 1618.8 900 3560.4  882.9 400 1677.5 600 3560.4  882.9 400 1677.5 600
7-7-8  4781.7 1173.0 800 1848.8 960 4384.1 1173.0 800 1571.2 840 3847.5 815.1 500 1 692.4 840
7-10-4 4 626.0 851.6 200 2774.5 600 4459.4  880.3 200 2579.1 600 4459.4  880.3 400 2 579.1 600
7-10-6 6 164.4 1265.5 800 30789 1020 5830.1 1173.0 800 2897.2 960 5165.9  851.6 600 2 874.3 840
7-10-8 8 273.4 1520.3 1400 3793.1 1560 75781 1520.3 1400 3337.8 1320 6572.2 1173.0 800 3399.2 1 200
7-15-4  7019.6 1173.0 800 3906.7 1140 6 557 1173.0 800 3624.1 960 5935.4 851.6 600 3 643.8 840
7-15-6 10 001.9 1520.3 1400 5 341.5 1740 9244.6 1520.3 1400 4824.3 1500 7569.8 1173.0 800 4 336.8 1 260
7-15-8 11 604.7 1520.3 1400 6 404.4 2280 10195.8 1520.3 1400 5145.5 1860 9381.1 1451.0 1300 5010.1 1620
10-7-4 4 636.1  941.2 400 2634.8 660 4 181.5 941.2 400 2 240.5 600 4 115.2  874.9 400 2 240.3 600
10-7-6  6885.3 1261.3 800 3624.0 1200 68853 1261.3 800 3624.0 1200 5290.2 941.2 400 3 049.0 900
10-7-8 8 091.5 1582.7 1000 4268.8 1540 7349.3 1582.7 1000 3566.6 1200 6522.9 1152.4 600 3570.5 1 200
10-10-4 7 001.3 1241.1 80 3760.1 1200 6914.0 1163.9 500 4230.1 1020 6914.0 1163.9 500 4 230.1 1 020
10-10-6 10 285.2 1589.4 1000 5 895.8 1800 9047.1 1589.4 1000 5017.7 1440 7763.9 1241.1 800 4 522.7 1 200
10-10-8 13 312.7 2162.2 2000 6 990.6 2460 11 979.6 2162.2 2000 5777.5 2040 9696.0 1582.7 1000 5 433.4 1680
10-15-4 11 257.8 1599.4 1000 3 858.5 1800 9417.4 1599.4 1000 54380 1380 8441.7 1261.3 800 5180.4 1 200
10-15-6 15 311.8 2 162.2 2000 8 449.6 2700 13 821.5 2162.2 2000 7 559.3 2100 114085 1599.4 1000 7 009.1 1 800
10-15-8 17 232.4 2162.2 2000 9 770.3 3300 15397.8 2162.2 2000 8 595.7 2640 14 416.2 2 092.8 1900 8 083.4 2 340

A

4 45 1I:,
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Operations Research and Cybernetics

Multi-Commodity Two-Echelon Vehicle Routing Problem with

Simultaneous Pickup and Delivery in Urban-Rural Distribution System

WANG Lijuan', ZHAO Ying*, CUI Ligang', XU Dongyang®
(1. School of Economics and Management, Chongqing Jiaotong University, Chongqing 400074; 2. Accounting Center,
Henan Yellow River Bureau, Zhengzhou 450003; 3. School of Business, Henan University, Kaifeng Henan 475004, China)

Abstract: In order to promote the two-way flow of “urban industrial products to the countryside” and “rural agricultural products to
the city”, based on the investigation and analysis of the operation characteristics of the logistics network of county-township-village
under the urban-rural distribution system, a new variety of two-echelon vehicle routing problem is investigated by considering multi-
commodity and simultaneous pickup and delivery. A mixed integer programming model with the optimization objective of
minimizing the traveling route cost and fixed dispatching cost is established, some valid inequalities are derived to improve the
performance of the model, a high-efficiency heuristic is designed to solve large-scale problems. Using the county-village-village
logistics data of Jiaozuo city and Hebi city in Henan province to simulate and generate 27 different sized instances to verify the
effectiveness and solving performance of the model, valid inequalities and heuristic algorithm. The experimental results show that:
1) The model established is effective, and the optimal solution can be obtained for small-sized instances within 1 hour. 2) The valid
inequalities proposed can help the model obtain more optimal solutions or high-quality upper and lower bounds. 3) The heuristic
algorithm proposed can quickly obtain near optimal solutions for small sized instances and satisfactory solutions for large sized
instances. 4) With the increase of the size of the instances (the number of township logistics centers, the number of village logistics
centers, and the number of commodity types), the difficulty of solving the problem increases sharply. 5) If the loading capacity of
large/small trucks is expanded by 50% respectively, the transportation cost will be significantly reduced. Thus, the logistics cost
can be effectively reduced by optimizing the loading decisions and travel route decisions through reasonable configuration of models.
This research will not only expand the existing theory of two-echelon vehicle routing problem, but also provide decision support for
urban and rural logistics decision-making, and then help the rural revitalization strategy.

Keywords: urban and rural distribution; two-echelon; vehicle routing; simultaneous pickup and delivery; multi-commodity; mixed

integer programming; valid inequalities; heuristics
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