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Study on the Heterogeneous Fleet Vehicle Routing Problem
with Customer Restriction
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Department of Operations Research, Korea National Defense University, Seoul, 122-875

In this paper, we propose a new conceptual HVRPCR(Heterogeneous Fleet Vehicle Routing Problem with
Customer Restriction) model including additional restrictions that are consisted of loadage limit and possible
visit number of demand post in HVRP. We propose HVRPCR algorithm using the heuristic in order to solve
speedily because VRP is NP-Hard and need many solution time. The proposed model is simulated with changing
demand post location, demand weight, loading and possible visit number limitation. Results of the computational
experiment are provided along with some analysis like travel cost reduction rate.
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Table 1. Gendreau et al. instance

Sang-Heon Lee -

R:::’te V::;Iizle Loadage | Distance \;l;lt Travel route
1 B 47 101.41 4 0-25-55-31-72-0
2 C 98 80.99 7 0-8-19-54-13-57-15-27-0
0-17-3-44-32-9-39
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-42-64-22-1-73-2-68-0
6 B 49 31.32 2 0-40-12-0
7 C 100 7151 5 0-74-21-61-28-62-0
8 C 95 30.86 4 0-67-46-52-34-0
9 E 249 10451 s 0-4-45-29-5-37-20-70-60
-71-69-36-47-48-30-75-0
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Table 2. Polar coordinate value
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Figure 1. Flow chart of the 1st step algorithm.
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Table 3. Calculation result of polar coordinate value

Rank | Coordinate | Demand Polar coordinate | Customer | Vehicle
value number number

1 22, 1) 15 0.0454233 16

2 (12, 1) 19 0.0831412 11

3 (19, 9) 30 0.442374 2 |

4 (27, 18) 28 0.588003 20

5 (22, 24) 16 0.828849 3

6 (7, 12) 7 1.04272 1

7 (1, 22) 23 1.52537 8

8 (-13, 23) 19 2.08525 7

9 -9, 7) 15 2.48055 6 2

10 (-18, 2) 21 3.03093 14

11 (-13, -7) 41 3.63553 18

12 | (25, -15) | 23 3.68201 13

13 (-17, -23) 9 4.07588 19

14 | (-10, -14) 9 4.09214 4

15 (-3, -17) 3 453772 17

16 (1, -8) 29 483674 12 3

17 | (6, -24) 10 4.95737 5

18 (10, -10) 21 5.49779 5

19 (22, -19) 5 5.57083 10

20 | (22, -7) 1 5.97513 9

Table 4. Ist solution of algorithm

Vehicle Load rate | _.
Travel route Loadage Distance
type (%)

120(E) | 0-16-11-2-20-3-1-0 115 95.83 95.6065

120(E) 0-8-7-6-14-18-0 119 99.17 87.9069

120(E) 0-13-19-4-17-12- 120 100 150.745

15-5-10-9-0

Total . 354 98.33 334.258
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Table 5. Vehicle sort sequence

Rank Vehicle type Ist Travel route
1 120(E) 0-16-11-2-20-3-1-0
2 120(E) 0-8-7-6-14-18-0
3 120(E) 0-13-19-4-17-12-15-5-10-9-0

Table 6. Best solution of algorithm

Sang-Heon Lee - Jung-Man Lee
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Table 7. Result comparison of instance
Gendreau et al. HVRPCR algorithm
Contents Vehicle . Vehicle .
Route Loadage | Distance Route Loadage | Distance
type type
C 0-5-11-0 40 37.36 0-11-16-2-20
E 115 83.54
B 0-8-1-0 30 47.58 -3-1-0
E 0-18-4-19-13-14-6-0 118 91.65
Final E 0-8-7-6-14-18-0 119 87.90
B 0-12-0 29 16.12
: 0-3-20-2-16-9-10-
solution E 118 125.47 0-12-4-13-19-17
15-17-0 E 120 138.22
-15-5-10-9-0
A 0-7-0 19 52.84
Total distance 371.02 Total distance 309.66
Travel cost 961.02 984.66
Soluti
Somon 164 0.62
time(sec)
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Table 8. Application standard of instance

Case Condition Content
i * Location : near * Location : less than 50km
* Weight : light load | « Weight : [0.1, 2]ton
) * Location : near * Location : less than 50km

* Weight : heavy load | « Weight : [1, 4]ton

* Location : far away | * Location : [50, 100]km
* Weight : light load | « Weight : [0.1, 2]ton

* Location : far away | * Location : [50, 100]km
* Weight : heavy load | » Weight : [1, 4]ton
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Table 9. Variable cost used in instance
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Vehicle (ton) 1.4 2.5 5 10
Max loadage (ton) 2 4 6 10
Distance per fuel

4.630 3.003 1.148 0.853
(km/ 2)
Consume per distance 0216 0333 0.871 1173
(4 /km) ' ' ' '
Variabl t
arble cos 26 | 333 | 871 | 1173
(won/km)
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Figure 2. Analysis of the cost reduction rate.
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Table 10. Instance result according to customer conditions (unit :

LR

w9712 e A A A ol wet A7 o) 247} 2A e
st} e e 91307} We) WolA Qe welt Azh

7] AA gl G A e

A9 A7 e

AZf=s AL+
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Ao et 2, 1
441§ 2710] mje} &

£H7L A

Possible visit number of demand post

Case 2 3 4 5 6 7 8 9 10 Total | Average

Single type 370 290 250 233 224 221 216 212 212 2226 247.33

80% 292 210 195 189 186 186 186 186 186 1816 201.78

Hetero- 85% 292 210 191 184 179 179 179 179 179 1772 196.89
geneous 90% 292 210 191 185 174 179 168 168 168 1735 192.78

: type 95% 292 204 191 181 174 173 169 155 155 1694 188.22
100% 292 204 190 180 166 160 162 150 144 1648 183.11

Reduction | Max 21.08 | 29.66 | 24.00 | 22.75 | 25.89 | 27.60 | 25.00 | 29.25 | 32.08 | 237.31 26.37
rate (%) Min 21.08 | 27.56 | 22.00 | 1888 | 16.96 | 15.84 | 13.89 | 12.26 | 12.26 | 160.73 17.86
Single type 453 408 399 393 393 393 393 393 393 3618 401.96

80% 420 382 369 369 369 369 369 369 369 3385 376.11

Hetero- 85% 409 361 346 345 345 345 345 345 345 3186 354.00
geneous 90% 409 358 330 329 329 329 329 329 329 3071 341.22

2 type 95% 409 354 320 296 296 296 296 296 296 2859 317.67
100% 409 354 303 292 284 284 284 284 284 2718 308.67

Reduction | Max 9.71 13.24 | 24.06 | 25.70 | 27.74 | 27.74 | 27.74 | 2774 | 27.74 | 21141 23.49

rate (%) Min 7.28 6.37 7.52 6.11 6.11 6.11 6.11 6.11 6.11 57.86 6.43
Single type 613 462 396 373 342 338 326 325 325 3499 388.78

80% 383 327 320 311 309 306 306 306 306 2874 319.33

Hetero- 85% 383 324 318 305 302 302 302 302 302 2840 315.56
geneous 90% 383 303 284 296 290 301 290 287 270 2704 300.44

3 type 95% 383 293 284 286 281 279 279 275 270 2630 292.22
100% 383 293 284 286 281 279 270 265 255 2596 288.44

Reduction | Max 37.52 | 36.58 | 28.28 | 2332 | 17.84 | 17.46 | 17.18 | 18.46 | 21.54 | 218.18 24.24
rate (%) Min 37.52 | 2922 | 19.19 | 16.62 | 9.65 9.47 6.13 5.85 5.85 | 139.50 15.50
Single type 780 654 631 614 614 614 614 614 614 6363 707.00

80% 667 575 573 571 565 565 565 565 565 5782 642.44

Hetero- 85% 671 574 571 569 563 563 563 563 563 5769 641.00
geneous 90% 665 591 568 555 551 551 551 551 551 5685 631.67

4 type 95% 660 584 567 541 523 523 523 523 523 5490 610.00
100% 657 574 568 534 522 522 522 522 522 5465 607.22

Reduction | Max 15.77 | 1223 | 10.14 | 13.03 | 1498 | 14.98 | 1498 | 14.98 | 1498 | 126.07 14.01
rate (%) Min 13.97 9.63 8.56 6.03 7.98 7.98 7.98 7.98 7.98 78.09 8.68
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Figure 3. Cost analysis of each vehicle type.
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Figure 4. Vehicle mixture of multi-type.
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Table 11. Vehicle movement cost with distance
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