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Abstract: In order to save the cost of logistics distribution company, the route optimization of
logistics distribution vehicle scheduling and the time optimization problem in distribution
processing are studied. The workflow of logistics distribution company is mainly divided into four
parts: order transportation, warehousing processing, distribution processing and distribution
transportation. First of all, the background and current situation of logistics distribution are briefly
introduced. Then, the basic algorithm of route optimization in distribution transportation process is
summarized. The model of vehicle delivery route optimization based on time window constraint is
given. At the same time, the model is verified by saving algorithm, sweeping algorithm and
neighbor algorithm. Finally, the advantages and disadvantages of various schemes are compared.
The three methods proposed in this paper can save costs in varying degrees. By comparing the three
methods, the results show that the saving algorithm is superior.

1. Introduction

The development of China's distribution industry is relatively slow compared with foreign
countries. The distribution mode is also changing and updating with the development of production.
It has gone through the following three stages [1]. The first stage is the embryonic stage of
distribution development. In the early 1960s, logistics was a simple delivery. People have begun to
develop the general delivery to prepare the processing of goods. The second stage is the growth
stage of distribution development. In the mid-1960s, as the economy started to develop, the demand
for commaodities began to increase and the circulation of goods became more and more frequent. As
a result, the distribution industry began to develop. The third stage is the mature stage of
distribution development. From the late 80s of the last century to now, the distribution industry has
developed to a certain scale. The distribution center came into being. People put forward higher
requirements on the quality of delivery. Logistics and distribution vehicle optimization scheduling
problem called vehicle routing problem (VRP) [2]. The problem is defined as: for some established
customers, the right vehicle routing is selected. According to the constraints of specific problems,
the purpose is to achieve certain goals (such as the shortest path, the least total cost, etc.). At present,
the path optimization algorithm has optimization method, the traditional heuristic algorithm and
modern heuristic algorithm [3]. The optimization method includes dynamic programming, branch
and bound method and tangent plane method. The traditional heuristic algorithms include saving
algorithm, insertion algorithm, neighbour algorithm and sweeping algorithm. The modern heuristic
algorithms include genetic algorithm, taboo search algorithm, simulated annealing algorithm and
ant colony algorithm [4].

2. Vehicle scheduling model based on time window constraint

VRP (Vehicle Routing Problem) is the most basic model to solve the problem of large-scale
logistics companies or distribution entities. Based on this, the constraint on the time of joining a
customer is the VRPTW model, and many problems are considered on this basis. This problem has
long been proved to be a NP-Hard problem, and there is no good solution [5]. The schematic
diagram of the VVRP problem is shown in Figure 1.
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Figure 1. The schematic diagram of the VRP problem

Assumptions: Only one distribution enterprise, all vehicles start from here; The length of the
distance between the distribution enterprise and the customer points is known; The amount of
demand per customer is known; The needs of each client are met; A car has only one route, and
starting from the distribution business, back to the distribution business; A car can deliver for
multiple customers; The maximum capacity of each car is known; The total amount of each
shipment of the vehicle cannot exceed the maximum capacity of the vehicle; Each customer can
only accept one delivery, and within its allowable time range; The time range acceptable to each
customer is known.

In the above model, the number of optional distribution path schemes will increase exponentially
with the number of customers increasing. For a single loop problem with 20 nodes, it takes more
than 300 years to compute the total number of paths that can be computed even one billion times
per second [6-7]. The routing problem of logistics distribution is a multi-loop problem, and the
calculation will be more complex. Therefore, the optimal routing problem of logistics distribution is
a NP hard problem, and it is difficult to obtain the exact solution. For practical problems, when the
number of customers is small, and the transportation network is simple, some need only to obtain
satisfactory solutions or relatively good solutions. Some specific constraints can be added at this
point. The exhaustive method can be used to obtain the exact optimal solution of the vehicle routing
problem with logistics distribution. For example, in practical problems, a logistics company's
business volume is not very large. According to the different customer needs, many customers will
be divided into customer groups. In this way, heuristic algorithm can be used completely. Moreover,
heuristic algorithms have significant advantages in solving small scale problems [8].

3. Experiment

3.1. Case analysis

A logistics company needs to deliver goods to 9 customers. Under the condition that the time
constraint of each customer point is considered, the vehicle arrangement scheme is calculated, and
the total transportation cost is minimum. There is a 6-ton car (100 km fuel consumption 20L), two
10-ton vehicles (100 km fuel consumption 26L), diesel 05.7 yuan per liter, give drivers a daily wage
of 150 yuan. The maximum capacity of 6-ton vehicle is 60 boxes of goods, and the maximum load
of 10-ton vehicle is 100 boxes of goods. The demand and delivery distance of each customer is
shown in Table 1.

Table 1. The demand and delivery distance of each customer

Customer | Al A2 A3 A4 A5 A6 A7 A8 A9
Freight 36 24 24 12 16 44 14 18 40
volume
(box /
week)
Distance | 76.1 88.9 187.0 | 172.1 | 59.2 155.3 | 86.9 82.3 84
(km)

Then, considering the time constraints, according to the actual needs of each customer, the time
constraint table is worked out, as shown in Table 2. The departure time is to=0. e; represents the
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time when the customer i begins to receive the goods. |; represents the time when the customer i
receives the goods at the latest.
Table 2. Time constraints for each customer point

Customer | Al A2 A3 A4 A5 A6 A7 A8 A9
(ei, 1) (13) 124 [B5) |46 (15 [(B6) (48 [(16) [(18)
3.2. The original distribution programs

As the demand is not more than 60 boxes, they can choose 6 tons of cars for transport. The
logistics company aims at the small demand customers. The basic situation of distribution is shown
in Table 3. The distribution route is shown in Figure 2.

Table 3. The basic situation of distribution

Loop Distance The volume of | Car model Number of
goods drivers

0-1-2-0 214.2km 60 6 tons of cars 1

0-3-4-0 376.3km 36 6 tons of cars 2

0-5-6-0 320.2km 60 6 tons of cars 1

0-7-8-0 205.1km 32 6 tons of cars 1

0-9-0 168.0km 40 6 tons of cars 1

Figure 2. The distribution routes
The above schemes are easy to verify and conform to the time constraints, that is, within the time
constraint, the goods can be delivered to each customer on time. The calculation result of the
original scheme is shown in Table 4.
Table 4. The calculation result of the original scheme

Item Total mileage Fuel Number of | Total cost
consumption drivers
Original scheme | 1283.9 256. 76 6 2710.16

3.3. Distribution scheme based on saving algorithm
The saving algorithm is a method to optimize the route of transportation vehicle, that is, to
reduce the distance of vehicle transportation as much as possible, so as to improve the efficiency of
vehicle transportation. The optimization scheme of saving algorithm is shown in Table 5. The
calculation results of the saving algorithm are shown in Table 6. The distribution route of saving
algorithm is shown in Figure 3.
Table 5. The optimization scheme of saving algorithm

Loop Distance The volume of | Car model Number of
goods drivers

0-3-4-6-7-0 455.9km 94 10 tons of cars 2

0-1-2-5-0 233.7km 76 10 tons of cars 1

0-8-9-0 257.1km 58 6 tons of cars 1
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Table 6. The computational results of the saving algorithm

Item Total mileage Fuel Number of | Total cost
consumption drivers

Saving 946.7 230.7 4 2226.4

algorithm

e

Figure 3. The distribution route of saving algorithm

3.4. Distribution scheme based on sweeping algorithm

According to the vehicle carrying capacity, the customer group is scanned. They are numbered
and grouped according to the order of scan. Then, an algorithm for selecting the optimal path within
a group is presented. The optimization scheme of the sweeping algorithm is shown in Table 7. The
calculation results of the sweeping algorithm are shown in Table 8. The distribution route of the
sweeping algorithm is shown in Figure 4.

Table 7. The optimization scheme of the sweeping algorithm

Loop Distance The volume of | Car model Number of
goods drivers
0-1-2-3-4-0 412.7km 96 10 tons of cars 2
0-5-6-7-8-0 367km 92 10 tons of cars 2
0-9-0 168.0km 40 6 tons of cars 1
Table 8. The calculation results of the sweeping algorithm
Item Total mileage Fuel Number of | Total cost
consumption drivers
Sweeping 947.7 236.3 5 2415.9
algorithm

Figure 4. The distribution route of the sweeping algorithm
3.5. Distribution scheme based on neighbor algorithm
In this method, the nearest customer to the distribution center is regarded as the initial solution,
and the point where the initial solution and the distribution center are located at a short distance is
selected as the next delivery customer. According to the above, the customers who satisfy the
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condition are determined by the condition that the freight volume does not exceed the carrying
capacity of the vehicle, the total transportation mileage is not more than 600 and the time range is
the constraint condition. The nine customers of the logistics enterprise use the sweeping algorithm
to optimize the distribution route. The neighbor algorithm optimization scheme is shown in Table 9.
The calculation results of the neighbor algorithm are shown in Table 10. The diagram of the
neighbor algorithm is shown in Figure 5.

Table 9. The neighbor algorithm optimization scheme

Loop Distance The volume of | Car model Number of
goods drivers
0-1-2-5-8-0 355.9km 94 10 tons of cars 2
0-6-7-9-0 323.2km 98 10 tons of cars 1
0-3-4-0 376.3km 36 6 tons of cars 2
Table 10. The calculation results of the neighbor algorithm
Item Total mileage Fuel Number of | Total cost
consumption drivers
Neighbor 1132.8 251.8 5 2525.2
algorithm

Figure 5. The diagram of the neighbor algorithm

4. Results analysis

The comparison of the schemes before and after optimization is shown in Table 11.
Table 11. The comparison of the schemes before and after optimization

Item Before After optimization

optimization Saving Sweeping Neighbor
algorithm algorithm algorithm

Total distance of | 1283.8 946.7 947.7 1132.8

transportation

(km)

Fuel 256.76 230.7 236.3 251.8

consumption (L)

Number of | 6 4 5 5

drivers

Cost (yuan) 2710.6 2226.4 2415.9 2525.2

As can be seen from Table 3, the original distribution scheme not only costs manpower, but also
costs money, which is not recommended. However, the latter three methods have different degrees
of savings. By comparing the latter three methods, it can be seen that the saving algorithm is
superior. For the above practical problems, this article gives only three verification methods. In the
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future, more methods need to be explored. In addition, the actual problems vary widely, and it is
even more necessary to devote more efforts to studying more and better ones.

5. Conclusions

On the basis of reading a large number of excellent papers, the optimal route of distribution and
the minimum time of production are studied. The model of vehicle scheduling problem based on
time window is introduced first. Then, the actual operation of a specific logistics and distribution
company was chosen as an example. By using the saving algorithm, sweeping algorithm and
neighbor algorithm, the specific delivery scheme with time window constraint is solved. Finally, the
three schemes are compared with the original ones. The original distribution scheme not only
consumes manpower, but also consumes financial resources. It's not practical. However, the three
methods proposed in this paper can save costs in varying degrees. By comparing the three methods,
the results show that the saving algorithm is superior. However, in terms of logistics development,
the corresponding management system cannot fully meet the needs of development. The study of
vehicle scheduling problem optimal route and the discussion of optimal time are not accurate
enough, and there is still room for improvement.
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