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Abstract 
As a famous algorithm, genetic algorithm plays an important role in many fields. It can 
deal with the problem of feature selection in data mining and is an important learning 
algorithm in artificial intelligence. What this paper wants to study is to solve the 
important vehicle routing optimization problem in the field of logistics distribution 
through genetic algorithm, The VRPTW problem based on VRP and the vehicle routing 
problem with time window are solved by genetic algorithm. Through the collected data 
as an example, the model is constructed to obtain the reasonable number of vehicles and 
full load rate. 
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1. Introduction 

Logistics distribution is an important link in the logistics system. Choosing a reasonable path 
planning in the enterprise distribution process can reduce the logistics cost and improve its 
core competitiveness, especially the transportation of fresh and other perishable products. The 
cold chain transportation cost is high. If the path planning is improper, it will cause great cargo 
damage and high transportation cost, Therefore, it is necessary to optimize the vehicle routing 
of logistics distribution. 
In the traditional route optimization method, only the cost and loss in the transportation 
process are considered, and the penalty cost caused by customer time window constraints is 
ignored, resulting in the unsatisfactory effect of logistics route optimization. Therefore, this 
paper designs a logistics distribution vehicle route optimization method based on genetic 
algorithm Reasonably solve the problem of logistics distribution route optimization, reasonably 
plan the logistics distribution vehicle route, and minimize the penalty cost in the distribution 
process. 

2. Literature Review 

Wang Jisheng [1] thinks that how to effectively reduce transportation cost is an important 
problem in logistics distribution, and uses genetic algorithm to solve the path optimization 
problem of single vehicle. This method can be regarded as the treatment method of traveling 
salesman problem (TSP problem). However, in the actual logistics distribution, the distribution 
problem is not just to reduce the transportation cost. The purpose of distribution is no longer 
limited to the minimization of transportation cost. Customer satisfaction, distribution efficiency 
and vehicle loading capacity cannot achieve one-time transportation have become the 
objectives and constraints of distribution. In view of these, Christiansen et al. Made a special 
exploration on the vehicle route [2]; Santini et al. Chose artificial neural network mode to 
realize vehicle route optimization [3]; Paraskevopoulos et al. Gave five vehicle routing 
optimization strategies, namely VRP mode with time constraints, VRP mode with capacity 
constraints, VRP mode with distribution core, VRP mode with batch distribution and open VRP 
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mode [4]; Aiming at the vehicle routing optimization with time window, Li Jun proposed a 
heuristic algorithm to arrange the route by using the C-W Algorithm of traveling salesman 
problem, and achieved good results [5]; Liu Min et al. [6] proposed a genetic algorithm based 
on combination rules, which is suitable for large-scale parallel multi machine scheduling 
problems. The algorithm has small computation and strong robustness. This paper synthesizes 
the previous research on genetic algorithm to optimize the logistics distribution route. 

3. Logistics Distribution Vehicle Routing Optimization Method 

3.1. Vehicle Routing Model with Time Windows 
Vehicle routing problem is to scientifically select vehicle transportation routes for each demand 
distribution point, orderly pass through the demand distribution point from the distribution 
center, and finally return to the distribution center. Among them, the demand status of goods, 
the limitation of vehicles, the limitation of running mileage and time must meet the 
corresponding standards, such as the minimum path, the minimum cost, the minimum number 
of vehicles, etc.The traditional VRP model of distribution is shown in Figure 1. 
 

 
Figure 1. Structural model of vehicle routing problem 

 
Time window restriction is added on the basis of VRP, that is, VRP is extended to vehicle routing 
problem with time window. If the transport vehicle arrives at the user's location before the 
earliest service time or after the latest service time, the overall production mode will be delayed 
or empty, resulting in large time expenditure and low efficiency, and a penalty value will be 
generated. If the vehicle can no longer arrive within the specified time, it will be punished in 
the corresponding link[7]. 
Assuming that the capacity of the transport vehicle is Q, the demand of each distribution 
demand point is qij, and the service time is yij, when the capacity exceeds Q, a certain penalty 
will be given. The design of the time window is to optimize the driving route of the transport 
vehicle and start the operation and complete the transportation within a given time, That is, 
when the time when the delivery vehicle arrives at the demand point exceeds the service time 
point required by the customer, a certain punishment will be given. Then the solution goal of 
the model is the sum of the total path of all distribution vehicles and the sum of vehicle capacity 
penalty and time window penalty coefficient. Assuming that there are n vehicles for distribution, 
m times N distribution points, the objective function is: 
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3.2. Design of Genetic Algorithm for Logistics Distribution Path Optimization 
Genetic algorithm is a search algorithm based on natural selection and relative genetic theory, 
which combines the principle of survival of the fittest in biology related to evolutionary theory 
with the principle of random information exchange of chromosomes connected within a 
population. The algorithm steps are as follows: (1) encode the combination of logistics 
distribution points, distribution centers and vehicles in the data, construct chromosomes that 
meet the constraint criteria, and then obtain the relevant initial population and calculate the 
adaptation mode of each chromosome in the population. The adaptation mode mainly feeds 
back the advantages and disadvantages of chromatids, and genetic algorithm can obtain 
chromosomes with strong adaptability; (2) Select chromosomes, complete crossover and 
mutation, and use relevant benchmark operators to obtain the next generation population; (3) 
Repeat (1) and (2) until the termination condition is reached. Fig. 2 is the flow chart of genetic 
algorith. 
3.2.1. Algorithm Design 
The main steps are as follows: 
1) Simple integer coding is used to encode the chromosome, and the distribution points and 
vehicles are combined for chromosome coding. If two vehicles are allocated to distribute eight 
distribution areas, the chromosome code may be: 1, 1, 3, 4, 5, 2, 2, 7, 8, then the distribution 
points allocated by vehicle 1 may be 1, 3, 4, 5. 
2) The above coding method can not meet the load constraint and time window constraint of 
each distribution path, so the penalty function is used to solve the violation of the constraint. 
Moreover, since the larger the adaptation function is, the better when judging the advantages 
and disadvantages of the population, the number of channels of the objective function in 
equation (1) is taken as the adaptation function: 
 

f/1maxZ                                                                       (2) 
 

Since the capacity constraint α is relatively difficult to violate, it is set to 10, while the time 
window constraint β is easy to violate, so it will be regarded as 50. 
 

 
Figure 2. Flow chart of genetic algorithm 
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3) Construct the initial population, that is, randomly generate K vehicles, assign each demand 
point to the K vehicles, where k is less than the maximum number of distribution vehicles, and 
substitute it into the algorithm to start solving. 
4) Crossover operation, crossover operation this paper uses the ox crossover method, that is, 
randomly select a crossover fragment from two parents, move the crossover fragment of parent 
2 to the front of parent 1, move the crossover fragment of parent 1 to the front of parent 2, and 
then delete the duplicate gene loci to form two offspring individuals. As shown in Figure 3. 
5) The mutation operation is relatively simple. First generate two positions, and then exchange 
the genes at these two positions. As shown in Figure 2, the fragments in parent 1 are red, yellow, 
blue and green respectively. Select the two positions of red and blue, and the sequence of 
individual fragments after exchange is blue, yellow, red and green. 
 

 
Figure 3. Cross operation 

4. Case Analyses 

Table 1.Distribution network data 
Number X Y Demand 

quantity 
Start location of 
service period 

Start and end of service 
period 

service 
time 

0 40 50 0 0 1236 0 
1 45 68 10 912 967 90 
2 45 70 30 825 870 90 
3 42 66 10 65 146 90 
4 42 68 10 727 782 90 
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4.1. Data Sources 
The data set of this study comes from SINTEF, and the genetic algorithm is implemented based 
on MATLAB, The distribution core location is set as (40, 50). Table 1 shows the network 
coordinates and demand number of demand distribution points, the corresponding service 
time of each demand point, and the service time for each customer. Since there are 100 
distribution points, five distribution points are selected for display, in which the service time 
has been processed. Assuming that the working start time of the distribution center is 9:00 and 
the end time is 16:00, which is converted into seconds, the service start time is 0 seconds and 
the service end time is 25200 seconds, which is convenient for calculation in the algorithm. No. 
0 represents the core location of distribution. 
 

Table 2. Optimal distribution route in groups 
Number Intra group optimal route Delivery distance 

(km) 
Full load rate 

(%) 
1 0—67—65—63—62—74—72—61—64—68—

66—69—0 
5.9 100 

2 0—90—87—86—83—82—84—85—88—89—
91—0 

7.6 85 

3 0—13—17—18—19—15—16—14—12—0 9.6 95 
4 0—20—24—25—27—29—30—28—26—23—

22—21—0 
5.08 85 

5 0—57—55—54—53—56—58—60—59—0 10.188 100 
6 0—98—96—95—94—92—93—97—100—99—

0 
9.59 95 

7 0—43—42—41—40—44—46—45—48—51—
50—52—49—47—0 

6.48 80 

8 0—32—33—31—35—37—38—39—36—34—0 9.72 100 
9 0—81—78—76—71—70—73—77—79—80—0 12.73 75 
10 0—5—3—7—8—10—11—9—6—4—2—1—0 5.96 90 

4.2. Analysis of Experimental Results 

 
Figure 4. path diagram 
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In the algorithm, the parameter setting mode given by the genetic algorithm is: the population 
size n is 100, the maximum number of iterations is 100, the crossover rate is 0.9, the mutation 
rate is 0.05, the capacity penalty parameter is 10, the time penalty parameter bit is 50, the 
maximum number of vehicles is 25, and the maximum capacity of each vehicle is 200. In this 
study, customer classification and road strength selection are carried out in the genetic 
algorithm at the same time, Genetic algorithm is used to find the optimal distribution route 
classification and the optimal route. Finally, it is divided into 10 categories. The sequence of 
demand points of each category is the optimal line sequence, which can be obtained from Table 
2, and the path diagram is shown in Figure 4. Among them, demand distribution points 67, 65, 
63, 62, 74, 72, 61, 64, 68, 66 and 69 belong to the same category, and the distribution order is 
0,67,65,63,62,74,72,61,64,68,66,69,0. The total distribution distance of the optimal solution is 
83 km, and the average load factor is 90.5%, which meets the vehicle capacity constraints and 
time constraints. It can be seen that the quality of the optimal solution is relatively good. 

5. Conclusion 

In the field of logistics, under the environment of market economy, product competition is quite 
fierce, and the central link of logistics lies in distribution. At present, the logistics distribution 
process is complex, there are many types of freight and demand distribution points, and the 
traffic route is complex. The distribution network distributed in the whole distribution service 
area is unbalanced. When the timeliness value of some products is particularly large, 
customers' requirements for product transportation efficiency will increase. Therefore, 
planning vehicle transportation routes to complete the distribution of logistics products has 
become the focus of society and enterprises. This research aims at the optimization design of 
logistics distribution path, and completes the optimization of logistics distribution path by 
genetic algorithm according to the VRP mode of logistics distribution and the vehicle path mode 
with time window. According to the optimal solution, it can be seen that the final vehicle 
allocation of this method is more reasonable, and the full load rate and timeliness are also high, 
which has achieved the expected effect. 
The disadvantage is that this study does not include the driving time of vehicles, but only the 
service time, so there are some defects, which can be used for further research. 
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