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RESEARCH ON VEHICLE ROUTING PROBLEM WITH TIME WINDOW BASED ON
IMPROVED GENETIC ALGORITHM

XU LI* ZHENGYAN LIUf AND YAN ZHANGH

Abstract. This article conducts a detailed study on the vehicle routing problem with time window constraints. We constructed
an objective function for the vehicle routing problem with time windows, established a mathematical model, and proposed an
improved genetic algorithm to solve the problem. The algorithm first constructs a chromosome encoding method, designs a
heuristic initialization algorithm to generate a better initial population, and determines the fitness function. During the operation
of the algorithm, selection, crossover, and mutation operations are designed to generate offspring populations, enhancing the
diversity of the population and avoiding premature convergence of the algorithm. Meanwhile, in order to improve the optimization
and local search capabilities of genetic algorithms, this paper constructs a local search operation. Finally, the algorithm implements
an elite retention strategy on the parent population and reconstructs a new population. We conducted simulation experiments
on the algorithm using MATLAB and selected examples from the Solomon dataset for testing. The simulation experiment results
have verified that the improved genetic algorithm is feasible and effective in solving vehicle routing problems with time windows.

Key words: vehicle routing problem, time window, genetic algorithm, local search

1. Introduction. With the rapid development of the logistics industry, optimizing vehicle delivery routes
has become increasingly urgent. How to improve logistics distribution efficiency and reduce distribution costs
while meeting customer node needs has become an urgent problem that logistics distribution enterprises need
to solve [8]. Vehicle routing problem with time windows (VRPTW) has become a hot research topic in recent
years due to its strong practical significance [1, 12, 16, 2, 17]. The vehicle routing problem with a time window
is an NP hard problem. If the problem is solved using an exact algorithm, it will take too long, while the
solution quality obtained by traditional heuristic algorithms is not high. The swarm intelligence optimization
algorithm is increasingly being applied to the solution of this problem due to its characteristics of parallelism,
universality, and stability. Mst. Anjuman Ara et al. [3] proposed a hybrid genetic algorithm which incorporates
three different heuristics for generating initial solution including sweep algorithm, time oriented heuristics and
swap heuristic. Khoo Thau Soon et al. [9] proposed the parallelization of a two-phase distributed hybrid
ruin-and-recreate genetic algorithm for solving multi-objective vehicle routing problems with time windows.
Hongguang Wu et al. [18] proposed a hybrid ant colony algorithm based on ant colony algorithm and mutation
operation. Guo Ning et al. [7] proposed an adaptive variable neighborhood search ant colony algorithm to solve
the vehicle routing problem with soft time windows. Chen Ying et al. [4] proposed a hybrid particle swarm
optimization algorithm based on hierarchical learning and differential evolution.

Due to the strong global optimization ability and good robustness of genetic algorithms, this paper proposes
an improved genetic algorithm for solving vehicle routing problems with time windows. We first analyze in
detail the characteristics of the vehicle routing problem with time windows and establish a problem model. In
algorithm design, we construct a chromosome encoding method, design a heuristic initialization algorithm, and
design selection, crossover, and mutation operations. Meanwhile, a local search operation is designed to address
the drawback of genetic algorithms being prone to falling into local optima. Finally, simulation experiments
are conducted to verify the effectiveness, reliability, and universality of the constructed model and the designed
algorithm.
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O Customer point

Fig. 2.1: Schematic diagram of vehicle routing problem

2. Vehicle Routing Problem (VRP).

2.1. Problem description. The distribution center distributes goods to customer nodes, and the number,
location, and demand for goods at each customer node are known. Transport vehicles start from the distribution
center, conduct orderly access to designated customer nodes, and meet some constraints, such as the demand for
goods from customer nodes, the time to receive goods, vehicle load capacity limitations, etc., and finally return
to the logistics distribution center. Reasonable distribution routes need to be designed to minimize vehicle
routes, time consumption, and transportation costs [5, 14]. The schematic diagram of the vehicle routing
problem is shown in Fig. 2.1.

2.2. Vehicle routing problem with time windows (VRPTW). The vehicle routing problem with
time windows is based on the vehicle routing problem model, which adds a time window as a constraint condition
to the customer node. VRPTW is an important branch of VRP, generally described as: several delivery vehicles
depart from the distribution center, deliver goods to customer nodes in sequence, complete the delivery task,
and return to the distribution center. During the delivery process, there can only be one vehicle serving the
customer node, and it is required to deliver goods to the customer node within the specified time period [13].
If the vehicle arrives early or late, corresponding penalties will be imposed.

The vehicle routing problem with time windows can be further divided into soft time window vehicle routing
problem and hard time window vehicle routing problem. The soft time window vehicle routing problem refers
to the customer’s request for logistics delivery vehicles to complete delivery tasks as soon as possible within
the specified time period, otherwise they will be subject to corresponding penalty fees. The hard time window
vehicle routing problem refers to the logistics delivery vehicle needing to complete the delivery task to the
customer within the specified time period, otherwise the customer refuses to receive the goods.

3. Establishment of a Model for VRPTW.

3.1. Model assumptions. In order to facilitate algorithm design and problem research, the following
reasonable assumptions are made before modeling [10].

1. The location of the distribution center and customer nodes is determined.

2. Delivery vehicles are of the same type, and each vehicle has the same load capacity.

3. The distance from the distribution center to customer nodes and the distance between customer nodes
are known.

4. Assuming that the delivery vehicle departs from the distribution center at a time of 0.

5. Each delivery vehicle can serve multiple customer nodes, but each customer node has only one delivery
vehicle serving it.

6. The demand for goods at each customer node is clear.

7. The customer node’s cargo demand is less than the maximum load capacity of the delivery vehicle, and
cannot be served by multiple delivery vehicles or the same vehicle multiple times.

8. Delivery vehicles can only serve one delivery route.
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3.2. Objective function. The optimization objective of the vehicle routing problem with time windows is
to select a reasonable driving route while satisfying capacity and time window constraints, in order to minimize
the total cost of the entire delivery process [19]. Based on this, the objective function Cost designed in this
article consists of three parts, namely transportation cost D, capacity penalty cost W, and time penalty cost
P. The specific definition is shown in formula (3.1).

Min Cost =D+ W + P (3.1)

The calculations for each section are shown below.

1) Transportation cost D. The transportation distance affects the transportation cost, which in turn
affects the total cost of logistics distribution. The transportation cost in this article is represented by the trans-
portation distance, which is the total distance traveled by all participating delivery vehicles. The calculation
of D is shown in formulas 3.2 and 3.3.

D= ZZZCZU*JT (3.2)

(3.3)

O 1 if the delivery vehicle k goes from customer point ¢ to customer point j
10 otherwise

Among them, K is the number of vehicles participating in the delivery task; NN is the total number of
customer points; d;; is the Euclidean distance between customer point ¢ and customer point j; Z'j is a decision
variable that indicates whether delivery vehicle k is from customer point 7 to customer point j; If so, a: s 1,

otherwise it is 0.

2) Capacity penalty cost W. Delivery vehicles depart from the distribution center and deliver goods
to customer points in sequence. After completing the delivery task, they return to the distribution center to
form a distribution route. If the total cargo capacity of the delivery vehicle on the delivery route exceeds the
maximum load capacity of the vehicle, which violates the capacity constraint, there will be a capacity penalty
cost. The calculation of W is shown in formulas 4 to 6.

l
Crh=> a (3.4)
=1

wy, = axmaz(Cy — Q,0) (3.5)

K
W=> w (3.6)

k=1

Among them, ¢; represents the demand for goods at customer point i; [ is the length of the delivery
route, which refers to the number of customer points that the vehicle passes through; @ is the maximum load
capacity of the vehicle; « is the penalty coefficient for violating capacity constraints; k is the number of vehicles
participating in the delivery task; C} is the sum of the demand for customer points that vehicle k passes through;
wg is the penalty cost for vehicle k violating capacity constraints; W is the penalty cost for the capacity of all
delivery vehicles.

3) Time penalty cost P. This article combines the actual situation of logistics distribution and studies
the vehicle routing problem with soft time windows. Delivery vehicles are required to deliver goods to customer
points within the specified time frame, and there will be no time penalty costs incurred. If the logistics delivery
vehicle fails to deliver the goods to the customer’s location within the specified time window, there will be
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a certain time penalty cost. Based on the established problem model, while considering the complexity and
operational efficiency of the algorithm, this paper only penalizes late arriving vehicles and calculates the time
penalty cost. The calculation of P is shown in formulas (3.7) to (3.9).

PF (S;) = B8+ max(S; — L;,0) (3.7)

P} (By) = B * max(By — Lo, 0) (3.8)

K K
P=>_ % PFSi)+) Py(Bo) (3.9)
k=1 i=1 k=1

Among them, § Is the penalty coefficient for violating the time window constraint; .S; is the actual start
time of service for customer point 4; L; is the right time window for customer point i, which is the latest service
start time for customer point i; PF (S;) is the penalty cost for delivery vehicle k violating the time window
constraint at customer point i; P¥ (Bp) is the penalty cost for violating the end time of the distribution center
time window after vehicle k& returns to the distribution center; By is the time when the vehicle returns to the
distribution center; Lg is the end time of the distribution center’s time window, which is the latest time the
vehicle returns to the distribution center; P is the penalty cost for all delivery vehicles violating time window
constraints at all customer points and returning to the distribution center.

The calculation of S; and By is shown in formulas (3.10) to (3.12).

Sz' = M(ILL‘(RZ‘, El) (310)
Ri=8;_1+Ti1+du-1, (3.11)
Bo = Send + Tend + d(end,0) (3.12)

Among them, R; is the time when the vehicle arrives at customer point i; E; is the left time window of
customer point ¢, which is the earliest service start time of customer point i; S;_1 is the actual service start
time of the previous customer at customer point 7; T;_1 is the service time required by the previous customer at
customer point i; d(;_1 ;) is the distance between customer i and the previous customer; Se,q is the start time
of service for the last customer on the delivery route; T,,q is the service time required for the last customer;
d(end,0) is the distance between the last customer and the distribution center.

4. Design of Improved Genetic Algorithm for VRPTW.
4.1. Chromosome coding.

4.1.1. Encoding method. Due to the fact that the quality of encoding directly affects the efficiency and
results of algorithm operations, the primary issue in implementing genetic algorithms is to choose the appropri-
ate chromosome encoding method. This article focuses on the characteristics of vehicle routing problems with
time windows and adopts natural number encoding. The specific encoding method is as follows.

Number N delivery customer points sequentially, using 1,2,, N. M is the predetermined maximum number
of vehicles used. K is the actual number of vehicles participating in delivery. A chromosome encoded using
natural numbers is shown in Fig. 4.1. R; is the i-th customer point. Chromosome length is N + M.

4.1.2. Conversion between chromosome and delivery route. Find the position of the vehicle num-
ber in the chromosome, i.e. Chrome> N, and extract the route before the vehicle number, which is the
corresponding customer point route that the vehicle passes through. The driving routes of all delivery vehicles
constitute a delivery plan.

For example, assuming that the number of customer points N is 7, the maximum number of vehicles used
M is 10, and the actual number of vehicles participating in delivery K is 3, a chromosome is shown in Fig. 4.2.

The delivery plan is as follows:

Delivery route for the first vehicle: Route {1} = {3,5,6};

Delivery route for the second vehicle: Route {2} = {1,2};

Delivery route for the third vehicle: Route {3} = {4, 7}.
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Chrom R; Ry N+1 | Rs Ry N+2 | == Ry | N+K [N+K+] ==+ | N+M
Vehicle 1 Vehicle 2 Vehicle k
Delivery route Delivery route
for vehicle 1 for vehicle 2

Fig. 4.1: Chromosome coding diagram
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Fig. 4.2: A hypothetical chromosome diagram

4.2. Initialize population. The initial population has a direct impact on the solution of vehicle routing
problems with time windows. If the initial population is randomly generated, the generated chromosomes may
not be excellent enough, which will have a certain impact on the optimization speed and quality of the optimal
solution of the algorithm, leading to the inability of the algorithm to seek the global optimal solution [20].
Therefore, this article designs a heuristic initialization algorithm to generate a better initial population.

The specific steps for initializing the algorithm are as follows.

Step 1. Establish a sequence of traversing customer points The method is as follows:

First, randomly select a customer point ¢ from N customer points;

Then, follow the following sequence seq to traverse each customer point;

Ifi=1, seg=1[1:n]

Ifi=n, seq=[n,1:i—1];

Otherwise, seq = [i : n,1: 4 —1].

Step 2. Start traversing to obtain the vehicle delivery route

The method is as follows:

First, create a cell array called Route = cell(k, 1) to store the vehicle delivery route. The initial value of k
is 1, and Route{k} stores the customer point route passed by the kth vehicle.

Then, according to the seq sequence, add the customer points to Route{k} in sequence.

When adding a customer point, it is necessary to determine whether the total demand for goods at the
customer point Rout {k} after addition exceeds the maximum load capacity of the vehicle. If not, add it;
otherwise, it cannot be added and an additional vehicle needs to be added to store the customer point.

Finally, arrange the customer points in Route{k} in ascending order of the left time window values.

Step 8. Generate initial population

Convert the delivery routes obtained in step 2 into chromosome and generate the initial population.

4.3. Determine fitness function. In genetic algorithms, the fitness function value is used to evaluate
the quality of chromosomes and is also the basis for individual evolution. If the fitness value of a chromosome
is higher, it indicates a higher degree of excellence of the chromosome [6]. There is a high probability that the
individual will be replicated to the next generation. The fitness function value of chromosomes is generally
related to the objective function value. In the model constructed in this article, the objective function is to
minimize the total logistics cost. Therefore, the fitness function value adopts the reciprocal of the objective
function value. The smaller the objective function value, the larger the fitness function value. The definition
of fitness function is shown in formula (4.1).

1
Fitness; = —— i=(1,2,... 2 41
itness Cost, i=( ) (4.1)
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Among them, Cost; is the objective function value of the i-th chromosome, and the specific calculation is
shown in 3.2; Flitness; is the fitness function value of the i-th chromosome; Z represents the population size.

4.4. Selection operation. The selection operation is based on the fitness value of chromosomes to de-
termine whether they can enter the next generation. The higher the fitness value, the higher the probability
of entering the next generation population. On the contrary, the smaller the fitness value, the less likely it
is to enter the next generation. This article selects some individuals from the population according to the
set generation gap. The selection method adopts random traversal sampling, which generates multiple equally
spaced marker pointer positions at once to select the corresponding individuals.

The specific steps for selecting operation are as follows.

Step 1. Calculate the spacing P between pointers, as shown in formulas (4.2) and (4.3);

Z
>oiiq Fitness;

P
N

(4.2)

N =Gapx* 72 (4.3)

Among them, Z is the population size, Gap is the generation gap, and N is the number of individuals to
be selected.

Step 2. Randomly generate the starting point pointer position, denoted as start, which is a random number
between 0 and P;

Step 3. Calculate the positions of each pointer, denoted as pointers, as shown in formula (4.4);

pointers = start +ix P, (i=0,1,--- /N —1) (4.4)

Step 4. Select N individuals based on the positions of each pointer.

4.5. Cross operation. Cross operation refers to the operation of exchanging one or more bits between
two parent individuals to generate a new individual. Cross operation is an important operation in searching
the solution space, which can search for the optimal solution within the maximum range. It not only affects the
computational efficiency of genetic algorithms, but also affects the computational results of genetic algorithms.
This article performs crossover operations on parent individuals based on a certain probability of crossover.

The specific steps for cross operation are as follows.

Step 1. Generate a random number rand between 0 and 1. If rand <= P,, P, is the crossover probability,
then go to Step 2 and perform a crossover operation on two adjacent individuals of the parent;

Step 2. Randomly generate two intersection points, denoted as 71 and ro, respectively. Swap the two sets
of gene sequences between r; and 9, placing them at the forefront of the corresponding chromosome;

Step 3. Eliminate duplicate gene loci to obtain the final offspring chromosome.

For example, A and B are a pair of chromosomes in the parent generation, A’ and B’ are the offspring
chromosomes obtained after crossover operation, as shown in Fig. 4.3.

4.6. Mutation operation. Mutation operator refers to a change in the gene value of one or a few positions
in a chromosome, which transforms into other alleles and generates a new individual. The mutation operator
can fine tune the new individuals generated by the crossover operator, thereby improving the algorithm’s local
search ability.

The specific steps for mutation operation are as follows.

Step 1. Generate a random number rand between 0 and 1. If rand <= P,,, P,, is the mutation probability,
then go to Step 2 and perform a mutation operation on the parent chromosome;

Step 2. Randomly generate two gene variants and swap the genes at the two variant positions.

For example, C'is the parent chromosome. C’ is he offspring chromosome obtained after mutation operation,
as shown in Fig. 4.4.
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4.7. Local search operation. After selection, crossover, and mutation operations, the diversity of the
population is increased, and the algorithm can avoid premature convergence. However, the quality of the
optimal solution obtained by the algorithm is not high [11]. In order to improve the optimization and local
search capabilities of the algorithm, this paper constructs a local search operation, which mainly includes
creating local correlation group and reconstructing vehicle path.

1) Creating local correlation group. Create a local correlation group D based on the correlation
between customer points. The algorithm for creating D is described as follows.
Step 1. Randomly select a customer point from the original customer point set and move it to D;

Step 2. Calculate the correlation between the customer point and the other customer points, as shown in
formulas (4.5) to (4.7);

1
Rij=——— 4.5
J Cij 4 ‘/ij ( )
dis
Cij = —2 4.6
J mdi ( )
0 if customer point ¢ and customer point j are on the same vehicle path
Vij = i\ (4.7)
1 otherwise

Among them, d;; is the distance between customer point ¢ and customer point j; mdi is the maximum
distance between customer point ¢ and other customer points.

From the above formulas, it can be seen that the R;; value depends on d;; and V;;. If V;; = 0, d;; is smaller
and R;; is larger.

Step 3. Select the customer point with the highest relevance and move it to D;

Step 4. If the population size of D is not satisfied, then go to Step 2; otherwise, the algorithm stops.

2) Reconstructing vehicle path. The customer points in the local correlation group D need to be
reinserted back into the vehicle path to obtain a new vehicle delivery plan. In order to improve the optimization
ability and solution quality, this article ensures that the inserted vehicle path satisfies capacity constraints and
time window constraints when inserting customer points back into the vehicle path. Based on this, we construct
a reinsertion heuristic algorithm to find the optimal insertion vehicle and location, and reconstruct the vehicle
path. The description of the reinsertion heuristic algorithm is as follows.
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Step 1. For a certain customer point ¢ in D, first determine whether it can be added to the path r(r1, 72, ..., ;)
passed by vehicle k, that is, first determine whether it meets the capacity constraint, and the judgment method
is as shown in formula (4.8). If the capacity constraint is not met, customer point 4 cannot be inserted into the
vehicle path r(ry,ra, ..., 7). If the capacity constraint is met, go to Step 2;

a=l
> q(ra) +49(i) <Q (4.8)

Among them, Zgzll q (r4) is the sum of the demand for goods from all customer points in path r(r1,re, ..., 7);
q(i) is the demand for goods at customer point 4; @ is the maximum load capacity of the vehicle.

Step 2. Insert customer point ¢ into path r(ry,72,...,7;). There will be [ 4 1 insertion point positions and
generate | + 1 new paths. Determine whether all customer points on the new path and vehicle returning to the
distribution center meet the time window constraint, as shown in formula (4.9).

Sj < Lj, By < Lo (4.9)

Among them, j is the customer point on the new path; S; and By are the actual start time of service at
customer point j and the time when the vehicle returns to the distribution center, and the specific calculations
are shown in formulas (3.10) to (3.12); L; and Ly are the end times of the time windows for customer point j
and distribution center.

Step 8. If the time window constraint is met, record the insertion point position, vehicle number, and
distance increment.

Step 4. Find the insertion point position and vehicle number with the smallest distance increment, which
is the optimal insertion vehicle and position. If it exists, insert customer point ¢ and reconstruct the vehicle
path; otherwise, add a new vehicle and deliver to customer point i.

4.8. Reconstruct a new population and save the current optimal solution. The new population
consists of elite individuals from the parent generation and offspring. Descendants are obtained through selec-
tion, crossover, mutation, and local search operations on their parents. Parent elite individuals are obtained by
performing elite preservation operations on the parent population, that is, individuals with smaller objective
function values selected in proportion to (1-Gap).

Calculate the objective function value for the new population, select the chromosome with the smallest
objective function value, and save it as the current optimal solution.

4.9. Calculate the total distance and record the number of paths that violate constraints.
Based on the optimal solution, obtain the delivery plan and calculate the total distance traveled by all delivery
vehicles. Determine whether each vehicle path violates the load capacity constraint or time window constraint.
If it does, record the number of vehicle paths that violate constraints.

4.10. Algorithm framework. The algorithm framework proposed in this article is as follows.
Step 1: Initialize parameters;

Step 2: Initialize the population;

Step 3: Calculate the fitness value of each chromosome in the population;

Step 4: Perform selection operation;

Step 5: Perform cross operation;

Step 6: Perform mutation operation;

Step 7: Perform local search operation;

Step 8: Reconstruct a new population and save the optimal solution;

Step 9: Calculate the total distance and record the number of paths that violate constraints;
Step 10: If the algorithm does not meet the termination condition, go to Step 3.

5. Simulation Experiments. In order to effectively verify the feasibility and effectiveness of the proposed
improved genetic algorithm (IGA) in solving VRPTW problems, this paper conducts comparative experiments
with the genetic algorithm without local search operation(GA) and the hybrid genetic algorithm (HGA) im-
proved by others [3].
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Table 5.1: Parameter Settings

Parameter Value
Population size (Z) 100
maximum iterations 100
Generation gap (Gap) 0.9
crossover probability (P) 0.9
mutation probability (P, ) 0.05
The size of local correlation group D 15
Penalty coefficient for violating capacity constraint () 10
Penalty coefficient for violating time window constraints (/3) 100

Table 5.2: Statistical Results of C101

Algorithm GA HGA IGA
Number of vehicles used 22 11 10
The total distance traveled by vehicles 3557.7041  904.2931  828.9369
Number of paths that violate constraints 12 0 0
The number of times the optimal solution found in 10 runs 3 7 10
The iteration number of the earliest discovered optimal so- 72 68 41

lution in 10 runs

Table 5.3: Statistical Results of C201

Algorithm GA HGA IGA
Number of vehicles used 21 4 3
The total distance traveled by vehicles 3395.7609 621.5892  591.5566
Number of paths that violate constraints 15 0 0
The number of times the optimal solution found in 10 runs 4 8 10
The iteration number of the earliest discovered optimal so- 8 39 25

lution in 10 runs

5.1. Test examples. The C-type dataset in the Solomon dataset [15] represents that the location of
customer nodes is generated based on a structural distribution, divided into two different series of data, namely
C1 and C2. We selected two instances, C101 and C201, as representatives of the C-type dataset to analyze
the efficiency of our algorithm in solving this type of problem. The calculation example contains some known
information, such as the maximum number of vehicles used, the maximum load capacity of vehicles, the location
coordinates and time windows of 100 customer points, and the demand for goods.

5.2. Experimental environment and parameter settings. The computer configuration used in the
simulation experiment is: Core dual core CPU, 2.50GHz, 32GB memory, and Windows 10 system. The simu-
lation software used is MATLAB R2021b. The parameter settings in the algorithm are shown in Table 5.1.

5.3. Experimental results and comparative analysis. To avoid the influence of randomness on the
algorithm, we run GA, HGA, and IGA algorithms 10 times on each of the two examples, and recorded the
relevant experimental data of the obtained optimal solution. The statistical results are shown in Table 5.2 and
Table 5.3.

In order to better observe the evolution process of the proposed algorithm (IGA) and more intuitively
reflect its performance, we draw an evolution graph of the optimal value and total distance obtained in each
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Fig. 5.2: Evolution diagram of optimal solution related data for C201

iteration. Taking into account the impact of randomness on algorithm performance, we superimpose the results
of 10 runs to evaluate algorithm performance more realistically and objectively. The experimental results are
shown in Fig. 5.1 and Fig. 5.2.

From Table 5.2 and Fig. 5.1, it can be seen that the IGA algorithm can find the currently known optimal
total distance of C101, which is 828.9369, in each of the 10 runs. At the earliest, it can be found in 41 iterations.
From Table 5.3 and Fig. 5.2, it can be seen that the IGA algorithm can find the currently known optimal total
distance of C201, which is 591.5566, in each of the 10 runs. At the earliest, it can be found in 25 iterations. At
the same time, it can be clearly seen from Fig. 5.1 and Fig. 5.2 that in the early stages of evolution, the total
delivery cost and total driving distance of C101 and C201 both show a significant decrease, which also reflects
the good optimization ability of the proposed algorithm in solving vehicle routing problems with time windows.

The optimal delivery plan for C101 is shown in Fig. 5.3, requiring 10 delivery vehicles.

The optimal delivery plan for C201 is shown in Fig. 5.4, requiring 3 delivery vehicles.

In order to provide a more intuitive comparison of algorithm performance, we draw an evolutionary com-
parison chart of the total driving distance obtained by the three algorithms in a random experiment, as shown
in Fig. 5.5 for C101 and Fig. 5.6 for C201.
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0->43-342-541->40->44->46->45->48->51->50->52-249->47-20

0->98->96->05->94->92->93->97->100~->99->0

(b) Specific delivery route map

Fig. 5.3: The optimal distribution plan for C101
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100

Delivery route for vehicle 1:0->20->22->24->27->30->29->6->32->33->31->35->37->38->38-536->34->28-526->23->18->19-516->14->12->15->17-513-525->8->11->10->8->21->0
Delivery route for vehicle 2:0-267-263->62->74->72->A1->64->6A->A0->A8->B5->40->56->64->B3->566->68->A0->59->67->40->d4->4A->45->51->60->62->47->43->42->4 1->48->0
Delivery route for vehicle 3:0->83->6->76->2->1->00->100->07->02->84->06->08->7->3->4->80->01->88->84->86->83->82->86->T6->T1->7 0-> 7 3->80->7 8-> B 1->T8->77->B6->87->00->0

(b) Specific delivery route map

Fig. 5.4: The optimal distribution plan for C201

It can be clearly seen from Fig. 5.5 and Fig. 5.6 that the genetic algorithm without local search operation
(GA) cannot converge to the global optimal solution and has poor performance, while the improved genetic
algorithm with local search operation (IGA) shows the best performance. The performance of HGA is also
inferior to that of IGA. This further confirms the effectiveness of the local search operation in the algorithm
proposed in this paper. It not only avoids the defect of genetic algorithms easily falling into local optima, but
also enhances algorithm diversity and obtains better optimal solutions.

The above experiment is a specific analysis of the C101 and C201 examples in the Solomon dataset, and has
achieved good results. These results indicate that the improved genetic algorithm in this paper is significantly
better than GA and HGA in solving quality and stability issues. It is a feasible and effective method for solving

vehicle routing problems with time windows.
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Fig. 5.5: Comparison chart of C101 total driving dis- Fig. 5.6: Comparison chart of C201 total driving dis-
tance tance

6. Conclusions and Further Work. This article first analyzes the vehicle routing problem with time
windows, constructs the objective function of the problem, and establishes a mathematical model for the
problem. In order to improve the optimal solution quality of genetic algorithm in solving vehicle routing
problems with time windows, this paper proposes an improved genetic algorithm. The main improvements are
as follows: (1) A heuristic initialization algorithm is designed to generate a high-quality initial population; (2) In
order to enhance the diversity of the population and avoid premature convergence of the algorithm, selection,
crossover, and mutation operations are designed; (3) A local search operation is designed to improve the
optimization and local search capabilities of genetic algorithms. Finally, simulation experiments have verified
that the improved genetic algorithm is a feasible and effective method for solving vehicle routing problems with
time windows. Our future work will be to combine other intelligent optimization algorithms for more in-depth
theoretical analysis and algorithm research. At the same time, we will further expand our application scope
and conduct research on other types of vehicle routing problems.
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