Hindawi

Wireless Communications and Mobile Computing
Volume 2022, Article ID 9467095, 12 pages
https://doi.org/10.1155/2022/9467095

Research Article

WILEY | Q@) Hindawi

Design and Application of Improved Ant Colony Algorithm in E-

Commerce System

Ning Li"* and Yanliang Yu®®

"Economics School of Jilin University, Changchun Jilin 130000, China
*Zhuhai College of Science and Technology, Zhuhai Guangdong 519041, China
3School of Urban Economics and Public Administration, Capital University of Economics and Business, Beijing 10070, China

Correspondence should be addressed to Yanliang Yu; yyl3039@email.poe.edu.pl

Received 17 December 2021; Revised 17 January 2022; Accepted 25 January 2022; Published 9 April 2022

Academic Editor: Zhiguo Qu

Copyright © 2022 Ning Li and Yanliang Yu. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Since the 21st century, artificial intelligence and e-commerce have taken the lead. The two are close to life. Data show that, in the
digital economy era, the two have developed rapidly and are widely used; however, they also have some problems. E-commerce
logistics system has always been the first problem mentioned by relevant personnel and users. The continuous increase in
transaction volume is worth celebrating, but the logistics efficiency continues to be flat or even declining, which has become a
serious problem. This shows that, for the e-commerce platform, the investment in science and technology is not
comprehensive and in depth, and the artificial intelligence technology has not been deeply applied for the logistics industry.
Understanding needs, finding problems, and solving them in time are the way to develop this industry. Pareto is chosen by
most logistics systems, but in fact, its efficiency is not as high as imagined. In view of this, this paper proposes an innovative
algorithm, based on ant colony algorithm, with optimization mechanism to strengthen the shortcomings, thus improving the
premature problem of ant colony algorithm, and at the same time, a series of performances such as convergence speed,
accuracy, and stability have been strengthened because of this improvement. Experiments show that the optimization ability of

this algorithm is better than the other two.

1. Introduction

At present, the application of artificial intelligence touches
on various industries and life. It improves the efficiency of
industrial operation and the quality of life, including almost
all the most cutting-edge technologies, and brings mankind
into the intelligent era. Similarly, e-commerce is like artificial
intelligence. Both have been recognized by the public, even
the industry and the country. The establishment of China
Artificial Intelligence Society and various newspapers and
periodicals undoubtedly support this discipline and further
promote the development of artificial intelligence. As far as
e-commerce is concerned, the state directly and clearly puts
forward the development trend and tasks during the “14th
Five-Year Plan” period, and there are millions of e-
businesses selling online in China. The combination of the
two can be described as a strong alliance and complement

each other. Artificial intelligence will develop technology in
the frontier production line of e-commerce, and e-
commerce will continue to develop with technical support.
There was a time when more and more researchers
thought that the research center of artificial intelligence was
argumentation [1]. In this context, many related topics have
emerged. It is precisely because of these themes that the view
that the research center of artificial intelligence is demonstra-
tion is recognized by more and more people. Although many
literatures related to artificial intelligence have been put for-
ward, in recent years, many new model topics have been put
forward for others to refer to. Artificial intelligence [2] and
theory have bred a brand-new cross-cutting field together,
and this newborn has won many awards, which is helpful for
researchers to build their ideas and strengthen their technol-
ogy. It is a process that researchers need to go through from
theory to demonstration and then to program generation.
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The demonstration model will lay a good foundation for arti-
ficial intelligence and its subsequent development, but there
will also be much professional knowledge, such as algorithm
solving and strategic problems. It is undeniable that artificial
intelligence has a large number of applications both in real life
and in argumentation. Literature [3] has the same status as
theory, and the status of logic is not easy to underestimate.
Similarly, related applications have been further investigated
and studied in the present era. As a result, many related man-
uals have been created. The contents of the manual are mainly
artificial intelligence and logic, which are unified. The authors
are highly famous people in the industry, and the manual has
been professionally recognized. At the same time, using man-
uals, surveys, and explorations as the basis of research,
researchers and those who are interested in it can participate
in it. Those experts prefer the background with highly profes-
sional mathematical materials as the content. Literacy [4] in
today’s scientific research field, a new discipline combines
uncertainty with artificial intelligence, which gathers a series
of cutting-edge scientific and technological disciplines such
as computer and physics. Uncertainty is based on randomness
and fuzziness, and this state of uncertainty and a series of
changes in the future are related to entropy. For this reason,
uncertainty can be combined with artificial intelligence, and
a series of models related to uncertainty can be deeply studied
so that uncertainty information can be further automatically
knowledgeable. Literacy [5] generally speaking, the reason
why artificial intelligence is accepted by the public is that it
can solve problems that are not simple and clear. On the pre-
mise that the data is not perfect, it can also run the answers to
professional mathematical problems. After training, the oper-
ation efficiency of artificial intelligence can be improved. For
this reason, it has been used in all aspects of life, especially in
system modeling. Artificial intelligence contains a field of
combination of various technologies. For example, in combus-
tion engineering, artificial intelligence presents two aspects in
thematic order: one is combustion system and stove modeling
and emission prediction; the second is internal combustion
engine and engine modeling and control. In literature [6]
and in teaching, there is participation of artificial intelligence,
resulting in a computer-assisted instruction system. The algo-
rithm program is complex. In the system with specific archi-
tecture, the input data of teachers constitutes a database,
while in the system with information architecture the desired
data can be obtained by relying entirely on the information
network. At the same time, both of them can also answer stu-
dents’ questions. Literature [7] in the classical search problem,
the solution is closely related to whether you know the relevant
professional domain knowledge. In the field of artificial intel-
ligence, the scheme has nothing to do with knowledge reserve,
that is, in some cases, even if the operator has no relevant
knowledge, he can operate. The last step of this operation pro-
cess is heuristic search, and the whole process needs matrix
technology to bless. In literature [8] in today, the hottest sec-
tors always have a place for artificial intelligence and e-
commerce. Joining the blessing of the server makes the logis-
tics operation more effective and the logistics information
more electronic and networked. Web service technology based
on XML and Soap is its network security management, which
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improves the openness and conversion level of e-commerce
logistics. The International Conference [9] on E-Commerce
was founded to gather people who are interested in and have
professional knowledge of current e-commerce, and the
designed technologies are low-level technologies and high-
level issues. Similarly, e-commerce has gained a lot of attention
in IT majors, which shows the importance of e-commerce in
today’s era. E-commerce is the booster of the world economy
[10]. For this reason, e-commerce has driven the logistics mar-
ket, making a series of emerging industries such as electronic
information, Internet, and artificial intelligence participate in
it. Nevertheless, the foundation of logistics industry building
in China is too late, which leads to the slow construction of
the building. Therefore, it is necessary to improve logistics
management and solve problems in all aspects. But to a great
extent [11], the e-commerce industry presents a situation that
pays attention to transactions and despises logistics. Because
of this, the gap between transaction and logistics is too large
to match each other. This undoubtedly prevents the future
development of e-commerce. Therefore, in order to meet the
relevant needs, we must deeply understand the root of these
needs and deeply discuss how to build a logistics system to
achieve the same proportion of transactions and logistics. Lit-
erature [12] in e-commerce, the order information needs to
match the packaging size so that the problem of high packag-
ing cost can be solved. With regard to the packing problem,
the traditional solution is to put goods with a set of long width
and height data into a fixed container. However, the tradi-
tional methods are too conformist and need constant innova-
tion and revision to further improve efficiency. Literature [13]
similarly, the above problems will also bring about the phe-
nomenon of high cost and low quality, which has become a
stumbling block to the development of e-commerce. Now,
on the basis of the existing distribution model, there have been
successful solutions. It is necessary to classify a series of indica-
tors such as customer safety, society, geography, economy, and
requirements into four categories and distribute goods under
the guidance of categories. This not only meets the needs of
different customers but also optimizes the configuration and
reduces the cost. For example, according to statistics, thou-
sands of agricultural product enterprises have been established
in China. In such a fierce market competition [14], logistics
problems become more and more serious, and distribution
needs emerge one after another. Therefore, the traditional
logistics distribution system cannot meet the current market
at all. Because of the entry of this market, the development
form of electronic system presents a phenomenon of contend-
ing with a hundred schools of thought, but the old problem of
low efficiency has not been improved. For example, agricul-
tural products in a certain area can only be dispersed, which
leads to a great increase in transportation costs and makes it
difficult to meet market demand. E-commerce combines busi-
ness and science to give relevant people a certain influence
[15]. Most e-commerce enterprises pay attention to improving
logistics efficiency, but the measurement of logistics efficiency
has not been deeply explored. In terms of strategy and opera-
tion, we can put forward efficient suggestions for e-commerce
logistics. Putting forward the AHF method can help operators
understand the logistics performance; operators and the



Wireless Communications and Mobile Computing

development of e-commerce have a constructive role. Com-
pared with other logistics modes mentioned in this paper,
the efficiency is increasing incrementally. Combined with arti-
ficial intelligence, a hot project at present, the ordinary logis-
tics mode is far behind. Therefore, the model of this paper is
more in line with the growing e-commerce industry in China.

2. Artificial Intelligence Analysis

2.1. Basic Concepts. The means of artificial intelligence is
computer, and template is human intelligent behavior. The
ultimate goal of artificial intelligence is to combine various
disciplines such as computer and language and make com-
puters learn and judge independently to form an intelligent
mechanical system to complete activities. Artificial intelli-
gence, as a super comprehensive discipline, is a hot spot in
contemporary society and a future development trend, and
it is also full of all walks of life. The artificial intelligence def-
inition diagram is shown in Figure 1.

2.2. Ant Colony Algorithm

2.2.1. ACA Algorithm. Set the number of individuals in the
ant colony as m, each ant as k (k=1,2,3,---,m), and the
number of cities as n. At first, the pheromone intensity
between city i and city j is consistent. Gradually, ant k begins
to move between cities, and the pheromone intensity begins
to change. Ant k will have more pheromone intensity
between cities to choose the next city to move to and then
constantly update the pheromone intensity. When the itera-
tion times reach the maximum, the algorithm ends. The
ACA algorithm flowchart is shown in Figure 2.

The probability of ant k from city i to j after ¢ iterations
P;‘j(t) is as follows:

(7] - [qij(t)} f s € allow,,

0 s ¢ allow,.

Pl = 1)

7;;(t): the pheromone concentration of the path between
cities i and j is updated in t iteration, and the pheromone
concentration among cities is the same at the initial stage
of search, that is, T,.]-(O) =1,.

1;;(t): the expected degree after the ¢-th iteration update
from city i to j is the heuristic function, and its value is 1/d;;
(d;; is the distance between cities i and j).

allow, is a collection of cities to be visited by ant k.

« is the importance factor of pheromone.

B is the importance factor of heuristic function.

The update formula of pheromone concentration in
intercity path is as follows:

T(t+1)= (1= p) * 7;(t) + At + eAr), 0< p< 1, (2)

n
k
Ary= ) A, (3)
k=1
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FIGURE 1: Artificial intelligence definition diagram.

1
N — city iand city j belong to the optimal path,
A‘[’ S = Lbs

ij
0 others.

(4)

p is the volatilization degree of pheromone. p is the
pheromone evaporation rate, ranging from 0 to 1, usually
0.5.

A‘rfj is the increment of pheromone concentration
released by the k-th ant on the path between i and j.

At;; is the total increment of pheromone concentration
released by all ants on the path between i and j.

e strengthens the weight coefficient of pheromone con-
centration on the optimal path.
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probability p

A
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Ant k walks through # cities?

Update the pheromone on the connection edge between cities

Are the termination conditions

F1GURE 2: Flowchart of ACA algorithm.

Aribjs is the increment of pheromone concentration on
the optimal path.

L, is the total length of optimal path.

Among them, there are three models for releasing
pheromones.

The formula for A‘rf.‘j in ant cycle system is as follows:

L Q the k-th ant visits from city i to city j,
A= L, (5)

ij
0  others.

Q is a constant, the total amount of pheromones released
by ants in one cycle.

L, is the length of the path taken by ant k.

The formula for A‘rfj in ant quantity system is as follows:

L Q the k-th ant visits from city i to city j,
At = dij (6)
0 others.
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The formula for Arf.‘j in ant density system is as follows:

k _
Arij =

{ Q the k-th ant visits from city i to city j, )

0 others.

The three models (Formulas (5)-(7)) represent different
characteristics of pheromone release from ant colony. The
total release amount of model 1 and model 2 is certain.
The former depends on the overall path, while the latter
depends on the local path, while the release amount of each
path in model 3 is certain.

2.3. Pareto. Pareto is a classical and commonly used method
in e-commerce logistics system. When multiple goals
appear, there will be a series of problems such as conflicts.
The solutions corresponding to each goal are different, and
the effects of a solution on each goal are also different. The
solution of the overall objective function is in equilibrium
state, that is, the change of one objective function will inev-
itably lead to the change of the solution of other functions.
The formula corresponding to the multiobjective program-
ming problem is as follows:

min ()= (£, ()

g9,(x)20 el (8)
hy(x) =0 jeE
f:(x) is an objective function.

gi(x), hj(x) is a constraint function.

x is an N-dimensional design variable.

When Pareto is optimal, it means that exchange, produc-
tion, and the conditions of exchange and production are
optimal. Only when these three optimums are satisfied can
Pareto optimality be guaranteed.

3. Optimization Algorithm

3.1. Improved Ant Colony Algorithm Design. In general ant
colony algorithm, () is the only basis for ant colony

transfer at the beginning, because the initial information of
the algorithm adopts uniform distribution strategy. This will
make Pf-‘j(t) of all cities in ant k’s access space have a small

difference, which leads to the time-consuming access to cit-
ies in low cost-effective areas in the initial stage of ant search,
resulting in a series of problems such as blindness and slow
convergence speed in the initial stage of search. Therefore,
this paper proposes an improved ant colony algorithm,
and the algorithm flow is shown in Figure 3.

3.1.1. Construct the Target Point Guidance Area. Based on
the problems of ant colony algorithm in the initial stage of
search, we can set guidance to help ants explore, that is, set
guidance area around the target and give this area certain
pheromones in the initial stage, so as to guide ants to
improve search efficiency. A circle with the target point E
as its center and R as its radius, and the overlapping part

between the circle and the total area is the target guide area.
The pheromones in this region are higher than those in
other regions, forming pheromone differences. Assuming
that the area of 10 = 10 is divided into blocks, taking the side
length S=5 of the rectangular divided area and black as an
obstacle, the schematic diagram of target guidance is shown
in Figure 4.

The formula of pheromone differentiation distribution
rule is as follows:

A Ty d(,E) < R>
Tij(o) = ! 9)
T, dip >R
S-D
= 0.3),
Max (m, n) (§+03) (10)
(0]
= _. 11
£=2 (1)

d(j, E) is the Euclidean distance from j to E.

A strengthens the weight of initial pheromone concen-
tration, and the value range is [1, 2].

D is the Euclidean distance between starting point and
target point.

m is the length of total area.

n is the width of total area.

& is the proportion of obstacles in the rectangular block
area proportional to the size of the guiding area of the target
point.

O is the number of obstacles in rectangular block area.

V is the number of feasible nodes in rectangular block
area.

3.1.2. Block Optimization of Local Path. Because ant colony
algorithm generally refers to the global path length, redun-
dant folds in local areas will be ignored. Optimize the local
path block of the total area, and then, use the cross-
product operation to detect the relationship between the
break point and obstacles. If there is redundancy, add the
redundant break point to the forbidden set, and let the ants
return to the starting point of the break line and search again
to solve this problem. The formula of redundant break point
set is as follows:

U=i,, ‘ (ix - i;) (i;’ - i;) + (i;’ i
: (iox - i;) (i;’ - i;) : (z‘,’{ - i;)

i is the intermediate point.

i',i" is the endpoint.
i, is the obstacle point.

3.1.3. Optimize the Pheromone Concentration Update
Mechanism. Elite ants are closely related to whether phero-
mones and algorithms will fall into local optimum in
advance. When the current population grows continuously,
this problem will appear in the latter. The intervention of
augmenter is undoubtedly a timely rain, which calms the
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Whether the number of iterations has been reached

Output global optimal path

End

FiGure 3: Flowchart of improved ant colony algorithm.

interaction between elite ants and pheromones. The
optimized pheromone concentration update formula is as
follows:

T(t+1) = (1= p) * 7;5(t) + Aty (13)
ary=(1-9) Y arkear,  (4)
k=1
1

e(t) (15)

exp (wt-1)
¢ is the proportion of obstacles in adjacent node sets
between i and j.
e(t) is the adaptive enhancement factor, iteration num-
ber is t.

3.1.4. Stochastic State Transition Mechanism. The concentra-
tion of pheromones will no longer rise in the later period.
Combined with Formula (1), it can be seen that this situa-
tion will lead to a smaller probability Pifj(t), and this phe-
nomenon undoubtedly declares that the path with low
concentration cannot be searched because of the small Pfj(t
), and then, the whole algorithm stagnates, so it is necessary
to add a random conversion mechanism, which makes the
algorithm choose the path node according to Pf-‘j(t) more
random. The stochastic state transition formula is as follows:

=]

(t+1) = L<;rl - }t>’ (16)
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FIGURE 4: Schematic diagram of goal orientation.

L=2-_ (17)

max

; is the current position.
(1+1) is the next position.

Rl Rl R|

11 is the node with the lowest pheromone concentration
in the current neighboring node set.

L is the step value.

The objective function formula of path evaluation is as
follows:

Fit = min (p) N min (R;) N'min <Z Ri) . (18)
i=1
p is the number of break points.
R, is the local path length.
Y R; is the global path length.

4. Simulation Experiment
4.1. Algorithm Testing

4.1.1. Parameter Setting and Experimental Comparison. Set
the total area size to 20 * 20 cells, the starting point coordi-
nates to (0.5,0.5), the ending point coordinates to (19.5,
19.5), the total amount of ants n =50, and the maximum
iteration times to 100. Take 7,=4, A =1.3, =10, =2, 8
=7, p=0.6, and w=0.1. After experimental comparison,
the data comparison results are shown in Table 1.

The change curve of the optimal path is shown in
Figure 5.

The change curve of the average value of the optimal
path is shown in Figure 6.

The change curve of the number of lost ants is shown in
Figure 7.

It can be seen from the above chart that under the pre-
mise of iterative update 100 times, ant colony algorithm
needs to consume roughly half of iterative times to get the
optimal solution, its convergence speed is far lower than
expected, and too many ants are lost stably, which shows
that its stability is not high. The optimal path found by
Pareto and the algorithm in this paper is roughly equal,
but comparing them, it can be seen that the iteration times
experienced by Pareto in finding the optimal path are obvi-
ously higher than those of the algorithm in this paper, that
is, the optimization ability of Pareto is lower than that of
the algorithm in this paper, so the algorithm proposed in
this paper solves the problem of low efficiency in the initial
stage of search well. Compared with Pareto, the convergence
speed of this algorithm is further improved, and the number
of ants lost is obviously reduced. It can be seen from the
above that the optimization ability of the algorithm has been
greatly improved, and the addition of weight factors is
undoubtedly the icing on the cake, which makes the conver-
gence speed of the algorithm and the ability to prevent ants
from losing greatly improved. From the above three line
charts, it can be seen that the algorithm in this paper is far
superior to others in all aspects of experiments. This shows
that the strategies and mechanisms proposed above are
really efficient. The algorithm in this paper is closer to this
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TaBLE 1: Data comparison table.

Optimal path Average value of optimal path Lost ant number
Number of
. . Ant Improved ant Ant Improved ant Ant Improved ant
iterations Pareto Pareto Pareto
colony colony colony colony colony colony
0 73.5 65.0 55.7 80.0 80.0 84.0 50.0 32.0 40.0
10 55.3 46.5 44.5 85.0 53.1 49.2 35.0 15.0 3.0
20 48.0 44.5 44.5 73.4 47.0 44.7 29.0 0.0 0.0
30 47.3 44.5 44.5 65.6 44.7 44.7 28.0 0.0 0.0
40 47.0 44.5 44.5 63.0 44.7 44.7 27.0 0.0 0.0
50 47.0 44.5 44.5 55.6 44.7 44.7 16.0 0.0 0.0
60 47.0 44.5 44.5 53.0 44.7 44.7 12.0 0.0 0.0
70 47.0 44.5 44.5 50.3 44.7 44.7 11.0 0.0 0.0
80 47.0 44.5 44.5 46.7 44.7 44.7 6.0 0.0 0.0
90 47.0 44.5 44.5 46.7 44.7 44.7 5.0 0.0 0.0
100 47.0 44.5 44.5 46.7 44.7 44.7 4.0 0.0 0.0
80.0 4
75.0 4
70.0 4
=]
2
< 6504
£
o
(=]
S
S 60.0
%
=
©
>
)
s 55.0 7
1
>
<
50.0
4507 * * X X * X X X
40.0 T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100
Number of iterations
Ant colony algorithm
—4— Pareto
—¢ Improved ant colony algorithm
FIGURE 5: Optimal path change graph.
experimental project, which can bring greater benefits and The objective function formula of the cargo packing
experimental results. optimization model is as follows:

4.2. Simulation Experiment

4.2.1. Establishment of an Objective Function. This experi- n
ment will test the cargo packing module and vehicle routing max : Z Pi-x;—Cy. (19)
module in e-commerce logistics system. i=1
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90.0 4
85.0 4
80.0 &
75.0 4
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65.0 4
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40~0 T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100
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Ant colony algorithm
—— Pareto
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FIGURE 6: Variation curve of average value of optimal path.

50.0
45.0
40.0 >
35.0
5 4
2 30.0
g
=
£ 2501
=]
<
g 200 1
15.0 A
10.0 -
5.0
0.0 T L3 L A L L Ak H*—K
0 10 20 30 40 50 60 70 80 90 100
Number of iterations
Ant colony algorithm
—4— Pareto
—¢ Improved ant colony algorithm
FiGure 7: Change curve of lost ant number.
Its objective function represents the maximum profit of P, is the transportation cost of goods I obtained.
transporting goods that are not more than the limited capac- x;: goods not transported are equal to 0 and goods trans-

ity and limited load of trucks. ported are equal to 1.
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TaBLE 2: Basic information of goods.

Goods Weight  Length Width Height Transportation
limit (t) (m) (m) (m) fee (yuan)

1 0.50 2.80 0.70 0.85 3000

2 0.30 1.20 0.60 0.78 1500

3 0.20 1.00 0.50 2.00 1000

4 0.60 2.40 0.75 0.85 3500

5 0.70 2.00 0.50 1.50 4000

6 0.28 1.00 0.55 1.00 1200

7 0.65 2.50 0.20 1.80 3650

8 0.63 1.80 0.50 0.90 3600

9 0.10 0.90 0.50 0.80 600

10 0.71 2.60 0.40 1.60 4200

11 0.42 1.50 0.30 1.80 2200

12 0.36 1.40 0.80 0.40 2000

13 0.47 1.70 0.56 1.20 3100

14 0.51 2.10 0.60 0.98 3200

15 0.29 0.98 0.77 1.30 1800
TaBLE 3: Basic information table of freight cars.

Truck Weight  Capacity (cubic Length Width Height
limit (t) meter) (m) (m) (m)

1 2.5 12.0 4.2 1.9 1.8

2 5.0 30.0 6.2 2.0 2.0

TaBLE 4: Time comparison table for finding the best path (min).

Serial Ant colony Improved ant  Actual
number algorithm Pareto colony value
1 32 20 10 25
2 33 16 15 15
3 42 30 20 24
4 41 30 5 26
5 39 20 21 22
6 31 15 13 20
7 32 15 16 15
8 36 19 17 18
9 35 21 18 23
10 46 25 19 26
Cyis the transportation costs required.
Constraints:
n
YW xS Lo (20)
i=1
n
Viax 2 Z Lwh; - x;, (21)

Wireless Communications and Mobile Computing

TaBLe 5: Comparison of maximum transportation expenses
(10,000 yuan).

Serial Ant colony Improved ant colony  Actual
number algorithm Pareto algorithm value
1 1.7 2.0 2.4 2.3
2 2.0 1.8 2.1 2.2
3 1.8 1.9 1.9 2.1
4 2.5 3.0 32 3.2
5 3.0 2.9 3.1 3.2
6 2.8 2.9 3.0 2.9
7 2.1 2.3 2.7 2.6
8 2.7 2.5 2.9 3.0
9 1.9 2.2 2.3 24
10 2.3 2.4 2.9 2.7
li<P,w;<P,,h <P, (22)

W, is the weight of goods i.

L.« is the load limit of freight car.

V max 18 the maximum capacity of freight car.

I;, w;,h; are the length, width, and height of goods i.

P,P,, P, are the length, width, and height of truck
compartment.

The objective function formula of the vehicle routing
optimization model is as follows:

min : chijxij' (23)

i€VjeV

Its objective function represents the minimum distance
of all user points in the city within the range.
¢;; is the distance between 7 and j.

x;jt if arc(i, j) € A is not an optimal solution, its value is
equal to 0; otherwise, it is equal to 1.

Constraints:
Y x;=1, Vjev{o}, (24)
i€V
Y x;=1, VieV{o}, (25)
jev
x;€{0,1}, Vi,jeV. (26)

4.2.2. Simulation Experiment and Result Analysis. In an e-
commerce logistics center, there are 15 goods, which are
matched with 2 trucks of different models. A total of 10
goods are selected to match with 2 trucks at a time. After
picking, the same goods are replenished to the logistics cen-
ter in time. The total logistics distribution area with the
logistics center as the starting point is set as 50 * 50 cells,
the coordinates of the starting point are set as (0.5,0.5),
1000 obstacles such as buildings are randomly distributed,
and the side length of rectangular block area is S=1250.
Make trucks deliver goods to designated places in the simu-
lation area, and test them repeatedly for 10 times. Compare
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the time to find the best path and the transportation cost
obtained by delivering goods, so as to compare the accuracy
of each algorithm and the superiority of improved ant col-
ony algorithm. The basic information of the goods is shown
in Table 2.

The basic information of trucks is shown in Table 3.

The results of finding the optimal route time for 10 ran-
dom goods distribution are shown in Table 4.

The maximum transportation cost results obtained from
10 random cargo distributions are shown in Table 5.

The three algorithms calculate the alignment between
the time to find the optimal path and the actual predicted
value, as shown in Figure 8.

The comparison between the maximum transportation
cost obtained by the three algorithms and the actual pre-
dicted value is shown in Figure 9.

Therefore, in the aspect of finding the optimal path, the
gap between the predicted value and the actual value of ant
algorithm is too large. Compared with the former, the pre-
dicted value of Pareto is obviously closer to the actual value,
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but the fact is that its value is unstable, and most of them are
higher than the actual value. The improved algorithm men-
tioned in this paper is closer to the actual value curve than
the former two, which shows that its accuracy is higher. In
the aspect of revenue, the conclusion is roughly the same
as that of the former. After the improvement of optimization
mechanism, the performance of this algorithm has been
greatly enhanced far beyond both. In the practical applica-
tion of e-commerce logistics, it can also be seen that com-
pared with the actual value, the improved ant colony
algorithm is more suitable for the actual value, and even
some predicted values are better than the actual value.
Therefore, the improved ant colony algorithm proposed in
this paper is more suitable for the performance of e-
commerce logistics system. In this experiment, a series of
irrelevant factors such as truck model, total area, and obsta-
cle position are obviously controlled. In the experiment of
optimization time, the change of optimization time with
the change of target location is observed. In the maximum
transportation cost experiment, the change of transportation
cost with the random change of 10 goods was observed.

5. Conclusion

Compared with the other two, the improved ant colony
algorithm shows high-efficiency optimization ability and fast
convergence speed, while the other two have problems in
related performance after multiple iterations, even prema-
ture phenomenon. This shows that the improved finer
mechanism and conversion mechanism are feasible and
effective. In the simulation experiment, it can be found that
the improved ant colony algorithm in the actual problem of
computing power as expected has obviously higher stability
and accuracy than the other two. Therefore, the improved
ant colony algorithm design is successful and more suitable
for the application of e-commerce logistics system. In the
future research, the emphasis is to further improve the per-
formance and efficiency of this algorithm, such as optimiza-
tion ability, reducing the number of ants lost and improving
the cost performance, so as to further improve the efficiency
of domestic logistics system.
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