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Abstract: With the development of society, various optimization problems continue to
emerge, making optimization a very applicable research field and attracting the attention of
many researchers. Particle swarm optimization (PSO) algorithm algorithm is a technology
proposed for optimization problems, so this paper studies DSs based on PSO algorithm.
This paper firstly discusses the basic concepts of PSO algorithm and DS, and then designs
the DS.

1. Introduction

With the rapid development of artificial intelligence technology, many tasks or needs in the fields
of financial management, data mining, and biomedicine can be attributed to optimization problems,
and evolutionary optimization algorithms are used to solve them. Evolutionary optimization
technology is a kind of iterative search algorithm that imitates the evolutionary behavior and
mechanism of biology. The population evolves in a more suitable direction, and through continuous
iterative evolution, the optimal solution or satisfactory solution of the target problem is finally
obtained. Considering the complexity of practical optimization problems, this technology has
attracted more and more attention and research by scholars at home and abroad [1-2].

At present, many scholars have carried out in-depth research on PSO algorithm and distributed
system(DS), and have achieved good results. For example,Vijayakumar T and others proposed the
use of multi-core CPU clusters to divide the model to be trained into multiple parts, and then put
them into computing nodes for calculation, which can effectively overcome the problem that model
training requires a large amount of computing resources. Split, so the time required for training will
increase [3]. Combining genetic algorithm, particle swarm algorithm and ant colony algorithm
based on compensation, Maghayren E A et al. proposed a two-stage hybrid swarm intelligent
solution algorithm. The algorithm divides the whole solution process into two stages. In the first
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stage, the genetic algorithm is used. and the randomness, rapidity and completeness of PSO to
obtain a series of sub-optimal solutions (preliminary search), and use them to initialize the
pheromone of the ant colony algorithm, and in the second stage, use high-precision solutions for
detailed search [4]. Although the PSO problem is widely used in various practical optimization
problems, there are relatively few studies applying it to the DS optimization problem. The research
is of great significance [5-6].

This paper studies DSs based on particle optimization algorithms. The structure of this paper can
be divided into three parts; the first part is the introduction of concepts related to DSs and particle
optimization algorithms, and the second part is the design of DSs. The main part is the design of
information processing and distributed lock, and finally the analysis of system implementation. In
this part, this paper analyzes the information processing update strategy, and tests the system
performance. Through the test of the system performance, it is found that The system performs
well.

2. Related Concepts
2.1. Distributed System

The development of DS services has expanded from a single architecture to a cluster architecture
model, and then to today's distributed cluster architecture, which has undergone tremendous
changes [7-8]. Different modules of a single system are used at different frequencies, and different
modules can be deployed with different amounts of servers to better adapt to different business
scenarios [9]. Therefore, today's distributed architecture has been developed. A service is divided
into multiple microservices that can be called each other, and multiple nodes are deployed between
an area, a city or even multiple cities to form a complete set of distributed node models[10].
Distributed nodes can not only greatly improve the pressure load of the system, but also ensure the
disaster tolerance between nodes. Even if a module has a problem, it will not affect the overall use
[11].

2.2. PSO Algorithm

PSO is a recognized swarm intelligence optimization algorithm, which uses the information
exchange ability of the population to search for the optimal solution of the problem. Particles are
defined in the search space by their position and velocity [12-13]. The optimal P of the node itself in
the DS represents the optimal information searched by the node i after t iterations, and P is defined
as the following formula (1):

P={(X;@D, f(X;(2)..... T (X;®)} 1)
3. System Design
3.1. Scheduling Algorithm

Because the quantum particle swarm algorithm does not expand the search range to infinity, but
only searches for particles that satisfy the aggregation property in the entire solution space, so by
using this algorithm to solve the resource scheduling problem of edge nodes, in order to obtain the
local optimal solution [14-15]. The scheduling center is responsible for collecting the information
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load status s of the relevant target nodes and the amount of offloading tasks. According to the
model, the computing resource g of the offloading node can be determined as:

b ; SC

gcf g max (2)

D, +by ; SC

Define the node group M, the position vector corresponding to the node is:
A =i Ao Ag 3 3)
After n iterations, the best position of the M node is P(n), and the best position of the current
node is D(n), then in the next iteration:
P=0P.(n)+@1-J)D(n) 4)

3.2. Distributed Lock Design

In a DS, preemptive task execution is performed for multiple nodes. In order to ensure the
principle of single execution of tasks, a lock mechanism needs to be used. This paper considers that
preemptive task execution is required when the computing strategies are equal, so it is necessary to
ensure the principle of unique execution of distributed tasks.

Whether Redis ha lock >
been locked -
thread 1 unlock >
Py
=
Whether Redis ha
thread 2 been locked
A
4{ give up the lock

Figure 1. Distributed lock model diagram

As shown in Figure 1, this article uses distributed locks implemented by Redis. The first is to
determine whether there is a value, if not, set the value, then set the key time by calling expire, and
finally perform the unlock release lock operation in finally. The key time is set to prevent deadlock.
When the second thread performs the locking operation again, if it finds that the lock already exists
in redis, it will give up the locking task.

3.3. Design of Distributed Node Information Processing

Both the central node and the edge node have this module, which is the central module of the
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system and involves the processing of information and the training of the model in the process.

(1) Edge node information processing

The edge node in the DS is responsible for sensing information. After sensing the information,
the edge node encodes the sensing information. The data format is sensing information + node IP,
and shares it with the central node connected to itself [16-17]. After the edge node directly shares
the perception information to the central node, the central node will manage the information in a
unified manner [18]. After receiving the multicast information from the central node, the edge node
firstly identifies the information to identify whether it is the information shared by the central node.,
the specific process is shown in Figure 2.

information reception

Stored in the information address database Whether to share information for yourself

Discard the packet and encode the central node IP
into the message

Figure 2. Flow chart of edge node information processing

Finally, after passing the model training, the central node of the DS will select an edge node to
backup and cache the information. The central node will completely share this information with the
edge node, and the edge node will store the information in the database. In addition to the central
node, other nodes do not know that the node has this piece of information, so a locally confidential
information backup and cache process is achieved.

(2) Information processing of the central node

The central node will first receive the perception information shared by the edge nodes, and after
saving the information in the Redis database, the central node will receive the encoded information
shared by the edge nodes, and the central node will further encode the information. Due to the
encoding of the edge nodes, the central node will continue to operate on the information encoded by
the edge nodes, that is, add its own IP.

Then, the central node needs to multicast the information, so that the external nodes know what
information is stored on those nodes, which is convenient for system information optimization later.
The multicast method mainly scans the communication channels directly connected to itself, and
then sends all channels Save it, traverse these channels during multicast, and send the constructed
data packet through this channel, as shown in Figure 3.
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Figure 3. Multicast processing flow chart
4. System Implementation
4.1. Analysis of Different Node Update Strategies

This section will verify the effectiveness of DS information processing by comparing different
node information optimization updates. The specific experimental arrangement is as follows: the
central node and edge node information processing systems are selected for testing, and the
standard PSO algorithm is used to solve the information optimization problem. The basic crossover
strategy is: for the current node, randomly select the information crossover area in another node,
insert the crossover information area into the current node, delete the information area between the
current node and the crossover area; the basic mutation strategy is: for the current node, randomly
select a certain information area as the area to be mutated, randomly select the mutation position,
insert the node to be mutated into the position, and the rest of the information nodes remain
unchanged.Figure 4 is an evolutionary graph of different node update strategies.
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Figure 4. Evolutionary graph of different node update strategies

Aiming at the two test problems of central node and edge node, each node update strategy is run
30 times respectively, among which PSO is the evolution curve designed for basic node information
update, and improved PSO is the evolution curve designed for improving node information
processing in this paper. It can be seen that: this paper The proposed information processing design
has better convergence speed than the basic node update strategy in the early stage of the algorithm,
and the algorithm has better convergence performance. In the later stage of the evolution process,
compared with the simple mutation strategy, the mutation probability is adjusted according to the
evolutionary algebra and the fitness value, and the operation of selecting the mutation position by
clustering increases the ability to jump out of the local optimum. It can be seen from the evolution
curve that the final result of the information processing design strategy proposed in this paper is
obvious.

4.2. System Performance Test

Create 30 information processing timing tasks, which are selected from edge collaboration
strategy, polling strategy, consistent HASH strategy, random strategy, and adjacent node strategy.
The execution interval of the scheduled task is set within 5 minutes and varies from one to another.
Start the task to observe the execution status. Carry out the information processing task test
according to the steps in Table 1. The DS is tested through Table 1, and it is found that the
performance of the system is well tested.
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Table 1. Performance test table

Test Task ClassifyByStockCode
Test Environment Three different registered nodes, one dispatch center
Test Steps Start 30 scheduled tasks and run for half a day

The running time interval is set within 5 minutes, and the running time

Operation Hours is more than 8 hours

Expected

Outcome Each scheduled task basically runs normally

5. Conclusion

The PSO algorithm can find the optimal solution through iteration. This paper studies and
analyzes the DS based on the PSO algorithm, and expands the scope of information search through
the scheduling of the PSO algorithm. In the system design part, this paper mainly focuses on the
design of distributed locks and the design of system information processing. In the system
implementation part, it mainly analyzes different node update strategies and tests the performance
of DSs. Through the analysis of different node update strategies, it is found that the information
processing design strategy designed in this paper can jump out of the local optimum and the
information processing effect is remarkable. The system passed the performance test. Although this
paper designs a DS based on the PSO algorithm, there are still shortcomings, and the DS needs to
be improved. Research on DSs based on PSO algorithm is a worthy direction.
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