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Abstract—This paper attempts to improve the resource utilization in com-
puter teaching, striking a balance between educational resource and education
development. For this purpose, the author systematically investigated the alloca-
tion of computer teaching management resources, and set up an effective alloca-
tion model of such resources based on particle swarm optimization (PSO). The
research results show that the PSO-based model can coordinate the allocation of
computer teaching management resources, enhance the utilization rate of teach-
ing resources, and prevent resource waste. With the aid of the proposed model,
the imbalance between different counties and districts in the number of comput-
ers and teachers was greatly improved, which contributes to the coordinated de-
velopment of education in the study area. The research findings have great theo-
retical and social significance for the sustainable development of education and
the improvement of the education system.
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1 Introduction

The educational development in schools requires the support of human and materi-
al resources, which is closely related to the balanced and effective allocation of re-
sources between regions or schools [1-3]. Scientific research and practical experience
have shown that educational resources are the basis for educational activities at all
levels of school and for the development of education in the country [4-6]. The low
utilization rate of educational resources causes the waste of resources, and also the
shortage of educational resources, hindering the development of education [7-8]. In
recent years, despite the rapid development of China's social economy, the high-
quality talents needed for social development are still in short supply. Relevant poli-
cies have promoted the expansion of education scale and education demand, but the
existing educational resources still cannot match the educational needs of all levels,
which hinders the cultivation of high-level talents or high-tech talents to a certain
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extent [9-10]. Therefore, it can minimize the waste of educational resources to im-
prove the effective utilization of educational resources.

Following the development of information technology and the rapid advancement
of science and technology, the study of computer information technology has become
crucial in lower education, secondary education and higher education [11-12]. The
rational allocation of computer teaching management resources includes the coordina-
tion, distribution, optimization and reorganization of professional teachers and com-
puter accessories, and the in-depth development of educational management resources
to improve the utilization of such resources [13-14]. Information technology is the
foundation of all kinds of technology and economic development in the world today.
The cultivation of computer talents is the irreversible trend of the times, so, for the
schools at all levels, intensifying computer education and effectively allocating the
computer education management resources are extremely important [15-16]. In short,
in order to meet the needs of cultivating all kinds of professional and technical per-
sonnel with limited educational resources such as computer resources and teacher
resources, it is necessary to minimize the waste of educational resources and resource
consumption, balance the distribution of educational resources and conduct effective
management.

In view of the above problems, this paper first conducts survey and statistical anal-
ysis for the educational resources such as computer teaching resources and teacher
allocation in one school of certain region, and then establishes an effective allocation
model of computer teaching management resources based on PSO and related mathe-
matical analysis theory. In addition, the computer teaching management resources in
this region were redistributed to verify the applicability and accuracy of the model.
This provides theoretical support for improving the utilization of educational re-
sources and promoting the development of education.

2 Related Theory about PSO Theory

2.1  Development of PSO

The PSO algorithm was first proposed by foreign scholar Kennedy J & Eberhart
R.C in 1995. It is a random optimization algorithm based on population. The PSO is
inspired by the foraging behaviour of the colonial animals, that is, the individual
shares the food information to the group through individual search, and then the group
finds the food at the fastest speed [17].

During the foraging process of the bird flock, Kennedy observed that the birds are
not able to perceive the movement of the entire flock, but instead change their posi-
tion according to the flying position and direction of the birds nearby. Therefore,
scientists have developed PSO into two modes: global best and local best. In the mode
of global best, affected by the entire particle swarm, each particle aims to trace its
extremum and the global extremum; in the mode of local best, the particle is affected
by its own consciousness and the surrounding particles in motion, but not subject to
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the global particles, so it only pursues the extremum of itself and neighbouring parti-
cles. The former converges faster.

In the early PSO model, the Boid model was designed imitating the bird flock for-
aging; any bird is represented by a node, and given with the initial velocity and dis-
placement; based on the principle of “near speed matching” in the program, the speed
of all nodes will tend to be similar or the same. However, in the follow-up study, it’s
found that the Boid model was too simple, and its calculated results deviated a lot
from the real results. Thus, the random variables are added to the velocity variables,
and then the optimization iteration is performed, so that a new random variable is
added for each update speed, which can maximize the degree of mimicking the pro-
cess of bird foraging.

In the PSO algorithm, the optimization problem is understood as: there exist a myr-
iad of particles in a multidimensional space; each particle has a velocity variable, and
its direction and displacement are changed constantly. When the algorithm is per-
formed, all particle swarms centre around the current optimal solution for optimiza-
tion. For the optimal solution in the swarm obtained by individual optimization, it’s
simpler than the genetic algorithm, and has fewer design parameters and is easier to
implement [18-19].

2.2 Basic steps of the PSO

It is assumed that in the k-dimensional space, particles with m target potential
problem solutions form a swarm, as shown in equation (1):

S ={X;, Xye, X} W

Among them, the variable X, represents the position of the m-th particle in the k-
dimensional space. Substituting its value into the adaptive function, the fitness value
of the i-th particle can be obtained. The initial velocity variable of each particle is
represented by Vi, V; = (v4, vy, ..., v;),i = 1,2,...,m; P is used to record the optimal
position of the particle, and Py is the optimal position of the swarm, containing loca-
tion information for each particle point.

According to the principle of adhering to the optimal particle, it is easy to acquire
the calculation formula for the position and velocity of the particle, which is ex-
pressed as:

1
VM=oV o (= X )+ Cn (g — X)) o
n+l _ n n
X/ T=X{+V, 3)
Where, i is the particle number, n is the number of iterations, c,,c, are the learning
factors, ry, r, are random numbers between 0-1, and w is the inertia factor. A larger

value of ® is advantageous for obtaining an overall optimal solution, while a smaller
value of ® can help to improve the precision of the algorithm. In order to better con-
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trol the search range and value within a reasonable range, the maximum value of V
and the minimum value of X were specified. The standard calculation steps are given
as: set parameters and initialize the population, and set the initial velocity and position
of the particles; calculate the fitness value of the particle; update the position and
velocity of the particle; by comparing the fitness value of the single particle with the
position experienced by the particle, and the position of the particle swarm with the
adaptive value of the swarm, take the current value if the comparison results are satis-
factory; calculate the fitness value of the new position for the particle; update the
optimal solution of the individual, and the optimal solution of the population; find the
optimal solution and end the calculation, or return (3) if the optimal solution is not
found.

3 An Allocation Model of Computer Teaching Management
Resource Based on Particle Swarm Optimization

3.1 A PSO-based allocation model of computer education resources

According to the correlation theory of particle swarm, the flow of the PSO-based
allocation model is shown in Figure 1:

Particle swarm initialization

!

Computing the objective function to
find the optimal solution of particle
swarm optimization

I‘

v

Update the velocity and
position of particles

Recalculating the Optimal No
Solution

Satisfying Termination
Conditions

Fig. 1. Flow chart of POS allocation model

It mainly consists of four steps: particle swarm initialization, updating the position
of the particles, recalculating the optimal solution, and termination by verification.

1JET — Vol. 14, No. 18, 2019 7



The number of particles in the particle swarm will directly affect the optimal solution.
The excessive or undersized number of particle swarm shall cause the final results to
deviate in a large degree, so the number of initial particle swarm should be easily
controlled between 15-30. The position of the particle is updated by updating the
velocity of the particle, wherein the learning factor is 2.0, the inertia weight is 1.5, and
the inertia weight is gradually reduced to 0.2 with the number of iterations, thereby
ensuring the global searching ability of the particle swarm; the updating speed of
particles is in the range of [-1, 1]; the allocated resources vary in terms of the different
number of resources, ensuring global optimization. When the particle position chang-
es the fitness value M is calculated to continuously adjust the optimal solution of the
particle. The fitness M is calculated as:

Ni+n; Y N;+EN;

M=M+( z—si)z (4)

Si

Among them, N;, n;, s;respectively indicate the number of resources in each county
and district, the number of allocable resources, and the number of students.

The initial M value is 0. If the resources of the districts and counties below the av-
erage are adjusted, the resources can be balanced between the districts and counties,
and the total value of the fitness shall be reduced. If the resources of the districts and
counties above the average are adjusted, this will result in a larger mean square error,
failing to achieve the goal of reducing the total fitness. Therefore, each time a new
value is calculated, it should be compared with the previously calculated value, to take
a smaller value, and then iterated to find the optimal solution. The verification termi-
nates on the condition that there is no change in the result after multiple iterations, or
the number of iterations exceeds the initial number.

3.2 Distribution of educational resources

The educational resources of teachers, students and computers in various counties
and districts in a certain city of Shaanxi Province were collected. The specific results
are shown in Table 1, where districts and counties are denoted by numbers.

Table 1. Statistics of a county in Shaanxi Province

Serial Number of Number of Student to Number of com- | Number of computers
number students Teachers Teacher Ratio puters per capita
1 18231 2489 7.325 7891 0.433
2 23012 2602 8.844 15203 0.661
3 6483 1223 5.301 5821 0.898
4 8827 2134 4.136 6321 0.716
5 12057 1809 6.665 8012 0.665
6 16290 1608 10.131 5022 0.308
7 13921 2404 5.791 11456 0.823
8 15029 2315 6.492 9021 0.600
9 13892 1208 11.500 10023 0.721
10 15932 2107 7.561 7405 0.465
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The allocation of educational resources in various regions were taken into full con-
sideration in this paper, with the purpose of narrowing the gap between educational
resources in counties and cities. The gap between resource allocation was taken as the
measurement standard. The higher ratio of students to teachers means more students
taught by each teacher, so with the lower student-teacher ratio, the teacher can put
more energy on each student. It’s better to have more computers, that is, if the stu-
dents are allocated with more educational resources, the learning effect shall be better.
On the whole, there is a big gap in the number of students and the number of comput-
ers per capita between counties and districts, indicating a significant imbalance of
educational resources in the region.

In order to achieve the balance and optimal distribution of educational resources,
the most ideal state is that the number of students and the number of computers per
capita is equal in all counties and cities. Thus, it is necessary to adjust the ratio of
students to teachers, increase the number of computers per capita, thereby striking a
balance in educational resources between the regions.

3.3  Computer education resource allocation based on particle swarm
optimization

Based on the above survey results and data analysis, the student-teacher ratios of
the schools in each county and district were summarized, as shown in Figure 2. It can
be seen that there is a big gap in student-teacher ratios among different counties and
districts. This uneven allocation problem of educational resources needs to be effec-
tively solved for promoting the balanced development and progress of education qual-
ity in this region.
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g. 2. Student-teacher ratio in different regions
In this study, using the PSO-based allocation model of computer education re-

source, 1,000 teacher resources newly introduced in the region were allocated to re-
duce the gap in student-teacher ratio between different counties and districts, coordi-
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nate the rational allocation of educational resources, and narrow the gap in the educa-
tion quality. The results of the specific allocation are shown in Table 2 and Figure 3.

Table 2. Changes of teacher-student ratio before and after distribution in counties and cities

Serial Number of Number of Student to Distribution | Teacher-student ratio
number students Teachers Teacher Ratio number after allocation
1 18231 2489 7.325 0 7.325
2 23012 2602 8.844 218 8.160
3 64383 1223 5.301 0 5.301
4 8827 2134 4.136 0 4.136
5 12057 1809 6.665 0 6.665
6 16290 1608 10.131 341 8.358
7 13921 2404 5.791 0 5.791
8 15029 2315 6.492 0 6.492
9 13892 1208 11.500 423 8.517
10 15932 2107 7.561 18 7.497
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Fig. 3. Distribution of Teachers in Counties and Cities

The allocated results in the above table show that there are 4 districts and counties
assigned with new teachers. After the distribution, the ratio of student-teacher de-
creases significantly. Figure 4 shows the trend chart before and after the distribution,
which indicates that through the effective adjustment of the PSO-based allocation
model, the imbalance of computer teaching and related educational resources between
counties and districts is significantly improved; with the teacher resources continuous-
ly adjusted, the resources between the districts and counties can be constantly opti-
mized and balanced, finally achieving the coordinated development of education.

First, the number of computers per capita was calculated for the 1,000 computers,
using the particle swarm algorithm, and the related line graph is shown in Figure 5. It
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can be seen that the computer resource allocation is very uneven, and the maximum
number is nearly 3 times more than the minimum. Therefore, certain measures should
be taken to effectively adjust and allocate computer teaching management resources.
For this, the PSO-based teaching resource allocation model was used.
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Fig. 4. Comparison of changes in student-teacher ratio before and after allocation
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Fig. 5. Per capita computer allocation of counties and cities

1,000 computers were distributed to improve the imbalance in number of comput-
ers per capita between different counties and districts, and the distribution calculation
results are shown in Table 3 and Figure 6. It can be seen that for counties and districts
with a small number of per capita computers, more computers are allocated, thereby
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reducing the gap in the number of computers per capita in schools of each county and
balancing the resources of computer teaching management.

Table 3. Changes of per capita computer before and after distribution in counties and

municipalities
Serial Number of Number of Per capita computer | Allocate the cqmputers per
number before allocay number of | capita after alloca-
number students computers . .
tion computers tion
1 18231 7891 0.433 356 0.452
2 23012 15203 0.661 0 0.661
3 6483 5821 0.898 0 0.898
4 8827 6321 0.716 0 0.716
5 12057 8012 0.665 0 0.665
6 16290 5022 0.308 459 0.336
7 13921 11456 0.823 0 0.823
8 15029 9021 0.600 0 0.600
9 13892 10023 0.721 0 0.721
10 15932 7405 0.465 185 0.476
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Fig. 6. Computer distribution results of counties and municipalities

After the distribution, there were three counties and districts with lower per capita
computers that were allocated with computers, but with insignificant improvement
effect. The contrast before and after the distribution is shown in Figure 7. It can be
seen from Figure 7 that the counties and districts with a low number of computers per
capita were allocated with computers, but there was no obvious increase in the per
capita computers after the distribution, and the unbalance in education resource
wasn’t improved significantly, due to their large student base, and the small number
of allocated computers. Therefore, it is necessary to plan resource allocation in ad-
vance when carrying out infrastructure construction, rather than making up for it af-
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terwards in order to fundamentally solve the problem of imbalance in educational
resources.
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Fig. 7. Comparison of computer distribution in counties and cities

The allocation of educational resources is a very complicated task in itself. It re-
quires governments at the level of district and county, educational institutions and
schools to complete this tedious work step by step. To ensure the balance of educa-
tional resources as much as possible, big data analysis is needed. In this paper, the
POS can provide powerful help for the distribution of computer education resources.
Comprehensively considering the educational resources of each county and district, a
resource allocation model was established, to improve the imbalance of educational
resources, and help the education department make decisions, thereby ensuring the
rational allocation of educational resources at the most extent.

4 Conclusion

The education of computer and related disciplines are particularly important in to-
day's information age. In view of the uneven allocation and low utilization of comput-
er teaching management resources, this paper establishes an effective allocation mod-
el of computer teaching management resources based on the theory of PSO and math-
ematical statistics, and analyses the distribution of teaching resources in a certain
region. The main conclusions are as follows:

e This paper establishes a PSO-based computer teaching management resource allo-
cation model to coordinate the imbalance of existing educational resources, en-
hance the utilization of educational resources and reduce the waste of some re-
Sources;
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e Through the effective adjustment of this allocation model, the imbalance in com-
puter teaching management and related educational resource between different
counties and districts have been significantly improved; with the continuous ad-
justment of teacher resources, the educational resources between all districts and
counties will continue to be optimized, ultimately promoting the coordinated de-
velopment of education;

e Using the effective allocation model of educational resources proposed in this
paper, the newly introduced computers are reasonably distributed to schools with a
low number of per capita computers according to certain rules, which is conducive
to the education reform and progress of schools with relatively few educational re-
sources.
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