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+e conventional community sports facility allocation methods have high minimum costs, and a new community sports facility
allocation performance optimization method is designed based on a linear programming model in order to reduce the performance
capital investment. +e standardized community sports facility allocation performance objective function is established, and a
pairwise model is built to divide the feasible and optimal solutions, and the feasible solutions and their constraints are found out.
Establish a community sports facility configuration performance optimization model, delineate the boundaries of the optimal
solution by bifurcation, and set the feasible domain of the performance optimization model. +e performance optimization al-
gorithm is designed to improve the speed of community sports facility allocation performance optimization. In the experiment, the
method is compared with data-driven method, digital management method, and evolutionary game algorithm, which requires less
capital investment in spring, autumn, and winter than digital management method and evolutionary game algorithm, and the
minimum capital investment in summer is less than the other three methods. From the above experimental data, it is clear that the
performance optimizationmethod has the smallest minimum capital investment and achieves the purpose of reducing the input cost.

1. Introduction

China has made great achievements in the construction of
public infrastructure. +e construction of public infra-
structure includes community public fitness service facilities.
In the context of national fitness, the role of community
public construction service facilities is particularly impor-
tant, and its improvement provides residents with conve-
nient exercise sites. In the context of better overall
development, it is necessary to pursue issues such as the
performance of facility configuration [1]. For example,
Figure 1 shows the distribution of community fitness service
facilities in the main urban areas of Beijing (Dongcheng
District, Xicheng District, Haidian District, Fengtai District,
Shijingshan, Chaoyang District, and the jurisdiction of the
Capital Airport). It can be seen from the figure that the
distribution of community fitness service facilities in the
main urban area of Beijing is relatively even and compre-
hensive, indicating that the construction of fitness facilities
in the main urban area of Beijing is good, but it is worth

thinking about whether the cost of community public fitness
facilities allocation is reasonable. How to maximize the
coverage of community public fitness facilities and improve
the utilization rate, while reducing the configuration cost is
the way to achieve better performance. In the future plan-
ning, how to save the configuration cost and improve the
performance is the issue to be considered, which is also the
embodiment of reasonable resource allocation.

Some studies have optimized the facility configuration
performance in the digital library through the data-driven
mechanism, constructed the formation mechanism model
of the data through the simulation analysis method through
the system dynamics, and provided a feasible design scheme
for the optimization through particle calculation [2].
However, this approach requires very complex parameters
and realistic data when applied to the optimization of
community sports facility configuration performance and
requires extensive calculations, otherwise the desired re-
sults are not achieved; a predictive energy management
strategy for plug-in hybrid vehicles is proposed in this
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literature using calibration through real-time optimization
and data-driven calibration [3]. +e literature [4] achieves
performance optimization of urban infrastructure config-
urations by setting up a digital urban infrastructure per-
formance structure, establishing a unified optimization
model, and combining it with a parametric statistical
testing algorithm that is objectively and rationally applied
to a big data application domain. If this method is applied
to community sports facilities configuration, only a feasible
solution, not an optimal solution, can be obtained, so the
performance optimization method obtained using this al-
gorithm model is less effective. In the literature [5], a
simulation model was developed through evolutionary
game algorithm theory as well as system dynamics to an-
alyze the stable equilibrium strategies between performance
and projects, respectively, and an effective performance
optimization method was designed through two unstable
and three stable strategies. +e accuracy of the model is
verified by examples in this literature, and sensitivity
studies are conducted to assess the impact of model pa-
rameter changes on dynamic response characteristics [6].
+ese performance optimization methods, when applied to
the field of community sports facility configuration per-
formance optimization, are closely coupled with the results
of data obtained from surveys, creating a decentralized
collection of information that possesses a high standard and
is very dependent on the evaluation of sports facility
configuration by the residents of the local community, with
very unstable results. In this paper, we synthesize the above
literature and design a new method for optimizing the
performance of community sports facility allocation using a
linear programming model.

2. Design PerformanceOptimizationMethod of
Community Sports Facilities Based on Linear
Planning Model

2.1. Linear Analysis of Community Sports Facility Configu-
ration Data Mining. +rough the joint parameter identifi-
cation, the endogenous integration and parameter control of
community sports facility configuration data mining c are
realized, and the similarity calculation formula of com-
munity sports facility configuration data mining can be
defined as follows:

Sim y1, y2(  � y1 ∩y2


. (1)

Using the linear integration method of community
sports facility configuration data mining, the statistical
characteristics of community sports facility configuration
data mining is, and the linear planning model of community
sports facility configuration is further satisfied:

U � 
i


k�1

ln
1
c

Simy y1, y2( 

σi(k)
2 − 1 . (2)

Using the information fusion and feature clustering
method of community sports facility configuration data
mining, the decision function of community sports facility
configuration data is φ. An information entropy fusion
model for the mining data evaluation, when 1/χ > 1/χ sat-
isfied where the threshold function 1/χ is represented, ob-
tains the linear fitting feature κ output of the data mining of
the community sports facility configuration. When the two
attribute values satisfy the convergence, the optimal strategy
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Figure 1: Distribution of community fitness service facilities.
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for obtaining the community sports facility configuration
data is:

Y � κU × φ. (3)

We adaptive scheduling functions of community sports
facility configuration data mining is obtained based on the
fuzziness of the two concept maps:

qri(k) � prj(k) 
k�1

ln
1
c

Simy y1, y2( 

σi(k)
2 − 1  + Y. (4)

Semantic ontology feature quantities of community
sports facility configuration data were extracted, and fuzzy
threshold control parameters of community sports facility
configuration data mining i were obtained. According to the
semantic similarity distributions of the two concepts, nodes
are obtained to use the maximum expansion of the com-
patibility distribution to concepts and linear analyze the
community sports facility configuration data mining
according to the endogenous fusion control.

2.2. Standardized Community Sports Facilities Configuration
Performance Objective Function. Based on the results of the
above analysis, it is clear that the construction of community
sports facility configuration needs to be associated with the
cost of construction, and in addition to this [7–9], it is also
closely related to the cost, quality, population, number of
equipment, instructors, and the quality of infrastructure
construction in the community itself; therefore, while
standardizing the objective function of community sports
facility configuration performance, it is also necessary to
establish a pairwise model that substitutes the three into the
model so that they can be transformed into each other.

minMt � ξu
Nt,

minMt � ξv
Kt.

 (5)

Denotes the standardized objective function Mt repre-
sents the configuration performance of the community
sports facilities;Nt is the construction cost of the community
sports facilities; Kt is the infrastructure construction quality
standardization objective function of the community itself;
ξu is the optimal solution of the sports facilities configu-
ration performance and the sports facilities construction
cost; ξv is the optimal solution of the sports facilities con-
figuration performance and the infrastructure construction
quality dual model of the community itself [10] where the
parameter constraints for the dual model are as follows:

s.t.

N
u
K

uξu ≥ μi,

ξu ≥ 0,

ξv ≥ 0,

⎧⎪⎪⎨

⎪⎪⎩
(6)

μi denotes the combined feasible solution of the two dyadic
models. +is constraint enables to obtain specific commu-
nity sports facility allocation performance decision attri-
butes, which in turn replace the objective function in the
dyadic model [11]. +e resulting model of the standardized

community sports facility allocation performance objective
function can be obtained as follows:

max
N

i�1

μiai

ξu
Nt

+
μjbi

ξv
Kt

, (7)

N represents the number of decisions in the dual model; μj is
the feasible solution of the dual model of the sports facility
configuration performance and the infrastructure con-
struction quality of the community itself; ai is the parameter
characteristics in the observation data; and bi the parameter
characteristics in the data to be tested [12, 13].

+e feasible and optimal solutions in equation (7) are
adopted to realize the nonlinear substitution of the model
and solve the large difference between the optimal value and
the dual model. At the same time, the solution of the above
two function values can also verify the accuracy of subse-
quent data and make the configuration of performance
target functions more standardized.

2.3. Set the Feasible Domain of the Performance Optimization
Model. After obtaining the standardized objective function,
the configuration performance optimization parameters of
community sports facilities with nonnegative characteristics
are set by estimating the linear planning model parameters
[14]. First assuming that each performance parameter has a
matrix capable of pointing to all parameters so that it can
contain all objective functions, designing parallel estimation
models of linear planning parameters requires to build the
aggregation function and build the community sports fa-
cility configuration performance optimization model as
follows:

Ψt � max μx
N
i�1 

N

i�1

����
airh

bi



 . (8)

where Ψt is the median value of the aggregation function, μx
is the construction element properties of the matrix in this
paper and rh is the singular value in the function. Among
them, if you want to get the results of performance opti-
mization quickly, you can deal with the feasible and in-
feasible solutions of the function by delimiting the feasible
domain of the performance optimization model [15], and
the specific delimitation process is shown in Figure 2.

As can be seen from Figure 2, when the optimal solution
is obtained in the function model, many branches of non-
optimal solutions appear [16, 17], and these nonoptimal
solutions will reduce the computational speed of the algo-
rithmic model and pull down the performance of the whole
model [18]. +erefore, the upper and lower bounds of the
optimal solutions in the model can be distinguished by
setting the feasible domain.

Ht: max xi � xayb,

Ht: min xi � xbya,
 (9)

where Ht represents the community sports facility config-
uration performance optimization model, xi represents the
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optimal solution in the model, xa represents the order of the
upper boundary in the binary tree, xb is the lower boundary
in the binary tree; yb the order of the upper boundary in the
binary tree, ya is the lower boundary in the binary tree
[19, 20].

+e upper and lower bounds of the function model can
be determined by the binary tree delimitation above, but it is
also necessary to delimit the feasible domain according to
Figure 3.

In the process of delimiting feasible domains, a large
number of inequality constraints should be added as a spatial
solution set to reduce unnecessary nonoptimal solutions, so
as to greatly reduce the solution time, narrow the target
range of the optimal solution, and reduce the iterative nodes
of the optimized solution in the functional model. +us, the
simplified evaluation of the optimal solution is applied to
practice.

2.4. Design the Performance Optimization Algorithm for
Community Sports Facilities Configuration. By setting the
target function above, the optimized community sports
facility configuration performance function model is ob-
tained, and then the binary tree is constructed in the
performance optimization model, which separates
the upper and lower bounds of the optimal solution in the
model. +e upper and lower bounds of the optimal solution
can delimit the feasible domains of the functional model
[21, 22], +us to obtain a more efficient performance
optimization algorithm, the algorithm implementation
process is shown in Figure 4.

In the performance optimization algorithm shown in
Figure 4, to simplify the algorithm structure, it needs to
maintain the maximum output while traversal the nodes in
the binary tree. Almost all traversal methods at this stage
start from the far right, but in this paper, the direction of the
traversal can be set manually, by solving the optimal solu-
tion. If the optimal solution is near the right end, it can be
solved from the right, but if the optimal solution is near the
left end, then starting from the left end.

3. Experimental Study

3.1. Preparation. A performance optimization method of
community sports facilities configuration based on a linear
planning model was designed above, which was tested by
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Figure 3: A functional model for feasible domain delineation.
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data envelope analysis to test for performance optimization.
Compared with the data-driven method [2], digital man-
agement method [4] and evolution game algorithm men-
tioned in the introduction [5], the comparison results
described below were obtained.

In the experiment, the data selected the investment and
results achieved in a community sports facilities from 2010
to 2015. Generally speaking, the more money invested in
community sports facilities, the better the effect can be
achieved. +erefore, this experiment takes capital
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Figure 5: Model optimization effect test. Note: won the horizontal axis means 10000 yuan. (a)+e community sports facilities configuration
for spring performance. (b) Provide community sports facilities for summer performance. (c) Autumn performance of community sports
facilities configuration. (d) +e sports facilities in the community configure winter performance.

Table 1: +e performance optimization coefficient is zero capital investment comparison.

Season Linear planning model Data driven mechanism Digital urban management Evolution game algorithm
Spring 0 ¥-30,000 ¥ 0 ¥–30,000 ¥ 30,000 ¥–60,000 ¥ 60000 ¥–90000 ¥
Summer 60000¥–90000 ¥ $90000–$120000 90000 ¥–120000 ¥ 120,000 ¥–150,000 ¥
Autumn 0 ¥-30,000 ¥ 0¥–30,000 ¥ 30,000 ¥–60,000 ¥ 60000 ¥–90000 ¥
Winter 120,000 ¥–150,000 ¥ 120,000¥–150,000 ¥ 180,000 ¥–210,000 ¥ 180,000 ¥–210,000 ¥
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investment as a different independent variable, and increases
the number of users after the improved allocation of
community sports facilities as the test standard. Establish the
solution model of linear planning:

min eλ(x) � μx − δn∗m 

n

i�1
a

−
+ 

m

j�1
a

+⎛⎝ ⎞⎠,

s.t.,



n

i�1
piqi + a

−
� δn∗mpi,



n

i�1
piqi − a

+
� qi,

a
+ ≥ 0, a

− ≥ 0,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(10)

where eλ(x) is the optimization effect of the community sports
facility configuration planned through the above model, μx is
the overall performance effect index of the frequency, δn∗m is
the minimum, a− and a+ are the input and output matrix
constants after the independent variable change respectively;
pi is the ith input vector in the decision unit, and qi is the ith
result display vector in the result unit. If the four performance
optimization methods tested in this experiment can improve
the use effect, then the value eλ(x) will be greater than 0,
otherwise it will be less than 0, and the higher the value eλ(x),
the better the performance optimization effect. +e charac-
teristic parameters in the experiment were calculated by
equation (10) and then brought into the input of public
service funds of 30,000, 60,000, 90,000, 120,000, 150,000, and
180,000, respectively, and the experimental results were
calculated bymathematical model.+e value of μx varies from
0 to 0.850, and the values of δn∗m, a

−, a+, pi, qi, and n are 0.002,
0.845, 0.108, 0.272, 0.890, and 10, respectively.

3.2. Model Optimization Effect Test. Comparing the per-
formance optimization method based on linear program-
ming model designed in the paper, as well as the
performance optimization method based on data-driven
mechanism, evolutionary game algorithm, we examine the
growth of the frequency of sports facility use in this com-
munity in each of the four seasons after the configuration
optimization, and calculate the experimental results by
Matlab and plot them as the image shown in Figure 5.

As shown in Figure 4, with the increase of public service
funds, the performance optimization effect of the model
optimizing the allocation of community sports facilities is
also constantly improving. Of the four seasons, overall
performance optimization was better in spring and autumn,
followed in summer and the worst in winter. As shown in
equation (10), when μx is greater than 0, the performance
optimization method improves the use frequency of com-
munity sports facilities, and optimizes the configuration
performance in the field of mathematical models. +erefore,
the number of capital input when the performance opti-
mization effect μx is equal to 0 is shown in Table 1 and judges
the performance optimization effect of the above four
models.

As shown in Table 1, the performance optimization
method based on the linear planning model requires less
than 30,000 yuan than 0,60,000–90,000 yuan in winter; the
data-driven mechanism is similar to the design method, but
the expenditure in summer is slightly higher than the linear
planningmodel.+e performance optimizationmodel based
on digital urban management needs 30,000–60,000 yuan in
spring and autumn to significantly improve the use per-
formance. It needs 90,000–120,000 yuan in summer, and
180,000-10,000-210,000 yuan in winter, and such data is
significantly greater than the linear planning model method.
+e final evolutionary game algorithm requires
60,000–90,000 yuan in spring and autumn, 120,000–150,000
yuan in summer, and 180,000–210,000 yuan in winter, with
the largest investment in the four performance optimization
methods. To sum up, in the test of this paper, when the
performance of community sports facilities configuration
has a certain optimization effect, the performance optimi-
zation method of community sports facilities configuration
based on linear planning model costs less. +rough the
comparison of capital investment in four seasons of a year,
this method has the lowest cost of the four optimization
methods.

4. Conclusion

+is paper establishes a new performance optimization
model for community sports facility configuration based
on a linear programming model, which simplifies the
algorithm structure, improves the effect of model opti-
mization, and reduces the capital investment required to
achieve performance optimization by delineating the
feasible domain of the function. +e experimental data
showed that the residents mostly used the community
sports facilities in spring and autumn, and the frequency
of using the sports facilities increased in spring and au-
tumn after the optimization of the facility configuration.
Relatively speaking, the performance optimization of
community sports facilities in winter was not satisfactory
regardless of the amount of investment. +erefore, im-
proving the performance of community sports facility
configurations in summer and winter to achieve an overall
performance improvement can be considered in the
further study. Moreover, although comparing the pro-
posed model with data-driven mechanisms, digital city
management, and evolutionary game algorithms, the
proposed model is found to be more effective. Addi-
tionally, it may also be affected by biases resulting from
the sample and still needs to be tested for subsequent
studies.

Data Availability

+e datasets analyzed during the current study are available
from the corresponding author upon reasonable request.

Conflicts of Interest

+e authors declare that they have no conflicts of interest.

6 Complexity



Authors’ Contributions

Pu Sun provided research direction, Xuefeng Tan, Chenggen
Guo, and Shaojie Zhang collected data, Xuefeng Tan,
Chenggen Guo, and Shaojie Zhang wrote the article, Pu Sun
provided funding, Xuefeng Tan, Chenggen Guo, and Shaojie
Zhang took part in data calculation, Pu Sun corrected the
article.

Acknowledgments

+is research was funded by 2020 Beijing Social Science
Fund Planning Project: Research on the Content Con-
struction of Beijing Community Residents’ Fitness Service
System from the perspective of deep integration (grant no.
20YTB012).

References

[1] C. Zhang, Y. Wu, and C. Sun, “Allocation standards of
cultural and sports facilities in Guilin from the perspective of
leisure and fitness,” Journal of Guilin University of Technology,
vol. 40, no. 1, pp. 95–102, 2020.

[2] J. Li, B. Qiang, P. Xu, and D. Mou, “Research on data-driven
mechanism and performance optimization of knowledge
discovery in digital library,” Book and Intelligence Jobs, vol. 63,
no. 3, pp. 5–13, 2019.

[3] N. Guo, X. Zhang, Y. Zou, G. Du, C. Wang, and L. Guo,
“Predictive energy management of plug-in hybrid electric
vehicles by real-time optimization and data-driven calibra-
tion,” IEEE Transactions on Vehicular Technology, 2021.

[4] C. Wang, N. Zhu, and R. Huang, “An optimization model
based on digital urban management performance assess-
ment,” De Practice and Knowledge of Mathematics, vol. 50,
no. 17, pp. 251–262, 2020.

[5] X. Liang, F. Zhang, and H. Yan, “Simulation and optimization
of the PPP project performance paymentmechanism based on
the evolution game,” China Management Science, vol. 28,
no. 4, pp. 153–163, 2020.

[6] X. Liang and J. He, “Load model for medium voltage cascaded
H-bridge multi-level inverter drive systems,” IEEE Power and
Energy Technology Systems Journal, vol. 3, no. 1, pp. 13–23, 2016.

[7] X. Xu, J. Li, and K. Feng, “Optimization and improvement of
sponge city PPP project performance assessment system,”
Environmental Engineering, vol. 37, no. 7, pp. 1–7, 2019.

[8] D. Zhou and H. Huang, “Research on the allocation of
community life circle service facilities from the perspective of
supply and demand association —— takes guangzhou as an
example,” Urban Development Research, vol. 26, no. 12,
pp. 1–5, 2019.

[9] X. Wang, “Research on the status of community sports inno-
vation in jilin province,” Fujian Tea leaves, vol. 41, no. 5, 2019.

[10] L. Yang, J. Zhan, and Y. Bi, “Sports development realistic
dilemma and Governance Countermeasures of China,” Sports
Culture Guide, no. 6, pp. 40–46, 2019.

[11] S. Xiao, X. Ding, M. Li, and G. Dong, “Parameter optimization
of bucket platform based on Nonlinear planning,” Coal
Journal, vol. 44, no. 10, pp. 3076–3084, 2019.

[12] J. Zheng andQ. Kong, “Research on the supply and demand of
community sports public services in China,” Journal of
Guangzhou Institute of Physical Education, vol. 40, no. 5,
pp. 20–23, 2020.

[13] Y. Lu, Y. Lu, and J. Liang, “Mixed integer linear programming
algorithm for the combination of pumped storage grid,” Power
System Protection and control, vol. 47, no. 3, pp. 39–47, 2019.

[14] X. Sun, J. Zhu, and Y. Yuan, “+e reliability analysis of the
active distribution grid based on the dynamic island inte-
grated integer linear planning model,” Electric Power Con-
struction, vol. 40, no. 5, pp. 90–97, 2019.

[15] C. Guan, Z. Zhang, and L. Zhu, “Mixed-integer nonlinear
programming model for two-layer aisle layout problems and a
two-stage improved simulated annealing algorithm,” China
Mechanical Engineering, vol. 30, no. 8, pp. 975–983, 2019.

[16] C. Cai, J. Ding, and F. Lv, “Study on optimization configu-
ration of distribution grid failure indicator based on integer
linear planning model,” Power system protection and control,
vol. 48, no. 1, pp. 172–180, 2020.

[17] L. Yang, G. Hu, and C. Zhang, “Solving the structured
nonlinear programming based on the CPU-GPU collabora-
tive parallel internal point algorithm,” Electronics Journal,
vol. 47, no. 2, pp. 382–389, 2019.

[18] Q. Liang, H. Wang, and L. Yuan, “Conflict and governance:
sociological examination of conflict of citizens in urban
communities,” Journal of Tianjin Sports College, vol. 34, no. 4,
pp. 286–289, 2019.

[19] X. Yang, Z. Liu, and Y. Zhang, “Research on the construction of
community public sports service evaluation system,” Journal of
Shenyang Sports College, vol. 38, no. 2, pp. 22–27, 2019.

[20] H. Lin and S. Lu, “Space optimization and integration of
urban public sports facilities based on GIS space analysis take
shenyang as an example,” Journal of Shenyang Institute of
Sport, vol. 38, no. 05, pp. 41–46, 2019.

[21] A. Bellingeri, A. Gallo, D. Liang, F. Masoero, and
V. E. Cabrera, “Development of a linear programming model
for the optimal allocation of nutritional resources in a dairy
herd,” Journal of Dairy Science, vol. 103, no. 11, Article ID
10898, 2020.

[22] D. Vázquez, R. Ruiz-Femenia, and J. A. Caballero, “Mixed
integer non-linear programming model for reliable and safer
design at an early stage,” Computers & Chemical Engineering,
vol. 147, Article ID 107256, 2021.

Complexity 7


