
 
Abstract—The traditional curve equation solution 

method has a low accuracy, so the non-local boundary 

conditions are applied to the curve equation solution. 

Firstly, the solution coordinate system is established, and 

then the key parameters are determined to solve the curve 

equation. Finally, the curve equation is solved by 

combining the non-local boundary conditions. The 

experiment proves that the method of this design is more 

accurate than the traditional method in solving simple 

curve equation or complex curve equation. 
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I. INTRODUCTION 
N the cartesian coordinate system, if the point on a curve C 
(regarded as a set of points or a trajectory of points suitable 

for certain conditions) has the following relationship with the 
real number solution of a binary equation f (x, y) = 0: (1) The 
coordinates of points on the curve are all solutions to this 
equation; (2) The points with the solution of this equation as the 
coordinate are all points on the curve. So, this equation is called 
the equation of the curve, and this curve is called the curve of 
the equation, which is the equation of the curve. 

At the moment, the soliton problems appear in a large 
number of curve equation, and have some common features, 
which has aroused the interest of many physicists, they hope to 
use the soliton theory to study the plasma physics, elementary 
particle physics, and some difficult problems in condensed 
matter physics, and material nonlinear curve equation under the 
action of law, etc. From the mathematical point of view, it has 
been found that there exist soliton solutions in a large class of 
nonlinear development equations, and these nonlinear 
development equations with soliton solutions have a series of 
important and common characteristics. In order to investigate 
the stability and interaction of solitons, a large number of 

 

numerical methods for curve development equations have been 
developed. It is no exaggeration to say that the research on the 
solution of curve equation has become a new applied 
mathematics discipline, which attracts thousands of 
mathematical workers. Therefore, this research will greatly 
promote the development of mathematical branches such as 
differential equation, functional analysis, group theory, 
homoeotic theory and topology. From this, we can see that, for 
the development of curve equation, consideration of the 
following two aspects of the problem is complementary. 

On the one hand, under what conditions, the definite solution 
problems of the curve equation under investigation (including 
Cauchy problem, various mixed initial side value problems and 
free boundary problems) have unique global classical solutions. 
On this basis, the global state of the solution is studied. Under 
what conditions there is no global classical solution to the 
problem of definite solution of the curve equation under 
investigation, but the explosion of solution must occur in finite 
time. On this basis, the behavior of the solution at the point of 
the curve equation is investigated in depth, such as whether the 
solution itself or a partial derivative of the solution first 
produces the solution parameters, the singularity of the solution 
at the point of the curve equation and the properties of the point 
set of the curve equation. The significance of studying these 
two aspects is obvious. The research on the integral state of the 
solution of some important mathematical and physical 
equations (for example, the stability of the solution) and the 
discussion on the numerical solution methods should take the 
integral existence of the solution as the premise. 

On the other hand, if it is found that the solution will be 
blown up in a finite time, and the blasting behavior is not 
allowed by the corresponding physical model, then the 
mathematical model is wrong and must be modified. If this 
blasting condition is allowed by the corresponding physical 
model, the corresponding physical process never ending at a 
certain moment, must continue to develop, we must in a wider 
function class inspects the solution of the problems (such as the 
aerodynamic equations, is considering the possibility of shock 
wave, and in class containing intermittent function solving). 
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Based on the above analysis, some scholars have studied the 
solution of curve equation. For example, Zhang studies the 
evaluation application of curve parameter equation [1]; Guo 
solves the curve differential equation through MATLAB, and 
explains the error between the approximate differential 
equation and the accurate differential equation through data and 
images, so as to improve the accuracy of solution [2]; Gao 
solved the groundwater infiltration curve. Although the above 
methods have solved the curve equation, the above methods 
have the problem of low accuracy [3]. Based on this, this paper 
applies nonlocal boundary conditions to the solution of curve 
equations to solve the problem of low accuracy of traditional 
solutions. 

II. APPLICATION OF NON-LOCAL BOUNDARY CONDITIONS TO 
THE CURVE EQUATION 

The boundary conditions with integral operators are 
non-local boundary conditions, which have a good application 
background in the theories of thermal reaction, etc. The 
diffusion equations with non-local boundaries can describe 
various physical phenomena. For example, chemical 
engineering, thermal elasticity, population dynamic heat 
conduction process control theory, medical life science, etc. 
[1]. In this study, the non-local boundaries involved mainly 
include the following: 
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The application of non-local boundary conditions in the 
curve equation is shown in Fig. 1. 
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Fig. 1 Application of non-local boundary conditions in curve equation 

analysis model framework 

III. SOLVE FOR FRAME ESTABLISHMENT 
Consider the system of curves with weighted non-local 

sources and absorption terms: 
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where, 
1

a

i

d


  is the bounded region with smooth boundary, and 

x  is  b x ,  a x ,  v x , and respectively represent 
non-negative continuous functions. 

The idea of using the cubic design fitting method to fit the 
curve is as follows: 

First, according to the number of unknown parameters to 
determine the appropriate orthogonal table, and choose the 
appropriate bit series. For some of the items we can calculate, 
we can take advantage of the multibit level and increase the 
appropriate number of rows. 

Second: According to the developed parameter bit level 
table, starting from the initial condition, the center bit level of 
each parameter is taken as the value of the parameter of the 
initial condition, and the values of other bit levels are 
determined according to the ratio or arithmetic sequence 
[2]-[5]. 

Third: The developed parameter bit level table and the 
condition number of the orthogonal table corresponding to each 
level, the orthogonal table column number corresponding to 
each parameter, it can form the orthogonal calculation table, 
and according to the corresponding bit level of each condition 
level according to the corresponding value of the parameter bit 
level table, to choose the optimal parameter for the first time. 

Fourth: The parameter combination corresponding to each 
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condition sign in the orthogonal calculation table is a kind of 
combination type, according to which we can calculate all the 
remaining sum of squares under each condition sign; 

Fifth: Take the value of the optimal combination parameters 
obtained in the first round of optimization as the initial value of 
the second round of optimization parameters, and change their 
common ratio or tolerance to establish the same parameter bit 
level table. 

Sixth: Using the same orthogonal table, in the second round 
of optimization, the column Numbers corresponding to the 
three parameters are postponed by one column. 

According to the above method, the calculation parameters 
are constantly optimized until the remaining sum of squares is 
smaller and smaller, and finally it is closer and closer to a stable 
value. On this basis, the solution coordinate system is 
established, and the solution coordinate system satisfies the 
following initial conditions: 
     , 0, 0, , 0u x t v x u x o    (7) 
And non-local boundary conditions: 
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The approximate solution is constructed in the form of: 
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where, 
1j

b


  is the unknown function. 

Since there is a certain correlation between many variables in 
the curve equation, it is necessary to consider some influence of 
one variable on another. However, the relationship between 
them can be divided into two categories, one is that their 
relationship is definite, that is, there is some kind of functional 
relationship between them. There is a linear relationship, and 
there is an uncertain relationship, that is, the relationship 
between variables and variables cannot be determined by an 
explicit mathematical expression due to the interference of 
some other factors: 
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In the above relation, there are two variables, the change of 
one variable will change due to the change of the other variable. 
The variables can be randomly selected, or they can be fixed in 
advance, without affecting the establishment of the solution 
coordinate system. 

IV. DETERMINE THE KEY PARAMETERS FOR SOLVING THE 
CURVE EQUATION 

The nonlinear terms of the nonlinear parabolic equation 
(group) can come from the diffusion term, the reaction term, the 
boundary flow term and the coupling relations formed by them 

[6]-[10]. The nonlinear terms may lead to the blasting 
phenomenon and extinction phenomenon at the finite time of 
the solution. To solve this problem, the key words of curve 
equation are determined. 

The phenomenon of solving the complete key parameters of 
the curve equation problem: 
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In addition, the key parameter can also be defined as the 
solution of a derivative at a finite time. The phenomenon of 
nonsimultaneous solution means that one component of the 
solution is solved at a finite time and the other component 
remains positive until that time. Under certain assumption of 
initial value, the following can be obtained: 

First: If 1fg  , then the solution is always found 
simultaneously; 

Second: If 1, 1fg fg  , there is an initial value, so that the 
phenomenon of different simultaneous solution occurs; 

Third: If 1fg g  , then the solution is always not at the 
same time; 

In addition, the solution rates under different conditions are 
obtained: 

If only the component occurs v , it is near the solution time t

, is: 
When 1, 1p g  , then: 
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When 1p g  , then: 
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Meanwhile, in the solution of the curve equation, there exists 
the phenomenon of different simultaneous solutions of the 
equations: 
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According to the above calculation: 
First: If the correct solution xu  does not occur, then 1q  ; 
Second: If 0 , 1p q  , there is an initial value, so that 

simultaneous solution occurs; 
Third: If    1 / 1p q q q    , then the solution will 

always have a different error. 
There are some errors in the above calculation. Therefore, 

the evaluation of the quality of index fitting is as follows: 
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First: The difference between the measured value and the 
real value is approximately zero; 

Second, the errors of the measured value of a single variable 
are independent and independent. 

Third, the difference of the real value of the measurement is 
due to the improper measurement method and accidental errors. 

Fourth, the error caused by the selection of measurement 
method is subject to normal distribution under certain 
conditions, and the error caused by these reasons does not affect 
the final result. 

When analyzing the existence of a certain relation between 
the two variables, generally speaking, we need a value that 
constitutes the pair, which needs to be represented in the 
cartesian coordinate system. The solution equation is as 
follows: 
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According to the above calculation, the conditions for the 
existence of the solution and the solution of errors are obtained, 
and then the properties of the derivative with respect to the 
solution with respect to time are obtained. The error 
phenomena of simultaneous and different solutions may occur, 
which depends on the selection of the initial value, which plays 
an important role in describing the solution rate. However, 
there are other problems in the solution of the curve equation. 
These phenomena are completely different from the parabolic 
problem with no variable index, and there are appropriate 
functions. The calculation equation is as follows: 
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Based on the above calculation, the conditions for the 
existence of global and non-global solutions that depend on or 
are independent of the initial value are obtained, and it is found 
that these conditions are related to the initial value. Under the 
premise of using the classical definition, we further study the 
asymptotic properties of classification and resolution of the 
wrong phenomena of solutions with non-standard growth 
conditions [11]-[14]. First of all, the necessary conditions are 
proved. If errors occur in the solution and other values remain 
constant, the calculation index must occur at any initial value. 
Therefore, it is assumed that: 
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On the other hand, if sufficient is proved, the following 
conditions are satisfied: 
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  exit is unlikely to result in an error at a finite 

time. According to the continuity of bounded solutions with 
respect to initial values, there must be initial values, values 
close to zero, and values close to 1. The sets of initial values 
with this property are all open sets under the solution of curve 
equation, and the sets obtained are all connected. The region of 
all variables is a region of coexistence. In fact, smaller initial 
values or larger initial values, which cause the components to 
be extinguished separately, and to some extent, there are also 
initial values that cause the extinction to be simultaneous. From 
the infinite propagation of the heat equation, for the solution of 
the curve equation, arbitrarily: 
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Then the curve equation has a unique and continuous weak 
solution which depends on the initial value, and the energy 
satisfies the exponential decay. For variable index parabolic 
problems with nonlinear coupling conditions, the singular 
asymptotic property of the solution is characterized by using 
multiple index parameters. The quantitative relationship 
between the odd time and the odd rate is determined. But the 
rate description depends on the maximum value of the variable 
index parameter. When errors occur at the same time, the 
solution results under four situations can be obtained: 
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Steps, prove theorem are used to get the estimate on the time 
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derivative, the model describes the solution of the two kinds of 
curve equation conduction process, for with the nonlocal 
problems not standard growth conditions for the initial value 
and variable indicators appropriate assumptions, determine the 
solution at the same time and not at the same time solving index 
classification, finally determine the curve equation keywords. 

V. CURVE EQUATION CALCULATION BASED ON NON-LOCAL 
BOUNDARY CONDITIONS 

On the basis of the above calculation, find the optimal 
solution, use this objective function to track and analyze all the 
data and all the data that may become the objective function, 
then compare them, and finally find the optimal point we need. 
If the initial value is not selected well, the curve will diverge in 
the iterative process of fitting [15]-[18]. Therefore, the optimal 
solution is found by the following equation. 
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Through the above calculation, it is guaranteed that the 
solution direction of the system is correct and the step size is 
appropriate when the residual sum of squares is calculated. At 
the same time, the initial error requirement is relaxed. 
However, the algorithm process of this method will be very 
tedious and cannot get the final answer quickly. On this basis, 
the problem of fitness of semilinear heat conduction equation 
with non-local boundary conditions is considered, the unique 
solution of the equation is obtained, and the equation is 
transformed into a local initial boundary value problem, and 
then the non-uniform linear parabolic equation under non-local 
non-uniform boundary conditions is discussed: 
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The upper bound of the curve equation can be estimated 
during this period by selecting four of the observed values with 
the same time interval. Whenever possible, find all arrays in 
these values that satisfy these conditions, and obtain multiple 
estimates of the parameters, obtain the mathematical 
expectation of the values of these parameters, and treat them as 
an unbiased estimate of the parameter Numbers, assuming: 
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The solution to this problem is assumed as follows: In the 
separable normed linear space, any uniformly bounded linear 
functional sequence must take weakly convergent subsequence, 

using the following equation [19]: 
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According to the above definition, if the conditions in the 
solution definition are true, the approximate solution 
construction method can be obtained [20]: 
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Assuming the continuous dependence of the solution on the 
initial value, Gronwall inequality can be used to obtain the 
following equation: 
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By means of cubic spline interpolation function, the 
expressions of each sub-interval in a given interval are given, 
and the existence of four parameters in a cubic polynomial is 
proved. 
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According to the above derivation, energy satisfies 
exponential decay. 

On this basis, the initial boundary value problem of nonlinear 
higher order equation is solved as follows: 

After satisfying the initial conditions: 
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The definition of the weak solution and the approximate 
solution are constructed, and the following conditions are met: 
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A class of nonlinear ordinary differential equations is 
obtained by means of nonlocal boundary conditions. In the 
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separable normed linear space, in any uniformly bounded linear 
functional sequence, the weakly convergent subsequence must 
be selected. On this basis, the continuous dependence solution 
of the initial value is obtained: 
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Then, the curve equation has a unique and continuous weak 
solution that depends on the initial value, and the energy 
satisfies exponential decay. 

If: 
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For the above calculation, the following results are obtained: 
If the optimal solution is not found, then: 
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In order to obtain the optimal solution, first using the power 
series of Taylor expansion, the cubic spline interpolation 
function iteration, to represent each child within a specified 
range interval on the cubic spline interpolation function, and 
then use the interpolation condition and first and second order 
derivative continuity, can find out the function of the relation 
between the coefficient, finally using the two known boundary 
conditions, a set of equations is obtained, the equation. The 
segmentation expression eventually needed can be obtained, 
are: 
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When solving cubic spline function, we need to know the 
information of interpolation point and the derivative 
information of two boundary points, while the solution of cubic 
spline function needs to know the differential information of 
two boundary points and the differential information of cubic 

curve. 
Based on this, Pearson chi-square is a research method to 

analyze the correlation between two variables. If Pearson 
chi-square test results are meaningful, the null hypothesis 
cannot be rejected, because the two variables are independent 
of each other and have no relationship. If the Pearson 
chi-square test results are important, the original hypothesis is 
rejected, that is, there is a meaningful correlation between the 
two variables. Pilsonka square test is affected by the size of 
sample. If the same sample has different sizes, it may get 
different results. When the test value is equal to 0, there is no 
relationship between the two variables. The closer the absolute 
value of the detection value is to 1, the stronger the correlation 
between the two variables is. 

By using this process, the existence of simultaneous 
solutions to two kinds of parabolic problems with variable 
indices and the asymptotic properties of odd solutions at 
different times are obtained, and the non-local boundary 
conditions of the curve equation are analyzed. In this paper, a 
polynomial based on cubic spline interpolation method is 
proposed, which can make every simulation result close to the 
actual data, with higher precision and smoother curve, thus 
improving the computational efficiency. 

VI. EXPERIMENTAL ANALYSIS 
To validate the design based on the nonlocal boundary 

conditions of the curve equation of the effectiveness of the 
method, experiment, and the equations of a first order partial 
derivatives of solving parameters (1) summed up the following 
conditions, the solution of the singularity at the point curve 
equation feature conditions (2) summed up the following 
conditions and the nature of the curve equation of point set 
conditions (3) summed up the following conditions and the 
design method of contrast, contrast four methods to solve 
application effect, to set up the comparative index for solving 
accuracy and the equation calculating the total time, divided 
into divided into simple curve equation and complex equation, 
four experiments. 

A. Experimental Configuration 

Due to the large amount of computation involved in the 
experiment, computer support is needed. The hardware and 
software configuration involved is shown in Table I: 

Table. I Experimental parameters 
Serial 

number Name Parameter 

1 processor Intel Core i3 3220 
2 monitor AOC I2369V 
3 hard disk Western Digital 500G 
4 Graphics card Colorful GT730K 
5 Motherboard i945 

6 CPU 2 × Intel Xoenquad-core 
X5530 2.40GHz or more 

7 RAM 8GB (4G * 2) 

8 power supply 
Two 460W hot-swappable 
power supplies, supporting 

1 + 1 redundancy 
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9 Optical drive DVD-ROM 

10 operating 
system Windows Server 2003 

11 Main frequency Above 3.00Hz 
 
The Awesome Public Datasets 

(https://github.com/caesar0301/awesome-public-datasets) 
randomly selected from a mathematical equation for a number 
of data in the field of physics, as sample data experiment 
analysis, the experiment is divided into simple curve equation 
and the complex equation, large data involved in the 
experiments, the data was analyzed using data analyzer, as 
shown in Fig. 2. 

 

 
Fig. 2 Experimental data analysis instrument 

 

B. Comparison of Solving Accuracy of Simple Curve 

Equation 

There is a total of 10 simple equations, and the simple 
equations can find the specific solution. The specific results are 
shown in Table II: 

Table. II Comparison of solving accuracy of simple curve equation 
Serial number Experimental Equation Source Result 

1 High School Mathematics 
Textbook 

12 

2 High School Mathematics 
Textbook 

45 

3 High School Mathematics 
Textbook 

33 

4 High School Mathematics 
Textbook 

45 

5 High School Mathematics 
Textbook 

3 

6 High School Mathematics 
Textbook 

15 

7 High School Mathematics 
Textbook 

-45 

8 High School Mathematics 
Textbook 

3 

9 High School Mathematics 
Textbook 

13 

10 High School Mathematics 
Textbook 

132 

 
The method of this design is used to solve the problem 

respectively with the traditional method, and the accuracy of 
the two methods is compared. The comparison results are 
shown in Table III: 
Table. III Comparison of solving accuracy of simple curve equation 

Experimenta
l equation 

Processin
g result of 
condition 

1 

Processin
g result of 
condition 

2 

Processin
g result of 
condition 

3 

The 
results 
of the 
design 
metho

d 
1 correct correct correct correct 
2 error error error correct 
3 error correct error correct 
4 error error correct correct 
5 correct correct correct correct 
6 correct correct correct correct 
7 error error error error 
8 correct error correct correct 
9 correct correct correct correct 

10 correct correct error correct 
 

It can be seen from Table 3 that only one solution error 
occurs in the solution of simple curve equation in this design 
method, while all the other conditions result in four solution 
errors. Through comparison, it can be seen that the solution 
method of this design has a high accuracy rate, because the 
method in this paper not only completes two kinds of parabolic 
problems with variable indexes, but also analyzes the existence 
of solutions and the asymptotic properties of odd solutions in 
different times, and realizes the analysis of non-local boundary 
conditions of the curve equation. 

C. Comparison of Solving Accuracy of Complex Curve 

Equation 

The difficulty of the equations involved in this comparison is 
relatively difficult. 100 equations are randomly selected from 
the above data set and divided into 5 groups, one group of 20 
equations. The accuracy of the two solutions is combined to 
present the results in the form of a curve. 
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Fig. 3 Comparison results of accuracy of complex curve equation 

solution 
 

Through the analysis of the comparison results in Fig. 3, it 
can be seen that this design method has high accuracy in 
solving 100 equations, while other methods have low accuracy. 
This is because this design method constructs nonlocal 
boundary conditions and applies the analysis model to the curve 
equation, so as to ensure high accuracy. 

Therefore, the above experiments can prove that the 
designed method is more effective and can be applied to the 
actual curve equation solution. 

The time required for the curve equation simulation is the 
main index to verify the efficiency of the method. The method 
in this paper is compared with the treatment method under 
conditions 1, 2 and 3, and the experimental results are shown in 
Fig. 4. 
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Fig. 4 Comparison of simulation time required by different methods 

 
Under the same equation processing quantity, different 

processing speeds reflect different processing time. The faster 

the processing time, the higher the processing efficiency. As 
shown in Fig. 4, under the limitation of 1000 curve equations, 
the processing efficiency of this method is generally higher 
than that of [1], [2] and [3], indicating that the simulation 
process of this method is faster and the simulation results are 
more effective, that is, the processing efficiency of this method 
is higher. 

VII. CONCLUSION 
Due to the low accuracy and low efficiency of the traditional 

method, the application of non-local boundary conditions in the 
curve equation is analyzed as follows: 

(1) After establishing the solution coordinate system, the key 
parameters of the curve equation are used to solve the solution 
phenomenon, and the non-local boundary conditions are 
constructed to apply the analysis model in the curve equation, 
which has a high computational accuracy, a better fitting effect 
of the simulation results, and a more effective analysis and 
prediction of the example, which has a wide range of 
application value. 

(2) Analyzing the conditions for the existence of global and 
non-global solutions related to the initial value and dependent 
on or independent of the initial value, and study the asymptotic 
properties of classification and resolution of the error 
phenomena of solutions with non-standard growth conditions. 

(3) The effectiveness and feasibility of this method are fully 
demonstrated through comparative tests. It is hoped that it can 
provide some reference for the related research in this field. 

Although the design method can improve the accuracy of 
curve equation solution, many aspects such as experimental 
errors will affect the accuracy. Therefore, in the next research 
process, more factors need to be analyzed to further improve 
the accuracy of curve equation solution, which will be the 
future research direction of this paper. 
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