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Abstract 
Considering that countries have different levels of development, there will be different 
criteria for evaluating the degree of fair distribution among countries. In order to 
accurately adopt a policy of fair distribution for any country, we have studied a set of 
indicators and additional parameters. A linear regression model capable of measuring 
distributive equity in any country. First, a total of 16 representative indicators in two 
categories were selected. After data preprocessing, a factor analysis model was 
established to extract three comprehensive indicators: government support, scientific 
and technological development level, and national contribution, with Topsis score as the 
dependent variable. , the comprehensive index is the independent variable to perform 
regression fitting, and finally the quantitative equation model is obtained. 
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1. Introduction 

1.1 Background 

Exploring changes in the asteroid mining sector by developing and implementing analytical methods 
could have different implications for global stock markets. 

1.2 Our Work 

In view of the changes in the asteroid mining sector, taking into account the different development 
levels of various countries, linear regression processing is performed using the index parameters in 
question 1.2. First, a total of 16 representative indicators in two categories were selected, and after 
data preprocessing, a factor analysis model was established to extract three comprehensive indicators, 
government support, technology development level, and national contribution. The index is the 
independent variable to perform regression fitting, and finally the quantitative equation model is 
obtained. 

2. Model Assumptions 

It is assumed that the data collected in this paper can fully reflect the state of human society. The data 
collected in this paper can explain the state of human society, and then the establishment of the model 
can explain global equity and measure global equity. 

3. Notation 

Symbols Definition Units 

A Population 10000 

B GDP per capita Dollar 
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C Energy consumption per unit of GDP USD/kg 

F Import of ores and metals % 

S Forest cover rate % 

4. Modeling 

4.1 Factor Analysis to Extract Principal Component Indicators 

In order to avoid information duplication and confusion among the 15 indicators in questions 1 and 
2, resulting in data duplication, etc., this paper uses factor analysis to extract comprehensive 
indicators. 

4.2 KMO, Bartlett Sphericity Test 

This paper uses KMO and Bartlett sphericity test to test the original data to verify whether the original 
data can use the factor analysis model. The results show that the original data can be used for analysis 
within the 90% confidence interval.Equation Chapter 2 Section 2 

4.3 The Establishment of Factor Models 

The relationship between the 16 indicators and the common factors is constructed as follows: 

 

 
 

aij represents the covariance between the original variable xi and the common factor fi, and aij is used 
to construct the A matrix. 

By calculating the row element square sum hi2 and the column element square sum gi2 of the A 
matrix respectively, the dependence of the original variable xi on the common factor and the 
contribution of the common factor fj to the overall index data x are obtained, and then the most 
important comprehensive factor is selected. 

where the sums of squares of row and column elements are: 

 

 

4.4 Determining the Number of Factors 

In this paper, three common factors are extracted through the turning point of the gravel diagram and 
the cumulative contribution rate of the variance explanation table. The variance contribution rates of 
the three extracted common factors are: 80.839%, 10.029%, and 6.156%. The cumulative variance 
contribution rate of the factors has reached 97.024%, that is, the first three common factors can 
contain 97.024% of the information of the original index, so the first three common factors are 
selected to reflect the overall index data. 

4.5 Factor Score 

Factor analysis is to express variables as a linear combination of common factors and special factors. 
In this paper, the common factor can be expressed as a linear combination of the original variables in 
reverse, and the factor score can be obtained. 

According to the score coefficient matrix, the expressions of the three principal components are: 
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In the first principal component f1, the positive load coefficient of investing funds and holding 
activities is large, so the first principal component is called government support; in the second 
principal component f2, the positive load coefficient of the development level and talent contribution 
of colleges and universities is large, so it is called The second principal component is the influence 
of the level of science and technology; the third principal component f3 has a larger positive load 
coefficient of the state's participation, so the third principal component is called the state's 
contribution. The three principal components reflect the local education system more intuitively from 
the perspectives of government, technological development level, and national contribution. The data 
of the three principal components are obtained according to the above expressions. 

4.6 Evaluation Quantitative Model based on Linear Regression 

Multiple linear regression is used to predict the index coefficients, f1, f2, f3 are independent variables, 
y is the dependent variable, and the following linear relationship is satisfied: 

 

 
 

where β is the regression coefficient, and u is the unobservable interference term that meets certain 
conditions. 

Based on the above analysis, f1 is defined as the government's support, f2 is the influence of the level 
of science and technology, and f3 is the degree of national contribution. The constructed regression 
coefficient model is as follows: 

 

 
 

The regression equation obtained by solving the index coefficients is as follows: 

 

 

5. Sensitivity Analysis 

Among the index weights determined by the entropy weight method, F1>F2>F4>F3>F6>F5, the 
comprehensive population component has the greatest impact on the final score, the larger the 
population base, the greater the corresponding demand for mineral resources, it should be placed in 
an important position. For example, populous countries such as China and India have higher scores 
and obtain more mineral resources. The weight coefficient of the comprehensive economic 
component is second only to the comprehensive population component, and the economically active 
areas have a higher demand for mineral resources. For example, developed regions such as the United 
States, the United Kingdom, France, and Spain have higher scores and obtain more mineral resources. 
The indicators of the integrated mineral composition and the integrated environmental composition 
have lower weights, so the Argentina and Kenya regions have low scores. For example, Argentina is 
rich in mineral resources, and the mineral resources are basically self-sufficient, and the demand for 
mineral resources is not high; the environment in Kenya is poor and lacks the prerequisites for mineral 
resource smelting. 
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Table 1. Positive ideal solution and negative ideal solution 

item Positive solution negative ideal solution 

ZF1 0.70112 2.78E-05 

ZF6 0.612727 1.91E-05 

ZF2 0.646239 2.21E-05 

ZF5 0.39864 1.29E-05 

ZF3 0.598517 2.04E-05 

ZF4 0.896471 2.61E-05 

 

The scores of each country and region are in the interval [0,1]. The larger the score S, the closer the 
evaluation object is to the positive ideal solution; the smaller the score S, the closer the evaluation 
object is to the negative ideal solution.Equation Chapter 4 Section 4. 

The comprehensive evaluation model can be expressed as: 

 

 
 

Keep the same observation except F1, let F2=0.64, F3=0.60, F4=0.90, F5=0.40, F6=0.61, the change 
of comprehensive evaluation model score: 

 

 
Fig. 1 Change curve of score y and principal component F1 

 

Observing the above figure, you can find that the function is a convex function with a maximum value 
of 1, the peak value of the function is less than 1, and the defined interval is [0,1]. When F1=0.70, the 
function achieves the maximum value. The comprehensive evaluation model is a distance optimal 
problem, so it has an optimal value. The closer F1 is to 0.7, the greater the score y. 
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