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Abstract 
This paper establishes a three-dimensional vector assessment model (3dva) to measure 
global equity. Firstly, this paper collects the data of 12 indicators from 20 countries, and 
divides the 12 indicators into three dimensions, namely, economic development level 
(ED), current situation of culture and Education (CE) and energy holding (EO). Then this 
paper combines analytic hierarchy process (AHP) and entropy weight method (EWM) to 
calculate the weight of these 12 indicators in their respective dimensions. Then, we build 
a three-dimensional vector evaluation model (3DVA), and place the values of the three 
dimensions as the components of the evaluation vector in the three-dimensional 
coordinate system. The modulus s of the evaluation vector represents the global equity 
of the country, and set the vector 𝑺𝟎 (1,1,1) is the standard modulus, representing the 
best degree of global equity. Finally, this paper uses the model to evaluate the global 
equity of 20 countries, obtains the evaluation vector s of 20 countries, and compares the 
modulus |𝑺| of 20 countries with the national development level index for sensitivity 
analysis. The ranking trend of the two is roughly the same, which proves that the 3dva 
model is correct, reasonable and feasible. 
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1. Introduction 

1.1 Background 

Most countries in the world agree that the exploration and use of outer space should be the welfare 
and interest of all countries. However, with the increasing desire of mankind to obtain space resources, 
this fair international commitment has been questioned. At present, many open questions about 
asteroids have not been answered. In order to solve these problems, it is assumed that asteroid mining 
has high feasibility in the future, which is relatively safe and worthy of investment. 

1.2 Our Work 

Based on the above background, we need to establish a mathematical model to solve the following 
problems: 

The first mock exam is to give a global definition of fairness, collect relevant data and select 
appropriate indicators based on this definition, and establish a mathematical model that can measure 
global equity. Then, we will verify this model from the perspective of historical or regional analysis. 
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Figure 1. Overall flow chart of the model 

2. Model Assumptions 

It is assumed that the 3dva model is not affected by the epidemic when measuring global equity. The 
impact of the epidemic on the national economy, education, scientific and Technological 
Development and other factors is only temporary, so the establishment of the model is still reasonable 
and feasible. 

Suppose a country's economy, education, science and technology, energy ownership and other factors 
change continuously and slowly without mutation. Each country's economic, educational, scientific 
and technological systems are very large and self-healing, and will not easily mutate. 

It is assumed that all countries in the world will participate in the asteroid mining program in the 
future. Asteroid mining will bring benefits to participating countries. When measuring the impact of 
asteroid mining on global equity, we believe that all countries are involved in asteroid mining. 

Suppose the data we collect is accurate and reliable. Our data are collected from the United Nations 
Educational, scientific and cultural organization, the world bank, scientific papers and other official 
websites. 

3. Symbol Description 

Table 1. Symbol description 

Symbol Meaning Symbol Meaning Symbol Meaning 

𝑟  Very small index data 𝑆  Evaluation vector W  Weight 

𝑟  Very large index data 𝐷  Decision variables 𝛽  Regression coefficient 

f  Entropy weight 𝑋  State variable L Lag operator 

e  Information entropy 𝑗 (𝑋 , 𝐷 ) National profits 𝑓 (𝑋 ) Objective function 

4. Definition of Global Equity 

The development of a country is affected by many factors such as economy, education, science and 
technology, and the situation of these factors is also very different between countries. Under different 
development conditions, countries have different resources and opportunities at the global level. For 
example, if a country has a better level of education, has a larger number of world famous schools 
and a larger number of international students, it will enjoy better educational resources at the global 
level than other countries. In the long run, this will exacerbate inequality between countries, which is 
contrary to the objectives of the United Nations to maintain global peace and reduce inequality. 
Global equity refers to the allocation of the same resources and opportunities to each country at the 
global level, regardless of the country's development status. 

5. 3D Vector Evaluation Model 

In order to measure global equity from a more comprehensive perspective, this paper establishes a 
three-dimensional vector evaluation model (3dva). The model defines a three-dimensional vector s, 
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and takes the three dimensions of economic development level (ED), culture and education status 
(CE) and energy ownership (EO) as the three axial components of S. 

There are several secondary indicators in each dimension. Firstly, the weight of each indicator in its 
dimension is calculated by analytic hierarchy process (AHP) and entropy weight method (EWM), 
and then the weight of each indicator is calculated to obtain the final weight of each indicator in its 
dimension. Finally, substitute the data of a country and obtain a three-dimensional vector 
corresponding to the country according to the weight of each index, which is the evaluation vector s 
of the country in the three-dimensional coordinate system. 

5.1 Index Definition and Data Standardization 

5.1.1 Index Definition 

Many factors have an impact on the level of global equity, as do the data we collect. Therefore, in 
order to make the research more accurate, we finally selected 12 of the 20 most decisive indicators 
and classified them into three dimensions of ED, CE and EO. The specific indicators are shown in 
the table below. 

 

Table 2. Impact indicators of global equity 

Dimension Index Effect 

Economic development level 

Gross National Product(GDP) 
National Happiness Index(NPI) 

Total trade import and export(TTV) 

Industrial innovation level(LII) 

+ 

+ 

+ 

+ 

Current situation of culture and 
education 

College enrollment rate(CER) 
Number of world famous schools(NFU) 
Number of international students(NOS) 

Ratio of foreign students to domestic 
students(REN) 

+ 

+ 

* 

* 

Energy ownership 

Total energy production(TEP) 
Total energy consumption(TEC) 

Mineral resources holdings(MRH) 

Exploitation degree of marine resources(EDM) 

+ 

- 

* 

+ 

 

In the above table, the effect "+" is an income index (the larger the better). Effect "-" is the cost type 
index (the smaller the better), while effect "*" is the medium type (the closer it is to an exact value, 
the better). 

Economic development level(ED). 

GDP: GDP directly reflects the economic development level of a country. The higher the GDP of a 
country, the better the economic development level, which is positively correlated with the economic 
development level. 

NPI: NPI can reflect a country's economic development level from the side. If a country's economic 
development level is high, the country's national happiness index is often high, which is positively 
correlated. 

TTV: TTV directly reflects a country's economic development level. The trade import and export 
between countries with higher economic development level and other countries must be relatively 
frequent, and the total trade import and export volume is also relatively high, which is a positive 
correlation. 
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LII: LII can reflect the economic development level of a country from the side. The higher the 
industrial innovation level of a country, the more developed its science and technology, and the higher 
the economic development level, which is a positive correlation. 

 

 
Figure 2. Distribution of GDP indexes of six countries from 2010 to 2020 

 

Current situation of culture and education (CE). 

CER: CER directly reflects the difficulty of receiving higher education in a country, and this index is 
positively correlated with the current situation of national culture and education. 

NFU: NFU reflects the educational level of a country and is positively related to the current situation 
of culture and education. 

OTD: OTD reflects the influence of a country's education and the current situation of culture and 
education in that country. 

REN: REN directly reflects the level of national investment in education. The more national 
investment, the better the current situation of culture and education in the country. 

Energy ownership (EO). 

TEP: TEP is positively correlated with a country's energy ownership. The more total energy 
production, the more energy the country has. 

TEC: TEC is negatively correlated with a country's energy ownership. The more total energy 
consumption, the less energy the country has. 

MRH: MRH is a part of a country's energy ownership. The more mineral resources, the more energy 
the country has. 

EDM: EDW can reflect a country's energy ownership. The higher the degree of exploitation of marine 
resources, the more marine resources the country has and the more energy it has. 
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Figure 3. Mineral resources reserves of 14 countries from 2010 to 2020 

5.1.2 Data Normalization 

The units of the initial data of each index are different. We normalize the data so that the values of 
all data are between 0 and 1. Since the twelve indicators selected in this paper can be divided into 
three types: benefit indicators (the larger the value, the better), cost indicators (the smaller the value, 
the better) and medium indicators (the closer the value is to a value, the better). Therefore, we carry 
out different normalization for different types of indicators. 

For the benefit indicators, the standardization is: 

 

𝑟 =
𝑟 − 𝑟

𝑟 − 𝑟
1  

 

For the cost index, the normalization is: 

 

𝑟 =
𝑟 − 𝑟

𝑟 − 𝑟
2  

 

For medium indexes, the normalization is: 

 

𝑟 =

⎩
⎪
⎨

⎪
⎧

  

1 −
𝑎 − 𝑟

𝑀
, 𝑟 ≤ 𝑎

1,      𝑎 ≤ 𝑟 ≤ 𝑏

1 −
𝑟 − 𝑏

𝑀
, 𝑟 > 𝑏

3  

 

Where, M is determined by the minimum and maximum values of the current calculation index, as 
shown below. 

 

𝑀 = 𝑚𝑎𝑥{𝑎 − 𝑚𝑖𝑛{𝑟 }, 𝑚𝑎𝑥{𝑟 } − 𝑏}  
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The treatment of intermediate indicators is crucial for our assessment. Medium indicators, such as the 
ratio of educational investment to national GDP and mineral resources holding, should not be too 
large and should conform to the actual development of the country. Therefore, more reasonable data 
of these indexes can be obtained by processing the data with the standardized formula of medium 
indexes. 

5.2 Weight Calculation 

Among the 12 indicators in the three dimensions, different indicators have different influences on the 
dimensions in which they are located, and also play different roles in the final results obtained by our 
calculation. Therefore, we combined analytic Hierarchy Process (AHP) and entropy weight method 
(EWM) to calculate the weight of 12 indicators respectively, and finally calculated the mean value of 
the two weights of each indicator, avoiding the subjectivity of using only one method. 

5.2.1 AHP Weight Calculation 

Step1 Construct judgment matrix in each dimension, that is, compare index pairwise, get pairwise 
comparison matrix. 

Step2 Consistency test. 

Calculates the consistency indicator CI: 

 

CI =
𝑙 − 𝑛

𝑛 − 1
4  

 

Searches the corresponding average random consistency index RI. 

The corresponding average random consistency index RI can be directly found in the table according 
to the number n of the index. In this case, n is 3, and the corresponding RI is 0.52. 

Calculates the proportion of consistency: 

 

CR =
𝐶𝐼

𝑅𝐼
5  

 

If CR<0.1, the consistency of the judgment matrix is acceptable. Otherwise, the judgment matrix 
needs to be modified. 

Step3 AHP is used to calculate three dimensions. 

 

𝑊  =(0.30, 0.15, 0.21, 0.33)T, 𝑊  =(0.20, 0.08, 0.21, 0.51)T, 𝑊 = (0.27, 0.20, 0.42, 0.11)T 

5.2.2 Weight Calculation by Entropy Weight Method 

In each dimension, for the ith country and its JTH indicator, its weight f  is calculated as follows: 

 

f =
r

∑ r
6  

 

Where m is the number of countries we choose to calculate. The function of information entropy e  
is calculated as follows:  

 

e = −In
1

n
In f 7  
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Finally, we get the weight of the JTH indicator in each dimension W , which is calculated as follows: 

 

W =
1 − e

m − ∑ e
8  

 

The weight calculated by the three-dimensional EWM is shown below. 

 

𝑊  =(0.32, 0.15, 0.20, 0.33)T, 𝑊  =(0.27, 0.12, 0.16, 0.45)T, 𝑊  = (0.25, 0.25, 0.38, 0.12)T 

5.2.3 Comprehensive Weight Calculation 

Using the two methods above, we calculated the two weights separately, and now we integrate both 
into the final weight:  

 

𝑊  =  𝐾 𝑊 + 𝐾 𝑊 9  

 

Where  𝐾  and 𝐾  are the coefficients of the two methods respectively. Here, we consider  𝐾  = 
0.5 and 𝐾  = 0.5. Finally, the weights of all indicators in their respective dimensions are shown in 
the figure. 

 

 
Figure 4. Weight distribution of indicators 

5.3 Build the 3DVA Model 

According to the calculation, the final evaluation score of each country in three dimensions is as 
follows: 

 
𝑬𝑫 = 𝑿𝟏 ∗ 𝑾𝟏

𝑪𝑬 = 𝑿𝟐 ∗ 𝑾𝟐

𝑬𝑶 = 𝑿𝟑 ∗ 𝑾𝟑

10  

 

𝑿𝒊 is the value of an index of a country in its dimension, and 𝑾𝒊 represents the weight of this index. 

The calculated values of the three dimensions are then combined to form a three-dimensional vector 
S, whose components are the three values within the range of [0,1]. Vector 𝑆 =(1,1,1) is the best 
standard of global fairness. As can be seen from the modulus of 𝑆 , it is the three-dimensional vector 
with the largest modulus in the three-dimensional space established by X∈[0,1],Y∈[0,1] and Z∈
[0,1], which indicates that 𝑆  has reached the best state of global fairness. 

The principle of 3DVA model is shown in figure. 
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Figure 5. 3DVA schematic diagram 

 

In the three-dimensional coordinate system, the standard vector (𝑆 ), the actual vector (S) and their 
differential vector (∆S) are drawn and analyzed mainly from two aspects. 

For S. 

By analyzing the modulus of S, we can have an overall grasp of the global fairness of the current 
country. |𝑆| for 𝑆 modulus, on behalf of the state of the world fair. |𝑆|, represent the current state in 
the world's fair degree is higher, and vice |𝑆| is smaller, represent the current state of the lower level 
of the world fair. 

For ∆S. 

∆S is the differential vector of 𝑆 and 𝑆 . Through analysis of ∆S, the fairness of the current country 
in the world can be discussed more intuitively. Through the vector decomposition of ∆S, we can 
understand the shortcomings of the current country in three aspects. 

All in all, this model will be a comprehensive and implementable evaluation system with practical 
significance. 

5.4 Validation of Model 

 
Figure 6. Development level index of 10 countries from 2015 to 2020 
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In order to verify the established 3D vector assessment model (3DVA), this paper collected the data 
of national development indexes and indicators of 20 countries, and calculated the data of these 
countries in three dimensions into the 3DVA model established in this paper, so as to obtain the 
modulus of the evaluation vector of these countries in the three-dimensional coordinate system. Will 
the |𝑆| modulus in these countries compared with national development index for validation. The 
higher level of a country's global equity, its nature of national development level, the better, so if |𝑆| 
modulus to trend was consistent with the national development index, then this article build model is 
feasible. 

5.4.1 Application of 3DVA Model 

We substituted the data from 20 countries into the 3DVA model, and the results are shown in the 
figure. 

 

 
Figure 7. Model application chart of the top 10 countries 

 

 
Figure 8. Model application chart of the last 10 countries 

 

The specific moduli of evaluation vectors for these countries are shown in the table below. 
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Table 3. Initial moduli for each country 

Country Canada Switzerland China Columbia Germany Finland 

Modulus 1.286 1.162 1.512 0.808 1.458 0.864 

Country Britain Mozambique Mauritania Mauritius Malawi Malaysia 

Modulus 1.606 0.684 0.508 0.606 0.495 1.088 

Country France North America Namibia Niger Nigeria Nicaragua 

Modulus 1.498 1.654 0.533 0.766 1.203 0.561 

Country Netherlands Norway     

Modulus 1.379 0.937     

 

Using the data and table above, we can analyze the global equity status of selected countries. Modulus 
of 1.654 in the United States, in the selected 20 countries, with the standard modulus |𝑆 | the closest, 
suggesting that the United States in selected countries with the highest degree of global justice. 
Malawi's modulus of 0.495 was the lowest among the 20 countries selected, indicating that Malawi 
had the lowest degree of global equity among the selected countries. 

5.4.2 Sensitivity Analysis 

The modulus calculated above is compared with the national development index, as shown in the 
figure below. 

 

 
Figure 9. National development index ranking and modulus ranking 

 

By above can see, 20 countries |𝑆| modulus ranked in accordance with the national development basic 
on the index, and scores have almost the same change trend, therefore, the paper established 3DVA 
model is verified is accurate and feasible. 
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