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Introduction
With the continuous evolution of the global economic 

structure [1] and the transformation of the domestic 
economic development stage, China faces the urgent 
task of adjusting the industrial structure [2]. In this 
process, government investment, as an important 
means of macroeconomic regulation [3], plays an irre-
placeable role in guiding industrial upgrading, optimiz-

ing resource allocation, promoting economic growth 
and expanding employment. However, how to scientifi-
cally plan and effectively utilize government investment 
to maximize GDP while promoting full employment has 
become a key issue that needs to be solved urgently. At 
present, China's economy has shifted from a stage of 
high-speed growth to a stage of high-quality develop-
ment, and its industrial structure is undergoing profound 
changes. On the one hand, traditional industries are 
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As China transitions to high-quality economic development, industrial 
structure adjustment has become crucial. Government investment, as 
a key tool of macroeconomic regulation, plays an important role in 
guiding industrial upgrading, optimizing resource allocation, promoting 
growth, and expanding employment. This study analyzes the relation-
ship between industry-specific investment and GDP to provide a sci-
entific basis for investment allocation. Using industry GDP data from 
1990 to 2023, issues such as outliers, missing values, and unit incon-
sistencies were addressed to ensure data integrity. Pearson correla-
tion analysis revealed that sectors such as industry, construction, 
manufacturing, finance, IT services, education, and healthcare are 
strongly linked to GDP growth. Based on the characteristics of each 
sector, linear or nonlinear regression models were developed to quan-
tify investment impact. Under a total government investment con-
straint of 1 trillion yuan, an optimized investment plan was proposed 
using optimization algorithms like fmincon to maximize GDP. Analysis 
of historical investment proportions showed rising shares for IT ser-
vices and finance, while agriculture and textiles declined. The findings 
demonstrate that scientific planning and optimized investment can 
effectively support industrial upgrading, improve resource efficiency, 
and promote sustainable economic growth and employment.
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facing pressure of transformation and upgrading, and 
need to improve their competitiveness through techno-
logical innovation and model innovation; on the other 
hand, emerging industries are rising rapidly and becom-
ing a new driving force for economic growth. In this con-
text, the direction, scale and structure of government 
investment directly affect the adjustment path and effect 
of the industrial structure. 

Government investment [4] plays an important role in 
promoting economic growth and expanding employ-
ment. Through measures such as investing in in-
frastructure construction, supporting scientific and tech-
nological innovation, and cultivating emerging indus-
tries, the government can effectively stimulate domestic 
demand, promote the coordinated development of up-
stream and downstream enterprises in the industrial 
chain, and thus create more employment opportunities. 
However, government investment also faces challenges 
such as resource allocation efficiency and return on 
investment. How to achieve the maximum benefits of 
government investment under limited resources is a 
question that policy makers need to think deeply about. 
At the critical period when China is facing a critical peri-
od of industrial structure adjustment and upgrading, 
advanced learning methods such as artificial intelli-
gence [5] and deep learning [6] are used to solve the 
problems of government investment and industrial 
structure adjustment in China's future industries. Artifi-
cial intelligence and deep learning have significantly 
improved decision-making efficiency and economic 
benefits through efficient processing of data, optimizing 
resource allocation, adapting to market changes, pro-
moting industrial innovation, enhancing policy trans-
parency, improving employment quality and quantity, 
and supporting the Sustainable Development Goals in 
government investment decisions [7]. 

Related Work
Yao Zhanqi et al. [8] used the transcendent logarith-

mic production function and Cobb-Douglas (C-D) pro-
duction function method to calculate the total factor 
productivity (TFP) of China's overall economy and 
manufacturing industry, quantify the impact of capital 
transfer and labor flow on TFP, and test the structural 
dividend hypothesis. Pan Huifeng et al. [9] collected 
relevant data from ten western provinces and regions 
from 1985 to 2008, established a panel data model, and 
explored the impact of agricultural industrial structure 
on the income of rural farmers in the west and the rela-
tionship between agricultural structure and energy effi-
ciency. Optimizing agricultural structure will help im-
prove the income and energy efficiency of rural farmers 
in the west. He Yonggui et al. [10] used the gray com-
prehensive evaluation method, hierarchical analysis 
method and fuzzy evaluation method to comprehen-
sively evaluate the internal structure adjustment of the 
primary industry. The research emphasizes that in the 

adjustment of regional industrial structure, it is neces-
sary to achieve the transformation of the industrial 
structure from "two, one, three" to "three, two, one", and 
it is necessary to ensure that the second and third in-
dustries provide support and a good environment for 
the adjustment of the primary industry, so as to promote 
the coordinated development of the third industries and 
achieve sustainable economic growth. Jun Han et al. 
[11] used an empirical approach to explore the impact 
of China's industrial structure adjustment and labor mo-
bility on urban and rural income gaps between 1990 
and 2019. Ding Qiang Duan et al. [12] studied the rela-
tionship between industrial structure adjustment, tech-
nological innovation and energy efficiency in Hubei 
Province from 2001 to 2010 by reviewing and analyzing 
relevant literature. It was found that industrial structure 
adjustment and technological innovation can promote 
energy efficiency. In response to subsequent energy 
conservation and other issues, it is recommended that 
the government encourage citizens to participate, pay 
attention to the application of market mechanisms, and 
use preferential tax policies to promote technological 
development and application. Tianhe Jiang et al. [13] 
first analyzes the impact of industrial structure adjust-
ment and economic development quality on the city-
agricultural income gap theoretically, and then uses 
spatial dynamic models to explore the relationship and 
threshold impact of the three through complete sample 
analysis and regional analysis. The problem of clarifying 
the impact of industrial structure adjustment scope, 
quality and economic development quality on urban 
agricultural income gap was solved, and policy recom-
mendations for more equitable development transition 
were put forward. 

This study focuses on multiple economic issues. 
Through the analysis of data set processing and re-
gression model, it provides a scientific basis for gov-
ernment investment allocation. The main contributions 
are as follows: 
1) Process the GDP data of various industries from 

1990 to 2023 to solve the problems of outliers, 
missing values and unit conversion, and ensure 
data integrity. 

2) This paper analyzes the contribution of each indus-
try to GDP in different years, and reveals the poten-
tial correlation between industries through regres-
sion models. 

3) This paper quantifies the impact of investment in 
each industry on GDP, establishes linear or nonlin-
ear regression models for each industry, and con-
cludes which industries have the highest return on 
investment, providing theoretical support for subse-
quent industrial adjustments. 

4) Based on the regression model, under the con-
straint of the total government investment of 1 tril-
lion yuan, an industry investment allocation plan 
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was proposed using an optimization algorithm (such 
as ‘fmincon’) to maximize the total GDP. 

5) By analyzing the rationality of investment in various 
industries and visually demonstrating the contribu-
tion of various industries to GDP,Provides a quanti-
tative basis for investment decisions.. 

Data Description
Dataset Source

The current data set comes from the National Bureau 
of Statistics and the China Economic and Social Big 
Data Research Platform. The data set covers multiple 
fields such as agriculture, industry, and industrial manu-
facturing. There are complex interrelated relationships 
between industries in this data set, and the data set 
designs the added value of GDP in various industries in 
China, reflecting the contribution of each industry to the 
total GDP. Table 1.2 is an illustration of the dataset 
fields used in this article [14]. 

Data Preprocessing
In the above data set, in order to unify the units and 

ensure that all data use the same dimensions, we as-
sume that the default unit of all GDP is "10,000 yuan", 
but for the sake of easy analysis and comparison, all 
industries' GDP data are converted into "10,000 yuan", 
which ensures that the comparison between industries 
is consistent. The unit conversion formula is the follow-
ing formula 1. 

And for the exact value, considering that this part of 
the data set is a numerical data set, we use linear inter-
polation to estimate based on the existing data points 
before and after, and fill in the missing values. The lin-
ear interpolation formula is shown in Equation 2 below. 

Pearson Correlation Analysis
In this problem, this paper uses Pearson's correlation 

coefficient method [14] to analyze the correlation be-
tween each index parameter in the dataset and the total 
GDP. Pearson's correlation coefficient method is a clas-
sic statistical analysis method used to quantify the in-
tensity and trend of linear correlation between continu-
ous variables. The core of Pearson correlation is to cal-
culate the Pearson Correlation Coefficient (R) of in-
vestment and GDP, which is a value between [-1, 1]. 
This value not only reveals whether there is a linear 
correlation between variables, but also points out the 
direction of the correlation (if R>0, it indicates that the 
two variables are positively correlated, if R<0, it indi-
cates that the two variables are negatively correlated) 
and the strength of the correlation (nearly 1 or -1 means 
strong correlation, close to 0 means weak correlation or 
unrelated). The formula is: 

Thermal graph 1 This graph shows the thermal graph 
of correlation between various industries. The horizontal 
and vertical axis lists multiple industrial and economic 
indicators, such as the total GDP, such as the chemical 
industry, finance industry, construction industry, etc. The 
depth of the color in the figure indicates the strength of 
the correlation, and the color gradually changes from 
yellow (negative or weak correlation) to blue (strong 
positive correlation). It can be seen that the correlation 
between total GDP and industry, construction, manufac-
turing, finance, insurance, education and medical care 
is very strong (nearly 1.0, dark blue), indicating that 
these two major industries have made great contribu-
tions to GDP growth. Some industries are highly corre-
lated (such as manufacturing and construction, finance 
and IT services) between specific industries, which may 
be because there are synergies or complementary rela-
tionships between these industries. 

(1)GDPconver ted =
GDPoriginal

10000

Table 1 | Description of the fields of contribution of each 
industry to GDP in different years

Field Name Illustrate

YEAR Years

Total GDP
Measurement of national 
economic scale and 
economic activity

Output value of each 
industry

Total output value of each 
industry, added value

Table 2 | Description of fields of investment and 
corresponding output value indicators for each industry

Field name Illustrate

YEAR years

Investment value of 
each industry

Investment costs for each 
industry every year

Output value of each 
industry

The output value corresponding 
to the investment of each 
industry every year

(2)yk = yi + xk − xi
xj − xi

(yj − yi)

(3)R =
∑n

i=1 (xi − x)(yi − y)

∑n
i=1 (xi − x)2 ∑n

i=1 (yi − y)2
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The correlation between most indicators of Heat Fig-
ure 2 is very high, while the correlation between the two 
indicators of other manufacturing input and output value 
is low. When we make investment adjustments, we will 
temporarily account for a small proportion. 

Regression Model
This article will study the relationship between in-

vestment in each industry and its corresponding GDP 
increase, analyze the impact of investment on GDP by 
constructing a regression model, and use linear models 
and nonlinear models to describe the relationship be-
tween investment adjustment and GDP increase ac-
cording to the strength of correlation. 

Linear Regression Model
Linear Regression is a statistical method that models 

the relationship between dependent variables (objec-
tives) and independent variables (features) through lin-
ear combinations (weighted sums). Its core assumption 
is that the relationship between variables is linear and 
the error term is distributed from normal. 

Formula: Suppose there are n independent variables 
x1, x2,..., xn, the mathematical expression of the linear 
regression model is: 

y is the dependent variable;  is an intercept term; 
, ,…  is the regression coefficient;  is the random 

 error of obedience. 
Parameter estimation: Estimate parameters by least 

squares (OLS), with the goal of minimizing the residual 
sum of squares (RSS): 

In matrix form, the parameter solution is: 

In the case where the correlation coefficient R ex-
ceeds the preset threshold of 0.90, we believe that 
there is a significant linear relationship between invest-
ment volume and GDP industry returns. Therefore, this 
study uses a linear regression model to describe this 
relationship, and the model expression is as follows: 

The linear regression model architecture diagram is 
as Figure 3. 

β0
β0 β1 βn ϵ
𝒩(0,σ2)

Figure 1 | Heatmap of correlation between various in-
dustrial indicators and total GDP 

Figure 2 | Heat map of investment and corresponding 
output value indicators in various industries  

(4)y = β0 + β1χ1 + β2χ2 + . . + βnχn + ϵ

(5)
min

β
N

∑
i=1

(yi − (β0 + β1χi1 + β2χi2 + . . + βnχin))2

(7)GDP_incomeindust ry = k . Investindust ry + b

(6)̂β = (XT X )−1XT y
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Nonlinear Regression Model
Nonlinear Regression is used to model the nonlinear 

relationship between dependent variables and inde-
pendent variables. Its regression coefficients do not 
appear in the form of linear combinations and may in-
volve tricks, logarithms, polynomials, or other complex 
functions. 

The general form of nonlinear models is: 

 is a nonlinear function;  
is the parameters to be estimated;  is the error term. 
Example 
1) Exponential model: 

2) Polynomial model (parameters are linear but fea-
tures are nonlinear): 

3) Logical Sty Growth Model (parametric nonlinear): 

Parameter estimation Nonlinear regression usually 
uses numerical optimization methods (such as gradient 
descent, Newtonian method, or nonlinear least squares 
method) to estimate parameters. 

f(x, β) β = [β0, β1 . . . . . . βk, ]
ϵ

Figure 3 | Linear regression model architecture diagram  

(9)y = β0eβ1χ + ϵ

(10)y = β0 + β1χ + β2χ2 + ϵ

(11)y = β0
1 + eβ1(χ−β2) + ϵ

Table 3 | The core differences between linear regression 
and nonlinear regression

Features linear regression Nonlinear 
regression

Model form

Interpretability Intuitiveness, and 
coefficients 
directly reflect the 
influence of 
variables.

Complex, need to be 
analyzed in 
combination with 
functional form

Parameter 
estimation

Analytical solution 
(closed solution)

Numerical 
optimization (iterative 
approximation)

Application 
scenario

Linear 
relationships, low-
dimensional data

Nonlinear 
relationships, 
complex pattern 
fitting

Parameter nonlinear
（eg ） β1eβ2χ

Parameter linear
（eg ）β1x1

(12)min
β

m

∑
i=1

(yi − f (xi − β ))2

Figure 4 | Finance_Investment and GDP regression 
fitting diagram  

Figure 5 | OtherManufacturing_Investment and GDP 
regression fitting (quadratic term) diagram

(8)y = f (x , β ) + ϵ
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The core differences between linear regression and 
nonlinear regression are as Table 3. 

When the correlation coefficipent R of investment vol-
ume and GDP industry returns is lower than the thresh-
old of 0.90, it indicates that the linear relationship be-
tween the two is not significant enough, so this study 
uses a nonlinear regression model for analysis. The 
formula for the nonlinear regression model is as follows: 

Figure 4 shows the linear fit between investment and 
GDP. The orange point represents the actual data, and 
the green line is the regression fitting curve. The data 
points are closely surrounding the regression line, indi-
cating that the linear model has good fit and explanato-
ry power. 

Figure 5 shows the nonlinear fitting relationship be-
tween investment and GDP in an industry, where the 
orange point is the actual data and the green curve is a 
quadratic polynomial regression fit. The model effective-
ly captures the nonlinear trend of investment and GDP, 
showing the accelerated GDP growth brought about by 
investment growth and the slowdown in growth at high 
investment levels. The fitting curve is highly consistent 
with the data points, confirming the applicability of the 
model in explaining nonlinear relationships. 

Investment Proportion Analysis
This article aims to analyze the proportion of various 

industries in investment over the years and provide ref-
erence for subsequent investment optimization. 

Figure 6 shows the changing trend of investment 
share in various industries from 2000 to 2025. Different 
fold lines represent changes in investment proportion in 
various industries. It can be seen from the figure that 
the proportion of investment in the agriculture and fi-
nancial industry is relatively stable,    while the propor-

tion of construction and IT services has changed signifi-
cantly, among which the proportion of IT services and 
financial industry has increased, while the proportion of 
agriculture and textile and clothing industry has de-
creased. Overall, the figure reveals industry changes in 
the economic investment structure and provides a vis-
ual reference for industrial transformation and invest-
ment strategy analysis. 

Optimization Model Establishment
The goal of this section is to calculate the optimal al-

location plan for 1 trillion yuan of government total in-
vestment among industries by building an optimization 
model to maximize the total GDP. During the optimiza-
tion process, the constraint optimization algorithm fmin-
con is used, using the investment amount of each in-
dustry as the decision variable, with the goal of maxi-
mizing the total GDP. 

Objective function (maximizes total GDP): 

Model Solution
This article will use the Fmincon optimization algo-

rithm to solve it. By setting the target function and con-
straints, Fmincon can effectively find the optimal solu-
tion that satisfies all constraints. The target function is a 
negative value of total GDP: 

Figure 6 | Investment situation in various industries  

(14)maxGDPtotal =
n

∑
i=1

GDPi(xi)

(15)min −
n

∑
i=1

GDPI(xi)

Table 4 | Fixed investment quota list for each restricted 
industry

Industry Names in 100 million yuan

Agriculture 1238.00

OtherManufacturing 517.00

ChemicalIndustry 747.00

Construction 853.00

ITServices 871.00

Finance 714.00

FoodBeverage 446.00

WholesaleRetailHospitality 1012.00

MetalManufacturing 656.00

Mining 178.00

MechanicalManufacturing 1560.00

RentBusiness 692.00

ElectricitySupply 263.00

(13)GDP_incomeindust ry = α + β ∗ Investindust ry + γ ∗ (Investindust ry)2
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The sequence planning (SQP) algorithm is used to 
iteratively solve the optimal investment solution. The 
formula for calculating the investment ratio to GDP ra-
tio: 

Table 5 reveals the investment allocation ratio of each 
industry under the optimized resource allocation strate-
gy. The financial industry is leading the market. It shows 
the importance of investment in the construction and 
chemical industries. The investment ratio between min-
ing and metal manufacturing is also significant. Rela-
tively speaking, the proportion of investment in tradi-
tional industries such as agriculture, food and bever-
age, textile and clothing is relatively low. The chart gen-
erally shows that investment allocation tends to high-
return industries, while taking into account the moder-
ate support from other industries.  

Figure 7 shows the ideal investment distribution for 
each industry under the goal of achieving GDP maxi-
mization. Each sector represents the investment pro-
portion of different industries, and the colors distinguish 
industries. It can be seen from the figure that the metal 
manufacturing and mining industries have the largest 
share of investment, highlighting their contribution to 
GDP. The machinery manufacturing industry and 
RENTBusiness list the importance of its investment. 

Figure 8 shows the optimal investment ratio for each 
industry when achieving maximum GDP. In the figure, 
mining and metal manufacturing have the highest in-
vestment share, highlighting their key role in economic 
growth. Agriculture ranks an important position with an 
11.4%, showing the importance of its basic industries. 
The proportion of investment in industries such as con-
struction, chemical industry and leasing commercial 
services is also relatively high, while the lower propor-
tion of investment in other industries reflects its lower 
sensitivity to economic output. 

Increase Industry Constraints
In order to maximize the total GDP, this paper intro-

duces industry constraints and uses regression models 
to establish linear or nonlinear regression functions of 
investment and GDP for each industry to evaluate the 
contribution of investment to GDP. On the premise of 
meeting the constraints, investment in some industries 
is fixed at the minimum limit, while the remaining funds 
are optimized to be allocated in three high-return vari-
able industries, including the finance industry, informa-
tion technology services industry and agriculture, to 
maximize the total investment benefits. 

(16)

(17)

 InvestSharei = xi
Total Investment × 100%

GDPSharei =
GDPi(xi)
GDPtotal

× 100%

Table 5 | Fixed investment ratio table for each industry 
under restricted conditions

Optimal Investment 
Amount of Each Industry

Investment 
Proportion

GDP 
Proportion 
GDP

Agriculture 12.38% 6.68%

OtherManufacturing 5.17% 13.13%

ChemicalIndustry 7.47% 14.59%

Construction 8.53% 0.64%

ITServices 8.71% 7.04%

Finance 7.14% -6.80%

FoodBeverage 4.46% 2.93%

WholesaleRetailHospitality 10.12% 5.18%

MetalManufacturing 6.56% 18.29%

Mining 1.78% 17.86%

MechanicalManufacturing 15.60% 7.64%

RentBusiness 6.92% 9.32%

ElectricitySupply 2.63% 12.96%

TextileApparel 2.53% 5.19%

Figure 7 | Investment situation in various industries

Figure 8 | The optimal investment allocation ratio of 
each industry under the maximization of GDP
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Conclusions
This article aims to explore how to promote China's 

industrial structure adjustment and high-quality eco-
nomic development through scientific planning and op-
timization of government investment. First, by process-
ing and analyzing the GDP data of various industries 
from 1990 to 2023, the outliers, missing values and unit 
conversion problems in the data are solved, and the 
relationship between GDP contribution between indus-
tries is revealed. Secondly, the relationship between 
investment and GDP in various industries was studied, 
a regression model was constructed, and the return on 
investment was quantified, providing a quantitative ba-
sis for investment decisions. Finally, based on the re-
gression model, the optimization algorithm is used to 
allocate the total government investment to maximize 
the total GDP, and visually demonstrate the contribution 
and rationality of each industry. Through data analysis 
and optimization modeling, this study provides a scien-
tific basis for government investment decisions, aiming 
to improve resource allocation efficiency, promote eco-
nomic growth, promote employment and sustainable 
development in the process of industrial structure ad-
justment and high-quality development. 
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