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Abstract. The influence of quantum computing techniques on the 
optimization of resource allocation in the agricultural sector is analyzed. 
The use of variational quantum eigensolver (VQE) algorithm to achieve 
optimal resource allocation is explored. It has been found that production 

functions, such as the Cobb-Douglas function, effectively describe the 
transformation of input parameters into output. Parameterization of a 

quantum circuit and minimization of the expected value of the Hamiltonian 
to optimize resource allocation are studied. It is determined that the 
quantum optimization approach demonstrates improved computational 
efficiency compared to classical methods. It has been found that the 
integration of quantum technologies can significantly improve resource 

allocation in agriculture. An assumption has been made about increasing 
productivity and sustainability in the agricultural sector thanks to quantum 
methods. Further research on quantum algorithms is proposed to improve 

the efficiency of natural resource management. New software has been 
developed for modeling and optimizing production functions in 
agriculture. The use of quantum computing to solve complex problems in 
the agricultural sector is justified. A detailed description of the quantum 

algorithm and its benefits in the context of agriculture is presented. 
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2 Materials and methods 

Classic model of resource optimization in agriculture: 
Cobb -Douglas production function:  

1 2

1 2( ) ... n

n
P x A x x x

     
, 

where i
x

are the resources used, i


are the elasticity parameters, and A are the 

technological coefficient. 

Constraints: Each i
x

must be less than or equal to the maximum available resource i
R

. 

Quantum optimization using VQE: 

Parameterized quantum circuit:  

1 2 3 1( ) ( ) ( ) ( ) ... ( ) ( )
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Hamiltonian system: 

, ij i ji j
H h  

, 

where i


are the Pauli operators. 

Objective function: Minimizing the expected value of the Hamiltonian 
H

by varying 

the parameters  . 

Variational quantum optimization (VQE) algorithm: 

1 Selecting initial parameters  . 

2 State generation 
( ) 

using a parameterized quantum circuit 
( )U 

. 

3 Measurement of condition for assessment 
H

. 
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4 Update parameters  using classical optimization methods (eg gradient descent). 

5 Repeat steps 2-4 until convergence is achieved. 

Mathematical model of hybrid quantum optimization 

Production function: 
1 2

1 2( ) ... n

n
P x A x x x
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Resource Limits: 

i i
x R

for all i . 

Hamiltonian:  

, ij i ji j
H h  

. 

Objective function: Minimization 
H

. 

3 Results 

, ,
x y z

R R R

 

 

, ,
x y z

R R R

, 010 (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202453901013539
RSE-III-2024

13 

4



Classic optimization: 

Optimal amount of resources used: 

Earth: 447.33 

Water: 456.97 

Fertilizers: 464.27 

Labor: 405.94 

Resource 5: 397.29 

Resource 6: 396.10 

Maximum production: 2376.81 
Quantum optimization: 

Quantum circuit parameters: 

[447.33, 456.97, 465.25, 405.93, 397.30, 396.10, 447.33, 456.97, 464.27, 406.94, 

397.29, 396.10, 447.33, 456.97, 464.26, 40 5.94, 397.29, 396.10] 

Objective function value: 2454.73 

4 Conclusion 
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