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Abstract:  The study examines the use of Grover's quantum algorithm to optimize global search problems, demonstrating 

its quadratic speedup over classical methods for improved efficiency. The research tackles practical 

challenges, including quantum noise, scalability, and resource constraints, by proposing innovative solutions. 

The techniques developed integrate quantum search principles into large-scale optimization tasks across 

diverse fields. This work lays a foundational framework for applying quantum algorithms to solve complex 

scientific and industrial problems.

1 INTRODUCTION 

It is becoming more crucial in the world to learn 

quantum algorithm, and to improvise, develop and 

introduce the methods and algorithms of solving 

problems by these algorithms. Nowadays, the tasks 

solved by quantum algorithms are generating more 

efficient results than the problems that are solved 

using other algorithms (Goldberg, 2000). At present, 

special attention is paid to the analytical analysis of 

mathematical models of these algorithms and the 

creation of quantum computers that run on the basis 

of quantum algorithms. In quantum computing 

(quantum algorithms) the quality (feature) of the 

process that is being studied is determined as a result 

of direct parallel calculations (Lahoz-Beltra, 2004). 

In addition, the solution of the problems that are 

difficult to solve or for the ones that are not possible 

to be solved algorithmically by traditional (classic) 

methods.   
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Although Grover's algorithm is generally 

considered useful for database searching, the basic 

ideas underlying this algorithm are applicable in a 

much broader context. This approach is used to speed 

up search algorithms that can build a "quantum 

oracle" that separates the needle from the haystack. It 

uses the term ancilla (Ancilli are extra bits used to 

achieve specific computational goals (such as in 

reversible computation)) or auxiliary qubit (ancilla 

qubit) to refer to some additional qubits used by an 

algorithm. 

2 MAIN BODY 

This algorithm searches through 2nN  an unordered 

set of elements in order to find the element that 

satisfies some conditions. Currently, while the best 

classical search algorithm on unstructured data takes 

time ( )O N , Grover's algorithm allows for a 
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quadratic speedup of search on a quantum computer 

in operations just  O N . 

Grover’s search algorithm is considered to be one 

of the best methods of quantum algorithms, and it 

shows that when the classical algorithms of quantum 

system is used, it depends on the slowness of 

operation time, and that it can be used in order to 

improve its quality. In this case, in order to reach a 

high speed, Grover’s algorithm bases on the quantum 

super-position of the processes (Han, Kim, 2002). As 

numerous quantum algorithms, Grover’s algorithm 

also sets off by putting n  qubit registers of the 

machine into the super-position that is equal to all the 

possible 2𝑛cases. It is important to remember that  the 

amplitude associated with each possible 

configuration of each qubit is equal to 
1

√2𝑛
  and the 

probability of being of the 2𝑛 state of the system in 

any state is equal to 
1

2𝑛
.  All these possible states 

correspond to all possible entries in the database of 

Grover’s algorithm, and therefore, starting with a 

given amplitude assigned to each element in the 

search space, each element is considered 

simultaneously in quantum superposition and 

amplitudes are controlled from there (Lahoz-Beltra, 

2015).   

Along with the superposition of states, Grover’s 

algorithm belongs, in general, to the family of 

quantum algorithms that use amplitude amplifiers, 

which take the advantage of quantum amplitudes that 

distinguish amplitudes from probabilities. The key to 

these algorithms is a selective displacement of one 

state of quantum system, of its space that satisfy some 

kind of condition in each iteration. These amplitude 

amplifier algorithms are so unique to quantum 

calculating that such feature of amplitudes has no 

parallel in classical probabilities. 

3 METHODS 

Grover's algorithm utilizes a quantum register 

composed of n  - qubits, where n  is the number of 

qubits required to represent a search space of size 

2nN  . Initially, all qubits are set to the ground state

0 :  

0 0
n
                           (1) 

After a sufficient number of iterations of Grover's 

iteration are accomplished, a classical measurement 

is performed to determine the result, this completion 

of the algorithm continues until the probability  1O

. 

The steps of Grover’s algorithm are implemented 

and summarized as the following:  

Input: 

 ( )( 1) f xO x x   is quantum oracle O

, which performs the operation, where ( ) 0f x   is 

0( ) 1f x   for all the 0 2nx   , except for 
0x x .  

 A qubit 0  initiated to state n 

 Output: 
0x   

The running time: the operations ( 2 )nO , with 

the probability (1)O . 

Process: 

1. The initial state  0
n
  

2. Using Hadamard conversion for all the 

qubits 
2 1

0

1
0

2

n

nn

n
x

H x 






    

3. Using Grover’s iteration  2
4

nR


  

times 

0[2 ]RI x      

4. Measuring the register 
0x  

4 RESULTS 

Mathematical solutions of the above-mentioned 

information through a specific example are as 

follows. Let's say the expression of the function is 

6
( )

2 s( )

x
f x

co x





 and the oracle accepts values 

between 0 and 32.  The next step is to consider the 

case where 
532 2N    is equal, and the desired 

state 
0x  is represented by a string of 11110 bits. 

  To describe this process, 5n   consists of 

qubits, i.e. 

0 0 3100000 00001 ............ 11111x        

where 
ia  - i  is the amplitude of the state. 

Grover's algorithm starts from system 0 

1 00000  

and then the Hadamard transform is applied to 

obtain an equal amplitude associated with each state 

1 1 1

32 4 2N
    so that the solution to the 
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problem is equal to the probability of being in one of 

the 32 possible states.

 
31

5

0

1 1 1 1
00000 00000 00001 ...... 11111

4 2 4 2 4 2 4 2 x

H x 


       

 

Three Grover iterations are sufficient to solve the 

problem, i.e. 32 2 4,4
4 4

N
 

   , which 

turns up to 4 iterations. 

At each iteration, the quantum oracle O must first 

be invoked, followed by an inversion by averaging or 

diffusion transformation. The oracle query negates 

the condition amplitude
0x  in which case 11110

gives the configuration.

 

1 1 1 1
00000 00001 ...... 11110 11111

4 2 4 2 4 2 4 2
x     

 

In the next case, a diffusion transformation 

2 I  
is performed, which increases the 

amplitudes from the mean value, decreases it if the 

difference is negative

 

0 0

31 31

0 0

31

0

2 2 1
2 2 2 11110 11110

4 2 4 2 2 2

1 1 7 1
2 11110 11110

8 82 2 2 2

7 1 1 1 7 7 1
11110 11110 11110 11110

8 4 2 4 2 2 2 32 2 32 2 2 2

7 23
11110

32 2 32 2

x x
x x x x

x

I

x x

x

        

   

 
 



   
           

   

      

 
       
 
  

 

 



 

Now the  x  used above will be: 

7 7 23 7
00000 00001 ...... 11110 11111

32 2 32 2 32 2 32 2
x     

 
This completes the first iteration. We apply the same two changes in the second iteration. 

0 0

0

31 31

0 0

31

0

7 7 23 7
00000 00001 ...... 11110 11111

32 2 32 2 32 2 32 2

7 23 7 7 23
11110 11110 11110

32 2 32 2 32 2 32 2 32 2

7 30 7 15
11110 11110

832 2 32 2 16 2

x x
x x x x

x
x x

x

x x

x 

 
 




     

     

   

 



 

After querying Oracle and applying diffusion transformation. 
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0

31

0

31

0

7 15 7 7 15
2 11110 2 2 11110

8 16 8 8 16 2

15 7 7 15 15 41 15
11110 11110 11110

16 4 8 64 6416 2 16 2

41 1 1 15
11110 11110

64 4 2 4 2 16 2

41 41 15
11110

256 2 256 2 16

x
x x

x

I

x

x

        

   






    
             

     

       

 
    
 
  

  




31

0

41 281
11110 11110

2 256 2 256 2x

x


 

 

Nov the x  used above will be: 

41 41 281 41
00000 00001 ...... 11110 11111

256 2 256 2 256 2 256 2
x     

 
This second one completes the iteration. We apply the same two changes in the third iteration. 

0

31 31

0 0

41 41 281 41
00000 00001 ...... 11110 11111

256 2 256 2 256 2 256 2

41 41 281 41 322
11110 11110 11110

256 2 256 2 256 2 256 2 256 2

41 161
11110

64 128 2

x x
x x

x

x x



 


     

     

 

 
 

After querying Oracle and applying diffusion transformation. 

0

31

0

41 161 41 41 161
2 11110 2 2 11110

64 64 64128 2 168 2

41 41 161 161 167 161
11110 11110

32 64 512 2 128 2 512 2 128 2

167 1 1 161 167
11110 11110

512 2 4 2 4 2 128 2 2048 2x x
x x

I

x x

        

   

 


    
            

    

      

 
    
 
  


0

31

0

2743
11110

2048 2
x x



 

Now, when the process is observed, the correct 

solution state  11110  has the measured probability  

2743
0,95%

2048 2
  and the wrong probability state 

167
0,05%

2048 2


.

 

The above mathematical solutions are based on 

the results obtained after executing the program on a 

classical computer using a quantum algorithm. First, 

the program creates a superposition state. 

[[0.1767767] 

[0.1767767] 

[0.1767767] 

... 

[0.1767767] 

[0.1767767] 

[0.1767767]] 

Second, the oracle O  determines the maximum 

  

And so, 
( ) ( )( )( 1)

Q t Q tf xO     when 

applied, the following superposition condition is 

obtained: 

[[ 0.1767767] 

 [ 0.1767767] 

... 

[ 0.1767767] 

[-0.1767767] 

 [ 0.1767767] 

[ 0.1767767]] 

This second step indicates the number of 

repetitions given. Grover's maximum number of 

repetitions is calculated as follows: 

2
4

n
 

278



DOI: 10.63550/ICEIP.2025.79.45.036 

 

n  the number of qubits or the length of the 

quantum chromosome, so 5n  in the example of the 

function described in the problem.  

As a result of repeating the second step 

[[ 0.15467961] 

... 

[ 0.15467961] 

[-0.508233] 

[ 0.15467961] 

[ 0.15467961] 

[ 0.15467961]] 

In the third step, the oracle O  determines the 

maximuml   and the following results are obtained 

as a result of iteration. 

Fourth and last, Grover's diffusion operator 

locates the chromosome with the specified state at  
( )Q t

 . Therefore, the following process 

( ) ( )Q t Q t
G   execution results. 

[[ 0.11324757] 

[ 0.11324757] 

... 

[ 0.11324757] 

[-0.77616018] 

[ 0.11324757] 

[ 0.11324757] 

[ 0.11324757]] 

In the next step, we get the result 

[[0.05765959] 

[0.05765959] 

... 

[0.94706733] 

[0.05765959] 

[0.05765959] 

[0.05765959]] 

Finally, 
( )Q t

  when done, the state pointed to by 

the maximum chromosome is obtained.  

That is, the state of the quantum algorithm 30 , 

chromosome 11110   and the objective function 

1671  will be equal to (Toirov, Mingboyev, 

Parmonov, Kudratov, 2024). 

5 DISCUSSION 

As you can see from Figure 1 in this article, solving 

the problem leads to four iterations of Grover's 

iteration, i.e., 
32 2 4,4

4 4
N

 
  

, which 

goes up to 4 iterations. At each iteration, it first uses 

the quantum oracle O, and then performs an inversion 

on the average or diffusion transform. It is clear from 

the process of solving the problem mathematically 

that Grover's algorithm makes it easier to reach the 

solution by increasing the amplitude. That is, in our 

problem, the optimal solution of the given function is 

considered to be 0.94. 

6 FUTURE WORK AND 

RESEARCH CHALLENGE 

In this article, the main goal of obtaining results is the 

process of solving the problem of global optimization 

through algorithms, and the extent to which the 

current information about the subject of research is 

modeled of the method of solving the problem of 

global optimization through quantum algorithms it 

was considered that it is important to ensure that it is 

used for the intended purpose, that is, the adequacy of 

the model. The used quantum algorithm is 

distinguished by the fact that it solves the 

optimization problem faster than classical computers, 

and we achieved the result set before us. The obtained 

results proved to be the solution to the problem. We 

emphasize that the algorithm proposed here can be 

easily implemented in near-future devices. 

 

 

Figure 1: The graph of the result of the optimization carried 

out. 

7 CONCLUSION 

The problems for which quantum algorithms can be 

potentially used: 

a) effective calculating the number of the 

solutions to given search problem; 

 b) speeding up NP problems; 
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c) speeding up the search of keys in 

cryptosystems; 

d) finding the shortest way; 

e) searching or analyzing necessary data in 

unordered databases. 

Grover's algorithm is more likely to get a correct 

answer than a wrong answer, when the input size is 

2nN  , the error only decreases with the input size. 

Even though Grover’s algorithm is probabilistic, the 

error gets negligible as N gets larger.   
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