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anjuman ishtirokchilarining tezislari keltirilgan. Anjuman kun tartibiga kiritilgan 

masalalar dolzarb bo‘lib, u yalpi ma‘ruzalar va amaliy zamonaviy muhandislik 

ta’limida raqamli transformatsiya va sun’iy intellekt, muhandislik yechimlari va 

sanoat 4.0, robototexnika va avtomatlashtirilgan boshqaruv tizimlari, 

kiberxavfsizlik va ma'lumotlarni himoya qilish, taʼlimda axborot va innovatsion 
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axborot texnologiyalarining o‘rni kabi sho‘balardan tashkil topgan. To‘plam 
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4-SHOʻBA: KIBERXAVFSIZLIK VA MA'LUMOTLARNI HIMOYA QILISH 

 

OPTIMIZING GLOBAL SEARCH PROBLEMS USING GROVER'S QUANTUM 
ALGORITHM 

 
Sh.A.Toirov, A.A.Seytnazarova, T.E.Xudoyqulov  

Tashkent Institute of Management and Economics 
 

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. 

Key words. the quantum algorithm, Grover’s method, global optimization, 
intellectual management. 

Annotatsiya. Tadqiqot global qidiruv muammolarini optimallashtirish 
uchun Groverning kvant algoritmidan foydalanishni o'rganadi va samaradorlikni 
oshirish uchun klassik usullarga nisbatan kvadratik tezligini namoyish etadi. 
Tadqiqot innovatsion echimlarni taklif qilish orqali amaliy muammolarni, 
jumladan kvant shovqini, miqyoslilik va resurslarni cheklashni hal qiladi. Ishlab 
chiqilgan texnikalar kvant qidirish tamoyillarini turli sohalardagi keng ko'lamli 
optimallashtirish vazifalariga birlashtiradi. Ushbu ish murakkab ilmiy va ishlab 
chiqarish muammolarini hal qilish uchun kvant algoritmlarini qo'llash uchun 
asos yaratadi. 

Kalit so'zlar. kvant algoritmi, Grover usuli, global optimallashtirish, 
intellektual boshqaruv. 

Аннотация. В исследовании рассматривается применение квантового 
алгоритма Гровера для оптимизации задач глобального поиска, 
демонстрируя его квадратичное ускорение по сравнению с классическими 
методами для повышения эффективности. В работе решаются 
практические задачи, включая квантовый шум, масштабируемость и 
ограничения ресурсов, путем предложения инновационных решений. 
Разработанные методы интегрируют принципы квантового поиска в 
крупномасштабные задачи оптимизации в различных областях. Эта работа 
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закладывает фундаментальную основу для применения квантовых 
алгоритмов для решения сложных научных и промышленных задач. 

Ключевые слова: квантовый алгоритм, метод Гровера, глобальная 
оптимизация, интеллектуальное управление. 

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 [1]. 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 [2]. 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.   

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. 

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 quadratic speedup of search on a quantum computer in 
operations just  O N  [22]. 

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 [7]. 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  [8]. It is important to remember that  the amplitude associated 
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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 [9].   

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 [11]. 

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) 

The algorithm begins by generating an equal superposition of all possible 
states. This is achieved using the Hadamard transformation nH , which applies a 
Hadamard gate to each qubit. The resulting state can be mathematically 
expressed as: 

                                       
2 1

0

1
0

2

n

nn

n
x

H x






                                                                 (2) 

Once the system is in superposition, the algorithm proceeds with a series of 
Grover iterations [23].  These iterations involve two main operations: phase 
inversion via the quantum oracle O  and amplitude amplification. The number of 
Grover iterations required to amplify the probability of the correct state to its 

maximum is approximately 2
4

n
 . This process ensures that the probability of 

observing the correct state becomes optimal after the total rotation of the state 

space by 
4


 [23]. The quantum oracle O  serves as a black-box function that 

marks the desired solution state. If the system is in the correct state, the oracle 
applies a phase shift of  , effectively flipping the sign of the corresponding 
amplitude. Mathematically, this action is described as: 

                                             ( )( 1) f xx x                                                                       (3) 
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Here, ( ) 0f x  . The exact implementation of ( )f x  is a function that evaluates to 

1 for the correct solution and 0 otherwise. The oracle does not disturb the 
system when it is not in the target state but ensures that the marked state 
becomes identifiable during subsequent amplitude amplification. [23].  

Results 
Mathematical solutions of the above-mentioned information through a 

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 [22]. 
  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 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 [22]. 
1 1 1 1

00000 00001 ...... 11110 11111
4 2 4 2 4 2 4 2

x       

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 [23]. 

[[0.1767767] 
[0.1767767] 
[0.1767767] 

... 
[0.1767767] 
[0.1767767] 
[0.1767767]] 

Second, the oracle O  determines the maximum   
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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
 

n  the number of qubits or the length of the quantum chromosome, so 5n  in 
the example of the function described in the problem [18].  

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 [18-19]. 
[[ 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] 
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... 
[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 [24]. 

 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. 
 

 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; 
c) speeding up the search of keys in cryptosystems [3]; 
d) finding the shortest way [7]; 
e) searching or analyzing necessary data in unordered databases [6]. 
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[23].   
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