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ARCHITECTURE OF OPERATORS IN QUANTUM ALGORITHMS 
 

Toirov Sh. A. 
Tashkent Institute of Management and Economics, 

associate professor 
 

Annotatsiya. Maqolada (qog'ozda) kvant algoritmlari operatorlari tuzilishi, uning 
matematik va sxematik tasviri taklif qilingan. Umumjahon kvant algoritmining diagrammalar 
ko'rinishidagi umumiy tuzilishi maqolada (qog'ozda) amalga oshiriladi. Diagrammada kvant 
algoritmining asosiy elementlari, ularning xossalari, vazifalari keltirilgan. Sxematik 
diagrammalarning har bir bloki ketma-ket jarayonlar va kvant algoritmlarining bosqichlaridan 
iborat. 

Kalit so’zlar: Kvant algoritmi, chalkashlik, superpozitsiya, kvant hisoblash, interferensiya, 
Hadamard operatori, kvant bloki, unitar matritsa. 

 
Abstract. The article (paper) proposes the structure of operators of quantum algorithms, 

its mathematical and schematic representation. The general structure of the universal quantum 
algorithm in the form of diagrams is realized in the article (paper). The diagram presents the main 
elements, their properties, functions of the quantum algorithm. Each block of the schematic 
diagrams are decomposed of successive processes and stages of quantum algorithms.  

Keywords: Quantum algorithm, entanglement, superposition, quantum computation, 
interference, Hadamard operator, quantum block, unitary matrix. 

 
Аннотация. В статье (статье) предложена структура операторов квантовых 

алгоритмов, ее математическое и схематическое представление. В статье (статье) 
реализована общая структура универсального квантового алгоритма в виде диаграмм. 
На диаграмме представлены основные элементы, их свойства, функции квантового 
алгоритма. Каждый блок схематических диаграмм разложен на последовательные 
процессы и этапы квантовых алгоритмов.  

Ключевые слова: Квантовый алгоритм, запутанность, суперпозиция, квантовые 
вычисления, интерференция, оператор Адамара, квантовый блок, унитарная матрица.  

 
Introduction.  
At present, active research and 

physical realization of a quantum 
computing is conducting in the world. 
Prototypes of computing devices have 
already been built in different parts of 
the world at different times, but there is 
not yet a full-fledged quantum 
calculator that simulates quantum 
computing on a computer with a 
classical architecture in order to study 
and further design a quantum 
calculator. 

The result of the quantum 
algorithm is of a probabilistic nature. 
Due to a small increase in the number 
of operations in the algorithm and to 
maximize the entanglement of qubits, 
can be arbitrarily approximate the 
probability of obtaining the correct 
result to unity [1]. 

 Functions and types of 
quantum operators in designing 
quantum algorithms. The process of 
designing a quantum algorithm 
consists of a matrix form of the 
representation of three operators [2] 
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[3]. Superposition (S), quantum 
entanglement [2] (entangled states) 
(UF) and interference (Int). In general, 
the structure of the quantum algorithm, 
as the basis of quantum computation, 
can be represented as following 

QAY= [ (Int  nId)* Uf ]h+1 * [nH  
mS] (1) 

Where Id  is an identical operator, 
 symbol is a tensor product; S is an 
operator of superposition and finally, H 
is a Hadamard operators. 

In Fig. 1 describes the structure 
of the operators of quantum 

algorithms, equivalent to the 
expression. The input of the quantum 
algorithm is always given a binary 
function f. This function is represented 
as a mapping that divides the image of 
each input binary string. First, the 
function f is coded as a unitary matrix 
operator UF that depends on f function 
properties. The resulting matrix 
operator UF is included in the structure 
of a cable cell, a unitary matrix whose 
structure depends on the UF matrix and 
on the problem that the algorithm must 
solve [1].

 

 
Fig. 1. Structure of operators of quantum algorithms. 

 
The superposition contains all 

the information needed to solve a 
specific task/problem. Due to the 
superposition creation, a measurement 
operation is performed to extract the 
information. Consecutive use of the 
quantum operator and measurement of 
the result characterizes the quantum 
block. It is executed k times to derive a 
set of basis vectors. This measurement 
is not a deterministic operation, 
therefore the resulting basis vectors 
will be different. Therefore, each of 
them will contain only a part of the 
information needed to solve a 
particular task/problem [4]. 

General structure of the 
quantum algorithm. Schematic 
diagram of the simulation of a quantum 
algorithm operation on a classical 
computing device is illustrated in Fig. 2. 
The quantum block in this figure 
performs the alternate application of 
the quantum operator and the 
measurement of the result. It is 
executed n times to obtain a set of basis 
vectors. Since measurement is not a 
deterministic operation, the resulting 
basis vectors will be the same, and each 
of them will contain only a part of the 
information needed to solve the 
problem [5].
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Fig. 2. Schematic diagram of the quantum algorithm. 

 
The final phase of the quantum 

algorithm is the interpretation of the 
set of basis vectors for the solution of a 
specific task/problem with a certain 
probability value [1-2]. 

 Encoding block 
The work diagram of the 

encoding block is shown in Fig. 3.  

 
Fig. 3. Decomposition of encoding block.. 

 
Step 1. The representation table 

of the function f:{0,1}n+m →{0,1}n+m is 
transformed into a representation table 
of a unitary function F:{0,1}n+m 
→{0,1}n+m such that 

F(x0,…….xn-1, y0,…….yn-1)= 
(x0,…….xn-1, f(x0,…….xn-1)( y0,…….yn-1)  
(2) 

The necessity of such a change is 
related to the unitarity condition for 
the operator UF. It is reversible and can 
not represent two different inputs into 
the same output values [6].  Since this 
operator is a matrix mapping of the 
function F, it must be invertible. 

Reversibility is carried out by 
increasing the number of bits and 
describing the function F instead of f. 

Step 2. The representation of the 
function F is transformed into a 
representation, according to the 
following restrictions. 

∀𝑠 ∈ {0,1}𝑛+𝑚 ∶ 𝑈𝑚 [𝜏(𝑠)] =
𝜏[𝐹(𝑠)]  (3) 

The encoding table τ:{0,1}n+m 
→C2n+m , where C2n+m is the resultant 
Hilbert space, defined as: 

𝜏(0) =
1
0

= |0 >, 𝜏(1) =
0
1

=

|1 >        (4) 
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τ(x0,…….xn+m-1) = τ(x0) ….  
τ(xn+m-1)= |x0,…..xn+m-1>   (5) 

Step 3. The representation of UF 
is transformed into a matrix operator 
according to the following rule: 

[UFij]=1UF |i > = |j >  (6) 
This rule is easy to understand if 

we consider |i> and |j> as columns of a 
vector. By distributing these columns 
according to the canonical basis, UF 
determines the permutation of the 
rows of the identity matrix. In a general 
form, the series |i> is mapped into the 
series |i> [3]. 

Quantum block. The main 
element of a quantum block is a 
quantum cell. 

Its form depends on the 
properties of the matrix of the operator 
[7]. The matrix operator UF, which is the 
output of the encoding block, in this 
structure is the input of the quantum 
block. 

The unitary matrix is applied k 
times to the initial canonical vector |i> 
of dimension 2n+m. The resultant 
complex linear combination of basis 
vectors is measured by producing one 
basic vector |xi> as a result. All the 
measured basis vectors {xl .... xk} come 
together. 

The resulting set is the output of 
a quantum block.

 

 
Fig. 4. Decomposition of quantum block. 

 
The decoding unit includes an 

interpretation of the set of basis 
vectors. Decoding of basic vectors 
consists in their transformation into 
binary strings. Then they are used as 
the coefficients of some equation or for 
extracting the answer. The structure of 
the decoding unit depends significantly 
on the nature of the problem being 
solved, and is essentially one or other of 
the classical algorithms. 

The last part of the quantum 
algorithm contains a block of 
interpretation of a set of basis vectors 
that allows you to isolate a finite, 
meaningful solution of the problem 
under study with a certain probability 
[7]. 

Summarizing all of the above, it is 
worth noting that the developed and 
proposed general structure of the 
quantum algorithm finds a successful 
implementation in the software 
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development and implementation of 
quantum simulators as auxiliary 
external modules. As for the structure 
of quantum algorithms operators, it is 
universal and, in general, does not 
depend on the properties and solved 
problems of a particular quantum 
algorithm. 

Conclusion. The mathematical 
and schematic representation 
structure of the operators of quantum 

algorithms is proposed in the paper. 
Detailed decomposition of each block of 
the schematic diagram of the 
description of sequential processes and 
stages of quantum algorithms is 
performed. The general structure of the 
universal quantum algorithm is 
realized as diagrams that reveal the 
basic elements, their properties, 
functions and place in the work of the 
quantum algorithm.
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