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Abstract. A quantum software engineering platform includes quantum computing methods, a quantum algorithm theory 

and quantum programming. These areas develop according to a technological structure of nanotechnology development 

for hardware design of various configurations. In about 10 to 30 years we expect the appearing of an industrial quantum 

computer for real software engineering; this fact is due to overcoming a number of technological difficulties in implement-

ing hardware, as well as the fundamental difficulty of eliminating decoherence physical phenomenon and correcting errors 

in quantum computers in near future. A key question in quantum computing is searching for quantum algorithms that 

potentially have a significant advantage and supremacy over classical algorithms for problems of practical interest. There-

fore, currently, an approach is being developed to create quantum algorithm structures for quantum simulators with the 

possibility of effective implementation on classical architecture computers. This paper proposes an effective modelling 

method with information analysis of quantum search and decision-making algorithm structures in order to eliminate redun-

dancy in practical implementation of a simulator on a classical structure computer. As an example, we demonstrate the 

method of modeling Grover's quantum search algorithm with stopping the search for a good solution based on the Shannon 

information entropy minimum principle. There are modeling examples to demonstrate the effectiveness of the developed 

approach in quantum software engineering and intelligent control robotics. 

Keywords: quantum algorithm, quantum software engineering, quantum computing, quantum simulator, minimum of Shan-

non information entropy, termination criteria 
 

Introduction. The history of quantum compu-
ting starts around the 1980s when during the First 
Conference on the Physics of Computation Rich-
ard Feynman showed that it is not effective to sim-
ulate a quantum system evolution on a classical 
computer. An effective simulation of quantum sys-
tem has a run-time in polynomial size, i.e. the com-
putational time is smaller than a polynomial func-
tion of the problem size. Therefore, relevant simu-
lations of quantum computers will always be larger 
in size than polynomial time. This leads to super-
polynomial time simulations of quantum algo-
rithms; these kinds of simulations have a long 
runtime for large problems. By separating the 
problems in smaller parts, we can avoid long run-
time. For example, simulating Shor’s factoring al-
gorithm on a classical computer takes super-poly-
nomial time. The simulation of quantum algo-
rithms is still constructive for parts of a larger 
problem and it gives us a basis for comparing ex-
perimental and theoretical results. The results from 
Shor’s algorithm might be verified by multiple fac- 
tors from an algorithm outcome and hence it is 

simple to check the results from Shor’s factoring 
algorithm implemented on a quantum computer.  
It might be more complicated to check the outputs 
from future algorithms. 

However, it is possible to show that Shor’s al-

gorithm gives mathematically correct results. But 

how can we verify that implementing Shor’s algo-

rithm on a quantum computer coincides with its 

mathematical model? A simulation of a quantum 

algorithm on a classical computer allows compar-

ing a quantum computer outcome with an output 

form a physically more stable classical computer. 

When developing quantum algorithms, it is inter-

esting to check new algorithms on a classical com-

puter. This study examines quantum algorithm 

simulation on a classical computer. The program 

code implemented on a classical computer will be 

a straight connection between the mathematical 

formulation of quantum mechanics and computa-

tional methods. A computational language in-

cludes such terms as a quantum state, a superposi-

tion and other quantum operators. 
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Quantum algorithm general structure 
 

The problem solved by a quantum algorithm 

(QA) can be stated in the symbolic form:  

Input  Function f: {0, 1}n → {0, 1}m. 

Problem Find a certain property of function f. 

A given function f is a map of one logical state 

into another, QA estimates qualitative properties 

of function f. Fig. 1 demonstrates a general circuit 

description of QA. 

Three main quantum operators (as the superpo-

sition, the entanglement (quantum oracle) and the 

interference) are a background of QA structure de-

sign for implementing quantum massive parallel 

computing. Therefore, they include the matrix de-

sign form of three quantum operators: superposi-

tion (Sup), entanglement (UF) and interference (Int) 

(see, below Fig. 2).  

The structure of a quantum algorithmic gate 

(QAG) in Fig. 1 in a general form can be defined 

as follows: 

( )
1

,
h

n n m

FQAG Int I U H S
+

   =     
  (1) 

where I is an identity operator; symbol  denotes 

a tensor product; S is equal to I or H and depends 

on a problem description. The type of operator UF 

physically describes the qualitative properties of 

function f.  

Figure 2 shows QA steps including described 

qualitative peculiarities of function f and physical 

interpretation of applied quantum operators. 

The quantum circuit (Fig. 2) is a high-level de-

scription of a method for composing smaller ma-

trices using tensor and dot products in order to gen-

erate a finite QAG. 

For example, Fig. 3 represents a general ap-

proach to Grover’ QAG design [1].  

The presented HW performs all functional 

steps of a Grover’s QSA. A termination condition 

criterion is a minimum entropy-based method that 

is implemented in a digital part together with dis-

play output [2].  

There are fast algorithms to simulate most of 

known QAs on classical computers [1] and in com-

putational intelligence toolkit: 1) Matrix-based  

approach; 2) Model representations of quantum 

operators in fast QAs; 3) Algorithmic-based ap-

proach when matrix elements are calculated on de-

mand; 4) Problem-oriented approach, where we 

succeeded to run Grover’s algorithm with up to 64 

and more qubits with Shannon entropy calculation 

(up to 1024 without a termination condition);  

5) Quantum algorithms with a reduced number of 

operators (entanglement-free QA, and so on).  

In this article we briefly describe main blocks 

in Fig. 3: a) unified operators; b) problem-oriented 

operators; c) benchmarks of QA simulation on 

classical computers; d) quantum control algo-

rithms based on quantum fuzzy inference (QFI) 

 
 

Fig. 1. QA general description 
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Fig. 2. QA general structure 
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and quantum genetic algorithm (QGA) as new 

QSA types. 

 

Description of quantum operators:  

SW smart toolkit support 

 

In terms of simulation, we consider the struc-

ture of quantum operators as a superposition, en-

tanglement and interference. In this case a super-

position and an interference have a more compli-

cated structure and differ from an algorithm to an 

algorithm [3–5]. We also focus on considering en-

tanglement operators, since they have a similar 

structure for all QAs and differ only by an ana-

lyzed function [6–8]. 

QA superposition operators. In general form, a 

superposition operator is a combination of tensor 

products of Hadamard H operators with identity 

operator I:  

1 1 1 01
, .

1 1 0 12
H I

   
= =   

−   
 

The superposition operator of most QAs (see 

Fig. 1) can be expressed as:  

1 1

n m

i i
Sp H S

= =

   
=      

   
, 

where n and m are the numbers of inputs and out-

puts respectively. Operator S may be Hadamard H 

operator or identity operator I depending on the al-

gorithm. Table 1 presents the number of outputs m, 

as well as the structures of corresponding superpo-

sition and interference operators for different QAs. 

Table 1 

Parameters of superposition and interference 

operators of main quantum algorithms 

 

Algorithm Superposition m Interference 

Deutsch’s H I  1 H H  

Deutsch-Jozsa’s nH H  1 nH I  

Grover’s nH H  1 nD I  

Simon’s n nH I  n n nH I  

Shor’s n nH I  n n

nQFT I  
 

Elements of the Walsh-Hadamard operator 

could be obtained as following:  

( )
*

/2 /2,

1   1,     if  is even,1

1,   if  is odd,2 2

i j

n

n ni j

i j
H

i j

− 
  = =   − 

 (2) 

where 0,1, ..., 2 , 0,1, ..., 2 .n ni j= =  Its elements 

could be obtained by the simple replication accord-

ing to the rule presented in Eq. (2). Thus, this ap-

proach greatly improves the performance of clas-

sical simulation of the Walsh–Hadamard opera-

tors. 

Interference operators of main QAs. Interfer-

ence operators must be selected individually for 

each algorithm according to the parameters pre-

sented in Table 1; for Grover’s algorithm they can 

be written as a block matrix: 

/ 2,

/ 2 /2

1

2

1 1
1 ,

2 2

Grover n

n ni j

n n

i j i j

Int D I I I

I I
= 

 
  =  = −  =  

 

   
= − +   =   

   

 

 
 

Fig. 3. Circuit and quantum gate representation of Grover’s QSA 
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/2

, ,1

, ,2 n

I i j

I i j

− =
= 



         (3) 

where 0, ..., 2 1, 0, ..., 2 1n ni j= − = − , Dn refers to 

a diffusion operator:  
1 ( )

/2,

( 1)

2

AND i j

n ni j
D

=−
=  [9–12]. 

Note that with the increasing number of qubits, the 
gain coefficient becomes smaller.  

The matrix dimension increases according to 2n, 
but each element can be extracted using Eq. (3) 
without allocating the entire operator matrix. In a 
certain form, the operator Dn (diffusion – inversion 
about average) in Grover’s algorithm is decom-
posed as follows:  

1 0 0 0

1 1 0 1 0 0 1 11

1 1 0 0 0 1 12

0 0 0 1

n

n n

n
n

D



 

− 
 

    =      − −   
 
 

 

and can be implemented with ( ) (log( ))O n O N=  

quantum gates. In terms of efficient computation, 
it means that the form in Eq. (3) is more preferable. 

Entanglement operators of main QAs. Entan-
glement operators in a general form are a part  
of QA; the information about the function (being 
analyzed) is coded as an input-output relation. In the 
general approach to coding binary functions into 
corresponding entanglement gates, an arbitrary bi-

nary function is considered as:    : 0,1 0,1 ,
n m

f →  

such that 0 1 0 1( , ..., ) ( , ..., )n mf x x y y− −= . First, irre-

versible function f transforms into reversible func-

tion F as following:    : 0,1 0,1 ,
m n m n

F
+ +

→  and  

( )0 1 0 1

0 1 0 1 0 1

, ..., , , ...,

( , ..., , ( , ..., ) ( , ..., )),

n m

n n m

F x x y y

x x f x x y y

− −

− − −

=

= 
 

where  denotes addition by module 2. This trans-
formation creates a unitary quantum operator and 
performs a similar transformation. It is possible de-
sign an entanglement operator matrix using re-
versible function F according to the following rule: 

 
,

1 iff ( ) ,

,  0,..,0;1,..,1; .

B B

B B

F i j

n m n m

U F j i

i j
+ +

= =

  
  

 

B denotes binary coding. 
A diagonal block matrix of the form: 

0

2 1

0

0 n

F

M

U

M
−

 
 

=  
 
 

 is actually a resulted entan-

glement operator.  

Each block , 0, ..., 2 1n

iM i = −  can be ob-

tained as follows: 
1

0

,   iff ( , ) 0,

,  iff ( , ) 1,

m

i
k

I F i k
M

C F i k

−

=

=
=  

=
     (4) 

and consists of m tensor products of I or C opera-

tors, where C stays for NOT operator. 

Note that an entanglement operator is a sparse 

matrix and according to this property (4) it is possi-

ble to accelerate entanglement operation simulation. 

 

Structure of QA simulation system  

in MatLab 

 

Figure 4 shows a software system structure for 

QA simulation.  

The software system is divided into two general 

sections. The first section involves common func-

tions. The second section involves algorithm-spe-

cific functions for implementing particular algo-

rithms. 

Common functions. The common functions in-

clude: 

• superposition building blocks, 

• interference building blocks, 

• bra-ket functions, 

• measurement operators, 

• entropy calculation operators, 

• visualization functions, 

• state visualization functions, 

• operator visualization functions. 

Algorithm specific functions. Algorithmic spe-

cific functions include: 

• entanglement encoders, 

• problem transformers, 

• result interpreters, 

• algorithm execution scripts, 

• Deutsch algorithm execution script, 

• Deutsch Jozsa algorithm execution script, 

• Grover’s algorithm execution script, 

• Shor’s algorithm execution script, 

• quantum control algorithms as scripts. 

Visualization functions. Visualization func-

tions are functions that provide visualization dis-

play of quantum state vector amplitudes and quan-

tum operator structure.  

Algorithmically-specific functions. Algorithmi-

cally-specific functions provide a set of scripts for 

QA execution in a command line and tools for QA 

simulation including quantum control algorithms. 

The functions of section 2 prepare the appropriate 

operators of each algorithm and use common func-

tions as operands.  

QA simulation by a command line. The exam-

ple of the Grover’s algorithm script is presented at 

the link http://swsys.ru/uploaded/image/2024-1/Ul-

yanov.html. 

http://swsys.ru/uploaded/image/2024-1/Ulyanov.html
http://swsys.ru/uploaded/image/2024-1/Ulyanov.html
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Other known QA can be formulated and exe-

cuted by similar scripts, and using the correspond-

ing equations presented earlier [9–11]. 

Simulating QA as a dynamic system. In order to 

simulate dynamic system behavior with quantum 

effects, it is possible to represent QA as a dynamic 

system in the form of a block diagram and then 

simulate its behavior in time. Figure 5 shows an 

example of a quantum circuit Simulink diagram to 

calculate the fidelity <a|a> of the quantum state 

and to calculate the density matrix |a><a| of the 

quantum state. Bra and ket functions are from the 

common library. This example demonstrates using 

common functions to simulate QA dynamics.  

In Fig. 6, the input is ket function. The ket func-

tion output is provided to the first input of the ma-

trix multiplier and as the second input of the matrix 

multiplier. The input is also provided to the bra 

function. The bra function output is provided to 

the second input of the matrix multiplier and as the 

first input of the matrix multiplier. The multiplier 

output is an input state density matrix. The multi-

plier output is the input state fidelity. 

Figure 7 shows Simulink structure of an arbi-

trary QA.  

We can use such structure to simulate a number 

of quantum algorithms in Matlab/Simulink envi-

ronment. 

Dedicated QA emulator 

 

Developments in QA algorithmic representa-

tion are also applicable for designing QA soft-

ware emulators. A key point is reducing multiple 

matrix operations to vector operations and the fol-

lowing replacement of multiplication operations. 

This may increase emulation performance, espe-

cially for algorithms that do not require complex 

number operations, and when a quantum state 

vector has a relatively simple structure (like 

Grover’s QSA). 

The developed software can simulate 4 basic 

quantum algorithms, e.g. Deutsch-Jozsa, Shor’s, 

Simon’s and Grover’s. The system uses a unified 

user-friendly interface for all algorithms providing 

3D visualization of state vector dynamics and 

quantum operators. 

On the QA emulator launch window, you can 

choose to create a new QA model or continue  

modeling the existing one (http://www.swsys.ru/ 

uploaded/image/2024-1/13.jpg). 

If we choose creating a new model, then algo-

rithm selection dialog starts. Here we can choose 

QA and its dimensions.  

In fact, the system may operate with up to 50 

qubits and more, but, it is better to limit the number 

of qubits to 10–11 due to visualization problems. 

 
 

Fig. 4. Structure of QA simulation software 

http://www.swsys.ru/uploaded/image/2024-1/13.jpg
http://www.swsys.ru/uploaded/image/2024-1/13.jpg
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Once algorithm initial parameters are set, the 

system draws an initial state vector and selects an 

algorithm structure in the system’s main window 

(Fig. 7). 

The main window (Fig. 7) contains all infor-

mation of the emulated quantum algorithm and en-

ables basic operations and analysis. The form 

menu has an access to involved quantum operators 

(Fig. 8), and it is possible to modify input func-

tions.  

QAs have reversible nature; therefore, it is pos-

sible to make forward and backward algorithm 

steps by clicking on arrows; currently applied al-

gorithm step will be highlighted on the algorithm 

diagram. 

The emulator menu consists of four compo-

nents:  

1. Item File provides basic operations, such as 

project save/load, and new model creation inter-

face access. 

2. Item Model provides an access to the input 

function editor. 

3. Item View provides an access to operator 

matrix visualizers, including Superposition, En- 

tanglement and Interference operators. It is also 

possible to get 3D preview of algorithm state dy-

namics (Fig. 9). 

4. From Help menu there is an access to the 

program documentation. 

 
 

Fig. 5. Simulink diagram for simulating the arbitrary quantum algorithm 

 

 
 

Fig. 6. Simulink diagram for simulating an arbitrary quantum algorithm 

 
 

Fig. 7. Main window of QA emulator software  

(3 qubit Grover QSA) 
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Tabbed interface in the lower part of the win-

dow provides an access to Shannon entropy chart 

and to 3D representation of the state vector dynam-

ics, as well as to usual plain representation of the 

QA state. The tabbed area size can be modified by 

dragging a divider. A click on the divider middle 

point hides the tabbed area form the screen. 

Buttons in the middle part of the main window 

allow making steps by the currently parameterized 

QA. As it was mentioned above, the system can 

make forward and backward steps. 

If there are enough algorithm steps, then a click 

on “!” button extracts an answer from the current 

state vector.  

Depending on QA, an appropriate result inter-

pretation routine appears. 

The quantum operator visualizer displays the 

structure of involved quantum operator matrices in 

plain and in 3D representations.  

If an operator consists of a tensor product of 

smaller operators, it is possible to access sub- 

blocks of tensor products. The 3D visualizer ena-

bles zoom and rotation of the charts. 

The input function editor permits to automate 

the entanglement operator coding process as it was 

described earlier. For Grover’s QSA it is possible 

to code functions that have more than one positive 

output.  

Figure 10 shows the results of Grover QSA 

simulation with entropy criteria termination. Fi-
gures 11 and 12 demonstrate initial and final states 

of the developed software emulator with Deutsch-

Jozsa, Simon’s and Shor’s QAs.  

The QAG simulation result for the case of defin-

ing a constant or balanced function is shown in 
Figs 13, 14, correspondingly. The QAG entropy 

evaluation for both cases is also shown there. These 

results are used for QA stopping criteria below. 

The coding sample of input functions and the 
corresponding 3D representation of entanglement 

operators of Deutsch-Jozsa, Simon and of Shor’s 

algorithms are presented at the link http://www. 

swsys.ru/uploaded/image/2024-1/14.jpg.  

Figure 15 demonstrates Shannon entropy be-
havior of simulated quantum algorithms after sev-

eral algorithm iterations. It is clear that its mini-

mum is reached on minimum uncertainty states, re-

gardless a simulated algorithm. 

QA simulation results of simulated QA are pre-

sented at the link http://www.swsys.ru/uploaded/ 

image/2024-1/15.jpg, after a result interpreter. 

We presented a design method and hardware 

implementation of a modular system for imple-

menting Grover’s QSA. We also developed hard-

ware design of main quantum operators for  

 
 

Fig. 8. Plain representation  

of superposition operator 
 

 
 

Fig. 9. 3D View of 3 qubit Grover’s QSA  

state vector after two algorithm iterations 
 

 
 

Fig. 10. Shannon entropy dynamics  

after 31 steps of Grover’s QSA 

http://www.swsys.ru/uploaded/image/2024-1/14.jpg
http://www.swsys.ru/uploaded/image/2024-1/14.jpg
http://www.swsys.ru/uploaded/image/2024-1/15.jpg
http://www.swsys.ru/uploaded/image/2024-1/15.jpg
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QA gates simulation on a classical computer. 

There is a demonstration of hardware implementa-

tion of an information criteria as minimum  

Shannon entropy for quantum algorithm termina-

tion.  

These results are the background for efficient 

simulating quantum soft computing algorithms, 

robust fuzzy control based on quantum genetic 

(evolutionary) algorithms and quantum fuzzy neu-

ral networks (that can be implemented as modified 

Grover’s QSA), AI-problems as quantum game’s 

gate simulation approaches and quantum learning, 

quantum associative memory, quantum optimiza-

tion, etc., on a classical computer [12–14]. 

 

Comparing different QA simulation  

approaches 

 

Tables 2–4 shows a comparison of the devel-

oped approaches to QA simulation. In case of 

Grover’s QSA, Table 2 shows the results from four 

simulation methods. It is clear that simulation re-

sults of each method are the same, however tem-

poral complexity and the data base size may vary 

depending on an approach. The direct matrix-based 

approach is simpler, but the qubit number is limited 

to 12 qubits since operator matrices are allocated in 

PC memory. The second approach with algorithmic 

replacement of quantum gates allows increasing the 

analyzed function degree (number of qubits) up to 

20 or more. The problem-oriented approach permits 

quantum gate applications operating directly with 

the state vector. This exponentially decreases the 

number of multiplications, and therefore allows run-

ning Grover’s algorithm on a PC. 

If we use this approach, it is possible to allocate 

a state vector in PC memory containing 25–26 

qubits. An extreme version of Grover’s QSA is an 

approach when the state vector is allocated as a 

sparse matrix, taking in consideration that with no 

 
 

Fig. 11. Initial state of QA emulator for simulating: (a) Deutsch-Jozsa QA, (b) Simon’s QA, (c) Shor’s QA 
 

 
 

Fig. 12. Final state of QA emulator for simulating: (a) Deutsch-Jozsa QA, (b) Simon’s QA, (c) Shor’s QA 
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decoherence, most of the values of the probability 

amplitudes are equal, and thus there is no need to 

store all of the state vector but only the different 

parts, which are equal to the number of searched 

elements +1. Thus, excluding memory limitations, 

we can simulate up to 1024 qubits or more with 

only limitation caused by a floating point number 

representation (with larger number of qubits, prob-

ability amplitudes after superposition approach to 

machine zero).  

 
 

Fig. 13. Deutsch quantum algorithm simulation: 2d algorithm dynamics. Constant functions 
 

 

 

Fig. 14. Deutsch quantum algorithm simulation: 2d algorithm dynamics. Balanced functions 

 

 
 

Fig. 15. Shannon entropy dynamics: (a) Deutsch-Jozsa QA, (b) Simon QA, (c) Shor QA 
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In the case of Deutsch-Jozsa algorithm simula-

tion, Table 3 shows three simulation approaches. 

In this case, the direct matrix-based approach has 

the same limitations as Grover’s algorithm, and  

Table 2 

Results from different approaches for Grover’s QSA simulation 
 

 
 

Table 3 

Results from different approaches for simulation of Deutsch-Jozsa’s QA 
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a PC allows an order up to 11 qubits. The algorith-

mic approach allows up to 20 qubits or more qubits. 

The problem-oriented approach with compression 

gives the same result as Grover’s algorithm. 

In case of Simon’s and Shor’s quantum algo-

rithms, Table 4 shows a different algorithm struc-

ture. The matrix-based approach allows simulating 

up to 10 qubits, the algorithmic approach allows 

simulating up to 20 qubits or more.  

Tables 2–4 summarizes the above approaches 

to QA simulation. The high-level structure of 

quantum algorithms can be represented as a com-

bination of different superposition entanglement 

and interference operators. Then depending on al-

gorithm, we can choose a corresponding model 

and an algorithm structure for simulation. Depend-

ing on a current problem, we can choose (if avail-

able) one of the simulation approaches and simu-

late quantum systems of different orders. 

The analysis of quantum algorithm dynamics in 

terms of Shannon information entropy is presented 

at the link http://swsys.ru/uploaded/image/2024-

1/Ulyanov1.html. 

An assessment of the of Shannon entropy be-

havior results for different qubit numbers (1–8) in 

Shor’s QA is shown in Fig. 16. 

 
Conclusions 

 

Efficient simulation of QAs on a classical com-

puter with a large number of inputs is a difficult 

problem. For example, to directly operate 50 

qubits with a state vector only, it is necessary to 

have at least 128 TB of memory. This paper con-

siders such important example as Grover’s QSA 

and demonstrates the possibility to override spati-

otemporal complexity to perform QA efficient 

simulation on classical computers. We propose an 

effective modelling method with information anal-

ysis of the quantum search and decision-making 

algorithm structures in order to eliminate redun-

dancy for practical implementation of the simula-

tor on a classical structure computer. As an exam-

ple, we show the method of modeling Grover's 

quantum search algorithm with stopping the search 

for a good solution based on the Shannon infor-

mation entropy minimum principle. 

 
 

Fig. 16. Optimal number of iterations  

for different database sizes 

Table 4 

Results from different approaches for simulation of Simon and Shor’s QA 
 

 

http://swsys.ru/uploaded/image/2024-1/Ulyanov1.html
http://swsys.ru/uploaded/image/2024-1/Ulyanov1.html
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Аннотация. Платформой квантовой программной инженерии являются методы квантовых вычислений, теория 

квантовых алгоритмов и квантовое программирование. Развитие этих направлений зависит от технологической 

структуры разработки нанотехнологий для аппаратного оформления различных конфигураций. Промышленный 

квантовый компьютер для реальной программной инженерии ожидается примерно через 10–30 лет, и это связано 

с преодолением ряда технологических трудностей при реализации аппаратных средств, а также с фундаменталь-

ной трудностью устранения физического явления декогеренции и коррекции ошибок в квантовых компьютерах 

ближайшего будущего. Открытым ключевым вопросом в квантовых вычислениях является поиск квантовых алго-

ритмов, потенциально обладающих значительным преимуществом и превосходством над классическими алгорит-

мами для задач, представляющих практический интерес. Поэтому на современном этапе разрабатывается подход 
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к созданию структур квантовых алгоритмов для квантовых симуляторов с возможностью эффективной реализации 

на компьютерах с классической архитектурой. В данной статье предложен эффективный метод моделирования с 

информационным анализом структур квантовых алгоритмов поиска и принятия решений с целью устранения из-

быточности для практической реализации симулятора на компьютере с классической структурой. В качестве при-

мера продемонстрирован метод моделирования алгоритма квантового поиска Гровера с остановкой поиска хоро-

шего решения на основе принципа минимума информационной энтропии Шеннона. Приведены примеры модели-

рования принятия решений, демонстрирующие эффективность разработанного подхода в квантовой программной 

инженерии и интеллектуальной управляющей робототехнике. 

Ключевые слова: программный эмулятор, квантовый алгоритм, квантовая программная инженерия, квантовые 

вычисления, квантовый симулятор, минимум информационной энтропии Шеннона, критерий останова 
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