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Abstract: Current quantum computer simulation strategies 
are inefficient in simulation and their realizations are also failed 
to minimize those impacts of the exponential complexity for 
simulated quantum computations.  We proposed a Quantum 
computer simulator model in this paper which is a coordinated 
Development Environment – QuIDE (Quantum Integrated 
Development Environment) to support the improvement of 
algorithm for future quantum computers. The development 
environment provides the circuit diagram of graphical building 
and flexibility of source code.  Analyze the complexity of 
algorithms shows the performance results of the simulator and 
used for simulation as well as result of its deployment during 
simulation. 
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I. INTRODUCTION 
Simulating global quantum computers in traditional, 

classical digital systems is a giant task. By escalating the 
quantum computer qubits by the factor of one doubles the 
amount of memory required for the digital computer. There 
are only a few digital computers in the world which 
performs such calculations but it needs large amount of 
memory and processors that can be used effectively in 
today's parallel architecture to do simulations. Usually this 
type of calculations carried with the help of super computers 
only. 

The fields of quantum computing have been formed on 
later days only to analyze the outcomes [7] and [8] from 
claiming test realizations for Shor’s Prime factorization 
calculation [4]. Additionally, the main prototypes of a 
quantum central processing unit are assembled together. In 
spite of these limitations, there may be a convincing reason 
to quantum PC simulators which helps to learn and develop 
algorithms for future quantum computers. The theory at the 
back of quantum computing and information has advanced 
till beyond any physical execution. Many theoretical 
performance bounds and capabilities of complex algorithms 
have been established. Hover, scientists have developed 
simple physical realizations of quantum computers at best. 
Quantum computer simulation will help to link the disparity 
between high-level algorithms and quantum computer 
assembly.  
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In due course, the expectation is to optimize the layout of 
qubits and other physical components analogous to bits, 
circuits, and gates in traditional computers. Since simulating 
quantum information requires exponentially more 
processing and resources on traditional computers. To 
execute that efficient algorithms are needed. So the 
developed algorithms create single qubit gates and 
controlled qubit gates that are moderately faster than the 
algorithms that other quantum simulators use. The 
algorithms ire developed and analyzed in Mat lab. 

A machine described by quantum theory is defined as 
Quantum computer. The basic storage unit of a quantum 
computer is represented by a two-level system called qubit 
in uncomplicated form. The status of the qubit is signified 
by a two dimensional vector                         , 
Where     and     denotes two orthogonal basis vectors of the 
two dimensional vector space and a0 ≡ a (0) and a1 ≡ a (1) 

are complex number which is to be normalized such that 
|a0|

2 + |a1|
2 = 1. The interior condition of a quantum 

computer comprises of ‘N’ qubits which is described by a 
two dimensional unit vector of complex numbers                  
                                  
  1…101…10+  1…11   1…11 ,  Where  =02L− 1  2=1 , 
this can be achieved by rescaling the complex valued 
amplitudes ai , we standardize the vector      such that  
       . 

This paper discusses an assessment result of the most 
important techniques in the existence as well as their 
realization. Based upon our knowledge, the illustrated 
simulators entirely not help to uncover the proficient and 
suitable way of learning quantum algorithms. Each 
simulator provided with Application Programming Interface 
(API), a complex console interface and reduces the 
Graphical User Interface (GUI) [9]. So, we proposed a new 
environment to integrate the adaptability of Application 
Programming Interface (API) to implement the graphical 
Integrated Development Environment (IDE). This is very 
helpful to learn, develop and evaluate the quantum circuits. 
The assessment is done on different methodologies to 
minimize the effect on the exponential complexity of the 
simulator. The data structure is investigated which is used to 
accumulate quantum state and analyzing algorithms. Next, 
the performance results of the simulator are also illustrated. 
Consider a problem that is defined in terms of   (unknown) 
values            . The probabilistic query complexity of 
a problem is the minimum number of times that an 
algorithm has to consider the string              to solve 
the problem with high probability. A classic example of this 
setting is the calculation of the OR of   bit values. Here the 
question arises is whether there is an index   with       .  
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The classical query complexity of this   task is , whereas 
in the quantum setting we only need      calls to   in order 
to solve the problem. We therefore say that there is a 
‘quadratic’ separation between the classical and the quantum 

query complexity of the OR functions. The tasks which 
allow a quantum reduction [10] in the query complexity is a 
central one in quantum complexity research. The reason 
why quantum algorithms sometimes require fewer queries 
lies in the superposition principle of quantum mechanics. A 
single call   to the function   establishes the 
evolution                 , which results best in classical 
computation from a   - query. But by the rules of quantum 
mechanics, we can also consult   in superposition. 

II. LITERATURE SURVEY 

Scott Aaronson et al.  [9] discussed about the problems 
faced by the architect in the quantum computer. They 
propose a quantum simulation circuit which consists of 
CNOT, Hadamard and phase gate to perform simulation 
effectively and efficiently on traditional computer.  It 
supports for the simulation by removing the noise in the 
Gaussian elimination at the cost of increasing the factor two 
in the number of bits needed to represent a situation.  

Charles H. Bennett et al.  [5] stated the difficulty in the 
classical cryptosystems which all are made up of full of 
assumptions and mathematical calculations. In the 
information theory concepts, the conventional secret key 
cryptosystems is not fully secure until unless the key which 
is shared among the systems was used only once. To get rid 
of this trouble they proposed a protocol called as coin 
tossing in which the exchange of quantum messages 
happens with limited number of keys sharing.  

Hans De Raedt et al.  [5] deals with the memory and 
processing speed of normal computer to super computer 
with the quantum calculations. For this they proposed a 
simulator called Julich universal quantum computer 
simulator. This follows a quantum gate circuit for quantum 
computing which can be represented as a sequence of matrix 
vector process involving sparse matrix. It also requires only 
a few number of arithmetic calculations used to revise the 
coefficient of the wave functions. 

III. INNOVATIVE QUANTUM COMPUTING 
SIMULATOR 

This paper suggests the Quantum Integrated 
Development Environment that helps to learning, 
understanding and examining the quantum algorithms. In 
addition, its performance should be sufficient to execute the 
algorithms in a reasonable time on standard Personal 
Computers. It is applied to set of applications, such as the 
quantum algorithms like Shor’s factoring algorithm [2] and 
Grover’s database search. Basic knowledge of quantum 
information and computation theory should be 
understandable of this simulator. 

The principle functional requirements of the simulator 
include providing and dealing the quantum registers and 
quantum gates and perform the actual computations. The 
proposed simulator should support classical computations 
[5] and combining quantum, building custom computation 
subroutines out of the elementary gates, review the internal 
state of the simulated quantum system and its execution. 

IV. QUIDE ARCHITECTURE 

QuIDE comprises of the layers which isolate the 
application foundation from the interface presented to the 
client. This is attained by the Model View View - Model 
(MVVM) compositional configuration design [3], which is 
represented in Fig. 1. Every layer integrates segments that 
are in charge of giving particular application capacities. The 
View layer contains no business foundation. It is in charge 
of showing the GUI taking into account the information 
from the View - Model layer and in addition to that it passes 
the client's activities on to the View - Model layer. The View 
- Model upgrades the Model by taking into account the 
client's activities into the View layer. It likewise interprets 
information from the Model, so it can be shown by the View 
layer.  The Model is the application foundation layer. It is in 
charge of communicating to the quantum circuits and 
performing calculations. It equally actualizes the supporting 
functional elements of the test system, for example, source 
code from the quantum circuit. 

 

Fig.1. Model View View Model 
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V. ANALYSIS OF SIMULATION COMPLEXITY 

A. Single Qubit Gates 

To accumulate space at the cost of process time, a single 
qubit gate   is generated from a 2 x 2 matrix and   
corresponds to the process to perform on a particular qubit. 
Diverse quantum computer simulators construct matrix 
representations of single qubit gates over the entire   qubit 
register by using (1) as follows,   
                                (1) 
Where   the number of qubits is,   is the process applies to 
the   th qubit, and   is a 2 x 2 identity matrix. At this instant, 
we call the   th qubit to the target qubit (target = i). This 
equation interpreted into Mat lab code as follows. 

In this code, kron (x, y) calculates the Kronecker tensor 
product of x and y, and speye (m, n) generates m x n sparse 
identity matrix.  

if (target == n)  
 gate = kron (speye (                  , U); 
else if (target == 1)  
 gate = kron (U, speye (                 ));  
else  
 gate = kron (speye (                             , 
U);  
 gate = kron (gate, speye (                    
       ));  
end 

This algorithm is equal to creating a 2 i - 1 × 2 i - 1 identity 
matrix, make sure that identity matrix with the 2 x 2 matrix 
 , and then ensuring the result with a 2 n - i × 2 n - i identity 
matrix. Note down the reason to store gates as sparse 
matrices, which is only to process on non-zero values. In the 
worst case, that is     th qubit, the algorithm executes 2 (n + 
1) multiplications and has two function calls. When the 
target qubit,  is either the   st (or) the   th qubit,   also need 2 
(n + 1) multiplications but   only executes one function call. 

B. Time Complexity 

The above stated algorithm demonstrates the design about 
process on the quantum status. Each quantum process in 
QuIDE is accomplished by using iterative statement “for” 

and also the condition statement “if”. It iterates to all over 
the entries in the dictionary to represent state vector. For the 
decision of swapping the pairs of rows and columns, we 
simply find the pairs of tuples which have control bits equal 
to 1, different values for target bits in the same location, and 
same values for all other bits. The pair of numbers 
corresponding to the each tuple pair is the rows and columns 
that require swapping. It takes         . The time taken for 
an algorithm was stated below in Table - I. 

 
Table – I Execution Time of an algorithm 

Number 
of qubits 

Target = first 
qubit (sec) 

Target = last 
qubit n (sec) 

Target = middle 
qubit n/2 (sec) 

14 2.97 2.76 1.77 
15 6.01 5.72 3.93 
16 12.3 11 7.69 
17 25.3 24 14.9 
18 62.5 50 30.0 
19 138 107 75.7 
20 285 213 151 
21 505 464 310 

22 1110 1040 637 
23 2230 2100 1280 

C. Space Complexity 

The quantum system’s status vector is stored in the 
database and used to signify the quantum calculations only 
for the data structure. It also reveals the present situation 
that in which those amplitudes are non-zero would put away 
in the word reference. In   th qubit, quantum framework is 
of the pure basis and the dictionary size of one is sufficient 
to store the data and its takes          . 

D. Implementation 

Consider    persons, each of whom at first knows one 
secret, with no two people knowing the same secret. Each 
day, two people selected unvaryingly at arbitrary meet and 
swap over all the secrets they know. Now the experiment 
starts on what is the likely number of days until everyone 
knows everyone else’s secrets? By instinct, the answer is  
         , since any given person has to wait       days 
between meetings, and at each meeting, the number of 
secrets he knows approximately doubles (or) near to the end, 
the number of secrets he doesn’t know is roughly cut in two. 
Replacing persons by qubits and meetings by OR gates, we 
see a ‘segment transition’ from a thin to a thick 
representation, occurs after           arbitrary gates are 
applied. On the other hand, this argument does not hold 
down the proportionality constant, so that is we varied 
throughout in the experiment.  

The results of the experiment are shown in Fig. 2. When 
     , the time per measurement appears to grow 
approximately in a linear form  , whereas when       
then the time per measurement appears to grow 
approximately in a quadratic form, so that executing the 
simulation took four hours of computing time. Thus, Fig. 2 
clearly explains the ‘segment transition’ in simulation time, 

as increasing the number of gates by only a stable factors, 
alters the status from a system of simple states that are easy 
to quantify, to a system of complex states that are tough to 
quantify. 

 

 

Fig. 2. Average time needed to simulate a measurement 
after applying          gates to   qubits 
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VI. CONCLUSION 

This paper discusses with the simulation atmosphere to 
support well-organized and convenient learning and building 
the quantum computer algorithms. This methodology 
assessed existing quantum computer techniques and their 
prominent usage. The basic features of the prompt 
atmosphere concerning the convenient learning are: 
Graphically with a alteration between both approaches of 
algorithm, Helps to build quantum algorithms via source 
code and Systematic execution with the step back option to 
review the actual quantum state. In regards to that 
effectiveness criterion, the assessment of the execution done 
and compare with the existing simulators. QuIDE exhibits 
the creation of a usable tool, which have been effectively 
utilized to educational purposes. The one of the best 
currently available tools of this type is the performance and 
functionality. 
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