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Abstract: 

Quantum computing is considered as good mixture of quantum physics, computer 

science and information theories. This paper introduces fundamentals needed to 

understand different layers associated with quantum computing some of them are 

superposition, entanglement, quantum gates and circuit models like Grover’s 

algorithm, Shor’s algorithm. Thereafter, it will elaborate hurdles encounter in 

constructing a quantum computer like Constructing, verification, architecture, 

quantum error correction, compiler and programming issues. Finally some of the 

applications like quantum cryptography is discussed. 
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I.  INTRODUCTION 

The evolution of quantum computing was initiated 

by Moore's law, which says that complexity of IC's 

doubles every 1.5 years. Quantum effects will play a 

vital role in modeling of tiny transistor by exploiting 

fundamental phenomenon of quantum physics like 

superposition and entanglement. The quantum 

computer has a ability to outperform in solving 

complex problems like factoring large number, 

computation of triangles in a graph, searching 

databases and simulating physical systems. 

The major challenge here is precise valuation of the 

resource needed for expressing quantum based 

algorithms like execution of gates used and number 

of qubit required. The basic fundamental storage unit 

is quantum bit (Qubit). Qubit in more general sense 

is a two state variable zero and one, written as |0> 

and |1> respectively. It might be either logical qubit 

(Quantum variable encoded as a collection of 

physical qubit) or physical qubit (A true two-level 

system like, single photon polarization or spinning 

directions of electron). The only difference that 

make qubit different from bit is superposition of two 

known state. 

The qubit in Bra – Ket Notation is expressed as | x >:    

| x > = a | 0 > + b |1 >  …………. (1) 

In expression 1, a along with b are considered as 

complex quantity, |a|2 is square of amplitude “a” 

which  express probability of observing the qubit in 

the state 0, |b|2 is square of amplitude “b” which  

express probability of observing the qubit in the state 

1. The |a|2 + |b|2 = 1 implies the available qubit must 

be exist in any one of the state [1]. < ; || ; > is known 

as Bra-Ket symbol introduced by Dirac in quantum 

mechanics. 

 

Fig.1   Bloch sphere picture of qubit 

The Bloch sphere geometrically express the pure 

state available space for a two-level quantum 

system. A single qubit process is explained as 

rotation about 3-dimensional axes like x, y, z of 

Bloch sphere. In quantum computing n qubit will 
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exist as superposition of all possible 2
n
 states, 

written as: 

|x> = a0 |0....00> + a1 |0....01> + .......... a(2
n
 - 1 ) 

|1....11>  ...(2) 

In expression (2) ai corresponds to complex number 

and summation of |ai|
2
 = 1.An Depiction of 3- qubit 

state is   

| x > = 1/(2√2) {( |000> + |001> + |010> + |011> + 

|100> + |101> + |110> + |111> )}  ………(3) 

Another important concept to understand is 

entanglement which is a special evidence related to 

superposition of many qubits where the united qubit 

states is impossible to decompose as multiple of 

specific states. Central idea of n-qubit superposed 

states involve storing of 2
n
 various states and operate 

simultaneously on all of states at the single time 

which leads to exponential speed up .Suppose if we 

have told that Person X and Person Y qubits are 

given by 

1∕2 |a0 >|b0 > +1∕2 |a0 > |b1 > +1∕√2 |a1 >|b0 > + 0|a1 > | 

b1 >...(4) 

Then computation of the products of the outer along 

with inner probability will be there. The product of 

the outer terms will be zero. The product of the inner 

terms will not be equal to zero, the 2 qubits are said 

to be entangled. Normally both Alice and Bob will 

make measurements. Another approach is we can 

make use of the probability amplitudes to inform us 

what happens when both Alice and Bob compute 

their qubits. They will get 00 with probability 1/4, 01 

having probability 1/4, 10 having probability 1/2, 

and 11 with probability 0. We observe that there is 

nothing strange happening. This is exactly the same 

calculation as observed in untangled case study. 

[1][2][3][4] 

II.  QUANTUM GATES (QG) 

Quantum algorithms normally explained in terms of 

computational circuit which includes information 

qubits  and quantum gates operating on them. All 

quantum gates obey unitary and reversible 

conditions. 

 
Fig 2. Quantum gates: Symbol, matrices and 

description [11] 

III.  FAULT TOLERANT CALCULATION AND QUANTUM 

ERROR CORRECTION (QEC) TECHNIQUE: 

Existing quantum technologies are subjected to error 

prone because qubit gets effected by decoherence 

(Loosing information due to interaction with 

surrounding environment). There are different ways 

in measuring decoherence, some of them are 

amplitude damping and phase damping. The 

quantum gates presently exhibit error rates around 

10
-2

, to run large scale quantum circuit this error 

rates should get reduced to 10
-12

 to 10
-15

.The 

quantum information is secured by quantum error 

correction code (QECC) and looking after the errors. 

The entanglement will help in encoding data qubit 

and errors are identified by error syndrome 

measurement (ESM) and using ancilla bits. Once the 

error occurred is detected, it will be decoded by 

classical control electronic circuitry. Most 

commonly surface codes are used in error correction 

because of its simple structure which fits for most of 

the quantum technologies. Planar based and defect 

based surface codes are different ways of encoding 

single logical bit. By increasing the code distance 
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error rate can be reduced considerably and higher the 

distance more robust the system will be obtained. 

[7][6] 

IV.  SYSTEM VIEW OF QUANTUM COMPUTER 

 
 

Fig 3. System View of quantum computer 

The above mentioned diagram introduce the top 

level programming explanations of quantum 

algorithms for existing physical operation on 

available processor. At top level the known quantum 

algorithms like Grover’s, Shor's algorithm will be 

formulated then compiler will convert those 

quantum algorithms into native instruction sets 

which will be easy to execute. The micro level 

design will give hardware based control logic circuit 

needed for running instruction. 

The need of quantum computer simulators is useful 

for design and testing of available algorithms, it has 

become easy to check accuracy and predict behavior 

in original quantum computer in the presence 

quantum noise. The assembly level language helps 

in describing quantum circuits easier. The validation 

of physical qubit layout with protocols and examine 

hardware - software co design helps in improvement 

of software and hardware infrastructure. [5][8] 

The above mentioned features are condensed into 

following points: 

1. QASM is a expressive programming language 

which helps programmers to represent circuit in easy 

and straight way, including parallelism. 

2. The programming interface helps to validate 

quantum circuit, algorithms. 

3. The provision to use different quantum noise 

models 

4. High performance providing quantum algorithm 

simulations. 

V.  QUANTUM COMPUTER SIMULATOR DESIGN 

 

Fig 3. Quantum computer simulator design 

Suppose if there is unavailability of large physical 

quantum computer, the high precision software 

simulation environment of quantum computers on a 

classical computers is much needed to perform 

simulation and execution of available quantum 

algorithms and to understand the behavior of a 

quantum computer and QX is one of the simulation 

platform to execute algorithm and to improve its 

design.[5] 

The above mentioned figure represents the QX 

simulator architecture overview : 

1. The Quantum Code Loader (QCL) takes given 

input codes and create equivalent circuit model. It 

also give provision to take execution variables such 

as error model and quantum gate scheduling scheme. 

2. Main part of architecture includes the execution 

components like quantum gates, quantum circuits 

and qubit registers. 

3. The error models helps in executing quantum 

circuits in noisy environment. 
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4. Fault tolerant modules will produce fault tolerant 

circuit. 

5. The linear algebra layer implements matrix/vector 

operation focusing on efficient usage of operators 

6. Supports XPU parallel execution runtime at thread 

and instruction level. 

Grover's search algorithm: 

Grover’s search algorithm outperforms operation 

quadratically sooner than known existing methods. 

Suppose there exist single answer like a 

deterministic brute force search takes total of ((2
n
 ) 

−1) questions. The known classical method finds a 

answer with probability of 2/3, should make Ω(2
n
) 

queries in extreme case. The Grover's algorithm will 

take only f (√(2
n
)) = f(2

(n/2)
) queries [3].  

Steps followed are: 

1. Begin with available n-qubit state | 00...0 >.  

2. Use n-qubit Hadamard gate (H) to ready the state 

1 √N|ψ> =   | x >  (𝑤ℎ𝑒𝑟𝑒 𝑁 = 2^𝑛)𝑁−1
𝑥=0  .  

3. Make use of the Grover iterate (G) a overall of [  π 

/4 1√N ]  times. 

4. Then measure the final resulting state. 

Shor's Algorithm used for prime factorization: 

1. Let us consider number n = p*q be a multiple of 

two primes.  

2. Let us consider x be a nontrivial square root of 1 

mod n  

3. x
2
 ≡ 1 (mod n), where x not equal to ±1 (mod n).  

4. These conditions tell us that 1 < x < n−1 and x
2 

−1 

= (x + 1)(x−1) ≡ 0 (mod n).  

5. Consider the greatest common divisors gcd(x + 1 , 

n)      gcd(x−1  , n). At least one of these must be a 

nontrivial factor of n since 1 < x < n−1.  

 

Shor’s algorithm prime factorizes by finding such 

an x: 

The algorithm follows 

1. Select a random integer a < n. If GCD(a,n) not 

equal to 1, then we lost balance to a nontrivial factor 

of n.  

2. Find the period “r” of the function f(k) = a
k
 (Mod 

n). In other words, we want a
r
 to be the identity, with 

a
r
 ≡ 1 (mod n).  

3. Notice that if r is even, we let x = a
(r/2)

. And if x 

satisfies x not equal ±1 (mod n), then we can obtain 

nontrivial factors of n. [2] 

 

VI.  QUANTUM CRYPTOGRAPHY 

Here we will look into one of the application of 

quantum computing weather quantum cryptography 

will replace classical method. The first quantum 

cryptography we will study is known as BB84 

protocol.  There are 3 key ideas of BB84 QKD [9]: 

1. No-cloning theorem which explains quantum 

states will not be stolen or reproduced. So that 

person X will not tap a quantum communications 

channels and quantum state to generate the copy of 

key for himself and send the true copy down the line 

to other person Y.  

2. Any measurement makes to state to collapse.  

The main part of QKD is various base numbers can 

be utilized to generate a string of bit. When the 

measurements done for given base number the 

process will lead to state collapse. So the main 

conclusion is extractings little message/ information 

about the state will create disturbance in systems 

state.  

3. Measurements are irreversible.[1][4] 

VII.  CONCLUSION 

In this addresses the basic quantum gates used to 

build quantum algorithms (Grover’s and Shor’s). 

Later we have discussed major challenges involved 

to build quantum computers like significant memory, 
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designing of basic level languages to introduce 

quantum circuits and proper simulation environment 

like system tools with runtime support for routing. 

Finally the well-known quantum algorithms are 

discussed. Preparation of this article is motivated by 

the ability of quantum computers to solve intractable 

classical problems. 
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