
© April 2025 | IJIRT | Volume 11 Issue 11 | ISSN: 2349-6002 

IJIRT 174583   INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY          189 

A Review Paper on Quantum Computing  
 

 

Mrunali.R.Pol1, Mrudula.R.Pol 2, G.S.Salokhe3 

1-2 UG Student, 3Assistant Professor(BSIET) 

Department of Artificial Intelligence and Machine Learning 

Dr. Bapuji Salunkhe Institute of Engineering and Technology, Kolhapur, India 

 

Abstract: Quantum computing is a fast-developing 

technology that utilizes the rules of quantum mechanics 

to compute intractable problems for classical 

computers. The possibility of quantum computers to 

transform cryptography, optimization, artificial 

intelligence, and materials science has generated strong 

research and development across the globe. Unlike the 

traditional computing system based on binary bits to 

denote information, quantum computing employs 

quantum bits or qubits, which may be in various states 

at once owing to superposition and entanglement 

effects. Through such features, quantum computers can 

undertake calculations that might take inordinately 

long in classical systems, possibly resulting in 

exponential acceleration of specific applications. 
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I. INTRODUCTION 

Quantum computing is a new paradigm that uses the 

principles of quantum mechanics to make 

computations in fundamentally different ways, with 

the promise of being able to solve problems that are 

now out of reach for classical computers. Classical 

computers, based on bits to represent information as 

either a 0 or a 1, are constrained by their binary nature 

and the inefficiencies inherent in some computational 

processes. By contrast, quantum computing employs 

quantum bits, or qubits, which are capable of existing 

in several states at the same time, owing to the 

phenomena of entanglement and superposition. This 

quality allows quantum computers to compute 

enormous amounts of information in parallel and, in 

some cases, to provide exponential speedups. The 

origin of quantum computing is traced to the efforts 

of physicists like Richard Feynman and David 

Deutsch in the 1980s, who discovered that quantum 

mechanics could be exploited for computational uses. 

Quantum computing has since developed into a fast-

growing area of research, gaining interest from 

academia, industry, and government institutions. 

Quantum algorithmic theoretical breakthroughs like 

Shor's algorithm for factorization of integers and 

Grover's algorithm for unstructured search proved 

that quantum computers would be superior to 

classical computers in certain areas, creating a surge 

of interest in applying them practically. 

Fundamentally, quantum computing is based on a 

group of quantum mechanical principles that allow its 

characteristic computational capabilities. 

Superposition enables qubits to be in a mixture of 0 

and 1 states simultaneously, while entanglement 

allows qubits to be correlated in a manner such that 

the state of one qubit is necessarily connected with 

the state of another regardless of distance between 

them. These effects, in combination with quantum 

interference, enable quantum computers to test many 

solutions at once and, in certain situations, determine 

the correct solution more effectively than classical 

approaches. 

II. FUNDAMENTAL PRINCIPLES OF 

QUANTUM COMPUTING 

 

Quantum computers rely on some basic principles 

that have been obtained from quantum mechanics. 

These are: 

1. Superposition: Qubits can exist in a superposition 

of states. While classical bits are either 0 or 1, a qubit 

can be in a state that is simultaneously 0 and 1. This 

allows quantum computers to calculate many 

possibilities at once, significantly speeding up certain 

types of computation. 

2. Entanglement: When two qubits are entangled, 

their states become correlated in a way that the state 

of one qubit cannot be specified separately from the 

other, even though they can be physically separated. 

This property is useful for quantum algorithms and 

quantum communication. 
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3. Quantum Interference: Quantum interference 

allows quantum algorithms to raise the probability of 

correct results and reduce incorrect ones. The feature 

is utilized in quantum computing to improve 

algorithm efficiency. 

4. Quantum Measurement: Upon measurement, a 

qubit reduces from a superposition to one of the 

possible outcomes (0 or 1). Measurement introduces 

an essential indeterminacy to quantum computing but 

enables useful information to be obtained.  

 

III. QUANTUM COMPUTING MODELS 

 

Many models and algorithms have been suggested to 

exploit quantum computation. 

1. Quantum Turing Machine:  A theoretical 

framework to comprehend the computational 

capability of quantum systems. 

2.  Quantum Circuit Model:  A popular model for 

real-world quantum computing with sequences of 

quantum gates. 

3.  Quantum Annealing:  An approach utilized to 

determine the global minimum of a function, utilized 

mainly in optimization issues. 

4.  Topological Quantum Computing:  A framework 

that employs anyons and braiding to execute quantum 

computation, providing potential immunity from 

some kinds of errors. 

 
 

IV. KEY QUANTUM ALGORITHMS 

 

A number of quantum algorithms have 

been suggested that promise possible exponential 

speedups over their classical equivalents. Some of the 

most important quantum algorithms are:  

 

1. Shor’s Algorithm: 

 
Developed by Peter Shor in 1994, Shor's algorithm is 

a quantum integer factorization algorithm. 

It can potentially break popular cryptographic syste

ms, like RSA encryption, by factoring large numbers 

exponentially more quickly than the best known 

classical algorithms.  

 

2. Grover’s Algorithm: 

 
Grover’s algorithm, developed by Lov Grover in 

1996, offers a quadratic speedup for searching 

problems with unsorted databases. It is not 

exponentially faster like Shor’ s algorithm but is 

nevertheless a much greater improvement over 

algorithms used for classical search. 

 

3. Quantum Fourier Transform (QFT): 

 
Quantum Fourier transform is a quantum analogue of 

the classical Fourier transform, employed in Shor’s 

algorithm for number factorization QFT is also 

crucial in numerous other quantum algorithms and 

quantum signal processing. 
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4. Quantum Approximate Optimization 

Algorithm(QAOA):  

 
QAQA  is  a  quantum classical hybrid algorithm 

whose purpose is to solve combinatorial optimization 

tasks. It has the potential to be used in areas like 

solving Max-Cut problems and has real-world 

applications in finance and logistics. 

 

V. CHALLENGES IN QUANTUM 

COMPUTING 

 

In spite of quantum computing's hypothetical 

benefits, a number of main challenges persist in 

constructing functional, scalable quantum 

computers: 

1. Decoherence and Noise: Quantum states are 

susceptible to decoherence, and they can be disturbed 

easily by outside influences. Quantum error 

correction is a critical field of research to curb the 

impact of decoherence and noise in quantum circuits. 

2. Scalability: Large-scale quantum computers need 

a large number of entangled qubits that work stably. 

Today's quantum computers are in the "Noisy 

Intermediate-Scale Quantum" (NISQ) regime with 

tens to a few hundred qubits, which is not sufficient 

to solve big, complicated problems. 

3. Quantum Error Correction: Quantum error 

correction codes are vital to the robustness of 

quantum computations against errors. Quantum error 

correction, though, demands a high cost in qubits, 

posing a tough problem for quantum computer 

design. 

4.\tQuantum Hardware: There are a number of 

technologies that are currently being researched for 

quantum computers, such as superconducting qubits, 

trapped ions, topological qubits, and quantum dots. 

Each method has its pros and cons, and hardware 

selection is most significant in determining the future 

of quantum computing. 

 

VI. QUANTUM COMPUTING HARDWARE 

 

 
There are numerous methods of quantum computer 

construction, each with a different advantage and 

challenge. The primary hardware platforms under 

development for quantum computing are: 

1. Superconducting Qubits: Superconducting qubits 

are the most researched so far. IBM and Google have 

made great leaps in this direction. They employ 

superconducting circuits and are controlled with 

microwave pulses. 

2. \tTrapped Ions: Trapped-ion quantum computers 

like those from Honeywell and IonQ employ lone 

ions trapped inside electromagnetic fields. Lasers 

drive the manipulation of the ions. This technology 

excels in its precision but also suffers from challenges 

of scalability. 

3. Topological Qubits: Topological quantum 

computing seeks to employ special particles known 

as anyons to create qubits that are less prone to errors. 

Microsoft is heavily committed to this methodology, 

albeit one that is highly theoretical at the moment. 

4.  Quantum Dots: Quantum dots are qubits based on 

semiconductors that are under investigation for their 

scalability and integration with current technology. 

 

VII. QUANTUM ERROR CORRECTION AND 

FAULT TOLERANCE 

 

 
Quantum systems are very prone to noise and errors 

caused by decoherence and other quantum 

mechanical phenomena. This part discusses the 

problem of constructing fault-tolerant quantum 

computers and quantum error correction techniques, 

including: 
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1. Shor Code and Steane Code: The first quantum 

error correction codes. 

2. Surface Codes: Perhaps the most hopeful error 

correction code for near-term quantum 

computing. 

3. Quantum Fault Tolerance: Techniques that allow 

quantum computers to function regardless of 

unavoidable errors in quantum gates. 

 

VIII. CHALLENGES AND LIMITATIONS 

 

 
 

Although quantum computing promises vast 

capability, there are huge challenges to be overcome: 

1. Scalability: Today's quantum computers possess 

no more than a handful of qubits, but they should 

have thousands or even millions of qubits to 

address problems in real life. 

2. \tNoise and Decoherence: Qubits are susceptible 

and lose their quantum nature through 

interactions with the environment. 

3. \tQuantum Algorithms and Software: 

Constructing effective quantum algorithms for 

real-world, useful problems is still in the process 

of being developed. 

4. \tClassical System Interfacing: Seamless 

interfacing between quantum and classical 

systems is a major technical challenge. 

 

IX. APPLICATIONS OF QUANTUM 

COMPUTING 

 

This section describes some of the possible uses of 

quantum computing in different industries: 

 

1. \tCryptography: The capacity to factor large 

numbers, such as those used in commonly 

employed encryption methods, such as RSA, 

with Shor's algorithm. 

2. \tOptimization Problems: Quantum computers 

can change the way optimization in logistics, 

finance, and artificial intelligence is done. 

3. \tDrug Discovery and Material Science: 

Quantum simulations may result in the discovery 

of new drugs or materials through the simulation 

of quantum interactions at the atomic level. 

4. \tArtificial Intelligence: Quantum machine 

learning may significantly speed up activities 

like pattern recognition and data processing. 

 

X. QUANTUM COMPUTING IN INDUSTRY 

This section discusses the achievements of 

corporations and research institutions in building 

usable quantum computing systems: 

1. IBM Quantum: Explores IBM's quantum 

computing platform and how they're developing 

quantum processors and cloud quantum 

computing services. 

2. \tGoogle Quantum AI: Emphasizes Google's 

success with their 53-qubit quantum processor, 

Sycamore, and their historic achievement in 

quantum supremacy. 

3. Intel: Initiatives aimed at building quantum 

processors and quantum hardware, with 

emphasis on scalability and integration into 

current semiconductor technologies. 

4. Microsoft Quantum: Quantum software tool 

development and topological qubit architecture. 

 

XI. FUTURE DIRECTIONS AND OUTLOOK 

 

 
This chapter addresses the future of quantum 

computing, the probable direction of the field, and the 

research that must be done to overcome the 

challenges facing it. Some of the topics covered are: 
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1. Quantum Cloud Computing: How cloud services 

will enable quantum computing to be more 

accessible to business and researchers. 

2. \tQuantum Advantage: The competition to show 

quantum advantage, when quantum computers 

achieve more than classical computers in 

practical applications. 

3. \tClassical System Integration: The creation of 

hybrid quantum-classical algorithms. 

4. \tEthical and Social Ramifications: The possible 

effects of quantum computing on society, 

particularly in cryptography and privacy. 

 

XII. CONCLUSION 

 

Quantum computing promises to transform 

computation, but much technical and theoretical 

work still needs to be achieved. Improvements in 

qubit coherence, error correction, and algorithm 

design are needed to realize quantum advantage in 

useful applications. Improving these areas of research 

is essential for future development to maximize the 

potential of quantum computing. 

Notwithstanding the current limitation, considerable 

advancement in hardware and software technology 

has been achieved.  

Additionally, ethical issues and security concerns 

cannot be disregarded. The capability of quantum 

computing, especially in unbreaking cryptographic 

systems, requires the creation of quantum-resistant 

encryption techniques to provide security in the 

quantum age. Policymakers, researchers, and 

business leaders need to come together to prepare for 

an era where quantum computing plays a role in 

determining technological breakthroughs. 
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