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A B S T R A C T 

This paper overviews the development of quantum computing and its algorithms over the years. Quantum computing, leveraging quantum mechanics principles, 

offers unparalleled potential to reshape industries. Unlike classical bits, qubits exist in superposition, granting immense computational power. Notably, algorithms 

like Shor's and Grover's underscore quantum advantages in cryptography and data search. Breakthroughs in the late 90s led by IBM marked milestones. Applications 

span optimization, drug discovery, climate modelling, and AI. Yet, challenges persist, such as quantum decoherence and scalable design. Quantum software and 

cryptographic standards need development. As quantum computing progresses, it promises a transformative era, addressing challenges beyond classical computing's 

reach." 
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1. Introduction 

In the area of computing, quantum computing has emerged as a modern technology with the potential to modernize various industries. Quantum 

computing utilizes the principles of quantum mechanics to process information. Classical computers use bits to represent 0s and 1s, while quantum 

computers apply quantum bits or qubits.  

A qubit is a two-level quantum system where the two basic qubit states are usually written as |0⟩ and |1⟩. |0⟩ is the Dirac notation for the quantum state 

that will always give the result 0 when converted to classical logic by a measurement, and |1⟩ is the state that will always convert to 1. A qubit can be in 

state |0⟩ or |1⟩ or (unlike a classical bit) in a linear combination of both states. These qubits can exist in multiple states simultaneously, the incident known 

as superposition.  

 

 

 

 

 

 

 

 

Fig. 1- A qubit is a two-level quantum system where the two basic states are |0⟩ or |1⟩. But, unlike a classical bit, qubits can be in a linear 

combination of both states. (Figure: Autodesk) 

These features grant quantum computers immense computational power, making them potentially capable of solving complex problems exponentially 

faster than classical computers. Quantum computing has the potential to significantly transform the field of cryptography, drug discovery, optimization 

and other fields, unlocking unprecedented computational capabilities. 

2. Quantum Computing Algorithms: 

 Some Various important quantum computing algorithms are as follows. 

a) Shor's Algorithm: In 1994, mathematician Peter Shor presented his revolutionary quantum algorithm that could factor large numbers 

exponentially faster than any classical algorithm. This algorithm threatened the security of classical encryption methods, highlighting the 
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immense potential of quantum computing in cryptography.Classical algorithms for factoring large numbers have exponential time complexity, 

making them infeasible for very large numbers. Shor's algorithm, on the other hand, has polynomial time complexity and can factor integers 

N into their prime factors in O((log N)^3) time. This has significant implications for cryptography, as many encryption methods, such as RSA, 

rely on the complexity of factoring large numbers. 

Here's a simplified outline of how Shor's algorithm works: 

1. Quantum Fourier Transform: Shor's algorithm uses the Quantum Fourier Transform to find the period (order) of a function. This step is crucial 

for factoring integers. 

2. Modular Exponentiation: The algorithm employs modular exponentiation to compute the function f(x) = a^x mod N, where "a" is a randomly 

chosen number and N is the integer to be factored. 

3. Quantum Parallelism: Quantum computers utilize the concept of superposition to perform multiple calculations simultaneously. Shor's 

algorithm takes advantage of this quantum parallelism to efficiently explore different values of x in the function f(x). 

4. Quantum Period Finding: The Quantum Fourier Transform helps find the period r of the function f(x) in polynomial time. The period r is 

related to the factors of N. 

5. Continued Fractions: Once the period r is determined, continued fractions are used to extract information about the factors of N. 

6. Finding Factors: By analyzing the continued fraction, Shor's algorithm can determine factors of N, which are then used to break down the 

original integer into its prime components. 

It's important to note that Shor's algorithm's potential to break RSA encryption and other cryptographic methods has led to significant interest in post-

quantum cryptography, which aims to develop encryption methods that remain secure even in the existence of great quantum computers. 

b) Grover's Algorithm: In 1996, Lov Grover devised an algorithm that significantly speeds up the process of searching unsorted databases with 

n elements, which classically requires O(N) time in the worst case. Grover's algorithm achieve a quadratic speedup over classical algorithms, 

reducing the search time to approximately O(√N). 

Here's an overview of how Grover's algorithm works: 

1. Quantum Superposition: Grover's algorithm begins by placing the quantum computer in a superposition of all possible states corresponding to 

the items in the unsorted database. 

2. Oracle Function: An oracle function is used to mark the desired item or items in the database. In classical search algorithms, this marking 

process takes linear time. In Grover's algorithm, the oracle function is implemented as a quantum oracle that flips the sign of the amplitude of 

the marked state(s). 

3. Amplitude Amplification: The algorithm uses a series of operations to amplify the amplitude of the marked state(s) while decreasing the 

amplitudes of the other states. This involves applying a series of operations, including the oracle function and a reflection transformation called 

the "Grover Diffusion Operator." 

4. Iteration: The process of amplitude amplification is repeated √N times, which significantly increases the probability of measuring the marked 

state(s) and decreases the probabilities of measuring the other states. 

5. Measurement: After the desired number of iterations, a measurement is performed on the quantum state. The marked state(s) will have a higher 

probability of being measured compared to the other states, providing the solution to the search problem. 

Grover's algorithm has applications beyond database search, including solving certain types of optimization problems and speeding up brute-force attacks 

on symmetric cryptographic keys. Nevertheless, it is noteworthy that Grover's algorithm does not offer the same exponential acceleration as observed in 

Shor's algorithm, and its advantages are more limited to specific types of problems. 

Like to Shor's algorithm, Grover's algorithm also highlights the potential impact of quantum computing on various fields and motivates the study of post-

quantum cryptography to develop encryption methods that remain secure even when confronted with highly capable quantum computing systems. 

c) Experimental Breakthroughs: In the late 1990s and early 2000s, several experimental milestones marked the progress of quantum 

computing. Especially, in 2001, IBM demonstrated the first quantum algorithm implemented on a small number of qubits. 

d) Quantum Error Correction: One of the greatest challenges in quantum computing is dealing with quantum decoherence and errors. Quantum 

error correction techniques, first proposed by Peter Shor and Andrew Steane in the 1990s, are crucial for ensuring the reliability of quantum 

computations. 

3. Quantum Computing Applications:  

Some important quantum computing applications are as follows. 
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a) Optimization: Quantum computing has the potential to revolutionize optimization problems in various industries such as logistics, finance, 

and transportation, leading to more efficient solutions and cost savings. 

b) Drug Discovery: Quantum computing can significantly accelerate drug discovery processes, simulating complex molecular interactions that 

classical computers cannot handle within a reasonable timeframe. 

c) Climate Modeling: Quantum computing could enhance climate modeling, allowing scientists to analyze intricate climate patterns and devise 

strategies to combat climate change more effectively. 

d) Artificial Intelligence: Quantum computing may play a crucial role in advancing AI algorithms, accelerating training processes, and 

enhancing machine learning capabilities. 

4. Challenges and Future Prospects 

While quantum computing has achieved significant progress, several challenges remain: 

a) Quantum Decoherence: Quantum systems are highly sensitive to their environment, leading to decoherence and errors. Developing robust 

error correction techniques is crucial for scaling quantum computers. 

b) Scalability: To build large-scale quantum computers with hundreds or thousands of qubits is a significant engineering challenge. 

c) Quantum Software and Algorithms: The development of efficient quantum algorithms for real-world problems is still in its infancy. 

d) Standards and Security: Establishing quantum cryptographic standards and addressing potential security threats from quantum computers 

to classical encryption systems are vital. 

5. Conclusion 

Quantum computing is an emerging technology with immense potential to revolutionize various industries. Its ability to process information using 

quantum bits (qubits) could lead to groundbreaking advancements in optimization, simulation, cryptography, and AI. As research progresses, quantum 

computing is poised to transform computing paradigms and address complex problems beyond classical capabilities. 
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