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ABSTRACT 
Quantum computing is an emerging paradigm that exploits the principles of quantum mechanics to solve problems that are intractable for classical computers. This paper provides a comprehensive study on the theoretical foundations, quantum gates, and algorithmic advantages of quantum systems. It explores the key components of quantum hardware, such as superconducting qubits and trapped ions, and investigates quantum error correction techniques that combat decoherence and noise. By simulating circuits on IBM Qiskit and Google Cirq, we analyze performance in real and ideal conditions. Applications in cryptography, material discovery, and optimization are discussed. The paper concludes with current limitations and future directions of the field.
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1.  INTRODUCTION 
In the last few decades, Moore’s Law has governed the exponential growth in classical computational power. However, physical limitations in miniaturization and increasing energy consumption are signaling the limits of silicon-based computation. In response, quantum computing has emerged as a revolutionary model of computation rooted in the laws of quantum mechanics. It promises to tackle challenges that classical computing cannot solve in a practical amount of time, including factorization of large numbers, complex chemical simulations, and optimization problems.
Quantum computers use qubits, which unlike classical bits, can exist in a superposition of states. When combined with phenomena like entanglement and interference, quantum systems perform parallel computations and can solve certain problems exponentially faster. Companies like IBM, Google, and D-Wave are investing heavily in developing scalable quantum systems. In this paper, we delve into the foundational concepts, models, and the evolving architecture of quantum computation. We also assess its present applications and examine the roadblocks that need to be overcome for quantum supremacy.

2. METHODOLOGY
The core methodology involves a hybrid approach—analyzing theoretical frameworks and simulating real quantum circuits to understand practical feasibility. Keywords such as "quantum algorithms," "qubits," and "quantum entanglement" guided our research path.
2.1 Quantum Hardware Simulation 
We utilized IBM Qiskit and Google Cirq to simulate quantum algorithms on cloud-based quantum processors. The simulators mimic ideal conditions while also allowing noise modeling to reflect realistic quantum devices. Experiments included implementation of Hadamard gates, CNOT gates, and multi-qubit entanglement patterns.
2.2 Quantum Algorithm Analysis
We implemented and benchmarked major quantum algorithms:
· Shor’s Algorithm: Used for integer factorization with exponential speedup.
· Grover’s Algorithm: Provides quadratic speedup in unstructured search.
· Quantum Fourier Transform (QFT): Integral to Shor’s and other quantum algorithms.
· Deutsch-Jozsa Algorithm: Demonstrates superiority of quantum processing over deterministic classical approaches in specific tasks.
Performance was assessed in terms of time complexity, gate depth, and error rates under simulated noise conditions.

3. MODELING AND ANALYSIS
Quantum circuits are the building blocks of quantum computation. Modeling involves defining qubit states, applying quantum gates, and measuring output states.
Qubits are initialized in the |0⟩ state and manipulated using gates like the Hadamard (H), Pauli-X (NOT), Pauli-Z, and controlled-NOT (CNOT). Entanglement is achieved using the CNOT gate post Hadamard transformation, creating quantum correlations between qubits.
For example, Grover’s algorithm requires applying an oracle to flip the amplitude of a solution state and an inversion-about-the-mean operation to amplify it. Each circuit is mapped onto a hardware-specific qubit topology.
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Figure 1: Quantum Circuit for Grover’s Algorithm
Depicts initialization, oracle application, and amplification of the target state.
Error models used include:
· Depolarizing Noise
· Measurement Error
· Gate Infidelity
Quantum volume and coherence time were used as indicators of quantum processor reliability.

4. RESULTS AND DISCUSSION
Simulation results validated the theoretical advantages of quantum computing under ideal conditions. On noisy intermediate-scale quantum (NISQ) devices, the benefits are less pronounced due to decoherence and limited qubit counts.
Shor’s Algorithm successfully factored small integers such as 15 and 21 using 7 to 9 qubits, validating the exponential  reduction in complexity compared to classical RSA factorization.
Grover’s Algorithm was tested with a 2-qubit database, confirming the square root speedup in the number of required oracle calls.
Table 1. Algorithm Efficiency Comparison
	SN.
	Algorithm
	Classical Time Complexity
	Quantum Time Complexity

	1
	Shor’s Algorithm
	O(exp(n))
	O(n²logn)

	2
	Grover’s Algorithm
	O(N)
	O(√N)

	3
	QFT
	O(n²)
	O(n log n)

	4
	Deutsch-Jozsa
	O(2^n)
	O(1)


Figure 2: IBM Qiskit Output for 3-Qubit Grover’s Algorithm
Despite the theoretical power, practical use is hindered by:
· Short coherence times
· High gate error rates
· Limited qubit connectivity
· Lack of quantum error correction at scale
Recent developments in superconducting qubits, trapped-ion systems, and topological qubits are gradually addressing these challenges.

5. CONCLUSION
Quantum computing represents a paradigm shift in computational capability, offering speedups for problems considered unsolvable within a realistic timeframe using classical systems. This paper explored the core principles behind quantum computation, algorithmic advantages, and hardware challenges. Simulations confirmed that quantum algorithms outperform classical ones under ideal conditions, and continued progress in qubit fidelity and error correction is vital for practical applications. In the coming years, quantum computing is likely to disrupt sectors ranging from cybersecurity to drug discovery and financial modeling.
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