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Abstract
Quantum computing is a new and powerful type of computing that works using the laws of quantum physics.
Instead of bits (0 and 1), it uses qubits, which can be both 0 and 1 at the same time.
This paper explains how a quantum computer is built (its architecture) and how it works.
It also explains basic ideas like superposition, entanglement, and quantum gates which make quantum computers
much faster than normal computers.
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1. Introduction

A normal computer uses bits that can have only two values — 0 or 1.

A quantum computer uses qubits, which can be 0, 1, or both at the same time.

This property helps the computer to do many calculations together, making it much faster for some problems.
Quantum computing is based on the laws of physics that control very small particles like electrons and photons.
This new technology can help in solving big problems that take normal computers a very long time.

2. Architecture of Quantum Computing

The architecture means the structure or parts of a quantum computer.
It mainly has the following parts:

(2) Quantum Processor (QPU)

It is the main part of the quantum computer, just like the CPU in normal computers.
It has qubits that perform the actual computation.

(b) Quantum Registers
They are small memory units that store qubits while calculations are being done.
(c) Quantum Gates and Circuits

Quantum gates control and change the qubit states.
They are connected in a circuit form to perform tasks or algorithms.

(d) Classical Control System

Quantum computers also need normal (classical) computers to control, send signals, and measure results.
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3. Working of Quantum Computing
Quantum computers work on three main principles:
1. Superposition:

A qubit can be both 0 and 1 at the same time.
This allows the computer to do many calculations together.

2. Entanglement:
When two qubits are connected (entangled), changing one qubit affects the other.
This helps in faster communication and processing.

3. Quantum Interference:
Quantum interference helps in getting the correct answer by cancelling out wrong results.

Steps in working:

1. Qubits are prepared.

2. Quantum gates are applied.

3. Algorithm runs using these gates.

4. Result is measured and converted into normal data.

4. Quantum Gates and Circuits

Quantum gates work like logic gates in normal computers.
They perform operations on qubits.

Some common quantum gates are:
Hadamard (H): Creates superposition.
Pauli-X (NOT): Flips the state from 0 to 1 or 1 to O.

CNOT (Controlled-NOT): Works on two qubits and changes one based on the other.

These gates are connected together to form quantum circuits that run the algorithms.

5. Challenges in Quantum Computing

Quantum computers are still in the research stage and face many problems:

Decoherence: Qubits lose information very fast.
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Error correction: It is difficult to correct mistakes in quantum data.

Hardware issues: Quantum computers need very cold temperatures to work properly.

Scalability: It is hard to increase the number of stable qubits.

6. Future Scope

Quantum computing will bring big changes in many fields like data security, artificial intelligence, and medicine.
In the future, it can help scientists solve problems faster and improve technology in every area.

7. Conclusion

Quantum computing is a new way of doing calculations using the principles of quantum physics.

Its architecture uses qubits and quantum gates to perform fast and powerful computations.
Though there are still challenges, it has great potential for the future of technology.
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