Quantum Computing Models:

An Overview

Introduction

Quantum computing models define how quantum systems perform computations. Two major
paradigms in quantum computing are gate-based quantum computing and quantum annealing.
Each model has distinct operational principles and applications, influencing their suitability for
different problem domains.

Gate-Based Quantum Computing

1. Fundamentals

e Gate-based quantum computing follows a circuit model similar to classical computing but
uses quantum gates instead of classical logic gates.

e Quantum gates manipulate qubits and allow complex computations to be executed
through a series of gate operations.

2. Quantum Circuit Representation

e Quantum circuits consist of qubits initialized in a known state, followed by a sequence of
quantum gates, and finalized with measurements.

e The most common gates include:

Hadamard Gate (H): Creates superposition.

Pauli Gates (X, Y, Z): Perform bit and phase flips.

CNOT Gate: Establishes entanglement between qubits.

T and S Gates: Introduce phase shifts for advanced computations.

Toffoli and Fredkin Gates: Multi-qubit gates used for reversible operations.
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3. Applications

Cryptography: Shor’s algorithm for breaking RSA encryption.

Optimization: Grover’s search algorithm for fast database searching.

Quantum Simulations: Simulating molecular interactions for material science and
pharmaceuticals.

Quantum Annealing



1. Fundamentals

e Quantum annealing is a heuristic approach to solving optimization problems by
leveraging quantum fluctuations.
e It relies on adiabatic quantum computing principles, where the system evolves from an
initial ground state to an optimal solution state.
e Instead of using discrete gate operations, quantum annealing continuously transforms
qubits to find energy minima of a given problem.

2. How It Works

The problem is encoded into the Hamiltonian of a quantum system.
The system starts in a well-known ground state.

By slowly changing system parameters, quantum tunneling allows the system to explore

possible solutions and settle in the lowest-energy configuration representing the optimal

solution.

3. Applications

e Combinatorial Optimization: Solving NP-hard problems like the traveling salesman

problem.

Machine Learning: Training models using quantum-enhanced optimization.
Logistics and Finance: Portfolio optimization and supply chain management.

Comparison of Quantum Computing Models

Feature
Computation Type
Suitability
Hardware

Example Algorithms

Summary

Gate-Based Quantum
Computing

Circuit-based with discrete
gates

General-purpose quantum
algorithms

Superconducting qubits,
trapped ions

Shor’s Algorithm, Grover’s
Algorithm

Quantum Annealing

Energy minimization using
adiabatic evolution

Specialized for optimization
problems

Quantum annealers (e.g.,
D-Wave)

Quantum Approximate
Optimization Algorithm
(QAOA)



Gate-based quantum computing and quantum annealing represent two distinct approaches to
quantum computation. While gate-based systems are more versatile and suitable for general
quantum algorithms, quantum annealing provides a powerful method for solving optimization
problems. Understanding these models is essential for determining the right approach based on
the computational challenge at hand.
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