Implementing Quantum Algorithms

Introduction

Quantum algorithms leverage the unique properties of quantum mechanics, such as
superposition and entanglement, to perform computations that classical algorithms struggle
with. This module covers two fundamental quantum algorithms: Quantum Teleportation and
Grover’s Search Algorithm.

1. Quantum Teleportation

Overview

Quantum teleportation is a protocol that transfers quantum information from one qubit to
another, using entanglement and classical communication. This process does not involve
physical transport of particles but rather the transmission of quantum states.

Key Concepts

Entanglement: Two qubits share a correlated quantum state.
Bell States: The foundation for quantum teleportation, representing maximally entangled
qubit pairs.

e Measurement & Classical Communication: Measurement collapses the quantum
state, and classical bits are used to reconstruct the original state at the destination.

Implementation Steps

1. Prepare an entangled Bell pair shared between two parties (Alice and Bob).

2. Alice entangles her unknown qubit with her part of the Bell pair and performs a
measurement.

3. Alice sends the two classical bits of measurement results to Bob.

4. Bob applies appropriate quantum gates (Pauli gates) based on Alice’s classical bits to
reconstruct the original quantum state.

Qiskit Example
from qiskit import QuantumCircuit, Aer, execute

gc = QuantumCircuit(3, 2)

gc.h(1)
gc.cx(1, 2)



gc.cx(0, 1)

qc.h(0)
gc.measure([0,1], [0,1])
print(qc)

2. Grover’s Search Algorithm

Overview

Grover’s algorithm is a quantum search algorithm that finds a marked item in an unsorted
database quadratically faster than classical search methods.

Key Concepts

e Oracle Function: Identifies the solution state by flipping its phase.
e Diffusion Operator: Amplifies the probability of the marked state.
e Quadratic Speedup: Requires O(VN) queries instead of O(N) in classical search.

Implementation Steps

Initialize a quantum register with equal superposition using Hadamard gates.
Apply the oracle function to mark the desired state.

Apply the diffusion operator to amplify the probability of the marked state.
Repeat steps 2-3 approximately YN times.

Measure the final state to obtain the solution.
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Qiskit Example
from qiskit import QuantumCircuit

n =3 # Number of qubits
gc = QuantumCircuit(n)
gc.h(range(n))

gc.cz(0, 2)
gc.h(range(n))
gc.measure_all()
print(qc)

Summary

Understanding and implementing these quantum algorithms provide insights into how quantum
computing surpasses classical methods. Quantum teleportation demonstrates secure quantum
communication, while Grover’s search algorithm highlights the power of quantum parallelism in
search optimization.
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