
Practical Quantum Computing

Lecture 02
Gates and Circuits
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Week Tuesday (3h) Wednesday (3h) Deadlines

1. The Basics Introduction Gates Circuit 
Identities

Qiskit Cirq/Qual
tran

Q&A

Programming Assignment 1: The basics 
of a quantum circuit simulator

Programming Assignment 1: 
The building blocks of a 
quantum circuit simulator

2. Entanglement 
and its 
Applications

Teleportation Superdense 
Coding

Quantum 
Key 
Distribution

PennyLa
ne

Terminol
ogy of 
Projects

Q&A

Programming Assignment 2: The basics 
of a quantum circuit optimizer

Programming Assignment 2: 
The building blocks of a 
quantum circuit optimizer

3. Computing Phase 
Kickback and 
Toffoli

Distinguishin
g quantum 
states and 
The First 
Algorithms

Grover’s 
Algorithm

Invited 
TBA

Q&A 11 May 
2024

4. Advanced 
Topics*

Arithmetic 
Circuits*

Fault-Toleran
ce*

QML* Invited 
TBA

Crumble Q&A 18 May 
2024

* not evaluated



Learning goals - 02 Gates (The Basics)

1. What you have learned by now
a. Quantum software: what, why and how
b. Quantum circuits: diagrams and difficulty of classical 

simulation
2. The math behind quantum circuits

a. Qubit states are complex vectors
b. Quantum gates are complex matrices
c. Computations are matrix vector multiplications
d. Gates are rotations of vectors in a complex space
e. The tensor product for building larger vectors and matrices

3. Types of quantum gates
a. Single qubit gates
b. Two qubit gates
c. Gates are rotations of vectors in a complex space
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In the exercise session and 
programming assignment of this 
week

● basics of quantum circuit 
simulator

● build our own quantum 
circuit simulator
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Don’t be afraid of this notation. I 
will explain into more detail in the 

next lecture
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