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Machine Learning Applications:

o Early identification of tumors in brain
scans.

o Finding patterns in large collections of
sociological data.

@ Analyzing stone artifacts to determine
their composition and use.

@ Tracking the migratory patterns of wild
animals.

Recently, machine learning has become popular for its ability to
identify patterns in data. This is more than just ChatGPT!
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Applications of Quantum Computing

So what can quantum computers do?

@ Quantum computers offer exciting new solutions to all of the
problems mentioned at the begging of this lesson!

@ Recently, quantum machine learning has been gaining
attention. The goal is to overcome the challenges of machine
learning through the principles of quantum mechanics!

More Quantum Hype?

Is quantum machine learning the next big thing, or simply more
quantum hype? Only time will tell!
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Now to the exciting part: what is a qubit?

B @ If you have ever played with a light switch before, then you
Computing surely know that it can get stuck between on and off. For a
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@ A qubit can be anywhere between |0) and |1), though this is
better thought of as being partly |0) and |1) at the same time.
We call this quantum superposition!
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Double Slits and Qubits

The electrons in the double slit experiment are qubits.

e The qubit is in state |0) if it goes through the first slit.
e The qubit is in state |1) if it goes through the second slit.

@ The qubit is in superposition when it acts like a wave.

. . 0
Experiments have shown that qubits have

many ways to be between |0) and |1). We
can visualize these superpositions as points
on a ball (the Bloch sphere).

The NOT Gate Revisited

Is there a way to do the NOT gate without moving |+) and |—)?
What sort of rotation would this be?
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Spinning the Bloch Sphere

rotations: the Z-rotations and the X-rotations.

In quantum computing, we care about two special kinds of

Using only the Z-rotations and the X-rotations, is it possible to
rotate the Bloch sphere in every possible way?
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7 X-Calculus: Background

If we would like to jump into the world of quantum computing, we
will need to know the rules of the game. Unfortunately, the rules
developed in the early 1900s are very tedious...

(cz@No(I®ox)o(ox®l)o(l®ox)o(l®oz)=SWAP

Thankfully, there is an easier way to do this! The ZX-calculus,
developed by Bob Coecke and Ross Duncan in 2008, provides us
with a graphical language for these complicated equations!

hrer et

Let’s spend some time learning what this tells us about qubit states.
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In the ZX-calculus, we associate the colour green with Z-rotations

and the colour red with X-rotations.
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ZX-Calculus: Qubit States

and the colour red with X-rotations.

In the ZX-calculus, we associate the colour green with Z-rotations

Green dots let us rotate |+) around the X-axis and red dots let us

rotate |0) around the X-axis.
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Preparing a Superposition State

States that fall half-way between |0) and |1) on the Bloch sphere,
such as |[+) and |—), are very important is quantum computing.

However, we usually start with all of our qubits in the state |0).

Is it possible to switch |0) with |+) and |1) with |—). This would
give us easy access to both superpositions.
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Preparing a Superposition State

States that fall half-way between |0) and |1) on the Bloch sphere,
such as |[+) and |—), are very important is quantum computing.

However, we usually start with all of our qubits in the state |0).

Is it possible to switch |0) with [+) and |1) with |—). This would

give us easy access to both superpositions.

This turns out to be tricky, but possible!
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A Warning About Global Phase

These undetectable changes are called global phase. We might
come across this while working with quantum software...

In this workshop, we will be working with Quirk. This program
will visualize qubits on the Bloch sphere and show us the
amplitude of each state (more on this later).

e ®,

10 on — T - 1

W Final ampitudes

If we apply a Z-rotation to the qubit in state |1), then the
amplitude will seemingly change, as a result of global phase!
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