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A little bit of History:

Photoelectric Atomic Structure Introducing

effect Model Spin Coi(;}eZ:ice

1905 1913 1924 1927

1900 1911 1924 1926 1927
Black Body Discovery of Wave-particle  Non-relativistic ~ Uncertainty
Radiation Nucleus charge ity . , Principle
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Classical Mechanics Quantum Mechanics
* Certainty in position and * Uncertainty in position and
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Some Quantum Properties:

 Wave Function
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Some Quantum Properties:

Before
measurement Wave function

* Measurement

Position in space

After
measurement Wave function
“collapse”

Position in space
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Some Quantum Properties:

* Superposition
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Some Quantum Properties:

Classical physics

Quantum physics
\ ]
: Quantum or
decoherence
* Deconherence »
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Some Quantum Properties:

* Entanglement
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Quantum Computers

( PSPACE problems \

* Complexity ThEOFV 4 NP problems )

NP complete
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Quantum Computers

Universal Gate Based Quantum Computers

Superconducting Architecture Quantum Annealing
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Quantum Computers

* Programming Languages
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Quantum Bits

e Classical vs Quantum bit @ 0

Q!
Classical Bit Qubit
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Quantum Bits

Vector. Also known as Ket

J

* Dirac notation <W ‘

Vector dual of |V/) (Bra)

Inner product between | ¢> and | 4 >

S ®
IR

Tensor product
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S
S

Inner product between |(D> and A| "4 >
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Quantum Bits

* Formal definition
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Quantum Bits

* Bloch Sphere
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Quantum Gates

* Schrodinger equation

i (1) = HW (1)
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Quantum Gates

Uu'=U'U =1

* Unitary matrix Pauli-X (NOT)
_E_

Hadamard

_E_

Pauli-Y  Pauli-Z (phase flip)

Y

Phase

S
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Quantum Gates

cos(g) —et sin(%)
Uo,o,\) = .
(6,6, %) [e“b sin(%) ei(9+3) cos(%)

* General one-qubit gate
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Quantum Gates

0 x 1 1 x Lo
1 1 -1 1 -1
N O T IR
* Multiple qubit gates L L 1 1 —1]_
0 0 1 17
100 0 1 -1
V2|1 1 0 0
1 -1 0 0.
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Quantum Circuits

* Universal gate set U= Rz(a)Ry(B)Rz(v)

&
(Ry, R,, R., Ph, CNOT}
(H,S,T,CNOT)
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Quantum Circuits

Initialization
& Resets Quantum Gates Measurements

* Linear vs Nonlinear evolution

gqi

g

crz

Crx

Trieste - Italy



The Abdus Salam
International Centre
(CTP for Theoretical Physics

Quantum Circuits

* Measurement gate
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Quantum Circuits
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* No-cloning theorem what we know>
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Quantum Algorithms: Quantum Teleportation
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Quantum Algorithms: Deutsch-Jozsa algorithm
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Quantum Algorithms: Grover’s algorithm
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Quantum Algorithms: Quantum Fourier Transform
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Quantum Algorithms: Shor’s algorithm
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Quantum Cryptography
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Quantum Game Theory
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Quantum Machine Learning

Evaluate Gradients &
Update Parameters

Evaluate
Cost
Function

Prepare Evaluate  Sample Evaluate

Quantum Dataset Quantum or  Classical
Model Average Model
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Quantum Simulations

Simulating Physics with Computers
Richard P. Feynman
Department of Physics, California Institute of Technology, Pasadena, California 91107

Received May 7, 1981

1. INTRODUCTION

On the program it says this is a keynote speech—and I don’t know
what a keynote speech is. I do not intend in any way to suggest what should
be in this meeting as a keynote of the subjects or anything like that. I have
my own things to say and to talk about and there’s no implication that
anybody needs to talk about the same thing or anything like it. So what I
want to talk about is what Mike Dertouzos suggested that nocbody would
talk about. I want to talk about the problem of simulating physics with
computers and I mean that in a specific way which I am going to explain.
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He and I have had wonderful, intense, and interminable arguments, and my
argument is always that the real use of it would be with quantum mechanics,
and therefore full attention and acceptance of the quantum mechanical
phenomena—the challenge of explaining quantum mechanical phenomena
—has to be put into the argument, and therefore these phenomena have to
be understood very well in analyzing the situation. And I'm not happy with
all the analyses that go with just the classical theory, because nature isn’t
classicai, dammit, and if you want to make a simulation of nature, you'd
better make it quantum mechanical, and by golly it’s a wonderful problem,
because it doesn’t lock so easy. Thank you.
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Questions:

* Why do we even need quantum computers?

* Are QC just trying all possibilities at the same time?
* Why are guantum computers so hard to build?

* What do we do in the meantime?
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Why FPGASs?

 Parallelization capacity
* Handling fix point operations

* Take advantage of its blocks —
8055
* Memory manage 6000
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Questions?

hank you very much!
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