Quantum Computing

... For Amateur Radio?

Bruce Crandall, KN4AGDX

kn4gdx@gmail.com
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“Not only is the universe
stranger than we think,

.. It Is stranger than we can
think. ”
— Werner Heisenberg
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Parlor Trick (?) —the Goal here Is to Pique

your Interest! ‘
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» Measurement

B A Quantum State, Qubit, turns into a Classical
State as soon as we measure it

® Superposition
® Qubits can be in multiple states at the same time

» Entanglement

®» Systems of Quantum states, aka Qubits, can be
so closely tied together that one cannot be
described without describing the other (Einstein’s
‘spooky action at a distance’)

» |[nterference

= |nteractions among States of Qubits in a System

Fundamental Ideas of Quantum Science
-- and Quantum Computing (Reddit)

Physicists Alain Aspect,
John Clauser and Anton
Zeilinger have won the 2022
Nobel Prize in Physics for
experiments that proved the
profoundly strange quantum
nature of reality. Their
experiments collectively
established the existence of
a bizarre quantum
phenomenon known as
entanglement, where two
widely separated particles
appear to share information
despite having no
conceivable way of
communicating.



Quantum ‘Ham Shack’
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What Does Any of This Have to Do with
Amateur Radio? ..or. Why Should | Care?

= You already know, or can easily learn the ‘Maths’
= .. And the ‘Maths’ will greatly enhance your Ham activities
®» Quantum Computing is all about ‘Circuits’

assical Computing is just a sub-category of Quantum
Computing — any classical logic gate can be made with a
guantum gate

= Enhance your understanding/experience with digital logic and
Boolean Algebra

= You get to perform your own Experiments with Quantum
Simulators and Quantum Computers — for Free

®»You can do this Yourself!




But...

Hams mostly fiddle around
with antennas and such —we
just make things work — not

SO much Optimization*
Involved
--- Fair Enough!

*Optimization challenges: Key focus of quantum computing professional
scientists and engineers in Governments, Academia and Industry




What (or Why?) Else Should | Care?

= QC Experiment Tools embed Python Programming

=» OC may one day be usable in solving complex radio amateur problems
= Circuit Analysis
= Propagation Prediction/Optimization
» Digital Signal Processing Applications; Fourier Transforms

= Etc. — we’re just scratching the surface of Killer Apps

®» Quantum Science includes a number of existing studies and
applications — Quantum Key Distribution and Secure Comms, Universal
Computers, Breakthrough Computing Power, Biochemistry and
Molecular Physics, Etc. — Fertile Ground for Study and Investment

» Today’s Career Path in Computer Science (for some)



= PCWorld

FROM IDG

= TECHTIMES . o w

e R IBI'S 53 BILLION INVESTMENT IN SY
— AND QUANTUM COMPUTING

NEWS
Dutch invest €135m in developing a [BM THINKS THE FUTURE BELONGS TO COMPUTERS TH/ [

1 1 1
quantum computer o oaos B Soogies b-wave 2x Quantum computeroo MICT0S0f ‘doubles down’ on

Million Times Faster Than Regular Computer Chip fut u I’I St|C q ua nt um com p ute I'S

I R dune 1, 2015 BY NEAL UNGERLEIDER
-

MIT
Technology
Review

Computing

IBM Inches Ahead of
sy Sl Google in Race for

m Quantum Computing
BERING I Power Scientists are close to building a quantum

computer that can beat a conventional one

By Gabriel Popkin | Dec. 1, 2016, 9:00 AM

Science...

rnals Careers

THE WALL STREET JOURNAL Q

Intel to Invest $50 Million in
Quantum Computers

Alibaba's cloud unit
teams with Chinese
researchers on
quantum
computing Quantum

Computing IBM believes it can demonstrate an
experimental chip that will prove the por

M ark et of quantum computers injust a few yeal

May 4,201

$26 BI”lOn by Torn Simonite

: R | 1VANCIAL REVIE

Telstra, Commonwealth Bank back UNSW in quantum ¢
race

Google and NASA are getting a new
quantum computer

Prime Minister Justin Trudeau affirms $50M for physics think-
tank in Waterloo, Ont. '

Funding promised in 2016 budget
By Jacke Sharkey, CBC News  Posted: Apr 15, 2018 0:21 AM ET

TECH & SCIENCE

EUROPE’S BILLION EURO
ON QUANTUM COMPUTIN

BY ANTHONY CUTHBERTSON ON 4/26/16 AT 9:09 AM




Quantum Computing
- near term bet of NASA and beyond

Quantum Enhancement Optimization Project

Machine Learning: Initial Theory and Hw Design: 2015-2016
Data Analysis and Full project with Test and Evaluation: 2017-2020
Data Fusion

@IARPA

Mission Planning and Dedicated Training and Specific Optimization Problems
Scheduling, and Navy, U.S. AirForce, U.S. Army, DoE

Coordination

Air Traffic
Management

Anomaly Detection
and Decision Making




Quantum Computing

Tools for ...

v Learning — QC theory, Math, Circuits, etc

v' Doing
v Experimentation i
v

Understanding




Search for anything

Gdemy Categories

Learning Tools

My learning
Udemy Quantum Computing in Python using Qiskit O Your progress v B All courses My Lists Wishlist Ar

X @ . ¥ournal

Course content X

4, Euler's Formula 5
° 4min

)‘ ) P
- L A
5. notes .
B min @ Resources ~ -

Quiz 1: Arithmetic of Complex numbers

Quiz 2: Euler's Formula Quantum Computing in QC101
_ _ Python using Qiskit Quantt
Section 2: Linear Algebra v | o
/1| 4Tmin Anastasios Markellos Kumares:
80% complete 32%% com
Section 3: Quantum Computing v Your rating

Theoretical Minimum
15/15 | 1hr 23min

Section 4: Python and Qiskit Setup v

" \D + a = 1/2] 8min

Q. Overview Q&A Notes Announcements Reviews Learning tools Section 5: Single Qubit Quantum v

Gates
29/29]| 2hr 29min




Udemy ->
Anaconda
Jupyter

— Jupyter

Anacenda Navigator

Filsg™inelp

. Environments

* Learning

Filas Clusters &% Community

Running
select items to perform actions on them.

~ ]

[

0 Desktop

Downloads

Dropbox

Anaconda =
& 31 Coding Deutch Algorithm.ipynb Notebooks

Cloud notebooks with

hundreds of packages
& Simple Playing H and X ipynb ready to code.

 Leam bore J
i 69 playing part 2.ipynb

AFull Python IDE
directly from the

L1}

' Untitled5.ipynb

Documentation

L1

Ry operates on ket1-Copy1.ipynb

Anaconda Blog

L]

79 Coding EBS84 Protocol.ipynb

Li]

' Untitled4.ipynb

O 0000000 oogo
L] L]

' 77 Coding Super Dense Coding - Alice sends classical bits over quantum

\\

{2) ANACONDA NAVIGATOR

Applications on | base (root)

v Channels

CMD.exe Prompt

0.1.1
Run a cmd.exe terminal with your current
environment from Navigator activated

[ Launch J

—_—
Jupyter
L]
Notebook
6.4.8
Web-based, interactive computing
notebook environment. Edit and run

human-readable docs while describing the
data analysis.

Launch J

AW,
Qy
Spyder

515
Scientific Prthon Development

network.ipynb

Datalore

Online Data Analysis Tool with smart
coding assistance by JetBrains. Edit and run
your Pythen notebooks in the cloud and
share them with your team

[ Launch J

0.0.1

current en

l Launch J

Glueviz
1.0.0

Multidimensicnal data visualization across

Connect v

= HamSci WWYV Chirp
Propagation Experiments

Powershell Prompt

ershell terminal with your
ent From Mavigator

] a b ~
vy
\Qt
IBM Watson Studio Cloud JupyterLab
332

An extensible environment for interactive
and reproducible computing, based on the
Jupyter Notebook and Architecture.

1BM Watson Studio Cloud provides you the
tools to analyze and visualize dats, to
cleanse and shape data, te create and train
machine learning models. Prepare data and
build models, using open source data
science tools or visual modeling

| Launch | | Launch |

] @ @
g
pc
PyCharm Community Qt Console
2020.3.2 5.3.0

An |DE by JetBrains for pure Pythen
development. Supports code completion,
listing, and debugging.

PyQt GUI that supports inline figures,
proper multiline editing with syntax
ghting, graphical calltips, and more.

» Udemy/Qiskit

| Launch | | Launch |

og =

Orange 3

3.26.0
Component based data mining framework

PyCharm Professional

Afull-fledged IDE by JetBrains For both v

3 months ago 123 kB



—_ Jupyter Phiphase change impact on probabilities of meas ... [ Logou
Mot Trusted | Python 3 (ipykemel)
l 'd e m y/QI S k I ‘t File Edit  View Insert  Cell Kemel  Widgets Help
B+ = @& B 4 4 »Run B C W Code v | =
-x(q[e])
ge.cx(q[e].ql2]}
qc.barrier() In [1]: from qiskit import QuantumRegister, ClassicalRegister, QuantumCir
qc"‘(q[lp . g = QuantumRegister(1)
gﬁ:;:gﬂ“;‘j?)” c = ClassicalRegister(1)
gc = QuantumCircuit(g,c)
out[7]:
I 3
w Your Circuit and Gates In [2]: 1 qc.drau(’mpl’)
1 _._ — == -
| P Out[2]:
q0; ; . 0 ¢ - y =
w0 | f | 90 — Step-wise’ Progression
3 | B After Transpiler
H 1
iy P 0 L through Python Code
Cl =
fo [6]: | 1 from alokic smport trameptte In [3]: | 1 from math import pi
qc:compiled.dr'aw{ ‘mpl’) ’
Out[s]: In [4]: ## we must create interference by make a superposition so use the
| >
g0z » 0 ; —
i
GOy » 1 ——EB—o—— . In [5]: qc.h(q[a])#step one H .
qc.p(2*pi, g[e])#step two add phase of pi/4
q00 = 2 _l-:.h-l_ - n:h-r_
Out[5]: <giskit.circuit.instructionset.InstructionSet at @x19644322c48>
ancillag » 3
ancilla, » 4 In [&]: gc.draw( 'mpl")
i out[6
g0z » 5 : [&]
’ g0 —H — P —
ancillaz » 6 By
1
ancillas + 7 ) ===

\\



|B|\/|, Q|Sk|t https://qgiskit.org/textbook/ch-states/representing-qubit-states.html

With vectors we can describe more complex states than just |0) and |1). For example,
consider the vector

1 v Reminder: Matrix Addition and Multiplication by Scalars (Click here to expand)
/3 To add two vectors, we add their elements together:
900 = | u b
V2 =", m=|"
To understand what this state means, we'll need to use the mathematical rules for a, bn
manipulating vectors. Specifically, we'll need to understand how to add vectors together and a0 + bo
how to multiply them by scalars. jay + 15y = | J_rbl
ar J_rbn

And to multiply a vector by a scalar, we multiply each element by the scalar:

» Reminder: Matrix Addition and Multiplication by Scalars (Click here to expand)
T X ay
T X

zla) =

T X Qg
» Reminder: Orthonormal Bases (Click here to expand)

Since the states |0) and |1) form an orthonormal basis, we can represent any 2D vector with
a combination of these two states. This allows us to write the state of our qubit in the
alternative form:

_ 1 i
\ W\



What is a Qubit??

5V

oV

1
o

Classical “two-level system” (BIT) ..and Classical Gates

» \oltage levels in a transistor or in an electrical relay switch
* Charge well in a cathode ray tube
» Mechanical rotation state of a metallic gear in a Babbage machine

Anything that could be in two well defined states

Quantum “two-level system” (Qubit) .and Quantum Gates

» Shining lasers on atoms, or engineered crystals

« Applying magnetic fields to superconducting junctions
« Controlling the movement and “rotation” of electrons
Very weak power pulses in complex interferometers

« Semiconductor wires in proximity of superconductors

Anything that could be made sufficiently small, cold and noise-protected



The ‘Maths’ — The Bloch Sphere, etc. |t ime

| 1/)> = |q) :msgm)-l—e"*i'singﬂ)

doesn’t matter!!

Scalars and s
VeC t O rS n d Euf‘er’s Formula [ oo i
Te ors €"¢=COS¢+iSln¢ _— - )
Oh yl [
Euler’s identity
e+ 1=0
Eloch sphere
This should look very a /
familiar from DSP, .
Fourier Analysis, etc. H(t)|w(t)) = Zﬁahb(t)) You can ignore this!!

(How Physicists view the World’ — H, Hamiltonian Operator)



The ‘Maths’* - Single Qubit States and Superposition

qul%i')i 0 qubit 0
5 192 «—— Single Cubit States
I ~ Superposition of Cubit States
| y Y
X | ; X ' A V2 1 1 [Hadamard Matrix (Gate) 0)
1) ) 2 (1-1 0\
5 H|0> = LS 1
= logical 0; ground; off; = logical 1: high: on: 3 5
I up/down; ‘Ket 0’ 1> dowgnlup; ‘Ketg1’ \/T_m} " T{m / D
= (1)[0> + (0)[1> = (0)|0> + (1)|1> | [/ ¥
al0> + b|1> /
0= H 1) = H <0|="Bra’=[10] ar2+h*2 = 1 i
ool 1 a,b = Amplitudes

‘Bra’ is Complex Conjugate of ‘Ket’

*High School (c.1969) plus a tad more: Algebra, Trig — Linear
Algebra, Matrices, .... Notation; and Complex Numbers




The ‘Maths’ — Entangled Qubits System

**Two Electrons in an

atom are usually Multiple Qubits make a
A few simple steps using e”tgﬂgﬁiit;yffs'c System
Qiskit functions
=
T |Psi > = %{EIWH \/T:IH} B Entangled System of Two
= : Qubits
In [17]: plot_bloch multivector(qc@) #and we see there is no solution
Out[17]: qubit 0 qubit 1 <a|b> is a Vector ‘dot’ product

|0) 10) = Scalar value

|a>|b> is a Vector ‘cross’ product
= Vector of dimension determined by
“ vectors a, b (ket cross ket)
Yy Yy = |a,b> or |ab> or [a@b>
= [11> in the example above

v X i X -

rj The Entangled System.of

A “Q)ubits cannot be diSplB))ed AKA: ‘Tensor’ Product
\\ on a ‘3-D’ Bloch Sphere



Real World Quantum Computing

-- Simulators and Machines §

Overview

Learn Quantum Computation

using Qiskit &

Learn Quantum Computation using g

0. Prerequisites

1. Quantum States and Qubits Q I s k It

1.1 Intreduction

€3 Qiskit

Welcome, Bruce Crandall

1.2 The Atoms of Computation
1.3 Representing Qubit States

1.43ingle Qubit Gates Greetings from the Qiskit Community team! This

1.5 The Case for Quantum textbook is a university quantum
algorithms/computation course supplement based on

Graphically build circuits slop quantum e AP tok

2. Multiple Qubits and Entanglement - . ) i
Qiskit to help learn: I IBM Quantum Composer  IBM Quantum Lab

. : = Untitled.ipynb Frovrr—
2.1 Intreduction

2.2 Multiple Qubits and Entangled States Launch Composer Launch Lab

1. The mathematics behind quantum algorithms
2.3 Phase Kickback

2.4 Mare Circuit Identities 2. Details about today's non-fault-tolerant quantum
2.5 Proving Universality devices
) ) Optimize circ ecution with v ' Recent jobs
2.6 Classical Computation on a Quantum 3. Writing code in Qiskit to implement quantum Qiskit Runtime programs
Computer algorithms on IBM's cloud quantum systems 0

Pending
3. Quantum Protocols and Quantum
Primiti

Algorithms

giskit.org

Read the textbook

3.1 Defining Quantum Circuits

2 Dautech-Tnzea Aldorithm

cuits & programs via
IBM Quantum compute
resources




Real World Quantum Computing

Simulators and Machines

ibmg_toronto

Exploratory % ibmg_toronto

e Online e - heiE o Online 8.428e-2
Falcon r8 Pro Falcon r4
25 jobs Avg. Readout Error:  b.0b0e-2
Falcon rd Avg. T1: 116.52 us
cLops ouits Qv oloes 32
1. 9 K 27 3 2 1 i 8 K Qu Version: 1.7.9 Avg. .TZ: | 104.39 us
Basis gates: CX, ID, RZ, SX, X Providers with .
:I_ . 8 access:
TGEE Your usage: ==
& ibm_perth 5 ibm_lagos N
System status Online - Reserved System status # Online Your upcoming reservations v
avedable Processar type Falcon r5.11H o :
p Eal 5.11H Calibration data Last calibrated: about 1 hour ago A
rocessor itype alcon rb..
b PS u LOPS bl Graph view B Table view

Qubit:

Frequency (GHz)

& ibma_jakarta bmag_manila Avg 5.079
System status # Online - Queue paused System status ® Online - Queue paused
maintenance mainfenance
Processor type Falcon r5.11H Frocessor type Falcon r5.11L -
Connection:
b PS u LOPS CNOT error

Avg 8.428e-2

min 5.683e-3




In [292]:

out[29]:

\\

Real World Quantum Computing

-- Four Qubit Amplitude Probabilities o — @

#create a List of circuits to run

gc_list [gqc@,gcl,qe2,ge3] °
job = backend.run({qc_list, shots=1824) M l

result = job.result() ealmn
counts = result.get_counts()

print({counts)

[{'12@1': 116, '1@l@': 22, '@11e': &, "1111': 573, '@lel': 48, '111@': 65, '1011°: &3, '1196': 1@, '@888': 5, 'G111': 45, "61@
@: 15, "eeel’: S5, '@ele’: 2, 'eell’: 13, "1eel': 15, "i1eee’: 5}, {'1111': 798, '1811': 7a, "11e1’: 41, 'elel’: 7, '111@': 57,
*g111': 34, "1ele’: 14, '@e@ll’: 3, 'eele’: 1, '1gel’: 4, 'elle’: 2, 'eeel’: 1}, {'elg1l’: 7, '111@': 266, "@118': 2@, '1111°: 58
&, '1@1@': 25, 'gell’': 3, '11@1': 16, '1811': 45, "11ee’: 8, '@111': 39, '@1ee': 3, 'eeel’': 2, "1eel': 2}, {'1111': 788, "11@

1': 34, "1116°: 48, '1811': 77, '1@@1': 5, '1@le’: 19, 'e11l': 38, '@ell': 4, "@1el’: &, 'e@118°: 3, '@ala’: 21}]

Nz NeemPy .

from giskit.visualization import plot_histogram vt = 41 A
plot_histogram{counts,figsize={28,8),legend=["@","'1",'2","3"]) @ m Jupyter
N 4

AITIo 70

I

Quantum Computing in
Python using Qiskit

Anastasios Markellos

80% complete
Your rating

Probabilibies

Allcourses MylLists Wishlist Ar

Qci1o1
Quantt

Kumares:

32%6 com



Resources — Available on Amazon, etc.

O'REILLY
Qiskit
Pocket Guide

Quantum Development
with Qiskit

S 2

”,

-
e
>

,,,,,,

Jomes L. Weaver
& Fronk J. Horkins

ISBN-13: 978-1098112479

PRINCETON SCIENCE LIBEARY

The Strange Theory of
Light and Matter
Richard P. Feynman

FOR EVERYONE

“Once you start doubting, just like you're supposed to doubt. You ask me if
the science is true and we say ‘No, no, we don’t know what's true, we're
trying to find out, everything is possibly wrong’ ... When you doubt and ask it
gets a little harder to believe. | can live with doubt and uncertainty and not
knowing. | think it's much more interesting to live not knowing, than to have

answers which might be wrong.” Richard Feynman (1981)

%=



Learning Resources
Real qguantum computers.
= Udemy and other online courses R|ght at your f|ngert|ps

= |BM Quantum, Qiskit o, oo, e e il u i Sicatans an e
= Github (github.com/QISKit/)
= Reddit — Q&A, Careers, etc.
= Physics Today, AJP

IEEE — Quantum Subgroups
= |[nvestment Resources, WSJ, etc.

= Amateur Radio — This may be the
first! ... and maybe only!




Additional Resources

Contact:
QUAIL website: https://ti.arc.nasa.gov/tech/dash/physics/quail/

USRA website: http://www.usra.edu

Briefing Collaborators: Bruce Crandall, Eleanor Rieffel, Jeremy Frank, Tony Tran.

= Some of the material in this presentation originated in a briefing prepared and
presented by Dr. Davide Venturelli, USRA, with support from Bruce Crandall, for a
national agency; with the goal of updating scientists and engineers on progress in
quantum computing and optimization potential related to the agency’s mission.



https://ti.arc.nasa.gov/tech/dash/physics/quail/
http://www.usra.edu/

Thanks for Your Attention!
Questions....?

Bruce Crandall, KNAGDX

kn4gdx@gmail.com



