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Session 7:

Quantum Snake Oill REPRESENTS A 0
AND 1AT THE SAME TIME

A WIZARD DID IT!
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Bits and pleces

Classical computing
Relies on processing ‘bits’
Data broken down into 1s and Os
Each bit has the value 1 or O depending on if it is ‘set’

Process multiple bits (bytes)

Patterns of voltages

1=5V: 0=0V




NAND gate...

Inputs

Short for ‘not’ ‘and’
Not an obvious ‘gate’
But the easiest to build

Backbone of all other possibilities...

NOT Gates *ﬂ
Bill Gates




NAND gate...
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NAND gate...

Truth Table

YOU GAN'T HAND[E THE

1 ¢
hUTH o

-‘ “4 DIYLOL.COM



Marriage gate...
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Half adder...

A
Sum
: i
An output
Two Inputs Their sum

Two binary digits...

Carry bit
Carry



Half adder...

Sum




Half adder...

Sum




Half adder...

Sum




Half adder...

Sum
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Carry

Sum
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the together

The goes to the next adder...
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Sum

Sum

Three inputs

Carry

Three binary digits...

I’ve got this terrible pain in all the diodes down my left side...

Marvin - the paranoid android




Full adder...?




Moore’s law...

10,000,000,000,000
No of transistors per chip 1,000,000,000,000 Apple
M2 Ultra
100,000,000,000
Doubles every 2 years
10,000,000,000
Hence size of a transistor LEE00E00
100,000,000
Heading downwards... 6,000,000
1,000,000
1971 ~ 10 pm
100,000
2020 ~ 5 nm RHae
| 1,000
—> atomic scale... 1960 1970 1980 1990 2000 2010 2020 2030 2040

® Microprocessor Transistor Count 2X every 2 years



Qubits

Analogy with a computer bit
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Qubits

— aeié’/h

Might think we have 4 numbers to play with...

a and B being two of them...

0 and ¢ being two more...
But...
B=ﬁ€l¢/h a+p=1

Only phase difference matters...

y=¢—0




Information dense...

Our qubit is...
ly) = all) + (1 —a)e”|0)

However, if can contain a lot of data
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n bits of data can go into y by specifying the angle to n bits....

n bits of data can go into a by specifying the length to n bits.... | z__
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Result poor

ly) = a. + (1 — a)e”’.

How do you get the information out?

Imagine our gbit is the result of a calculation

Need to get values for cand y

Measurement only yields

1 0

State collapses...




The needs of the many...
ly) = all) + (1 - a)e”|0)
A collection of identical gbits...

Measure using a vertical SG

Make N measurements

2 no of times we get | 1)
Y
| U) 1

/ Estimation precision ~ ﬁ




The needs of the many...
lw) = al1) + (1 —a)e”|0)
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Make N measurements

Having already got a you can extract y




Quantum computation

Prepare a qubit according to a repeatable process

| l/j> Measure to get 1 classical bit

This is your calculation.... ‘
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~ 1R¥ed anaeepeatecond...

Force It to evolve




Forced to evolve

I‘W Measure to get N classical bits

N entangled qubits

Reset and repeat...



Best of the best (ish)

IBM Condor

1121 qubits

Superconducting atomic junctions

Two lowest energy states of the junction

12 ft
Quantum gates:

Microwave pulses applied to the qubits

Specific frequencies, phases, shapes and timing




Quantum Gates
M\

W
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Needs to be ‘programmable’

Measure to get 1 classical bit

Break it down into a set of ‘gates’



Quantum Gates

w = aeP?| 1) + fee % | 0)

y =all)+ pe|0)

X, Y, Z gates

Rotate the state about the axes



Quantum Gates
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Phase gate

Inserts a relative phase into the qubit



Quantum Gates
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W= —— [(Be — @) | 1) + (Be” + @) 0)]
NG

Hadamard gate

Kind of generally fiddles with things....



Quantum Gates

Flip state
Do nothing...

\\0> 1) e
- D P =q|0)]1)+Be”|0)]0)

¥ = a| 1)I0) + e | 1))
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W =all)| 1)+ pe”|1)10)
CNOT gate

Acts on one qubit according to the state of another



Quantum Gates
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If control qubit is In a superposition...

CNOT entangles the qubits...

Aa|0) | 1) + e |0) | 1) + ABeP| 1) | 1) + B0 1) [0y B

| YOUIDON’T EVEN

SWANNA KNOW,



So...

New state
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Measure to get N
classical bits

~

Sequence of gates

This forms our ‘programme’

Or algorithm

N entangled qubits N entangled qubits



Example...

Evaluate a statement:
a AND NOT b

Conventionally, evaluate a row at a time...

NOT b

a AND NOT b

LET'S DO THIS THE OLD FASHIONED WAY
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Quantum Computer

a b NOTb aANDNOTb
F F T F
F = | ()> = | 1> T F T T
F T F F
One qubit for each variable . : - T

Setto F

[0)10)...10)

One qubit for the result

Another sequence is the query being evaluated



Quantum Computer

a b NOTb aANDNOTDb
F F T F
Apply Hadamard gate to first qubit... . . . .
F T F F
¢ H§0)]0)...]0) — T

) \%[\1>+\0>] 10)...10) | 0)

Apply to each qubit in turn

until the sequence is an entanglement of each qubit in a superposition of T/F



Quantum Computer

a b NOT b aAND NOT b
10y 1/0)... (1000

Becomes an entanglement

Then run the ‘code’ that evaluates all possibilities in one go...
of all the row answers...

Cool....

But... how do you get the answer out?

No better than

Rinse and repeat... .
Any measurement collapses the entanglement P conventional .

Just gives the answer for one row...



If you take nothing else from this blog: quantum
computers won't solve hard problems instantly by
just trying all solutions in parallel.

Scott Aaronson

The goal in devising an algorithm for a quantum computer is to choreograph a pattern of
constructive and destructive interference so that for each wrong answer the
, Whereas for the right answer the contributions reinforce each

other. If, and only if, you can arrange that, you’ll see the right answer with a large probability when

you |look.

https://scottaaronson.blog/



How do we do that?




US

UK
China
Canada
Germany
France
Netherlands
Australia
Spain
Japan
Ireland
Finland
Austria

Superconducting
Photonics

Trapped lons

Spin

Neutral Atoms
Silicon

Topological
Quantum Annealing
Photonic spin qubits
NV Center
NMR/superconducting
Carbon Nanotubes

Estimates of public sector investments in quantum computing ($billions)?
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Quantum Leap

Capital invested in quantum computing companies

$3 b .
Capital

invested ($)

2014 2015 2016 2017 2018 2019




Snake Oll...

No general proof

That a quantum computer must

Be faster than a digital

In all situations

Believe It or not...




But...

Shor’s factoring algorithm

Breaks a number into prime factors

84 =10\x 42

Prime Not prime...

84 =

| thought your idea
to use my idea was
a great idea.

All prime...

yourgcards

someecards.com




But...

N=1350664108659952233496032162788059699388814 7560566702 /52448514385152651060
4859533833940287150571909441 7982072821644 7/155137368041970396491 7430464965892
74256239341020864383202110372958/7257623585096431105640735015081875106/659462
9205563685529475213500852879416377328533906109/7/5054433499981115005697 7236890

927563

2.2 GHz Athlon 64 CPU PC with <2 GB memory

2 years...




Why does it matter???

Factoring large numbers:

The key to cracking RSA and other encryption...
Shor’s factoring algorithm

Exponentially faster than a digital computer

WHEN YOU REACH YOUR
DESTINATION 2 MINUTES FASTER
THAN GPS SAID YOU WOULD

of |'ve become more powerful than

any Jedi has ever dreamed of




But...

2001 - IBM team
/ qubit device
Nuclear magnetic resonance

Successfully factored....
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But...

Qubit

So:

has to be screened from the environment

That decoherence again...

Let the engineers play
Can do some physics with what they create

Study shielded quantum systems

Also:

Exposes more people to the nature of quantum reality...

You Know YOU’RE AN
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3 things that were broken -
are now fixed.

| ...but 6 things that were
‘ working - are NOW broken

Eﬂ,

: fixedlour/fan so it doesn’t wole,
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. . WHEN YOU SEEK.TO UNDERSTAND THE NATURE OF REALITY BUT, SOME
QUESTIONS LIE OUTSIDE THE SCOPE OF QUANTITATIVE EMPIRICAL INVESTIGATION

-

PHILOSOPHY




