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Computational Supremacy of Sycamore

2019: Sundar Pichai (Google) announces
that they reached Quantum Computational
Supremacy (or Quantum Supremacy for
short) for a specific task:

- Sycamore can solve a task in 200s

- the best supercomputer in the world can
solve it in 10000 years.




The computational supremacy of ENIAC

« 1948: John von Neumann announces
the supremacy of ENIAC compared to
the Mathematical Tables “computers”
of Mathematical Tables for a Gauss
elimination task:

- For ENIAC it took 9 hours,
- for the MT employees 21 days.




Logarithm Tables, French Revolution, Hairdressers

TABLE V.

Loguithues 4 19 décimales pour tous les noubres impis de 1163 & 1501, ot pour
tous les nombres premiers de 1501 & 10000,
| Nota. Celte Table fait suite aux logarithmes & 20 décimales des Tables de Gardiner, idit. @Avi

Elle s et de grandes Tabls d Cadetre, Burena 4 Vit iREi
st it e ':: e, I:lm déposes au Bureau des Longitudes, et dont la notice!
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« 1791: money from the National Assembly

e« Three (1793-1801):
- 6 planning mathematician
(Legendre, Carnot)
- 8 processing mathematician
- 80 computers (many of the hairdressers)




Babbage elbobiskolasa és hirtelen otlete

“... I was sitting in the rooms of the
Analytical Society, at Cambridge, my
head leaning forward on the table in a
kind of dreamy mood, with a table of
logarithms lying open before me.
Another member, coming into the room,
and seeing me half asleep, called out,
"Well, Babbage, what are you dreaming
about?" to which I replied "I am thinking
that all these tables" (pointing to the
logarithms) "might be calculated by
machinery....”

Charles Babbage




Babbage’s engines

Charles Babbage

« Difference Engine
- devoted to the specific task of
evaluation polinom functions

« Analytical Engine
- universally programmable with

punchcards (!)



The concept of a Universal Computer

| 1 1 0 1 1 0| 0 |- TAPE

Alan Turing

* Turing machine:
the theoretical concept of a universal
computer




Church—Turing thesis

e Church-Turing thesis

o Strong Church-Turing thesis
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The problem of Feynman

w e e e Tofully describe the state of a
~ systems consisting of 300
two-state quantum levels, we
would need more bits than the
number of atoms in the
Universe.



Feynman’s way out

Nature isn't classical, 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 look so easy.
(Feynman, Simulating Physics
with Computers)



Feynman’s deep idea

« "Hogyan szimulalhatjuk a
effektiven a kvantummechanikat?
(...) Ez taldan megtehet6 egy Uj
tipusu géppel, a kvantumszamito-
géppel. Ez mar nem egy Turing-
gep."

(Feynman, Simulating Physics
with Computers)




Surprise: Shor’s algorithm for factorization

exp(const x d'/3)

' const X d°

Shor-algoritmus

Elemi muveletek szama

0 50 100 150 200 250 300

Szamjegyek szama d



Where are we at!

| 984

Bennett & Brassard
come up with
quantum cryptography.

|98 |

Feynman proposes
quantum computers
to simulate physics

1970s

Very sketchy preliminary
Ideas, nothing concrete

4-1996

All hell breaks loose.
Basically everything at
the basic theory level is

discovered. Algorithms,

entanglement, quantum
error correction, etc.

John Martinis (Google)
presents first plausible
demo of quantum error
correction using 9

superconducting qubits.




The myth

In the history of mankind, this is the first time we will have the
possibility of solving important problems with a completely new
method of calculation.

Various Quantum Algorithms promise us an exponential advantage.



...and the reality

The probability of
transistor switch error

D ~ 10—27

23 orders of
magnitude difference

VS &

The probability of
single qubit error

p~10~*



...and the reality

The probability of The probability of
transistor switch error single qubit error

VS *
p~ 10727 p~10~*

23 orders of
Mmagnitude difference

1000 physical qubit ==y 1 |ogical qubit

e CquUantum error correction



Quantum Computer Platforms

Quantum Computing: Progress and Prospects
(2018 Consensus Study Report of National Academies of Sciences-Engineering-Medicine)
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When will be able to run
traditional Quantum Algorithms?

How to factor 2048 bit RSA integers in 8 hours using 20 million noisy qubits

Craig Gidney! * and Martin Ekera?

1 Google Inc., Santa Barbara, California 93117, USA

2KTH Royal Institute of Technology, SE-100 44 Stockholm, Sweden
Swedish NCSA, Swedish Armed Forces, SE-107 85 Stockholm, Sweden
(Dated: May 24, 2019)

Physical assumptions Approach Estimated costs

Historical cost ||Physical gate| Cycle time | Reaction time | Physical || Distillation Execution Physical qubits|Expected runtime | Expected volume

estimate at n = 2048|| error rate |(microseconds) |(microseconds) |connectivity || strategy strategy (millions) (days) (megaqubitdays)
Fowler et al. 2012 [9] 0.1% 1 0.1 planar 1200 T single threaded 1000 1.1 1100
O’Gorman et al. 2017 [18] 0.1% 10 1 arbitrary || block CCZ | single threaded 230 3.7 850
Gheorghiu et al. 2019 [19] 0.1% 0.2 0.1 planar 1100 T single threaded 170 1 170
(ours) 2019 (1 factory) 0.1% 1 10 planar 1 CCZ serial distillation 16 6 90
(ours) 2019 (1 thread) 0.1% 1 10 planar 14 CCZ single threaded 19 0.36 6.6
(ours) 2019 (parallel) 0.1% 1 10 planar 28 CCZ |double threaded 20 0.31 5.9




Google’s vision

* 1 million physical qubits

* Fault tolerant guantum computing with 1000
qubits

e Dates: 20297 20357 Even later?




Quantum algorithms for the near term

Traditional guantum algorithms




Quantum Supremacy experiment: the hype

Ivanka Trump & ¥
@lvankaTrump

It's official! 3€ The US has achieved quantum
supremacy!

In a collaboration between the Trump Admin, @Google
and UC Santa Barbara, quantum computer Sycamore
has completed a calculation in 3 min 20 sec that would
take about 10,000 years for a classical comp.




Quantum Supremacy experiment: the reality

Over 20 layers of gates on 53 qubit..



Quantum Supremacy experiment: the reality

Valosag

» No precisely verified Quantum Supremacy. (Also classical
methods cathed up.)

* We are close to Quantum Supremacy.

« There is no Quantum Advantage. Active research is going on
in this field.



Variational Quantum Computing

and
error mitigation

(O()) [ Post processing
[

—
new Optimization
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The promise of near-term Quantum Computing



Industrial
Optimization

Quantum
Chemistry

Commercial
quantum
computing

Software engineering

Quantum algorithms
design & implementation

Machine
Learning

Quantum
hardware
engineering

Application
domains



A schematic picture of current

Near-term
gquantum computing

Fault-tolerant
guantum computation




The picture that | like

Near-term
gquantum computing

Path to guantum advantage,
bridging to fault tolerance

Fault-tolerant

Error mitigation guantum computation




Az el6adas

Myth

In the history of mankind, this is the first time
we will have the possibility of solving important
problems with a completely new method of
calculation.

Various QUantum Algorithms promise us an
exponential advantage.

Reality

We haven’t reached yet a Quantum
Advantage (i.e, useful Quantum
Supremacy).

Fault-tolerant quantum computation is to be
expected earliest in the middle of next
decade

In near- to mid-term future quantum devices
will serve mostly as coprocessors.



Az el6adas

Myth

In the history of mankind, this is the first time
we will have the possibility of solving important
problems with a completely new method of
calculation.

Various Quantum Algorithms promise us an
exponential advantage.

Reality

We haven’t reached yet a Quantum
Advantage (i.e, useful Quantum
Supremacy).

Fault-tolerant quantum computation is to be
expected earliest in the middle of next
decade

In near- to mid-term future quantum devices
will serve mostly as coprocessors.

But the myth yields a strong motivation.



