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Abstract: A quantum computer is a new type of computer based on quantum physics. When it comes to certain computational objectiv
computational ability of quantum computers is much stronger than that of the familiar digital computers, and their construction will enable
factor large integers and to break most of the current cryptosystems.

The question of whether quantum computation is possible is one of the fascinating clear-cut open scientific questions of our time. In my le
will explain theoretical discoveries from the 1990s that suggested that quantum computation is possible and present my theory as to why c
computation is nevertheless impossible.

At the crux of the matter is the study of noisy intermediate scale quantum (NISQ) computers. Based on the mathematical notions of
sensitivity vs noise stability" (Benjamini, Kalai, and Schramm 1999, Kalai and Kindler 2014), we identify the inherent noise sensitivity
probability distributions arising from NISQ computers. This leads to a very low complexity class of probability distributions that can be rob
described by such quantum computers; consequently, NISQ computers will not allow good-quality quantum error-correction which ar
necessary building blocks for larger quantum computers.

The lecture will be self-contained and will start with a gentle explanation of some basic notions about computation, and quantum computers.

Zoom link: https://pitp.zoom.us/j/93847236670?pwd=T2Z22emZ5ZExaZTVYcTNCdU1FNkxOdz09
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Overview

It is a serious possibility that quantum computers are not
possible. This is what | expect, and | have been studying this
possibility since 2005.

The argument for in-principle failure of quantum computers is
connected to the mathematical theory of noise stability and
sensitivity, and it may have a variety of consequences to physics.

Recent claims about “guantum supremacy,” starting with
Google’s 2019 announcement, are in tension with my theory.
We need to carefully study these claims.
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“A fundamental problem is to reconcile external
control with isolation and reversibility.”

(Daniel Friedan, 2005.)

My message: It is fundamentally impossible to
reconcile external control with isolation and
reversibility. (Few caveats apply.)

This is a physical law (not a mathematical theorem).
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Overview (cont.): The argument
against Quantum Computers

Noisy intermediate scale quantum systems
(NISQ systems) represent a low-level
computational ability that will not allow using
them for building quantum error-correcting
codes that are needed for quantum
computation.
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The laws of physics and
computations

The extended Church The quantum extended
Turing thesis Church Turing thesis
ECTT QECTT
Falsified by quantum Widely accepted
computers
NISQ = LDP

Implied by my theory.
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Part |: Background
Computers! (Boolean circuits)

The basic memory component in classical
computing is a bit, which can be in two states, “0" or
“1”.

A computer (or circuit) has n bits, and it can perform
certain logical operations on them. The NOT gate,
acting on a single bit, and the AND gate, acting on
two bits, suffice for the full power of classical
computing.
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Efficient computation

There are certain computational tasks that are
very easy to formulate (and even to check
whether a suggested answer to them is correct),
but which are nonetheless impossible to

perform because they require too many
computational steps.

Efficient computation requires that the number

of computational steps (gates) is polynomial in
the number n of input bits.
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Probabilistic bits and random
computation

A single bit has two possible values, “zero” and “one,”
and it is possible to extend the Boolean circuit model
by allowing the bit to have the value “zero” with
probability p and the value “one” with probability 1 — p.

In this way, the classical computer equipped with
probabilistic bits can describe a sample from a
probability space of sequences of zeros and ones.
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Quantum circuits: qubits

Qubits are unit vectors in €2: A qubit is a piece of quantum

memory. The state of a qubit is a unit vector in a 2-dimensional
complex Hilbert space H = (2.

There are two basic states for the qubit and we denote them by
|0) and |1), (they are called ket 0 and ket 1 ) while the general state of
the qubit is a “superposition” of these two basic states, namely,
the general state of a qubit is a linear combination of the form

Zl|0> 23 ZZ|1>)

where z; and z, are complex numbers satisfying

12,]% + |2,]% = 1.

Page 10/46



Pirsa: 22120066

Quantum gates

Gates are unitary transformations: We can put one or two
qubits through gates representing unitary transformations
acting on the corresponding two- or four-dimensional Hilbert
spaces, and as for classical computers, there is a small list of
gates sufficient for the full power of quantum computing.
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Quantum circuits

The memory of a quantum computer (Qquantum circuit)
consists of n qubits and the state of the computer is a unit
vector in (C*)®" . We can put one or two qubits through
gates representing unitary transformations acting on the
corresponding two- or four-dimensional Hilbert spaces,
tensored with the identity operator on all other qubits.

Measuring the state of k qubits leads to a probability
distribution on 0—1 vectors of length k.
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Shor’s and Grover’s algorithms

In the 1990s, Peter Shor discovered that quantum computers
would allow the execution of certain computational tasks
hundreds of orders of magnitude faster than regular computers
and would enable us to break most current cryptosystems.
Shor’s algorithm is an efficient (polynomial time) quantum
algorithm to factor an n-digit number.

Another important quantum algorithm from that time is Grover’s
algorithm.
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Efficient computation and
Computational complexity

P-space

Boson sampling

Computing .
permanents /
o .

| (D) 9NHOLIVA
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Noisy quantum circuits

The term “noise” refers to a deviation of the computer from

the planned program, and in the case of a quantum computer
any unwanted interaction or leakage of information leads to
such a deviation.

Noisy quantum circuits have the property that there exists a
certain level of noise for qubits and gates.

Noisy intermediate-scale quantum (NISQ) computers: These

are simply noisy quantum circuits with at most 200 (say)
qubits.
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NISQ devices - near term tasks

Goal 1: Demonstrate quantum supremacy on random circuits
(namely, circuits that are based on randomly choosing the
computation process, in advance), with 50—-100 qubits.
(proposed in 2015, 2016)

Goal 2: Demonstrate quantum supremacy via systems of non-
interacting bosons. (proposed in 2012)

Goal 3: Create distance-5 surface codes on NISQ circuits that
require a little over 100 qubits. (proposed in 2000 - 2010 )
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My predictions (2018)

Goal 1: Demonstrate quantum supremacy on random circuits (namely,
circuits that are based on randomly choosing the computation process,
in advance), with 50-100 qubits.

My prediction: impossible!

Goal 2: Demonstrate quantum supremacy via systems of non-
interacting bosons

My prediction: impossible!

Goal 3: Create distance-5 surface codes on NISQ circuits that require a
little over 100 qubits.

My prediction: impossible!
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What about the \\ e &%_‘%
efforts of Google, B ey encoid

IBM, Microsoft, o

Intel, Alibaba,
Rigetti, D-wave
QuantumCircuits,
lonQ, NIST, Atos,...

to reach very b
stable qubits and

demonstrate They will
/\ quantum /) all fail /\

supremacy?

A A

(A cartoon from 2017)
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HOME NEWS ALL NEWS ORDINARY COMPUTERS CAN BEAT GOOGLE'S QUANTUM...

NEWS PHYSICS

NEWS | 23 October 2019 . ,
Ordinary computers can beat Google's

Hello quantum world! quantum computer after all
Google publishes s e B mebleved ks ey
Iandmark quantum 2 AUG 2022 - 5:05PM - BY ADRIAN CHO

supremacy claim

The company says that its quantum computer is the first to
perform a calculation that would be practically impossible
for a classical machine.
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Part Il: The Argument Against
Quantum Computers
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The three ingredients of the argument
against quantum computers

Noise levels for NISQ computers are inherently high and
therefore:

a) Such systems cannot demonstrate significant quantum
computational advantage.

b) Such systems cannot be used for the creation of
guantum error-correcting codes.

c) Such systems lead to non-stationary and even chaotic
probability distributions.
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