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* IBM, Google, Microsoft, Intel, NVIDIA & CH{ 7| &,

* Photons: PsiQuantum (S600M), Xanadu (S200M), Quandela (S71M)
e Atoms: QuantEra (S20M), PasQal (S150M)

* lons: lonQ, Universal Quantum, Oxford loniQ
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Number of QC start-ups, by value-chain segment
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Home > Business and industry > Science and innovation

Policy paper
National quantum strategy

A 10-year vision and strategy missions for the UK to be a
leading quantum-enabled economy, recognising the
importance of quantum technologies for the UK’s prosperity
and security.
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The exponential increase in computing power from quantum computers could

revolutionise our healthcare system - from dramatically improved drug
Policy pape discovery techniques to providing personalised treatment to an individual
National based on genetic and environmental factors -, help to manage and make best
use of our national energy infrastructure, and even accelerate the path to
A10-yearvisi autonomy and entirely new Al applications. It could deliver on our
leading quan sustainability goals by improving solar panels and batteries as well as cutting
;mng‘;':(i‘gr‘;fyc the energy demands of data centres. Over the next three to five years,
~_quantum computing could deliver $5-10 billion of benefits across the world,;
and this rises to $450-$850 billion in the next fifteen to thirty years.’
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The UK position today 2033 target

e Ensure the UK is home to world-leading quantum science and engineering,
growing UK knowledge and skills

Among the top 10 nations producing By 2033 we will maintain our top 3
quantum scholarly outputs, the UK position in the quality of our quantum
ranks 3rd for the quality and impact of science publications, whilst increasing
its quantum science. (Based on field- the volume of our research publications.

weighted citation impact 2017-21).

Since 2014 the UK has funded over 470 | By 2033, we will have funded an
postgraduate research students working | additional 1000 postgraduate
on quantum technologies or a related research students in quantum
discipline. relevant disciplines.
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The UK position today 2033 target

o Drive the use of quantum technologies in the UK to deliver benefits for the
economy, society and our national security

25%-33% of businesses have taken By 2033, all businesses within key
concrete steps to prepare for the arrival | relevant sectors of the UK will be
of quantum computing. aware of the potential of quantum

technologies and 75% of relevant

businesses will have taken steps to
prepare for the arrival of quantum

computing.
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Serial processing



Serial processing
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Discrete Fourier Transform

ex) N=4 . DFT N modnr"\x er'm
L=, $a)=g , F@d=|, 53=0
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Discrete Fourier Transform

ex) N=4 DFT in mahrix korm
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Quantum Fourier Transform
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Discrete Fourier Transform Quantum Fourier Transform
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* Shor’s factoring algorithm

* Quantum period finding
e Quantum simulations
e Quantum random walks

e HHLto solve Ax =b —» ¥ = A~ 1b
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 Binary optimization &combinatorial optimization

FRANCE o
B AUSTRIA = |
G 50 100 km
B bom

* Quadratic binary optimization

 Spin interaction model
* To optimize this is the same as to find the ground state

Qubo (Quantum unconstrained binary
optimisation)
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The biggest problem with today's quantum computers is that they are
noisy, meaning they have error rates around 1in 1000, whereas classical
error rates tend to be around 1in 1 billion billion.... 18 Aug 2023
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* Errors
* 1% error = after 100 gate operations 63.3% error
* 0.1% error > after 100 gate operations 10% error
* 0.01% error - after 100 gate operations 1% error, 1000 gate 10%
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e Correcting errors by measurements and feedback

) = al0) + B[1) = ) = a[0)]0)|0) + B[1)]1)|1)

* If there is a bit flip error in the qubmit one: a|1)|0)|0) + £|0)|1)|1)

* By the Z, Z, measurement, we get -1 rather than 1 so we know that
either qubit 1 or qubit 2 flipped. By the Z, Z; measurement, we get +1
value, so we know that qubit 1 flipped. So we can correct it by
applying X, operation.
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* a|0>+b|1>: Once we measure in {0,1} basis, the superposition is lost.
No way to correct the error

* a|00>+b|11>: We measure {{00,11}, {01, 10}} basis, {01,10}
measurement outcomes indicate that an error took place but we do
not know where.

* 3|000>+b|111>: We measure {{00,11}, {01,10}} basis for 1t and 2"
qubits, then the same for 2"9 and 3™ qubits. We will be able to
identify where the error took place. Then we can correct it.



* Simulation of highly correlated systems
e High T Superconductivity

* Simulation of qguantum dynamics
* Batteries
 Solar cells



Simulating Physics with Computers

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

Received May 7, 1981

Another thing that had been suggested early was that natural laws are
reversible, but that computer rules are not. But this turned out to be false;
the computer rules can be reversible, and it has been a very, very useful
thing to notice and to discover that. (Editors’ note: see papers by Bennett,
Fredkin, and Toffoli, these Proceedings). This is a place where the relation-
ship of physics and computation has turned itself the other way and told us
something about the possibilities of computation. So this is an interesting
subject because it tells us something about computer rules, and might tell us
something about physics.

The rule of simulation that I would like to have is that the number of
computer elements required to simulate a large physical system is only to be
n 0ol 2= Q| X} AHAH 0 H|E T Q proportional to t}.le space-t?mf: volume of the physical §yste_m. I don’t w§nt

to have an explosion. That is, if you say I want to explain this much physics,
o 1o o bl I can do it exactly and I need a certain-sized computer. If doubling the
IAHE 27l Rl 2R volume of space and time means I'll need an exponentially larger computer,
I consider that against the rules (I make up the rules, I'm allowed to do
that). Let’s start with a few interesting questions.
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Now I explicitly go to the question of how we can simulate with a
computer—a universal automaton or something—the quantum-mechanical
effects. (The usual formulation is that quantum mechanics has some sort of
a differential equation for a function v.) If you have a single particle, ¢ is a
function of x and ¢, and this differential equation could be simulated just
like my probabilistic equation was before. That would be all right and one
has seen people make little computers which simulate the Schroedinger
equation for a single particle. But the full description of quantum mechamics
for a large system with R particles is given by a function ¢(x, x5,...,X g, )
which we call the amplitude to find the particles x,,...,xp, and therefore,
because it has too many variables, it cannot be simulated with a normal
computer with a number of elements proportional to R or proportional to
N. We had the same troubles with the probability in classical physics. And
therefore, the problem is, how can we simulate the quantum mechanics?
There are two ways that we can go about it. We can give up on our rule
about what the computer was, we can say: Let the computer itself be built
of quantum mechanical elements which obey quantum mechanical laws. Or
we can turn the other way and say: Let the computer still be the same kind
that we thought of before—a logical, universal automaton; can we imitate
this situation? And I’m going to separate my talk here, for it branches into
two parts.

4. QUANTUM COMPUTERS—UNIVERSAL QUANTUM
SIMULATORS
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. . . The UK position today 2033 target
* Optimisation
o Ei
Finance e Drive the use of quantum technologies in the UK to deliver benefits for the
e Lo giStiCS economy, society and our national security

25%-33% of businesses have taken

® S| mu |ati0 nsS concrete steps to prepare for the arrival
of quantum computing.

e New materials
* Drug design

By 2033, all businesses within key
relevant sectors of the UK will be
aware of the potential of quantum
technologies and 75% of relevant

businesses will have taken steps to
prepare for the arrival of quantum

computing.

* Calculating dynamics
* Solar cells

Justified Scepticism



