Quantum computing
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QU bits up spin down spin
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https://www.youtube.com/watch?v=9WWiqSB9jWg

Quantum gates < Unitary(orthogal) linear transformations

Measurement:
o S3%E (collapse) %I |0> B |1> with probability
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Bloch sphere:  geometrical representation of qubits

W) = al0) + B|1) e, BEC, |af + 8% =1

a =cosfe?, B =sinfel"

= |1h) = cosBe” |0) + sinfe'”*? |1) = ”(cos0|0) + sinf e [1))

Hrfe’ FEELETTL (global phase ) - [HA0) - #|1)E—EHE » FiEEH LHET 5 » &l
ETE& -

ZRIESAELL (relative phase ) e FiFET » EEIBEE DMERE LRIRAS - #ig
1Y) = cos @0} + sinfe'? 1)

LB E|0)ByigSicos 0 LES » 1 Fcos 0 fEFka = cos e il RaTRIESa B EE (18 - 18
{& » amplitude } » #cos 0 GEFEEZIEE TS | sin 6 TR EANLEE « BR] L6 Bl BUSHRINT

Déﬁgg:‘ﬂgzegﬂ,

0<¢ <27
A‘.}
l0)
AN
@




ERIRELLE

T HERE BEfE
HEAHEE (GniF) ELLFERY On/Off ¥ F89%E1E (Polarization of Photon)
&+ E fif (Electron Spin)
[ /8 FRIEE
{quantum number)
RS (o) Bit: 0, 1 Qubit: 0, 1 F9ERANARER

o
FHERREE von Neumann Quantum von Neumann
Architecture Architecture
i A i NAND / NOR Hadamard gate (H),
universal gate phase rotation gate, controlled NOT gate
Programing Quantum Algorithms

KW < & T BISERRE GES/E: C/C++, Python, MATLAB Z5):

e« Microsoft Q#
« IBMQ
¢ D-Wave



EFEISETEM (qubits, quantum gates, measure)
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Quantum Diamond
Technologies Inc

(QDTI)

A bit of the action

In the race to build a quantum computer, companies are pursuing many types of quantum bits, or qubits, each with its own strengths and weaknesses.
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Superconducting loops
A resistance-free current
oscillates back and forth around
a circuit loop. An injected
microwave signal excites the
current into super-

position states.

Longevity (seconds)
0.00005

Logic success rate
99.4%

Number entangled

9

Company support

Google, IBM, Quantum Circuits

© Pros
Fast working. Build on existing
semiconductor industry.

© Cons

Collapse easily and must be
kept cold.

Laser

Electron

Trapped ions

Electrically charged atoms, or
ions, have quantum energies
that depend on the location of
electrons. Tuned lasers cool
and trap the ions, and put them
in superposition states.

ionQ

Very stable. Highest achieved
gate fidelities.

Slow operation. Many lasers
are needed.

Microwaves

Silicon quantum dots
These “artificial atoms” are
made by adding an electron to
a small piece of pure silicon.
Microwaves control the
electron’s quantum state.

Intel

Stable. Build on existing
semiconductor industry.

Only a few entangled. Must be
kept cold.

Topological qubits
Quasiparticles can be seenin
the behavior of electrons
channeled through semi-
conductor structures.Their
braided paths can encode
quantum information.

Microsoft, Bell Labs

Greatly reduce errors.

Existence not yet confirmed.

Electron

Laser

Diamond vacancies

A nitrogen atom and a vacancy
add an electron to a diamond
lattice. Its quantum spin state,
along with those of nearby
carbon nuclei, can be
controlled with light.

Quantum Diamond Technologies

Can operate at room
temperature.

Difficult to entangle.

Note: Longevity is the record coherence time for a single qubit superposition state, logic success rate is the highest reported gate fidelity for logic operations on two qubits, and number entangled
is the maximum number of qubits entangled and capable of performing two-qubit operations.
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IBM Q 53 Qubit (2019)
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Google Sycamore 72 Qubits (2018)
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Microsoft

D-Wave 2000 Qbits (2018) --- (simulated annealing)




