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What is @ Quantum Computer?

A Quantum computer is a computing device which
harnesses quantum mechanical phenomena to process

information



Why do we need a Quantum COmpu’rer?

“Moore’s Law Is Dead Now What?”, MIT Technology Rewew May
13,2016

’

‘-‘-The chips are down for Moore’s law” Nature 530, February 11, 2016

MOORE’S LORE

For the past five decades, the number of transistors per microprocessor
b chip — a rough measure of processing power — has doubled about every
@ two years, in step with Moore's law (top). Chips also increased their ‘clock
speed’, or rate of executing instructions, until 2004, when speeds were
capped to limit heat. As computers increase in power and shrink in size, a
new class of machines has emerged roughly every ten years (bottom).

100 —

. ¥

108~

o
E
E
@
N
(%)

...

Transistors per chip 1
104

15

0.1 :

L
Clock speeds (MHz) 1950 1960 1970 1980 1990 2000 2010 2020
1974 ! y ‘

enature



History

Richard Feynman (1981):

“...trying to find a computer simulation of
physics, seems to me to be an excellent
program to follow out...and I'm not happy with

all the analyses that go with just the classical
theory, because 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.”




History

IS e Feynmdn prbposes the idea of Quantum
comp’u’raﬂon’

1985 — David Deutsch develops the Quantum Compuhng
Model -

1994 — Peter Shor comes up with a QUOHTU.m Olgofifhm to
factor very large numbers in polynomial time

1997 — Lov Grover develops a quantum search dlgori’rhm



The Quantum Bit - Qubit

. The quantum "‘versic-)n” of classical bit
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Quantum Superposition  |¥) = a|0) + B|1)

~ Probability of getting 0 s |2

Probability of getting 1 is [B]> la]?+ |B|?=1



The Quantum Bit - Qubit
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where y, 08, ¢ are real numbers

Bloch Sphere

Image courtesy: IBM



Multiple Qubits
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Quantum Gates (Single Qubit go’res)

£ Pauli gates




Multt Qubit Gates

~ C NOT Gate




Multi Qubit Gates
Toffoli gate [CCNOT Gate] |

Control qubit 1

Control qubit 2
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Quantum Andlogues of Classical gafes

The quantum NAND The quantum fanout
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DiVincenzo Criteria

A scalable physiccl s;;s.’rem with ' well characterized qubits.
The ability to ihiﬁcﬂize the state of the qubits to a simple fiducial state. |
' Loh‘g rélevanf decoherence times. ' |
A “umverscxl” set of quantum gates.

A qubl’r specific measurement copoblh’ry |
The abillity to interconvert stationary ond flying qubits.

The ability to faithfully fransmit flymg qubits between specmed
locations.



Bell Measurement




Quantum Entanglement
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Non local correlations exhibited by dse’r of qubits

They cannot be expressed as product of 2 states



Quantum Teleportation
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Quantum circuit for teleporting a qubit. The two top lines represent Alice’s system, while the bottom
line is Bob's system. The meters represent measurement, and the double lines coming out of them carry classical
bits (recall that single lines denote qubits).

Ref: Nielsen and Chuang "Quantum Computation and Quantum Information’ -



Quantum Cryptography

BB 84 Profocol

 SED] Protocol



BB84 Protocol

Bob
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High Dimensional Quantum Cryptography
' Encode more inforrﬁo’rion per quantum state

Use "Qudits” instead of “Qubits”

Generol}izoﬂon of Qubit in to d-state systems



When can we have them?

Quantum Computers
D Wave (2011, 2012, 2015)
_IBM (2016, 2017)
‘Intel (2017
Google (2019)
Volkswagen (tied up with Google)
Alibaba (2017)
NASA (2012)



 Image Courtesy: Center for Quantum Technologies, NUS, Singopore_u



When can'we have them?2

~ Quantum Communications

Chinese Satellite Micius |

e (August 2016 by Jian Wei Pan’s group) . S %
- O

Quantum Internet (2020)
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