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- AR e The arrival of
Quantum
Computing Is
already an
unguestionable
| reality

Mechanics

For a century, quantum theory has been sclentific orthod,
The Italian physicist Angelo Bassl is certain it isn't the full
— and that he can prove It.

ON CAMPUS AND AROQUND THE WOALD

20 SUBSCRIBE v BROWSE SEARCH NEWS

5

MIT partners with national labs on two new
National Quantum Information Science Research
Centers

Co-design Center for Quantum Advantage and Quantum Systems Accelerator
are funded by the U.S. Department of Energy to accelerate the development of
quantum computers.

Kytie Foy | Sampson Wilcox | MIT Lincoln Laboratory Research Laboratory of Electronics
August 31,2020
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Pictured nara s 8 16 qubit supseconducting
qaantum chp designed, fabrizated, and tested at
M T ang Uncoln Laboratory.
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Google’s quantum computer does a
10,000-year task in minutes
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.. [t provides
N computational
capacity to

gp%;:%m NP - address
e s oroblems that we

Graph isomerprisn e cannot address
- IN classical

Harder Problems

Factoring .
Discrete logarithm compu TIn g...
’ -2
Efficiently solved by
Graph connectivity quantum computer
Testing if a number = -
IS a prime Industries
Matchmaking Transportation Telecom Aerospa&

Applications

Efficiently solved by
classical computer

Life Sciences Government

*Ithcare
https://www.simonsfoundation.org/report2017//stories/scott-aaronson-quantum-and-classical-uncertainty/
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1. Introduction to Quantum
Computing

2. Quantum Programming

5. Quantum SOC




QUANTUM
COMPUTING







lNtroduction to Quantum
Computing. WHAT

Taking advantage of
guantum mechanics in
computing...physical
properties of nature at
the scale of atoms and
subatomic particles
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lNtroduction to Quantum
Computing. WHAT

Quantum Computers use the properties of Quantum

Mechanics
* Wave-particle duality L
-by Thomas Young e e |

urce:Y las ondas se convirtieron en particulas
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https://institucional.us.es/blogimus/2019/04/y-las-ondas-se-convirtieron-en-particulas/

lNtroduction to Quantum
Computing. WHAT

The properties of Quantum Mechanics used by

Quamtum Computig:
e Superposition.
« Collapse

 Entaglement

A quantum computer is a machine that performs
calculations based on the laws of quantum mechanics. A
theoretical model is the Quantum Turing machine

/43
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lNtroduction to Quantum

Computing. HOW

Using quantum information theory:

Using Qubit instead of bit.

Escriba aqui la ecuacion.

-0 0 -0
Bit Or Qubit and
+ 1 1) ==

Source: Crash Course in Quantum Computing Using Very
Colorful Diagrams

a|0)+ 511

a Vv B represent the

amplitudes of probability
of the gbit
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https://towardsdatascience.com/quantum-computing-with-colorful-diagrams-8f7861cfb6da

lNtroduction to Quantum
Computing. HOW
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lNtroduction to Quantum
Computing. HOW

0)

1)
This sphere is often called the
Bloch sphere, and it provides a

useful means to visualize the
state of a single qubit

Source: Visualizing Single Qubit Quantum Logic Gates

L o

‘Ta‘z + |Tﬁ|2 =1

. 0
1)) =cos§ 0) + et(P) sing 1)

Irrelevant factor

(ra\O) + rﬁei(‘p“_‘pﬁ

0
Tﬁ — SIHE

¢

0

IA

< 2T

15/43


https://medium.com/quantum-untangled/visualizing-quantum-logic-gates-part-1-515bb7b58916

lNtroduction to Quantum

Computing. HOW
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Source; La ciencia de la mula Francis https://francis.naukas.com/2014/07/31/medida-
de-la-trayectoria-en-la-esfera-de-bloch-de-un-cubit-
superconductor/dibujo20140731-bloch-sphere-qubit-nature-com/
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lNtroduction to Quantum
Computing. HOW

Having the Concept of Qbit and its
mathematical definition we still need:

 Phisical Qbit implementatio: Electrons, Photons,
Spins....

« A way to initialize the Qbit to a given state

« Operations to manipulate de amplitudes and phase
(positioning que gbuit at any point of the Bloch

Sphere): Quantum gates

« A way to measure (collapese) the system.
17/43



lNtroduction to Quantum
Computing. HOW

Irrelevant factor

) =% (1,]0) + @78 1))

Phase difference

1|2 + |rg| =1 ®
0 0
Ty = COSE Tﬁ — SIHE
In phase : h/)) :COSg ‘()) + el(P) sing |1>

./ \/\/ LIMITATIONS: QUANTUM DECOHERENCE

y ¥ Lost of the phase relation between the states of a
qguantum computer due to external factors. It introduces

errors in the results 18/43






lNtroduction to Quantum
Computing. WHY

Bounded-error Quantum PSPACE problems
Polynomial time (BQP) is
the class of decision NP problems

problems solvable by a @om@

gquantum computer In
polynomial time, with an
error probability of at
most 1/3 for all instances

Source: Bounded-error Quantum Polynomial time
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https://en.wikipedia.org/wiki/BQP

lNtroduction to Quantum

Computing. WHY

Difficult Problems Quantum Computing can solve easily:

Classical
Complexity

Problems

Factorization

Search

Explication

Decomposition
of a number into
a product of

smaller integers

Search in an

unordered

sequence of data

Quantum
Complexity

O(logN)

(o

32 )é
—1nN
9

(logn)

W

)
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lNtroduction to Quantum
Computing. WHY

The power comes not from the fact that they compute faster but from

the fact that they compute differently.

While classical computers with registers of size n (bits) can manage only
one state of size n at a time, a guantum computer with registers of n

(gbits) manages 2" states of size n simultaneously (In superposition)

Quantum computing Is much more powerful than parallel computing
because the superposition states are manipulated as a single one....this

"magic" happens when the properties of guantum mechanics are applied

to the superposition states.
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lNtroduction to Quantum
Computing. WHY

o Industries o
Telecom Aerospace
Optimized network
P Materials development
¢ Retall Consumer products.
Dynamic pricing Unique marketing
® Tawl Life sciences ®
Optimized itineraries Drug discovery
@ Utitties Optimization " Machine Financial services @
Power transmission leaming Portfolio
management
® Optimized Air traffic control @
treatment
Transportation
Optimized routes o

Source: Exploring guantum computing use cases for manufacturing
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https://www.ibm.com/thought-leadership/institute-business-value/report/quantum-manufacturing




lNtroduction to Quantum
omputing. WHEN
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lNtroduction to Quantum
Computing. WHEN
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lNtroduction to Quantum
Computing. WHEN

Quantum supremacy refers to quantum computers
being able to solve a problem that all classical

computers together cannot T NewsScientist

News Podcasts Video Technology Space Physics Health More ¥ Shop Courses Events
I

nature View all journals ~ SearchQ  Login(®)
Explore content v About the journal v Publishwithus v Subscribe Sign up for alerts 0\ RSS feed Q u a I'I t U m S U p re m aC\[ h aS bee n

IE— achieved by a more complex
quantum computer

NEWS | 23 October 2019

Hellq quantum world! Google el
publishes landmark quantum s
supremacy claim

Download PDF

By Matthew Sparkes

The company says that its quantum computer is the first to perform a calculation that Quantum gold rush: the private
would be practically impossible for a classical machine. funding pouringinto quantum start- |
ups

Elizabeth Gibney

4 f Physicists propose football-pitch-
sized quantum computer

Keep quantum computing global and
open

Europe plans giant billion-euro quantum
technologies project

Caslainné~
e LA
Google's Sycamore quantum processor set a record in 2019 that has since been beaten
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lNtroduction to Quantum
Computing. WHEN

Present Status QUan?Umcompu.
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a Center Starts Here
h tools like NVIDIA cuQuantum.

The Road to the Hybrid Quantum-HPC Dat

[ [ wit
The journey to the future of high performance computing begins today

FUTURE TECH ASIA

The race toward a new computing technology
is heating up — and Asia is jJumping on the
trend
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lNtroduction to Quantum
Computing. WHEN

Future Research

CAREERS COMMENTARY JOURNALS Vv coviD-19 SCiCllC.C e S

News Home All News sciencelnsider News Features

HOME NEWS SCIENCEINSIDER 1BM PROMISES 1 000-QUBIT QUANTUM COMPUTER—A MILESTONE—BY 2023

SCl ENCEINSIDER TECHNOLOGY

IBM promises 1000-qubit quantum computer—a
milestone—by 2023

Company presents timeline for its next step on the road to practical quantum computing

15 SEP 2020 * BY ADRIAN CHO

QCwire Home

QCwire Subscribe Qua |
ntum Compute - |

By Agam Shah

pecial June 7: 2022

o

o

o

O COVID-19
o
® Resource Library

urce Library As quantum computing comes closer to mainstre it’ '

: am, it's universally agreed

that these
system .
P w}:/pm s won't replace classical computing. That rai
re exactlv dn anantim comniiters fit in ‘ e
- comniifinn

Podcast
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QUANTUM
PROGRAMMING




Quantum Programming

Quantum annealing (which also includes Universal quantum gate model is based on
adiabatic quantum computation) is a quantum creating quantum structures using stable
computing method used to find the optimal qubits and solving today’s problems with
solution of problems involving many solutions guantum circuits. These circuits are based

on the Turing machine model

Energy

qlO]

ql1]

ql2]

Tunnel effect

Ll E EE R

ql3]

Solution Solution c4

Quantum Tunnelling Adiabatic evolution
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Quantum Programming

Principal Gates

Single
Qubit

Multiple _
Qubits

~—

N am e Gate in IBM Equivalent
Composer (Qiskit) in AWS Braket

Pauli-X X X

Hadamard h h
Phase Phaseshift

Controlled-X C X chot

Toffoli CCX ccnot
CPhase cul cphaseshift
Swap swap swap
Measure measure -
Barrier barrier

33/43



Quantum Programming

Pauli-X X X
Composer Reference Matrix Reverse
) 5= (] o) 5= (1 o)
x 1 O x 1 O
itself

A|0)+ B|1) — X |— B|0) + A|1)
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Quantum Programming

Hadamard h h

Composer Reference Matrix Reverse

itself
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Quantum Programming

Phase D phaseshift
Composer Reference Matrix Reverse
1 0 1 0
. )= [0 e‘v] PED= o v
Wavelength
()

IAmpIitude

(Power)

One oscillation
(frequency is number of

oscillations per second) B 36/43
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Quantum Programming

Controlled-X C X cnot
Composer Reference Matrix Reverse
B 1 0 0 O 1 0 0 O
0 0 1 0O 1 0 O
NOT = _
CNOT=15 ¢ 1 of ONOT=1], o o 1
0O 1 0 O 0 01 0
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[
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Quantum Programming

CPhase cul cphaseshift
Composer Reference Matrix Reverse
1 00 0
o1 o0 ¢
10 0 1 }
00 0 ei®
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Quantum Programming

Swap swap SWap
Composer Reference Matrix Reverse
1 0 0 0 1 0 0 0
SWAP — 0 0 1 0 SWAP — 0 0 1 0
0 1 0 0 0 1 0 0
0 0 0 1 0 0 0 1

itself
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QUANTUM
SERVICE
ORIENTED

COMPUITING




TODAY's SOFTWARE SYSTEMS...

Connected il | B - Supported by..

Software e . Service Oriented

2 Cloud

Many advantages . Fog

« Pay per Use o _ :

+ Platform independent 5 oo .2 5. \@ =

* Location independent 5 & .2.® @ ' -
 Decoupled @ e .‘,.-"-i
- Flexible ;

e Reusable

» Maintainable S - Globaly
« Reliable T o J:Distributed
« Scalable B L :
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&he New Nork Times s

Lost Passwords Lock
Millionaires Out of

T H E C A S E O F Their Bitcoin Fortunes

Bitcoin owners are getting rich because the
cryptocurrency has soared. But what happens
S I E F A N I H O M A S when you can'’t tap that wealth because you forgot
the password to your digital wallet?
Stefan Thomas, a programmer in San Francisco, owns 7,002 Bitcoin that he

cannot retrieve because he lost the password to his digital wallet. Nicholas
Albrecht for The New York Times

O 100'.5 Q Search Tools Favs v Extensions v About  Contact .
GO"I ‘:gg|e md5 decrypt X , Q
Q Al [ Videos [) Images (E News [ Books ¢ More Tools @ MD5 Encrypt/ Decrypt <. Share Q Add to Favs
About 3,370,000 results (0.72 seconds) T o

https://www.md5online.org » md5-decrypt
MD5 Online | Free MD5 Decryption, MD5 Hash Decoder

MDS5 is a 128-bit encryption algorithm, which generates a hexadecimal hash of 32 characters,

regardless of the input word size. This algorithm is not reversible, ...
Encrypt

People also search for

md5 encrypt hash decrypt Decrypt

md5 encryption online  md5 decrypt with salt
md5 decrypt php decrypt password

https://md5decrypt.net» ...

Md5 Online Decrypt & Encrypt - More than 15.000.000.000 ...

About Md5 online Decryption and encryption : ... Md5 (Message Digest 5) is a cryptographic
function that allows you to make a 128-bits (32 caracters) "hash" from ...
Sha512 Decrypt & Encrypt - Md4 Decryption - Leet Translator & Generator - API|

Decryption Settings > Reset ¥ Copy

MDS5 is a hashing algorithm. There is no direct method for MD5 decryption. MD5 is decrypted by using Trial & Error methodology. It may
https://md5hashing.net > hash» md5 take some time if either the text that will be decrypted or the character set that will be used for decryption is long.

Hash md5: Encryption and reverse decryption - MD5Hashing.net

Oct 5, 2021 — Md5 — Reverse lookup, unhash, and decrypt ... MD5 (128 bit). The MD5
message-digest algorithm is a widely used cryptographic hash function ...
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Lost Passwords Lock
Millionaires Out of

T H E C A S E O F Their Bitcoin Fortunes

Bitcoin owners are getting rich because the
cryptocurrency has soared. But what happens
S T E F A N T H O M A S when you can't tap that wealth because you forgot
the password to your digital wallet?

Stefan Thomas, a programmer in San Francisco, owns 7,002 Bitcoin that he
cannot retrieve because he lost the password to his digital wallet. Nicholas
Albrecht for The New York Times
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QUANTUM SERVICE IMPLEMENTATION
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