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Mercado

APAC
North America Fastest-Growing Market

Largest Market By Region (2020-2030)
By Region (2019) ;

2019
Market Size

$89.6

million

2030
Market Size

$1,866.8

million

Market
Growth Rate
(2020-2030)

33.1%




Gasto anual en investigacion (por pais)

No small effort

Estimated annual spending on non-classified

quantum-technology research, 2015, €m European Union*

550

0 Finland 12

Netherlands 27

, Den mark 22
Britain

105

Canada
100

France
52

United States
360 Spaln
aly Austria 35 SW|tzerIa nd
BraZ|I 11
World 1,500
Source: McKinsey (estimate)

National
spending

ORussia 30
Japan
63
South
O Korea 13
Singapore
-

*Combined estimated budget of EU countries



E&: Quantum computing deals are on the rise
Disclosed deals & equity funding (SM), 2015 - 2020

Funding amount (SM) Deal count
$500 37 40
$400
30
$300 23
20
$200
10
10
- 6
$73
39
80 | 539 | 0
2015 2016 2017 2018 2019 2020

Source: cbinsights.com B: CBINSIGHTS



Tendencias tecnologicas
2020 - 2025 - 2030 quantum technologies forecast

(Source: Quantum Technologies report, Yole Développement, 2020)
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LOCATION OF INVESTMENTS 2012-18

(US$, millions)
10Bit

39

|
Rigetti
120

enature

D-Wave Systems
1 177

R O - ID-QTEC
- 15
|
I : ~
ID Quantique
75 .
Silicon Quantum

China is heavily Computing*
commercializing quantum 65
technologies including i

secure communications.
But information on private 5
funding deals is scarce;

those disclosed tend not

to report amounts.

*Includes unspecified contribution from the Australian government alongside private investors.

Source: Nature analysis, including data from Quantum Computing Report, Boston Consulting Group, PitchBook and Crunchbase

Cash for qubits

A growing number of quantum technology firms are raising cash from
private investors, particularly in the sectors of quantum computing and

quantum software.

TOTAL VALUE OF DEALS
(US$, millions)

:

2012 2013 2014 2015
@ @

@ @

@

NUMBER OF DEALS
Instrumentation, tools and services
Communication

» Computing

e Software

® Sensors and materials

2016

Elizabeth Gibney. Quantum gold rush: the private funding pouring into quantum start-ups. Nature, October 2019.

2017

2018
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Ingresos

Aggregate Revenues for Quantum Computers: By Type of

Revenues ($Millions)
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Cadena de suministro

(Source: Quantum Technologies 2020 report, Yole Développement, 2020)
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The USA tops the list followed by the European Union, Canada, Japan and the UK.

Patentes

Figure 2.3 shows the most active organisations, with D-Wave Systems (Canada) clearly leading
the field, followed by Hewlett Packard, the Japan Science & Tech Agency and Toshiba.

Patent Publications by Organisation

D-Wave Systems

Hewlett Packard
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Toshiba
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Microsoft
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VWhat can guantum computers do better

7¢

Quantum computing
could solve

a range of complex
aerospace problems
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Maturity horizons are based on tangible value of Quantum Volume and
potential advantage applied to a business use case

Industries
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Who could create value with quantum computing?

Distribution of quantum-computing use cases, 2019, % Estimated value at stake'
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¢, Como funcionan?

¢ gueé las hace especiales?



:Qué es una computadora?
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Arquitectura Von Neumann
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Maquina de Turing

Conceptos Basicos

Autdmata




Maquina de Turing

Conceptos Basicos




Maquina de Turing (maquina clasica)

Supuestos

* Principio de Localidad:

* Los eventos suceden en una posicion y no tienen repercusion a la distancia, se
propagan a partir del punto en que suceden a puntos vecinos en unidades discretas de
tiempo, o0 a una velocidad limitada.

* Principio de Unicidad:

* Un sistema solo puede estar en un estado a la vez, no puede estar en la superposicion
de varios estados al mismo tiempo.

* Principio de Objetividad:

* Un observador puede consultar el estado del sistema y conocerlo completamente sin
interferir en el.



.. Se cumplen en Mecanica Cuantica?
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.. Se cumplen en Mecanica Cuantica?

Supuestos

* Principio de Localidad:

* | os eventos suceden
propagan a partir del
tiempo, o0 a una veloci

. Se
discretas de

* Principio de Unicidad:

» Un sistema solo pued Un estadc? f:,uantlco puede estar en la
de varios estados 2| superposicion de varios estados
globales

uperposicion

* Principio de Objetividad:

 Un observador puede
Interferir en el.

| estado del sistema y conocerlo completamente sin



.. Se cumplen en Mecanica Cuantica?

Supuestos

* Principio de Localidad:

. Se
discretas de

* | os eventos suceden
propagan a partir del
tiempo, o0 a una veloci

* Principio de Unicidad:

Un estado cuantico puede estar en la
superposicion de varios estados
globales

* Un sistema solo pued uperposicion

de varios estados al

* Principio de Objetividad:

No es posible observar el estado sin
alterarlo, Las reglas del sistema mientras

 Un observador puede ente sin

iInterferir en el. oo
NO se observa son distintas a cuando

Interactuamos con el




Fisica clasica vs fisica cuantica

ldentidad definida (onda vs particula)
Mismas causas, mismos efectos
(determinismo)

Magnitud de efectos de proporcional a
distancia (localidad)

Medir el sistema no altera su estado
(determinismo)

El estado no se degrada al interactuar

con su ambiente (coherencia)

classical

guantum

ldentidad dual (onda y particula)
Una causa, multiples posibles
efectos (probabilidad)

Causas lejanas pueden tener

efectos fuertes (no-localidad)
Medir el sistema si altera su estado
(no-determinismo)

El estado se degrada en el tiempo
al interactuar con su ambiente

(decoherencia)

30



. Como mterpretamos la Mecanica Cuantica?

Filosofia
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interpretamos la Mecanica Cuantica?
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.. Como interpretamos la Mecanica Cuantica?
Filosofia

0|V)
ot

Ecuacion deterministica
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Describe ondas

Pero vemos particulas




Qbit

Bases

* Polarizacion de la luz
* \ertical - Horizontal

e Orbita de un electron dentro de un atomo
* Orbita externa - Interna

* Spin de una particula

 Up - Down



Qbit

Spin




Qbit

Notacion de Dirac




Qbit

superposicion

Al HHD)

N

a, feC, a’*+p°=1










Qbit

ortogonalidad




Qbit

superposicion de estados complejos

alEHp




Qbit

I
alE )+ plew)




Qbit

colapso




Qbit

interpretacion de Everett \_i: \,7
t
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Qbit

interpretacion de Everett
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Panorama (¢ que tan complicado es?)

Bases
; .................................................................................
» Mecéanica Cuantica (framework)
g FEEEEEEEEEEEEEEEEEERRERE : : ....................... |
= Quantum Computing = * Quantum Information
- 5 ' Theory
L sEEEEEEEEEEEEEEEEEEEEEE E AEEEEEEEEEEEEEEEEEEEEENEN n

Black hole information

g HEEEEEEEEENENENEEEREEEEN~N : paradox .’llllllllllll. lllllllllll :
= Quantum Chromo . = Quantum Field .

Dynamics Theory



Estados clasicos vs estados cuanticos

Classical
Bit
1

v

0

Qubit
al0) + b|1)
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Superposicion cuantica

Classical states

Quantum superposition state

0)+[1)

48



El efecto Einstein-Podolski-Rosen




Enmaranamiento (Entanglement)




Decoherencia

Coherence time: How long can a quantum state live?

https://www.nist.gov/topics/physics/introduction-new-quantum-revolution/strange-world-quantum-physics

51
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Matematicamente hablando

Computacion

* Maquinas de Turing y Von Newmann « Computacion Cuantica
» Algebra de Bool (no electronical) » Algebra Lineal con variable
compleja (no fisica cuantica!)
(P+7q)-r=t
1 i a
p,q,r,t € {0,1} . X Bl a,peC
11
+ = A (and) . .
a=a+ib, a,be R, i=4/—-1
- =V (or)

* No puede haber disipacion de
- = not energia, compuertas son reversibles



Matematicamente hablando

Computacion cuantica

e Estados = vectores (de numeros  Operaciones = matrices (de
complejos) numeros complejos)

* 1 Qubit (vector de 2 elementos) * 1 Qubit (mat. de 2x2 elementos)

e 2 Qubits (vector de 4 elementos) e 2 Qubits (mat. de 4x4 elementos)

* 3 Qubits (vector de 8 elementos * 3 Qubits (mat. de 8x8 elementos)

* n Qubits (vector de 2" elementos) * n Qubits (mat de 2" X 2" ele.)



Matrices de Pauli

Operadores en 1 QuBit




Compuertas cuanticas

Pauli-X (NOT) Pauli-Y  Pauli-Z (phase flip)

) [

\J/

Hadamard Phase

—F s —l ¥

controlled-U controlled-X CNOT 0)q H ®
N

controlled-Z controlled-phase 10} N

:I:

SWAP Y-rotation

x) ) )
-0 &=




Compuertas Cuanticas



Compuertas Cuanticas

Consideraciones

e La mayoria de los algoritmos cuanticos y paquetes de desarrollo se
especifican a nivel de las compuertas

 Esto es cercano a un “ensamblador”, no es idoneo, la comunidad reconoce la
necesidad de desarrollar herramientas para poder especificar/compilar a mas
alto nivel



Sumador clasico vs sumador cuantico

DeD—

A
| B

oooooooo

4R
N
4R
N

~ ~— ~— ~—
A
N
L _
L _
4A)
N
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El poder de la superposicion

10)
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“ |0)
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— 0) Y
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1\

o La superposicion nos permite explorar multiples posibles soluciones de forma simultanea
« Cuando los problemas tienen estructura interna que permite hacer una “consulta global”, se obtiene eficiencia

exponencial. -



Paralelismo Cuantico

Memoria de n gbits

10 -
0yl n
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Paralelismo Cuantico

Memoria de n gbits

v 10y — H — Por linealidad, si le aplicamos M a esto ...

[0)— H — 1 2=l
-u( =3 0)
[O)— H — , n -

0} H —

N

V‘O>7H_




Paralelismo Cuantico

Memoria de n gbits

v 10y — H — Por linealidad, si le aplicamos M a esto ...

[0)— H — 1 2=l
. =M D i)
[0)— H — l & . ( " )
" " — ﬁ Z ‘l) ﬁ 1=0
" =0

0} H —

V‘O>7H_

1 +1

H =
1 -1

1
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Paralelismo Cuantico

Memoria de n gbits

v 10y — H — Por linealidad, si le aplicamos M a esto ...

[0)— H — 1 =
0} 1 | B @%'”

0y W —

N

| 1oy n
aplica M a todas las distintas
e |1 ! configuraciones de memoria al
v2 It -l mismo tiempo




Paralelismo Cuantico

Memoria de n gbits GENIAL! leamos el resultado

(

- 75 Z6m

aplica M a todas las distintas

configuraciones de memoria al
mismo tiempo



Paralelismo Cuantico

Memoria de n gbits GENIAL! leamos el resultado

)
“
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2
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.
\d
.
.
.
]
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.
2
.
.
\d
“
.

aplica M a todas las distintas

configuraciones de memoria al
mismo tiempo



Paralelismo Cuantico

Memoria de n gbits GENIAL! leamos el resultado

@ Desaparecen todos menos 1!

aplica M a todas las distintas

configuraciones de memoria al
mismo tiempo



Paralelismo Cuantico

caveats

« Solo ciertos algoritmos pueden aprovechar el paralelismo cuantico

 Hay que conocer la matematica (algebra lineal) que hay detras para saber
cuales son

* Tiene que existir algun tipo de interferencia o patron entre las distintas
soluciones para que el paralelismo funcione

e Los algoritmos terminan siendo probabilisticos (probabilidad alta de
obtener la solucion correcta)



Ejemplo: la transformada rapida de Fourier

N—1 —j27kn
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Ejemplo: la transformada rapida de Fourier

for (s = 0 ; 8 < 1ogN ; s++)
for (i = 0 ; i < N/{(2%") ; i++)
C = wr(idx]; S = wil[idx];
for (j =i ; j <N ; j + = N/29
tmpr = aar[idx] - aar [idx+N/2""];
tmpi = aail[idx] - aai [idx+N/2""];

aar[idx] = aar[idx] + aar[idx+N/2°"];

aail[idx] = aail[idx] + aai[idx+N/2°"];

aar [idx+N/2""] = tmpr*C - tmpi*S;

aai[idx+N/2"""] = tmpr*S + tmpi*C;

idx idx + 2°;



Ejemplo: la transformada rapida de Fourier
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Algunos algoritmos cuanticos

Algoritmo
Factorizacion entera (Shor)

Utilidad
Descubrir factores primos en tiempo
polinomial en vez de exponencial

Impacto en actividades humanas
Fuerza a repensar toda la
infraestructura de llave publica-
privada basada en RSA

Busqueda no estructurada (Grover)

Encontrar elementos en conjuntos
de datos grandes

Busqueda en Big Data, estrategias
automaticas en FinTech

Algebra lineal cuantica

Resolver sistemas de ecuaciones
lineales que representan multiples
tipos de pregunas

Logistica, machine learning,
ingenieria en general

QKD (quantum key distribution)

Compartir llaves criptograficas de
manera 100% segura

Impacto fuerte y pronto en la
seguridad informatica y sistema
bancario




Complejidad computacional clasica y cuantica

/N
EXPSPACE
B ki
EXPTIME Map coloring
Traveling salesman N P -
n x n Sudoku
 Complete
PSPACE = NPSPACE=IP 2
% Graph isomor phism NP
o
& !
o
O
@
I \ /
fficient ly solve d by
Graph connectivity quantum com puter
g if a number P
prime
Matchmaking
®
fficientl y solved by
classical com puter
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De vuelta a compuertas logicas
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El modelo de hardware que utilizamos es irreversible:
perdemos informacion util y producimos calor.

Landauer, R. (1961). Irreversibility and heat generation in the computing process. IBM journal of research and development, 5(3), 183-191.
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La solucion: compuertas reversibles

Toftfoli
A

A

o3

P=A

o
- - , )4
B ; |

B— TG [— QB M
C—— | V[ V[V R=AB®C

Q=B

C— R=AB®C

(a) Toffoli Gate (b) Quanturn implementation of the Toffoli Gate

Fredkin
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(b) Quantum representation of the I'redkin Gate
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iTodas las compuertas cuanticas son reversibles (excepto medicién)!
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https://www.americanscientist.org/article/computers-that-can-run-backwards 27



https://www.americanscientist.org/article/computers-that-can-run-backwards

9,000 terawatt hours (TWh)

—  ENERGY FORECAST 20.9% of projected”
Widely cited forecasts suggest that the electricity demand

_ total electricity demand of information and
communications technology (ICT) will
accelerate in the 2020s, and that data
centres will take a larger slice.

M Networks (wireless and wired)
M Production of ICT

Consumer devices (televisions,
computers, mobile phones)

M Data centres

Contribution of ICT CO2 emissions

| , - CO2
Mobile Breakdown of consumption  Mobile -
Infrastruct Phones emissions
ures 5% due to
2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 5% Laptops ICT
d 2%
The chart above is an ‘expected case’ projection from Anders Andrae, a 0

specialist in sustainable ICT. In his ‘best case’ scenario, ICT grows to only
8% of total electricity demand by 2030, rather than to 21%.

Global
Global electricity demand CO 2
Other demand \ S -
2015 | L emissions
Best case \ 0
2030 II 98%
Expected
2030 ]
0 40,000 TWh
INTERNET EXPLOSION

Internet traffic* is growing
exponentially, and reached more
than a zettabyte (ZB, 1 x 102! bytes)

in 2017.
: . 2007 2017
19871‘ 1997 50 EB 1.17B
2TB" 60 PB Somavat, P.,, & Namboodiri, V. (2011). Energy consumption of personal computing including portable
e el S Crature communication devices. Journal of Green Engineering, 1(4), 447-475.
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Energia y TIC: quantum como respuesta

1.00E+22
1.00E+20 _
. o > 3
1.00E+18 g ”~
. " 8 /
- S = > AN X
MW 1.00E+16 Y —pf= ~ \ TP\
g T F T e 2o
~— | /,//' o ”~ ; ’\'0 \Q '
O 1006414 = 2 _~ PRt X ok
= -~ C)\ 5 & \\ ’
: o / S\X \_'\. .
3 AT\ S
7 1.00E+12 - '\3(% A \
P - ‘ \'.\\'\\
~ 2
1.00E+10 \._\\\‘0‘

1.00E+08
2010 2015 2020 2025 2030 2035 2040 2045

Fig. A8. Total energy of computing.

Drechsler, R., & Wille, R. (2012). Reversible circuits: Recent accomplishments and future challenges for an emerging technology. In Progress in VLSI Design

and Test (pp. 383-392). Springer, Berlin, Heidelberg. .



Type of scaling Time to solve problem

Classical 10 2 330 3300 Ageofthe
algorithm with  secs mins years years universe
exponential
runtime
Quantum 1 2 10 11 ~24
algorithmwith  min mins mins mins  mins
polynomial
runtime

Step 1 . Step 2 . Step 3 . Step 4 . Step 5

Select champions : Identify use cases : Experiment : Chart your course : Flexibly adapt

| | (Po
&
| S Become Achieve

quantum : quantum
ready : advantage

Time

Quantum ready
Use case development :

Capabllity

Today

Quantum advantage
Use case commercialization

Quantum
computing

Opportunity

Classical
computing

Time

-1

IBM Institute for Business Value
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;. Para qué nos sirve una computadora
cuantica?

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.

I R cehard P ?a/n.m,an,.. -

AZ QUOTES
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N -'(-//:'/ | 7 N

Atmospheric Nitrogen (N,)

Nitrogen-fixing
bacteria living in
legume root nodules

Ammonification

Denitri
Bacteria

Nitrates(NO, )

Decom osers
(aeroblc and anaerobic

bacteria and fungi)
Nltrlfymg

Nitrification bacteria

Dy @»m

Nitrogen-fixing
soil bacteria

Nitrifying bacteria

Figure 2: The process of nitrogen fixation. Source: Wikimedia Commons. Included by Kevin Kang, Editor-In-Chief
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Haber-Bosch (61% eff.): 2% de |la energia global, 5% del gas natural global, 450°C a 200

atms.

—_—

methane CHgy
water H>O

CH4 + H,O
—
CO + 3H>

2CH4+ Oy
2CO + 4H,

Production of the synthesis mixture

scrubber

N, +3H, — 2NH, AH° = —91.8kJ/mol

Production of ammonia

reactor

N> H, CO

| | l HO CO»

catalyst

450 °C
300 bar

compressor ammonia

N + 3H
314
| NH + 2H
1129 kJ/mol 1400 ~9600 389
l NH, + H
543 460
AH=46 k]J/mol
i, s e e -0
yN, T P
1/N , - ]
+ 22 259 ‘ NH { NH,
*IH, ad l | 106I NH 4 ! 2ad  NH3,q

33



Fe protein MoFe pr_gtein (Cys)S

A

(NifH) S —
B-Subunit Fe
(NifK) / \
S S
S
| Fe/\/F;e\<Fe
a-Subunit S/ C\S >S
(NifD) \Fe / Fe

[4Fe-4S] P-Cluster FeMo-cofactor R o) N(His)
Maturation requires: Formation requires: R‘
NifH (Fe Protein) NifH (Fe Protein), NifB, NifEN
NifV supplies homocitrate O

Raugei, S., Seefeldt, L. C., & Hoffman, B. M. (2018). Critical computational analysis illuminates the reductive-elimination mechanism that activates nitrogenase
for N2 reduction. Proceedings of the National Academy of Sciences, 115(45), E10521-E10530. 84



Energy / Hartree

uimica cuantica asistida por QC

Ground state

SRR
o “ “ “ “ >l
“: ‘:‘:“:“:‘Q:‘Q:Q:O:;%:,;
(5 2

1 1.2
Atomic separation / angstrom

Reactants

QSIS
CSRCSSD

ST E TS IEITKS
s“‘ SISO

XSO
““:‘:
O

v(d1, 92)

Time (seconds)

7
11 _ /
10 , <— 1 millenium
108 - /.
/ <—1 year
z <— ] month
10° 7 <—1 day
K <— 1] hour
107 //
10-1 - B Desktop CASCI (N,N)
® Sparse qubitization
107 - ¢ v Trotterization
7’
— | I | I I | | |
4 6 8 10 121416 20 26 32 40 50 60

N (# orbitals)

Elfving, V. E., Broer, B. W., Webber, M., Gavartin, J., Halls, M. D., Lorton, K.
P., & Bochevarov, A. (2020). How will quantum computers provide an
industrially relevant computational advantage in quantum

chemistry?. arXiv preprint arXiv:2009.12472.



Como se programa una
computadora cuantica
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Quantum Computing Programming Languages

© oM
Quantum Universal [ XACC ) ASSOCIATION
Languages

| ProjectQ | % CirgProjectQ|

— 1

l Full-stack libraries |

L e N

Quantum algorithms
| S— — e

4 B

Quantum circuits

N v

r -

Assembly language
p— w

r "

Hardware Quantum device
TN Y.

* Hardware under development. Quantum programs are run on their own simulators.

“Quantum Language” is refered with no distinction both as a quantum equivalence of a programming language and as a library to write guantum programs
supported by some well-known classical programming language.
© Alba Cervera-Lierta for the QWA (2018)



Qiskit
from collections import OrderedDict

from qiskit_chemistry import FermionicOperator

from giskit_chemistry.drivers import PySCFDriver, UnitsType

# Use PySCF, a classical computational chemistry software package, to compute the one- an

# two-body integrals in molecular-orbital basis, necessary to form the Fermionic operator

driver = PySCFDriver(atom='H .0 .0 .0; H .0 .0 0.735', unit=UnitsType.ANGSTROM,
charge=0, spin=0, basis='sto3g"')

molecule = driver.run()

num_particles = molecule.num_alpha + molecule.num_beta

num_spin_orbitals = molecule.num_orbitals * 2

# Build the qubit operator, which is the input to the VQE algorithm in Aqua

ferOp = FermionicOperator(hl=molecule.one_body_integrals, h2=molecule.two_body_integrals)
map_type = 'PARITY'

qubitOp = ferOp.mapping(map_type)

qubitOp = qubitOp.two_qubit_reduced_operator(num_particles)

num_qubits = qubitOp.num_qubits

# set the backend for the quantum computation
from giskit import Aer

backend = Aer.get_backend('statevector_simulator')

# setup a classical optimizer for VQE
from qiskit_aqua.components.optimizers import L_BFGS_B
optimizer = L_BFGS_B()

# setup the initial state for the variational form
from qiskit_chemistry.aqua_extensions.components.initial_states import HartreeFock

HartreeFock(num_qubits, num_spin_orbitals, num_particles)

init_state

# setup the variational form for VQE
from qiskit_aqua.components.variational_forms import RYRZ

var_form = RYRZ(num_qubits, initial_state=init_state)

# setup and run VQE

from giskit_aqua.algorithms import VQE
algorithm = VQE(qubitOp, var_form, optimizer)
result = algorithm.run(backend)

print(result['energy'])

aqua_chemistry_experiment.py hosted with @by GitHub view raw

=" Microsoft

TestBellState(count : , initial :

numOnes = 0;
use qubit = ();
for test in 1..count {
SetQubitState(initial, qubit);
res = M(qubit);

if res == One {

numOnes += 1;
}
}

SetQubitState(Zero, qubit);

Message("Test results (# of @s, # of 1s): ")

return (count - numOnes, numOnes);
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Artificial intelligence Optimization

End users and
PSIA Domain specific Domain specific Domain specific domain experts

PvSCF
Input generation PyQuante
Gaussian 16™
HDF5

Fermionic Problem specific Ising Hamiltonian Circuit Generation
REMIGCRIER
Translator Reduction to

Qubit Grover oracle
Hamiltonian

Quantum algorithm

VQE, QAOA, Optimizers, Variational researchers and developers

QPE, IQPE, Forms, Intial States,
Grover, Oracles, IQFTSs,
QSVM Kernel, Multiclass
QSVM Extensions,
Variational... Feature Maps

Circuit generation
and optimization Quantum researchers

and developers

—k
-

Hardware

— Quantum Experimentalists

Simulator




Futuro:
¢s,.sera una tecnologia realista?




AutoML

User Interfaces
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() less than 2 years @ 2105 years

Deep Neural Networks
/ (Deep Learning)
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N ———

~ Machine Learning
NLP

VPA-Enabled Wireless Speakers

. —— Robotic Process Automation Software

—— FPGA Accelerators
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Enlightenment Productivity
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The 2019 Gartner Hype Cycle for Artificial Intelligence, with quantum computing highlighted in yellow. Credit: Gartner
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Noisy Intermediate Scale Quantum

where we computing
are today NISQ application areas:
101 ¢ Quantum chemistry
¢ Optimization
& . .
§ i03 e Machine learning
S error correction
o 100 ® threshold
© JAN
O / fault-tolerant QC
2 107 .
£ within 5
10 | years
10 100 1,000 10,000 100,000 ™

number of physicalqubits
“Quantum computing in the NISQ era and beyond™ Preskill, 2018 https //anav org/abs/1801.00862
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# Physics| Qubits

100000
* First, reach a fault-

tolerant qubit

" e — - — -
-

10000 "
* Then scale up in
numbers
1000 ; o
* Interesting computational
tasks beyond classical
100 simulation limit
Classical Simulation
10
1

1.E+00 1.E-01 1.E-02 1.E-03 1.E-04 1.E-05 1.E-06 1.E-07 1.E-08
Physical Error Probability ~ 1/(# Gates)

Martonosi, M., & Roetteler, M. Next steps in quantum computing: computer science’s role. arXiv preprint arXiv:1903.10541. 2019.
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. QUANTUM ANNEALING
. GATE-BASED QUANTUM COMPUTING

Yy COMMERCIALLY USEFUL QC

Gate-based QC

with 100’ of

qubits

*

Quantum annealer

demonstrating
practical utility A3

Quantum annealer
demonstrating
o quantum supremacy
<
o A2
(¥ 8}
o
-
ju—_
=
=
o
o
E Experimental quantum
cc annealer
°== Al
W/

National Academies of Sciences, Engineering, and Medicine. Quantum
computing: progress and prospects. National Academies Press. 2019.
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Advances in Quantum Computer Size

200

—_—
Un
-

100

Number of Qubits

50

2015

—8— Harvard-MIT 4
’
—&— Google ,,
—0— |BM ,’
—0— |ntel 6,
onQ o
y
/
y
V 4
o

2016 2017 2018 2019 2020
Year

Number of Qubit System
System Type Qubits Stability Flexibility
Google Superconducting circuits ® . Medium
IBM Superconducting circuits @ s ‘ Medium
Intel Superconducting circuits 49 i Medium
lonQ Trapped lons 11 . High
Harvard-MIT Ultracold Atoms @ 5o ‘

Insa Mohr. Searching for the Holy Grail of Quantum Computing. October 2020
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Physical qubits

IMT

1000

100

N\YOLE

y Developpement

|10

1998-2026 Physical qubit roadmap

for quantum computer

(Source: Quantum Technologies 2021 report, Yole Développement, 2021)

History The promise

® M qubits

| . 2000-qubits 5000-qubits
| 000-qubits -
g o * & | 000-qubits
1 28-quibits |
i | ® 100 qubits -1 @ 100 qubits
2-qubits (Bristlecone)
® 54(53)-qubits (Sycamore) @ 64 qubits
M 49-qubits (Tangle Lake)
28-qubits
';mw\a PJLES{'@ # L
| 7-qubits @® Tundra @ Alibaba
® . @® D-Wave ® el
“glibits v ' 1-qubits ® MJSIS, Russia
® Google : PsiQuantum
WACQT
® 2_qubits S
1998 2000 06 07 09 15 16 17 18 19 20 23 25 26

' (Institute for Quantum Computing, Perimeter Institute for Theoretical Physics, MIT)
2 (Los Alamos National lab)

3 (TU Munich)

4 (Oxford University, IBM, UC Berkeley, Stanford, MIT)

© 2021 | www.yole.fr — www.i-micronews.com 98




Estamos a 5 anos de contar con hardware cuantico
con poder computacional suficiente para
disrupcion industrial a gran escala

AuUn es un ambiente pre-competitivo en materia
de innovacion, gran ecualizador de oportunidades

Puntos clave

Innovar en QC puede ocurrir mas facilmente a
nivel de software, algoritmos y aplicaciones (una
oportunidad para Costa Rica y socios pais)

Aun cuando se requieren fundamentos de fisica,
personas con formacion en algebra lineal y
software pueden introducirse bien en este campo
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. Que podemos hacer en Costa Rica?

estrategia

 No estamos a nivel para participar en desarrollo de hardware
 Posiblemente en aplicaciones, si preparamos a la gente en las bases del area

» El area también requiere herramientas de alto nivel, como compiladores, no
son faciles, pero CR tiene el conocimiento en la industria en esa area

* Sien estos 5 anos no preparamos gente en el momento del boom no
estaremos listos



. Que podemos hacer en CR?

estrategia

» |La formacion para programar/entender computacion cuantica es algebra lineal en variable
compleja

* Similar a los programas que ya se estan dando en ciencia de datos en varias
universidades

* Ya hay gente entonces gque ha recorrido parte del camino
e | .a matematica necesaria esta a nivel de un estudiante de bachillerato universitario

* Muchas universidades norteamericanas ya dan cursos de computacion cuantica para sus
estudiantes de bachillerato

* Es razonable dar electivas e ir preparando gente para que de aqui a 5 afos estemos en
mejores condiciones de absorber un boom



