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El National Center for Supercomputing Applications

NCSA crea y utiliza
tecnologias
computacionales del
manana para atacar
los problemas mas
importantes de hoy.

;Quée sigue?

Quantum computing
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Press Release

IBM and the University of Illinois Urbana-Champaign Plan to Launch New Discovery
Accelerator Institute

5/26/2021 9:00:00 AM

s TJen-yeor colloboration between 18M, UIUC and the State of Minois will be backed by o S200 million investment
s The IBM-Ilinois Discovery Accelerator Institute will bolster technical skills ond accelerate breakthroughs in cloud, Al, quantum computing, materials discovery and

sustainability.

I Q U I ST IBM and The Grainger College of Engineering at the University of lllinois Urbana-Champaign plan to launch a large-scale collaboration designed to increase access to
technology education and skill development, and to combine the strengths of academia and the industrial sector to spur breakthroughs in emerging areas of technology.

Specifically, the planned collaboration will focus on the rapidly growing areas of hybrid cloud and Al, quantum information science and technology, accelerated materials

discovery, and sustainability to accelerate the discovery of solutions to complex global challenges.
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Nuestra mision en Quantum Computing

« Acelerar la solucion de problemas donde se materializan ventajas cuanticas en
aplicaciones cientificas para lograr transferencia tecnoldgica efectiva dentro de la
siguiente decada

« Desarrollar investigacion unica que integra aspectos tedricos y pragmaticos de la
interacion entre plataformas de computo cuantico, problemas, algoritmos y practices
humanas necesarias para atacar retos economica y socialmente relevantes

« En el corto plazo, movemos la frontera del estado del arte a través del ecosistema de
tecnologias cuanticas para deliminar la hoja de ruta de integracion HPC-QC

« Complementamos y extendemos la estrategia de la University of lllinois para
mantener liderazgo cientifico y tecnologico
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Vision Integradora: avanzar la computacion cuantica
para aplicaciones cientificas

Integrar
supercémputo
con hardware

cuantico

distribuido

Entrenar a la Democratizar
comunidad la computacion

Construir mas Hacer el
y mejor hardware

cientifica e cuantica en la
industrial sociedad

hardware cuantico mas
cuantico accesible

| l |

Experiencia de NCSA en simulacion, Experiencia de NCSA en Experiencia de NCSA en
redes y ciberinfraestructura desarrollo de software y entrenamiento y
consultoria cientificas visualizacion avanzada
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Socios académicos e industriales
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1. LCCF

TACC - John Towns, Sandra Kappes, Gregory Bauer, Timothy Boerner

GPU/NCSA QPU/IQUIST

NVIDIA Grace Hopper Superchip

CPU LPDDR5X

HOPPER

HIGH-SPEED
NVLINK NETWORK
< 256 GPUs

Objetivos:

« Pruebas de integracion

« Benchmarking

« Busqueda de aplicaciones
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4. Digital Twins para Quantum Computing Hardware
NCSA Visual Analytics + IQUIST, IIDAI 2023

ML-2: analisis de
diferencias

Digital Twin

Infraestructura de ML-1: auto
medicion tuning/calibracion
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Globales para Costa
Rica
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Quantum Hardware, Fabricacion

Infactible para CR en 20 anos.

e ~S5M anuales en hardware

* Laboratorios especializados

 5-10 PhDs en fisica por tecnologia

e Reglas agiles de importacion con USA, UK, EU, Singapur

Pero...
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New Partnership with Costa Rica to Explore
Semiconductor Supply Chain Opportunities

MEDIA NOTE

OFFICE OF THE SPOKESPERSON

JULY 14, 2023

The State Department will partner with the Government of Costa Rica to explore opportunities to diversify and
grow the global semiconductor ecosystem and create a more resilient, secure, and sustainable global
semiconductor value chain. This partnership is enabled by the International Technology Security and Innovation
Fund ("ITSI" Fund), created by the CHIPS Act of 2022.

The United States views Costa Rica as a partner in ensuring the semiconductor supply chain can keep pace with the
digital transformation underway. Products ranging from vehicles to medical devices increasingly rely on
semiconductors as the building blocks of today’s economy. This collaboration underscores the significant potential
to expand this industry in Costa Rica to the benefit of the United States and Costa Rica.
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Quantum Hardware, Compra o Leasing

Infactible para CR en 5-10 anos.
* Costo de sistemas S15M-5100M
e 2-3 PhDs en fisica entrenados por plataforma, facilities especializadas

* Uso exclusivamente experimental con ROI limitado
* Pero:

— Modelo de servicios por co-charging
— Atraccion de talento
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Quantum Hardware, Simulacion Clasica de Hardware

Factible para CR en 2-5 anos.

* Es un problema de software con spill-overs a otras areas del CHIPS Act

* Industria de software local que puede entrenarse para solucionar
problemas abiertos

e Creacion de modelos de hardware cuantico on-demand

e Colaboracién con centros de investigacion externos de primer nivel
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Quantum Hardware, Uso en Cloud

Factibilidad immediata.

* Costo por uso en Azure, AWS, IBM Quantum

e Diferentes modelos de compra de tiempo de QPU
* Gradiente de experimentacion y entrenamiento

* Posibilidades inmediatas de entrenamiento
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Quantum Software, Control Cuantico

Infactible para CR en 5-10 anos.

* Requiere hardware cuantico y experiencia profunda

* ~10 PhDs en fisica, ingenieria eléctrica/electrdnica, ciencias de la
computacion

e Pero:

— Admite simulacion
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Quantum Software, Software Stacks

Factible para CR en 1-5 anos.

* Problemas interesantes en embedded systems, compiladores, sistemas
operativos

* Innovacion gradual o radical es posible
* No existe una receta Unica o perfecta
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Quantum Software, Modelos y Lenguajes de Programacion

Factible para CR en 1-3 anos.
e Fuerte industria de desarrollo de software en Costa Rica

* Trayectoria previa (Artinsoft)
 Personal académico con formacion en esta area

* Requiere personas investigadoras en algebra superior y quantum field
theory para innovacion radical
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Quantum Software, Quantum Applications

Factibilidad inmediata.

* Materiales de entrenamiento abiertos disponibles

* Uso de |la diaspora costarricense
* Fuerte industria de software
 (Camaras industriales reconocidas: CAMTIC, Camara de Industrias, ABC
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Quantum Software, Training para la Comunidad Global

Factibilidad inmediata.

 Mercado abierto para contenidos que permitan llegar de principios
cuanticos a aplicaciones

e Plataformas de online learning
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Quantum Computing - Recomendaciones

* La oportunidad abierta por el CHIPS and Science ACT es unica, y debe
aprovecharse para colocar al pais al frente de tecnologias estratégicas:

guantum es una de ellas

* Una agenda de corto plazo enfocada en entrenamiento y busqueda de
aplicaciones

* Una agenda de largo plazo enfocada en manufacturar hardware cuantico
de 10-20 anos una vez que la tecnologia madure

* Tener dominio no trivial de quantum computing puede abrir
oportunidades de mercado insospechablemente fuertes para Costa Rica
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Objetivo de hoy

Una vista a la computacion cuantica mediante el lente de MPSAT

Market Principles

Systems Applications
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La computacion cuantica se convertira en una tecnologia

transformacional

TRANSFORp 4 Tion
AL

@ Smart Machines

@ Advanced Robotics uantum
64, %
AN

Maturity
@ Brain-Computer Interface
\%\ Mainstream
Alitoriomous. @ . Memvistors @ @ 56 /z Early adoption
Cognitive Computing @ Biocomputer 0 @ Adolescent
@ Swarm Computing ‘7(\ @ Emerging
® Internet of Everything %(\
Es) Self-Adaptive Security O/
3D Printing ) Exascale O
a Privacy-Enhancing @
Technologies
@ Ubiquitous PIM
SDx
) Blockchal
Insight @ Blockeiizin Immersive ® Fabric-Based Computing
Platforms Experience
Wearable Computing @ Virtual Assistants
Natural User
Learning  Interfaces Semantic © Context Broker
Technologies
Digital Work
Edge Computing @ D10tel Workpice @ Distributed g
Web-scale Trusted Devices Social Networks O
Computing - 2
LPWAN Wireless Power
WebRTC x 2
In-Memory Computing Location-Based @ Plastic Transistors
Cloud Service g Containers Services NG
Integration 3
Advanced Data Visualization _ pye

Biometrics  Digital Signage

NFC Open Source Hardware
2016 2017 2018 2019+

© Atos 2016. All rights reserved.
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;Qué atributos caracterizan lo
“transformacional”?

« Rango de aplicabilidad
« Tiempo de solucion
» Factibilidad del tamano de problema

« Capacidad de solucion

Quantum se diferencia de lo clasico a lo
largo de estas dimensiones



GLOBAL QUANTUM COMPUTING MARKET

APAC
North America Fastest-Growing Market
Largest Market By Region (2020-2030)

By Region (2019)

2019

Market Size

$89.6

million

Market
Growth Rate
(2020-2030)

33.1%
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Quantum Leap for
Quantum Computing

Projected worldwide market size of quantum
computing 2020-2030 (in million U.S. dollars)

10,000

2020-2030
CAGR*

8,000

6,000

4,000

2,000

0 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

* Compound (average annual) growth rate
Source: Statista Digital Economy Compass 2021

@O statista %a
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LOCATION OF INVESTMENTS 2012-18

\H\:\ nillions)
10Bit
35 D-Wave Systems
- 177
> - ID-QTEC
. A :’ S 1'5
. o 1 * R
ID Quantique
: ; 79
Rigetti Silicon Quantum
120 China is heavily Computing*
commercializing quantum 65
technologies including
secure communications.
But information on private ;
funding deals is scarce;
those disclosed tend not
to report amounts.
namre cludes unspecified contribution from the Australian governmen vate 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.
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@

® Sensors and materials

Elizabeth Gibney. Quantum gold rush: the private funding pouring into quantum start-ups. Nature, October 20109.
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State of Quantum Computing:

Building a Quantum Economy

INSIGHT REPORT
SEPTEMB E B0

“Quantum technologies are rapidly maturing, with an ever-growing number
of governments and businesses launching strategic initiatives and

collectively investing more than $35.5 billion across multiple continents.”
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(quantum|gov)

132 STAT. 5094 PUBLIC LAW 115-368—DEC. 21, 2018
TITLE I—NATIONAL QUANTUM
INITIATIVE
President. SEC. 101. NATIONAL QUANTUM INITIATIVE PROGRAM.
15 USC 8811.

(a) IN GENERAL.—The President shall implement a National
Quantum Initiative Program.

(b) REQUIREMENTS.—In carrying out the Program, the Presi-
dent, acting through Federal agencies, councils, working groups,
subcommittees, and the Coordination Office, as the President con-
siders appropriate, shall—

(1) establish the goals, priorities, and metrics for a 10-
year plan to accelerate development of quantum information
science and technology applications in the United States;

(2) invest in fundamental Federal quantum information
science and technology research, development, demonstration,
and other activities to achieve the goals established under
paragraph (1);

3) 1nvest in activities to develop a quantum information
science and technology workforce pipeline;

(4) provide for interagency planning and coordination of
Federal quantum information science and technology research,
development, demonstration, standards engagement, and other
activities under the Program;

(5) partner with industry and universities to leverage
knowledge and resources; and

(6) leverage existing Federal investments efficiently to
advance Program goals and priorities established under para-
graph (1).

1T ILLINOIS NCSA
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U.S. QIS Funding for Leading Science Agencies
(S in millions)

$2,165 $2,213
$1,841
$1,525

$1217 $1,325

FY 2019 Actual FY 2020 Actual FY 2021 Actual FY 2022 Actual FY 2023 Enacted FY 2024 Request

Lewis-Burke Associates, LLC. 2023 Landscape of Federal Quantum Information Science. May 2023.
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ASCR NP BES HEP FES BER
Algorithms; Many Body Quantum Field theory; Qubit Bioimaging

Computer Systems; Systems and dark matter; synthesis; ion applications,
Science; QIS Ready Computing: gravity; event traps; Fusion sensing and
Networking; Workforce model, make, tracking; Plasma measurement
Testbeds and measure fundamentals modeling capabilities

Fundamental Science

) “_uantum Sensmh

- e e e e e

Source DOE Ofﬁce of Scrence

Lewis-Burke Associates, LLC. 2023 Landscape of Federal Quantum Information Science. May 2023.
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THE

QUANTUM

INSIDER

Quantum Computing Market Map

Users QPUs?2

Select examples

Applications

Not mapped to verticals

Software offerings

Includes control software

Non exhaustive and in no particular
order. Excludes details on control
systems, assembly languages, circuit
design, etc.

Hardware / components
Select examples only — not
representative of entire ecosystem

Material Science Not strictly categorized given diversity of operations’ ‘ Superconducting

Cryogenics (includes testing)

MERRUK WARE , . . — 5 D omicactrons: |
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[ Other , : S i CryoCoax ZNF |
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1 Software offerings can be further classified into SDKs, firmware / enablers, algorithms / applications, simulators etc. but many companies are offering a mixture across the stack
? Many QPU providers are offering full stack services (e.g. Pasqal acquired Qu&Co, Quantinuum was originally CQC prior to merger with HQS, etc.
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2020 - 2025 - 2030 quantum technologies forecast
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Computacion

45 =
(101101),

" — “Above freezing”
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Ingenieria Elecronica
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Fisica
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La computacion es un conjunto de
abstracciones procedurales

Estado Unico

Determinismo

Estado finito Lectura no destructiva

;'"}"- NSy
. %‘ﬂ\ Copiabilidad
Terminacion de programa - & o & .
; @- Coherencia
Entradas Tolerancia a ruido
Irreversibilidad
Salidas = Localidad

Las Maquinas de Turing son disposivos Newtonianos!
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Computo con bolas de billar

1-In

O-out

_‘

Sl
oo # »(O-out ;
v
-
1-0uf 1-out
v

AND-output

Durand-Lose, J., 2002. Computing inside the billiard ball model. Collision-based computing, pp.135-160.
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Bits cuanticos (qubits)

BITS VS QBITS

Classical Computer — Operations on BITS Quantum Computer — Operations on Quantum BITS 0
T A KA RN RSSOy
| ; i, " S 0% 2 i
( ; —_’ j

=
-

Oand1at y f \ Pl o e 9
the same time Sl ‘ ‘
“SUPERPOSITION" (1 , ;

°.

‘ " "

Quibits can take same value simultaneously. This Classical Bit
characteristic expands the possibility of parallel T
calculations

Qubit
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Superposicion e interferencia

Classical states Quantum superposition state

5 W =al0)+a)l1)

la |2+ |a,|2 =1 |
10) AR

NCSA | NATIONAL CENTER FOR SUPERCOMPUTING APPLICATIONS

La habilidad de mantener multiples estados de
informacion instantaneamente

El reto: medir destruye la superposicion

La solucion: interferencia constructiva y
destructiva

Quantum Computer Computer




Estados cuanticos = spinors con algebras de Clifford

https://arxiv.org/abs/2003.05089
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Simular estados cuanticos a escala es infectible en una computadora
clasica

Qubits | Classcalbits

1 2 Binary contingency table
15 32768 Physical HDD sector

90 1.24x10%7 Atoms in an apple

186 1.21x105° Atoms in the solar system
267 3.28x1080 Elementary particles in

the observable universe

Largest exact quantum calculation of quantum system to date: C18
https://arxiv.org/abs/2207.03711
https://www.science.org/doi/10.1126/science.aay1914
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https://arxiv.org/abs/2207.03711
https://www.science.org/doi/10.1126/science.aay1914

Entanglement

(:] () Generation of genuine
entanglement

E NCSA | NATIONAL CENTER FOR SUPERCOMPUTING APPLICATIONS

La propiedad de un sistema cuantico de
matener un solo estado coherente y
correlacionado a pesar de separacion fisica
de sub-sistemas

Einstein’s “spooky action at a distance”

Ventaja: codificar mas informacion por qubit
comparado a bits clasicos

* Quantum communication

» Superdense coding

* Quantum cryptography

* Quantum machine learning




’
Y ¢

QUANTUMXCHANGE
[QUANTUM CRYPTOGRAPHY =0 QW NENI=D

BOB

Photon
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|
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E.g., https://www.idquantique.com/quantum-safe-security/applications/banking-solutions/
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https://www.idquantique.com/quantum-safe-security/applications/banking-solutions/

Decoherencia

Coherence time: How long can a quantum state live? La propiedad de sistemas cuanticos de
regresar a estados preferenciales al
interactuar con el ambiente

La decoherencia es una barrera cientifica y
técnica fundamental en la capacidad de
implementar dispositivos fisicos capaces de
computo cuantico

Ruido cuantico: mecanico, térmico, ‘shot’,
dephasing, cross-talk

La decoherencia causa errores irreversibles
en estados cuanticos, y es el factor limitante
mas importante de esta tecnologia
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La evolucion de un Sistema cuantico esta dada por una
equacion Fokker’Planck en ict!

La probabilidad cambia constantemente en quantum

QO Initial state
@ Final state

ihdy(z,t) = — I 024 (x,t) + V(z,t)(z,t)

Full decoherence Partial decoherence

Ocf (v,) = —0u[u(v,t) f (v, t)] + F[D(v, 1) f (v, t)]

Ouf (x,t) = =0z (=, 1) f(z,1)] + OZ[D(x,t) f(x,t)]

Op(,t) = £ 202 (w,t) — £V (w, ) (x, 1)

No hay un modo idle de procesador en quantum!
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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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Fig. A8. Total energy of computing.
https://www.americanscientist.org/article/computers-that- Drechsler, R., & Wille, R. (2012). Reversible circuits: Recent
can-run-backwards accomplishments and future challenges for an emerging technology.
In Progress in VLSI Design and Test (pp. 383-392). Springer, Berlin,
Heidelberg.
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https://www.americanscientist.org/article/computers-that-can-run-backwards
https://www.americanscientist.org/article/computers-that-can-run-backwards

Quantum puede resolver ciertos problemas eficientemente

arder Problems

Box packing
Map coloring
Traveling salesman
n x n Sudoku

NP - Type of scaling Time to solve problem

Complete

Classical 10 2 330 3300 Ageofthe
Sraph isomorphiam algorithmwith  secs mins  years years universe

exponential

runtime

( Quantum 1 2 10 11 ~24
algorithm with  min mins  mins mins mins

" i P : R polynomial
Matchmaking runtime

IBM Institute for Business Value
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La computacion es un conjunto de
abstracciones procedurales

Simultaneidad de estados

Probabilidades complejas

Estado finito Lectura destructiva

ey

a"l.'. ~ b
& N\ i
D, 1) No clonacion

Terminacion de programa -

Decoherencia
Entradas Noise sensitive

Reversibility
Salidas =

Non-locality

Quantum machines are different beasts!
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Multiples sabores de hardware cuantico

Universal Gate Based Quantum Computers

Superconducting Architecture Quantum Annealing
ECinteD) IEE W,
Alibaba J - = D'; aue
T i i
rapped |Of}15\ " TOIC/FIOQICCI 3 /li?otomc QQNNC[OUd G
Q) IONQ ¥ mm VICroso X @
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QC con Superconductores

&= Binary Data =p

Qubit Signal §§
Amplifier

Superconducting
Lin

SRS

IQUIST
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Pita-Vidal, M., Bargerbos, A., Yang, C.K., Van Woerkom, D.J., Pfaff, W., Haider, N., Krogstrup, P., Kouwenhoven, L.P., De Lange, G. and Kou, A., 2020.
Gate-tunable field-compatible fluxonium. Physical Review Applied, 14(6), p.064038.
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Trampas de iones

ey > N

Sandia
National
Laboratories

Cooling and pumping Microwave and RF
laser beams electrodes

“Cations

DC electrodes

APS/Alan Stonebraker
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Atomos neutros/frios
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El hardware cuantico esta en la infancia

ntum compu

physical error rate

i

g in

10

1073

10*

105

the NISQ era and beyond™ Preskill, 2018 https //a

Noisy Intermediate Scale Quantum

where we Computing
are today NISQ application areas
e Quantum chemistry

‘/ / e Optimization
3

Machine learning
error correction
/.
5

threshold

fault-tolerant QC
within
years

10 100 1,000 10,000 100,000 ™

number of physicalqubits

nav.org/abs/1801.00862
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Quantum systems are moving from research

into prototyping and, in some cases, early

production systems

* Fundamental unknowns about
entanglement and its implications for
system scaling

» Single-gate errors still larger than ideal

« Hardware/software yet to standardize

But: investment has moved from pre-




1998-2026 Physical qubit roadmap

for quantum computer

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

Physical qubits

IMT
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:PsiQuantum
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I ® 2_qubits ?
1998 2000 06 07 09 I5 16 17 18 19 20 23 25 26 i

N\YOLE

(Institute for Quantum Computing, Perimeter Institute for Theoretical Physics, MIT)
(Los Alamos National lab)
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* (Oxford University, IBM, UC Berkeley, Stanford, MIT)
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100000
* First, reach a fault-

tolerant qubit

10000
e Then scale up in
@ numbers
- 1000 . '
o * Interesting computational
8 tasks beyond classical
wv . . . .
£ 100 simulation limit
(a
o B e ety Sl £ sty e
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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FIGURE 9 Quantum software life cycle and associated terminologies

Gill, S.S., Kumar, A., Singh, H., Singh, M., Kaur, K., Usman, M. and Buyya, R., 2022. Quantum computing: A taxonomy,
systematic review and future directions. Software: Practice and Experience, 52(1), pp.66-114
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VWhat can guantum computers do better

Quantum computing
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Maturity horizons are based on tangible value of Quantum Volume and
potential advantage applied to a business use case

Industries

©
Algorithm familles ~

® Chemical Simulation
m Scenario Simulation
A Optimization

& AI/ML

© 2019 1iM Corporation - Do not distribute without permmzion

HORIZON 1 HORIZON 2
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Figure 2

Potential applications for quantum computing (Source: Quantum Computing Market & Technologies -
2018-2024, Industry 4.0 Market Research,a division of HSRC, February 2018)

1T ILLINOIS NCSA

Who could create value with quantum computing?

Distribution of quantum-computing use cases, 2019, % Estimated value at stake'
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5. Quantum Computing para Biomedicina Avanzada
NCSA Healthcare Innovation + Mayo Clinic

o\o
1 2 3 4
() ——
1 L | T §
\ N | E GF——®
Perturbation &Q
Q
Algoritmos cuanticos para Quantum signal processing de Inferencia causal cuantica
genome-wide association senales 1D, 2Dy 3D para problemas clinicos y
studies (GWAS) con biomédicos
interacciones epistaticas
desconocidas
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Otrps casos de uso

« Disefio de farmacos y modelado de quimica cuantica
* Quantum machine learning

« Optimizacion de modelos de riesgo

* Administracién de portfolios dinamicos

» Logistica

* Colocacion de redes 5G
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Quantumready : Quantum advantage
Use case development Use case commercialization

Capability Quantum
: computing

Opportunity

Classical
computing

WV

T Time
Today

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

Select champions Identify use cases : Experiment i Chart your course  Flexibly adapt
(17 % (o '

<:D z@i@ | B
: Become : Achieve

guantum : quantum
ready : advantage

Time
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Invertir temprano, estratégicamente

Four core beliefs hold true about the
quantum-technologies market.

Competition
will occur at the
microvertical level
in quantum sensing

Customer adoption All technologies can
will proceed at different exist independently,
rates, reflecting the but synergies may

diversity of underlying arise as quantum
guantum technologies computing advances

There is still
opportunity to get
ahead of the curve

McKinsey
& Company

Las industrias y sectores que innoven de desarollo y
adquisicion de talento desde ya dominaran el acceso y uso
de computacion cuantica cuando los dispositivos alcancen
tolerancia a fallos, y obtendran los beneficios financieros

respectivos

C-Suite: Desarrollo de un plan en fases de 10 anos
« Exploracion con socios expertos
 Invertir en investigacion y desarrollo
» Madurar y escalar productos junto al hardware

» Colocar en operaciones
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Sobrevivir el hype cycle en quantum requiere realismo y

persmtenma El papel principal de lideres en Tl es administrar las

A Hype Cycle for Quantum Computing expectativas de quienes invierten en quantum,
ey T mantenerse al tanto del estado del arte, y avanzar de

Portfolio risk optimization and fraud detection (A)

I forma persistente.

Oouumcamy % e
ault Toleraat QC (T) & 3 I I [ o
(@ diabatic Quantum Compating (T) »'-‘ o’
- o
. o

z " LE—— « Mantener el pulso del gap entre necesidades de negocio
.ﬁ ibuted QC (1) o .“Qmuum Algorithas and Complexity 1.T|’ ..-'
& g G y posibilidades del hardware

2  Identificar hitos y plataformas: retos, prototipos y

‘Thc peak of inflated Trough of Slope of Plateau of
Innovation Trigger e Disillusionment Enlightenment Productivit;
e _— i > proveedores en la nube
aturity/Time
1S Vears @ 10 Years @ « Quantitative impact assessments of costs, risk and

Gill, S.S., Kumar, A., Singh, H., Singh, M., Kaur, K., Usman, b fi
M. and Buyya, R., 2022. Quantum computing: A taxonomy, enerits
systematic review and future directions. Software: Practice . ey D oeles :
and Experience, 52(1), pp.66-114 Adopt Mayo Clinic’s motto: think big, start small, move
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C-Suite: puntos clave para recordar

Market - $35B de inversion, $250M mercado con CAGR ~ 30% hacia $2B en esta
década

Principles - fundamentalmente distinta a computacion clasica, transformacional
Systems - moviéndose de infancia a adolescencia (NISQ), 10+ anos antes de uso
mainstream

Applications - necesidad de descubrir nuevos algoritmos, algoritmos existentes
aplicables a una amplia gama de problemas dificules

Tasks - invest in workforce development and applications research, compact to

scalable
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