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IBM Research Definition of Al

Artificial Intelligence (AI) has a long history at IBM Research, dating back to the

1950s. By AI we mean anything that makes machines act more intelligently.

Our work includes basic and applied research in
machine learning, deep question answering,
search and planning, knowledge representation,

and coghnitive architectures.
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Deep Blue

In 1997, the IBM
chess-playing
computer named
Deep Blue beat
World Chess
Champion Garry
Kasparov in a six-

game match.

Watson

In 2011, the IBM
Jeopardy!-playing
computer named
Watson beat Ken
Jennings and Brad
Rutter in a grand
champion

challenge.

Famous applications of AI at IBM
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Augmented Intelligence

Augmented
Intelligence

Human
Intelligence



Ethical Challenges

“Al, like most other technology tools, is most effective when it is used to extend
the natural capabilities of humans instead of replacing them. That means that

AI and humans are best when they work together and can trust each other.”

Among the many ethical issues are:

e Trust

* Privacy



Cognitive /'kpg.na.t1v/

Connected with thinking or conscious mental processes
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l The bigg\est taxi company) '
owns no cars.

The largest accommodation company
owns no real estate.

'&‘.‘
The largest fotailer
carries no inventory.



More devices are creating

more information.

1,200,000

lines of code
in a
smartphone

o

80,000

lines of code in
a pacemaker

e
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100,000,000

lines of code in
a new car

000

5,000,000

lines of code in
smart appliance



Three capabilities differentiate cognitive systems from
traditional programmed computing systems...
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- . They never stop learning getting
Reasoning more valuable with time.
They reason. They understand Advancing with each new piece of
: underlying ideas and concepts. They information, interaction, and
Understanding form hypothesis. They infer and outcome. They develop “expertise”.

Cognitive systems understand extract concepts.
like humans do.

. allowing them to interact with humans.
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https://wallup.net/alexis-ren-women-model-blonde-face/
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Compassion

Intuition

‘ Design
‘(/alue Judgments

Common Sense
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Human + Machine
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New Information Technology challenge is now about the *
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The Journey to Wisdom

Data Knowledge

-—

Information Wisdom
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Source: https://www.kaushik.net/avinash/great-analyst-skills-skepticism-
wisdom/




Main Technology Shift

Understanding

the the
World World
Program » Train

H-Factor

Knowledge Workers » Learning Workers




What is the Goal of Digital Cognitive Systems?

Artificial Intelligence = Machine Intelligence The Goal! DRI gen?euf';:;ﬁzé’}ﬁgf"‘;ﬁec:
.
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Star Trek: Mr Data Iron Man: Tony Stark & Jarvis
An individual smart machine VS Man and machine co-operation

“Capability to use language with machines for coordinating and reasoning for better

outcomes. Increases human intelligence by use and not diminish it.”






Project CIMON

AIRBUS

FgRct GIMUIE (o Interilve Man-machine interaction High tech elements
Mobile CompanioN) is a mobile and The assistant for complex tasks can:

autonomous assistance system P z :

helping astronauts aboard the ISS. Diameter

The first form of artificial intelligence ISS

(Al) aboard the ISS will be tested by Yo

ESA astronaut Alexander Gerst during

the Horizons mission. Airbus, in

cooperation with IBM, developed
project CIMON for the DLR Space

3D Ready for
Administration. printed augmented
structure reality

Benefits for astronauts
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IBM Projects
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At A Watson o Ll &
IBM IoT and the Dubai Camel Race IBM Watson at Wimbledon

©2019, William Carbone - IBM, Academy of Technology Member - williamcarbone@sk.ibm.com


https://www.youtube.com/watch?v=MSc5I550jlY
https://www.youtube.com/watch?v=K-4mp_e5v4A&t=81s
https://www.youtube.com/watch?v=ic_Bi6P0BCI

How to put
Al to work

Learn how you can infuse Al
across your enterprise.

©2019, William Carbone - IBM, Academy of Technology Member - williamcarbone@sk.ibm.com
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Data Science and
Cognitive Computing

< Courses
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_‘ ‘2““\"§$ N sl | https://cognitiveclass.ai/

EARN EXPAND YOUR
BADGES KNOWLEDGE




Learning Paths Courses Mobile Apps Badges ~ Business Competitions Q Explore new

Learning Paths

Pick one of our selected learning paths, and get
started today!

COURSES

©

A

Python for Data Science Blockchain Essentials Build an loT Blockchain IBM Cloud Essentials Building Robots with IBM Blockchain Node-RED: Basics to Bots
PYO0101EN developerWorks BCO101EN Network for a Supply IBM Developer Skills Network TJBot Foundation Developer Skills Network CBO105ENv1
[ ] Beginner | | Beginner Chain CLO101EN Cognitive Class ITO101EN IBM Skills Network BCO201EN EE  Intermediate

IBM Developer Skills Network | | Beginner

BC0202EN | Beginner HE Intermediate

HBE Intermediate

BIG DATA 101

> swift |

3

E
Big Data 101 Hadoop 101 Introduction to Data R 101
Robots are coming! Build Machine Learning with Build Your Own Chatbot Cognitive Class / Fireside Analytics Cognitive Class BDO111EN Science Cognitive Class RPO101EN
loT apps with Watson Al, Python Cognitive Class CBO103EN inc. BDO101EN [ ] Beginner KCOQ'E\;%%;H;@’ Fireside Analytics ] Beginner
Swift, and Node-RED Cagnitive Class MLO101ENV3 B Beginner B Beginner ne
1BM Developer Skills Network BE ntermediate | Beginner
MLO0201EN

BB lrtmrrmrdimbm



Badges

‘@’ IBM Watson Academy

Your fast track to cognitive computing

IBM WATSON
AND CLOUD
PLATFORM

©2019, William Carbone - IBM, Academy of Technology Member - williamcarbone@sk.ibm.com

Your fast track to cognitive computing
https://www.watson-academy.info/

Home Dashboard Mylearning Find Learning Badges Help

OTHER WATSON
RESOURCES
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What are your next
steps to becoming
a cognitive
professional?




How can we work together?

\ 4 .
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IBM CLOUD IBM Academic Coghnitive Class Startup with IBM
Initiative

190+ Cloud Data Science and .
Services at Cloud Access, Cognitive 1$31M2%’1002| 'n f;?te
your disposal Software, Courseware Computing oud credits

Courses




The Limits of Bits 1BM Quantum

For decades we’ve been simplifying nature into 1s and Os because that was

the only way we could manage to create a useful and scalable system of
computation.

IBM Quantum / © 2021 IBM Corporation 38



Why quaﬂtum? IBM Quantum

Problems we can’t
address adequately today

Problems we
can address
with quantum

Problems we can

address today

Despite how sophisticated digital computing has become, there are many
scientific and business problems for which we've barely scratched the surface.

IBM Quantum / © 2021 IBM Corporation 39



Quaﬂtum appllcatlons IBM Quantum
span three general areas

Q(ﬁ(\)

|

Simulating Quantum Systems Artificial Intelligence Optimization / Monte Carlo
. L . ‘ N
Quantum chemistry ~ ~ Better model training Portfolio optimization
Material science Pattern recognition 0 Risk analysis
High energy physics Fraud detection Loans & credit scoring

Monte Carlo-like applications

IBM Quantum / © 2021 IBM Corporation 40



We are in the early stages ot a rapidly IBM Quantum
advancing new computing technology

Computer: 1944 Quantum Computer: 2019

IBM Quantum / © 2021 IBM Corporation 41



We are in the early stages ot a rapidly IBM Quantum
advancing new computing technology
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Inside an
IBM Quantum Chip

IBM Quantum / © 2021 IBM Corporation



Scaling IBM Quantum technology IBM Quantum

IBM Q System One (Released) (In development) Next family of IBM Quantum systems

2019 2020 2021 2022 2023 and beyond

27 qubits 65 qubits 127 qubits 433 qubits 1,121 qubits Path to 1 million qubits
Falcon Hummingbird Eagle Osprey Condor and beyond

Large scale systems

Key advancement Key advancement Key advancement Key advancement Key advancement Key advancement

Optimized lattice Scalable readout Novel packaging and controls Miniaturization of components Integration Build new infrastructure,
quantum error correction

IBM Quantum / © 2021 IBM Corporation 44



]
/l’ ,‘\ :"‘.‘ » TR el 'J h "“ \‘lu

ol i ‘
l.ﬂlL?

.‘i ir:*f:t:. Gl el m




Quantum bits and quantum circuits

1

A guantum bit or qubit is a
controllable quantum object
that is the unit of information

IBM Quantum / © 2021 IBM Corporation

ESRESREYREY

A quantum circuit is a set of
quantum gate operations on qubits
and is the unit of computation

IBM Quantum

46



Comparison: Bits versus Qubits IBM Quantum

Simulating a set of qubits demonstrates their potential advantage as information carriers.

30 17 gigabytes
35 550 gigabytes
100 More than all the atoms of planet earth

280 More than all the atoms in the universe

IBM Quantum / © 2021 IBM Corporation 47



IBM Cloud

IBM Quantum Systems



Quantum Circuits
for Applications

Quantum Simulations

e ¢ %o
v » - : \
 J
- b'(
(N
Physics
Chemistry

Materials discovery

Linear Systems (Ax = b)

Network analysis

Differential equations

Option pricing, heat transfer
Classification (Machine Learning)

IBM Quantum




IBM Quantum

IBM Quantum Network

A collaborative community ot discovery

Educate and Train Accelerate Research Develop Applications

A5 =

IBM Quantum / © 2021 IBM Corporation 50




IBM Quantum Network:
A Snapshot

Over 247,000 users have...
Run over 400 Billion quantum circuits

On 29 quantum computers

More than 130 Clients and Partners
Collaborating on 30+ applications
Over 300 contributors to Qiskit

Over 400 scientific papers so far

IBM Quantum / © 2021 IBM Corporation




IBM Quantum / © 2021 IBM Corporation

IBM Quantum

Advancing
technology
platform and
enabling our
partners.

Our Partners

Advancing
applications and
enabling
technology and
guiding IBM.

IBM Quantum

52



Our Model

Advance the technology and
practical implementation of
applications and algorithms.

IBM Quantum / © 2021 IBM Corporation

Algorithm Families

Quantum Simulation
Linear Systems

Quantum Walks

User Types

Application Developers
Algorithm Developers

Kernel Developers

53



Our Model

Advance the technology and
practical implementation of
applications and algorithms.

IBM Quantum / © 2021 IBM Corporation

Algorithm Families

Quantum Simulation
Linear Systems

Quantum Walks

User Types
Application Developers

Algorithm Developers

Kernel Developers

New battery materials
Manufacturing optimization
Benchmarking

Electronic materials

Transaction classification
Compilers and transpilers
Product recommendation

Fraud detection

Random Number Generation
Chemical observable prediction
Logistics and routing optimization
Financial transaction settlement
Portfolio optimization

Variational optimization/factoring
Classical control hardware

Risk analysis and options pricing
Material degradation =



A Snapshot of Global Collaboration 18M Quantum
In the IBM Quantum Network
IBM Quantum Keio University JPMorgan Chase Qiskit
Publishes AB@vances Applies the Contributed
algorithm paper - method, method to code into open

on Amplitude

publishes with

options pricing

source Qiskit for

Estimation: Mizuho and MEG. and‘publishes:. all to use.
Zurich, Tokyo, New York, Global
Switzerland Japan USA

IBM Quantum / © 2021 IBM Corporation
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IBM O Network Partnership Structures IBM Quantum

Hubs Industry Ecosystem
Regional centers of quantum R&D Deep collaborative research on Enabling organizations to learn and
and education centered on leading applications utilizing IBM Quantum leverage IBM Quantum for their
research institutions. systems and collaboration. developmentand products.

IBM Quantum / © 2021 IBM Corporation 57



IBM Q Network

Program Offerings

IBM Quantum / © 2021 IBM Corporation

Three tiers
of offerings

IBM Quantum

Open $0

Member $

Partner $$

58



IBEM Q Network Quantum Systems on the Cloud IBM Quantum

Access to quantum systems and cloud-based software

Shared or dedicated systems, direct partner or hub

Enablement
Workshops, tutorials, and consultation
Dedicated team to train, support and guide users

Joint Work
Collaborative research on quantum applications

Use case and business strategy consulting

IBM Quantum / © 2021 IBM Corporation




Building a Quantum
Industry and Ecosystem

IBM and organizations
worldwide are partnering
to advance quantum
computing with broad-
scale, jointly-run programs
to advance quantum
across all four essential

areas.

IBM Quantum / © 2021 IBM Corporation

Technology
Access

Research

Industry and
Economy

IBM Quantum

60



Technology Access

IBM Quantum Computation Center

29 guantum computers to date
have deployed on the IBM Cloud.

Spanning 5 to 65 qubits

> 95% system availability to users

or.

. 'Residen
- Marriott Poug

1 - IBM]| Pou hkeepsl
B BUildi 97@5

IBM Po ghk
Hellpad e =

IBM Quantum / © 2021 IBM Corporation




What builds a quantum

workforce?

O /P E N SASUSCESSES

IBM is the only company to offer
our real quantum computers
available for public and premium

: access via the cloud.
r
IBM Quantum / I?M Cé‘rporation
x 3 \"L

O P EN S QIURCE

Written in Python and maintained
on GitHub, Qiskit is designed to
make quantum computing software
tools and frameworks available to
everyone.

L s B B

EDUCATION

Now is the opportunity for us all to
give back and support building a
diverse community of researchers,
students, educators, and
developers.



Open Source Textbook IBM Quantum

community.qgiskit.org/textbook

Learn Quantum Traditional Quantum Computation Course

Computation using Qu;:\r;i?r: nggt?;?\ics Quantum Algorithms
. .t

<R \ AN Learn Quantum Computation using Qiskit Textbook

Python ; Quantum Algorithms on

Chapterg; 0. Prerequisites

. Quantum States and Qubits

'4

. Single Qubits and Multi-Qubit Gates
. Quantum Algorithms
. Quantum Algorithms for Applications

N N

o1

. Investigating Quantum Hardware Using Qiskit

6. Implementations of Recent Quantum Algorithms

IBM Quantum / © 2021 IBM Corporation 63



Performing Quantum Computing Experiments in the Cloud

Simon J. Devitt
nde w Emcrgent Matter Scance, RIKEN, Wakowht, Satteme J15-019%, Japan
Dated: Sepcember 2, 2016
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New Journal of Physics
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A Blueprint tor a Quantum Hub

Infrastructure and Resources

Quantum System Access ;K

Industry
Applications

Support and Enablement

Engagement Tracks

Eis

Skills and
Education

8
o

Research

Collaboration Center ﬁ?% % ﬁ;%

IBM Quantum / © 2021 IBM Corporation

IBM Quantum
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IBM Quantum National Scale Partnership in 2020

IBM, Fraunhofer partner on German-backed
quantum computing research push

FRANKFURT (Reuters) - IBM is joining forces with a German research institute to
explore the potential of quantum computing, backed by a government plan to invest

650 million euros ($717 million) over two years in wider research in the field.

IBM Quantum / © 2021 IBM Corporation

IBM News Room

IBM and the University of Tokyo Unveil the Quantum
Innovation Initiative Consortium to Accelerate Japan's
Quantum Research and Development Leadership

Keio University, Toshiba, Hitachi, Mizuho, MUFG, JSR, DIC, Toyota, Mitsubishi
Chemicals and IBM to expand the country-wide quantum computing research,
development and education ecosystem

66



‘mc et A Festival Zapojte sa Program Sutaze Galérie Partneri

VYSKUMNIROV

7, European Researchers’ Night

# / European Researchers' Night

The festival of science - European Researchers’ Night is anually organized event throughout Europe. The ERN is the largest of its
kind in Slovakia as well as Europe, bringing together people and researchers in 300 cities in 24 countries on the last Friday of
September. However, this year will be special! Due to coronavirus the organisation of the science festival has been postponed
and you will be able to enjoy the science on 27 Novemeber 2020. Despite the changed date we are are thrilled that the ERN
will take place for the 14th time in Slovakia and we are already working on the program. You can be looking forward to new

formats and many surprises!

The main aim of this festival is, above all. to familiarise the general public with science and research. The program activities are
designed to bring research out of laboratory and into the city centres, shopping malls, cafés, clubs or museums. The public can
out the latest technologies and instruments under the guidance of scientists, participate in experiments, competitions and quizzg
watch demonstrations and simulations, exchange ideas and party with the researchers.

The project was initiated by the European Commission in 2005. In Slovakia, the European Researchers' Night has been organized
since 2007 and is funded by the Horizon 2020. the biggest Research and Innovation EU programme, within the Marie Sktodowskd

Curie actions.

The event is traditionally held in five Slovak cities - Bratislava, Banska Bystrica, Zilina, Kosice and Poprad and features more than

1,600 researchers from all scientific disciplines and is attended by nearly 160,000 visitors, 72,000 of them young pupils and
students. Thus, the Slovak edition of the festival is one of the largest in terms of number of visitors and scientists taking part.
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