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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 cognitive architectures.

IBM Research Definition of AI



Famous applications of AI at IBM

D e e p  B l u e

In 1997, the IBM 

chess-playing 

computer named 

Deep Blue beat 

World Chess 

Champion Garry 

Kasparov in a six-

game match.

W a t s o n

In 2011, the IBM 

Jeopardy!-playing 

computer named 

Watson beat Ken 

Jennings and Brad 

Rutter in a grand 

champion 

challenge.
1 9 9 7 2 0 1 1





A u g m e n t e d  I n t e l l i g e n c e

AI 
Solution

Complex Problems
Human 

Intelligence

Augmented 
Intelligence



Ethical Challenges

“AI, 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:

• Trust 

• Privacy

- Rob High, CTO IBM Watson



Cognitive  /ˈkɒɡ.nə.tɪv/
Connected with thinking or conscious mental processes



Machine Learning

Artificial Intelligence

Cognitive Computing



The biggest taxi company
owns no cars.

The largest accommodation company
owns no real estate.

The biggest media company
owns no content.

The largest retailer
carries no inventory.

Disruption is upon us.



1,200,000
l i nes  o f  code  

i n  a  
smar tphone

80,000
l i nes  o f  code  i n  

a  pacemake r

100,000,000
l i nes  o f  code  i n

a  new ca r

5,000,000
l i nes  o f  code  i n
smar t  app l i ance

More devices are creating
more information.



Three capabilities differentiate cognitive systems from 
traditional programmed computing systems…

Reasoning
They reason. They understand 
underlying ideas and concepts. They 
form hypothesis. They infer and 
extract concepts. 

Learning
They never stop learning getting 
more valuable with time. 
Advancing with each new piece of 
information, interaction, and 
outcome. They develop “expertise”. Understanding

Cognitive systems understand 
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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20

Compassion
Intuition

Design
Value Judgments

Common Sense
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Compassion
Intuition

Design
Value Judgments

Common Sense

Deep Learning
Discovery

Large-scale math
Fact checking
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Human + Machine



Toward a Precise Decision Making to reduce the wasteful 
spend as well as the risk in every industry

New Information Technology challenge is now about the 

possibility to expand our WISDOM options

Watson
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of not knowing.
The price



The Journey to Wisdom
Data

Information

Knowledge

Wisdom

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



Automating 
the 

World

Understanding 
the 

World

Main Technology Shift

H-Factor
Program Train

Knowledge Workers Learning Workers



What is the Goal of Digital Cognitive Systems?

Artificial Intelligence = Machine Intelligence

Star Trek: Mr Data Iron Man: Tony Stark & Jarvis

The Goal! Augmented Intelligence =
Human Intelligence + Machine Intelligence

An individual smart machine Man and machine co-operationVS
“Capability to use language with machines for coordinating and reasoning for better 

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

Smart Wildlife Use The Force - Move a BB-8 with Your Mind

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


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



https://cognitiveclass.ai/

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





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

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



What are your next 
steps to becoming 
a cognitive
professional?

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



IBM CLOUD

1 9 0 +  C l o u d  
S e r v i c e s  a t  

y o u r  d i s p o s a l

IBM Academic 
Initiative

C l o u d  A c c e s s ,  
S o f t w a r e ,  C o u r s e w a r e

Cognitive Class

D a t a  S c i e n c e  a n d  
C o g n i t i v e  

C o m p u t i n g  
C o u r s e s

Startup with IBM

$ 1 2 0 , 0 0 0  i n  f r e e  
I B M  C l o u d  c r e d i t s

How can we work together?



The Limits of Bits

For decades we’ve been simplifying nature into 1s and 0s because that was 
the only way we could manage to create a useful and scalable system of 
computation.

But the future isn’t just 1s and 0s.

IBM Quantum / © 2021 IBM Corporation 38
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Why quantum?

Problems we can 
address today

Problems we can’t 
address adequately today

Problems we 
can address 

with quantum

Despite how sophisticated digital computing has become, there are many 
scientific and business problems for which we’ve barely scratched the surface.
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Quantum applications 
span three general areas

Artificial Intelligence Optimization / Monte CarloSimulating Quantum Systems

Quantum chemistry
Material science
High energy physics

Portfolio optimization
Risk analysis
Loans & credit scoring
Monte Carlo-like applications

Better model training
Pattern recognition
Fraud detection
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We are in the early stages of a rapidly 
advancing new computing technology

Computer: 1944 Quantum Computer: 2019
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We are in the early stages of a rapidly 
advancing new computing technology
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Inside an 
IBM Quantum Chip

IBM Quantum / © 2021 IBM Corporation 43



IBM Quantum / © 2021 IBM Corporation 44

Scaling IBM Quantum technology





Quantum bits and quantum circuits

IBM Quantum / © 2021 IBM Corporation 46

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

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



Comparison: Bits versus Qubits

IBM Quantum / © 2021 IBM Corporation 47

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

Qubits Digital bits required to represent an entangled state

2 512 bits

3 1024 bits

10 16 kilobytes

16 1 megabyte

20 17 megabytes

30 17 gigabytes

35 550 gigabytes

100 More than all the atoms of planet earth

280 More than all the atoms in the universe





Quantum Circuits 
for Applications
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Quantum WalksLinear Systems (Ax = b)

2!

2!

Quantum Simulations

Physics
Chemistry
Materials discovery

Network analysis
Differential equations
Option pricing, heat transfer
Classification (Machine Learning)

Graph properties (network 
flows, electrical resistance)
Search
Collision finding
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IBM Quantum Network
A collaborative community of discovery

Educate and Train Accelerate Research Develop Applications



IBM Quantum Network: 
A Snapshot

IBM Quantum / © 2021 IBM Corporation 51

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
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Our Partners
Advancing 
applications and 
enabling 
technology and 
guiding IBM. 

IBM Quantum 
Advancing 
technology 
platform and 
enabling our 
partners.
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Our Model

Advance the technology and 
practical implementation of 
applications and algorithms.

Build a cloud platform for 
application development 
and deployment in industry.

Quantum Simulation

Linear Systems

Quantum Walks

Application Developers

Algorithm Developers

Kernel Developers

Algorithm Families

User Types
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Our Model

Advance the technology and 
practical implementation of 
applications and algorithms.

Build a cloud platform for 
application development 
and deployment in industry.

Quantum Simulation

Linear Systems

Quantum Walks

Application Developers

Algorithm Developers

Kernel Developers

Algorithm Families

User Types

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



IBM Quantum / © 2021 IBM Corporation 55

A Snapshot of Global Collaboration 
in the IBM Quantum Network

IBM Quantum Keio University JPMorgan Chase Qiskit

Publishes 
algorithm paper 
on Amplitude 
Estimation.

Advances 
method, 
publishes with 
Mizuho and MFG.

Applies the 
method to 
options pricing 
and publishes.

Contributed 
code into open 
source Qiskit for 
all to use.

Zurich, 
Switzerland

Tokyo, 
Japan

New York, 
USA

Global
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IBM Q Network Partnership Structures

Hubs
Regional centers of quantum R&D 
and education centered on leading 

research institutions. 

Industry
Deep collaborative research on 

applications utilizing IBM Quantum 
systems and collaboration.

Ecosystem
Enabling organizations to learn and 

leverage IBM Quantum for their 
development and products.

IBM

Industry 
Company Hub

Industry 
Company

University

National 
Lab

University

IBM

Partner Professor

Researcher
University

IBM

ISVStartup
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IBM Q Network
Program Offerings

Technology Access
Access to the most advanced quantum 
systems, software and cloud services.

Enablement and Collaboration
Training, support, and joint research, in 
frameworks that enable collaboration.

Three tiers 
of offerings

Open $0 Member $ Partner $$



Quantum Systems on the Cloud
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 Q Network Community
Membership in the premier network of collaborators
Member-only events, resources, and contentIBM Quantum / © 2021 IBM Corporation 59

IBM Q Network
Program Offerings
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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.

Technology 
Access

Skills and 
Training

Research Industry and 
Economy
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Technology Access

IBM Quantum Computation Center

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

Spanning 5 to 65 qubits

> 95% system availability to users 
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What builds a quantum 
workforce? 

O P E N  A C C E S S
IBM is the only company to offer 
our real quantum computers 
available for public and premium 
access via the cloud. 

O P E N  S O U R C E
Written in Python and maintained 
on GitHub, Qiskit is designed to 
make quantum computing software 
tools and frameworks available to 
everyone.

E D U C A T I O N
Now is the opportunity for us all to 
give back and support building a 
diverse community of researchers, 
students, educators, and 
developers. 
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Open Source Textbook
community.qiskit.org/textbook

0. Prerequisites
1. Quantum States and Qubits

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

5. Investigating Quantum Hardware Using Qiskit

6. Implementations of Recent Quantum Algorithms

Chapters:



Enabling Research: 400+ Papers and Counting…
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A Blueprint for a Quantum Hub

Quantum System Access

Support and Enablement

Collaboration Center

Engagement TracksInfrastructure and Resources

Industry 
Applications

Skills and 
Education Research
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IBM Quantum National Scale Partnership in 2020
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https://www.nocvyskumnikov.sk/european-researchers-night.html



Thank you!
William Carbone
Chairman of TEC.CZ|SK
IBM, Academy of Technology Member
—
williamcarbone@sk.ibm.com
+421-904-905-209
ibm.com
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