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Our IBM mission

Bring useftul quantum
computing to the world

Make the world
gquantum sare



The path to usetul guantum computing

Run quantum circults raster Map interesting problems to quantum circuits
on quantum hardware

Chart a path to develop quantum technology We need applications that can be solved only with
(hardware + software) that runs noise-free gquantum circuits that are known to be difficult to
estimators of guantum circuits faster than can be simulate. This must be done In partnership with our

done using classical hardware alone. clients and users.
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2023 — Utility
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The era ot
quantum utility



Jtility vs. Advantage

Quantum Utility (2023) 9

Demonstration that a quantum computer can
‘un quantum circuits beyond the ability ot a
classical computer simulating a quantum
computer

Confirmation via research, papers, & theory

nature =i IBM’s 2023 research paper (“Evidence for
- - the utility of guantum computing before

| ’ fault tolerance”) provided evidence and

CUTTING . .. B methods to move the industry into the

THROUGH Utility era

-

'. https://www.nature.com/articles/s41586-023-06096-3
D9
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Theory Utility

£ 77

Advantage

\

Quantum Advantage (TBD) imamss

Demonstration that a quantum computer can
‘un quantum circuits beyond the ability ot all
Known classical methods

Confirmation via real-world usage

Advantage will come at different times in
ditfferent domains and depends on the
continued advancement of quantum
algorithm implementations across
Industries



https://www.nature.com/articles/s41586-023-06096-3

IBM Quantum Platform

uantum.ibm.com

IBM Quantum Platform Dashboard Functions Compute resources Workloads Q  Search Sign in

Quantum processing units

Access IBM quantum processing units (QPUs) via one of our access plans.

@ Service alert. Access to QPUs, including job submission and retrieval, will be temporarily suspended on January 15th due to scheduled maintenance. Learn more A

gz:iifguwdo not have access to with any instance appear with a lock 05 Card E bl

Q All QPUs (11) v ™ Y4

ibm_marrakesh

QPU status @ Online
Processor type Heron r2

Qubits 20 error (best/layered)

156  8.38e-4/3.46e-3

ibm_brisbane

QPU status ® Online
Processor type Eagle r3

Qubits 2Q error (best/layered)

127  3.91e-3/1.86e-2

ibm_rensselaer

QPU status ® Online
Processor type Eagle r3

Qubits 20 error (best/layered)

127  3.76e-3/2.36e-2

ibm_fez

QPU status ® Online
Processor type Heron r2

Qubits 20 error (best/layered)

156  1.58e-3/5.66e-3

ibm_quebec

QPU status ® Online
Processor type Eagle r3

Qubits 2Q error (best/layered)

127  2.86e-3/1.87e-2

ibm_kawasaki

QPU status ® Online
Processor type Eagle r3

Qubits 20 error (best/layered)

127  3.85e-3/2.38e-2
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ibm_torino

QPU status ® Online
Processor type Heron rl

Qubits 20 error (best/layered)

133 1.51e-3/1.11e-2

ibm_brussels

QPU status ® Online
Processor type Eagle r3

Qubits 2Q error (best/layered)

127  2.76e-3/1.89e-2

ibm_strasbourg

QPU status ® Online
Processor type Eagle r3

Qubits 20 error (best/layered)

127  2.90e-3/3.42e-2

ibm_kyiv

QPU status ® Online
Processor type Eagle r3

Qubits 20 error (best/layered)

127  4.03e-3/1.62e-2

ibm_sherbrooke

QPU status ® Online
Processor type Eagle r3

Qubits 20 error (hest/layered)

127  3.20e-3/1.96e-2



https://quantum.ibm.com/

Qiskit

Quantum Technology Qiskit Research Pricing Blog Community v

Explore announcements from the inaugural IBM Quantum Developer Conference. Watch the event replay /1

) Oiskit SDK v1.3.1

Olskit
Qiskit is the world’s most popular software stack for quantum
computing. Build circuits, leverage Qiskit functions, transpile

with Al tools, and execute workloads in an optimized runtime
environment.

Get started 4

01 02 03 04 05 06 07
Performance Workflow Tools and services Get started Tutorials Systems Community
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Resources Vv

08
Qiskit blog

https://www.lbm.com/guantum/qgiskit

Sign in to Platform A

10


https://www.ibm.com/quantum/qiskit

Qiskit
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IBM QPUs

Utility Scale Work
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IBM has the strongest

gqu
dC

qL

antu

vancl

antu

M ecosystem
ng the tield ot

M computing

3T+

Circults run on our
systems

250+

IBM Quantum Network
members

/ o+

Systems deployed
worldwide since 2016

Quantum systems at

IBM Quantum data
centers
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2

Global quantum data
centers

O

Quantum systems at

client-locations
(by end of 2024)
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IBM Quantum Network
Use Cases

E.ON

Providing access to the most
advanced quantum computing
hardware to accelerate E.ONs aim to
drive the transtormation of the
energy industry with Quantum
Computing to implement quantum
solutions for their critical workflow.

Arxiv: 2304.10385

Crédit Mutuel

As the first enterprise in France to
join the IBM Quantum Network,
Credit Mutuel identified specific use
cases, among many areas of interest
In financial services, including:
research into customer experience,
fraud management and risk
management,

Erste Bank

Erste Digital will gain access to
IBM’s premium plan for quantum
computer systems, including the
recently announced 127-Qubit
Eagle processor, as well as to IBM’s
guantum expertise. The aim is to
Investigate, validate and promote
concrete quantum application cases
relevant to banks.

Bosch

With its activities in the field of
electromobility, Bosch brings in a
concrete application in which
guantum computers may soon offer
a significant advantage over
conventional computers in
discovering and designing new
materials. Fuel cells, batteries,
electric engines, or advanced
sensors contain strongly correlated
electrons.
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CERN

The mission of the CERN hub is to
explore promising applications of
guantum computing for high-energy
physics and other sciences together
with academia and research
institutes in CERN Member States.
These also include areas in quantum
machine learning.

STFC

Hartree Centre at the UK Research
and Innovation's Science and
Technology Facilities Council (STFC)
will work together over the next five
years to apply artificial intelligence
and quantum computing to produce
iInnovations in materials, life
sciences, climate, agriculture, and
manufacturing.
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Named the quantum computing “leader,”
IBM Is your partner to build the future together

Vendor Positioning y
TBR" Segment
HIGH @ Application
. of" IBM Ei. Discovery
- IT Skills
ﬁ Eﬂj Development
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SOURCE: TER

Supply-side Innovations

Source: Technology Business Research, Inc. — Quantum Computing Market Landscape Q2 2023
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IDC MarketScape Worldwide Quantum Computing Systems, 2023
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Source: IDC, 2023

Source: IDC MarketScape: Worldwide Quantum Computing Systems 2023 Vendor Assessment (doc #US49607923, August 2023).

IDC MarketScape vendor analysis model is designed to provide an overview of the competitive fitness of ICT suppliers in a given
market. The research methodology utilizes a rigorous scoring methodology based on both qualitative and quantitative criteriathat
results in a single graphical illustration of each vendor’s position within a given market. The Capabilities score measures vendor
product, go-to-market and business execution in the short-term. The Strategy score measures alignment of vendor strategies with
customer requirements in a 3-5-year timeframe. Vendor market share is represented by the size of the icons.
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Development Roadmap

2016-2019e@

Ran quantum circuits on
the IBM Quantum Platform

Data scientists

Researchers

Quantum physicists

IBM Quantum Experience

Early

Canary
5 qubits

Albatross
16 qubits

Penguin
20 qubits

Prototype
53 qubits

@ Executed by IBM
W On target

2020 @

Released
multi-dimensional
roadmap publicly
with initial aim
focused on scaling

2021 @

Enhanced quantum
execution speed
by 100x with

Qiskit Runtime

Qiskit Runtime

QASM 3

Falcon

Benchmarking

27 qubits
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2022 @

Brought dynamic
circuits to unlock
more computations

Dynamic
circuits

Eagle

Benchmarking

127 qubits

20230 2024 e

Enhanced quantum
execution speed by
5x with quantum
serverless and
execution modes

Middleware

Qiskit

Serverless

Execution
modes

Improve quantum
circuit quality and
speed to allow 5K
gates with
parametric circuits

Platform

Qiskit v

Code Assistant

Qiskit

Transpiler Service

Heron
619)

Error mitigation

5k gates
133 qubits

Classical modular

Upto 133x3 =
399 qubits

2025

Enhance quantum
execution speed
and parallelization
with partitioning
and quantum
modularity

Qiskit v

Functions Service

Resource )
Management

Flamingo
(5K) ¥

Error mitigation

5k gates
156 qubits

Quantum modular

Up to 156x7 =
1092 qubits

2026

Improve quantum
circuit quality to
allow 7.5K gates

Mapping
collections

Circuit
knitting x p

Flamingo
(7.5K)

Error mitigation

7.5k gates
156 qubits

Quantum modular

Up to 156x7 =
1092 qubits

2027

Improve quantum
circuit quality to
allow 10K gates

Specific libraries

Intelligent
orchestration

Flamingo
(10K)

Error mitigation

10k gates
156 qubits

Quantum modular

Up to 156x7 =
1092 qubits

2028

Improve quantum
circuit quality to
allow 15K gates

Flamingo
(15K)

Error mitigation

15k gates
156 qubits

Quantum modular

Up to 156x7 =
1092 qubits

2029

Improve quantum
circuit quality to
allow 100M gates

Starling
(100M)

Error correction

100M gates
200 qubits

Error corrected
modularity

IBM Quantum

2033+

Beyond 2033,
quantum-centric
supercomputers
will include 2000’s
of logical qubits
unlocking the full
power of quantum
computing

General purpose
QC libraries

Circuit
libraries

Blue Jay
(1B)

Error correction

1B gates
2000 qubits

Error corrected
modularity
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Innovation Roadmap

Software

Innovation

Hardware
Innovation

@ Executed by IBM

@ On target

2016-2019 ©

IBM
Quantum

Experience

Early
Canary
5 qubits

Albatross
16 qubits

Penguin
20 qubits

Prototype
53 qubits

Qiskit

Circuit and
operator API with
compilation to
multiple targets

Falcon

Demonstrate
scaling with 1/O
routing with
Bump bonds

2020 #

Application v

modules

Modules for
domain specific

Hummingbird

Demonstrate
scaling with

multiplexing
readout

2021 %

Qiskit
Runtime

Performance and
abstract through

Primitives

Eagle

Demonstrate
scaling with MLW
and TSV
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2022 %

Osprey

Enabling scaling
with high density
signal delivery

2023 ©

Condor

Single system
scaling and fridge
capacity

Heron

Architecture
based on
tunable-couplers

2024

Flamingo

Demonstrate
scaling with
modular
connectors

Crossbill

m-coupler

2025

Scalable
circuit knitting

Circuit partitioning
with classical
reconstruction at
HPC scale

O

Kookaburra

Demonstrate

scaling with
nonlocal c-coupler

)

2026

Error
correction
decoder

Demonstration of
a quantum system
with real-time
error correction
decoder

Demonstrate path
to improved

quality with logical

memory

2027

Cockatoo

Demonstrate path

to improved quality

with logical
communication

IBM Quantum / May 2024 / © 2024 IBM Corporation

2028

Starling

Demonstrate path
to improved quality
with logical gates

2029

2033+



IBM Quantum
N Germany

IBM Quantum



Accelerators in Germany
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Quantum technologies - '
. from basic research to market

A Federal Government Framework Programme
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Fraunhoter and IBM
presented live:

A Quantum Computing
Journey In Germany

Europe's most powerful quantum computer.
June 15, 2021

View Event Replay e Read The Quantum Decade Report

Fraunhoter and 1BM present Thank you for your participation!

1 1 Dy e

oriul pr
o0 June 15, 2021, starting at 2 p.m. unded

i exclusive cetaled

ne German Chancellor De, Angela Merkel as a live !

MS \
,,,,,,

https://www.ilbm.com/de-de/events/quantum-opening-en
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https://www.ibm.com/de-de/events/quantum-opening-en

IBM Quantum System One in Ehningen

First of i1ts kind in Europe
In cooperation with Fraunhoter

Ehningen, Baden-Wurttemberg
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IBM to Build its First European Quantum Data Center to Serve Expanding Ecosystem

The IBM facility in Ehningen, Germany, expected to open in 2024

IBM Quantum to allow European cloud region users to provision quantum systems and process data within the EU

Jun 6, 2023

1EM Quantum

f ARMONK, N.Y. and EHNINGEN, Germany, June 6, 2023 /PRNewswire [7/ -- Today, IBM (NYSE: IBM [7) announced plans to open
its first Europe-based quantum data center to facilitate access to cutting-edge quantum computing for companies, research

L institutions and government agencies.

in The data center is expected to be operational in 2024, with multiple IBM quantum computing systems, each with utility scale

B guantum processors, i.e., those of more than 100 qubits.

= The data center will be located at IBM's facility in Ehningen, Germany, and will serve as IBM Quantum's European cloud region.

N Users in Europe and elsewhere in the world will be able to provision services at the data center for their cloud-based quantum

E computing research and exploratory activity. The data center is being designed to help clients continue to manage their European

data regulation requirements, including processing all job data within EU borders. The facility will be IBM's second quantum data

IBM Quantum / 2025-01-15 HS Kempten / © 2024 IBM Corporation

More Articles

Crédit Mutuel Alliance Fédérale and Euro-
Information Collaborating with IBM to
Shape the Bank’s Quantum Future

IBM Consulting unveils Center of
Excellence for generative Al

IBM Tech Now: IBM Watson Code

A 2. - .4L THMAA 1 L L B o 3 [ I nAL L - -l THAA
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IBM Quantum
—urope Data
Center

Located in Ehningen,
Germany

The Data Center In
Furope Is part of our
ong-term worldwide
lan. It reflects the
growing maturity of our
own platform and
customer sophistication
and demand

Hardware

Increasing IBM’s global fleet of
leading universal quantum
computers

Quantum Data Center
with utility-scale QPUs:

 Two Eagle processors
(127 qubits)

« laterin 2024:
One Heron processor
(156 qubits)?t

IBM Quantum / 2025-01-15 HS Kempten / © 2024 1IBM Corporation

Access

Choose how to consume EU
data center resources

FU-based OPUs are
accessible through various
access paths

« [BM Quantum Platform
(Premium Plan)

* Qiskit Runtime
on IBM Cloud
|Pay-as-you-go]
(regional service)

« I[BMis collaborating
with regional business
partners for 3 party
offerings* (regional
service)

Data Locality

Circult inputs and outputs will
stay in the region?

Cloud entry point is In
Frankfurt, Germany

IBM Quantum Data
Center Is In Ehningen,
Germany

Client user workflow

data (circuit inputs and
outputs) will stay in the
EU for regional services?



FU Quantum Data Center
Launch on October 1st

IBM Quantum / 2025-01-15 HS Kempten / © 2024 IBM Corporation
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Quantum is a component in the AI infrastructure

future ot advanced computing

Classical HPC

In the tuture, guantum

will integrate with other

components, including /

Al to enhance the /
overall capability of our >

computational tools.
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Thank You

IBM Quantum
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