202649 T=24H7|8 A== 128 (Around X) |

IBM Quantum
ANEED

2026.3

o A2ateh|&netn
ECH SEOUL NATIONAL UNIVERSITY OF SCIENCE & TECHNOLOGY

SEOULT OF

|Jimn]
l|:||:l
"'H|
©
ol
P>
[
>t
=
165
i




I Rt e, - \\
.,;: il h_;-.- - > i '\l \

2 - N Cir) “\ '

SN W e

Il i' ,l‘ |

/" LI o BAIE
A Ik
| ‘\

y‘ >
| ;\\\\"":‘
/ |
L -
\

W " r
| ‘&‘% °
_ \l
|

IBM Quantum mission

\ \
1 | ‘

Bring useful
Quantum
computing to
e world

"
o
.\ :
9

P J{

o




What 1s guantum
computing?

IBM Quantum

<|lli



Uniquely quantum
Some problems are classically intractable and will
never be solvable with traditional computers

Superposition Entanglement Interference

A quantum system existing in Information shared jointly Interaction that affects
a complex linear combination between entangled pairs or likelihood of solutions
of two states until it is groups

measured

These Quantum concepts can reduce the number of computational steps required for certain algorithms

&
At a ~100 qubit scale, with sufficient circuit depth and complexity, classical computers can no longer

simulate exactly

IBM Quantum | © 2026 IBM Corporation

Moore’s law: the number

of transistors in a classical
integrated circuit doubles
about every two years

... but we are approaching the
end due to physical limitations


https://research.ibm.com/blog/2-nm-chip
https://research.ibm.com/blog/2-nm-chip
https://research.ibm.com/blog/2-nm-chip
https://research.ibm.com/blog/2-nm-chip

Unlock discovery with quantum computing
Harnesses the capacity to advance conceptual
and tools-based discovery

Quantum computers are exponentially more 1. A new way of computing
powerful than classical computers New paradigm of problem-solving

\ and thinking

2. Solving new problems
Unlock classically unsolvable problems,
cutting computation time down from hours
to minutes

3. Discovery of new use cases
Expand discovery into new
computational spaces

Quantum
tractable

S

Classically
tractable

Classically
Intractable

=

IBM Quantum | © 2026 IBM Corporation Source:


https://matt-rickard.com/dyson-tool-driven-scientific-revolutions
https://matt-rickard.com/dyson-tool-driven-scientific-revolutions
https://matt-rickard.com/dyson-tool-driven-scientific-revolutions
https://matt-rickard.com/dyson-tool-driven-scientific-revolutions
https://matt-rickard.com/dyson-tool-driven-scientific-revolutions
https://matt-rickard.com/dyson-tool-driven-scientific-revolutions
https://matt-rickard.com/dyson-tool-driven-scientific-revolutions
https://matt-rickard.com/dyson-tool-driven-scientific-revolutions
https://matt-rickard.com/dyson-tool-driven-scientific-revolutions
https://matt-rickard.com/dyson-tool-driven-scientific-revolutions
https://matt-rickard.com/dyson-tool-driven-scientific-revolutions

Why guantum?

Graphics processing units (GPUs)

¢ A

e B

oply principles of classical physics

tsareeitherOorl

* Rely on guantum-inspired methods to obtain
expected answers

» Struggles to simulate utility-scale quantum
systems and large problems with many gates

° E.:.
d ,-°

‘ective at tackling hard Al problems and

ving advances in quantum computing

IBM Quantum / © 2026 IBM Corporation

Quantum processing units (QPUs)

* Apply principles of ¢

 Qubits can bein mo

uantum mechanics

‘e states than O and 1

* Use new computational paradigm to obtain
answers to previously intractable problems

* Error mitigation lets us run larger, longer

CIrCulIts

« Computational advantages expected In

simulations, searc

processing data wi

N and o

th com

otimization, and

olex structure



Quantum computers are the only novel
hardware that changes the game

Quantum computing is not just a
faster or better version of classical
systems. It Is an entirely new branch
of computing.

/s

il

Quantum computing tfollows the laws

of nature to represent data In ways
that mimic the randomness and Easy problems Quantum
unpredictability of the natural world. Hard problems (polynomial) easy

(NP hard)

Jltimately, GPUs and classical
nardware are not built for this.

/

IBM Quantum / © 2026 IBM Corporation
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Optimization
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Development
Roadmap
J

Applying algorithms

to applications

2016-2019 ¢

Ran quantum circuits on
IBM Quantum Platform

Discovering new algorithms

for advantage

Orchestrating
workloads for
quantum + HPC

Accurately and
efficiently executing
on quantum
computers

Innovation
Roadmap
J

Software
innovation

Hardware
innovation

IBM Quantum Experience

Early

Albatross
16 qubits

Canary
5 qubits

IBM
Quantum
Experience

Early (V)

Albatross
16 qubits

Canary
5 qubits

Penguin
20 qubits

Prototype
53 qubits

© 2026 IBM Corporation

Penguin
20 qubits

5y

@

&

Prototype
53 qubits

Qiskit

Open-source SDK
for building and
compiling circuits for
quantum hardware

Falcon (V]

Demonstrate scaling
with I/O routing with
bump bonds

2020 e

Released multi-
dimensional roadmap
publicly with initial
focus on scaling

Falcon

Benchmarking

27 qubits

Application
modules

Modules for domain
specific application
and algorithm
workflows

Hummingbird @

Demonstrate scaling
with multiplexing
readout

Enhanced quantum
execution speed
by 100x with Qiskit
Runtime

Qiskit Runtime

OpenQASM 3

Qiskit
Runtime

Performance and

abstraction through

primitives

Eagle

Demonstrate
scaling with
MLW and TSV

Egret

Tunable coupler
demonstration

®

o

2022 ®

Brought dynamic
circuits to unlock more
computations

Dynamic (v)
Circuits

Eagle

Benchmarking

127 qubits

Quantum

Serverless

Demonstrate concepts
of managing quantum
and cloud classical
compute for an end to
end workflow

Osprey

Enabling scaling
with high density
signal delivery

2023 ®

Enhanced quantum
execution speed

by 5x with Quantum
Serverless and
execution modes

Resource Management

Qiskit
Serverless

Execution
modes

Error
mitigation

Al-enhanced
quantum

Prototype
demonstrations of
Al-enhanced
circuit transpilation

Condor

Single-system
scaling and
fridge capacity

Heron

Architecture
based on
tunable couplers

2024 e

Demonstrated
accurate execution

of a quantum circuit at
a scale beyond exact
classical simulation (5K
gates on 156 qubits)

Code assistant
Functions

Advanced classical
transpilation tools

Plugins

for HPC

200K CLOPS (v]

Heron (V]
(5K)

Error mitigation

5K gates | 133 qubits

HPC-Quantum
integration

Realize an integration
of classical HPC and a
quantum computer at
utility scale

Flamingo (]

Demonstrate
scaling with
[-couplers

Crossbill (v

Demonstrate
m-couplers

2025 ®

Deliver quantum + HPC
tools that will leverage
Nighthawk, a new
higher-connectivity
quantum processor
able to execute more
complex circuits

Advanced classical

mitigation tools

Utility-scale
dynamic circuits

Nighthawk
(5K)

Error mitigation

5K gates | 120 qubits

Advantage
candidates

Define problem types
for advantage in 2026

Loon

Demonstrate
c-couplers and
next-generation
packaging for FTQC

2026

Enable the first
examples of quantum
advantage using a
quantum computer
with HPC

Use case bench- 9)
marking toolkit

Utility mapping @
tools

Profiling tools @

Nighthawk @
(7.5K)

Error mitigation

7.5K gates | 120 qubits
Up to 120x3 = 360 qubits

Error

correction
decoder

Demonstrate a
real-time error
correction decoder

Kookaburra

Demonstrate a
complete module
consisting of a logical
processing unit and
quantum memory

2027

Improve quantum
circuit quality to
allow 10K gates

Computation libraries

Nighthawk
(10K)

Error mitigation

10K gates | 120 qubits
Up to 120x9 = 1080 qubits

Workflow
accelerator

Demonstrate a
workflow accelerator
that streamlines
execution for a known
advantage workflow

Cockatoo

Demonstrate
entanglement of
modules using a
universal adapter

2028

Improve quantum
circuit quality to
allow 15K gates

Workflow
accelerators

Nighthawk
(15K)

Error mitigation

15K gates | 120 qubits
Up to 120x9 = 1080 qubits

Fault-tolerant
ISA

Demonstrate a
complete instruction
set architecture
including magic state
distillation for FTQC

Starling

Demonstrate multiple
modules and magic
state distillation

2029

Deliver a fault-tolerant
quantum computer
with the ability to

run 100M gates on
200 qubits

Circuit libraries

Fault-tolerant ISA

Starling
(100M)

Fault-tolerant

100M gates
200 qubits

2033+

Beyond 2033,
guantum computers
will run circuits
comprising a billion
gates on up to
2000 qubits,
unlocking the full
power of quantum
computing

Blue Jay
(1B)

Fault-tolerant

1B gates
2000 qubits

¥) Completed
) On target

IBM Quantumn
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Number of active PoCs in industry by year

150
Energy

Logistics & Operations
Finance
Healthcare
B Materials
Aerospace & Automobile
B High tech
Other

8 g O
suli Pl B

2018 2019 2020 2021 2022 2023

Source 1: IDC, IDC’s Worldwide Quantum Computing Forecast: 2023-2027: Surfing the Next Wave of
Quantum Innovation,” IDC #US49198322, 2023.

Source 2: Sylvain Duranton (BCG), “Quantum Computing Takes Off With $55 Billion In Global
Investments,”

Source 3: BCG, “Fantastic applications and where to find them,” 2024.

Source 4: BCG, “Fantastic applications and where to find them,” 2024.

2024
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Ecosystem

IBM Quantum Network BasQ ¥ Cleveland Clinic

IBME URIAZE| IS MESH= MAH %10 &=F0 . m # OAK RIDGE PING

— O = —
National Laborat
MENA S P=st Y& Lt

SUNG KYUN KWAN
QuantumBasel R]?]y\) 6 UNIVERSITY

eeeeeeeeeeeeeeee

_|

=73 THE UNIVERSITY OF der Bundeswehr

Yy CHICAGO Universitat @ Miinchen

(0 YONSEI JAMERICAN
NS¢ UNIVERSITY EXERESS

BITMARCK® BOSCH bradesco €-0m

WELLS
FARGO

The IBM Quantum Network has 300+ members

Industry members 50—|— moderna

\nsys

Commercial partners and startups 65+

CapgumbAiQ M EY @ LTIMindtree
Academic and research institutions 170+

4\ Mathworks:  Deloitte. & algorithmiq KIPU

Oak Ridge National Laboratory and the oak leaf symbol are registered trademarks of the U.S. Department T~ @ O - C T R l— Q E D M /\ Q U N ASYS

of Energy. Use of this mark does not constitute or imply its endorsement, recommendation, or favoring by MULC[IALY'ERSE
the United States Government or any agency thereof or its contractors or subcontractors.

© 2026 IBM Corporation
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MAA E71 | Gartner® AI Vendor Race (2025.12.8)
M

IBM, ¥X4E 72 Z0F ‘Company to Beat’

,,,,,

IBM Quantum

LOON
112 QUBITS
C-COUPLER

&

1
.
5
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]

Gartner, Al Vendor Race: IBM 15 the Company to Beat in Quantum Computing, 8 December 2025, GARTNER is a trademark of

Gartner, Inc. and/or its affiliates, Gartner does not endorse any company, vendor, product or service depicted in its

publications, and does not advise technology users to select only those vendors with the highest ratings or other designation,

Gartner publications consist of the oplnions of Gartner's business and technology Insights organization and should not be ‘
construed as statements of fact. Gartner disclaims all warranties, expressed or iImplied, with respect to this publication, p—
including any warranties of merchantability or fitness for a particular purpose.

© 2026 IBM Corporation
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IBM Quantum

HEL
Quantum Master Project

= X}
Quantum Specialist Class

=t
Quantum Algorithm Course

%

> X H X}
Quantum Beginner Course

HNEs

Quantum Core Coding

2 Months

48 hours

40 hours

36 hours

30 hours

oF!
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K OF or <|7 =7 0o
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Chemistry &
materials

Optimization

Quantum machine
learning

Partial
differential
equations (PDEs)

“URHBE L 7
HEY YA

Sources: BCG, “The Quantum Leap: Navigating the Future of Computing,” 2025;
“The Long-Term Forecast for Quantum Computing Still Looks Bright,” 2024.

© 2026 IBM Corporation

Ad

Aerospace &
automotive

High tech

Energy,
environment
& utilities

Healthcare &
life sciences

Financial
services

Automated vehicles: up to $10B
Fluid dynamics: $10-$30B
Materials: $10-$20B

Catalysis: $20-$508B
Materials: $20-$30B

Solar conversion: $10-$30B

Battery design: $20-$40B

Oil exploration & production: $6—-308B
Oil refining: $2-%$78B

Drug development: $40-$80B

Risk management: $10-$20B
Market simulation: $30-$35B
Fraud, money laundering: $20—-$30B

= A= HHAO| A 5,0009 2 O] 42| 7HX| &
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arXiv:2508.08229

Hamiltonian simulation

T Cleveland Clinic
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Communications Physics 8, 396 (2025)

Hamiltonian simulation

arXiv:2405.20328

Optimization
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arXiv:2508.13557

Optimization
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arxXiv:2407.20802
arXiv:2412.07915
arXiv:2509.10657

Optimization QML

4P Hsse
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1 9

arXiv:2509.17715

QML

arXiv:2508.16728

PDEs
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A PLATFORM
for quantum computing

IBM Quantum Platform

5 £ [ Platform privacy &
Y 3 B EU lﬂ'ﬂ . 1_.I security
A %5 region Enhanced. analytics
\ and filters
Multi-language support
Queue
transparency

Sl IBM Quantum
Platform

40+ hours of
educational resources

IBM Quantum
Rest API documentation and

robust error code regijstry Accessibi lity IntrOdUCing the Qiskit

30-Day trial with Functions catalog

Heron access

A cloud platform that allows us to deliver the most
performant 21000+ quantum computers for global
distribution

A set of runtime and application services that enable you to
unlock advantage on today’s systems

© 2026 IBM Corporation

Add-ons:
optimizing hardware

Post-processing

Qiskit for:
) Add-ons:
® Algorithm research mapping problems
Qiskit for:
® High Performance
Computing Quantum-HPC

(sturm ) (orMI ) (Prefect )

Qiskit for:
® Quantum information
science research

(3 Qiskit SDK

Quantum Resource Plugins

IBM Quantum

An open SDK that provides flexible and comprehensive
Interfaces for building, optimizing, and executing quantum

circuits at scale

A collection of open science tools for designing QCSC and
developing novel algorithms

58



© 2026 IBM Corporation

Qiskit

IBM QPUs

Utility Scale Work

59



OISKIt

© 2026 IBM Corporation
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IBM Quantum Platform: Software

Accelerate application research with a high-perfrormance

software stack powered by Qiskit

Qiskit SDK

Preferred by of the
developer community

dependent projects
faster mean transpilation

time than nearest competitor
TKET

© 2025 IBM Corporation

Oiskit Runtime

Accurately and efficiently
execute estimation and
sampling tasks in a near-time
environment

Quality: Up to HK gates
Speed: CLOPS

Qiskit Serverless

Run quantum-centric
supercomputing workloads
across OPUs, CPUs, and GPUs

in the cloud

Simplities heterogeneous
application development for
researchers

61



Q1skit —

Open ecosystem for quantum computing

Qiskit for:
® Algorithm research

Qiskit for:
® High Performance
Computing

Qiskit for:
® Quantum information
science research

© 2026 IBM Corporation

Add-ons: Add-ons:

mapping problems optimizing hardware Post-processing

Add-ons:

Quantum-HPC

(Slurm) (Prefect)

[ Qiskit SDK

Quantum Resource Plugins

a1 ) ( IBM Quantum

62
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Abstraction
Services

Heterogeneous
Orchestration Layer

Compute

IBM Quantum Platform

y

Qiskit Functions Catalog

(Circui'l: Functions) (Application Functions)

Qiskit addons Qiskit Transpiler
Service

Qiskit & HPC
Integration

-

Qiskit
Code
Assistant

Quantum Computer

High Performance
Classical Compute

s

\

Qiskit Runtime

-

o

Quantum Processing Unit

(Quantum Chip)

| @(GPU) ATU
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IBM Certitied Quantum

Computation using
Qiskit v2.X Developer

© 2026 IBM Corporation

1370 | /1

Countries with Qiskit-

Developers with Qiskit
| certified developers

certification

The new and updated Qiskit certification is
available on IBM Training now!

Validate your Qiskit 2.X skills, with topics such as performing
gquantum operations, creating quantum circuits, as well as
running quantum circuits.

A free and
are avallable through IBM Training.

Associate —
Certified o ‘

1ES
“““““““““““
sT

Developer WWW. | b M. b |Z/ d | S k| t-cert

Quantum Computation using
Qiskit v2.X

64


http://www.ibm.biz/qiskit-cert
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http://www.ibm.biz/qiskit-cert

Learning &
enablement

IBM Quantum



Qiskit classroom
modules

Modules are ~1-2 hour-long,
Jupyter notebooks on key
concepts from a quantum-
computing related course.

Text and Qiskit code, check-in
questions and coding activities
for the learner to check their
understanding.

Designed to be easily plugged
INto courses with minimal

effort from the instructor.

Optional videos paired with
each module.

© 2026 IBM Corporation

B+ XDODO0O » m C » Code v
- LAmaLy - ALULCVOLLUVI Lo LAmaLVT

observables = [[Pauli("Xx")
pubs = (gqcoin,observables)
job = estimator.run( [pubs])

result = job.result() (@

print(result.data.evs)

([1.]]

qcoin_0@ = QuantumCircuit(1)
qcoin_0.h(0)

qcoin_0.h(0)
qcoin_0.measure_all()

qcoin_@.draw('mpl')

sampler = StatevectorSampler()

pubs = ([qcoin_0])

job = sampler.run([pubs],shots = nflips)
result = job.result()

data_pub = resulti(9].data

counts@ = data_pub.meas.get_counts()
plot_histogram(counts®)

=k

Notebook [ 7]

# Python 3 (ipykernel) ) =

66


https://quantum.cloud.ibm.com/learning/ko/modules/quantum-mechanics
https://quantum.cloud.ibm.com/learning/ko/modules/quantum-mechanics
https://quantum.cloud.ibm.com/learning/ko/modules/quantum-mechanics

IBM Quantum Learning

Learn the basics of quantum
computing and how to solve
real-world problems with IBM
Quantum services and systems

Courses, tutorials, and
educational resources by
leading quantum experts.

© 2026 IBM Corporation

Quantum learning

Kickstart your quantum learning journey with a selection of
courses designed to help you learn the basics or explore more
focused topics. If you're an instructor, explore content specifically
tailored to incorporating quantum in the classroom.

FO U n d a.t | 0 n S Quantum information and computation I

Courses to learn about quantum information Basics of quantum information
and how quantum computing works, from

the basics onward. Learn about quantum information, from states and

measurements to quantum circuits and
entanglement.

Course

Quantum information and computation IV

Foundations of quantum error correction

Learn how quantum computations can be protected
against noise through quantum error correcting
codes and fault tolerance.

Course  New lesson

Focused topics

Quantum machine learning

Continue your learning journey by diving into
more focused topics related to quantum

: Learn to leverage the power of quantum computin
computing. g P g puting

in machine learning methods.

Course  New

Quantum diagonalization algorithms

Multiple quantum approaches to matrix
diagonalization are explored, including VQE, QKD,
SKD, and variations of these.

Course  New

Quantum information and computation II

Fundamentals of quantum algorithms

Learn how quantum algorithms beat classical
algorithms for problems including integer factoring
and search.

Course

Quantum computing in practice

Learn potential use cases and best practices for
experimenting with quantum processors having
100+ qubits.

Course  New lesson

Variational algorithm design

An overview of variational algorithms: hybrid
classical quantum algorithms.

Course

Utility-scale quantum computing

A collection of learning assets from a 14-lesson
course on utility-scale quantum computing.

Course

Quantum information and computation III

General formulation of quantum information

Dive deeper into quantum information, including
density matrices, channels, and general
measurements.

Course

Quantum chemistry with VQE

An introduction to VQE that covers basic building
blocks and applications.

Course
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Sean Carroll

From Quantum
Mechanics to
Spacetime
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Qiskit Quantum Seminar

Qiskit
153 videos 29,763 views Updated today

=+ =

az» -

Stay up to date with the latest academic and
research topics in the quantum community by
joining our live discussions every Friday at 12PM
EDT. Tune in to gain insights from experts and
engage with a community of quantum
enthusiasts!

https://www.youtube.com/playlist?list=PLOFEBzvs-VvrOuEoGFo08n4-WrM 8tft2

Qiskit Quantum Seminar ',;;“"' .
Anushya Chandran |

Qiskit Quastum Seminar
Elisa BRumer

Martthew Fisher

Qiskit Quastum Seminar
Frank Pollmann

Efficient classical shadow tomography with number conservation
with Anushya Chandran

Qiskit * 116 views * Streamed 1 hour ago

Efficient Long-Range Entanglement using Dynamic Circuits with
Elisa Baumer

Qiskit = 2.4K views « Streamed 3 weeks ago

On quantum backpropagation and information reuse | Qiskit
Quantum Seminar with Amira Abbas

Qiskit * 2.6K views * Streamed 4 weeks ago

Near-Term Quantum Algorithms for Optimization with Ashley
Montanaro

Qiskit  2.4K views * Streamed 1 month ago

Quantum Many-body theory in the Quantum Information era with
Matthew Fisher |Qiskit Quantum Seminar

Qiskit » 2.8K views * Streamed 1 month ago

Realization and Characterization of Topological Phases on
Quantum Processors

Qiskit » 2.9K views « Streamed 2 months ago
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IBM Quantum
community

© 2026 IBM Corporation

IBM Quantum Learning

An online platform tor learning
the basics of quantum
computing, and how to use
IBM Quantum services and
systems to solve real-world
problems.

Qiskit Global Summer School

An annual event featuring
online lectures delivered by
various IBM Quantum experts,
as well as live Q&A sessions.

Qiskit YouTube channel

The Qiskit YouTube channel
hosts hundreds of useful
videos on quantum computing.

Qiskit Developer Certitication

The world's first ever developer
certification for programming a
quantum computer, setting the
benchmark for guantum
developer skills.

Qiskit Advocates

A global program that provides
support to individuals who
actively contribute to the Qiskit
community. There are
hundreds of Qiskit advocates
representing many countries
who contribute to the Qiskit
community.
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Expanding education and research

© 2026 IBM Corporation

In-depth quantum education
and workforce development by
world renowned experts

Understanding quantum information
and computation by John Watrous

Understanding

Quantum

Information & Computation

Lesson 4: ‘
Entanglement in Action

Quantum computing
courses using Qiskit

700+

Online companion textbooks
with problem sets and progress
tracking, utilizing Qiskit and IBM
Quantum hardware

€3 Qiskit
Browse all cc General | proce dure an d analysis
oph mine the - . idea is to extend the single- and double-
factoring qubit versions of phase estimation that we considered above in the natural way, as suggested by the following
Introduction diagram.
Phase estimation problem _ﬂ
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approximating phases _H N
with low precision
Quantum Fourier
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Order findin .
g Notice that for each new control qubit added on the top, we double the nu
ring by J5 is performed. Rather than drawing however many copies of the controlled-U operation are needed to do this
"""""" n the diagram, we've instead raised U to the required powers.
Implementation in Qiskit
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Learners accessing digital
content

OM+

Science In the era of emergence

Research in this era was heavily
focused on characterizing
gquantum hardware, error
mitigation and suppression, and
proof-of-concept applications
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Published research
papers since 2016
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We have entered the
era of Quantum Utility.

Qur offterings are
changing tor this
New era.
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