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Case |

Kill or get killed by new technology
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Annual Revenus (USD Billions)
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Video renting stores

Annual Revenue Trajectory of Corporate Giant (1995-2005)

Company
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Annual Revenue (USD Billions)
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Video renting stores

Annual Revenue Trajectory of Corporate Giants in Decline (1995-2020)

Company

| == Binckbuster

Blockbuster Bankruptcy (2010]
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Annual Revenue (USD Billions)

Home Entertainment Disruption: Blockbuster vs. Netflix Revenue (1999-2020)

Why the decline?

25

20

10 +

=—g=Blackbuster Revenue ($B)
== Netflix Revenue ($B)

2000: Blockbuster rejects
buying Netflix for $50M

[2{)07. Netflix launches Streaming]

[2004.‘ Blockbuster Peak $6.IB}]

|

2010: Blockbuster Bankruptcy
Netflix passes Blockbuster

1993
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2005 2007 2009 20M

Year

2013 2015

207
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JERE Forgot to learn from history

Annual Revenue Trajectory of Corporate Giants in Decline (1995-2020)

Company
=—g== Kodak
70 1 —e= Blockbuster Nokia Peak (2007)
=== Nokia
== BlackBerry
60 7 —e=— Toys "R" Us
=—p= Sears

50 A

30 A

Berry Peak (2011)

20 A

Annual Revenue (USD Billions)

Blockbuster Bankruptcy {20h‘
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Nokia

Sears
BlackBerry
Kodak
Toys "R" Us

Blockbuster

History repeats

Delayed transition to touchscreen smartphones and modern app ecosystems

Neglected digital retail and supply chain tech in favor of physical store cuts

Clung to physical keyboards and enterprise security while consumers
demanded app ecosystems

Hesitated to commercialize digital cameras to protect profitable film margins

Surrendered digital infrastructure growth by outsourcing e-commerce to
Amazon in 2000

Rejected acquiring Netflix and relied on store late fees instead of digital
streaming
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ome Project
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“Catching Up with the Economy” By ROBERT W. FOGEL (1999)

CONFERENCE

FROM CHAQS TO COMMAND:
RISK LEADERSHIP IN INDUSTRY 6.0



Institute of E

RP

itute of Enterprise Risk Practitioners

Advent of the guantum era

International year of quantum science and technology 2025
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Semiconductor driven growth (Si-Age)

Hollerith designs Turing develops
punch card to calculate the Turing Hewlett-Packard
the US Census machine is founded

1890

e - =~ ~
2 \
/ Bell Laborataries
Computer chip Hopper creates { creates the ! ENIAC
is invented COBOL N transistor L/ is built
r | T P |

IBM introduces Flappy disk and the
SABRE with Xerox laser printer Computers installed
American Airlines are created Apple is founded in the White House

Warld GDP over the last two millennia

Total output o

counlries.

$100 trillion

&50 trillion

$20 trillion
310 trillien
$5 trillion

$2 trillion

31 trillion

of the worid economy. This data is adjusted for inflation and differences In
P
700 1750 1800 1850 1800

the cost of living between

Our W

Our World in Data and g2.com
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https://en.wikipedia.org/wiki/Moore%27s_law
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Computations per kWh
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2008+2009 laptops

SiCertex SC5832

Dell Dimension 2400———— 3o
Gateway P3, 733 MHz *

Regression resulls:

N =80

Adjusted R-squared = 0.983

Comps/kWh = exp(0.4401939 x Year - 849.1617)

1.E+00 T T
1940 1950 1960

Average doubling time (1946 to 2009) = 1.57 years

T

1970 1980 1990 2000 2010

Laws fueling the information era

Largest supercomputer in the world runs on a

electrical power that is equivalent to 50,000 home

total electric power requirement
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Koomey's Law: Measured Energy Efficiency
(Computations per kWh, 1946-2020s)
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Laws fueling the information era

Transistor Count (Log Scale)

Moore's Law: Measured Transistor Counts
(Transistors per Die, 1971-2023)
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29
1 [Ar]3d 10451
| copper

63.546

g Stainless
ronze
G- Steel
—_ (Cu-alloy)
(Fe-alloy)

Material transformation age
(1000s yrs)

?

Energy transformation age
(200 yrs)

Experience Age /
Bio-information
Age

Information processing age Quantum

(70 yrs)
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What is quantum?
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The rules that govern the world of atoms, molecules,
light and other fundamental building blocks of nature

These rules are different from the rules that govern
the movement of large objects

Can we harness this new fundamentally different rules
for new technology
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Quantum mechanics to Quantum technologies

12
/N é‘/ ) oW E
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/\/\_/‘\_ o~
I
7( 15t Quantum revolution
Tunnelling (1980s or earlier) Lasing (1960s)
Cold emission e Masers
e Tunnel junctions e Lasers

Scanning Tunnelling Microscope
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Superposition & Entanglement

Quantum Entanglement

Two particles become entangled and share a quantum state,
Measuring one instantly determines the state of the other,
no matter the distance.

Quantum Superposition of a Qubit

he qubit exists in both |0) and |1) states simultaneously.

Entanglement

Superposition

Particle A 3 . Particle B
State: |1) or |4) Tk o o ot PIStaNeE —cmmme oo i »
R A T 10,000,000 km

[or more)

The qubit is in a cloud
of possibilities between
|0} and |1}

/

State: |1) or |4)

State of the qubit:

Sy
¥ Y = |0Y + B [1) 1. Measure Particle A
1) e bl Instantaneous
where |a&|* + |B]* =1 Carrelation
® |0 Classical state
(north polel

L S

=l —

Mo signal is sent.
Result: [1) This is not faster-than-light Result: |{)
communication, {carrelated with A)

e |1 Classical s

(south

@ Superposition
All states in between

i When measured, the qubit “collapses” to:

= Entanglement links the particles, not by any physical connection,
(" &) Measurement

4 2 \ . but by their shared quantum state.
L)) with probability |ﬂ' I 1) with probability || y q 2

Once entangled, always entangled—no matter the distance.
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Quantum
Technologies

Contextuality

QUANTUM CONTEXTUALITY
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JERDP Quantum mechanics to Quantum technologies

Superposition Entanglement

.‘ ' .‘ Minimum 2 operations
" . =
ﬁ'oHﬁ'l) ﬁllHﬁlo) ‘

—=[1)110); +

|0)1I1)z

f V3
‘ Only 1 operation

2"d Quantum revolution
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The power of true parallelism

100 micron thickness A4 paper

How many folds to reach moon?

Just 40 folds (249) GLO3AL
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: )
JERD Quantum mechanics to Quantum technologies
“We never experiment with just one electron or atom or small molecule. In thought experiments we

sometime assume that we do, this invariably entails ridiculous consequences ....In the first place it is fair to

state that we are not experimenting with single particle anymore than we can raise Ichthyosauria in the zoo”

“Professor Dr Wolfgang Paul, University of Bonn, Federal Republic of Germany and Professor Hans G.
Dehmelt, University of Washington, USA, have introduced and developed the ion trap technique which has

made it possible to study a single electron or a single ion with extreme precision.” ------ 1989

“Serge Haroche and David J. Wineland have independently invented and eveloped methods for measuring
and manipulating individual particles while preserving their quantum-mechanical nature, in ways that were

reviously thought unattainable.” --—--- 2012
P yHnous GLO3AAL
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What can be we do with it?
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Quantum technologies

THE THREE PILLARS OF QUANTUM TECHNOLOGIES

e
COMMUNICATIONS (

Secure information transfer
using quantum laws

KEY TECHNOLOGIES

Quantum Key Quantum
Distribution (QKD) Internet

END USES

SENSING

Ultra-precise measurements for
unprecedented insight

COMPUTING

Powering solutions to problems
beyond classical limits

KEY TECHNOLOGIES

eters Atomic Clocks /

GPS

END USES

KEY TECHNOLOGIES

3
"l
Drug Discovery & Cybersecurity Machine Learning
Wil T e e & Cryptanalysi & Optimizati

END USES

Secure Government Financial Network
Communications Security Internet

.

Glohal Quantum

Brain |

L5

&

igation Without physical Survey

Medical Diagn;sﬂcs GPS (Underwater, & Resource

Aviation, Space) Exploration

Faster Drug Discovery Post-Quant A P
& Material Design Cryptography (Logistics, Energy,

Finance)
A

_A

l

ATOMIC

-~
X"
‘. alll.‘ Quantum systems based on atoms

and their internal states

X7

* Trapped lons  + Meutral Atoms = Rydberg Atoms
e

= Single Photons

HARDWARE REALIZATIONS — ENABLING ALL THREE PILLARS

PHOTONIC

Quantum systems based on
photons (light)

= Photonic Circuits  * Fiber Networks

SOLID STATE

Quantum systems in solid-state
materials and devices

* Superconducting Qubits = Spins in Diamond / Silicon

* Topological Qubits * Quantum Dots

Different hardware platforms. Unified by quantum principles. Realizing the future.
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Optimization Cryptography
Four _ _
Finance: Portfolio
Quantum- Optimization ($20-50B)
Advantage .
Insurance: Risk
d Problem Management ($10-
Unlock 208)
100+ Use Logistic: Network
Case at Optimization ($50-100B)
TeCh_ Aerospace: Route
Maturity Optimization ($20-50B)
Machine Learning will see application in almost all industries
Adopted from: McKinsey & Co
GLO3/L
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Quantum Algorithm Tree

Quantum Fourier

Transform (QFT) Grover's Search

Quantum Phase Amplitude Quantum Walk

Shor's Algorithm Estimation (QPE) Amplification Search

VQE
(Hybrid)

HHL Linear
Systems

Quantum Algorithm Zoo

Database
Search

Navigation Quantum

Simulation Optimization

This is & comprehensive catalog of quanium algorithms. I you notice any erors of omissions, please
emall me at stephen jordan@microsolt com, (Alleratively, you may submit a pull request fo the

repository on github.) Your help is appreciated and will be acknowledged. Algebraic & Number Thearstic
Oracular
Algebraic and Number Theoretic Algorithms Appreximation and Sisulation
Qpticnization, Numerics, & Maching Leaming
Algorithm: Factorng Acknowledgments APPL'CAT'ONS
Speedup: Superpolynomial Ralurences

Description: Given an r-bit integer, find the prime factorization. The quantum algorithm of Peter Shor

https://quantumalgorithmzoo.org/



JLERDP Status of hardware

IBM Q experience (IBM) 2026
.anﬁ?gw ﬁan = ; :_.%{” ,?bp =

ENIAC (IBM) 1945

5Mb Hard drive 1956

RE AR RE RE RP

= |
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Qubit Physical qubit Platforms
lon trap
Atoms Atom tweezers
D
l’ Optical Photons Photonic integrated circuits

Initialization.

Long lifetime.

State manipulation.

, Microwave Photons  Superconducting circuits
Unigue measurement.
scalabl Si-donor

calable. GL :
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State-of-the-art performance
(SOTA)

GLO3/L
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| Centre for

wn — Present state-of-the-art comparison

Technologies

Parameter Superconduc | lon trap Photonics Silicon Topological NMR
ting based (notional) (pioneer)

Qubit lifetime ~50-100 us ~1000s |J~150 ms ~1-10s 100 s 100 - 4000

ms
# qubits demonstrated |~ 20-400 ~20-100 §~3 X6 ~2-7 1 target 10
Gate fidelity/error 99.% 99.99% [98% 90% 99.9999% 98%
Operation time ~10-50 ns ~3-10 ~1ns ~1-10ns NA 10 ms

ms

Connectivity Partial Fully Partial Partial - -
scalability 75% 50% 25% 25% NA 5%
TRL 5 4 3 3 1 NA

Disclaimer: Not complete or up-to-date
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Modality

SOTA Physical
Qubits

2-Qubit Gate
Fidelity

Comparative Performance Matrix

Physical SOTA Metrics Across All Four Modalities (2024-2026)

Coherence SOTA Logical Primary
Time Qubits Bottleneck

Superconducting
(IBM/Google)

Trapped lon
(Quantinuum/lonQ)

Neutral Atom
(QuEra/Atom Comp.)

Silicon Spin
(Dirag/Intel)

120 (IBM Nighthawk)

56 (Quantinuum H2-
1)
98 (Helios)

1,180+ (Atom
Computing)

~12 (Diraqg/Intel)

~99.9%

99.9% — 99.99%

~99.5% —99.73%

~99%

100-300 ps 1 (Google Willow) Crosstalk & cryogenic
cooling
Seconds—Minutes 48 (Quantinuum) Slow gates, scaling
ion chains
Seconds 96 (QuEra/Harvard) Atom loss & shuttling
latency
Milliseconds Early demos (2026)  Fabrication variability



Centre for

o QuUantum computing systems

Technologies

G

Solid state vs ion trap “ i|
Middleware

Technology stacks

Technology stacks 1. Vacuum Technology

1. Dilution refrigerator RF technology

2. Microwave engineering Optical technology

2

3
3. Cryogenic cabling 4. Cryogenic
5

4. Superconducting circuit ikl \

SUPercﬁndqcting}__c'ichiIF
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Centre for
Quantum
Technologies

System performance

Gate level benchmark

T2: over 3 ms
T1:30s

T T
300

time / us

- '
% &1
1

500 600 0.5

0 1|0 2|0 3I0
Heating rate: ~ 20/ sec Number of  pulses
Gate operation times:

2-5 us (single)

E 100 ~ 1ms (2-qubit)
< 50
o Fidelity:
0 100 200 300 400 500 600 99.95% (Single)
x[um] 95% (2-qubit)

Stable trapping of over 30 ions having minimum inter-ion distance of 15 um



m-li’.;’:n“::.’sqms Significant Roadmaps

@ Physical Qubits CY25 cY26 CY27 Ccv28 CY30
O Logles! qubis 2,000,000 lonQ
— * Updated in Jan 2026 after a series of
20,000 takeovers including Oxford lonics
100,000 10,000 . . .
* They are consistently achieving proposed
o o targets thus far
1,000 1082565 () 1,600
64-100+ 800
100
O
Logical Error Rates <1.00E-7 <1.00E-12
2020 2023 2025 2027 2023

@ >
APOLLO

Quantinuum iRk 20 56 9% 192 1000's
N Updated in 2025 ‘“I”_“a s ‘ ' >

. . . . Lu_';-»;_‘;uw 1%103 12103 < 5x104 <2x%x10* 1%104
* Has been consistent in their deliverables " - : >

LANERL >12 ~ 50 ~100 100's

iil",”A 1x10 <10 ~10° 1%105to 1% 101"
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Application example

Adversarial attack in machine learning

GLO3/L
CONFERENCE

FROM CHAQS TO COMMAND:
RISK LEADERSHIP IN INDUSTRY 6.0



®
Institute of Enterprise Risk Practitioners

Quantum computing risk matrix
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RISK MATRIX: FINANCIAL INSTITUTIONS DUE TO OPERATIONAL QUANTUM COMPUTERS

RISK AREA

Public-key
encryption failure

‘Harvest now,
decrypt later’
attacks

Payment system
disruption

Vendor and
third-party
exposure

Regulatory and
compliance risk

Digital identity/
|AM compromise

Market/ftrading
model disruption

Reputational
damage

Operational
migration failure

Low
Manage with
routine cantrols

MEDIUM

LIKELIHOOD

MEDIUM

MEDIUM

MEDIUM

HIGH
MEDIUM
MEDIUM
HIGH
MEDIUM

MEDIUM

MEDIUM

Monitor and

mitigate

, -

HIGH

HIGH
HIGH HIGH
HIGH HIGH
HIGH HIGH
HIGH HIGH
HIGH HIGH

HIGH
. Act and

mitigate urgently

IMPACT

HIGH

VERY HIGH

CRITICAL
Immediate action
required

Assessment of risk

Choice is between

“lgnorance is bliss” vs “knowledge
is power”
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