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QUANTUM

epo.org
THE PROMISE OF QUANTUM TECHNOLOGIES
Quantum developments represent foundational next-generation technologies poised to drive
substantial economic and security impacts.
P Quantum computing .

Quantum communications (and simulation) Quantum sensing

Enhanced security, with nearly Rapid problem-solving in fields like Applications in medical disease

unbreakable encryption, increasing complex optimisation or Al, with detection, navigation, and

trust in digital governance savings on energy consumption environmental monitoring

GOOD HEALTH

1 PEACE, JUSTICE
AND WELL-BEING

AND STRONG
INSTITUTIONS
.

Potential to contribute to several UN SDGs: M /\




MAPPING THE GLOBAL QUANTUM ECOSYSTEM

QUANTUM CARTOGRAPHY
AND PATENT PUBLICATIONS Mapping the global

quantum ecosystem

Area Field Subfield A comprehensive analysis based on innovation, firm,
investment, skills, trade and policy data
1:Q Communication 1-1: Optical realisations 557

1-2: Quantum memories Iz; December 2025

1-4: Information networks - 643

2: Q Computing 2-1: Models 2-1-1: Simulation 18
2-1-2: Non simulation models 363
2-2: Physical realisations 2-2-1: Superconducting 400
2-2-2: Trapped ion or atom s
2-2-3: Spin-based 191
2-2-4: Quantum optics 101
2-2-5: Others 281

2-3: Algorithms

2-4: Error corrections

2-5: Programming

2-6: Others.

3: QSensing 3-1: Gravitation rotation acceleration
3-2:Time . 343
3-3: Magnetic fields .115
3-4: Chemical detection B
3-5: Imaging I

0 1000 2000 3000 4000 5000

Number of international patent families (fractional)

M 1:Quantum communication 2:Quantum computing Wl 3: Quantum sensing




QUANTUM

INNOVATION IN THE QUANTUM ECOSYSTEM IS RAPIDLY

ACCELERATING

Normalised trends for IPFs in quantum technologies vs all technology domains

B Since 2014, quantum patents

8

have grown at a much higher

7

CAGR 2005-2014:
Quantum IPF: 3%

6

All areas IPF: 4%

CAGR 2014-2023
Quantum IPF: 20%

All areas IPF: 2%

- pace than overall patents.

/ M This reflects a dynamic

technological landscape

where experimentation is

thriving.

Index (2005=1)

2005 2006 2007 2008 2009 2010 201 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

= Quantum IPF === AllIPF

Earliest publication year (family)

CAGR = Compound annual growth rate

Source: EPO, October 2025.



QUANTUM

BUT PATENT GROWTH IS UNEVEN ACROSS QUANTUM TECHNOLOGIES

Trends in IPFs in quantum technologies by quantum area

B Quantum computing patents
have grown fastest.

1400

1200

B Communication plays a
leading role but grew less
fast.

o
o
o

o
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o

B Despite their industrial
potential, sensing and
metrology are experiencing
lower levels of patenting.
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2005 2006 2007 2008 2009 2010 201 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Earliest publication year (family)

M 1: Quantum communication [ 2: Quantum computing [l 3: Quantum sensing

Source: EPO, October 2025.



QUANTUM

panel C: Quantum computing FOCUS ON QUANTUM

. COMPUTING

- ‘ B Physical realisations in
a quantum computing patents
5 0 I have grown fastest - of which
< -, superconducting is the
% I platform with the highest
z i

100 1.

g | N |
ol o .. o x . n

Earliest publication year of family

B 2-1: Models 2-4: Error corrections
2-2: Physical realisations M 2-5: Programming
2-3: Algorithms B 2-6: Others



MAPPING THE GLOBAL QUANTUM ECOSYSTEM
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- Platform £ What is being manipulated How it works 8§ 8§ 8 X
Optical traps Neutral-atom internal Focused laser light forms tiny traps 1 2 &
v states confining single neutral atoms in
vacuum.
Magnetic traps Meutral-atom internal Precisely shaped magnetic fields create o 1 2
v states low-energy regions that hold selected
REALISATION
Electromagnetic Trapped-ion internal states Oscillating electric fields generate a 2 2 (2
traps v stable potential well that suspends
individual ions.
Superconducting Superconducting current  Cryogenic superconducting loops create 1 2 2
circuits v (loop state) controllable microwave circuits thatact
as quantum bits.
Quantum dots Single-electron spin Nanoscale semiconductor islands isolate 134 138 1 1
¥ {magnetic orientation) one electron whose energy or spin can
be individually controlled.
Diamond NV Defect electron spin A nitrogen-vacancy defect in diamond . 1 1
centres hosts a spin that can be set and read
optically, even at room temperature.
Diamond SiV Defect electron spin Silicon-vacancy defects in diamoend emit 1 0 1
centres v ultra-pure photons for linking distant
quantum nodes.
Silicon carbide Defect electron spin Crystal defects in silicon carbide provide 824 1 0
defects long-lived spins on wafers compatible
with standard chip processes.
Topological Majorana quasiparticle Engineered materials encode o1 1 0
materials ¥ ctates infermation in protected quantum states
resistant to many local errors.
Opti al cavities Sing\e photons Highly reflective mirrors trap light = 1 2
between them, boosting its interaction
with atoms or solid-state emitters.
Op‘tical Sing\e photons On-chip glass or silicon channels route = 1 1
waveguides/ single photons with minimal loss to build
scalable light-based circuits.
networks
Molecular magnets/ Molecular-electron spin Tailored molecules lock an electron’s [ ] -
complexes magnetic orientation, forming

customisable guantum units at
moderate temperatures.

n [mid 2025), not a crosscalumn com
experi ., usefulness for this
ults, but not yet broadly adopted within this technology; 3 - Mature: wi

ial readiness ranking. 0~ No current rale: not practically used within this
ogy remains uncertain; 2 - Validated: proven through reliable and
adopted as a standard research tool and central to ongoing progress in 7




PLATFORM ON QUANTUM TECHNOLOGIES

epo.org

QUANTUM COMPUTING - CASE STUDY:

PASQAL

Headquarters Paris, France
Founded 2019
No. of employees 300

Products Neutral atom quantum computers, application
software and cloud services

Webpage www.pasgal.com

Full EPO innovation case study
link.epo.org/elearning/en-sme-case-study-pasqal.pdf




PLATFORM ON QUANTUM TECHNOLOGIES

epo.org

QUANTUM COMPUTING - CASE STUDY:

C12

Case study: C12

Headquarters Paris, France
Founded 2020

No. of employees 60

Products Carbon nanotube quantum processors and
emulator testing for quantum applications

Webpage www.c12ge.com

Full EPO innovation case study

link.epo.org/elearning/en-sme-case-study-c12.pdf




MAPPING THE GLOBAL QUANTUM ECOSYSTEM

TECHNOLOGY FIELDS AND KNOWLEDGE FLOWS IN QUANTUM

Technology fields of Quantum Area Technology fields of
the cited IPFs citing IPFs

Biotechnology 15

‘ > s Quantum communication exhibits both a
Medical technology 13 ﬂ ‘ S ?,, )
. s 3 “'l,, ol J"/ 4 Digital communication
— 32';, L W higher number and a broader spread of
e 7 F== X == = - forward citations, reflecting its wider

Control 12 —4"0’?‘;0‘4 H
=Tl technological reach compared to quantum

computing, which shows fewer forward
linkages. This points to the growing
importance of quantum cryptography and
its application across various technological
domains, particularly in securing
communication systems. Quantum
technologies are upstream enablers.

‘__)‘ 0"//7//_
i

, 1o,
i —
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QUANTUM

INNOVATION IS STILL VERY CLOSE TO SCIENCE

NPL backward citation rate in quantum vs other technology fields: 2005-2024 [ One in three Citations made

‘ ‘ i ‘ ‘ i by quantum patents refer to
scientific non-patent literature
(NPL) such as journal
articles, indicating a strong
proximity to frontier research.

Quantum

4 - Digital communication

B This reliance on scientific
sources is much higher than
in other important technology

27 - Engines, pumps, turbines _ fleldS
|

0 5% ' 10% 15% 20% 25% 30% 35%

13 - Medical technology

Share of NPL citations

Source: EPO, October 2025.
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QUANTUM

GEOGRAPHICAL CONCENTRATION BUT STRONG INTERNATIONAL

Contribution of quantum IPFs by region with RTA by region ] The US IeadS in IPFS but
S 2 with a declining share
o L. (from 41% to 31%)
.
B Europe follows, with an
30% o 20 : H
N 20 e increasing share (from 19%
z 6 15 B to 25%), alongside significant
5 i . contributions from Japan,
- | I 5 ope Cw v China, Korea and Canada
|| I il o B Strong specialisation (RTAs
l l | B I above 1) in: Canada, UK,
| m - 0 .
Al DE B £R A NL CH Flnland, US, France and
us EPC member states P CN KR CA RoW N etherlands
% of quantum (2015-2019) M % of quantum (2020-2024)
RTA (2015-2019) m RTA (2020-2024) cource. £PO, October 2025
RTA= Revealed technological advantage 12



QUANTUM

New platform on
quantum technologies

P A
b YRS
=
—-— . Y
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St |

Track quantum Tech filter 324 entities with Case study: C12
innovation in real time patents in quantum
....................................................................... Case study: PASQAL
(] Iden_tify patents in 18 . Identify investors
/,‘4} subfields of quantum Funding in startups First hand insights on
....................................................................... m IP strategy and management
Retrieve bibliographical European Access to patent data ® Commercialisation and scaling up
D D[] details and statistics atents on Espacenet B Funding from investors

13



QUANTUM

PARTICULARLY HIGH GEOGRAPHICAL CONCENTRATION IN FUNDING

Country shares in global quantum funding, firms funded and investments rounds

B Around 60% of total quantum

60% funding ever recorded went to

50% US-based companies

0% ® Even though the US is home

0% to only approximately 30% of

. all quantum IPFs and
startups.

W Total funding Firmsfunded [ Investment rounds received

Source: OECD calculations based on OECD, STI Micro-data Lab, October 2025.

14



QUANTUM

YOUNG FIRMS FOCUSED ON QUANTUM DEVELOPMENT COEXIST
WITH DIVERSIFIED, ESTABLISHED ORGANISATIONS
B Most companies in the
ISR ecosystem belong to high
tech sectors
B However, in the ecosystem,

Quantum firms by industries: entire period
g R Ecdsysfemf aII‘compahieS LS - Cofe: Companiés pfimérily"
400 active in quantum and Eeal . focused on quantum and
200 quantum-related fields. . quantum-enabling fields.
w0 quantum firms are active in a
. broader set of industries,
including “Education”
0 i B H i B “ . ” “p ”
AN Chemicals” and “Finance
B Within the “core”, three high-
TiogE § tech sectors stand out
T particularly: “Manufacture of
computer,”; “IT services” and

2004

lllllll o
“‘Research & development”.
15
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N N e I o o3 N ;
9 © ~
~ ~
Ecosystem Core
Source: QECD calculations based on OECD, STI Micro-data Lab and Orbis, Bureau van Dijk, October 2025.
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QUANTUM

VC FUNDING SUGGESTS CHALLENGES TO SCALING UP AND
BUSINESS APPLICATIONS

Total funding to and number of core quantum firms financed: 2014-2024

B The number of funded firms

6000, | V3B milln P and the total invested capital
s 000 MR o increased significantly until
4000 ¢ 200 2022

@ B Investment activity declined
» sharply in 2022 and 2023
2000 . 100 before recovering in 2024
1000 . . 50 B The number of funded firms

i ; e o B = . I ) is plateauing.
2014 2015 2016 2017 2018 2019 2020 201 2022 2023 2024

M Total funding Funded firms (right axis)

Source: OECD calculations based on OECD, STl Micro-data Lab, October 2025.
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QUANTUM

FLAT JOB POSTINGS: IS DIFFUSION PLATEAUING?

Number of job postings per month, January 2021-July 2025, with 6-month moving average included

B The number of job postings

1000 demanding quantum and
900 enabling skills has remained
800 I\

stable, showing no recent

700 I /\/ acceleration.

600 \é A \ _ /\ i [A I l \/ W Activity peaked at the end of
w0 , A ‘@N - g "/\‘«q, \ 2022, coinciding with a
w1 Q M /7 o Y !"_\..l\— g slowdown in firm entry and

.—-"'T‘./
/

<

V V investment.
200
100
0
N & o o & ) 5 £ = o $ 3 S £
,\’6\,\'0 § '\‘SQ AP"?Q § ’{,";0 I‘P’WQ § 9 I‘IQ(\:’Q "9@0 (\9{)0 8 q’NQ 8 "?(.0 q’@’b‘Q S "(?D § ’1‘,”‘0
m— Quantum skills = Enabling skills

6 per. Mov. Avg. (Quantum skills) = « « 6 per. Mov. Avg. (Enabling skills) Source: OECD calculations based on Lightcast, October 2025
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QUANTUM

TRADE DEPENDENCIES ON KEY INPUTS ARE ON THE RISE

Total trade dependencies for quantum-relevant goods by type: 2022-2023 and 2018-2019 [ OveraII increase in
" 140 dependencies (except for
120 Korea)

100 B |n 2022-2023, China (as an
exporter) accounted for 124
of the 329 dependencies in

80

60 the quantum ecosystem, 3x
o from 2018-2019
» " B US and Germany also hold
~ BRRR strategic positions in the
ol h“llllll-lll-l value chain, but fewer
(S SR B G R A XA - N CoRNA SR o .
oo ot economies depend on them

W 20182019 | 20222023 than in the paSt.

Source: OECD calculations based on UN BACI database, August 2025
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QUANTUM

INITIAL POLICY FOCUS ON R&D, NEW POLICY CYCLE NEEDS TO
BROADEN SCOPE OF SUPPORT

Estimated annual Quantum R&D size: funding and implied award size 2015-2023 [ Early pOIiCieS focused on

2500 | USD million PP 14 R&D; newer strategies
also emphasize industrial

2 support and commercial
applications.

2000

1500

B |[ncrease in both number of
o R&D awards and their size

1000

B Publications have surged,
= concentrated in the EU, US,
and China.

2015 2016 2017 2018 2019 2020 202 2022 2023 ) M [International Co||aboration’
&D Funding (! million PPP) umber of R&D project awards H H H H H H
: guaDnium R;Dlirsn[;“ed aw::ipsize (:g:t axis) RA Ilj\lzn-JQutantum R&D implied award size (right axis) h IStorlcaI Iy h Ig her In th IS fleld
than average, has plateaued
Source: OECD analysis of the OECD Fundstat database (v.2024), October 2025 and deCI i ned Si nce 20 1 8 .

21




QUANTUM

CONCLUSIONS

Quantum technologies hold great potential across a wide range of downstream industries and
applications.

Innovation is advancing rapidly, particularly in quantum computing, but it's uneven across quantum
technologies and further development is required for the technologies to reach full maturity.

@ Young firms focused on quantum development coexist with diversified, established companies

The number of new entrants and scale of investment are progressing — especially, but not only, in
the United States — though some signs of plateauing are emerging, suggesting challenges to scale
up and business applications

Policies, which had initially focused mainly on R&D, are progressively placing greater emphasis
on supporting commercialization.
For example, through initiatives to develop the complex skills needed for this sector.

23



THANK YOU

Download the report at:

oe.cd/quantum-ecosystem
epo.org/quantum

doi.org/10.65216/20251217-0001

observatory@epo.org

epo.org/observatory

Digital Library and DTF tools

LinkedIn Observatory newsletter



mailto:observatory@epo.org
https://epo.org/observatory
https://www.linkedin.com/newsletters/the-tech-fingerprint-7420096962881912832/
https://library.epo.org/
dtf.epo.org
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PATENTABILITY ISSUES IN QUANTUM COMPUTING
epo.org

QC > MATHEMATICAL METHOD

B Simply put, QC is about using quantum mechanical effects for accomplishing a computation

B For instance, quantum tunnelling (= quantum mechanical effect) may be used for computing the
ground state of a system (= computation)

B The computation usually involves mathematical operations and can therefore be interpreted as a
mathematical method within the legal framework of the EPC

B This interpretation is of particular importance for assessing the patentability of a QC invention
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PATENTABILITY ISSUES IN QUANTUM COMPUTING
epo.org

TWO-HURDLE APPROACH
m 1st hurdle (“eligibility”):

Mathematical methods, when claimed as such, are excluded from patentability (Art. 52(b) and (c)
EPC)

W 2" hurdle (“inventive step”):
It is not sufficient that the mathematical method comprises novel features

The novel features need to make a non-obvious contribution to the technical character of the
claimed invention (EPC Guidelines for Examination, G-VII, 5.4, (iii)(b))

Security classification: Public

3



PATENTABILITY ISSUES IN QUANTUM COMPUTING
epo.org

THE FIRST HURDLE (1/3)

A method for solving an optimization problem comprising the steps of
a) initializing a system of qubits in a ground state of an initial Hamiltonian,

b) slowly evolving the system’s Hamiltonian from the initial Hamiltonian to a
problem Hamiltonian that encodes a solution to the optimization problem, and

c) measuring the qubits’ states.
M First hurdle is not passed, because the claimed method can be interpreted as a mathematical
method as such:
B The steps a) to c) specify mathematical operations

B No technical means are used for performing any of the method steps a) to ¢)

Security classification: Public



PATENTABILITY ISSUES IN QUANTUM COMPUTING
epo.org

THE FIRST HURDLE (2/3)

A method for solving an optimization problem comprising the steps of
a) initializing a system of physical qubits in a ground state of an initial Hamiltonian,

b) slowly evolving the system’s Hamiltonian from the initial Hamiltonian to a
problem Hamiltonian that encodes a solution to the optimization problem, and

c) measuring the qubits’ states.
B First hurdle is now passed, because the claimed method can no longer be interpreted as a
mathematical method as such:
B The steps a) to ¢) do still specify mathematical operations

B However, the step a) now makes use of technical means in the form of physical qubits

Security classification: Public

5



PATENTABILITY ISSUES IN QUANTUM COMPUTING
epo.org

THE FIRST HURDLE (3/3)

B First hurdle can be easily overcome

M Inserting “computer-implemented” in the claim’s wording might be one way of doing so but it
likely is not the only one

B Many QC terms that sound very technical at first glance are not:
B Qubit: mathematical model of an idealized two-state quantum mechanical system
B Qubit register: logical grouping of qubits
B Quantum gate, measurement: mathematical operations

B Quantum circuit: mathematical model of computation

Security classification: Public



PATENTABILITY ISSUES IN QUANTUM COMPUTING
epo.org

THE SECOND HURDLE (1/3)

B The inventiveness (Art. 56 EPC) of a QC invention is assessed like all other inventions using the
EPQO’s structured problem-solution approach

M The problem-solution approach is outlined in the section G-VII, 5 of the EPC Guidelines for Ex.

B If an inventive step is to be acknowledged based on a feature of the invention, then this feature
not only needs to be novel (Art. 54 EPC) over the closest prior art but it also needs to make a
non-obvious contribution to the technical character of the claimed invention

M The novel feature can be a technical (e.g., a particular geometry of a physical qubit) or a non-
technical feature (e.g., a particular quantum gate)

B The EPC Guidelines for Examination provide guidance for determining if a technical contribution
is present, notably in the sections G-I, 3.3 to 3.7

Security classification: Public

7



PATENTABILITY ISSUES IN QUANTUM COMPUTING
epo.org

THE SECOND HURDLE (2/3)

B For mathematical methods, guidance can be found in the section G-II, 3.3 and its subsections
B |f the QC invention is a mathematical method, then the technical contribution can relate to

a) the method’s specific technical implementation (e.g., using a hybrid classical-quantum
computer setting) and/or

b) a technical application to which the method is functionally limited (e.g., to the analysis of digital
images)

B Caution:
B A specific technical implementation is not enough

B The mathematical method also needs to be particularly adapted thereto

Security classification: Public



PATENTABILITY ISSUES IN QUANTUM COMPUTING
epo.org

THE SECOND HURDLE (3/3)

B Of course, not all QC inventions are mathematical methods or only to some limited extent

B For instance, the QC invention could relate to a particular geometry of a physical qubit coupler or
to a quantum compiler

B Regardless of this, every invention needs to pass the two hurdles, “eligibility” and “inventive step”

B The first hurdle does not only prevent mathematical methods when claimed as such from being

patented but notably also computer programs when being claimed as such (Art. 52(2)(c) and (3)
EPC)
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PATENTABILITY ISSUES IN QUANTUM COMPUTING
epo.org

QcC > Cll (1/3)

B Many if not most QC inventions are computer-implemented inventions (ClII)

B There is a dedicated section in the EPC Guidelines for Examination (F-1V, 3.9) providing
guidance for drafting respective claims

M Claims directed to Cll should define all the features which are essential for the technical effect of
the process which the computer program is intended to carry out when it is run

Security classification: Public

10




PATENTABILITY ISSUES IN QUANTUM COMPUTING
epo.org

QC > Cll (2/3)

A method implemented by a quantum computer for solving an optimization
problem comprising the steps of

a) computing a schedule,
b) initializing a system of qubits in a ground state of an initial Hamiltonian,

c) slowly evolving, using the schedule, the system’s Hamiltonian from the initial
Hamiltonian to a problem Hamiltonian that encodes a solution to the optimization
problem, and

d) measuring the qubits’ states.

B Objection under Art. 84 EPC could be raised if a) cannot be performed by a quantum computer
or if the description does not explain how a) can be performed using a quantum computer

Security classification: Public
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PATENTABILITY ISSUES IN QUANTUM COMPUTING
epo.org

QC > ClI (3/3)

B [t may therefore be necessary to indicate in the claim, which step is performed by which device:

A method implemented-by-a-quantum-computer for solving an optimization
problem comprising the steps of

a) computing a schedule,
b) initializing a system of qubits in a ground state of an initial Hamiltonian,

c) slowly evolving, using the schedule, the system’s Hamiltonian from the initial
Hamiltonian to a problem Hamiltonian that encodes a solution to the optimization
problem, and

d) measuring the qubits’ states, wherein a) is performed by a classical computer
and b) to d) are performed by a quantum computer comprising the system
of qubits and in communication with the classical computer. 12

Security classification: Public



PATENTABILITY ISSUES IN QUANTUM COMPUTING
epo.org

PRACTICAL ADVICE

B Look up the claim formulations of granted European patent applications in the relevant field

B For instance, with Espacenet using its free text search or its classification search functionality:

€« G @ % worldwideespacenetcom/patent/cpc-browser#|/CPC=GOSN10/00

Espacenat Enter your search terms t
Patent search )

Classification search

Use this page to find CPC symbol meanings or search relevant symbals by keywords in the worldwide bibliographic database, Espacenet will st the most frequent ones at

Enter a keyword or a classificaton symbos Index | A | s | c | ole ‘ F n H ‘ ¥
[EE | O E s — > COIENTOD  GUENZO

Symbol Classificaton and description

a
a0s COMPUTING OR CALCULATING; COUNTING i
a0 COMPUTING ARRANGEMENTS BASED ON SPECIFIC COMPUTATIONAL MODELS Bel [
- GOSN 3400 i based on ﬂ
~ [] Gosn 800 ol L
=}
~ [ Gosw oo o] El
=[] sosn 1000 o =
[] @osn 1aiz0 ol 2
] coen 10140 o] 8
‘@
[ oosn 1arso ol @
[ cosn 1amo 0| %
[ Gosn 1aiz0 ol 2
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o
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https://worldwide.espacenet.com/

PATENTABILITY ISSUES IN QUANTUM COMPUTING
epo.org

SUMMARY

B QC inventions like all other inventions need to pass the two hurdles, “eligibility” and “inventive
step”

M The second hurdle is assessed using the EPQO’s structured problem-solution approach
B Some QC expressions may sound technical at first glance, although they are not

M If the QC invention relates to a mathematical method, then care should be taken to specify all
essential features in the claims

B The EPC Guidelines for Examination as well as the claims of granted European patents can
provide valuable guidance for drafting claims that are to protect your QC invention

Security classification: Public
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Patenting Quantum Simulation:
Strategies from the FoQaCiA Project

Cihan Okay

Bilkent University

Protect your IP: Patents and quantum technologies — March 2026



1. The science — classical simulation of quantum circuits (FoQaCiA project)
2. Two patents, two filing strategies — navigating IP across jurisdictions

3. The bigger picture — from research to innovation



Part 1

The science



The FoQaCiA project

Foundations of Quantum Computational Advantage Oct 2022 — Mar 2026
® EU Horizon Europe/Canada consortium, 11 partner institutions
e Central question: Where does quantum computational advantage come from?

® My role: Leading Work Package 2 — classical simulation of quantum circuits

The simulation work in WP2 produced two patentable inventions.

INL (Portugal), Stockholm U (Sweden), U Sevilla & U Granada (Spain), Bilkent U (Turkey), UCL (UK), U Gdarisk
(Poland), UBC, SFU, U Ottawa & U Waterloo (Canada)



Quantum foundations
entanglement
non-locality

non-stabilizerness

AN

Quantum algorithms
design

identifying advantage

~

Classical simulation
polyhedral methods for
sampling and

estimation




How polyhedral simulation works

e Disk: quantum state space

® Blue vertices (diamond): classical keys for an
efficient estimator (e.g. CNC) — covers part

of the state space

® Red vertices (octagon): additional keys for a
universal sampler (e.g. LAMBDA,
LOCALPAULI) — contains the entire state

space

® Dashed arrows: probabilistic update rules

under quantum processes



LocALPAULI

LAMBDA

\ JORDANWIGNER \

LocALCLOSED

_ ’ DETERMINISTIC ‘ \ MAXWEIGHT
~~~~~ _ T
~~.“““ “““ |
A
,—"’_"" ”””

Blue: efficient estimation Red: universal sampling



The key generation bottleneck

* LAMBDA can simulate any quantum circuit

e But: generating classical keys (vertices of the polytope) is a computational bottleneck

® Two new inventions:
o LOCALPAULL: a new simulator based on local stabilizer formalism — architecturally different

approach to key generation

CNC: an efficient tableau method that extends the stabilizer tableau (textbook) simulation



Part 2

Two patents, two filing strategies



The IP landscape

e The LAMBDA simulator was developed at UBC before FoQaCiA began
o US patent application: US 17/995,068

o Filed via PCT, but the European phase was withdrawn

o Result: LAMBDA patent is pending only in the US

® This shaped our filing strategy for the new inventions:

s In the US, we needed to establish our own position relative to LAMBDA

» In Europe, no corresponding LAMBDA patent remains in force — the freedom-to-operate picture is

more favorable



From background to foreground

LocALPAULL

new architecture for key generation

background IP (UBC)

efficient tableau method for simulation



Two inventions from WP2

LoCALPAULI

CNC

What New method for generating classical | Efficient tableau simulation extending
keys via local stabilizer formalism stabilizer tableau

Model Measurement-based QC Magic state QC

Owner Bilkent University Bilkent University

Filing strategy

US-first

Turkey-first




Filing strategies at a glance

US national security
review triggered

-

rs

_____________ N

. - " 1 .
US first filing TR + PCT filings i Regional phase !
LocALPAULL: |
10/24/2024 10/23/2025 i EPO:by05/24/2027 !
N o o e e e e e -~

12-month priority window /30 months for most national phases; 31 months for EPO
— FTioesss T Regom s )
TR first filing i PCT filing ] 2 P :
CNe: ! US:by11/30/2027
05/30/2025 | by 05/30/2026 ! ! 1
I

1

| EPO: by 12/30/2027

PCT preserves options for later national/regional entry; for Europe, this means EPO regional phase entry, followed by validation after grant.

Practical filing and phase-entry steps are handled by Bilkent TTO.



LocalPauli

e Filed in the US first: US 18/925,447 (Oct 24, 2024)

® Why US-first?
o The existing LAMBDA patent application (UBC, US 17/995,068) is active only in the US — EU

phase was withdrawn

o Establishing an early US position was strategically important for freedom to operate

e Extended to Turkey and PCT within 12 months:
+ TR 2025/015846 (October 23, 2025)

« PCT/TR2025/051341 (October 23, 2025)

Selected for EU innovation radar



The US national security review

® The US filing triggered a national security review under 35 U.S.C. §181

o Extremely rare in academic settings

o Indicates potential dual-use relevance of quantum simulation technology

® Practical consequences:

o Publication and foreign filing restricted until review completes
o Created uncertainty around PCT timing (priority document and DAS code issued last month)

» Required notification to the European Commission in light of Horizon Europe obligations (timely

protection and reporting)

35 U.S.C. §181: If disclosure of an invention would be detrimental to national security, the Commissioner of Patents shall

order the invention kept secret and withhold publication of the application or grant of the patent.



Cnc

® Filed in Turkey first: TR 2025/007146 (May 30, 2025)

® Why Turkey-first?

» Avoids potential foreign-filing restrictions (e.g. §181)
o Lower initial filing cost

» Secures a priority date while preparing the international filing

e PCT filing planned within the 12-month priority window (by May 2026)

e Our patent attorney included two dedicated Cll claims for European protection:

o A computer program product claim

o A computer-readable storage medium claim



Computer-implemented inventions

Technical effect

Technical input Technical means

Quantum circuit Polyhedral simulation Simulation data,

algorithm performance gains

description

® In Europe, software “as such” is not patentable (Art. 52 EPC)

® Qur claims describe a method that receives a description of a quantum system, represents it using
structured mathematical objects, and generates computational keys that drive the simulation — a

concrete technical process with measurable performance gains, not an abstract algorithm



Part 3

The bigger picture



The hybrid architecture

Clients submit quantum circuits to a classical

computer (CC)

CC extracts a size parameter and forwards it

to the quantum computer (QC)

QC solves an optimization problem and

returns a classical key

CC completes the simulation using the key

This architecture naturally supports a cloud-based simulation service (SaaS).



Current stage: Open source implementation

500 1000 1500 2000 2500 500 1000 1500 2000 2500

The CNC simulator has been implemented and is publicly available on GitHub:

https://github.com/BilQCT/CNCSim


https://github.com/BilQCT/CNCSim

Why patent protection matters

e Classical keys are licensable assets — once generated, they can be reused across many simulations

® The SaaS model monetises access rather than distributing code
® |P protection enables:

o Tiered access (academic free tier, research tier, enterprise tier)

o Spin-off opportunities from Bilkent University

o Licensing arrangements with quantum hardware and software vendors

e EU Horizon Results Booster (IAM & G2M service) helped clarify the IP landscape and

exploitation strategy



Take aways



Lessons from two filing routes

filing and publication

US-first Turkey-first

Advantage Early priority in the largest patent mar- | Lower cost; avoids §181 risk; preserves
ket; strong positioning relative to exist- | flexibility
ing LAMBDA patent application

Trade-off National security review delayed foreign | Domestic filing alone does not protect in

major markets

Cll strategy

Claims adapted for US patent standards

Additional Cll claims crafted for EPO re-

quirements

Key insight

Filing strategy shaped by competitive landscape and regulatory risk




1. FoQaCiA's classical simulation research led to two patentable inventions

2. Two different filing strategies — US-first and Turkey-first — each with distinct advantages and

trade-offs

3. These patents protect the foundations of a hybrid quantum-classical simulation platform with

concrete commercial potential



Thank you!
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PATENTS, INVENTIONS AND THE EPO

THE EUROPEAN PATENT ACADEMY https://www.epo.org/en/learning

W Patent-related education opportunities to stakeholders in Europe and
beyond.

B Wide range of audiences: examiners and national patent office staff,
patent attorneys and professionals, inventors, businesses, universities,
technology transfer centres and anyone interested in patent-related topics

M Areas covered: patent granting, patent information, technology transfer and
patent litigation and enforcement.

B Self-paced training courses and learning events.
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https://www.epo.org/en/learning

OUR OFFER

Supporting IP awareness and promoting IP education

@ MIPEF — Modular Intellectual
Property Education Framework”

Learning events

- =

powered by
EPO
expertise

Self-paced training

(‘ﬁ@ INSPIRING INVENTORS
Join the conversation with Valentyn Frechka




A > Aboutus > Services & actvities > European Patent Academy

European Patent Academy

The European Patent Academy is the external education and t}
reflects the need to improve intellectual property training and

Set up in 2004, the Academy operates in partnership with a by 3' Traini ng activities |!| e-Learn Ing centre
including the European Union Intellectual Property Office (EUI
Delve deeper into the world of intellectual property {IP) by signing up for our e-
leamning centre and access a wide range of training activities and learning

resources at different levels to deepen your knowledge of IP.

Areas and audiences Explore all the upcoming learning activities and join us soon for a course, lecture,

The Academy’s activities are structured around three training seminar, study visit, workshop or conference.

dissemination, and patent litigation and enforcement. These 3

inception of a patentable = All tralning activities

2 e-Learning centre




LEARNING EVENTS - SEARCHING FOR UPCOMING SESSIONS

Filter options (E)

Start Date -
From

23-03-2026 me
o

30-04-2026 Re
Language -_—
[] English g
Fee -

() Free

Paid

Format -_—

|:| Online 8

I

Target audience

[7) Patentattorneys and paralegals
Business and [P managers
[ National Offices and IP authorities

Universities, research centres and
technology transfer centres

[7] eaTUES

Available languages

[ English

Training area

[] Technology transfer and dissemination

Location

Activity type

Seminar
Lecture
Course
Workshop

Level

[] Intermediate

[ Ermry

[] Advanced

1 - 8 of 8 search results

(3 E-Learning Courses/Events

IP assessment: a practical workshop for innovators and
entrepreneurs

€ Free 3h Certification

This workshop is a follow-up for those who attended the seminar “IP
assessment: how to improve informed decision-making” ...

Learning

3 Elearning Courses/Events
Intellectual property rights for deep tech businesses
€ Free h

This training activity aims to provide the target audience with the
knowledge and skills to handle IP-related matters in the early stages of
busine. .

Learning

(3 E-Learning Courses/Events
Protect your IP: Patents and health technology - focus on robotics
€ Free Th

This lecture series, organised in collaboration with the European IP
Helpdesk, explores key aspects of intellectual property (IP) across five. .

Learning

E E-Learning Courses/Events
Legal event codes from Asia in INPADOC
€ Free Th

With over 60% of all patent applications now originating from Asia, it is
increasingly important not enly to monitor filings but also to stay infor...

Learning
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European Patent Academy

The European Patent Academy is the external education and t}
reflects the need to improve intellectual property training and| s. Traini ng activities .!' e-Learn mg centre

Set up in 2004, the Academy operates in partnership with a bi

including the European Union Intellectual Property Office (EUI N N P - . i . -
g & Py ! Explore all the upcoming learning activities and join us soon for a course, lecture, Delve deeper into the world of intellectual property (IP) by signing up for our e-

leamning centre and access a wide range of training activities and learning

seminar, study visit, workshop or conference.
resources at different levels to deepen your knowledge of IP.

Areas and audiences

The Academy’s activities are structured around three training 3 All training activities
dissemination, and patent litigation and enforcement. These g
inception of a patentable 2 e-Learning centre




ON-LINE LEARNING RESOURCES: SELF-PACED TRAINING

Patent granting

Why and how to apply for and obtain
a European patent

S

7
(/]
Patent tools and analytics Patent litigation

How

Technology transfer and IP

search, analyse and use patent Hor dissemination

o defend or fight against
data to support innovation existing patents

How to turn research into innovation
and bring IP to market

formed d

IP Assessment: How to improv ion-making | BS20-2026

3 2 This training focuses on the IP-ralated challanges and issues that arise during systematic assessment of technologies and patents.

< It offers effective strategies and introduces the toal, IPscare. that you can use to evaluste your ressarch projects and innovations. it
will give you a clearer picture of their potential and support strategic decision-making by helping you set priorities

a

that save time and resources. The program is designed for R&D project leaders, entrepreneurs, and intrapreneurs: intellectusl capital
managers in small and medium-sized enterprises (SMEs), start-ups, technology transfer offices and investors.

EPO search tools to improve business decisions | BS01-2026
A seminar demanstrating how to effectively use the EPO’s free search tools and the additional features affered by more advanced tools, that are of particular use
1o business decision makers.

Main subject matter;

+ Using Espacenet to fiter and analyse search resuhts
+ Using PATSTAT for more advanced statistics

Train the Trainer Espacenet | NW02-2025

This eourse enables yeu te plan and implement courses on Espacenet and other EPO search taols quickly and in 3 ressurce-efficient
way. It is based on case studies, two of which you will look at as examples and another three on which you will actually work in
hands-on sessions and transfarm by follawing the training approach.

How to make best use of the unitary patent system | BS03-2025
This training focuses on the advantages offered by the Unitary Patent system. Exploring how businesses can harness these benefits to
protect and manetise their intellectual property paves the way for subsequent trainings featuring selected case studies from diferent
industries. This training may be also of special interest for PATLIS centres,

[ ~

Train the Trainer Espacenet | NW01-2026
This course enables you ta plan and implement courses an Espacenst and other EPO search taols quickly and in 3 resource-efficient
way. It s based on case studies, two of which you will look at as examples and another three on which you will actually work in

hands-on sessians and transform by follawing the training approach.

Patenting Innovation (RTTP-recognised) | NV07-2025

) Pterts e 3 poseriut st 1 the ol o tchrlogy anter profecsionl T hu-day neracve cor covers b

| innevative ideas are protected within the patenting system.




INSPIRING INVENTORS TALK SERIES

wroPtAN

Inspiring inventors: Talk series

Course Navigation

@
Information Course main page
+ opnal — coseat
Marie Perrin: Transforming e-waste into a v

valuable resource

Valentyn Frechka: Turning fallen leaves into
sustainably made paper

eatalysts to
Rhona Togher: Reducing noise with an Johan artens: Green hydrogen fom
advanced acoustic material sunight and air

Elena Garcia Armada: World's frst
‘adaptabls robatic exoskeleton for children

olato and team Magnesic
lo% to dagnose disease

European Inventor Award finalists share
their success stories on patenting and

commercialising their inventions

Course: Inspiring inventors: Talk series | e-learning centre
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MODULAR IP EDUCATION FRAMEWORK

Modular IP Education Framework (MIPEF)

Create — Protect — Innovate:
Bringing ideas to market

Benefrits

—> Enrich your curriculum with a free of charge and high-quality IP Part 1: Entry level © | Part 2: Advanced level
course co-labelled with the European Patent Office : :

> Integrate a flexible, ready-made offer tailored to Master’s and PhD - Module I‘ N Modulefl
programmes : Introduction to IP P Grant of patents

e et © Module I : Modulell

—> Adapt content easily to your academic calendar and specific course . Patent essentials i Enforcement of patents
needs © Module Il : © Modulelll

— Benefit from expert-led online sessions and engaging, modular :ngfnua?:: to patent k ::::l;i;d assessment of
formats | B e © Module IV ¢ Module v

> Inspire students with real-world case studies featuring European . Patent information in practice : IP commercialisation
Inventor Award finalists and winners : Module vV i | ModuleV

"""" o e e © Developing an IP strategy : + UseofIPRs

— Provide students with the opportunity to earn an EPO certificate e
and ECTS credits > Syllabus Entry > Syllabus Advanced
e > e

= Increase career opportunities for students through IP education

outcomes

MIPEF timeline

— Courses are being offered twice a year with an autumn and a spring edition




MODULAR IP EDUCATION FRAMEWORK

100 partner
universities

across Europe

Modular IP Education Framework

=Y

[
|
|

Polytechnic University of Tirana

Graz University of Technology
University of Graz

Technical University of Leoben
Wirtschaftsuniversitat Wien

University of Antwerp

Softa University
Trakia University

Ecole Polytechnique Fédérale de Lausanne
ETH Zurich

University of Bern

University of Zurich

University of Cyprus.
Open University of Cyprus

VSB - Technical University of Ostrava

oe - Technical University of Dresden

Technical University of Munich

Ludwig Maximilian University of Munich
Technical University of limenau
Karlsruhe Institute of Technology

RWTH Aachen University

Technical University of Darmstadt
University of Konstanz

University of Ulm

Technical University of Dortm

Aalborg University
Tallinn University of Technology

Carlos lll University of Madrid
Pompeu Fabra University

University of Alicante

University of Valencia

Autonomous University of Barcelona
University of Alcald

Comilias Pontifical University
University of Barcelona

Polytechnic University of Catalonia
University of Zaragoza

EIT KICManufacturing
EIT HEI
28Digtal

University of Turku
Hanken School of Economics
University of Oulu

University of Strasbourg
Paris-Saclay University
University of Technology of Compiégne

University of Leeds- Faculty of Engineering
& Physical Sclences

Centre for IP Policy & Management,
Bournemouth University

University of Portsmouth

University of Exeter

University of Liverpool

International Hellenic University
National and Kapodistrian Universtty of
Athens

University of Western Macedonia
University of West Attica

Obuda University

Trinity College Dublin

Technical University of Shannon
Atiantic Technological University
Universtty College Cork

University of Iceland

Bocconi University

Unnersity of Brescla

SantAnna School of Advanced Studies —
Pisa

University of Parma

Polytechnic University of Turin

Sapienza University of Rome
Universtty of Calabrta

University of Insubria

Libera Universita Mediterranea
University of Naples Federico ||

1USS University School of Advanced Studies
In Pavia

University of Teramo
University of Perugla

Ca' Foscarl University of Venice
University of Rome |11

IMT School for Advanced Studies
Universita Cattolica del Sacro Cuore

Riga Stradins University
University of Latvia

Latvia University of Life Sciences and
Technologles

University of Malta

Maastricht Unversity
University of Groningen

Cardinal Stefan Wyszyriski University in

Warsaw

Jagiellonian University
University of Silesia In Katowice
AGH University of Krakow

Técnico University of Lisbon
NOVA University Lisbon

Unversity of Trés-Montes and Alto Douro

Polytechnic University of Coimbra
University of Algarve
Polytechnic Institute of Castelo Branco

Babes-Bolyal University
West Universtty of Timisoara
University of Agronomic Sciences and
Veterinary Medicine of Bucharest
Technical University of Cluf-Napoca

Universtty of Belgrade

Stockholm University

Karolinska Institute

Chalmers University of Technology
University of Ljubljana

Comenius University Bratislava
University of San Marino

Istanbul Biigi University

Ankara University

Koc University

Istinye University
Yildiz Technical University

mipef@epo.orqg

Modular IP Education
Framework (website)
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European

IP Helpdesk

ec.europa.eu/ip-helpdesk

European IP Helpdesk

Service initiative of the European Commission

Addressing current and potential beneficiaries of EU-

funded projects, researchers and EU SMEs
Free-of-charge first-line support on intellectual property (IP)
Hands-on IP and innovation management support
International pool of IP experts from various thematic fields

Unique cooperation scheme with the Enterprise Europe

Network: 43 ambassadors from 26 EU countries

Training
free online and on-site
sessions

©
Helpline

confidential treatment of
individual IP questions

—

Ambassadors

local IP support throughout
Europe

]

Website

frequent updates from the
world of IP and innovation

Publications

practical IP knowledge
through high-level
publications

I

Events

info point at key networking
events and conferences




European

IP Helpdesk ec.europa.eu/ip-helpdesk

The EC IP Helpdesks

UTH-EAST ASIA

LATI “IP'SME HELPDESK

IP SME




European

IP Helpdesk ec.europa.eu/ip-helpdesk

EC IP (SME) Helpdesk Hub — Gateway to Information

I —

FACTSHEET
LATIN AMERICA IP systems comparative: =
IPR SME HELPDESK Carvarson

~ SOUTH-EAST ASIA |} IP Conslde@t:ms In' the

{?\U rECidI?gtsleP R Brazil vs Europe - LA ] an’_tgc%hs a

IP Factsheet:
Mainland China

CHINA IPR —
SME HELPDESK =

* E-learning modules & more

« Guides / Topic, country, sector-specific factsheets /
Infographics

« Case studies



S European
e IP Helpdesk

ec.europa.eu/ip-helpdesk

Ambassador Scheme

« Cooperation scheme with the Enterprise
Europe Network (EEN): 43 ambassadors —
26 countries

« Building IP capacities among European
SMEs

« Overcoming language barriers
« Making the topic more accessible

« Exchange and feedback from ambassadors

on needs of SMEs
 Local awareness and training events
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European

IP Helpdesk

ec.europa.eu/ip-helpdesk

Upcoming events

Training and woarkshops

EU - Webinar: IP in EU funded projects with a special
focus on MSCA

B Live streaming available

Training and woarkshops

EU - Webinar: IP & Open Science

B4 Live streaming available

Training and warkshops

EU - Webinar: IP Commercialisation and Licensing

B Live streaming available

Training and woarkshops

EU - Webinar EPO Coop: Protect your IP in quantum

technologies: Focus on quantum computing

B4 Live streaming available

Training and woarkshops

EU - Webinar:IP Commercialisation & Licensing -
Advanced

B Live streaming available

Training and woarkshops

EU - Webinar: Freedom to Operate

B4 Live streaming available

Training and warkshops

EU - Webinar: Finding Patents

B4 Live streaming available

Training and workshops

EU - Webinar: IP Assessment

B Live streaming available

Training and workshops

EU - Webinar: IPR and Software

B Live streaming available

Training and workshops

EU - Webinar & Horizon Results Platform: Open
Science and IPR

Training and workshops

EU - Webinar: IP for Future and Emerging
Technologies

B Live streaming available

Training and workshops

EU - Webinar & Horizon Results Platform: Artificial
Intelligence

B Live streaming availabla

Training and workshops

EU - Webinar: IP and Artificial Intelligence - Advanced

B Live streaming available

Training and workshops

EU - Webinar : Unitary Patent

B4 Live streaming available



European
IP Helpdesk ec.europa.eu/ip-helpdesk

Thank youl!

www.ec.europa.eu/ip-helpdesk

« helpline@iprhelpdesk.eu
 training@iprhelpdesk.eu

o Twitter

 Linkedln
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