HARDWARE QUANTUM
AND QUANTUM Al/ML

Panagiotis Dimitrakis, PhD

Director of Research
Deputy Head - IQCQT @ NCSR Demokritos

p.dimitrakis@qgi.demokritos.gr

P. Dimitrakis NCSR "D"-APCTP 3 July 2026 7/3/26 1



THE TEAM

Dr. Panagiotis Dimitrakis, Dr Nikolaos Vassileiadis, Mr. Alexandros Mavropoulis

Prof. Georgios Ch. Sirakoulis, Dr. Angelos Fyrigos, Dr. Konstantinos Rallis

Prof loannis Karafyllidis, Mr George Varsamis, Mr loannis Liliopoulos

Adjunct Researchers: Dr Antonios Gardikiotis, George Kourousias

Infrastructure: Nanotechnology & Microsystems Lab, IBM and European |HPCQC>

INFRACHIP (member of Nanotechnology Hub offer Transnational access)
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QUANTUM TECH NOLOGY

CURRENT STATUS
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IQCQT: THE NATIONAL POLE FOR QUANTUM

IQCQT

ulbmission

fo ESETEK Government
Gazette
The first MSc A" 162 (Law
Course is 4965)
established (02.09.2022)

018 by DUTh &

IBM-Q visit NCIRD
NCSR “D"
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THE MISSION AND THE VISION OF IQCQT

® |QCQT aims to promote excellence in quantum science, quantum informatics
and relevant technologies at a world-class level.

® |QCQT will gather scientists and engineers to do fundamental and applied
research on quantum science, targeting to establish the necessary technology
sectors by building applications based on quantum phenomena.

® |QCQT will provide unique opportunities for education and training contributing

to the shaping of the future quantum workforce of the Couniry.
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THE ROLE OF IQCQT

® |QCQT aspires to become the national pole for the advancement of quantum
computing and quantum technologies, offering in parallel an effective link to
private actors and a wider ecosystem of stakeholders in Greece and the
world. Avoid fragmentation and create critical mass for all QT pillars.

® |IQCQT has access to NCSR “D" infrastructures distributed among the 5
Institutes and mainly o Nanotechnology & Microsystems Laboratory for and
quantum chip device fabrication. Harnessing the existing Nanotech

knowledge to create innovation.
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IQCQT CURRENT ORGANIZATION CHART

Director
Dr D. Angelakis

6 Associate

Deputy Director

Dr Dimitrakis P. Researchers

all from abroad

Researcher
I’Qeseorcher I?eseorchers C' (QC, Qcom,
A’ (QC, 1 pos) C" (QM, 2 pos) Qsen, 3 pos)
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QUANTUM
COMPUTING

A technology for
computation which
leverages quantum

mechanics to provide
performance
unattainable for
classical computers
(for some applications)

*

4
*

QUANTUM
COMMUNICATIONS

Leverages quantum
entanglement and
teleportation to enable
ultra secure
communications
channels

R
QUANTUM
SENSING

Exploits the inherent
sensitivity of quantum
systems to external
perturbations,
providing
measurement and
detection capabilities
with unparalleled
precision

AH
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IQCQT WORKFORCE CREATION

> Unigue in Greece
QUANTUM COMPUTING 7]

QUANTUM TECHNOLOGIES > |International

[ https://quantum.ee.duth.gr/ |

> 100% from distance
> 90 ECTS

> Under fee

2021 2022 2023 2024 2025

4-5 Countries
Greek Government Gazette (DEK

B’ 7073/31-12-2022)
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QUANTUM AND:-NANOTECHNOLOGY: A
SYMBIOTIC RELATIONSHIP

Nanotechnology is the manipulation of matter on an atomic and molecular scale (typically 1 to 100

nanometers), has fundamentally transformed materials science and engineering over the past few decades.

it is the essential enabling force behind the emerging field of Quantum Technology (QT). The critical
connection lies in the fact that matter at the nanoscale begins to exhibit quantum mechanical effects—such
as superposition, entanglement, and tunneling—which are the very phenomena QT seeks to harness for

revolutionary applications.
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QUANTUM AND-NANOTECHNOLOGY:
A SYMBIOTIC RELATIONSHIP
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THE COLLABORATION BETWEEN THESE TWO FIELDS
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Graphene Logic Gates
S. Moysidis et al., [IEEE TNANO
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In Xbar architecture perform Memristor Crossbar implicit vector-matrix
multiplication

matrix maultiplication easily (MAC)

a Sneak path
Wire Res.  WL;
(Rw)

Voltages = input Vector
Memristor Conductance = Matrix Elements
Currents = Output Vector
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XBAR IMPLEMENTATION

Cell footprint 200nm x 200nm using our technology
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QUANTUM COMPUTING EMULATOR

CMOS ANALOG & DIGITAL APPROACHES
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Bloch Sphere
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Memristor Crossbar implicit vector-matrix
multiplication

I,=V,*a+V2 +b
12=V1*C+V2 *d

Voltages = input Vector
Memristor Conductance = Matrix Elements
Currents = Output Vector
P. Dimitrakis NCSR "D"-APCTP 3 July 2026

A universal set of quantum gates capable of
being implemented through binary
memristor crossbar arrays

- m

Differential Crossbars were utilized to represent
negative values of the matrices
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1 Qubit
Gate

] CNOT
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Programming/
Computing

SW2

V1 :VN

Initialization/

Input Old
Qubit State Qubit State

Programming/
Computing

N x 2N
CBRAM Crossbar

O1ION

Selector

New
Qubit State

Analog Memory
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Programming/

Compuing . High efficiency and performance gains
Lower power consumption

Scalability and flexibility for various quantum
algorithms

N x 2N
CBRAM Crossbar
Input
Qubit State

Execution | Performance/
Time (s) Watt

Proposed -= - S OQN/
Circuit 17.55n) 1.95us 56.98M
CPU .
MATLAB 674u) 27.8us 1.47K

Programming/h Selector

Computing

New
Qubit State

Analog Memory

CPU : ==
Up to x15 speedup
Up to x40.000 reduction

: : FPGA
= in power consumption
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( Quantum Circuit Design Quantum Computations Memristor Crossbar Write Voltage Figures Memristor Settings

View gate selection as... Dropdown
Qubits: Computational Steps: ——— Crossbars: =~
| |

QUBIT No. STEP 3 STEP 4 STEP 5 STEP 8 STEP 9 STEP 10 STEP 11 STEP 12

https://github.com/DUTh-FET/Team-Research/tree/master/4.%20Technical%20Material/
1.%20Quantum%20Computing%200n%20Memristor%20Crossbars
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YY) =H ®CZ) CCNOT (SWAP &

Quantum Circuit Design Quantum Computations Memristor Crossbar Write Voltage Figures Memristor Settings

View gate selection as...
Qubits: N A .—~.-.-,s L --.RH.P R Crossbars:

QUBIT No. STEP 4 STEP5 STEP 6 STEP 8 STEP 9 STEP 10 STEP 11 STEP 12

1
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Ny e

Quantum Circuit Design | Quantum Computations Memristor Crossbar  Write Voltage Figures  Memiristor Settings

Computations Timing:
Final Resuit v

QUBIT No. VALUE

1 0> I 11>
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Memristor Settings

Write Voitage Figures

Memristor Crossbar

Quantum Computations

Quantum Circuit Design

Step 3

Computations Timing:

Crossbar 1

Crossbar:

Write Plot
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Selector Plot
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Quantum Circuit Design Memristor Crossbhar Write Voltage Figures Quantum Computations Menmrristor Settings

Model Parameters
1.38e-23 00
1.6e-10 Vo
2.5e-10 Ve10
1.501 gamma0
Ear
el
gap_min  fe- 3.18e-16

gap_max 23010

10 298

Pulse Parameters

Amplitude Width

Simulation Time Step  1e-11
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EY Global, Private funding 2023, 2024, 2025 and we
are expect to establish a long term strategic
alliance

023) 10503

/ Contents lists available at ScienceDirect
Contents lists available at ceDire . N SR ¢ Bio i
. >

. . . : BioSystems
C tational Biol d Ch t 4 ¢ :
omputational Biology an emistry m P

journal homepage: A vier.cor ! ELSEVIER journal homepage: www.elsevier.c

Quantum gate algorithm for reference-guided DNA sequence alignment

Quantum algorithm for de novo DNA sequence assembly based on quantum

G.D. Varsamis ", I.G. Karafyllidis ™ , K.M. Gilkes ", U. Arranz ", R. Martin-Cuevas ", G. Calleja ", Walks on graphs
P. Dimitrakis , P. Kolovos “, R. Sandaltzopoulos “, H.C. Jessen ", J. Wong

G.D. Varsamis ', L.G. Karafyllidis"" *, KM. Gilkes ", U. Arranz ", R. Martin-Cuevas‘, G. Calleja‘,
J. Wong “, H.C. Jessen ‘, P. Dimitrakis ’, P. Kolovos R Sandaltzopoulos

P. Dimitrakis NCSR "D"-APCTP 3 July 2026 7/3/26 34




Hour _—

DayOfWweek >

Drybulb ——>
Prior 1 hour —>
Prior 1 day —>
Prior 1 week ——>

Season

Input layer Hidden layers Output layer

Kpl
Tbi' .

® Quantum Neuron

@® Classical Neuron \</
DayoyfWeek -, A\'l

i
.9/
7 I

L

P. Dimitrakis NCSR "D"-APCTP 3 July 2026

|\WeXellitsitsTal NN

architectures:

1. Some Quantum Neurons
in different layers

2. Only Quantum Neuron
layers (Quantum Layers)

Quantum Neurons: A
quantum circuit replaces a
classical neuron and acfts as
part of a classical neural
network

Achieves: Improved
accuracy (better training).
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“NOUS " EU PROJECT
(PROJ: 101135927 — HORIZON-C14-2023-DATA-01)

S B NOUS is a 36-month EU-funded project, which aims to
develop the architecture of a European cloud

service that allows computational and data storage

resources to be used from edge devices as well as
supercomputers, through the HPC network, and

Quantum Computers.

Funded by
the European Union
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Classical-Linear RC vs LSTM-Ridge vs Quantum-Ridge RC Model Predictions on Full-Test dataset

Reservoir
outputs

Trained
weights

Reservoir Neuron = .
1. Linear

Quantum circuit SOt

R

inputs weights

2. Ridge
Outputs
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Funded by
the European Union
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GRAPHENE JOSEPHSON BOLOMETERS FOR QUANTUM SENSING AND
DARK MATTER DETECTION (GRASP)

Participant organisation name
NATIONAL CENTER FOR SCIENTIF RESEARCH “DEMOKRITOS” (NCSRD) EL
UNIVERSITY OF HAMBURG (UHAM) DE -
UNIVERSIDAD DE GRANADA (UGR) ES T
UNIVERSITEIT TWENTE (UTW) NL S s—

I

POHANG UNIVERSITY OF SCIENCE AND TECHNOLOGY (POSTECH) KR
SOGANG UNIVERSITY (SOGANG) KR ”<‘\
CHUNGNAM NATIONAL UNIVERSITY (CNU) KR s
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CONCLUSIONS

There is huge space for bilateral collaboration!

Theodore von Karman
"Scientists study the world as it is; engineers create the world
that has never been".
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THANK YOU:FOR-YOUR ATIENTION !

Dr Panagiotis Dimitrakis

p.dimitrakis@qgi.demokritos.gr

Theodore von Karman, who said, www.greekquantumgate.com
"Scientists study the world as it is;

engineers create the world that has never
been".

°
Follow in LinkedIn I n
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