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Mobilhalozatok Internet-of-Things

Kvantumkommunikacio
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A kvantuminformatika és kvantumkommunikacié szamos megoldast kinal
a legkulonbozdObb teruleteken

kvantumszamitogépek

kvantumkriptografia

kvantum alapu véletlenszamok MCL

kvantum alapu kulcsszeétosztas @ S e
J Quantum Technologies Lab.

Egyik f6 kérdéskor: a
kvantumkommunikaciés megoldasok hogyan
alkalmazhatéak mérnoki (pl. tavkozlési)
rendszerekben a jelenlegi biztonsagi szint
novelése érdekében

Szamos kutatasi projektben veszink részt, emellett tobb,
kvantuminformatikahoz és kvantumkommunikaciéhoz kotddé targyat oktatunk
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The futureis =~ |
Quantum.

The Second Quantum Revolution is unfolding now, exploiting the

enormous advancements in our ability to detect and manipulate single
quantum objects. The Quantum Flagship is driving this revolution in : . T

Europe.

LEARN MORE
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O\log®(N) 152 000

Classical computer

2:30:00 7.m. AT,  {C a 2:30:00 P
Year: 2012 Year: 2012 Year: 154,267
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O\log®(N) 152 000

Classical computer

300-diglit number

2:30:00 7.m. AT,  {C a 2:30:00 P
Year: 2012 Year: 2012 Year: 154,267
Quantum computer

‘ 1 sec ‘

BRYAN CHRISTIE DESIGN
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MI AZ A KVANTUM?

Egy rendszerre akkor aggasztjuk ra a
,Kkvantum” jelzét, ha a kvantummechanika
torvényei szerint mikodik.

A kvantum alapu rendszereknek specialis
jellegzetességei:

kvantaltsag
hullam-részecske kettésseg
alaguteffektus
szuperpozicio

kvantum interferencia

A kvantum alapu jelenségek alapvetben a
nanométer tartomanyban jelennek meg

de

a kvantummechanika torvénye jelentik az

alapjait sok makroszkopikus rendszernek is.
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FiT KVANTUMMECHANIKAI ALAPOKON

Utkdzések a CERN-ben  Fotoszintézis Napelemek Nuklearis erémiivek

|

-

Integralt
aramkorok

Nuklearis
fuzio

Lézerek
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We never experiment with just one electron or atom or (small) molecule. In
thought-experiments we sometimes assume that we do; this invariably entails
ridiculous consequences... we are not experimenting with single particles,

any more than we can raise Ichthyosauria in the zoo"

Erwin Schrodinger [Brit. J. Phil. Sci. 3, 233 (1952)].

Mar nem igaz!
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Komplex valoszinlsegi amplitudok
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L. Bacsardi, M. Galambos, S. Imre, A. Kiss. "Quantum Key Distribution over Space-Space Laser Communication Links,” AIAA Space 2012, Pasadena,
California, Sept, 2012.
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A Desktop Quantum Computer for Just $5,000

A cheap, portable quantum computer, aimed at schools and colleges will be launched later this year.

@ The Physics arXiv Blog | By The Physics arXiv Blog | January 29, 2021 3:00 PM
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Size Matters: Advantage’'s 5000+ qubit and 15-way qubit connectivity powers large-scale, in-production hybrid quantum applications

BURNABY, BC - September 29, 2020 — D-Wave Systems Inc., the leader in quantum computing
systems, software, and services, today announced the general availability of its next-generation
quantum computing platform, incorporating new hardware, software, and tools to enable and

accelerate the delivery of in-production quantum computing applications. Available today in the Leap™



IBM Quantum

Real quantum computers.
Right at your fingertips.

IBM offers cloud access to the most advanced quantum computers available.
Learn, develop, and run programs with our quantum applications and systems.
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30 QBit Comuter - 30 Bit Computer
10 teraFLOPS ~0.5 megaFLOPS

Quantum computers perform
2 million times faster

< IEEE
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,Experimental Realization of a One-Way Quantum Computer Algorithm Solving Simon’s Problem”,
M. S. Tame, B. A. Bell, C. Di Franco, W. J. Wadsworth, and J. G. Rarity, Phys. Rev. Lett. 113, 200501, 2014
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Open Question Show me another »

Is teleportation allowed in table tennis or ping
pong?

What if the opponent hits it really far back and | can't reach it and so | decided to
shift/teleport into that location that | couldn't quickly reach and then return the ball?
S0 is teleportation allowed?

3 days ago - 1 day left to answer. [F Report Abuse
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Plaintext Ciphertext '
—-
-a -l
Sender

Encrypt Decrypt Recipient

Alice T T Bob

£ )
Key

Key

« Szimmetrikus kulcsu titkositas

— Egyforma kulcsok mindkét oldalon
* Abszolut biztonsagos, ha bizonyos elGirasokat betartunk
« Kérdés, hogy a kulcsot miként juttassuk el a tuloldalra?
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Kulcsok megosztasa
Kvantummechanika elvei alapjan lehallgathatatlan
Kvantummechanika elvei alapjan aktiv tamado felfedi magat
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Két tipus

(D) Elsallit és megmér (2) Osszefonddason alapuld

Prepare and Measure QKD Entanglement based QKD

entangled

photon
classical channel source
<€ >
Alice |—> Bob “/ O
%ntangled photons; |

single photons
ﬁ

classical channel

Alice Bob

Két generacio

Els6 generacio: Diszkrét valtozoju (Discrete Variable, DV QKD)
Masodik generacio: Folytonos valtozoju (Continues Variable, CV QKD)
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‘Much better than expected’: Chinese ‘hack-proof’ quantum
communication satellite put into service

Get short URL
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Beijing Aerospace Control Center. © Ju Zhenhua / Xinhua / Global Look Press via ZUMA Press
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The world’s first quantum communication satellite is now officially operational following months of in-orbit testing, the
Chinese Academy of Sciences (CAS) announced, saying that performance of the device is “much better” than was initially
expected.
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A New Era of Technology May 2016
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. https://qt.eu/app/uploads/2018/04/93056 Quantum-Manifesto WEB.pdf
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First quantum-secured video conference between
German Federal agencies: QUNET demonstrates quantum
communication

Desiree Haak Strategie / Marketing / Koordination
Fraunhofer-Institut fUr Angewandte Optik und Feinmechanik IOF

Today, two German federal authorities communicated via video for the first time in a quantum-secure
manner. The QUNET project, an initiative funded by the German Federal Ministry of Education and
Research (BMBF) to develop highly secure communication systems, is thus demonstrating how data
sovereignty can be guaranteed in the future. This technology will not only be important for governments
and public authorities but also to protect everyday data.

It was a foretaste of the communication of the future - or rather, the "data security" of the future.
Because when Federal Research Minister Anja Karliczek invited members of the Federal Office for
Information Security (BSI) to a video conference today, everything looked the same, at least for
outsiders. Together with Andreas Kénen, Head of Department Cl "Cyber and IT Security" at the Federal
Ministry of the Interior, Building and Community (BMI) and BSI Vice President Dr. Gerhard Schabhuser,
the minister talked via video stream.
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DECLARATION ON A

QUANTUM COMMUNICATION

INFRASTRUCTURE
FOR THE EU

All 27 EU Member States

have signed a declaration agreeing to work
together to explore how to build a quantum i
communication infrastructure (QCl) across ,
Europe, boosting European capabilities
in quantum technologies, cybersecurity
and industrial competitiveness.

@FutureTechEU #EuroQCl

© Halozati Rendszerek és Szolgaltatasok Tanszék
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EuroQCI terrestrial segment

2020 21 22 23 24 20 26 27 21

Design & architecture

Preparatory and first deployment phase
* Establishing first national networks to experiment with QKD technology

Operational deployment phase
* Operational deployment, testing, validation and operationalisation

Key activities supported with EC funding from DEP and CEF in 2021-22
* Maturing EU quantum communication technologies

* Building the national QCI networks

* Cross-border links between national networks

» * Optical ground stations

* Deployment of a European certification infrastructure

* Coordination of national activities

=uropean
- Commission
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EuroQCl Space - indicative timeline

2021 22 23 24 25 26

Eagle 1 — First in orbit demonstration
T

15t Generation — First end to end system ="

‘ 2"d Generation — Operational system integrated with Secure Connectivity s
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- European
Commission
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Szamos helyen

M GEGYETEM 1782

B~ L~ E

uicner -
HunQuTech sHen 2 revionts  INIOIKIA

ERICSSON

W HUNQUTECH https://wigner.hu/quantumtechnology/

Kvantuminformatikai Nemzeti Laboratorium

@EI‘IEI‘ &/

M GEGYETEM 17 8 2

http://gi.nemzetilabor.hu/
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Strategiai cel 2.

Atomokon es mesterseges atomokon alapulo hardver-
komponensek fejlesztése kvantuminformatikai miveletekhez,
és az ehhez szukséges laboratoriumi hattér fenntartasa a
nemzetkozi élvonal szintjéen.

- N
N X N
N =
N =
N é‘

Kvantumeektronika Lboratérium @ BME
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Strategiai cel 3.

Kvantumszamitasban élvonalbeli tudassal rendelkezd, a nagy
iInfrastrukturakent mikodtetett kvantumszamitogepeket
felhasznaloként alkalmazni tudo hazai szakértelem felépitése.
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Strategiai cel 1.

Regionalis kvantumkommunikacios halozat letrehozasa,
amely csatlakoztathato az Eurdpai Unioban tervezett
kvantuminternethez.
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Vezetékes megoldasok

Szabadtér és vilagr

Kiulonboz6 hazai és nemzetkozi kapcsolatok

Egyfotonon alapulé kvantum kulcsszétosztas (QKD), egyuttmikodésben
egy hazai tavkozlési céggel

Nagy tavolsagu kvantumos kulcsszétosztas demonstracioja, masodik
generaciés QKD technoldgiaval (CV-QKD)

Egyuttmikodés egy kozeép-eurdpai fovarosokat 6sszekotd QKD halozat
kialakitasaban a QUAPITAL projekt keretében

Tul a QKD-n:0sszefonddason alapuld kozeghozzaférés, kvantum-
internet megoldasok

Osszefonodason alapuld szabadtéri kulcscsere a Duna felett
Kismlholdas megoldasok vizsgalata
Optikai vevballomasok kialakitasi lehetdségeinek vizsgalatas

Egyuttmikodés két hazai Gripari céggel, egyuttmikodés hazai tavkozlési
cégekkel

Tobb nemzetkozi egyuttmikodésben is részt veszunk (pl. eurdpai
QuantumSpaceship, EuroQCI)
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Tanszékvezetéonk a Tudos Tarsasag
levelezé tagja lett

European Commission organises event on

gquantum communication infrastructure
Published on: 04/10/2019

On 30 September, the European Commission and the European Space Agency (ESA) organised a joint industry
day on “quantum communication infrastructure (QCI) for Europe - space segment”. This event was aimed at
helping European industry and researchers develop the necessary technology for this emerging sector. The
main goal was to share and di various opti forp ial space infrastructure for different use cases
with QCI stakeholders.

Tanszékvezetonket, Imre Sandort az
Akadémia 191. Kozgyulésen a Tudos
Tarsasag tagjai levelezo tagga
valasztottak
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»Ahhoz, hogy kvantumkommunikacids eszkbzdket lehessen fejleszteni, olyan fiatalokra van
sziikség, akik természettudomdnyokat vagy miszaki tudomdnyokat tanulnak.

Ahhoz, hogy ezekbdl termékek legyenek és az lizletekbe kertiljenek, olyan fiatalokra van
sziikség, akik jogot, marketinget vagy menedzsmentet tanulnak.

Ahhoz, hogy a rendszerek létezésérdl beszélhessiink, olyan fiatalok kellenek, akik média-
kommunikadcio ismereteket tanulnak.

Ahhoz, hogy vizudlisan megmutassuk, milyenek ezek a rendszerek, olyan fiatalok kellenek,
akik grafikat és alkalmazott miivészeteket tanulnak.

Ahhoz, hogy a didkok kévetkezd generdcidit lehessen nevelni, olyan fiatalok kellenek, akik
tanarok lesznek.”

(V) OUANTUM

FLAGSHIP
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Extraktorok alkalmazasa kvantum alapu véletlenszam-generatorokban

Kvantum véletlenszam-generator tesztelési eredményeinek
megjelenitése

Kvantumszamitégépen futtathato algoritmusok alkalmazasi lehet6ségei

Megbizhato csomopontokon alapulé muiholdas kvantumkommunikacios
rendszer szimulacioja

Folytonos uzemu IézermUkodesen alapulé kvantum-
véletlenszamgenerator

Nyalabosztos strukturan alapuld kvantum-véletlenszamgenerator
Folytonos valtozoju kvantumkulcsszetoszto rendszer mukodesének
vizsgalata

Kvantum gépi tanulas megvalositasi lehetGsegeinek vizsgalata

A korlatozott kvantumoptimalizalasi modszer hatasanak osszehasonlito
vizsgalata heterogén feldolgozasi er6forrasok nagy skalajaban.

Hitelesitési eljarasok vizsgalata kvantumkommunikacios haldzatokban

© Halozati Rendszerek és Szolgaltatasok Tanszék
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Link Analysis of a Cubesat Based
Quantum Key Distribution Platform

71st International Astronautical Congress 2020
IAC-20-B2.8.-GTS.3.1

The CyberSpace Edition

Dominik Jakab, Laszlo Bacsardi
Budapest University of Technology and Economics, Budapest, Hungary

l_' QUANTUM COMMUNICATIONS IN
|T SPACE

» ,The art of transferring a quantum state from one
place to another.”

* Advances in quantum optics are making space
applications possible
— Space is a good medium
for transmission
— Already major projects,
like Micius satellite, EuroQCI

© Halozati Rendszerek és Szolgaltatasok Tanszék

Kvantumkommunikacié hallgatéi szemmel
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[4] "Position-Based Quantum Cryptography: Impossibility and Constructions,"
SIAM J. Comput., 2013.

Is Quantum Position
Verification Secure?

Classical attacks?

Secure!
Quantum attacks?

Maybe

(Like RSA)

So, this is where things stand right now.
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35. ORSZAGOS
TUDOMANYOS
DIAKKORI
KONFERENCIA
2021

OTDK

ELISMERO OKLEVEL

amely tanusitja, hogy

Czermann Marton

A 35. ORSZAGOS TUDOMANYOS DIAKKORI KONFERENCIA

Informatika Tudomanyi
Szekcidja
Kiberbiztonsag

tagozataban bemutatott palyamunkajaval
méasodik

helyezést ért el.

Budapest, 2021. prilis 1.

Dr. Téth Melinda Dr. Kozsik Tamas
a Szekcié ligyvezetd elndke a Szakmai Bizottsag elndke

Prof. Dr. Szendrd Péter
az OTDT elndke

A Nemzeci
Aieieiség program

HALLGATOI SIKEREK

Infocommunications
Journal

A PUBLICATION OF THE SCIENTIFIC ASSOCIATION FOR INFOCOMMUNICATIONS (HTE)

June 2021 Volume Xlil Number 2 ISSN 2061-2079

MESSAGE FROM THE EDITOR-IN-CHIEF
Recent Advances in Communication System Management,

Security and Performance ... Pal Varga 1
SELECTED INVITED PAPERS

Checking the Accuracy of Siitperf . Gabor Lencse 2
Enhancing the operational efficiency of quantum random number
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Bacsardi Laszlé set this channel to be automatically shown in the channels list.

2021. szeptember 8., szerda

Bacsardi Laszlo 09.08. 13:08

Lectures We will post here the recording of the lectures. First set of lectures will be published this Thursday. If you
have questions regarding the lectures, please ask it here in Microsoft Teams as a reply to the post of video (and not
as a comment on Microsoft Stream where the video is accessible).

&/ Reply

Bacsardi Laszlo6 09.08.13:13 Edited

You can ask any questions here in Microsoft Teams. But before each mid term exam, we invite you to attend an in
person consultation where you can ask us in person. Please note that attendance is not compulsory.

September 30, Thursday, 12:15-13:45, building |, ground floor, room 1B.025

November 4, Thursday, 12:15-13:45, building |, ground floor, rcom 1B.025

e cmele e A Thoeiaodol. AALAF AALAC LIl o SR B T

See more

&’ Reply
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Quantum Technology Open Master

Bringing together the shared knowledge of experts in quantum technology from over 30 top
institutions across Europe and around the World

Study for ECTS credits in Quantum Technology at top institutions across
Europe
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A kutatast az Innovacids és Technologiai Minisztérium és a Nemzeti Kutatasi, Fejlesztési és
Innovacios Hivatal tamogatta a Kvantuminformatika Nemzeti Laboratérium keretében.

Bacsardi Laszl6 kutatasat a Magyar Tudomanyos Akadémia Bolyai Janos Kutatasi
Osztdndija tamogatja.

Az Innovacios és Technoldgiai Minisztérium UNKP-21-5 kodszamu Uj Nemzeti Kivaldsagi
Programjanak a Nemzeti Kutatasi, Fejlesztési €s Innovacios Alapbdl finanszirozott szakmai
tamogatasaval készult.

Quantum Information
C National Laboratory
HUNGARY
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Kivaldsag Program
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