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The present document has been prepared within the framework of the authority and
competencies of the Cyprus Agency of Quality Assurance and Accreditation in Higher
Education, according to the provisions of the “Quality Assurance and Accreditation
of Higher Education and the Establishment and Operation of an Agency on Related
Matters Laws” of 2015 to 2021 [L.136(1)/2015 — L.132(1)/2021].
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. Guidelines on content and structure of the report

e The Higher Education Institution (HEI) based on the External Evaluation Committee’s (EEC’Ss)
evaluation report (Doc.300.1.1 or 300.1.1/1 or 300.1.1/2 or 300.1.1/3 or 300.1.1/4) must justify
whether actions have been taken in improving the quality of the programme of study in each
assessment area. The answers’ documentation should be brief and accurate and supported by
the relevant documentation. Referral to annexes should be made only when necessary.

e In particular, under each assessment area and by using the 2" column of each table, the HEI
must respond on the following:

- the areas of improvement and recommendations of the EEC
- the conclusions and final remarks noted by the EEC

e The institution should respond to the EEC comments, in the designated area next each comment.
The comments of the EEC should be copied from the EEC report without any interference in
the content.

e |n case of annexes, those should be attached and sent on separate document(s). Each document
should be in *.pdf format and named as annexl1, annex2, etc.
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1. Study programme and study programme’s design and development

(ESG1.1,1.2,1.7,1.8,1.9)

Areas of improvement and
recommendations by EEC

Actions Taken by the Institution

For Official Use ONLY

The curriculum should include 1-2
new courses related to digital
technologies, such as Machine
Learning, Al and Quantum
Computing in Physics, to better
prepare the students for the new
challenges in the job market and
life. New faculty hirings should
keep this aspect into
consideration.

The Departmental Council has
already decided to introduce two
new specialization courses on
guantum computing and machine
learning in the undergraduate
curriculum.  These will be
restricted elective courses, 6
ECTS each, taken by 3™ and 4™
year students. The syllabi of the
courses (ANNEX 1) have been
discussed thoroughly and
approved at the Departmental
Council meeting of June 2",
2023, and they have been
forwarded to the Committee of
Undergraduate Studies of the

University for approval. The
syllabus of an existing
undergraduate specialization
course, PHY445 - Electronic

Systems, will be updated in order
to cover topics on quantum
technologies. The syllabi of core
courses on gquantum mechanics
and introductory computational
physics courses will be updated in
order to introduce emerging fields
such as quantum computing and
quantum  technologies. The
instructors of the courses will
present specific proposals
concerning the maodifications in
the next Departmental meeting in
September.Among the strategic
goals of the Department is to
expand in novel, cutting-edge
directions in Physics including
quantum computing and
computational physics - data
science — machine learning and
their applications to elementary
particle physics and biophysics.

These directions will be
considered for appointments in
the near future. Excellent

candidates in these areas can
help the Department face the

Choose level of compliance:
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challenge of evolving into the next
generation and ensure continuity
in research and teaching
excellence and visibility at the
international level. We expect the
University Authorities to allocate
faculty positions to the
Department of Physics in order to
fill the vacancies due to the
upcoming retirements and be able
to implement our plans to expand
into novel directions in Physics.
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2. Student — centred learning, teaching and assessment
(ESG 1.3)

Areas of improvement and

recommendations by EEC Actions Taken by the Institution For Official Use ONLY

No weaknesses have been | Click ortap here to enter text. Choose level of compliance:
identified by the Committee.

Click or tap here to enter text. Click or tap here to enter text. Choose level of compliance:
Click or tap here to enter text. Click or tap here to enter text. Choose level of compliance:
Click or tap here to enter text. Click or tap here to enter text. Choose level of compliance:

Click or tap here to enter text. Click or tap here to enter text. Choose level of compliance:
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3. Teaching staff
(ESG 1.5)

Areas of improvement and
recommendations by EEC

Actions Taken by the Institution

For Official Use ONLY

In view of the upcoming wave of
retirement of as many as 50% of
current faculty members within
the next few years, it is absolutely
necessary to fill-in the vacant
positions with new hires, so that
the current, adequate offer in
teaching can be continued at the
same completeness and level.

We fully agree with the EEC that
the University needs to take
immediate actions towards the
replacement of all vacancies due
to the upcoming retirements. The
Department has already
contacted and submitted to the
Rector’'s Council, the Planning
and Development Committee and
the Dean of the School of Pure
and Applied Sciences a detailed
analysis of its needs in faculty
personnel due to the upcoming
retirements, taking into account
its strategic plan for the period
2021 — 2025. We are expecting
concrete feedback from the
University Authorities and the
allocation of new faculty positions
in order to initiate the process of
filling all vacancies due to
retirements. This is imperative for
the Department so as to continue
fulfilling adequately its mission
and its educational programmes.
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4. Student admission, progression, recognition and certification

(ESG 1.4)

Areas of improvement and
recommendations by EEC

Actions Taken by the Institution

For Official Use ONLY

The Committee urges that efforts
be intensified to attract a larger
number of entering Cypriot and/or
foreign students. It recommends
that the language of instruction at
the Bachelor’s level be changed
into English, removing thereby a
serious barrier for the enrollment
of foreign students.

The Department will intensify its
efforts in advertising its
educational programmes with the
organization of more visits to both
public and private high schools,
participation/organization of open
days, summer internships aimed
at excellent high school students
interested in physics, open days
for Turkish Cypriot students and
students from Greece. We will
also enhance the visibility of the
Department in the social media.

The Department will consider
increasing the number of the
incoming undergraduate students
but not at the expense of the
quality of its programme and level
of the student body.

Changing the language of
instruction to English can indeed
help attract more foreign students
to the undergraduate programme,
both from Europe and the Middle
East as well as Turkish Cypriots.
However, this would require
actions at the level of the
University and the Parliament of
the Republic of Cyprus. We note
that six undergraduate courses
are already prepared to be taught
in English for Erasmus and YUFE
students.

Choose level of compliance:

Click or tap here to enter text.

Click or tap here to enter text.

Choose level of compliance:

Click or tap here to enter text.

Click or tap here to enter text.

Choose level of compliance:

Click or tap here to enter text.

Click or tap here to enter text.

Choose level of compliance:

Click or tap here to enter text.

Click or tap here to enter text.

Choose level of compliance:




AOOPEAZ AIAX®AAIZHE KAI MIETOMNOIHIHE THE MNOIOTHTAS THE ANQTEPHE EKMAIAEYSHE

! Y
< o

Wl
&=

CYQAA CYPRUS AGENCY OF QUALITY ASSURANCE AND ACCREDITATION IN HIGHER EDUCATION

eqar// eNQ3.

5. Learning resources and student support

(ESG 1.6)

Areas of improvement and
recommendations by EEC

Actions Taken by the Institution

For Official Use ONLY

The reading list assigned by
teaching personnel for some
undergraduate courses includes
books that are too expensive to
buy and the copies available at
the library are insufficient.

The Department in consultation
with students and the course
instructors will file requests to
increase the number of available
copies of teaching textbooks and
electronic copies at the library.
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6. Additional for doctoral programmes

(ALL ESG)

Areas of improvement and
recommendations by EEC

Actions Taken by the Institution

For Official Use ONLY
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7. Eligibility (Joint programme)
(ALL ESG)

Areas of improvement and
recommendations by EEC

Actions Taken by the Institution

For Official Use ONLY
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B. Conclusions and final remarks

Conclusions and final remarks by
EEC

Actions Taken by the Institution

For Official Use ONLY

Following the discussion in the
more specific sections above, the
Committee concluded that the
study programmes adhere to high
international standards in all
aspects: content, implementation,
quality assurance, student
support and connection to
society. The continuation of these

activities at the same level
requires adequate  scientific
personnel, rendering thereby

indispensable the filling of the
upcoming vacancies in faculty
positions through new hirings in
the Department of Physics. The
new hirings should reflect current
trends in research and teaching,
carrying thereby this unique
Department in the Republic of
Cyprus well into the 21st Century.

The Physics Department is the
only tertiary education Institution
in Cyprus offering undergraduate
and graduate programmes and
cutting-edge research in Physics.
As the EEC recognizes it is
“indispensable that the
Department not only continues
but also strengthens and expands
its operation after the “generation
change” induced by upcoming
retirements of as much as 50% of
its current staff.” The University
Authorities should allocate faculty
positions to the Department in
order to fill the resulting vacancies
and not compromise in any way
the smooth implementation of the
Department’s mission.

The Department is committed in
attracting excellent personnel,
capable of producing high quality,
cutting-edge research and
supporting high quality
educational programmes. It is our
intention and part of our strategic
plan to expand into novel,
internationally booming areas of
Physics, as suggested and
discussed thoroughly with the
EEC. Cutting-edge directions in

Physics such as quantum
computing, new materials -
nanophysics — quantum and
biomaterials, computational

physics — data science — machine
learning and their applications to
elementary particle physics and
biophysics, astroparticle physics
and cosmology, elementary
particle physics and ongoing
international experiments and
applications, and applications to
medical physics can form the
basis of future appointments and
provide a succession plan to
address the challenge of the

Choose level of compliance:
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upcoming retirements. Excellent
candidates in these areas will
certainly help the Department
face the challenge of evolving into
the next generation and ensure
continuity in  research and
teaching excellence and visibility
at the international level.
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ANNEX 1

Course Title Introduction to Machine Learning for Physicists

Course Code

PHY 460

Course Type Restricted Elective - Specialization course
Level Undergraduate
Year / Semester 3/ 4t year

Teacher's Name

Visiting professor/special scientist who is PhD holder in Physics

ECTS

Laboratories /
week

6 Lectures / week | 1 (2 hours) 1 (2 hours)

Course Purpose
and Objectives

To introduce modern machine learning techniques to physics students. To
emphasize the power and applicability of neural networks in achieving
spectacular performances in solving various problems surpassing humans.
To enable students by hands-on exercises and practice to develop the skills
to train simple to medium complexity neural networks in order to solve diverge
challenging tasks, including image recognition and natural language
processing by training them on many examples. To introduce the students to
applicability of neural networks in physics, ranging from prediction of material
science and biophysics to particle physics and astronomy. To recognize the
limitations and biases that could be introduced by the use of the adopted
neural network training and understand the accuracy that can be achieved.
To enable them to use the developed skills to solve phase transitions
problems, protein folding and understand and expand properties of bio-
materials, new battery construction, to astronomy or to search for exotic
particles in particle physics.

Learning
Outcomes

By the end of the course, it is expected that the students to:
e Learn how neural networks look like.

e Train neural networks efficiently.

¢ Recognize images.

e Learn a compact representation of data without providing any extra
information.

¢ Analyze time series and sentences.

¢ Discover strategies from scratch without teacher.

¢ Use neural networks in solving problems from physics

¢ Recognize and apply machine learning techniques in everyday problems.
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Prerequisites

Basics of Python Required Officially none
programming

Course Content

¢ Introduction to machine learning; polynomial regression; basics of
statistical learning theory; bias-variance decomposition.

¢ Gradient Descent and Newton’s method and its limitations; descent
(SGD); Bayesian Inference. Examples and hands-on exercises drawn
from particle physics and/or astronomy.

o Stochastic gradient; Linear regression with the least-square, LASSO, and
sparse regression methods; logistic regression, cross-entropy as a cost
function; Examples of binary classification.

¢ Boosting, random forests, gradient boosted trees, XGBoost, and
applications. Examples and hands-on exercises from particle physics
and/or condensed matter physics or biophysics.

¢ Feed-Forward Deep Neural Networks (DNNs), back-propagation
algorithm, regularizing neural networks, hyper-parameter tuning, dropout
and batch normalization.

¢ Convolutional Neural Networks (CNNs). Hands-on exercise from particle
physics and/or biophysics.

¢ Dimensional Reduction and Data Visualization, principal component
analysis (PCA), multidimensional scaling.

¢ Clustering: k-means, hierarchical, Density-based (DB); clustering in high
dimensions. Practice with problems drawn from particle physics and/or
astrophysics and/or biophysics.

Teaching Lectures and compulsory laboratory sessions during which the students can

Methodology have hands on experience and develop the skills and practice the use of the
various concepts of the Machine Learning process and its applicability in a
variety of problems drawn from experimental and theoretical particle physics,
astronomy, statistical physics, biophysics and material physics.

Bibliography ¢ “Machine Learning for Physics and Astronomy” - Viviana Acquaviva -

Princeton University Press.

¢ “Neural Networks and Deep Learning” — M. Nielsen —
http://neuralnetworksanddeeplearning.com.

e “Deep Learning” — |. Goodfellow et al. — pub. MIT Press book.

¢ “A high-bias, low-variance introduction to Machine Learning for
physicists” — P. Mehta et al. — arXiv:1803.08823.

e “Machine learning and the physical sciences” — G. Carleo et al. —
arXiv:1903.10563.
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¢ “Machine Learning for Physicists” — F. Marquardt — https://machine-
learning-for-physicists.org

Assessment

The final grade mark is based on a continuous evaluation scheme outlined as
follows.

o Weekly laboratory exercises and problem solving in close collaboration
with the instructor for immediate addressing of any problems or
misunderstandings. (10%)

¢ Biweekly homework problems inspired from other physics courses (20%).

¢ Development, implementation, execution and presentation of the results of
a project inspired directly from a contemporary research topic (30%).

e A written midterm examination (15%) and a final written examination
(25%).

Failure to satisfy the evaluation requirements the course needs to be
repeated along with all requirements of the evaluation scheme.

Language

Greek/English depending on the audience. Available to Erasmus and YUFE
students.
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TitAog MaBrjuatog | Eicaywyn otnv Mnxavikg Ma@non yia ®uoikoig

KwdIkog

Ma®rpuaTtog ®YZ 460

Totog paBnuatog | Mepiopiouévng Emidoyrig - E€eidikeuong

ETritredo MPOTTTUXIOKOG

ET9g/ S 3°/ 4° ¢10g

@oitnong

Ovopa Aiddokovta | EmokéTTng Kabnyntig/ Eidikdg ETTioTAovAg KAToXog IBAKTOPIKOU OTN
duoikA

ECTS 6 AlaAEEelg / 1 (2 wpeg) Epyacthpia/ | 1 (2 wpeg)

eBooudda eBooudda

ST6)01 MadrpaTog MNMapouciaon oOToug @OITNTEGC TNG QUOIKAG TWwV OUYXPOVWY  TEXVIKWY
MNXavikig paenong. ‘Epgacn otn dUvaun Kol €QAPUOCTIKOTNTG  TWV
VEUPWVIKWY OIKTUWV KAl TO TTWG MTTOPOUV va ETITUXOUV EVTUTTWOIOKES
emdooelc oTnv  emiAuon dlapopwy  TTPORBANUATWY, EETTEPVWVTAS TNV
avBpwTivn IkavotnTa. Na 600¢i n duvatdtnTa aTOoug POITNTEG VA avaTTTugouv
0e€I6TNTEC yIa TNV eKTTaideuon OaTTAWV £€wWG METPIAG TTOAUTTAOKOTNTOG
VEUPWVIKWYV OIKTUWV HECW TTPOKTIKWY OOKACEWYV, ETTITPETTOVTIAS TOUG va
AOvouv TrpofARpaTa  TToIKIANG  OuoKoAiag, cupTtTepIAauBavouévng NG
avayvwpliong EIKOVwY Kal TnG €TTegepyaaiag QUOIKNG YAWOOoag MHECW
ekmmaideuong pe TTOAAG TTapadeiypata. Na eicaxBouv o1 @oItnTég oTnv
EQPAPUOYN TWV VEUPWVIKWY OIKTUWY OTN QUOIKA, ME TTPORAARUATA TTOU
EMTTAEKOUV TTPOBAEWEIG OTNV ETTIOTAMN UAIKWV Kal TN BIOQUOIKA PEXPI TNV
owpaTdlokn QUOIKA Kal TNV acTpovopia. Na 06¢i n IkavoTnTa oToug HadnTég
VO avayvwpifouv ToUG TTEPIOPICHOUG KAl TIG TIPOKATAANYEIG TTOU JTTOPOUV va
TTPOKANBOUV aTmd Tn XPnon TnG E€TMAEYUEVNG EKTTAIOEUONG VEUPWVIKWY
OIKTUWYV Kal VO KATAVONOOUME TNV aKpiEia TTou PTTopei va emTeuxBei e n
Xprion Toug. XpAon Twv aTTOKTOUPEVWY OEEIOTATWY yia Tnv €TAuon
TTPOBANMATWY PETOBACEWY PACNG, TITUCOOUEVWY TTPWTEIVWV KAl IO TNV
Katavonon kai d1eupuvan TWV IBIOTATWY TWV BIO-UAIKWY, TNV KATAOKEUN VEWV
MTTaTapIWY, TNV aoTpovouia A Tnv avadntnon €CwTiIKwv cwuamdiwv oTn
QUOIKA CWPaTIdIWV.

Ma®noiokd Méxpl To TEAOG TOU PJaBARuATOG, avauéveTal va JABouV o1 QoITNTEG Va:
AmoteAéopara e KartavooUv ¢ gaivovTal Ta VEUPWVIKA SiKTua.

ExktraidgUouv atmmoTeAeOPATIKG vEUPWVIKA dikTud.

Avayvwpifouv €IKOVEG.

MdBouv pia cuptrayy avarrapdoTtacn OedOUEVWV XWPIG va TTapEXOUV
ETTITTAEOV TTANPOPOPIEG.

AvaAUouV XpovooeIpEéG Kal TTPOTACEIG.
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o AVOKAAUTITOUV OTPATNYIKEG OTTO TO UNdEV XWPIG TN XPron daoKAaAou.

e XpNOoIPoTTOIoUV VEUPWVIKA OikTua yia TNV €TTiAucn TTPOBANUATWY OTn
PUOIKN.

o Avayvwpifouv Kal €QapUOlouV  TEXVIKEG WNXOVIKAG MdEBnong o€
Kabnuepiva rpofARuarTa.

MNpoatraitouueva Agv utTApyOoUV TTpoaTTaITOUMEVA: | ZuvaTraiToupeva | Aev uttdpxouv
Avapévetal BacIKES YVWOEIG
TTpoypappaTiopyou o Python

MepIEXOUEVO o Eicaywyn) otn pnxaviki pdonon. MNMoAuwvuuik TaAivépounaon. Baoikég

MaBrjuatog évvoleg TnG Oewpiag oTaTIoTIKAG MABnong. AvdAucon atroolvBeong
TTAPAPETPOU-OIOKUPAVONG.

o MéBodol EmmikAivoug KaBodou (Gradient Descent) kai Newton kai ol
TTeplopiopoi Toug. MéBodog EmikAivoug KaBddou Tuyxaiwv ETmmAoywv
(SGD). ZuM\oyioTikr) Bayes (Bayesian Inference). lMapadeiypata kai
QOKAOEIG EQAPPOYAS OTTO TH QUOIKI CWHATIBIWY Kal/j aoTpovouiag.

o 2TOXOOTIKOG YPAUMIKOG TPOTIOC. [MpauuIKA TTaAivopounon ue TiIg uebddoug
eNdyioTwy TETpaywvwy, LASSO «kai apaip tmmaAivopdunon; AoyIOTIKA
TTaAIvOpPOUNGCN, N evipoTria f; AoyapiBuiky moavotnTa w¢ ouvapTnon
KOOTOUG KOTAAANAGTNTAG  (cross-entropy). [Mapadeiypata  duadikng
Tagivounong.

¢ [lpowBnon, Tuxaia ddon, BeAtiwpéva &évipa, XGBoost kal eQapuoyEg
Toug. MNapadeiyuata Kal AOKNOEIG EQAPPOYAS aTTd TN QUOIKA CWHATIOIWY
KaI/f] TNV QUOIKI TNG CUUTTUKVWHEVNG UANG f TN BIOQUOIKN).

e [MpowBnong Aiktuwv BaBiag MaBnong (DNNs), aAyépiBuog avaotpo®ng
diddoong, KAVOVIKOTTOinon VEUPWVIKWV OIKTUWV, puduion
UTTEPTTAPAUETPWY, EYKATAAEIYN Kai ouadoTToinon TTOKETWV
(kavovikoTtroinon opadag).

o 2UVeAIKTIKA Neupwvikd Aiktua (CNNs). MpakTikp Goknon atmo Tn QUOIKNA
owpamdiwy Kal/fy TN BIOQPUOIKN.

e Meiwon OlaoTACEwWY Kal OTITIKOTToiNoN Oedouévwy, KUpIa CuvIoTWOod
avaAuon (PCA), ToAudidoTatn KAIudkwaon.

e OpadoTtroinon: k-means, 1gpapxikn, Bacioyévn otnv tukvétnta (DB);
opadotroinon og uwnAég dlaoTtaoelg. MNpakTik doknon Pe TTPoBAfuaTa
atrd TN QUOIKH CWHATISIWY KaI/f) TNV AoTPOPUOIKA Kai/fj TN BIOPUCIKA.

MeBodoAoyia AIOAEEEIG KAl UTTOXPEWTIKA EPYACTHPIO OTA OTTOId Ol POITATEG PTTOPOUV va
AidaokaAiag QvaTITUEOUV TTPOKTIKY) EPTIEIPIA KOl VO EUTTEDWOOUV TN XPRon diapopwy
1I0ewv ammd TN diepyacia kal epappoyn Tng Mnxavikig Mdabnong kai tng
EQAPMOCINOTNTAG TNG O MIa TTOIKIAia TTPORANUATWY TTapuéva oTmé TN
TTEIPAMATIKA Kal BEWPNTIKN QUOIKA OTOIXEIWOWY CwuaTIdiwy, acTpovouia,
OTATIOTIKN QUOIKN, BIOQUOIKK], ETTICTAUN UAIKWV.

BiBAioypagia ¢ “Machine Learning for Physics and Astronomy” - Viviana Acquaviva -
Princeton University Press.
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“Neural Networks and Deep Learning” — M. Nielsen —
http://neuralnetworksanddeeplearning.com.

“Deep Learning” — |. Goodfellow et al. — pub. MIT Press book.

“A high-bias, low-variance introduction to Machine Learning for
physicists” — P. Mehta et al. — arXiv:1803.08823.

“Machine learning and the physical sciences” — G. Carleo et al. —
arXiv:1903.10563.

“Machine Learning for Physicists” — F. Marquardt — https://machine-
learning-for-physicists.org

A&loAdynon O T1eAIk6G Babudg otnpiletal oe éva OXAUa OUVEXOUG afIoAdynong wg
aKOAOUBWG:
o YToxpewTIKEG efOoMadIaicg epyaoTnplakéS aoknoels (10%).
o KaT oikov gpyacieg KaBe deUTEPN LOOUADA e eTTIAEYUEVA TTPORBAAKATA
atd dAAa pabiuara (20%).
o Ekmévnon Kal TTapouciacn Miag epyaciag atrd €pEUVNTIKN TTEPIOXT TNG
@uoIkng (30%).
¢ Mia evdidueon ypatTh egétaon (15%).
o Mia TeAiKA ypatrm e€€Taon (25%).
ATToTUXiO OTO HABNUA A HEPOUG TWYV UTTOXPEWTIKWY EPYOOTNPIWY ICOBUVAEI
ME eTTavaAnyn Tou pabriuartog Kai eravagioAdynon OAwv Twv aTTaITACEWY
NG agloAdynong.
F\wooa EANVIKA/AYYAIKA avdAoya pe TO akpoathplo. AIaBEoIgo o @oItnTéG

Erasmus ka1 YUFE.
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Course Title

Quantum Computing

Course Code

PHY 450

Course Type

Restricted elective — specialization course

Level

Undergraduate

Year / Semester

3rd - 4th year

Teacher's Name

Visiting professor/special scientist who is PhD holder in physics

ECTS

Lectures / week Tutorials /
6 2 (2 hours week 1(1 hour
per lecture) per
lecture)

Course Purpose
and Objectives

The goal of the course is to provide an introduction to quantum computing
and quantum information theory. Students will learn essential theoretical
concepts in the field as well as algorithmic approaches for quantum
computation.

Learning
Outcomes

The students will be introduced to the basic concepts of quantum
computation. They will be able to compare the basic characteristics of
classical and quantum computing systems, and various known quantum
algorithms. They will be introduced to complexity theory and learn how to
design quantum programs. They will acquire skills in performing basic
quantum computing operations, such as linear algebra, the quantum
Fourier transform, the Deutsch problem and the Grover-Josza and Shor’'s
algorithms. They will be able to study and analyze quantum error correction
codes, stabilizer formalism, and fault-tolerant quantum computing. They will
be able to critically examine different physical implementations of quantum
computing, including superconducting qubits, trapped ions, and topological
qubits and understand the challenges of scaling up quantum systems and
explore the current state of quantum hardware technology.

Hands-on sessions will provide practical experience to the taught material.
The students will get experience in quantum programming languages and
platforms such as Qiskit and they will be able to write and execute non-
trivial quantum algorithms on real or simulated quantum hardware, such as
those provided by IBMQ. The students will be able to employ these
algorithms within the context of simple physical systems.

Prerequisites

Required

Quantum Mechanics | None

Course Content

Fundamentals: The Bloch sphere, Density operators, generalized
measurements, no-cloning theorem. Bell inequalities and entanglement,
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Schmidt decomposition, super- dense coding, teleportation.

Quantum computation fundamentals: Universal set of gates, quantum
circuits, Solovay-Kitaev theorem

Quantum algorithms:

e Di Vincenzo’s criteria for qubits and implementation of qubits and
gates in physical systems

No-cloning theorem, superdense coding and quantum teleportation
The Deutsch-Josza algorithm

Complexity theory and the Church-Turing thesis

Grover’s search algorithm

Quantum computation:

e RSA cryptography and Shor’s algorithm

e Quantum error correction and fault-tolerant quantum computing

e Algorithmic approaches for noisy, intermediate-scale quantum
devices: hybrid quantum/classical algorithms

e Quantum simulation, the IBMQ

Teaching
Methodology

The 4 hours of weekly lectures typically consist of: Brief review of previous
lectures, introduction to new concepts, interdisciplinary links where
appropriate, discussion and questions by the instructor and the students,
exercises and applications of increasing difficulty, problem solving with the
active participation of students. Emphasis is placed on modern extensions
and applications of the course material.

Lectures are delivered mostly on the blackboard, allowing for better
comprehension, while descriptive elements or graphics are projected on a
screen via a PC. Certain examples and complex problems will be studied
via access to existing quantum computers abroad.

For each of the homework sets handed out during the semester, students
are given one week's time to explore questions and problems of increasing
difficulty. Students are encouraged to collaborate in their homeworks;
however, each student much prepare their own write-up of the answers.

Past homeworks and exams, along with suggested solution sets, are
uploaded on the course's website, and discussed in preparatory lectures
before the final exam.

Bibliography

1. Phillip Kaye, Raymond Laflamme et. al., An introduction to Quantum
Computing, Oxford University press, 2007.

2. Chris Bernhardt, Quantum Computing for Everyone, The MIT
Press,Cambridge, 2020
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3. Quantum Computation and Quantum Information, M. A. Nielsen &
I.Chuang, Cambridge University Press (2013).
Assessment Homework; midterm exam; final exam
Language Greek with English bibliography. In case need arises e.g. for ERASMUS

students, it will be taught in English
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TitTAog MaBrjuatog | KBavTikoi utrtoAoyiopoi

KwdIkog

MabrToC DYZ450

Tomog paBnuaTog | Mepiopiopévng ETidoyAg - E€eidikeuong

ETritredo MpoTITUXIOKO
ETS)Q = 30/ 40 €106
@oitong
Ovopa Aiddokovta | Emokémmng KaBnyntig / Eidikog EoTtAuovag pe AidakTopikd otn Guaoikn
ECTS 6 AlaAégeic / 2 (2 wpeg ava | Gpovriotipio/ | 1 (1 wpa
eBooudda OIGAEEN) eBooudda avd
OIGAEEN)

210X0I MaBnuartog | 21006 Tou PaBAuaTog €ival n elcaywyr] o€ KBAvTIKOUG UTTOAOYICHOUG Kal
TNV €TMOTAKN TS KBAVTIKAG TTANPOPOPIaG.
O1 @oimATpieg/@oItnTéG Ba udBouv TIG BepeAIWBEISC BewpnTIKEG APXES TOU

mediou, KABWG Kal  AaAyopiBuIkéG  OIadIKAOIEG Kal  TTPOCEYYIOEIS  yIa
KBavTikoUg uTToAOYIoHOUG.

MaOnoiaKka O1 gont(pi)eg Ba eciocaxBouv oTIC PaOIKEC aApXEG Tou KPavTikou
ArroteAéopara uttohoyiopoUu. Oa  civar o€ Béon va ouykpivouv Ta Bacika
XOPAKTNPIOTIKA a1Td CUCTHPATA KBAVTIKOU Kal KAQOIKOU UTTOAOYIOUOU,
Kal d1d@opoug yvwaoToug KPRavTikoug aAyopiBuoug. Oa eicaxBolv oTn
Bewpia TTOAUTTAOKOTNTAG Kal Ba pdbouv TTWG va oxediddouv KBavTiKA
Tpoypduuara. Oa amokTAoouv OefIOTNTEG OTNV  TTPAYUATOTIOINCN
Baoikwyv AsiToupylwv KBAvTIKOU UTTOAOYIOUOU, OTTWG TTPAEEIG YPANMIKAG
aAyeBpag, KBavTikoUug peTaoxnuatiopoug Fourier, 10 TTPORANPO
Deutsch kai Toug aAhyopiBuoug Grover-Josza kai Shor. @a ymropouv va
MEAETAOOUV Kal va avoAuoouv KPRavTikoug Kwdikeg d16pbwaong
OQAANATWY, QopuaAioyd  oTaBegpoTroinong, Kal KBavTikoUg
UTTOAOYIOHUOUG QVEKTIKOUG 0€ O@AApa. @a ptropolv va eEeTACOUV
KPITIKA OIAQOPETIKEG PUOIKEG EKTEAEDEIS TWV KBAVTIKWY UTTOAOYIOHWY,
OupTTEPIAOUBAVOUEVWY  TWV  UTTEPAYWYIMWY  qubits, TTayideupévwv
I6VTWYV, TOTToAOYIKWV qubits. ©a yvwpiouv o€ BABOG TIG TTPOKANCEIG
oTnV augnon TnNG KAipakag KRAvTIKWV ouoTNUATWY Kal Ba e§Epeuviioouv
TNV TTapoUca KATAoTaon TNG TEXVoAoyiag Twv KBavTikwy hardware.

Méow TTEPIOdWY TTPAKTIKAG £€AOKNONG 01 QOITNT(PI)EG Ba ATTOKTHICOUV
guTTeIpia otnv di1IdaxBeica UAN. Zuykekpipgéva, Ba aTTOKTAOOUV EUTTEIpIa
o€ YAWOOoEG Kal TTAATQOPUES KBavTIKOU UTTOAOYIOHOU OTTwg Qiskit, kai
Ba cival og Bféon va ypAWouv Kal VO EKTEAECOUV WPN-TETPIMPEVOUG
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KBavTikoUg aAyopiBuoug cite o Tpayuatikd KBavtikd hardware eite o€
TIPOCOMOIWTEG, OTTWG VIO TTAPABEIYHA AUTA TTOU TTAPEXOVTAl OTO OIKTUO
IBMQ. ©a p1ropouv va XpnoIhoTIoIcouV autoug Toug aAyopiBuoug oTn
MEAETN ATTAWY QUOIKWY CUCTANATWY.
Mpoatrairoupeva PYZ225 ZUvVaTTaIToUPEVD -
Mepiexdpevo Eicaywyikd: H oq@aipa Bloch, TeAeoTtéc TukvotnTEG, [EVIKEUUEVES
MaBrjuatog MeTpnoeig, @cwpnua un-KAwvoTroinong.
Aviootnteg Bell kai kBavTiki eutrAokr, atroolvBeon Schmidt, utép-
TTUKVI] KWOIKOTToINoN, TNAEPETAPOPA.
O¢epehidn oToixeia kKBavTikou uttoAoyiopou: Oikouuevikd aguvoAla atmd
AOVYIKEG TTUAEG, KBavVTIKA KUKAWMaATA, Bewpnua Solovay-Kitaev.
KBavTikoi aAyopiBuor:
- Kpiripia Di Vincenzo yia qubits. E@appoyr Twv qubits kal Twv
TTUAWV O€ QUOIKA CUCTHUATA.
- Oewpnua PUN-KAWVOTTOINGNG, UTTEP-TTUKVI] KWAIKOTTOINON, KPAVTIKA
TNAEUETAPOPA
- O aAy6piBpog Deutsch-Josza
- Oewpia TToAutTAOKOTNTAG, apxry Church-Turing
- AAy6pIBuog avaghtnong Grover
KBavTikoi UTToAoyIoUOi:
- Kputttoypagia RSA kai aAyopiBuog Shor
- KBavtikA 016pBwon AabBwv kal KBavTIKoi UTTOAOYIOHOI QVEKTIKOI O€
oQdAuarta
- AAyopIBuIKEG TTPOOEYYIOEIG YIa KBAVTIKOUG PNXaviIoPoUug Pecaiog
KAipakag pe B6puBo: uBpIdIkoi KBavTIKOI/KAQGIKOI aAyopiBuol
- KBavTikn Trpocopoiwan, 1o diktuo IBMQ
MeBodoAoyia O1 4 ¢Bdopadiaiec wpeg OIAAEENG TUTTIKA aTtroTeAouvTal aTrd: oUvToun
Aidaokaiag emavaANEn  Trponyoupévwy  BIaAECEWY,  El0aywyr]  VEWV  EVVOIWV,
OIETTIOTNUOVIKEG AVAPOPEG OTTOU APHOZel, oulATNONn ME €PWTNOEIS aTTd
o1ddokovTa Kkal atrd @oITNT(PI)EG, OOKAOCEIS KOl €QPAPHOYEG auiouoag
OuokoAiag, emmiAucn  TTPOBANUATWY HE TNV  EVEPYH OCUMPUETOXN Twv
eoitnT(pwv. 1d1aitepn £upacn OideTal o€ OUYXPOVEG TTPOEKTACEIS Kal
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EQPAPHUOYEG TNG UANG TOU JABANATOG.

Meydhog uépog TNG BIAAEENG XPNOIUOTIOIEI TOV PAUPOTTIVOKA, VI KAAUTEPN
EUXEPEIO OTNV EUTTEOWON, EVW KATTOIO TTEPIYPAPIKA OTOIXEIa | ypaguaTa
TTapoucidfovral péow H/Y og 086vn. Opiouéva TTapadeiygoTa Kal ouvesTa
TPoBAAMaTa Ba peAeTNBOUV pe TTIPOCPROCH OE UTTAPYXOVTEG KPBAVTIKOUG
UTTOAOYIOTEG TOU £CWTEPIKOU.

>¢ KABe pia a1rd TIG KAT'OIKOV £pyaoieg Kata Tn dIGpKEIQ ToU EAUAvou, Ol
eoitnT(p)eg  éxouv diopia piag eRdouddag yia va aoxoAnBouv e
epwtnoeig/TpoARuara diaBabuiopévng duokoAiag. MNa Tnv TTPOETOINOTIA
TWV KAT'OIKOV £PYacIwV YEVIKA e€vOOPPUVETAl N CUVEPYAOia HETALU Twv
@oItnT(p)wv. Avapévetal 0w OTI KABe dtopo Ba eToludoel ammd Pévo Tou
TIG TENIKEG TOU ATTAVTHOEIG.

O1 kat'oikov epyacieg kal TTponyoUpeveG eEeTAOEIG, padi pe deiyuaTa
€TTIAUCHG TOUG, avapTwVTal OTNV I0TOOEAIdA TOU PaBrRuaTog, Kal avaAuovTal
o€ OIOAECEIC TTPOETOINOTIAG, TTPIV TNV TENIKN €6€TAON.

BiBAioypagia Phillip Kaye, Raymond Laflamme et. al., An introduction to Quantum
Computing, Oxford University Press, 2007.
Chris Bernhardt, Quantum Computing for Everyone, The MIT Press,
Cambridge, 2020
Quantum Computation and Quantum Information, M. A. Nielsen & |.
Chuang, Cambridge University Press (2013).

Agi10A6ynon Evoidueon e¢étaon, TeAikn e€€Taan, KAT oOikov £pyaaieg

Mwooa EAMNvikG, pe xpnon ayyAikAg BiBAloypagiag. Edv xpelaotei (T1.X., yia

QoItNTpIeg/@oITNTéG Erasmus), 10 puddnua Ba utropei va didaxTei kal oTa
AyyAIKa.
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