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EOHMEPIAA
THE KYBEPNHEEQZ

THX EAAHNIKHX AHMOKPATIAX

1 OktwpPpiov 2021

ANOOAZEIX

ApBu. amd. 27/53

Tpomomnoinon tou dpBpou 10 Kal Twv MEPLyPaA-
HATWV UANG TWV padnudtwy tng um’ ap. 17/42/
14-01-2021 (B’ 1408) amdé@aong TnG ZUYKAN-
Tou Mou agopd otov Kavoviopo tov Audpupa-
TikoU Mpoypdpparog Metantuxlokwv Zmouvdwv
«Quantum Computing and Quantum Technolo-
gies» Tou Tupatog HAektpoAdywv Mnxavikwv
Kat Mnxavikwv Ymohoylotwv tn¢ MoAuTeXVIKAG
TxoAG Tou Anpokprteiou Mavemotnpiov Opd-
KNG, o€ ouvepyacia pe to EOviké Kévtpo Epeu-
vag Quoilkwv Emotnuwv «Anpokpitog».

H XYTKAHTOZ TOY AHMOKPITEIOY
MANENIZETHMIOY OPAKHX

‘Exovtag uméyn:

1. Tnv und otolixeia 137509/Z1 SamotwTikA TPAéN
Tou YroupyoU Maideiag, Epguvag kat ©pnokeuudtwy
(YOAA 490/2018), pe tnv omoia SlamoTwveTal N EKAoyr
MpUTtavn kat Avtimputdvewv tou A.MN.0. ye Onteia tecod-
pwv (4) etwy, and 01.09.2018 £€w¢ 31.08.2022.

2.Tic Sataelg tng map. 1 tou dpBpou 45 tou v. 4485/
2017 (A'114), n omoia tpomomolriOnkKe e TNV Tap. 3 Tou
apBpou 42 tou v. 4521/2018 (A’ 38/2018) cuupwva e
TIG oToieg «Me amo@aon TG ZuvéAeuong Tou TUAMATOC
kataptifetal o Kavoviouog MeTanmtuxtakwy Xmoudwv
Tou Tunuatog kABe M.M.X., 0 omoiog eyKpiveTal Ao TN
Y UYKANTO, dnuooisvetal oTnv Eenuepida g KuBepvi-
0ewg, avaptdtal oto Stadiktuakd Témo Tou 1§pupaTog
Kal Kolvorolgital oto Ymoupyeio MNMaideiag, Epeuvag kat
OpnNOKEVUATWVYY.

3. Tig Siatdéelg tng mep. B g map. 6 Tou dpBpou 85
Tou V. 4485/2017 (A’ 114), oOp@wva e TIG omoieg «Ta
AEl opeilovy, péoa og mpoBeopia £€1 (6) pnvwv amd tnv
évapén woxvog Tou TAPSVTOG VOLOU, VA KATAPTICOUV Kal
va dnuooievoouv Toug Kavoviopoug tou dpBpou 45».

4. Tic Satdéelc Tou v. 4485/2017 kat 18iwg to dpbpo
43 «AlaTpunuatikd n Audpupatikd MMI».

5. Tig Sataerg tou v. 4009/2011 «Aopn, Asrtoupyia,
Slao@dAion Tng moldTNTAG TWV omoudwv Kal Stebvormoi-
Nnon TWV aVWTATWY EKTTAISEVTIKWY IGpUHATWVY» (A" 195).

6.Tig Satdéelg Tou v. 3374/2005 «Alao@alion Tng mmol-
OTNTAC O0TNV avwTatn ekmaidevon. ZVOTNUA HETAPOPAS

TEYXOX AEYTEPO

Ap. DUNOU 4547

KOl CUCOWPEVONG TIOTWTIKWV povadwy - Mapdptnua
Aim\@patog» (A’ 189).

7. Tic duatdaelg Tou dpBpou 90 tou Kwdika Nopobe-
oiag yia tnv KuBépvnon kal ta KuPBepvnTika 6pyava,
(m.5. 63/2005, A’ 98). To omoio StatnpriBnke o€ 10XV e
v map. 22 tou dpBpou 119 Tou v. 4622/2019.

8.Tnv amogaon ¢ E1dikA¢ Audpupatikic Emrtpomniig
Tou A.N.M.Z. Tou A.M.0. ur’ap. 1/08-09-2021 cuvedpiaon
TNG KAl TO ammOCTIAC A TIPAKTIKOU AUTAG.

9. Tnv amogaocn TS ZUYKARToU tTNG ut’ ap. 14/42/
14-01-2021 cuvedpiaong pe tnVv omoia eykpibnke to
ANM.Z. «Quantum Computing and Quantum Tech-
nologies» Tou TuRpatog HAekTpoAOYwv Mnxavikwv Kat
Mnxavikwv YIToAoyloTwv NG MoAUTEXVIKAG ZXOANG TOU
Anpokpiteiov MNavemotnuiov Opdkng, og cuvepyacia
pe 1o EBviko Kévtpo Epeuvag Quolkwv Emotnuwv «An-
poéKkpitoc» (B'1388).

10. Tnv amé@aon tng ZuykAntou ocuvedpiaon 17/42/
14-01-2021 pe TNV omoia eykpibnke o Kavoviouog Tou
Mpoypaupatog Metamtuytakwy Imoudwv (B’ 1408).

11. To Eid1ko MpwtdkoAo Tuvepyaciag HeTaly Twv
16pupdTwv.

12.Tnvur’ap. 01/25/14-01-2021 eilorjynon tng Emtpo-
¢ MeTanmtuxlakwy Zmoudwv tou A.MN.0.

13. To yeyovog 6t and Ti¢ Slata&elg Tng anopaong
autng 6ev mpokaAeital Samdvn og Bapog Tou mpoino-
AoylopoU Tou 16pUlaTog, amo@aci(ouE:

Tnv tpomomoinon Tou dpBpou 10 Kal Twv TTEPLYPAUMA-
TWV UANG Twv padnudtwy Tngum’ ap. 17/42/14-01-2021
anméEaong TG ZUYKAATOU, WG aKoAoUBwG:

«ApBpo 10
Mpdypappa Zmoudwv - EAeyxog I'vwoewv
To oUvolo Twv Motwtikwv Movadwv (ECTS) mou amat-
TouvTal yla TNV armoKtnon Tou A.M.X. avépxovTal O€ eve-
vivTa (90) pe Sidpkela goitnong Tplwv (3) e€aunvwy.
MNatnv anoktnon tou A.M.Z. amaliteital n UMTOXPEWTIKNA
mapakoAoUOnon Kat emTuxi¢ e€€taon okTw (8) pabn-
MATWV Ta oTToia Katavépovtal ota SUo MpwTa e€Aunva
omoudwv (A'kal B'). Amo autd téooepa (4) eival umoxpew-
TIKA Kal Téooepa (4) emAoync. Ta UTTOXPEWTIKA pabrpata
avtioTtolyouv o€ 9 ECTS kai ta emAoyng og 6 ECTS.
Ma kaBe peTamtuylako/n gortnTr/Tpla opiletal amd
v 2.E. évag Akadnuaikog Z0uBoulog amd toug Sidd-
okovteg Tou ANLM.Z. o€ cuvepyaoia pe Tov omoio o/n
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METAMTUXIOKOG/N @ortnTh/TPpla emAéyel Ta padnuata emAoynic. Emiong o Akadnuaikog Zoppoulog cuvepydletal
HE TOV/TNV PETATTTUXIOKO/1} POITNTH/TPLa Yia TN emAoyr Tou Bépatog tng Metanmtuxiaknig Amiwpatikng Epyaciag.

Katd 1o Tpito (") e€dunvo twv omoudwv ekmoveital n Metamtuxiak Atmdwpatiki Epyaciag, tng omoiag ot mi-
OTWTIKEC Hovadeg (ECTS) opiCovtal o€ 30.

H yAwooa ouyypagri¢ Tng Metamtuylakng Aimwpatikig Epyaciag eivat n ayyAin.

MNa tn didaokaAia Twv pabnudtwv pmopouv va xpnotuornolovvtat péBodot dia {wong kat €€ amootdosw 616a-
okaliag oUp@Wva Pe TNV 1IoxUoVoa VOUoBETia, GUYXPOVEG Kal acUyXpoveg SIONEEELG pe Xprion CUCTNHATWY Kal
S1adIKTUAKWY g@apuoywv TNAekmaidevong Kabwg Kal émmola AAAN péBodog kplBei amd Tnv E.A.E. wg KatdAANAN yia
TNV €VPLOUN Aettoupyia TNG ekMaldeVTIKAC Sladikaaiag.

To avaAuTikd TTPOYPAMA 6TTOUSWY, GTO OTToI0 Ot TITAOL TwV paBnudtwy divovtal otnv ayyAikr, Slapop@uwvetal

we e€AG:

A" EEAMHNO ZNOYAQON
KQAIKOX TITAOZ MAOGHMATOX M Agnrl{/(l)AzTOZ ECTS
QY1 Quantum Computing Y 9
Qy2 Quantum Devices Y 9
EmAoyn 600 (2) pabnudatwv amd ta mapakAtw podrpata emMAOYAC:
QE1 Optical and Quantum Communications E 6
QE2 Computational Biology E 6
QE3 Nanoelectronics E 6
QE4 Quantum Solid-state Physics E 6
QE5 Advanced Topics in Quantum Technologies E 6
QE6 Artificial Intelligence and Applications E 6
QE7 Python Programming and Applications E 6
QE8 Quantum Control E 6
SYNOAO MIZTOTIKON MONAAQN A" EZAMHNOY 30
B EEAMHNO ZNOYAQN
KQAIKOX TITAOZ MAOGHMATOX M AZ)T—IFI{/?AZTOZ ECTS
QY3 Quantum Algorithms and Quantum Information Y 9
Qy4 Qubit devices Y 9
EmAoyn 600 (2) pabnudatwv amd ta mapakAtw podrpata emMAOYNC:
QE9 Quantum Machine Learning E 6
QE10 Natural and Unconventional Computing E 6
QE11 Linear Algebra for Quantum Mechanics E 6
QE12 Measurement and Characterization Methods for Devices E 6
and Systems
QE13 Big Data Handling 6
QE14 Quantum Optics 6
YYNOAO MIZTQTIKON MONAAQN B EZEAMHNOY 30
" EEAMHNO ZNOYAQN
KQAIKOX TITAOZ MAGHMATOX M Agnl-ll\(/?iTOZ ECTS
QMD MSc Dissertation (EKMTONHZH METANTYXIAKHX Y 30
AIMAQMATIKHE EPTAZIAY)
ZYNOAO MIZTOQTIKON MONAAQN " EEAMHNOY 30
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Y: YnoxpewTtiko Mdabnua E: MaBnua Emioyng

>1ov 0dnyo6 omoudwy, ou gykpivetal amo tnv E.A.E.
Kal ekdidetal otnV ayyAiki cupmepAapfdavovtal ol ava-
AUTIKEG TTEPLYPAPEC TWV LABNUATWY Ol OTTOIEC ETTIKALPO-
molouvtal wote va ocupPBadiCouv pe Tnv paydaia mpdodo
NG EMOTAMNG oTa avTikeipeva Tou ANLM.Z. H E.AE. pe

anmé@aon TNG Umopei va petadétel padrjpata amo to A’

oto B’ e€aunvo kat avtiotpoga.

Ta umoxpewTikd podnuata Sdiddokovtal oe KAOE
akadnuaikd €1og, evw, PeTd amd anmogaon Tng E.A.E.
pabripata emAoyng pmopouv va pn 61daxBouy, pe Tnv
mpounoBeon 611 Oa gival Siabéoipa Touhdylotov Svo
pabripata emAoyng avd e€aunvo omoudwy.

Kd&Oe akadnpuaiko £€tog kat avardywe Tou aptBuol Twy
gyyeypappévwy oto ANM.M.Z. gortntwv/tpuwy, n EA.E,,
umopei va Bétel katw r/kat dvw éplo otov aplopo Twv
@oITNTWV/TPIWV Tou Ba gyypdgpovtal os KABe padnua
€MAOYNC. TNV TTEPITITWON AUTH KAl £QOCOV 0 ApIOUOC
TWV QOITNTWV/TPIWV TTov eméleav pddnua emAoyng
€ival LIKPOTEPOC TOU KATW 0piov, TO HABnua emMAOYRS
Oev S16A0KETAL KAl Ol POITNTEC/TPLEG EMAEYOUV KAl €Y-
ypdgpovtal og AAO Hdbnua emAoync.

H évapén Twv pabnuatwyv opiletal otic 1 NoguPpiou
Kat N AjEN Twv pabnudtwy otig 30 louviou kABe étouc. Me
ano@aon tne E.A.E. kal o€ e€QPETIKEC TIEPITTWOELG UMTOPE(
va §oBei mapataon Sidpkelag kat mépav g 30n¢ louviou.

>tov 0dnyo Zmoudwv Ba mapouotdlovtal avaAuTikd ol
wpeg Sidaokahiag Tou kABe PabruaTog Kal 0l AVTIOTOLXES
TMOTWTIKEG POVASEC, Ol GUVTOVIOTEC TWV PABNUATWY Kal
ol 81840KoVTEC.

EmmA\éov pmopouv va mpooteBolv PETANTUXIOKA Pa-
Onpata Twv akoAovBwV KaTNyopLwV:

(a) Metantuytakd podnuata evtatikig Sidaokaliag
Kal ouvtopng didpkelag amd dlakekpipévoug Emoké-
niteg Kabnyntég, Epeuvntég kat katdxoug Aldaktopikol
AUTAWHATOC TWV OTTO{WV N EMAYYEAUATIKH EVACXOANON
€VTAOOETAl OTA avTikeipeva tou AN.M.X.

(B) Alaré€elg e€e1dikevpévy Bepdtwy ouvToung Ot-
dpkelac.

Ta pabniuata Twv mapandvw katnyoptwv (a) kat ()
Sev Aapdvovtal uéyn otn Slapdpewon Tou levi-
KoU Méoou ‘Opou BaBuoloyiag Twv @oitnTwv/Tplwy.
Me amogaon tng X.E. mapéxovtal OXeTIKEG BEPalWOElg
mapakoAouBnonc.

>Tnv apxn kdBe e€aprjvou katapTtietal To wpoAdylo
mpdypaupa Tou e€aurvou. Ta pabrjuata Kat Ta oepva-
pLa UITOPOUV VA TTPAYHATOTIOOUVTAL TIPWIVEG KAl aTmo-
YEUMOATIVEG WPEG. Me amdgaon tng E.A.E. pmopolv va
TTPAYUATOTTOIOUVTAL MaBnpaTa Kal oepvapla ta Xap-
Batokuplaka kal TIG apyiec.

2 & €KTOKTEG TIEPIMTWOELG PN S1daokaAiag Kamolwv
HaBNUATWVY EMAOYAG EMTPEMETAL, VOTEPA ATTO OXETIKNA
aitnon Tou evllaYEePOUEVOU POITNTH/TPIAC, PE CUUPW-
vn, eloiynon tng Z.E. kat pe andgaon tng E.A.E., n avti-
KOTAOTOON TWV APXIKWG EMAEYUEVWY PETATITUXIAKWV
HABNUATWV pe AANA LETATITUXIOKA HaBrjpata emMAOYAG.

Kd&Be petamtuyiakd pdbnua pmopei va mepthapavel
Bewpia, aoKNOEIC, EpyaoTripla, Buata, Epyaciec, mapou-
oldoelc kal ou{ntoelc. H Babuoloyia emidoong yivetal

o€ KAipaka amé 1o undév (0) éwg kat to 6éka (10). H emi-
Sdoon o€ kABe pabnua Bewpeital EMaPKNG av eMTeVYOEI
Babuodc Touhayiotov €€1 (6). H kAipaka emidoong kabo-
piCetal w¢ €€nc:

- «<Emapkr¢»: yia Babuotoyia amd 6,00 £we kat 6,49

- «<Kahwe»: yia Babuoroyia amé 6,50 éwg kat 7,49

- «Aiav Kahwe»: yia Babuotoyia amd 7,50 éwg kat 8,49

- «<Aptotax: yia BaBuoloyia amd 8,50 £wg kai 10

Kd&Be pabnua didaocketal amd évav ) mePIOCOTEPOUC
O1640KoVTEC. X€ KABe pabnua opiletal amd tnv E.A.E.
évac/pia S16dokwv/ouoa w¢ ueLBUVOC/N GUVTOVIOTAC/
TpLa TOU padnuatod.

H a&loAdynon twv pabnudtwy yivetal pe ypanti 1
TpoPopIKN €€taon, epyacia, mapouaciaon, avagopd
(report) ; cuvéUACKO TwV Mapamavw. H akpINg popen
¢ aflohdynong kaBopiletar amd tov/Tnv S18dokovta/
ouaoa | Toug/TIG SI6ACKOVTEG/OUTEG OE OXEON KAl UE TN
@UON Tou KABE pabrjuatoc.

Ot 6pot alohdynong og kaBe pAbnua yvwoTtomolou-
vTal Katd Tnv évapén tng Sitdaokaiiag Tou pabriuatog
amno tov/tnv iddokovta/ovoa r Tov/Tnv unelBuvou/n
OUVTOVIOTH/TPLA TOU HaBAUATOC.

Na ta v e€¢taon Twv padnudtwv 1oxvouv Ta mapa-
KATW:

1) Ta poBrjpata Tou xelpeptvoL e€aurvou e€etalovtal
Tov OeBpoudplo (1n e€eTaoTIKr) KatTov ZemTéUPplo (2n
e€eTOOTIKN).

2) Ta pabrjpata Tou apivou e€apnvou e€stalovtal
Tov louvio (1n e€eTaoTikn) Kal Tov Zentéufplo (2n ee-
TOOTIKN).

MeTd To mépag NG eEETACTIKAG Ol AOKAOELC, TA YPATTTA
Sokipla kat kaBe Ao Tekunplo e€€taong puAdooovTal
amno Tov/tnv 81ddckovta/ouaa.

H &ibaokalia Twv pabnudatwy yivetal otnv €§pa Tou
THMMY Tou AMO (=aven) i/kat otnv ¢8pa Tou EKEDE
AHMOKPITOZ (ABrva). O tomog SidaokaAiag Twv pa-
Onudatwy opiletal mpv TNV évapén kdbe akadnuaikou
étouc and tnv E.A.E. H 8idackalia Twv padnudtwy n
ormoia yivetal o pia and Tic Svo €6peg umopsi va e-
Tadidetal (wvTtavd péow OUOTAHATOC €€’ ATTOOTACEWC
ekmaidevong otnv AN €6pa e Tn SuvatoTNTA APECWY
EPWTACEWY, amavtnoewv Kal cu{ntricewv. Qortntég/
POITATPLEG, META amod amoégaocn tng E.A.E., umopouv va
mapakoAouvBoUv Ta pabrjuata pe péoa €’ amooTaoew
eknaidevonc. MNa v €€ anootdoewc ekmaideuon Oa
xpnotpomoinBouv aibouoe kal péoa TnAekmaideuong
Tou THMMY kat tou EKEQOE AHMOKPITOZ.

H &ibaokahia kaBe pabripatog diapkei éva e€aunvo.
Kd&Oe e€aunvo nephaupdvel dskatpeic (13) efSouadeg
S16aokaliag kat pia (1) eBdopada e€etdoswy. H na-
pakoAoUONoN TwV HABNUATWY Eival UTTOXPEWTIKN KAl
Siamotwvetatl pe uBuvn tou/Tng Siddokovtoc/ovoag.
Emtpémovtatl péxpt Svo (2) amouaiec oe kABe pddnua.
TNV MEPITTWON TTOU 0 APIBUOC ATTOUCIWV Eival PEYAAD-
TePOC Twv SVO (2) Kal ot Adyol amouaciag ival cofapoi
(e€alpoupévwy TWV EMAYYEAUATIKWV UTTIOXPEWOEWV),
TOTE PETA amod aitnon tou/Tng evllagepduevou/nG He-
TanTuxlakoL gortnThH/Tplag n mepintwon e€etdletal ano
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v X.E. Tou N.M.Z., n omoia eykpivel ) Oxt TO aitnua Kat
elonyeital otnv E.A.E. yla TnVv TEAIKN éykplon.

Y€ MEPIMTWON TOU 0 APIBUOC TWV TTAPOUCIWY AUTWV
Oev emitevyBei, o/n poltnTC/TPla Bewpeital amotTuxwv/
o00oa OTO HABNUa auTo.

Ta amoteAéopata NG alohdynong Twv Habnuatwyv
KotvorolouvTal pe euBuvn Tou/tng Siddokovtog/ovoag
Il TOL/TNC UTTELBUVOUL/NC CUVTOVIOTH/TPIAC TOU PaBrua-
TOC OTOUG/OTIC METATITUXIOKOUG QOITNTEC/TPLEC SeKATIE-
vTe (15) NUEPEC UETA TNV NUEPOUNVia e€€Taong 1) otV
mepimtwon mou n aflohéynon yivetal BAcel epyaciwy,
€iko0ol (20) NUEPEC LETA TNV NUEPOUNVia TTapddoong Twv
epyactwv. Ot Babuoi Twv pabnudtwy Kataxwpouvtal pe
€VBLVN TNC MPAUUATEIOG OTOV ATOMIKO PAKENO TOU/TNG
@ortnTH/TPLaG.

Agv emTpéneTal n eMAvaANTITIK £6£€TOCN TIPOKEIUEVOU
o @ortnT¢ va PeAtiwoel T Babuoloyia Tou.

O Babuog tou AM.X. kaBopiletal amd Toug Babuoig
TWV pHabnuatwy tou Mpoypdupatog Kat Tov Babud Tng
METATTTUXIOKNG Epyaoiag e €NG TpoOTO:

BaBuogA.M.XZ. =MOY x 0,35 + MOE x 0,30 + BAE x 0,35

omou:

MOY: Méoog 6pog BaBpoloyiag UTTOXPEWTIKWY pa-
OnuaTwv

MOE: Méooc 6po¢ Fabuoloyiag pabnudtwy emioyng

BAE: BaBuo¢ Metantuytakng Aimwuatikng Epyaciag

O Babuocg tou A.M.X. pe gvBuvn NG MNpapuateiag
KOTAXWPEITAL OTOV ATOMIKO PAKENO TOU/TNG QoITNTH/
TPL0G.

A.N.M.Z. «Quantum Computing and Quantum Technologies»
Meplypdupata UANG TWV yabnuaTwy.

QY1. Quantum Computing

Elements of Quantum Mechanics. States of quantum systems. Vectors and
operators in Hilbert space. Two-state quantum systems. Bras and Kets. The
quantum bit (qubit). Qubit representation in the Bloch sphere. Quantum
registers. Basis states of qubits and quantum registers. One-qubit quantum
gates: The Hadamard, the phase-shift and the inertial quantum gates. Pauli
quantum gates. Two-qubit quantum gates: The controlled-not (CNOT) and the
controlled-phase-shift quantum gates. Three-qubit quantum gates: The
controlled-controlled-Not (CCNOT) and the Fredkin quantum gates. The circuit
model of quantum computation. Quantum circuits and the principle of quantum
computation. Quantum computations. The Deutsch quantum algorithm. The
Grover quantum algorithm. Quantum Fourier transform. Entanglement. The
Shor quantum algorithm. Quantum teleportation. The quantum computer
simulator (QCS). The Qiskit quantum simulator. Quantum algorithms on real
quantum computers.

QY2. Quantum Devices

Semiconducting devices: quantum wells - 2DEG devices (HEMT) -quantum dots
- Coulomb blockade- Single Electron Transistor (SET) - Tunnel FET.
Superconducting devices: Josephson effect - Josephson junctions -
superconducting electronic circuits - dc and ac squid sensors. Molecular
Magnets: definition (description of the compounds) - organic molecules -
transition metal and rare earth ions mono-and poly-nuclear compounds -
molecular spins (endohedral fullerenes and/or encapsulated atoms) - impurities
in solids

QY3. Quantum Algorithms and Quantum Information

Quantum computing in noisy environments. Quantum error correction. The nine-
qubit error correcting code. Stabilizer codes. Surface error correcting codes. The
density operator. The reduced density operator. Pure and mixed quantum
states. Measurement and partial measurement of quantum states. Ensembles of
quantum states. Quantum simulators. Quantum algorithms. Entropy and
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quantum information. Von Neumann entropy. Elements of quantum
cryptography: quantum key distribution. The BB84 and novel quantum key
distribution protocols. The quantum walk model of quantum computation.
Quantum walks in one and two dimensions. Adiabatic quantum computation.
The quantum Ising model for optimization. Variational quantum algorithms and
eigensolvers. Applications of quantum computing.

QY4. Qubit devices

CMOS qubits (QD FET - P-dopants in Si devices — Nitrogen vacancies in
Diamond — topological insulators) - Superconducting qubits - Molecular magnets
— Atom traps

QE1. Optical and quantum communications

Essential basics: Wave nature of light, E/M waves, physical optics, optical
waveguiding. Key components and modules: Optical fiber (operation,
characteristics, types), passive elements (couplers, isolators, filters,
multiplexers/demultiplexers), active devices (sources, modulators, amplifiers,
photodetectors). Optical signal processing: Optical nonlinearities, nonlinear
media, modern switching and limitations, optical switches and gates,
applications to sequential and combinational circuits, optical interconnects,
photonic integration. Optical communications systems: Basic parts,
technological evolution, performance limitations and characterization, design of
real systems. Optical communications networks: Topologies, Wavelength
Division Multiplexing, optical data centers, optical access networks, passive
optical networks. Optical quantum communications: Concept, infrastructure,
networks, limitations, challenges.

QE2. Computational Biology

What is life? From molecules to organisms and back. Fundamentals of
evolution. Genomes, sequencing, sequences, and their databases. Homology
and similarity: sequence alignments. Database searches: BLAST and friends.
Protein families, motifs, and their databases. Connecting the dots: sequence-
based phylogenetic analysis and clustering. Gene expression, networks,
pathways and their databases. Genetic variation: characterization, analysis and
databases. Atoms, molecules and energy: getting up-close-and-personal with
life. Structures illustrated: from the double helix to the ribosome. Making
structures: homology modelling, docking and drug design. Protein folding:
energy, structure, function and evolution.

QE3. Nanoelectronics

Quantum mechanical description of nanomaterials - Nanoelectronic and
spintronic devices: quantum dots, nanowires, nanopillars, quantum transport
and tunneling effects, magnetoresistance, spin-dependent electron transport,
molecular electronics, and graphene and 2D nanomaterials.

QE4. Quantum Solid State Physics

Semiconductor nanostructures — Quantum confinement — Semiconductor
heterostructures — Quantum Hall effect — Semiconductor/dielectric tunnel
junctions — Superconductivity and physics of superconductors - Static Magnetic
properties (Hyperfine interactions, Spin orbit coupling and single ion anisotropy,
Exchange coupling) - Dynamic Magnetic properties (Real and imaginary
magnetic susceptibility, Spin Relaxation times, Rabi oscillations).
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QE5. Advanced Topics in Quantum Technologies

Sensors and quantum sensors. Semiconductor and silicon qubit fabrication.
Fabrication and characterization of quantum devices. Advanced topics in
material science. Advanced topics in quantum fabrication technologies.
Metrology and quantum metrology. Novel quantum technologies.

QEG6. Artificial Intelligence and Applications

Overview of the current Artificial Intelligence (Al) domain. Al applications.
Current and future Al challenges in a Quantum Computing world. The
interaction of Quantum Physics and Al. Introduction to the scientific method for
Al. Hypothesis testing as a research tool. Risks and pitfalls in hypothesis testing.
Scientific error and lies. Scientific reviewing. Communicating research results.
Legal and ethical challenges of Al. Societal impact of Al and Quantum
Computing.

QE?7. Python Programming and Applications

Introduction to data programming. Python programming. Data stream
processing. Data acquisition: web services, streams, data transfer.
Octave/Matlab/R for data analysis. Optimisation considerations, vectorisation,
GPUs. Use-case combining batch processing, streaming and analysis; quantum
physics data analysis use case. Open quantum computing in Python (ProjectQ).

QES8. Quantum Control

The purpose of this course is to introduce the student to basic quantum
dynamics and to different methods for its control using external fields, as well as
to show the connection of the quantum control methods in applications in
quantum technologies. The course syllabus include: Coherent vs incoherent
dynamics. Incoherent dynamics and rate equations. Coherent dynamics, time-
dependent Schrodinger equation, and probability amplitudes. Open quantum
systems and the relevant equations for the density operator. Dynamics of
specific quantum systems, for example, the two-level quantum system. Weak
field dynamics, time-dependent perturbation theory, and coherent control of
weak excitation by a field and its harmonics. Fermi’'s golden rule. Exactly
solvable models for the control of quantum dynamics in two and three-level
systems and their applications. Adiabatic methods for the control of quantum
dynamics, rapid adiabatic passage (RAP) and stimulated Raman adiabatic
passage (STIRAP), and their applications. Shortcut to adiabaticity and its
applications. Optimal control and its applications. Other methods of quantum
control and their applications. Examples of applications of quantum control
methods in quantum technologies and connection to current research.

QE9. Quantum Machine Learning

What is machine learning, data mining and quantum computing? Preliminaries
from Probability and Stochastic Processes. Learning theory: Data-Driven
Models, Feature Space, Classification, Regression, Supervised and
Unsupervised Learning, Generalization Performance, Model Complexity. Brief
review on quantum mechanics and quantum computations. Unsupervised
Learning: Principal Component Analysis, K-Means and K-Medians Clustering,
Hierarchical Clustering, Density-Based Clustering. Pattern Recognition and
Neural Networks: The Perceptron, Feed-forward Networks, Deep Learning,
Computational Complexity. Supervised Learning and Support Vector Machines:
K-Nearest Neighbors, Optimal Margin Classifiers, Soft Margins, Nonlinearity and
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Kernel Functions, Least-Squares Formulation, Generalization Performance,
Multiclass Problems, Computational Complexity. Regression Analysis: Linear
Least Squares, Nonlinear Regression, Nonparametric Regression,

Computational Complexity. Clustering and Quantum Computing: Quantum
Random Access Memory, Calculating Dot Products, Quantum Principal
Component Analysis, Quantum K-Means, Quantum K-Medians, Quantum
Hierarchical Clustering, Computational Complexity. Quantum Pattern
Recognition: The Quantum Perceptron, Quantum Neural Networks,
Computational Complexity. Quantum Classification: Nearest Neighbors, Support
Vector Machines with Grover's Search, Support Vector Machines with
Exponential Speedup, Computational Complexity.

QE10. Natural and Unconventional computing

Cellular automata. Rules and evolution of cellular automata. Quantum Cellular
Automata. Computing processes in biological systems. The computing amoeba.
Bio-inspired computation systems. Memristors and memristive circuits. In-
Memopry-Computing. Memristive computation architectures and systems.
Memristive learning cellular automata. Memristive Quantum Simulators and
Circuits. Neurons and Neuromorphic computation. Emergent computing. Crowd
dynamics. Swarm intelligence. Cytosceleton computing models. Random walks.
Cellular ants computing.

QE11. Linear Algebra for Quantum Mechanics

Eigenvalues and eigenvectors. Matrix diagonalization. Jordan canonical form.
Vector spaces and vector subspaces. Linear dependence and linear
independence. Basis of a vector space. Dimension of a vector space. Inner
products. Inner product spaces. Best approximation. Orthogonal projection.
Gram-Smidt orthonormalization. Linear operators. Adjoint operators. Operators
in inner product spaces. Orthonormal operators. Isomorphisms. Normal
operators. Transformation of symmetric matrices to diagonal form.

QE12. Measurement and Characterization Methods for Devices and
Systems

Hall effect and Resistivity measurements - DC FET characterization (QD-
MOSFET, HEMT, SET, T-FET) — RF measurements (instrumentation and
device structures) — DC/RF SQUID — Characterization techniques of Josephson
junctions - Methods for manipulating spin quantum information (Magnetic
resonance - EPR — NMR) - Cryogenic systems and technology Methods for
manipulating spin quantum information

QE13. Big Data Handling

Data mining basic concepts. Data types and features. Data mining use-cases
(text representation, representing scientific data, etc.). Data preprocessing and
cleaning. Data classification and clustering. Itemset mining. Outliers and
concept drift. Quantum versions of mining algorithms: quantum association rules
mining; quantum data clustering. Using data mining on quantum physics data.
Evaluation in data mining. Introduction to Natural Language Processing.
Morphology and language models. Big data mining tools and quantum
computing. Vector semantics and neural representations.
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QE14. Quantum Optics

The purpose of this course is to introduce the student to basic quantum optics
phenomena and connect them with applications in quantum technologies. The
course syllabus include: Semiclassical light-matter interaction, probability
amplitude approach, two-level system, and Rabi oscillations. Optical Bloch
equations. Nonlinear optical response of the two-level system. Three-level
systems, CPT and EIT. Quantization of the electromagnetic field, (Fock states,
coherent states, squeezed states and their properties). Correlations and photon
statistics. Spatial and temporal coherence. Intensity fluctuations, Hanbury Brown
& Twiss Experiment. Quantized light-matter interaction and the Jaynes-
Cummings model. Dressed state picture. Quantum Rabi oscillations and
collapse and revival. Wigner-Weisskopf theory of spontaneous emission.
Resonance fluorescence and the Mollow triplet. Cavity quantum
electrodynamics, quantum systems in cavities. Applications of quantum optics in
quantum technologies.»
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