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YEWXWPLIKA Sdedopéva

NEPIAHWH AIAAKTOPIKHZ AIATPIBHZ:

To emotnuovikd medio tnG EkpaOnong Mnxoavng (Machine Learning) kot gupUtepa O
EPELVNTIKOG XWPOG TNG Texvntrg Nonpoaouvng (Artificial Intelligence), e§eAicoovton pe paydaiouvg
puBHOoVG, WLaitepa Ta TEAEUTALO X POVIA KO HETA TNV €Agvon TG BaBiag MaBnong (Deep Learning).
ATIO TNV €l00ywyr TWV TIPWTWY HOVTEAWV TIOU APXLOQV VO XPNOLUOTIOLOVY BabBld VELPWVIKA
Siktua (Tept To 2014) pexptL onpepa, to medio Tng Texvntg Nonpoouvvng, oAAG Kot GAAWVY -GuEDNG
OUVAPELOG KAL PN- EPEVVNTIKWY OVTIKELMEVWY, ONUXTOSOTEITAL ATIO MOVTEAQ, OAYOPLBUHOUG Kal
neBodouG oL KAvouv Xpran Babidg MaBnong pe onpavTika aTOTEAEOPATA O SLAPOPOUG TOUELG.

Qotdoo, n xprnon tg Babldg MaBnong evéxel SLa@opeg TIPOKANTELG, ELOIKA O€ TIOAUTIAOK
VEUPWVIKA SikTua, OTwg Ta MeydAa NMwookd Movtéda (Large Language Models). MpwTtov, n
Slaxeipion, n eme€epyaaio kat n avdAvan TTOAD PHEyAAOL OYKOU SESOUEVWV, KOL CUVETIWG TO HEYAAO
KOOTOG 0€ XPOVO KOl XWPO EKTALSELONG, OTOALTOVV CNUOVTIKOUG UTIOAOYLOTIKOUG TIOPOUG KOl
e€eldIkevpEveg peBodoug. Asutepoy, n alomioTior TG Stadikaoiog e§oywyng CUPTIEPACUATWY gival
KPIOLWOG TIOpAYOVTOG OE MLt OELPA OO ONUOVTIKEG EPOPUOYEG OTIWG OQUTEG TNG OUTOVOUNG
0dNyNnong, TNG POUTIOTIKNG KAl TNG LATPLKAG SLdyvwaong.
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Y10 mMAaiolo auTo, N Tapovoa SSaKkTopKN SlaTpPr) oToxEVEL TNV Slepevivnon Kal aTnv
QVATITUEN KOWVOTOUWY TIPOOEYYIOEWV Yl TNV QVTILETWTILION TWV TOPOTIAVW TIPOKANOCEWV.
JUYKEKPLUEVQ, N TIAPOVOA TIPOTACN PAOS0EEL VO CUUPBAAAEL OTNV £PELVNTIKN TipOoOTIABEL LTIO TO
Tipiopa SV0 KaTEVBVVOEWV:

MéBodol avanapaotacng Sedopévwy kot SIKTOWV

TO00 0 OYKOG TWV SESOPEVWV TIOU ATIOTEAOUV TNV TIPWTN VAN TWV HEYGAWY VEUPWVIKWVY
SIKTOWVY, oAAG& Katl Ta Sl T SiKTVa OE Ox€on PE TOV OPBPO Kol TNV TTOAUTIAOKOTNTA TWV
TIAPOAPETPWY KOL TWV GUVOECEWV TOVE, ATIOTEAOVV OToLXEla e {NTOVEVO TN BeATIOTOTIOINGN TOV
TPOTIOU QVOTIAPACTAONG TOUG [ TNV €miAuon Twv Tapamdvw exel Tpotabel MARBoG amo
OTPATNYIKEG. Evag BaOIKOG TPOTIOG QVTILETWTILONG EIVOL N AVATIAPACTAON HE UN CUMPBATIKOUG
TPOTIOVG, OTIWG OL UTEPULYadIkeG AAyeBpeg (Quaternions, Clifford, kAm.), oL omoieg pmopeil va
odnynoouv og AVOELG TIPORANUATWY O N EUKAEISELOUG XWPOUC, KOL CUYKEKPLUEVD YL ETIEEEPY QDL
YEWXWPLIKWY SESOUEVWV KOL XWPLKOUG TIPOCAVATOALOHOVG. ETUTTALOV GuVAPT LOVTEAX £XOUV W(
amoppola inductive biases (invariance, equivariance) Kol OTPATNYLKEG CUMTIEEONG TOU OYKOU TWV
VEUPWVIKWY SIKTOWV.

MOavoTika kot TTapaywytka povtéAa Ekpadnong Mnxavng

Eva amod ta TpEXOVTA (NTOVMEVA OTNV EPEVVA €iValL N SLUOPPWICN VEWV OPXLITEKTOVIKWV
TIov Bal UToPOVV VA SIVouv amavTNOoELg o€ TIEPITTAOKA TIPOPBANUATA, KABWG KOl VO TIPOCPEPOLV EVAL
OELOTILOTO, TIOCOTIKO HETPO TOU PAOUOV EUTILOTOOVVNG TIOL B TIPETIEL VA £XEL O TEALKOG XPNOTNG.
Ermopévwg to {nTovpevo sivat To BaBu SikTuo va yvwpidel TNV amdavtnon 0To eKAOTOTE EPWTNHX
pe Baon ta untdpyxovta Sedopeva, OAAG Kol va gival o€ B€on va SWOEL PLal EIKOVA TNG UN-yvwong N
¢ afefatdtnTog NG €€680v. Kaipleg peBodol kat KaBopLoTIKNAG ONUACIOG TIPOCEYYIOELG O aUTH
TNV Katevbuvon eival n Mmtebllavry BaBid MaBnon (Bayesian Deep Learning), ot KavovikomoinTikeg
Pogg (Normalizing Flows) kat ta povtéda Awdxuong (Diffusion models).

To TPOCSOKWHEVO ATMOTEAETUA TNG SLATPLPAG Elval N AVATITUEN KAWVOTOPWY HOVTEAWVY KOl
oAyopiBuwv BaBidg MaBnong yo TNV omMOTEAECUOTIK QVTILETWTILON TWV TIPORANUATWY TIOU
EUTIITITOVV OTIC TIAPATIAVW EPEVVNTLKEG TIEPLOXEG. Epgpaon Ba §00¢i og Topeig mov oxetiCovtal pe
YEWXWPLIKA Sedopeva, evw og eTMESO e@appoyng mpotepatotnta Ba Sobsi os Topeig dTwg o
TIOALTIOPOG KO OL SIETIOPEG UE XAAX ETILOTNHOVIKA TteSIAL
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TITLE OF DOCTORAL THESIS: Uncertainty representation and estimation methods in deep learning
with applications to geospatial data

SUMMARY OF DOCTORAL THESIS:

The scientific field of Machine Learning and, more broadly, the research field of Artificial
Intelligence, are evolving rapidly, especially in recent years and after the advent of Deep Learning.
Since the introduction of the first models that began to use deep neural networks (around 2014) until
today, the field of Artificial Intelligence, as well as other -directly related and non-research objects, is
marked by models, algorithms and methods that make use of Deep Learning with significant results
in various fields.

However, the use of Deep Learning involves several challenges, especially in complex neural
networks, such as Large Language Models. First, the management, processing and analysis of very
large volumes of data, and therefore the high cost in time and space of training, require significant
computational resources and specialized methods. Secondly, the reliability of the inference process
is a critical factor in a number of important applications such as autonomous driving, robotics and
medical diagnosis.

In this context, the present doctoral thesis aims to investigate and develop innovative
approaches to address the above challenges. Specifically, the present proposal aspires to contribute
to the research effort in the light of two directions:

I. Data and network representation methods

Both the volume of data that constitutes the raw material of large neural networks, but also
the networks themselves in relation to the number and complexity of their parameters and
connections, are elements that require the optimization of their representation method. A number
of strategies have been proposed to resolve the above. A basic way to deal with this is to represent
it in unconventional ways, such as hypercomplex algebras (Quaternions, Clifford, etc.), which can lead
to solutions to problems in non-Euclidean spaces, and in particular for processing geospatial data
and spatial orientations. In addition, related models result in inductive biases (invariance,
equivariance) and strategies for compressing the volume of neural networks.

Il. Probabilistic and generative Machine Learning models

One of the current research demands is the formation of new architectures that can provide
answers to complex problems, as well as offer a reliable, quantitative measure of the degree of
confidence that the end user should have. Therefore, the requirement is for the deep network to
know the answer to each question based on the existing data, but also to be able to give an image
of the non-knowledge or uncertainty of the output. Key methods and crucial approaches in this
direction are Bayesian Deep Learning, Normalizing Flows and Diffusion models.

The expected outcome of the thesis is the development of innovative Deep Learning models
and algorithms to effectively address the problems that fall within the above research areas. Emphasis
will be given to areas related to geospatial data, while at the application level priority will be given
to areas such as culture and interfaces with other scientific fields.

PhD ADVISORY COMMITTEE:

- Georgios Sfikas, Assistant Professor of the Department of Topography and Geoinformatics
Engineering, University of West Attica as co-supervisor
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- Anastasios L. Kesidis, Professor of the Department of Topography and Geoinformatics Engineering,
University of West Attica as co-supervisor

- Basilis Gatos, Research Director of the Institute of Informatics and Telecommunications of the
National Centre for Research of Natural Sciences «Demokritos» as a member
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