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“AvaAuon kou Movtelomoinon thg AuBopuntng NeupwvIKRG ApaoTnELOTNTOS LE XProN
Zuotnpatwv Ekpadnong Ae§ikwv ”

NEPINAHWH

‘Eva Kevtplko SOyUa ToU KAASOU TwV VEUPOETIOTNUWY €ival OTL Ol €EALPETIKEC UTTOAOYLOTLKEC
KovoTNteg Tou eykeddlou odellovtal oTl SLACUVOECEL TIOU UTAPXOUV OVAPECO OF
mAnBuopol¢ Sltadopwv veupwvwy. Bplokopaote os pla s€atpetikn mepiodo otnv Lotopia tou
kKA@dou NG veupoemotNUng, Kabwg to medio Buwvel ypriyopn avamtuén ovadopikd pe TNV
TIOAUTIAOKOTNTA KOL TN TIOCOTNTA TNG VEUPWVIKAC Spactnplotntag mou kataypadetatl. Auto
odelleTal otn MPO0SO MOV €XEL YIVEL OTOV MELPAUATLKO OXESLACUO, OTLG TEXVIKEG LETPNONC AANG
KOL OTL( UTIOAOYLOTIKEG OUVOTOTNTEG TOU UTIAPXOUV ORHEPA, Ta OTola HOG EMITPEMOUV
npwtodavr poécBacn oTnv avaluon Th¢ VEUPWVLKAG SpaoTtnpldtntog os S1APopeg MEPLOXEC TOU
geykepalov. Evag amd TOug OTOXOUC TNG VEUPOEMIOTAUNG €lval n elpeon epunVeUCLUWY
TEPLYpadWY OXETIKA HE TO TL AVOIAPLOTA Kot UTtoAoyilel o eyképahog ald kol n gpunveia
TMoAUTAOKWV dalvouévwy oe amAl opoloyia. Oewpwvtag aUTd WG Eva MPOPANUA Helwong
SlA0TAONG XWPOU HOG EMLTPEMEL VA AVOKOAUTITOUHE OVATOPAOTACEL ameubeiag amo Ta
TELPAPATIKA dedopEVa, To omoio elval éva Bripa KAELSL yla TNV avATTtuén KATavonTwy LOVIEAWY
OXETIKA HE TN Asttoupyia tou eykedpaiou. Ot péBodol mou XpNOLUOTIOLOUVTAL Yla TN HElwon
Slaotacng tou xwpou mapayouv amo dedopéva uPNANg SldotaonG OVAMAPOOTACEL] HE
XapnAotepn OSildotacn, oL omoieg Swatnpouv kot Sivouv Eudacn o  evbladépovta
XOPAKTNPLOTIKA TTOU UTIAPYOULV oTa SeSouEva ag.



Je auth TV epyaocia xpnolpomoloVpue SUo SladopeTikd cUVOAA SESOUEVWV UE TIPAYLOTLKEC
SUadIKEG PETPAOELG, Ta omola avadépovtal otnv aubopuntn veupwvikn dpactnplotnta dVo
£PYAOTNPLAKWY TIOVIIKLWY, TNV oMol EUEI OTOXEVOUUE VA OVOTIAPOOTI|COUUE AMOSOTIKA OF
xapunAotepn didotaon. Ta npayuatika Sedopéva, os avtiBeon pe ta cuvBeTika, Sev ival T6o0
Sopnuéva kat n umapén BopuBou eival o €vtovn. O BOpuPog autodc pnopel va odeiletal gite
o AaBn katd tnv Snuiloupyla A tv enefepyaocia Twv Sedopévwy, eite oe tuxaia evepyomoinon
KATTOLWY VEUPWVWV. EMOUEVWC, YLOL VAL UTTOPECOULE VO OTIOCTIACOUIE XPNOLUEC TTAnpodopleg yla
TO WG OUVOEOVTAL Ol VEUPWVECG HETAEU Toug, Ba mpémel va unopolue va Stoxwpilovpe ta
TPAYHOTIKA amd ta BopuPwdn mpotuma evepyomoinong. Mo va UMOPECOUNE EMOUEVWS Va
OVTLUETWITIOOUHE Kal TG U0 auTEC TPOKANOELG, dnAASH TNV AmodoTIK avamopactoon Twv
S6ebopévwv oe xapnAotepn Sidotoaon aAAG Kal To SLaywpPLopd aVAUESH O TPAYMOTIKA Kol
BopuPwdn mpoéTUTA, CUVEUAIOUME TEXVIKEG eKMAONONC AeEKWV KoL HNXOVIKAG HABNnong pe
eniPAedn. Mo ouykekpluéva TpoTeivoupe évav aAyoplBuo ylo ekpudadnon Ae€ikwv, o omolog
Sladoyika Slaléyel Ta otolyeia amd to cUvolo Twv Sedopévwy ou StabBEToupe, Kot yeullel to
Ae€ko, 6nAadn To véo XWPo Helwpévng Slaotaong, HOVo Ue ekelva Ta otolyeia Ta omola
ouvelodEPouv oTn KAAUTEPN QAVATIOPACTACH TWV TIPAYHATIKWY TIPOTUTIWY EVEPYOTOLINONG amno
OTL ekelvwyv pe BopuPo. H amodaon yia tnv eicodo evog otolxeiov oto Ae€lkd mou Baciletal otn
XPNON TPAYUATIKWY €vBOPUBWVYV TPOTUMWV evepyomoinong SlKaloAoyel TO XapPOKTNPLOUO
"QvTaywvIoTIKA" TTou €xoupe SWOEL yla va teplypaPou e Tov aAyoplBuo pag. Autn n péBodocg
avalnta emavalappavopeva MPOTUTIA, YO TOL OTOla UTTAPXEL LOVO QTMOAUTOG GUYXPOVLOUOC
SléyepoNnG aVALECO OTOUG VEUPWVEC. OEWPOUME KOL HLO TILO XOAQpPr TIPOCEYYLON auTtol Tou
aAyopiBuou, Baocsl Tng omoiag UMopoUUE va aAvVaKOAUTITOUE TIPOTUTIO TTOU €XOUV KOL XPOVIKN
OUOXETLON METAEL TOUG LECA OE £va LEYOAUTEPO XPOVIKO TIopaBupo. TENOC, XPNOLLOTIOLOUUE EvVal
taflvountr}, 0 Omolog ekMOLSEVETAL HE TA OVOKOTOOKEUAOUEVO TIPAYMOTIKA Kol gvBopuBa
TPOTUTIO EVEPYOTIOLNONC.

O alyoplBpuog mou mpoteivoupe Snutoupyet Eva Ae€Lko, TO OO0 XPNOLUOTIOLELTAL YLOL VO TTapayEL
TO MPAYUATIKA, BopuBwdn avaKATACKEVAOUEVA TIPOTUTIA, TOL OTIOLAL 0T CUVEXELA SilvovTal WG
eloobo¢ oto tafvounth. Melpapatika amoteAéopato Seiyvouv OTL autog TeTuxaivel akpifela
tafvounong 60% otnv mepimtwon T amoOAUTNG CUYXPOVIOUEVNG Spactnplotntag Kot 90% otav
avalntaue mPOTUMA O MEYOAUTEPO XPOVIKA TOpAbupa. ZUYKPLTIKA, OTOV O TOEWVOMNTAG
eKTIOULOEVETAL UE TO apXIKA Sedopéva emtuyxavel akpifela tafvounong 51%. Eniong, péow
TELPAUOTIKWY amoTteAeopdtwy Selyvoupe tn KaAUtepn emnidoon tou aAyopibuou pag téoo
TIOOOTIKA, 000 KOl TIOLOTIKA ouykpivovtag tov pe Tov K-SVD, éva kablepwpévo alyoplbuo ya
ekpadnon Ae€kwv.
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“Analysis and Modeling of Spontaneous Neuronal Activity using Dictionary Learning Systems”

Abstract

A central tenet of neuroscience is the remarkable computational abilities of our brains that arise
as a result of populations of interconnected neurons. Indeed, we find ourselves at an exciting
moment in the history of neuroscience, as the field is experiencing rapid growth in the complexity
and quantity of the recorded neural activity, as advances in experimental design, measurement
techniques, and computational analysis allow us unprecedented access to the dynamics of neural
activity in different brain areas. Thus, one of the goals of neuroscience is to find interpretable
descriptions of what the brain represents and computes, and also to explain complex phenomena
in simple terms. Considering this task from the perspective of dimensionality reduction provides
an entry point into principled mathematical techniques that allows us to discover these
representations directly from experimental data, a key step to developing rich yet
comprehensible models for brain function. Dimensionality reduction methods produce low-
dimensional representations of high-dimensional data, where the representation is chosen to
preserve or highlight some feature of interest in the data.

In this master thesis, we employ two real binary datasets that refer to the spontaneous neuronal
activity of two laboratory mice over time, and we aim to their efficient low-dimensional
representation. Real datasets compared to synthetic ones are not so highly structured and
background noise is more intense. Noise could be a result of mistakes during the creation or the
processing of the datasets or it could also exist due to accidental firings produced by neurons. So,
in order to get insights regarding how neurons are connected to each other, we also need to be
able to discriminate the true from the noisy activation patterns. In order to address both
challenges, namely the low-dimensional representation of the data and the discrimination
between true and spurious activation patterns, we combine dimensionality reduction techniques
with supervised machine learning. More specifically, we propose a Sequential Adversarial
Dictionary Learning Algorithm, which selects sequentially the elements that are included in the
dataset and fills the dictionary, namely the new reduced space, only with those elements that
contribute to the better representation of the true, rather than the noisy activation patterns,
which have been synthetically created. The entry of an element in the dictionary, which is based
on the use of true and noisy activation patterns, justifies the name "Adversarial", which is used in
the title of our algorithm. This method searches only for repeated patterns with total synchronous
firing activity. Thus, we also consider the idea of a more relaxed approach, where we can discover
patterns that have also some temporal correlation within a time window interval. Subsequently,
a supervised classifier is used, which takes as input the reconstructed signals in order to
discriminate the true from the noisy activation patterns.

Experimental results show that our algorithm creates a dictionary which, when used to produce
the reconstructed patterns given to the classifier, it results to a classification accuracy of 60% in
the case of synchronous firing activity and 90% when we search for patterns in bigger time
window intervals. By comparison, the classifier achieves a classification rate of only 51% when
raw data is used as input. We also demonstrate that our system achieves better results both
guantitatively as well as qualitatively when compared with K-SVD, an established dictionary
learning algorithm.



