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“ Epunvevovtag Avwpalieg oe Asdopéva: Ano NMeprypadikég oe NPoPBAENTIKEG
E¢nviioec”

NepiAnyn

Ye TOAM\EG epyaoieg Slepelvnong Sedopévwy, akavoviota f onaviwg epdpoavilopeva
potifa mou ovopalovrtal avwpalieg (amokAivovta r; moAL Stadopetikd dedopéva), elvat
ouxva o evdladEpovta anod ta ocuvrOn potifa. Na napddelyua, akavoviota potifa
UTMOPEL VO aQvVaTapLOTOUV CUCTNUATIKO OPAAUATA, OMATEC O TPOAMEIIKEG CUVAANAYEG,
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Tapelodproelg SIKTUWVY KoL CUCTNUATWY €AEyXoU 1 aAAa evlladEpovta GaLVOUEvVa.
MoAudplBuol alyoplBuol €xouv MPoTaBEl yla TNV avixveuon avwpaAlwyv. Auotuxwg, oL
TIEPLOOOTEPOL AVIXVEUTEG XWpPLG eMiBAen Sev mpoodépouv Kamola e€NyNON OXETIKA UE
To ylati éva Soopévo Selypa (kataypadn) xapakinplotnke cav avwpaAio Kot w¢ €K
TOUTOU va S1ayvwaoToUV oL aLTieG Tou TIPOKANBNKE.

OL €€nynoelg avVWUOALWY OuUXVA Talpvouv TN Hopdr UTOCUVOAWV YVWPELOUATWY,
ONUOVTIKA HELWMEVNG SlaoTaoNG O OUYKPLON LE TOV APXIKO XWPO YVWPLOUATWV.
E€etalovtag povo ta yvwplopata oe €vav eMeEnyNUATIKO UTIOXWPO, apKel WOTE va
kaBoplotel €dv éva Selypa eival avwpaiia i oxt ovudwva pe €vav aviyveutn. OL
€€NynNoeLg unmopouv va katnyoplomolnbouv otig €€N¢ (i) meplypadkég He TNV €vvola OTL
€€nyouv povo ta Selypata mou ekmaldeUTNKE 0 AVIXVEUTNG KA (ii) meplypadLKEC OL OTIOLEG
YEVIKEVOVTAL KoL Ot amapatipnta &edopéva. Ie QUTAV TNV E€pyaocia, OMOTIOUUE
TIELPOLATLKA TOUG KUPLEG TepLlypadIkég peBodoug e€nynong mou €xouv mpotabel otnv
BBAloypadia, kaBw¢ eniong elodyoupe tnv mpwtn PEBodo yla mpoPAemntiki €€nynon,
EUMVEUOUEVN amo npoodateg e€elifelg oto nmedio NG AuTopaTomolnNpEVNG MNXAVLKAG
Mabnong (AutoML).

JTO TPWTO KOUMUATL OUTAG TNG epyaciag, mapoucltaloupe €va Sle€odikd mAaiolo
anotipnong ailyopiBuwv e€nynong avwpoAlwy xwplic eniBAedn, 1000 yla LEUOVWUEVEG
000 KOl ylo OHASEG avWHAALWY HE OTOXO TNV amocadnvion dladpopwv avamavintwyv
EpWINUATWVY amod tnv tpéxouaa BiBAoypadia onwc: (a) MOco amoTeAeoUATIKOC Elval O
ouvduaouog onoloudnmote aAyoplBuou e€fynong Le Evav omolovdnmote avixveutn? (B)
Nwg emnpealetal n ouumnepidpopd pwoG aAAnAouxiag aviyveuvong kot €€nynong
QVWHUAALWY oto ToV apLlBUd N TNV CUCXETION TWV YVWPLoOUATWY ota dedopéva? (y) Mota
elval n molotnTa pLlaGg cuvoyng otnv MEPUMTWON TOU Ol avWHOALEG e€nyolvtal amnod
UTIOXWPOUG SLadopeTIKWY SLacTACEWV? Eva HEYAAO EAATIWHO TWV TEPLYPOAPLKWV
HeBOdwv e€nynong, mnyaleL anod to yeyovog OTL TPEMEL va ava UTTOAOYLOTOUV yLa KABe
véa naptiba dedopévwy.

Ma va KATAmoAEUNOCOUE QUTOV TOV TEPLOPLOUO, 0TO SeUTEPO KOUMATL QUTAG TNG
epyaciag, mapouotaloupe tn oxedlaon Kol TNV MEPAUATIKN armotipnon tou PROTEUS
(MpwTtéag), €vdG CUOTAUOTOC OQUTOUATOMOLNKUEVNG UNXAVIKAG padnong. O PROTEUS
mapAyel KOOOALKEG, TIPOPAETTIKEG €ENYNOELG XPNOLUOTOLWVTOG €VOl UTIOKOTAOTATO
HOVTEAO, ELOIKA OXESLOOUEVO YLa ETIAOYH YVWPLOUATWY O€ Wn Looppomnueéva dedopéva
WOTE va TPooeyyloel Ue Tov KaAutepo Ouvatd Tpomo tnv emipavela €MAOYNG
oTtoLOUSATIOTE AvIXVEUTH XwpPLs emiBAedn. YroAoyloTika melpapata enBepatwvouy tnv
QTOTEAECUATIKOTNTA Kal ouvémela tou PROTEUS otnv mapaywyn TPOoBAEMTKWY
e€nynoewv yla SL0POPETIKEG OLKOYEVELEG QVIXVEUTWV QVWHOALWY KaBwg Kal Tnv
aflomiotia Tou otV ekTipnon tng mpoPAemTikinG enidoong og anapatnpnta dedopéva.
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“Interpreting Data Anomalies: From Descriptive to Predictive Explanations”

Abstract

In many data exploratory tasks, abnormal and rarely occurring patterns called anomalies
(outliers, novelties) are more interesting than the prevalent ones. For instance, they could
represent systematic errors, frauds in bank transactions, intrusions in network and
system monitoring or other interesting phenomena. Numerous algorithms have been
proposed for detecting anomalies. Unfortunately, unsupervised detectors in general, do
not explain why a given sample (record) was labelled as an anomaly and thus diagnose its
root causes.

Anomaly explanations often take the form of feature subsets of significantly lower
dimensionality compared to the original feature space. By examining only the features of
an explaining subspace suffices to determine whether a sample is an anomaly or not
according to a detector. Explanations can be categorized as (i) descriptive in the sense
that they explain the samples used to train the detector and (ii) predictive that generalize
to unseen data. In this thesis we experimentally evaluate the main descriptive explanation
methods proposed in the literature, as well as, introduce the first predictive explanation
method that is inspired by recent advances in Automated Machine Learning systems
(AutoML).
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In the first part of our thesis, we present a thorough evaluation framework of
unsupervised explanation algorithms for individual and groups of anomalies aiming to
uncover several missing insights from the literature such as: (a) Is it effective to combine
any explanation algorithm with any off-the-shelf outlier detector? (b) How is the behavior
of an outlier detection and explanation pipeline affected by the number or the correlation
of features in a dataset? and (c) What is the quality of summaries in the presence of
outliers explained by subspaces of different dimensionality? A major drawback of the
descriptive explanation methods stems from the fact that they should be recomputed for
every new batch of data.

To address this limitation, in the second part of our thesis, we present the design and
experimental evaluation of the PROTEUS AutoML pipeline. PROTEUS produces global,
predictive explanations using a surrogate model, specifically designed for feature
selection on imbalanced datasets in order to best approximate the decision surface of any
unsupervised detector. Computational experiments confirm the efficacy and robustness
of PROTEUS to produce predictive explanations for different families of anomaly
detectors as well as its reliability to estimate their predictive performance in unseen data.



