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11.4 IIpuka3 HAVYHUX U CTPYYHUX PATOBA KAHIAUIATA

P. op.

ayTopH, HACJOB pana, uaconuc, BOJyMeH (roauHa) crpaHuie ox-io, DOI wim
ISBN/ISSN

KaTeropuja

M. Iovino, I. Lazic, C. Bara, D. Kugiumtzis, L. Faes, and R. Pernice, “A
principled and data-efficient information-theoretic method for feature
selection,” IEEE Journal of Biomedical and Health Informatics, pp. 1—
13, 2026, ISSN: 2168-2208. DOI: 10.1109/jbhi. 2026.3679377, IF:7.7
(2025)

M21la+

Pao npunaoa npobremamuyu dokmopcke oucepmayuje: HA/YES

ayTopHW, HACJOB pana, uaconuc, BOJyMeH (ToauHa) crpaHune ox-uo, DOI wmm
ISBN/ISSN

KaTeropuja

I. Lazic, C. Bara, M. lovino, S. Stramaglia, K. Kasas-Lazetic, N.
Jakovljevi¢, and L. Faes, “Information-theoretic quantification of high-
order feature effects in classification problems,” Chaos, Solitons &
Fractals, vol. 204, p. 117 724, ISSN:  0960-0779.
DOI: 10.1016/j.cha0s.2025.117724, IF:5.7 (2025)

M21la+

Pao npunaoa npobremamuyu 0okmopcke oucepmayuje: HA/YES

P. 6p.

ayTopHW, HACJOB pana, uaconuc, BOJyMeH (ToauHa) crpaHuie ox-uo, DOI wmm
ISBN/ISSN

KaTeropuja

H. Pinto, Y. Antonacci, C. Bara, R. Pernice, I. Lazic, L. Faes, and A. P.
Rocha, “Estimating the mutual information rate of short time series from
coupled dynamic systems,” Communications in Nonlinear Science and
Numerical Simulation, vol. 152, p. 109 383, ISSN: 1007-5704.

DOI: 10.1016/j.cnsns.2025.109383, 1F:3.8 (2025)

M21la+

Pao npunaoa npobremamuyu doxkmopcke oucepmayuje: HA/YES

P. op.

ayTopHW, HACJOB pana, uaconuc, BOJyMeH (TroguHa) crpaHuie ox-uo, DOI wmm
ISBN/ISSN

KaTeropuja

C. Bara, Y. Antonacci, M. lovino, I. Lazic, and L. Faes, “Partial
information decomposition for discrete target and continuous source
random variables,” Physical Review E, vol. 112, no. 1, 2025,
ISSN: 2470-0053. DOI: 10.1103/58bg-5n9s, 1F:2.5 (2025)

M21

Pao npunaoa npobremamuyu ookmopcke oucepmayuje: JA/YES

P. 6p.

ayToOpH, HACIOB pajia, uaconuc, BOJyMeH (roamnHa) cTpanwie oa-mo, DOI wmm
ISBN/ISSN

KaTeropuja

M. Iovino, 1. Lazic, C. Bara, L. Faes, and R. Pernice, “Conditional
mutual information-based feature selection for sex differences
characterization,” 2024 13th Conference of the European Study Group
on Cardiovascular Oscillations Physiologically Guided Signal
Processing of Cardiovascular and Cerebrovascular Oscillations Esgco

M34
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2024, ZARAGOZA, Spain, 2024, pp. 1-2,
DOI: 10.1109/ESGCO63003.2024.10766964

Pao npunaoa npobremamuyu dokmopcke oucepmayuje: HA/YES

P. 6p.

ayTopHW, HACJOB pana, uaconuc, BOJYMeH (ToauHa) crpaHune ox-mo, DOI wmmm
ISBN/ISSN

KaTeropuja

M. ITovino, 1. Lazic, T. Loncar-Turukalo, M. Javorka, R. Pernice, and L.
Faes, “Classification of physiological states through machine learning
algorithms applied to ultra-short-term heart rate and pulse rate variability
indices on a single-feature basis,” IFMBE Proceedings, vol. 93, pp. 114—
124, 2024, DOI: 10.1007/978-3-031-49062-0 13.

M33

Pao npunaoa npobremamuyu dokmopcke oucepmayuje: HA/YES

ayTopHW, HACJOB pana, uaconuc, BOJyYMeH (ToauHa) crpaHune ox-uo, DOI wmm
ISBN/ISSN

KaTeropuja

M. Iovino, 1. Lazic, T. Loncar-Turukalo, M. Javorka, R. Pernice, and L.
Faes, “Comparison of automatic and physiologically-based feature
selection methods for classifying physiological stress using heart rate and
pulse rate variability indices,” Physiological Measurement, vol. 45, no.
11, p. 115 004, Nov. 2024, ISSN: 1361-6579. DOI:10.1088/1361-
6579/ad9234, 1F:2.7 (2024)

M22

Pao npunaoa npobremamuyu 0okmopcke oucepmayuje: JA/YES

P. op.

ayTOpH, HACIOB paja, uaconuc, BOJAyMeH (roawnHa) cTpanuie oa-mo, DOl wmm
ISBN/ISSN

Kareropuja

I. Lazic, G. Mijatovic, M. lovino, T. Loncar-Turukalo, and L. Faes, “A
classification method based on local information and nearest neighbor
entropy estimation,” 2024 IEEE 22nd Mediterranean Electrotechnical
Conference MELECON 2024, Porto, Portugal, 2024, pp. 311-316,
DOI: 10.1109/MELECON56669.2024.10608468

M33

Pao npunaoa npobremamuyu ookmopcke oucepmayuje: JA/YES

P. 6p.

ayTOpH, HACIOB paja, uaconuc, BOJAyMeH (roamnHa) cTpanuie oxa-mo, DOI wmm
ISBN/ISSN

KaTeropuja

H. Pinto, I. Lazic, Y. Antonacci, R. Pernice, D. Gu, C. Bara, L. Faes,
and A. Rocha, “Testing dynamic correlations and nonlinearity in
bivariate time series through information measures and surrogate data
analysis,” Frontiers in Network Physiology, vol. 4:1385421, 2024,
ISSN: 2674-0109, DOI: 10.3389/fnetp.2024.1385421, 1F:3.0 (2024)

M21

Pao npunaoa npobremamuyu 0oxmopcke oucepmayuje: JA/YES

P. op.

ayTopH, HACJOB pana, uaconuc, BOJyMeH (ToauHa) crpaHuie ox-uo, DOI wm
ISBN/ISSN

Kareropuja
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10.

R. Pernice, 1. Lazic, C. Bara, L. Sparacino, G. Mijatovic, T. Loncar-
Turukalo, and L. Faes, “Assessment of cardiorespiratory interactions
during spontaneous and controlled breathing: Non-linear model-free
analysis,” 2022 12th Conference of the European Study Group on
Cardiovascular Oscillations, ESGCO 2022, Vysoké Tatry, Strbské
Pleso, Slovakia, 2022, pp. 1-2,

DOI: 10.1109/ESGC055423.2022.9931390

M34

Pao npunaoa npobremamuyu dokmopcke oucepmayuje: HA/YES

ayTopHW, HACJOB pana, uaconuc, BOJyMeH (ToauHa) crpaHune ox-uo, DOI wmm
ISBN/ISSN

KaTeropuja

11.

I. Lazic, R. Pernice, T. Loncar-Turukalo, G. Mijatovic, and L. Faes,
“Assessment of cardiorespiratory interactions during apneic events in
sleep via fuzzy kernel measures of information dynamics,” Entropy, vol.
23, no. 6, p. 698, May 2021., ISSN: 1099-4300,

DOI: 10.3390/e23060698, 1F:2.738 (2021)

M22

Pao npunaoa npobremamuyu dokmopcke oucepmayuje: HA/YES

ayTopHW, HACJOB pana, uaconuc, BOJyYMeH (ToauHa) crpaHune ox-uo, DOI wmm
ISBN/ISSN

KaTeropuja

12.

I. Lazic, T. Loncar-Turukalo, and L. Faes, “Information-theoretic
analysis of cardiorespi- ratory interactions during apneic events in sleep,”
2020 11th Conference of the European Study Group on Cardiovascular
Oscillations: Computation and Modelling in Physiology: New
Challenges and Opportunities, ESGCO 2020, Pisa, Italy, 2020, pp. 1-2,
DOI: 10.1109/ESGC049734.2020.9158168

M34

Pao npunaoa npobremamuyu 0okmopcke oucepmayuje: JA/YES




III OEHA IOAOBHOCTHU TEME

Orena:

III.1 dopmymnanuje HacIoBa TE3€

HNudopmannoHo-Teopujcka 1eKOMNO3MIHja 3HaYaja o0esiexkja
Information-theoretic decomposition of feature importance

IIpenioxeHu HACIOB Te3e je Mox00an? JA

111.2 mpepmeTa (mpobiieMa) HCTPaKUBAHA

[NapanenHo ca yOp3aHuM pa3BojeM BEIITaYKe MHTCIUICHIIM]E jaBJba CE CBE 3HAYAjHUJU Pa3BOj METO/A 32
objammuBy BemTauky wHTenureHnuje (Explainable Artificial Intelligence - XAl), ¢ unssem mosehama
TPaHCHAPEHTHOCTH U pa3yMeBamka MOJIENa BEIITauKe HHTEIUTeHIje. Y ONIITEHO, TEXHUKE y OKBHPY XAl
MOTY C€ KaTeropmcaTd NpeMa TUIy YBHJA KOjU HACTOje Ja IpyKe Ha: METOoAC O0jalllikberma MoMohy
mpuUMepa, METOJIC aHaJIM3e OCETILUBOCTH U METOJIe 3Ha4aja o0elexja.

Opn mpeTx0HO HaBEACHUX, METO/IE 3Hadaja o0ernexja m3/1Bajajy ce Kao decT u300p 3a KBaHTHU()HKOBAKE
JONIpUHOCA yla3HUX obenexja nmpenaukuuju. JJok TpaaumoHaaIHe METOJIe YeCTO Mepe OBaj 3Havaj cripam
mpoMeHa y mnepdopmaHcaMa Mojesa, CKOpHja HCTpaKuBama Okpehy ce Ka MpeAuKTHBHO] MOhH Koja je
Ipe/cTaB/ba Mepy He3aBHCHY o Mozena. OHa IMmoBe3yje ONTUMAJHy NMPEAHMKIH]y ca HH(POPMAIMOHO-
TEOPHjCKHM KOHIENTHMA Kao MTo je MehycoOHa mHpopmanuja. [IpenuktiBHa uHpOpMaNKja je PEeTKO
aJIMTBHA HA HUBOY TOjeIUHAYHHUX 00eexja, IITo MpeAcTaBiba JoJaTaH u3a30B oJpehuBama Kako ce OHa
pacniopehyje y NMOTCHIHMjaTHO CHHEPTHCTHYKE WIM pPEAyHIAHTHE KOMIIOHEHTE Y3 IPUCYCTBO APYTHX
obenexja.

[IpenMeT oBOr HMCTpaXkMBamba je Pa3BOj TCOPHjCKMX OCHOBA 3a HABEJICHY JCKOMITIO3HUIIM]Y MPEIAUKTUBHE
MohU 3acHMBaHYy Ha MOCTYJIaTHMa TeopHje uHpopMaIHja, Kao U Kpeuparme MPaKTHYHUX HAYWHA HHHXOBE
HMMIUIEMEHTAIMj¢ HAMCHEHHUX pelliaBamy pearnux npodnema. [Ipeanoxene merone hie OUMTH TecTUpaHe y
cUMYyJalpjaMa Kao u CTyujama ciaydaja.

Alongside the rapid development of artificial intelligence, the field of Explainable Artificial Intelligence
(XAI) has experienced substantial growth, with the goal of increasing transparency and understanding of
decision-making processes. In general, XAl techniques can be categorized according to the type of insight
they aim to provide, including example-based explanations, sensitivity analysis, and feature importance
methods.

Among these approaches, feature importance methods have emerged as a common choice for quantifying
the contribution of individual input features to a prediction task. While traditional methods often measure
importance through changes in model performance, recent research has shifted toward model-
independent notions of predictive power, linking optimal prediction to information-theoretic quantities
such as mutual information. However, predictive information is rarely additive at the level of individual
features, creating an additional challenge in determining how this information is distributed among
unique, synergistic, and redundant components in the presence of other features.

The focus of this research is the development of the theoretical foundations of such a decomposition of
predictive power, based on principles from information theory, as well as the design of practical methods
for its software implementation and application in real-world settings, supported by simulations and
practical case studies.

IIpeaMeT HCTpaKUBaMHA je MoA00aH? HA/YES

111.3 mo3HaBama mpobieMaTrKe Ha OCHOBY M3a0paHe JUTEepaType ca CIIUCKOM JIUTepaType
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Opnabpana nuTeparypa je peliecBaHTHA, aKTyellHa U 00yxXBaTa KJbyUHE PajioBe U3 00JIACTH KOja je MpPeIMeT
MIPEeJIOKEHOT MCTpaKMBama. Ha OCHOBY NPHIIOKEHOT Tperyiefa JUTepaType MOXKe ce 3aKJbYUUTH A
KaHJIUAAT TI03Haje TIPeAMETHY pOoOJIeMaTHKy, TOCAAIlbe Pe3yNTaTe NCTPAXKNBakha, Ka0 U OTpaHNYCHa
nocrojehux nmpucryna. [TocraBibeHa TuTEpaTypa npy’ka OCHOBY 3a (hOPMYJTUCAE IHJba UCTPAKUBAKHA U
MpPeBa3WIAKEHE YOUCHUX HellocTaTtaka nocrojehux pemema.

The selected literature is relevant, up-to-date, and encompasses the key works in the field addressed by
the proposed research. Based on the provided literature review, it can be concluded that the candidate is
familiar with the subject matter, the existing research results, and the limitations of current approaches.
The selected literature provides a solid foundation for formulating the research objectives and addressing
the identified shortcomings of existing solutions.

[1] Riccardo Guidotti, Anna Monreale, Salvatore Ruggieri, Franco Turini, Fosca Giannotti, and Dino
Pedreschi. A survey of methods for explaining black box models. ACM computing surveys (CSUR),
51(5):1-42, 2018.

[2] Alejandro Barredo Arrieta, Natalia Diaz-Rodriguez, Javier Del Ser, Adrien Bennetot, Siham Tabik,
Alberto Barbado, Salvador Garcia, Sergio Gil Lopez, Daniel Molina, Richard Benjamins, et al.
Explainable artificial intelligence (XAI): Concepts, taxonomies, opportunities and challenges toward
responsible ai. Information fusion, 58:82—-115, 2020.

[3] Rosina O Weber, Adam J Johs, Prateek Goel, and Joad Marques Silva. Xai is in trouble. 4/
Magazine, 45(3):300-316, 2024.

[4] Finale Doshi-Velez and Been Kim. Towards a rigorous science of interpretable machine learning.
arXiv preprint arXiv:1702.08608, 2017.

[5] Zachary C Lipton. The mythos of model interpretability: In machine learning, the concept of
interpretability is both important and slippery. Queue, 16(3):31-57, 2018.

[6] Christoph Molnar. Interpretable Machine Learning. 3 edition, 2025.

[7] Amnon Catav, Boyang Fu, Jason Ernst, Sriram Sankararaman, and Ran Gilad-Bachrach. Marginal
contribution feature importance—an axiomatic approach for the natural case. arXiv preprint
arXiv:2010.07910, 2020.

[8] Ian Covert, Scott M Lundberg, and Su-In Lee. Understanding global feature contributions with
additive importance measures. Advances in neural information processing systems, 33:17212—
17223, 2020.

[9] Thomas M. Cover and Joy A. Thomas, Entropy, Relative Entropy, and Mutual Information, chapter
2, pages 13-55. John Wiley Sons, Ltd, 2005.

[10] Paul L Williams and Randall D Beer. Nonnegative decomposition of multivariate information. arXiv
preprint arXiv:1004.2515,2010.

[11] Nicholas Timme, Wesley Alford, Benjamin Flecker, and John M Beggs. Synergy, redundancy, and
multivariate information measures: an experimentalist’s perspective. Journal of computational
neuroscience, 36(2):119— 140, 2014.

[12] Gilles Louppe, Louis Wehenkel, Antonio Sutera, and Pierre Geurts. Understanding variable
importances in forests of randomized trees. Advances in neural information processing systems, 26,
2013.

[13] Scott M Lundberg and Su-In Lee. A unified approach to interpreting model predictions. Advances in
neural information processing systems, 30, 2017.

[14] Alexander Kraskov, Harald Stogbauer, and Peter Grassberger. Estimating mutual information.
Physical Review E—Statistical, Nonlinear, and Soft Matter Physics, 69(6):066138, 2004.
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[15] Chiara Bara, Yuri Antonacci, Marta lovino, Ivan Lazic, and Luca Faes. Partial information
decomposition for discrete target and continuous source random variables. Physical Review E,
112(1):L012301, 2025.

[16] Marlis Ontivero-Ortega, Luca Faes, Jesus M Cortes, Daniele Marinazzo, and Sebastiano Stramaglia.
Assessing high-order effects in feature importance via predictability decomposition. Physical Review
E, 111(3):L033301, 2025.

[17] Sebastiano Stramaglia, Luca Faes, Jesus M Cortes, and Daniele Marinazzo. Disentangling high-
order effects in the transfer entropy. Physical Review Research, 6(3):L032007, 2024.

[18] Thomas M Cover. Elements of information theory. John Wiley & Sons, 1999.

[19] Nils Bertschinger, Johannes Rauh, Eckehard Olbrich, Jiirgen Jost, and Nihat Ay. Quantifying unique
information. Entropy, 16(4):2161-2183, 2014.

[20] Malte Harder, Christoph Salge, and Daniel Polani. Bivariate measure of redundant information.
Physical Review E—Statistical, Nonlinear, and Soft Matter Physics, 87(1):012130, 2013.

[21] Jing Lei, Max G’Sell, Alessandro Rinaldo, Ryan J Tibshirani, and Larry Wasserman. Distribution-
free predictive inference for regression. Journal of the American Statistical Association,
113(523):1094-1111, 2018.

[22] Gunnar K6nig, Eric Giinther, and Ulrike von Luxburg. Disentangling interactions and dependencies
in feature attribution. arXiv preprint arXiv:2410.23772, 2024.

[23] Charles Westphal, Stephen Hailes, and Mirco Musolesi. Partial information decomposition for data
interpretability = and  feature  selection. arXiv  preprint  arXiv:2405.19212,  2024.

[24] Patricia Wollstadt, Sebastian Schmitt, and Michael Wibral. A rigorous information-theoretic
definition of redundancy and relevancy in feature selection based on (partial) information
decomposition. Journal of Machine Learning Research, 24(131):1-44, 2023.

H360p auTepartype je onroapajyhu? JA/YES

111.4 IlnspeBU UCTpaKUBaHA

Luse oBOr wmcTpakuMBama je pa3Boj MeToAa Koje TpyXkajy HHTepHpeTaObMiIHOCT HH(POpPMAIUOHO-
TEOPHUjCKUX JEKOMIIO3UIIMja 33 KBAaHTHU(PHUKAIN]Y 3Ha4yaja o0ernexja y3 HCTOBPEMEHO OUyBame PauyHCKE
TpakrabmnHocTH. CnienuduyaHo, kopuinheme ycinoBHe Mel)ycoOHe nHpopMamje uMa eHTpaIHy yJory,
jep kBaHTH(HKYje MHKPEMEHTAJIHHU IONPUHOC O0eNeKja y NMPHUCYCTBY APYrHX oO0enexja, npyxajyhu
NPUPOAHY Be3y u3Mel)y MHTepIIpeTaltja 3aCHOBaHUX Ha JAEKOMIIO3UIMjH U Mepa 3Hauaja HE3aBUCHUX O
MoJena.

The objective of this research is to develop methods that provide interpretable information-theoretic
decompositions for quantifying feature importance while simultaneously maintaining computational
tractability. In particular, conditional mutual information plays a central role, as it quantifies the
incremental contribution of a feature in the presence of other features, providing a natural link between
decomposition-based interpretations and model-independent measures of feature importance.

[n/beBn nerpaxuBama cy oarosapajyhmn? JA/YES

1I1.5 OuexuBaHM pe3yJITaTH (XUIIOTE3E)

Ouekyje ce na he pesynraTm HCTpaXuBama JHOBECTH J0 pa3Boja NPUMEHJBMBUX MeETOAa 3a
JNEKOMIIO3UIIN]y TPEINKTHBHE MONM Ha jeIWHCTBEHE, CHHEPTHUCTHYKE W PeIyHIaHTHE KOMIIOHEHTE, y3
OUyBame padyHCKe TpakTaObmiHocTd. JlomaTHO, odekyje ce TMOTBpAa HUXOBE IMPHUMEHJBUBOCTH KPO3
CUMYJIaIHje U aHAJTU3Yy Y OKBHUPY PEATHUX CKYIOBa MoJlaTaKa.

The expected outcomes of this research include the development of practical methods for decomposing
predictive power into unique, synergistic, and redundant components while maintaining computational
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tractability. Furthermore, the applicability of the proposed methods is expected to be validated through
simulations and analyses of real-world datasets.

OuexuBaHU pe3yJITATH NMPEACTAB/bAjy 3HAYAjaH HAYYHH JONPUHOC? HA/YES

111.6 mran pana(Ha ocHOBY (pa3a HCTpaKMBamka M OPHjEHTAMOHOT cajpxaja aucepramwje n3 Obpacia 1)

[lpunukom mpujaBe TeMe IOKTOPCKE IucepTauuje, KaHaupar je aeduHucao 7 nenuna (¢asa), kxoje
3ajeJHO NPEACTaBJbajy IUIAH MCTPAXKUBAIa TeMe o] MHTepeca. KaHauaar je y paHHjeM NepHoxy Kpo3
CTpy4HE U Hay4He pasoBa Beh peann3oBao 1eo IIIaHUPaHOT HCTPAKUBAbA.

Dasze:

IIpBa ¢aza — npernex crama y o6mactu

Hpyra daza — ananmuza nocrojehux mpucrymna

Tpeha ¢aza — negunHKCame TEOPHjCKUX OCHOBA HOBOT MPHUCTYTIA

YetBpTa (paza — nepuHMCAmHE METO/]a €CTUMAIH]Ee U UMILIEMEHTAIIH]jE TIPEUIOKEHOT TIPHUCTYTIA

Ileta daza — neduHHCamE W UMITIEMEHTAIja PAJHOT OKBHPA TEOPUjCKHX CHMYJAIfja 3a eBaIyallw]jy
MPEIOKEHOT TIPUCTYTIA

[ecra ¢a3za — nprMeHa HOBOT PUCTYTa KOpUcTehH peaHe mojaTKe

Cenma da3za — mHTEpIpETaIrja JOOHjeHIX pe3yiTaTa u 3aKJbydHa pa3MaTpama

OpHujeHTaoHN caipkaj TucepTaiuje:
1. VYBonx — ommc mpobiemMa HCTPaKUBakba
2. HWudopmManmoHo-TeOprjcKke OCHOBE TPEOUKTHBHE CTPYKType — Tperien WH(HOPMAIHOHO-
TEOPHjCKUX Mepa U KOHIIeTIaTa KOji YMHE OCHOBY IMPENIOKEHE aHaJIi3e
Mertone 3Hauaja obenexja — nmperinen mocrojehnx mprcryna 3a aHanusy 3Havaja o0enexja
CMIHiFi okBup — onuc npeasox’eHor OKBUpa
MeTto/ie ecTuMaIlije — OMUC KOPUITNEHUX METO/Ia ECTUMAITH]e
CuMyJalluoHe CTY/Hj€ — OIMC TEOPHUjCKUX CUMYyJialMja KopuinhieHuX 3a eBallyalldjy MeTojia
ecTUMaIuje
7. llpuMeHe Ha pealHUM MoJauyMa — MPHKa3 MPUMEHJBUBOCTH MPEAJIOKEHOT METOJa Ha PeaTHuM
noJiaiuMa
8. 3axspyqum — 3aBpIIHA pa3MaTpama u Oymyhu pan
9. Jlureparypa

NN kW

In the doctoral dissertation proposal, the candidate defined seven stages that together constitute the
research plan for the topic of interest. Through previous work on professional and scientific publications,
the candidate has already completed a substantial portion of the planned research.

Phases:

Phase One — review of the state of the art

Phase Two — analysis of existing approaches

Phase Three — definition of the theoretical foundations of the proposed approach

Phase Four — definition of the estimation methods and implementation of the proposed approach

Phase Five — definition and implementation of a theoretical simulation framework for the evaluation of
the proposed approach

Phase Six — application of the proposed approach using real-world data

Phase Seven — interpretation of the obtained results and concluding remarks

Draft of the thesis structure:

1. Introduction — description of the research problem

2. Information-theoretic foundations of predictive structure — overview of the information-theoretic
measures and concepts underlying the proposed analysis

3. Feature importance methods — overview of current approaches for feature importance analysis

4. The CMIHIFi framework — description of the proposed framework
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Estimation methods — description of the estimation methods

Simulation studies — description of the theoretical simulations used to evaluate the estimations
Real-world data applications — showcase of the applicative properties of the method concerning real-
world data

8. Conclusions — final considerations and future work

9. References

NS

Ilnaun pana je onroBapajyhu? HA/YES

II1.7 MmeToa 1 y30paka HCTpaKUBamba

UctpaxxuBame ce HamoBedyje Ha Hi-Fi meton u mpommpyje ra y okBup Teopuje mH(pOpManuja, mTo
omoryhaBa JAEKOMITO3UIIH]y IOTpUHOCA oOelnexja Ha MHTepHpeTabuiHe MHPOpMAMOHe KOMIIOHEHTE U
mpy»xa Ooratr omuc 3Hadaja o0enexja He3aBHCaH Ol MOjela KOjU MpeBa3wmia3d MapTHHANHE edekTe.
[lpomena y mpenukTBHUM mepopMaHcama H3a3BaHa H30CTaBJbambeM oOOeJekja MOXKe ce
HMHTEPIIPETUPATH Ka0 UHAUPEKTHA Mepa 3a yCiIoBHY MehycoOHy undopmanujy usmely uJbHe BPEIHOCTH
¥ U3BOPHOT 00elexja, yCIOBJbeHE IMpeocTanuM obenexjuma. Ilopen Tora, pamu MOCTH3ama padyHCKe
MOY34aHOCTH Yy TPaKTUYHUM 3ajalyuMa TMpeIuKiyje, AW3ajHUpaMO eCTUMATop YCJIOBHE Y3ajaMHe
nHpopmanmje (Conditional Mutual Information CMI) 3acHoBan Ha MeToau k-HajOommKuX cycena.
[puctyn ce BamMIaNMOHO MCHHUTYje KOpHITheleM CHMYJIHPAaHUX IOJaTaka ca IMO3HATHM BPEIHOCTHMA,
Kao M CHMYJHMPAaHUX U PEaHUX IOJaTaKa ca OYEKWBAHWM IIOHAIIAHheM M3BEICHUM M3 KOHTPOJIMCAHUX
CIICHapHja WM MOTKPEIJbEHUM NOCTOjehioM JIuTepaTypoMm.

VY mormexy cumynandja 3aCHOBAaHMX HA CHHTETHYKMM MOJAIMMa, y30puu he OWUTH TeHepHcaHH W3
MO3HATHUX pacrojiefla ca KOHTPOJMCAHMM CTaTUCTHYKAM CBOjcTBMMa. buhe cmpoBenene aBe BpcTe
aHanmmza. [IpBa he wucnuTHUBaTH WHTEpaKUMOHE e(eKTe HWHIYKOBaHE MapaMeTpUMa T'CHEPaTHBHHX
pacmiozena, ok he ce apyra 6aBUTH MaTeMaTHUKU AeUHUCAHNM CTPYKTypamMa WHTEepaKIyja 3aCHOBAaHIM
Ha aHAIMTHYKUM penanujama u3Mehy obernexja. Ynopeana eBanyanuja Ouhe W3BpIIEHa y OIHOCY Ha
pa3nuuNTe BEIWYMHE Y30pKa, AMMEH3MOHAIHOCT IMoJaraka W n300p mapamerapa KOpUIINEHHX MeToja
ecTUMaIIHje.

VY morieny mpuMeHa Ha peajHE MOAATKe, NMpeUIoKeHH OKBUp Ouhe eBamympaH KopuinhemeM jaBHO
JIOCTYITHUX pe(epeHTHUX CKYIOBa I0/aTaka 3a €Balyalldjy aJropurama MallMHCKOT yuema. JloOujeHn
pesynratu Ouhe ynopehennm ca Hamasuma u3 mnocrtojehe JuTepaType Kako OH C€ IPOLCHHIN
WHTEPNPETA0MITHOCT, KOH3UCTEHTHOCT M IPUMEHIJBUBOCT TPEIIOKEHOT MPHUCTYTIA.

The proposed research builds upon the Hi-Fi method and extends it within an information-theoretic
framework, enabling the decomposition of feature contributions into interpretable informational
components and providing a richer, model-independent characterization of feature importance that goes
beyond marginal effects. The change in predictive performance induced by the omission of a feature can
be interpreted as an indirect measure of the conditional mutual information between the target variable
and the feature of interest, conditioned on the remaining features. Furthermore, to achieve computational
reliability in practical prediction tasks, a conditional mutual information estimator based on the k-
nearest neighbors approach will be developed. The proposed framework will be validated using
simulated datasets with known theoretical values, as well as simulated and real-world datasets exhibiting
expected behavior derived either from controlled scenarios or supported by existing literature.

With regard to simulations based on synthetic data, samples will be generated from known probability
distributions with controlled statistical properties. Two types of analyses will be conducted. The first will
investigate interaction effects induced by the parameters of the generative distributions, while the second
will focus on mathematically defined interaction structures based on analytical relationships among
features. Comparative evaluations will be performed with respect to different sample sizes, data
dimensionalities, and parameter settings of the employed estimation methods.

For applications involving real-world data, the proposed framework will be evaluated using publicly
available benchmark datasets in machine learning. The obtained results will be compared with findings
reported in the literature to assess the interpretability, consistency, and practical applicability of the
proposed approach.

Merton un y3opak cy oaropapajyhu? JA/YES
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111.8 mMecta, 1abopaTopuje u onpemMe 3a HCTPAKUBAYKH Pajl

Pauynapcke maboparopuje Katenpe 3a TenekoMyHHKanuje U 00pay CUTHaIA

Computer laboratories of the Chair for telecommunication and signal processing

YciaoBu 3a CTpPa:kMBAaYKM paja cy oarosapajyhmu? HA/YES

I11.9 meTose craTucTrdke 00pajie MoJaTaka i OCTAIHMX PEJIEBAHTHUX MOaTaKa

3a cTaTMCTHYKYy 0O0paay pe3yiTara KopucTmhe ce Ccyporar TEeCTUPamke M TECTOBH CTATUCTHUKE
3HAYajHOCTHU Pajiy MPOIICHE pasiuka u3Mmel)y moOujeHnx BpeIHOCTH U YTBphUBama BUXOBE CTATUCTHYKE
peeBaHTHOCTH. Y cly4yajeBUMa OTpaHHYeHe KOJWYHHE PeaTHHX IMojaTaka npuMmemusahe ce bootstrap
METOZE PaJu MpoleHe CTaOMITHOCTH U TIOY31aHOCTH JOOMjeHUX pe3yTara.

Statistical analysis of the results will be performed using surrogate testing and statistical significance
tests to assess differences between the obtained values and determine their statistical relevance. In cases
where only limited real-world data are available, bootstrap methods will be employed to evaluate the
stability and reliability of the obtained results.

IIpeanosxene meroae cy oaropapajyhe? JA/YES

IV OLIEHA MOAOBHOCTH KAHIMJIATA

YcnoBu aedrHICAaHU 32 KAHAWATA CTYIUjCKUM IIPOTPAMOM:

Ycneuno ondpameHa MacTep Te3a U HaBeaeHa Oubauorpaduja ykasyjy Aa je KaHAuaaT UCITyHHO CBE
ycIoBe TpeaBuljeHe CTY/IMjCKUM IPOTPaMOM.

The successfully defended Master’s thesis and the listed bibliography indicate that the candidate has
fulfilled all the requirements stipulated by the study programme.

Obpasnooicerve:
Kangunar MBan Jlasuh je peZOBHU CTYAEHT JOKTOPCKHUX aKaJEMCKHX CTYAHja EHEPreTHKE, CIEKTPOHUKE

U TelneKoMyHuKaruja Ha PakynTeTy TeXHUUKUX Hayka YHuBep3utera y Hoom Cany. ITonoxwuo je cBe
ucnuTe npeauljeHe MIaHOM M MPOrpaMoM M oa0paHno je TeopHjcke OCHOBE JOKTOPCKE THCEpTAllHje.
IMopen Hay4HOT paja y obiacTé 0Opaje CUrHajga y3 JOJATHY capalimby ca CTPAaHUM HHCTUTYyIHjama U3
obsacTu nmpuMeHe Teopuje UH(pOpMaIlja, KaHIUIaT UMa BHIIETOUIIHE HCKYCTBO Y OKBHPY HACTaBHOT
nporieca Ha MpeaIMeTHMa M3 UCTe 00JIaCTH, Ka0 W MAIIMHCKOT yduera W BellTayke MHTeaureHimje. Ha
OCHOBY HM3HETHX II0/IaTaka, KOMHCHja cMaTpa ja kauauaat Vean Jlasuh ucnymaBa ycioBe 3a U3paiy
JIOKTOPCKE JucepTaliyje moa HacioBoM “HHpopMalioHO-TEOpHjCcKa IEKOMIIO3MIIM]a 3Hauaja obenexja”.

Ivan Lazi¢ is astudent of the doctoral academic studies program in Power, Electronic and
Telecommunication Engineering at the Faculty of Technical Sciences, University of Novi Sad. He has
passed all the exams prescribed by the curriculum and has defended the Theoretical Foundations of the
Doctoral Dissertation. In addition to his scientific research in the field of signal processing, including
collaborations with international institutions in the area of information theory applications, the candidate
has several years of experience in teaching courses related to the same field, as well as machine learning
and artificial intelligence. Based on the information presented, the Committee concludes that the
candidate, Ivan Lazi¢, fulfills the requirements for undertaking a doctoral dissertation entitled
“Information-theoretic decomposition of feature importance”.

Ja Jim KaHIuIaT HenymaBa AepMHUCAHE yCJIoBe? JA/YES

V OIEHA TIOJOBHOCTH ITPEVIOKEHOI' MEHTOPA

V.1 buorpaduja menropa (zo 500 peun):
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3a MeHTOpa TOKTOPCKe aucepranyje ,,MTHpopMannoHo-Teoprjcka JeKOMITO3UIHja 3HaYaja ooenexja’
npemaxe ce ap Hukma Jakosseesuh u np Jlyka ®aec.

Banpenuu npod. mp Huxma JakoBieBuh nokropupao je na ®akynrtery TexHuukux Hayka (DPTH)
VYuusepsurera y Hosom Cany 2014. rogune. O moyeTKka CBOT UCTPaKMBAYKOT paja 6aBHo ce 00pagoM
roBopHux curHama, mro Ha ®TH, mTo y capaamu ca pupmom AndaHym, na 6u ox 2017. cBoje nosse
UCTpaXHBarba MPOIIMPUO W HAa ayluo CUTHalle, OMO-MEOUIIMHCKE CHTHAje. YUYecToBao je Ha BHIIE
HAIlMOHATHUX M Mel)yHapoaHUX mMpojekara u3Mely kojux ce mzaBajajy: Pa3Boj AMjaiomkux cuctema 3a
CpIICKH | JpyTe jy>kHochoBeHcke jesuke TP 32035 — ¢punancupan o ctpane MuHHCTapCTBa MPOCBETE U
nayke P. Cpouje, S-ADAPT Speaker/Style Adaptation for Digital Voice Assistants Based on Image
Processing Methods — ¢unancupan om ®onma 3a Hayky P. Cp6uje, AI-SPEAK Myamumoodanna
sulleje3udKa 20860pHa KoMyHukayuja usmelly yoseka u mawune — puHancupan og Ponnma 3a Hayky P.
Cpbuje, H2020 INCISIVE: A Multimodal Al-Based Toolbox and an Interoperable Health Imaging
Repository for the Empowerment of Imaging Analysis Related to the Diagnosis, Prediction and Follow-up
of Cancer — ¢unancupan oj Epporcke komucuje m Ha aBa Epasmyc + mpojekra Strengthening
Educational Capacities by Building Competences and Cooperation in the Field of Noise and Vibration
Engineering — SENVIBE u Boosting the Telecommunications Engineer Profile to Meet Modern Society
and Industry Needs — BENEFIT. [lo cana je my6nukoBao 10 pagoBa y MelyHapoaHUM dHacomucuma, 2
pama y nomahum gacommcuma, 44 pama Ha mehynapogamm xoH(pepenmmjama u 40 pagoBa Ha goMahum
KoH(hepeHIjama.

Hp Jlyka ®aec (Luca Faes) je 3appiivio mactep cryauje Ha Yuusep3urery y [lagosu (1998) u mokTopcke
ctymuje YuuBepsurery y Tpenty (2003), Hramuja. Iloct-mokTopcko ycaBpinaBame je 00aBHO Yy
Jlaboparopuju 3a Onopu3uky u Ouocurnane mnpu Jlemaptmany 3a ¢usuky, YHuBep3uteTa y TpeHTy
(2003-2008), u y Llentpy 3a 6uorexHonoruje, Takohe Ha uctom YHupepsurety (2008-2013). Hakow Tora,
panuno je kao ucTpaxusad y okBupy IIporpama 3a ucrpakuBame U MHOBaluje y 3apaBcTBy, PoHganuja
Bbpyno Kecnep, Tpentro (2014-2017). Kao rocryjyhm uctpaxuBad, o0OraTHO je CBOjy aKaJeMCKY
Kapujepy OpoOjHHM CTYIUjCKUM OOpaBIiMa Ha TIPECTHKHUM YHHBEP3UTETHMAa Y HWHOCTPAHCTBY,
ykibyuyjyhu JpxaBuu Yuusepsurer y Ibyjopky m YHusepsurer y bocrony (Cjenumene Amepuuke
Hpxase), Yuusepsuter y I'enry (benruja) u @enepannu Yuausepsurer Munac I'epauc, beino Xopuzonrte
(bpazwin). Ox 2018. roauHe 3amnocieH je Ha JlenapTMaHy 3a MHXCHEPCTBO, YHHUBep3uTeT y [lanepmy,
Wranuja, Hajnpe kao BaHpeanu npodecop, a ox 2023. roguHe 10 AaHAC Kao PEIOBHH Hpodecop, Tie
W3BOM HAcTaBy M3 mpeamera: ,,Censopu‘, ,,CeHzopu u OmomenuuuHcku ypehaju™ u ,,Craructuuka
aHaJin3a OMOMEIMIIMHCKUX CUrHaia®, MUMO MTaMjaHCKe HAIIMOHAJIHE HAYy4YHE KBaIU(HUKAIH]e 32 3BAbE
penoBHOr npodecopa 3a 00JacT buonHkemepCTBO, HOCHIALL je M KBajlu(UKaIMje 3a 3Balk¢ BaHPEIHOT
npodecopa 3a obnact [Ipumemena ¢usuka. Ox 2024. uma 3Bame roctyjyher npogecopa Ha Dakynrety
TEXHUYKHUX Hayka YHuBep3urera y HoBom Cany, 3a yxy HayuHy obinact TenekomyHukanuje u obpana
curHana. Hayuno-ucrpaxuBauku pax npod. ap Jlyke daeca pokycupan je Ha pa3Boj HaNPEAHUX METOa
oOpaze OMOMEIMIMHCKUX CHUTHaja 3a aHajdu3y KOMIUICKCHHX (HU3HOJIOIIKMX CUCTEMA, Ca LUJbEM
pasyMeBama BHUXOBOI (DYHKIMOHHCAkha Y HOPMAJIHUM U MATOJNOIIKUM CTambuMa (KapAHOBAacKyJIapHE U
HEypoJereHepaTuBHe 0ojiecTH), ociamajyhu ce Ha MeToje M3 JOMEHa TeopHje uHpoOpMalja U
BpeMEHCKO-(hPEKBEHIIU]CKe aHaau3e. Y 1aToj HayyHoj oOsactu, mpod. ap Jlyka ®aec je ayTop npeko 250
panoBa y mehyHapoaHuMm gaconucuMa. bpoj nurara pagosa Ha kojuMma je npod. ap Jlyka daec koayTop y
MOMEHTY nHcama oe ouorpaduje je 10725 (Google Scholar); h-index = 59. YxipyueH je y aucrty ,,2%
Haj0oJbUX CBeTCKMX HayuHuka™, Crendops VYHuBep3uTeTa, 3a JAWCHUIUIMHY BHOMETUIIMHCKO
WH)XEHEPCTBO HAJl JBE KaTeropuje: LEeJIOKyIHa Kapujepa U mocieama roauHa (2021. u 2022. roauHa).
VYdecToBao je Kao HCTpakWBad WM pyKoBoawial Ha Behem Opojy MehyHaponHUX M HAIMOHAJTHHX
npojexara. Oapxao je Behu Opoj nmpenaBama Ha YHUBEP3UTETHMA BaH 3eMJbE. YUECTBOBAO j€ Ka0 WiaH U
npencenasajyhu y sehem Opojy Komucujama 3a oneHy u oa0paHy pajoBa Ha CBUM HHBOMMA CTYZHja, a
Takole je HICTaKHYTO MEHTOPUCA0 MHOTE CTYJICHTE Y H3paju BbUXOBUX 3aBpIIHUX panosa. Ilpod. ap Jlyka
®daec obaBipa YyIIOTY ypeTHHKa-capaHWKa y MelhyHapomHuM HaydHuM dacomucuma Entropy (2019-
nanac) u IEEE Transactions on Biomedical Engineering (2023-maHac), ka0 W TJIaBHOI YpEIHHUKA Y
MehyHapoaHoMm HayuHoM dacomucy Frontiers in Network Physiology, specialty Section on “Information
Theory”. Unan je WMtanujaHckor ApyLITBa 3a Xa0C M KOMIUIEKCHOCT, VTanujaHcke HallMOHATIHE TPpyIe 3a
onoumkemepctso, apyiirea IEEE Engineering in Medicine and Biology Society u rpyne European Study
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Group on Cardiovascular Oscillations. Ox 2019. rogure uma cratyc IEEE Senior Member.

Associate Professor Dr. Niksa Jakovijevi¢ received his PhD from the Faculty of Technical Sciences
(FTN), University of Novi Sad, in 2014. Since the beginning of his research career, he has been engaged
in speech signal processing, both at FTN and through collaboration with the company AlfaNum. Since
2017, he has expanded his research interests to include audio signals, biomedical one-dimensional
signals, and medical imaging. He has participated in numerous national and international research
projects, including: Development of Dialogue Systems for Serbian and Other South Slavic Languages (TR
32035), funded by the Ministry of Education and Science of the Republic of Serbia;, S-ADAPT:
Speaker/Style Adaptation for Digital Voice Assistants Based on Image Processing Methods, funded by the
Science Fund of the Republic of Serbia;, AI-SPEAK: Multimodal Multilingual Speech Communication
between Humans and Machines, funded by the Science Fund of the Republic of Serbia; H2020 INCISIVE:
A Multimodal Al-Based Toolbox and an Interoperable Health Imaging Repository for the Empowerment
of Imaging Analysis Related to the Diagnosis, Prediction and Follow-up of Cancer, funded by the
European Commission; and two Erasmus+ projects, Strengthening Educational Capacities by Building
Competences and Cooperation in the Field of Noise and Vibration Engineering - SENVIBE and Boosting
the Telecommunications Engineer Profile to Meet Modern Society and Industry Needs - BENEFIT. To
date, he has published 10 papers in international journals, 2 papers in national journals, 44 papers at
international conferences, and 40 papers at national conferences.

Professor Dr. Luca Faes received his Master's degree from the University of Padua (1998) and his PhD
from the University of Trento (2003), Italy. He completed postdoctoral training at the Laboratory of
Biophysics and Biosignals within the Department of Physics at the University of Trento (2003-2008), and
subsequently at the Centre for Integrative Biology of the same university (2008-2013). He later worked
as a researcher within the Health Research and Innovation Program at the Bruno Kessler Foundation,
Trento (2014-2017). As a visiting researcher, he further enriched his academic career through research
stays at several prestigious international institutions, including the State University of New York and
Boston University (United States), Ghent University (Belgium), and the Federal University of Minas
Gerais in Belo Horizonte (Brazil). Since 2018, he has been affiliated with the Department of Engineering
at the University of Palermo, Italy, initially as an Associate Professor and, since 2023, as a Full
Professor. He teaches courses including Sensors, Sensors and Biomedical Devices, and Statistical
Analysis of Biomedical Signals. In addition to holding the Italian National Scientific Qualification for
Full Professor in Bioengineering, he also holds the qualification for Associate Professor in Applied
Physics. Since 2024, he has held the position of Visiting Professor at the Faculty of Technical Sciences,
University of Novi Sad, within the scientific field of Telecommunications and Signal Processing.
Professor Faes's research focuses on the development of advanced biomedical signal processing methods
for the analysis of complex physiological systems, with the aim of understanding their functioning in both
normal and pathological conditions, particularly cardiovascular and neurodegenerative diseases. His
work is primarily based on methods from information theory and time-frequency analysis. In this field, he
has authored more than 250 papers in international journals. At the time of writing this biography, his
publications had accumulated 10725 citations (Google Scholar); h-index = 59. He has been included in
Stanford University's list of the world's top 2% scientists in Biomedical Engineering in both categories-
career-long impact and single-year impact-for 2021 and 2022. He has participated as a researcher or
principal investigator in numerous national and international projects and has delivered invited lectures
at several international universities. He has served as a member and chair of numerous committees for
the evaluation and defense of theses and dissertations at all levels of higher education and has supervised
a large number of students in the preparation of their final projects and theses. Professor Faes serves as
Guest Editor of the international journals Entropy (2019—present) and IEEE Transactions on Biomedical
Engineering (2023—present), and as Specialty Chief Editor of the Frontiers in Network Physiology
specialty section on Information Theory. He is a member of the Italian Society for Chaos and Complexity,
the Italian National Group of Bioengineering, the IEEE Engineering in Medicine and Biology Society,
and the European Study Group on Cardiovascular Oscillations. Since 2019, he has held the status of
IEEE Senior Member.
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V.2 Pedepeniie MeHTOpa U3 HaydyHE OOJIACTH KOjOj MPHUIaa TeMa JOKTOPCKE TUCEpTAIlHje:

JAp Huxkma Jakos/beBuh

P. 6p.

ayTopW, HACJIOB, Ydconuc, BOJYMeH(roauHa)opoj crpanmua on-mo, DOI wmm
ISBN/ISSN

KaTeropuja

Lazic, 1., Bara, C., lovino, M., Stramaglia, S., Kasas-Lazetic, K., Jakovljevi¢, N.,
Faes, L., “Information-theoretic quantification of high-order feature effects in
classification problems,” Chaos, Solitons amp; Fractals, vol. 204, p. 117 724, Mar.
2026, issn: 0960-0779. doi: 10.1016/j.chaos.2025.117724. (Physics, Mathematical,
2024:1/61 IF:5.6; 2025:1/61 1F:5.7)

M21la+

Lazic, L., Agullo, F., Ausso, S., Alves, B., Barelle, C., Berral, J.L., Bizopoulos, P.,
Bunduc, O., Chouvarda, 1., Dominguez, D., Filos, D., Gutierrez-Torre, A., Hesso,
L., Jakovljevié, N., Kayyali, R., Kogut-Czarkowska, M., Kosvyra, A., Lalas, A.,
Lavdaniti, M., Loncar-Turukalo, T., Martinez-Alabart, S., Michas, N., Nabhani-
Gebara, S., Raptopoulos, A., Roussakis, Y., Stalika, E., Symvoulidis, C., Tsave, O.,
Votis, K., Charalambous, A., 2022. The Holistic Perspective of the INCISIVE
Project—Artificial Intelligence in Screening Mammography. Applied Sciences
12(17), 8755. https://doi.org/10.3390/app12178755, ISSN 2076-3417 (Engineering,
Multidisciplinary, 2022:42/91 1F:2.7; 2021:39/92 IF:2.838; 2020:38/91 1F2.679)

M22

Zanin, M., Ivanoska, 1., Giintekin, B., Yener, G., Loncar-Turukalo, T., Jakovljevic,
N., Sveljo, O., Papo, D., 2022. A Fast Transform for Brain Connectivity Difference
Evaluation. Neuroinformatics 20(2), pp. 285-299. https://doi.org/10.1007/s12021-
021-09518-7, ISSN 1539-2791 (Computer Science, Interdisciplinary Applications
2022:65/110 1F:3.0; 2021:67/112 1F:2.864; 2020:38/112 1F:4.085)

M22

Deli¢, V., Peri¢, Z., Secujski, M., Jakovljevié, N., Nikoli¢, J., Miskovi¢, D., Simi¢,
N., Suzi¢, S., Deli¢, T., 2019. Speech Technology Progress Based on New Machine
Learning Paradigm. Computational Intelligence and Neuroscience 2019, 1-19.
https://doi.org/10.1155/2019/4368036, ISSN:1687-5265, (Mathematical &
Computational Biology, 2019:19/59 IF:2.284; 2018:18/59 1F:2.154; 2017:28/59
IF:1.649)

M22

Rocha, B.M.,, Filos, D., Mendes, L., Serbes, G., Ulukaya, S., Kahya, Y.P.,
Jakovljevic, N., Turukalo, T.L., Vogiatzis, [.M., Perantoni, E., Kaimakamis, E.,
Natsiavas, P., Oliveira, A., Jicome, C., Marques, A., Maglaveras, N., Pedro Paiva,
R., Chouvarda, 1., De Carvalho, P., 2019. An open access database for the
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V.3VcnoBu neduHucaHM 3a MeEHTOpa Yy ckiuamy ca [lpasunuma Ookmopckux cmyouja
Yuusepzumema y Hoeom Cady 3a 001acT K0jOj Ipunajia JOKTOPCKa JUcepTanuja:

YcnoBu neduHUCAH 32 MEHTOpA y CKIany ca [lpasunuma 0okmopckux cmyouja Ynusepzumema
v Hosom Caoy cy:

Hajmame net pagoBa u3 yxe HaydyHe 00JaCTH KOjOj IPHUIMaaa U TeMa MPeAJIOKEeHE TOKTOPCKE
aucepraiyje, 00jaBbeHUX y MPETXOAHUX JIeceT roanna y yaconucuma ca CLIU nucre.
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dissertation topic belongs, published within the previous ten years in journals indexed in the SCI
list.

Oobpasnooicerve:

Komucyja je Munubsema na Banpensu npod. np Hukma JakoBsbeBuh u mpod. ap Jlyka daec
CBOJUM HCKYCTBOM M 3HameM y O0JIaCTH TeJEeKOMYHHUKallMja M o0paje CurHaia, ydemthem y
UCTpaKMBamkuMa y OKBUpPY Jomahux u mehyHaponHux mpojekara, pajoBUMa 00jaBJbEHUM Yy
gaconucuma ca CHU nucre u caommTemrMa Ha MehyHapoTHUM KOH(epeHIHjamMa, Kao H
capaJambOoM ¢ TIPUBPEIOM UCITyHhaBa CBE YCIIOBE Jja Oyay MEHTOpH OBE JHcepTalyje.

The committee is of the opinion that Associate Professor Dr. Niksa Jakovljevi¢ and Professor
Dr. Luka Faes, through their experience and expertise in the fields of telecommunications and
signal processing, their participation in research conducted within national and international
projects, their publications in SCl-indexed journals and presentations at international
conferences, as well as their collaboration with industry, fully satisfy all requirements to serve
as supervisors of this dissertation.

Jla Jim MeHTOp HcnywaBa ycjiose? JA/YES
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VI 3AK/bYYAK

Tema je mogo0dHa JA/YES
Kanauaar je nogo6an JA/YES
MeHnTop je mogo6an JA/YES

O0pa3znoxeme 0 OA0OHOCTH TeMe, KaHauaaTa u MeHtopa (1o 500 peun):

Ha ocHOBY nocTaBibeHe TOKYMEHTAIHje, KOMICH]a j€ TIPOIIEHNIIa pelieBaHTHOCT Onorpaduje u
oubnmorpaduje kaHAUIaTa 1 MeHTOpa (Y BE3U Ca TEMOM IIpHjaBJheHe JOKTOPCKE JUCepTalrje), Kao U
J0CaJallbe pe3ysITaTe OCTBApEHE Y CTPYyYHO-HAYYHOM pajy KaHauaara 1 MmeHtopa. C o63upom aa cy
MIpeICTaBJLEHH MPOOIIEM, IIHJb UCTPAXKUBaha, METOJI0JIOTHja U (haze pajia jacCHO M KOHITU3HO 00jalTmheHH,
Komucuja nonocu cnenehe 3akibyuke:

o Kanmunar MBan Jlasuh je mogo6an 3a u3pagy JOKTOPCKE AvcepTaIldje.

o Tema “UndopmanimoHo-Teopujcka JeKOMITO3UIIH]a 3Ha4Yaja obenexja’ (err. “Information-
theoretic decomposition of feature importance”) kanaunara Meana Jlaszuha je nogo0Ha 3a uspamy
JIOKTOPCKE JTUCEepTaIlHje.

e Banpennu npodecop ap Hukmna Jakossberuh u npodecop ap Jlyka daec cy momoOHu 3a MEHTOpE
MpeUIoKeHe JOKTOPCKE JrcepTalyje.

Komucuja npenmaxe HacraBHo HayunoM Behy Dakynrera Texunukux Hayka y HoBom Cany na ce
kanauaaty Meany Jlasuhy omoOpu u3paaa JOKTOpCKe qucepTaliyje ca HaciaoBoM “MudopmanmroHo-
TEOpHjCKa JIEKOMITO3UIH]ja 3Ha4Yaja obenexja” (eHr. “Information-theoretic decomposition of feature
importance”) u fa ce Banpeaau npodecop np Hukma JakosibeBuh u npodecop ap Jlyka @aec umenyjy 3a
MEHTOpE NPEIIOKEHE TOKTOPCKE TUCEepTaLHje.
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Based on the submitted documentation, the Committee has evaluated the relevance of the candidate's and
supervisors' biographies and bibliographies with respect to the proposed doctoral dissertation topic, as
well as the scientific and professional achievements attained by the candidate and supervisors to date.
Considering that the research problem, objectives, methodology, and work plan have been presented
clearly and concisely, the Committee has reached the following conclusions:

e The candidate, Ivan Lazi¢, is qualified to undertake a doctoral dissertation.

o The topic entitled “Information-theoretic Decomposition of Feature Importance” proposed by the
candidate, Ivan Lazi¢, is suitable for the doctoral dissertation research.

e Associate Professor Dr. NikSa Jakovljevi¢ and Professor Luca Faes are qualified to serve as
supervisors of the proposed doctoral dissertation.

The Committee recommends that the Scientific and Teaching Council of the Faculty of Technical
Sciences, University of Novi Sad, approve the preparation of the doctoral dissertation entitled
“Information-theoretic Decomposition of Feature Importance” by the candidate, Ivan Lazi¢, and appoint
Associate Professor Dr. Niksa Jakovljevi¢ and Professor Dr. Luca Faes as supervisors of the proposed
doctoral dissertation.

Mecto u narym: Hosu Can, 17.07.2026.

1. dp Tatjana ['pbuh, penoBuu nmpodecop
, IPEACEIHUK

2. Jp Jejan Pespuh, Banpeanu npodecop
, WIaH

3. Ip Anexcanzpa XK. JopanoBuh, peoBHu npodecop
, WIaH

4. Ip bpanko Bpkibau, Baupeanu npodecop
, WIaH

5. lp Anekcanaap Muma, BaHpe1HH npodecop
, 4JIaH

HANIOMEHA: Ynan xomucuje Koju e dcenu 0a nomnuuie uzgeulmaj jep ce He cuaxjice ca
Muniberem eeliune 4nano8a Komucuje, OyxHcam je 0a ynece y uzeuimaj 00pasnodicerbe 00HOCHO
pasnoze 3002 KOjux He ey 0a Nomnuuie U3gewmaj u 0a UCmu nomnuuie.




