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REVIEW OF THE FOREIGN SCIENTIFIC CONSULTANT
on the dissertation work of Nurdaulet Tasmurzayev on the topic:
“Development of an intelligent system for detecting ischemic heart disease based on the
Internet of Medical Things (IoMT) and machine learning”
submitted for the degree of Doctor of Philosophy (PhD) in the educational program:
8D07116 — Intelligent Control Systems

The dissertation of Nurdaulet Tasmurzayev is devoted to an intelligent system for detecting
ischemic heart disease (IHD) that combines a hierarchical transformer architecture for structured
clinical data with a compressed model suitable for local execution on resource-constrained edge
devices within an Internet of Medical Things (IoMT) infrastructure. IHD remains a leading cause of
morbidity and mortality worldwide, while invasive angiography, population-level risk scores and
resting electrocardiography each have well-documented diagnostic limitations. Since transferring
clinical records to cloud services also raises confidentiality concerns, an accurate, interpretable and
privacy-preserving model that runs entirely on the device is a timely and significant research
direction.

Nurdaulet demonstrated a rigorous and comprehensive research approach. The candidate
conducted a thorough review of classical machine learning methods for IHD diagnosis, transformer
architectures for tabular medical data, learning strategies for small and imbalanced clinical cohorts,
optimization methods, and model compression techniques for edge artificial intelligence. The
research covers the full development pipeline, from the mathematical formulation of the proposed
architecture and the data preprocessing procedure to model training, explainability analysis,
compression, and hardware deployment. Standard evaluation approaches were applied throughout,
including stratified data splitting, ablation studies, classification performance metrics, and
comparison against both classical baselines and optimized ensemble models.

The main scientific contributions achieved in the course of this work are as follows:

1. A hybrid hierarchical transformer architecture, HG-Former, was developed for the
classification of ischemic heart disease from structured clinical data. The model organizes 56 clinical
features into six clinically grounded groups, covering demographics, risk factors, physical
examination, symptoms, electrocardiographic indicators, and laboratory and echocardiographic data,
and processes each group through a dedicated intra-group transformer encoder before integrating the
resulting group-level representations through an inter-group encoder. This design embeds the
domain-organized logic of cardiological reasoning directly into the architecture, which flat
tokenization schemes used in standard tabular transformers cannot represent.




2. A robust training methodology for small and imbalanced clinical cohorts was developed,
combining adaptive synthetic sampling (ADASYN), applied to the training subset only to avoid
leakage, with Adaptive Sharpness-Aware Minimization (ASAM). On the held-out test set of the Z-
Alizadeh Sani dataset the full configuration reached an AUC of 0.9755, an accuracy of 0.9672 and
an Fl-score of 0.9762, exceeding ten classical baselines, including CatBoost, XGBoost,
RandomForest and FT-Transformer, and five swarm-optimized stacking ensembles. External
validation on an independent cohort of 800 patients from the MIMIC-IV database confirmed
generalization beyond the development population, with an AUC of 0.9620 and an accuracy of
0.9038.

3. An edge deployment pipeline was designed and implemented to convert the accurate but
computationally demanding teacher model into a form suitable for real-time local inference. The
pipeline combines knowledge distillation from HG-Former into a compact ProtoNN student model,
SHAP-based feature selection performed on the training subset only, INT8 quantization, and
magnitude-based pruning. The input space was reduced from 56 to 16 clinically informative variables.
The best overall configuration, distillation combined with SHAP-based feature selection, retained a
diagnostically meaningful accuracy of 91.80% with an AUC of 0.9651 and an F1 score of 0.9412, at
a TFLite model size of 4.42 KB and an inference latency of 0.0537 ms per prediction, which
corresponds to about 12,800 inferences per second on a Raspberry Pi Zero 2 W. The complete
diagnostic pipeline was deployed as a standalone web platform on this single-board computer,
without any dependence on cloud connectivity.

The practical significance of this work is considerable. The system allows continuous non-
invasive screening of cardiovascular risk on low-cost embedded hardware, shortens diagnostic time
in resource-limited and remote healthcare facilities, and provides physicians with transparent and
clinically interpretable decision support. Because all inference is executed locally, no sensitive
clinical information is transmitted to external servers, which addresses the confidentiality
requirements that currently restrict the deployment of such systems and is especially relevant for
regions with limited access to specialized cardiac care, including many areas of Kazakhstan.

The dissertation is well-structured and logically organized. It consists of an introduction, four
main chapters, a conclusion and a list of references, covering the review of the state of the art, the
dataset and the HG-Former architecture with the ASAM method, the experimental study with
ablation, SHAP analysis and external validation, and the edge deployment model with its comparison
against existing compression methods.

In conclusion, I confirm that Nurdaulet Tasmurzayev's dissertation represents a complete,
independent scientific study conducted at a high academic level. In my opinion, the work fully meets
the requirements for candidate dissertations in the educational program 8D07116 — Intelligent Control
Systems in terms of scientific novelty, theoretical contribution, methodological rigor, and practical
significance. As a foreign scientific supervisor for this dissertation, I strongly support the admission
of the candidate to the public defense of the dissertation and awarding the degree of Doctor of
Philosophy (PhD) in the educational program 8D07116 — Intelligent Control Systems to Nurdaulet
Tasmurzayev.
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OT3bIB 3APYBEJKHOI'O HAYYHOI'O KOHCYJLTAHTA
Ha JccepTainorHylo paboty Hypnoynera TacMmypsaesa Ha Temy:

«Pa3paboTKa HHTEVIEKTYAIbHON CHCTEMBbI TSI BBISIBJIECHHS HIIEMHYECKON §0J1e3HHI cepana
Ha ocHoBe HTepHeTa MenuuuHckux semeit (IoMT) u MamuHHOr0 o0yueHus»,
IPCACTaBICHHYIO Ha COMCKAaHUE CTeNeHH HoKTopa Gpunocoduu (PhD) mo o6pazosatenbHoO
Iporpamme:
8D07116 ~ VIHTe/IIeK Ty aIbHBIE CHCTEMBI YITPABIICHHS

Huccepranmss  Hypnoynera TacmypsaeBa mocBsmeHa HHTEJJIEKTYaIbHOM  CHCTEME
BBISIBIICHUS UIIEMHYECKOH Gonesnu cepana (MBC), B xoTopoi mepapxuueckas TpaHchopMepHast
apXUTEKTypa ULl CTPYKTYPHUPOBAHHBIX KIMHHYECKMX NAaHHBIX COYETAETCS CO CHKATOM MOJEINbIO,
NPATOIHOM JUTA JIOKAIBHOIO BBIMOJHEHHS Ha yCTPOHCTBAX C OrPAHHYEHHBIMHE pecypcaMu B
nHppacTpykType MHTepHeTa Memuumuckux Bemed (IoMT). UBC ocraéres OJHOHM W3 BEIyIIHX
NpUYHH 33a00]I€BAEMOCTH M CMEPTHOCTH BO BCEM MHpE, TOTNA KaK WHBA3MBHAs aHruorpadgwus,
MOTIY IALMOHHBIC KAkl PHCKA M 3JICKTPOKApAHOTpadus B MOKOE HMEIOT XOPOLIO H3BECTHBIE
AWATHOCTHYECKHE OrpaHrueHHUs. [I0CKOIBKY nepeaua KITMHUYECKHX 3aIMCell B 06 1aUHbIE CEPBHCHI
TAKUKe BBI3BIBACT OMACCHHMA B OTHOLICHHH KOH(HICHUMAIBLHOCTH, TOYHAs, WHTEpIpeTHpyeMas W
COXPaHAIOMIas IPHBATHOCTE MOIETh, pabOoTalOIas OJTHOCTBIO Ha YCTPOHCTBE, MPEACTABISeT cOB0i
CBOCBPEMEHHOS H 3HAaYMMOC HAIpaBlIeHHE HCCIIEI0BAHMIA.

Hypaayi1eT npoaeMOHCTPHPOBAT CTPOTHIf M BCECTOPOHHHH HCCIENOBATENbCKHI MOJXOM.
Comcxatens TpPOBET TIMATeNbHEIR 0630p KIACCHYECKHX METONOB MAITHHHOLO oOyueHus st
anarsoctukn  MIBC, TtpancdopmepHbIx ApXUTEKTYp IS TaOJIMYHBIX MEIWIMHCKUX ITaHHBIX,
CTpaTersii OOYHYeHHS HA MaTblX H HeCOATaHCHPOBAHHBIX KIMHHYECKHX BEIOOpKAX, METOHOB
OITHMH3ALHH H METOZIOB CIKATHS MOMIENEH JUTs 1epu(pepuHHOTO HCKYCCTBEHHOTO HHTeIekTa (edge
Al). Hccnenosanne oxBaTsiBaeT BeCh KOHBeHep pa3paboTKu: OT MaTeMaTH4ecKol GpopmyITHPOBKH
Mpe/UIAaraeMot apXUTEKTyPbl U IIPOLETY PBI MPenoGpabOTKH TAHHEIX 0 00YUeHHS MOJIENH, aHATH3a
OOBSCHUMOCTH, CXAaTHS H alllapaTHOTO pa3BEpThiBaHMs. Ha Bcex sramax IIPUMEHSITHCh
CTAHIAPTHBIC TOIAXOMBI K ONEHKE, BKIIOYAas CTPATH(GULIMPOBAHHOE pa3bHEHHE JaHHbIX,
abJSIMOHHBIE HCCIICIOBAHNS, METPUKH KauyecTBa KracCpUKalMU, a TaKKe CpaBHEHHE KaK ¢
KJTACCHIECKUMH 0a30BBIMU MOMIEISMH, TAK U C ONITUMU3MPOBAHHBIMH aHCAMOIIEBBIMH MOJIEIISIMH.

OCHOBHBIE HayuHBIE PE3YJIBTATHI, JOCTHTHYTBIE B XOJIE JAHHOM paboThI, 3aKIIOYatOTCs B
CIIEAYIOLIEM

l. Paspaborana rubpuinas nepapxudeckas TpancdopmepHas apxurektypa HG-Former
JUI KITacCH(pUKAaMA MITEMHUYECKON GOJE3HH cepima 1o CTPYKTYPHUPOBAHHBIM KJIMHHYECKHM
TaHHBIM. Mozesnb opranusyeT 56 KIMHHYECKHX MPU3HAKOB B LIECTH KIHHMYECKH 0GOCHOBAHHBIX
TPYTII, OXBAaTBIBAIOIIUX JEMOTrpaduueckue TaHHbIe, (akTOphl pucKa, GH3NKaIbHOE 06CIeI0BAHNE,
CUMIITOMBI, ~ SJIEKTPOKAPIMOTpaQHueckne  IOKA3aTeNlH, a  Takke  1abOpaTopHble
9XOKapaHOrpaQuyecKne NaHHbIE, W 00pabaTbIBaeT KAXKAYIO TPYIIY ¢ MOMOIIBIO BBLICICHHONO
BHY TPUTPYTINIOBOTO TPaHCHOPMEPHOTO IHKOAEPA, TOCIIE Yero 0ObEAMHSET MOy YeHHbIE TPYIIIOBBIC
TIPEACTABJICHAS TIOCPEACTBOM MEXTPYIIIOBOrO 3HKoepa. Takol Iu3altH BCTpauBaeT B apXUTEKTY Py
AOMCHHO-OPTaHU30BAHHYIO JIOTUKY KapJHOJIOTHYECKOTO MBIIUICHHS, KOTOPYIO HE MOTYT OTPA3HTh
CXEMBI ITIOCKOH TOKCHU3AINH, HCIIONb3yEMBIE B CTAHIAPTHBIX TAGIHYHEIX TpaHC(hOpMepax.

2. PaspaboTana ycToiumBas MeTO10I0THs 06YUESHHUS Ha MAJIBIX U HecOaTaHCHPOBAHHBIX
KJIMHAYECKUX ~ BBIOOpKaxX, CodYeTalomasi aNalTHBHYIO CHHTETHUYECKYIO TIEPEIUCKPETH3ALINIO
(ADASYN), npuMeHseMyIo TOJBKO K 06y4aromeit TO/IBBIOOPKE BO M30€KAHUE YTEUKH JAHHBIX, C
aJlanTHBHON MHHAMHU3aLmel ¢ yaérom octpoTsl (Adaptive Sharpness-Aware Minimization, ASAM ).
Ha omnoxenHo# TecToBo#f BbIGOpKe Habopa maHHBIX Z-Alizadeh Sani mosmas KOH(UTY pauus




nocturna AUC 0,9755, tounocta 0,9672 u Fl-mepbr 0,9762, npeB3ofas IecsITh KJIACCHUECKUX
0a3oBeix moxeneil, sximouas CatBoost, XGBoost, RandomForest u FT-Transformer. a takxe nare
CTEKHUHIOBBIX aHCaMOJiel, ONTUMH3UPOBAHHBIX POEBBIMH AITOpUTMaMK. BHEmHssl Bajivaamus Ha
HezaBucumoi koropre u3 800 nanuenToB u3 6a3el ganubix MIMIC-1V noxarsepaniia o6o0maroryo
criocoOHOCTh MOJIENH 3a npenenamu odyuaroweit nomyssiuun: AUC cocrasmt 0,9620), TogHOCTD —
0,9038.

3 CrpoekTHpoBaH M peaju30BaH KOHBEHEp pa3BEPTBIBAHUS Ha liepHU(EpUHHBIX
YyCTPOUCTBAX, IMpEIHA3HAYCHHBIH JUIsi MpeoOpa3oBaHusl TOYHOM, HO BBIYHACIHTENLHO 3aTPaTHON
MOJIeH-yuuTeNs B (OpMy, IIPUTOHYIO AJIsl JIOKAJIBHOTO BBIBOJA B pealbHOM BpemeHH. KonBeliep
00beMHSET IUCTIILIAIMIO 3HaHuHi 13 HG-Former B KoMmakTHY10 Mojenb-yueHHK ProtoNN, ot6op
npu3HakoB Ha ocHoBe SHAP, BbemosiHsieMBId TONBKO Ha oOywaromeit noxaswiOopke, INTS-
KBAaHTH3ALMIO U IPYHUHT IO BEJIMYMHE BECOB. [ [pocTpaHCTBO BXOIHBIX MPU3HAKOB ObI10 COKPAILIEHO
¢ 56 mo 16 xnmHHYecKH HMHGOPMATHBHBIX NepeMeHHbIX. Harryumras obuast konduypauns —-
JUCTUJUISILMSL B COUETAHNH C OTOOPOM MPU3HAKOB Ha 0CHOBE SHAP — coxpanuia anartoCTUYecKn
3HaunMy10 To9HOCTB 91,80 % npu AUC 0,9651 u Fl-mepe 0,9412, npu pazmepe monenn ['FLite 4,42
Kb u 3anepxke BeiBoma 0,0537 Mc Ha 0JHO IpencKa3aHHe, YTO COOTBETCTBYET npumepHo 12 800
BBIBOJIOB B CeKYHy Ha Raspberry Pi Zero 2 W. IloiHbIi iuarHoCTHYECKHI KOHBEHEP OblI pa3BEPHYT
B BHUJE ABTOHOMHOH BeO-rutarpopMbl Ha 3TOM OJHOIUTATHOM KOMITbIOTEpE O¢3 KAKOU-ITHO0
3aBHCHMOCTH OT 00JIaYHOTO MOIKIIOYECHHUS,

IIpaktuyeckass 3HaYMMOCTH paboThl BechbMa Beuka. CHCTEMa TO3BOJISET OCY INECTBISITh
HETIPEPBIBHBIM ~ HEHMHBA3WBHBIM  CKPUHUHI  CEPIEYHO-COCYAMCTOTO pHCKAa Hda  HEIOPOrOM
BCTpanBaeMOM 00OpYZIOBaHHMH, COKpamiaeT BpeMsl IIOCTAHOBKH [IHArHO3a B M IHIIHHCKHX
YUPEXIECHUSX C ONPAHMYEHHBIMHM peCypcaMd M B OTHAJIEHHBIX paiOoHax, a Takxe oOccrednBaeT
Bpaueil INpo3pavyHOM H KIWHHUYECKH HHTEPIPETHPYEMOH IOIICPKKON IMPUHSITHSI PEIICHUH.
ITockopKy BeCh BBIBOJ BBIIIOJIHSIETCS JIOKATbHO, KOH(DHACHIIMATBHAS KITHHUYEeCKast HH()OPMaIns He
nepenaércs Ha BHEIIHHME CEPBEPBI, YTO OTBEYACT TPeOOBaHUSIM K KOH(PUACHIIMAHLHOCTH, B
HACTOSIIEE BPEMS OIPAaHUYMBAIOIIMM BHEAPEHHE MOMOOHBIX CHCTEM, U OCOOCHHO 4KTYaNBbHO JUIst
PETHOHOB € OTPAaHUYEHHBIM [OCTYIIOM K CIIELHAIU3HPOBAHHOM KapAMOJIOTHYECKOI TTOMOIIH,
BKJIKO4ass MHOTHE paiioHbl KazaxcraHa.

Jlvcceprarysi XOpoIo CTPYKTYpHpPOBaHa U JIOTHYHO BhICTpoeHa. OHA COCTOWT W3 BBEICHMS,
YeThIPEX OCHOBHBIX IJIaB, 3aKJIIOYCHHS M CITUCKA JIUTEPATyphl U OXBAaThIBAET 0030p COBPEMEHHOTO
COCTOSIHMS HMCCJIeNIOBaHUM, Habop maHHbIX M apxuTekTypy HG-Former ¢ merosiom ASAM,
JKCIEPUMEHTANIBHOE UCCiieioBanue ¢ abnsuueii, SHAP-anaau30M 1 BHEIUHEH BaJMIAIIMCH, @ TAKKE
MOJeNb pa3BEPTHIBAHUS Ha NepU(EpPHIHBIX YCTPOHUCTBAX C €€ CpaBHEHHEM C CYIICC IBYIOIIUMH
METOIAMHU CHKATHSL.

B 3akmouenue noarsepxaio, uto auccepranusi Hypmoynera Tacmyp3aeBa ripeacraBusier
coO0l 3aKOHYEHHOE, CaMOCTOSTEIFHOE HAy4YHOE HCCIAeNOBAaHHE, BBIMOJHEHHOE Ha BBICOKOM
akazieMu4eckoM yposHe. [Io MmoeMy MHEHHIO, paGoTa B IMOJIHOM MEpE COOTBETCTBYET TPeOOBaHMSIM,
NPENABABIAEMBIM K KaHAUIAATCKHM JUCCEpTalysiM 1o oOpa3oBarenbHOH mporpamme 807116 —
VHTemiekTyalbHble CUCTEMBI YIIPaBJIEHUs, C TOUKH 3PEHUS] HAYYHOH HOBH3HBI, TCOPCTHYECKOTO
BKJIaJa, METOJOJIOTUYECKON CTPOIOCTH M NMPAKTHYECKOM 3HaYMMOCTH. Kak 3apy0ekHblii HayuHBIH
PYKOBOIUTENDb IAaHHOW AHWCCEpPTAIlMH, s HACTOSITEIIBHO TITOJICPKHBAIO JIOMYCK COMCKATENST K
nyOJIMYHOM 3amuTe AuccepTalvu U npucyxaenune Hypaoynery TacmypsaeBy creiicHu J0oKTOpa
¢unocopun (PhD) mo obpazosarensHoit nporpamme 8D07116 — UHTEIEKTya bHbIC CHCTEMBI
yTIpaBJICHHUS.
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