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Bokonep WaveNet B 3apavye npeackasaHua Sheck
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AHHOTALMA

JKCTpeManbHBIMU COBBITUAMM 06BbIYHO CUMTAIOTCA PedKWe U HenpefcKasyeMble COOLITUA UM COBLITUA, KOTOPbIE CUIBHO
OTKJIOHAKOTCA OT TUMMYHOIO NoBefeHUA. OfHaKO 0OBEKTUBHbBIE KPUTEPUM SKCTPEMAbHBIX COOBITUN eLLE He onpefeneHbl.
PenKocTb TpebyeT HEKOTOPbIX XapaKTePHbIX MacLLITaboB UM BPEMEHHBIX U MPOCTPAHCTBEHHbIX MPaHULL, B TO BPEMSA KaK WH-
TEHCMBHOCTb AONIHKHA OTpaXaTh CMocobHOCTb COOLITUA Bbi3BaTh 6onbluMe M3MeHeHWA. OOHUM U3 Hambonee APKMX Npu-
MEpOB 3KCTPeMarbHbIX COOLITUI B HEMpPOHaYKe U MeaWLMHE ABNAIOTCA 3NunenTuyeckue npunagkm [1].

B cuHTe3e peun cetn-BoKogepel, Takmne Kak WaveNet [2], ncnonb3ylotca ana reHepaLmm ayamMonopoek. 3ta Moaenb npea-
CTaBnfeT U3 cebs CBEPTOUHYI0 HEMPOHHYIO CETb, NPELCTaBNIEHHYI0 KaK Kay3anbHbld GUALTP, KOTOPLIA He CMOTPUT B byay-
wee. 3ta 0cOBEHHOCTb BOKOJEPA MOKET ObIThb MOTEHLMANbHO NPUMEHMMA K MPeACKasaHWi0 BPEMEHHbIX PALOB. 3BYKOBble
BpEMEHHbIe pAAbl TOXE MOryT HbiTb PAaCCMOTPEHbI Kak AUHaMMYecKan CUCTeMa, A0BOSIbHO XaoTUYECKas, C NeperioyeHneM
PEKMMOB (HanpyMep, Nepexof oT 0AHOM BYKBbI K Apyroi). B Takmx pagax npucyTcTByIoT 60NbLUME OTKIOHEHWA aMMUTYAbI,
YTO MOMKET ObITb CPABHUMO C IKCTPEMAJIbHBIM COBLITMEM. 3Ta CETb MOMyYaeT r NOCAEAHUX BPEMEHHBIX OTCYETOB (TaK Hasbl-
BaeMoe peLienTMBHOE NoJie) Ha BXO W MPeACcKasbiBaeT CeAyoLWMIA 38 HUMU OTCYET, OCHOBBLIBAACH HA 3TOM PeLIENTUBHOM
none. CTpyKTypa ceT MMeeT ApeBOBUAHbLIN BUA. PaccToAHWe Mex[y BX0AaMU Ha NOCNeyloLLMe CIIoM PacTET IKCMOHEHLM-
anbHo. 310 He0bxoaMMO, NMOTOMY UTO PELIENTUBHOE Mone r 06bIYHO AOCTATOMHO 6ObLLOE, NOPASKA ThICAYM UM ABYX ThICAY.
N ecnn He yBeNMUMBATL IKCMOHEHLMANBHO PAcCTOAHME MEM[Y BXOAAMM, TO KOJIMUYECTBO C/IOEB OyOeT NMHENHO 3aBUCETh
OT I. Y pPeKyppeHTHbIX HEMPOHHbIX CETEW, LUMPOKO MPUMEHAEMBIX B 3afja4ax MpefcKa3aHuA nocnefoBaTeNibHOCTeN, ecTb
cneAyioLLan npobnema: BO BpeMEHHBIX pAAax UM NpoLLe NpefcKasbiBaTb 04eHb MOXOHMIA CEMMIT Ha NOCTeaHWA YBUAEHHDIN
ANA ONTUMM3auMK GYHKLMM NOTepPb U TEM CaMbIM CeTb B NpeLCcKa3aHUM MOMKET COUTUCh K Mofe, @ B CBEPTOYHOM CETH Bbl-
Xo[, Ha Moy byneT fonblUe, MOTOMY YTO PELeNTUBHOE MoJe [O0CTaTo4HO HOMbLLOE: B 3BYKE, HanpyUMep, Ha HEM NPOUCXOAUT
MHOECTBO OCLMNNALMIA U CETb HE 0TAAET NPeAnoyTEHNA KaKoMy-Nnbo OTCUETY.

JKCnepuMeHTbI BbINM NMPOBEAEHBI C UCKYCCTBEHHBIMU AaHHBIMM, CrEHEPUPOBaHHBIMU CUCTEMON [BYX HEMpOHOB XvaMapLu—
Poy3 ¢ XMMMYeCKoI CMHaNTUYeCKOM CBA3bI0. Mbl Bblbpany cyMMapHbIi MeMbpaHHbIv NOTeHLMan Kak Habnioaaemyio nepemeH-
HYI0, OCHOBbIBafACb Ha BMONOrMYECKOI COCTaBMAIOLLEN 3TOM cucTeMbl. OnMcaHHaA cucTeMa [EMOHCTPUPYET 3KCTPeMasbHble
cobbITMA ON1A WKMPOKOro Habopa NapaMeTpoB CBA3W. YNCIIEHHbIV KPUTEPWIA [N1A SKCTPEeMarbHbIX COBBITUI BbibpaH aHanoruy-
HO TOMY, KaK 3T0 bbIN0 chenaHo B NpoLwnbix UccnepoBanuAx [3]. Bokogep WaveNet neMoHcTpupyeT TouHocTb 91% v nonHoty
82% pnA npepcKa3aTeNlbHOM NIMHbI, PABHOM LIMPUHE KCTPEMasbHOMO CobbITUA. 3aMeTIM, YTO NMOSIHOTA B AaHHOM 3aaade 60-
Jlee BaHa, TaK KaK OHa 0TBEYAET 3a Te C/ly4au, Kora Mofesb NpeLiCcKasbiBaeT JIOKHOE OTCYTCTBUE SKCTPEMASBHOMO COBLITHA.

KnioueBble cnoBa: sKCTpeMasibHble COObITUS; CBEPTOYHbIE HEMPOHHbLIE CETU; MaLLMHHOE 0byYeHne; HeMpOH XnaMapLu—
Poy3; WaveNet; peyeBbie TexHonOrMu.
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WaveNet vocoder for prediction of time series
with extreme events
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ABSTRACT

Extreme events are typically defined as rare or unpredictable events that deviate significantly from typical behavior. Despite
this, objective criteria for extreme events have yet to be established. Rareness may be characterized by certain scales or spatial
and temporal boundaries, while intensity is an indication of an event's potential to cause a significant change. One of the most
prominent occurrences of extreme events in both neuroscience and medicine is in the case of epileptic seizures [1].

In speech synthesis, vocoder networks like WaveNet [2] generate audio. The model is a multi-layer convolutional neural
network that functions as a causal filter and doesn’t predict the future. Due to this quality, the vocoder may have potential
in time series prediction. Audio time series can be regarded as a dynamic system characterized by unpredictable switching
regimes. For instance, transitioning from one letter to another can result in significant deviations in amplitude, similar
to extreme events. This network receives r previous input counts known as a receptive field, and uses them to predict
the next sample. The network is tree-like in structure, with exponentially increasing distances between subsequent layers
of inputs. This is a necessary feature since the receptive field r is usually quite large, on the order of one or two thousand.
Without this exponential increase in distance, the number of layers would depend linearly on r. Recurrent neural networks
pose a challenge in optimizing the loss function when predicting time series sequences, as they tend to predict samples
very similar to the previous one, causing the network to converge towards the mode. However, in a convolutional network,
the output to the model will be longer due to the large receptive field. In the case of sound analysis, for instance, multiple
oscillations occur within a given timeframe and the network does not elevate any specific sample.

The study used artificial data generated from two coupled Hidmarsh—Rose neurons with chemical synaptic couplings. The
observed variable was determined by the biological significance of the system, specifically the total membrane potential.
The results exhibited extreme events across various coupling parameter values. Based on prior research [3], a numerical
standard was selected for the events. The WaveNet vocoder model exhibits a 91% accuracy rate and 82% recall rate
when forecasting extreme events of the same width as the prediction. It is noteworthy that recall is crucial in the forecast
of extreme events since it identifies instances where the model predicted falsely that an extreme event would not occur.

Keywords: extreme events; convolutional neural networks; machine learning; Hidmarsh—Rose neuron; WaveNet; speech
technologies.
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