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2. Artificial neural networks with specialized architectures in time series processing tasks

Pedepar:

1. O6'eKT mocCHimKeHHs - IpoLecH pi3Hoi Qi3nYHOI MPHUPOAHU, IO OMMCYIOTHCS YACOBUMU psAaMu. Meta
IOCJIiI)KEHHSI - CUHTE3 CIlel}iajli30BaHuX apXiTeKTyp WTy4YHUX HelpoHHUX mepex (IITHM) njis po3B'sa3aHHS 3ama4
00pOOKM 4aCOBUX PSJiB, IO AO3BOJISIIOTh BpAaxOBYBATU allpiOpHY iHPOpMallilo PO BIACTUBOCTI CUTHAIIB, 110
MOJIEJIOIThCS, i PaKTOPiB, SIKi BIIJIMBAIOTh HA HUX, & TAKOXK JIO3BOJISIIOTH 30,00yBaTH 3 JAHUX HOBY iH(pOpMaliiio mpo
1Ii BJIACTUBOCTI. MeTOY LOCIIIPKEHHS - TEOPIis IUTYYHUX HEMPOHHUX MEPEXK, 10 NO3BOJINIIA CUHTE3YBAaTH HOBI
TUIIN HEUPOHIB i apxiTektypu IITHM; Teopis ontumizauii Ta jJiniiiHa anre6pa, 10 L03BOJINAIN YIOCKOHAIUTH METOAU
HaB4aHHs [ITHM; Teopist HeYiTKOi JI0TiKY, IO J03BOJINIIA BPAaXyBaTHy BILIMB (PAKTOPIB, 3a1aHNUX y MOPSOKOBIH i
HOMiHaJbHiIN IIKajlax BUMiIPIOBaHHS, MaTEMAaTUUYHUI aHAaJIi3, 1110 TO3BOJIUB BUSIBUTU BJIACTUBOCTI aHAi30BaHUX
dyHKLiH; iMiTaliliHe MOeII0BaHHS, 110 MiATBEPANIIO BipOrifHICTh OTPMMaHUX TEOPETUYHUX PE3YJIbTAaTiB;
MaTeMaTUu4Ha CTaTUCTUKA, 10 NO3BOJIMIIA JOCIIUTA PE3YIbTATH €KCIIEPUMEHTIB. TeopeTnyHi i IpaKkTU4Hi
pe3yJIbTaTy - po3pO6JIEHO 3arajibHUi MifgXo[ 10 NPobaeMu ypaxyBaHHs anpiopHoi iHpopmallii Tpo BIaCTUBOCTI

00pOO6IIOBAHOTO YaCOBOTO Py Ta (GaKTOPiB, 10 BIUIMBAIOTh HA HHOTO, [IPU CUHTE3I CIleLiali30BaHUX apXiTEKTyp



Helpo-$as3i MepeK, 3aCHOBaHOTo Ha ¢assidikaliii BXiIHMX 3MiHHUX 32 JOMOMOro10 QyHKLIN HaJe>XKHOCTI Pi3HUX
TUIIIB, 110 JO3BOJINJIO OOPOOJISITY [IaHi, 3a/1aHi B Pi3HUX 1IKaJlaX BUMIPIOBaHHS (KiJIbKiCHIl, TOPSIKOBIH,
HOMiHaJbHil) i BpaxoByBaTH iHpopMaliio 1po GopMy BIJIMBY Pi3HUX (PAKTOPIB; po3p006I€HO HUBXIIHUM MifgXif, 0o
PO3B's13aHHS 3a7ja4i HEeJIiHIMHOI AekoMIo3uLii AificHUX QYHKLiH, 10 He oTpedye anpiopHoi indopMaliii npo
BJIACTUBOCTI (PYHKLi, IKa aHAi3yeThCS, 1O 4O3BOJIsIE€ BUSIBIISITU HOBY iH)OpMALLilo [TPO BJIACTUBOCTI CUTHAIIB, SIKi
MOZEJII0I0ThCS, i GaKTOPiB, 10 BIVIUBAIOTh HA HUX; YIOCKOHAJIEHO METOIM 00'eHaHHS aHCaMO0JIiB HEIIPOHHUX
MEpEeX Ta HaBYaHHS HEPOHHUX MEPEX, 1110 BPaXOBYIOTb OCOOJIMBOCTI 3a7a4 06pOO6KY YacoBUXx psniB. Haykosa
HOBHM3HA - BIeplIe 3allPOIIOHOBAHO CIIelliali30BaHy apXiTEKTypy HeNpo-dassi Mmepexi 3 PSIMOI0 Ilepefadeto
indopmauii Ta crienianizoBani apxiTeKTypy peKypeHTHUX Hellpo-¢assi mepex, o € MogudikalisiMyu peKypeHTHUX
Mmepex EtMana 1 MazixaBaHa Ta peKypEeHTHOI JlyHa-MepeXKi, SIKi BiZlpi3HSI0TbCS HASBHICTIO IIEPLIOrO IPUXOBAHOTO
mapy 6J10KiB 3aTpUMKH Ta ¢asszidikanii 3 PyHKUISIMY HAJIEKHOCTI Pi3HUX THUIIIB, IO AA€ MOKJIMBICTb BPAaXOBYBaTH
anpiopHy iH(popMaliiio Ipo BIACTUBOCTi 06POOIIIOBAHOTO YaCOBOTO Psify Ta (GAKTOPIB, IO BIIJIMBAIOTb HA HBOTO;
BIIEplIe 3aIIPOIIOHOBAHO apXiTeKTypy Hellpo-¢as3i eJleMeHTa, SIKWi1 Bipi3HseThCS Bif, BitoMoro Heo-¢asai
HelpOHa HasIBHICTIO JOJAaTKOBOI HEJIiHIMHOCTI y BUIJISIA "CTUCKAJIbHOI" aKTUBALilHO] (PYHKIL], 1[0 J03BOJIMIIO
0OMEXUTH Jiana3oH 3MiHEHHS MOro BUXiHOTO CUTHAJTy; BIIEpIlIe 3alPOIIOHOBAHO CIelliani3oBaHy Helpo-da3ai
Mepexy Ha 6asi Helipo-(a3z3i esleMeHTIB i AUHAMIYHUX HEHPOHIB i3 CKIHYEHHOIO iMITyJIbCHOIO XapaKTePUCTHKOIO,
sIKa Biflpi3HsI€TbCS TiOPUIHOIO HETIOBHO3B'I3HOIO apXiTEKTYPOIO, 10 AO3BOJIUJIO 30iJIBIINTY THYYKICTh Creljianisanii
Helpo-(da33i Mepexi 1 CKOPOTUTH KiJIbKiCTb TapaMeTPiB, 10 HACTPOIOIOTHCS; BIIEPLIE 3alIPOIIOHOBAHO aAPXITEKTYPY
ribpuIHOrO HENPOMOLIGHOTO eJIeMEeHTa, SIKUU BiflPi3HSETHCSI MOKIIMBICTIO OJTHOYACHOTO BUKOPUCTAHHSI JIIHINHUX Ta
HeJIiHIHYX CHUHAIICIB, @ TAKOXX CUHAICiB-DiNbTPIB i3 CKIHYEHHOIO 1 HECKIHYEHHOIO iMITyJIbCHUMU
XapaKTePUCTUKAMU, 10 J1a€ MOXJIMBICTb OylyBaTU CIIelliali3oBaHi apXiTeKTypy Helpo-(as33i Mepex i3 3ajaHnMU
BJIACTMBOCTSIMU; BIIEpPIIE 3alIPOIIOHOBAHO apXiTEKTYPY CIeliali30BaHOi Helpo-§as3i Mepexi Ha OCHOBI riOpUIHUX
HEeVpOoIoAi6bHNX eJIeMEHTIB, sIKa BiIpi3HSAEThCS Bif] BiOMUX apXiTEKTYP MO>KJIMBICTIO HE3aJIEXKHOTO BUOOPY TUILY 1
rapameTpiB OKpeMUX CUHATICiB MepesKi BiIMIOBIIHO 0 HasBHOI anpiopHoi iHdopMaliii Mpo BIaCTUBOCTI BXiTHUX
3MiHHUX i IPOTHO30BaHOI0 YaCOBOTO PsiAy, IO [03BOJIAJIO CKOPOTUTH YMACJIO IapaMeTpiB, 10 HACTPOIOIOThCH, i
MOJIMNIINTY y3arajabHIOI4i BJIaCTMBOCTI MEPEXi; BIIEpIle 3alIPOIIOHOBAHO clielianizoBany apxitekTypy IHHM nida
HeJliHilHO] Jekomno3uii gifichux QyHKIiH, sIKa Bipi3HSETbCS HAsIBHICTIO AEKIIBKOX MiTMEPEK, IKi allpOKCUMYIOTh
HEe3aJIeXHi BIIJIMBA OKPEMUX BXiTHUX CUTHAJIB, 10 J]a€ MOXJINBICTb BUSBJISITU HOBY iH()OpMaLlilo IIPO BJIACTHMBOCTI
00pO0JIIOBAaHUX YaCOBUX PALIB i (PaKTOpiB, 1110 BIVIMBAIOTh HA HUX; YIOCKOHAJIEHO METO/, HaBUaHHS Helpo-¢a33i
€JIEMEHTa, SIKUH BiJIPi3HSIETHCS 3aCTOCYBAaHHSIM POOACTHOTO KPUTEPiI0 HaBYaHHS, O JO3BOJIMJIO 3MEHIIUTU
NOXMOKU NpY 06pOoOLi NaHUX, SIKi MICTSTh aHOMAJIbHI CIIOCTEPEKEHHS]; YJOCKOHAJIEHO METO/, 00'eIHaHHS aHCaMOJII0
[ITHM, mo 06po6s10Th 6araToBUMIipHI JaHi, KUl Bifpi3HAETbCS OOMEXEHHSIM Ha HEBi/l'€MHICTh BarOBUX
KoedilieHTiB, [0 Ja€ MOXJINBICTb OLIIHUTU "BHECOK" KOKHOI 3 MEPEeX, 110 BXOIATh B aHCaMbJib, 10 06'eiHAHO]
OLiHKY; YIJOCKOHAJIEHO MeTo[l HaBuaHHs [IIHM, skuii Bigpi3HA€eTbCS ypaxyBaHHSIM CUMETPii IPOCTOPY ixHIX
IIapaMeTpiB, [TOB'13aHOI 3 MOXJIMBICTIO [IEPECTAHOBKY OOUMC/IIOBAJIBHUX €JIEMEHTIB Y IPUXOBAHUX LIapax i
OJIHOYAaCHOI 3MiHM 3HAKiB I'PyIl IapaMeTPiB, 0 JO3BOJIMJIO 3HAYHO CKOPOTUTH 00'€M OOJIACTI MOIIYKY PO3B'SI3Ky
onTUMIizalifiHOI 3aa4i; yIOCKOHaIeHo MeToh HaByaHHs [ITHM, sikuii, Ha BifMiHy Bif BiomMux, He oTpedye
nepero6poOKU MPONYIIEeHUX 3HaY€Hb, 1110 1a€ MOXKJIUBICTb 6e310cepeHbo MPalloBaTy 3 HEIIOBHUMU BUGIpKaMH i
OTPUMYBATH OLiHKU IIPONYIIEHMX 3HaY€Hb HA OCHOBI NIPEACTaBIEHHS BUOGIPKY B IPOCTOPi 3HUKEHOI pO3MipHOCTI.
CrymiHb yIPOBaXKEHHS - PE3YJIbTAaTU LOCIiIKEHD BIIpoBajxeHo B TOB "Xapren”, M. XapkiB, 110 MigTBEPIKEHO
axkToMm Bix 30.07.2009 p., Ta y HEK "YkpeHnepro", m. Kuis, mo nigreeppxeHo akrom Bizg 03.09.2009 p.; HayKoBi
II0JIOKEHHS], BUCHOBKY i peKOMeH/Iallii, BUKJIaJieHi B IUCePTallii, 6yJ10 BUKOPUCTAHO NP MiJrOTOBL KypCiB
"HellpomMepeskeBi MeTOAM OOUMCIIIOBAJILHOTO IHTEJIEKTY" Ta "[HTe/IeKTyaslbHi CUCTEMU KePyBaHHS Ta IiarHOCTUKU',
SKi YATAIOThCS CTY[IE€HTaM CIIELiaJIbHOCTI "[HTeNeKTyanbHi CUCTEMU IPUNHSTTS PilleHb" XapKiBCbKOTO
HalliOHAJIBHOTO YHiBEPCUTETY PaflioEIEKTPOHIKY, 10 MiATBEPIKEHO akTOM Bif, 10.09.2009 p., a TaKOXK Yy HAyKOBO-
IOCTiIHUX poboTax XapKiBCbKOIO HalliOHAJIBHOIO YHIBEPCUTETY PajlioOeJe€KTPOHIKY, IO MiJTBEPIKEHO aKTOM Bif,
14.09.2009 p. Cepa BUKOPUCTAHHS - B OPTaHizalisx, 0 3aliMal0ThCSI aHAJIOTIYHUMU IIPOGIEMaMy PO3POOKU

iHTeJIeKTyaJIbHUX CUCTeM Ta METO/IiB 06POOKY 4aCOBUX PSIiB; y raynyssx iHpopmMalifiHUX TeXHOJIOriH, PpiHaHCIB,



MeJULNHY, 610J10Tii, €KOJIOTiI, EHEPTeTUKHU, TPAHCIIOPTY; Y HABYaJIbHOMY NPOLIECi IPU MiAroTOBLi paxiBIiB y
rajys3six CUCTeM iHTeJIeKTyabHOi 06po6Ky iHdopmalii.

2. Research object - processes of different physical nature, described by time series. Research target is the
synthesis of specialized architectures of artificial neural networks to solve the problems of time series processing,
taking into account a priori information about the properties of the modeled signals and the influencing factors,
and allow extracting new information on these properties from the data. Methods of research - the theory of
artificial neural networks (ANN), which allowed the synthesis of new types of neurons and ANN architectures,
theories of optimization and linear algebra lead to better methods of ANN training, theory of fuzzy logic that
allowed taking into account the influence of factors given in ordinal and nominal scales of measurement,
mathematical analysis, which allowed to identify the properties of the analyzed functions, simulation confirmed
the validity of the theoretical results, mathematical statistics, which allowed to analyze the results of experiments.
Theoretical and practical results - a general approach to the problem of taking into account a priori information
about the properties of the processed time series and influencing factors in the synthesis of specialized
architectures of neuro-fuzzy network is developed based on fuzzification of input variables using membership
functions of different types, which allowed to process the data given in different scales of measurement
(quantitative, ordinal, nominal) and include information on the form of influence of different factors; top-down
approach to solving the problem of nonlinear decomposition of real functions is developed that do not require a
priori information about the properties of the function that allows identifying new information about the
properties of the modeled signals and the influencing factors; methods of combining of neural networks ensembles
and neural networks learning are improved, which take into account the particular problems of time series
processing. Scientific novelty - a specialized architecture of feedforward neuro-fuzzy network and specialized
architectures of recurrent neuro-fuzzy networks, which are modifications of recurrent Elman and Madhavan
networks and recurrent echo-state network, are proposed for the first time, characterized by the presence of the
first hidden layer of delay and fuzzification blocks with membership functions of different types, which makes it
possible to take into account a priori information about the properties of the processed time series and the
influencing factors; architecture of the neuro-fuzzy unit is proposed for the first time, which differs from the well-
known neo-fuzzy neuron by the presence of an additional nonlinearity in the form of "squashing" activation
function, thereby limiting the range of variation of its output signal; specialized neuro-fuzzy network based neuro-
fuzzy units and dynamic finite impulse response neurons is proposed for the first time, which differs by not-fully-
connected hybrid architecture, which increased the flexibility of the specialized neuro-fuzzy network and reduce
the number of adjustable parameters; a hybrid neuron-like unit architecture, distinguished by its ability to use
linear and nonlinear synapses and synapse-filters with finite and infinite impulse responses is proposed for the
first time, which makes it possible to build specialized architectures of the neuro-fuzzy networks with desired
properties; a specialized neuro-fuzzy network architecture based on neuron-like units is proposed for the first
time that differs from well-known architectures by the independent choice of the type and parameters of
individual synapses in accordance with the available a priori information about the properties of input variables
and the predicted time series, which reduced the number of adjustable parameters and improved the generalizing
properties of the network; specialized architecture of the neural network for nonlinear decomposition of real
functions is proposed for the first time, characterized by the presence of several subnetworks that approximate
the independent influence of individual input signals, which makes it possible to identify new information about
the properties of the processed time series and influencing factors; learning methods of neuro-fuzzy unit is
improved by the use of robust learning criteria thereby reducing errors while processing data containing outliers;
method for combining an ensemble of neural networks that process multi-dimensional data is improved, which is
characterized by nonnegative weights limitation, which makes it possible to assess "the contribution" of each
network within the ensemble in a combined estimate; neural networks learning method is improved, distinguished
by taking into account the symmetry of the parameters space related to the possibility of interchanging processing
elements in hidden layers and a simultaneous change of signs of groups of parameters, thus significantly reducing
the volume of the optimization problem search space; neural networks learning method is improved, which unlike



well-known methods does not require missing values preprocessing, which makes it possible to directly process
incomplete data sets and obtain estimates of missing values based on the representation of data sets in the
reduced dimension space. Degree of implementation - the research results are used in Khartep, Itd., Kharkiv,
which is confirmed by the act of 30.07.2009 and NEC "Ukrenergo", Kiev, which is confirmed by the act of
03.09.2009; scientific results, conclusions and recommendations contained in the thesis are used in the
preparation of courses "Neural network methods of computational intelligence" and "Intelligent control systems
and diagnostics", which are taught to students of the specialty "Intelligent Decision Support Systems" of Kharkiv
National University of Radio Electronics, which is confirmed by the act of 10.09.2009, and in research projects of
Kharkiv National University of Radio Electronics, which is confirmed by the act of 14.09.2009. The scope of use - in
organizations that deal with similar problems of developing intelligent systems and methods for time series
processing, in the areas of information technology, finance, medicine, biology, ecology, energy, transportation, and
in the educational process in the preparation of specialists in the areas of intellectual information processing.
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