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Ooui€to 3 OCHOBHUX 3a0ay IHMENEKMYAIbHO20 aHANIZY OAHUX €
PeOyKYin-KOMNPeCis 8enUKUx 00cs12i6 0anux 8ucoxkoi posmipnocmi. B cmammi
3aNPONOHOBANI APXIMEKMYPA | an2opumm on-line HaguanHs Heo-(paz3i aemo-
eHxodepa, wo € asemoacoyiamusnoio «bottle necky moougpuxayicio mnetipo-
Gazzi mepeosici Koamozoposa. 3anpononoeanuti agmoeHkooep Xapakmepusy-
€MbCL NPOCMOMOI0 YUCETbHOI peanizayii i 8UCOKON WBUOKICINIO HALAWM)-
eanus ceoix napamempis. Ilposedeno imimayitini excnepumenmu, wo nio-
MBEPONCYIOMb eqheKMUBHICMb NIOX00Y, WO PO3EUBAEMbCSL.

Knwuoei cnosa. Heo-ghazszi asmoenkodep, HelpouHi mepesici 3 enu-
OUHHUM HaBYaHHAM, Helpo-pa3z3i mepesca Koaimozoposa, pedykyis-komnpecis
O0aHUx, Memoou MAUUHHO20 HABUAHHSL.

OOHOUI U3 OCHOBHBIX 3a0aY UHMENIEKMYAIbHO20 aHANU3A OAHHbLIX
A6715eMCsl peOYKYUA-KOMApeccUust 601buUx 00bemMo8 OAHHbIX 8bICOKOU pazmep-
Hocmu. B cmambe npeonodcenvl apxumexmypa u aneopumm on-line ooyuenus
Heo-az3u aemoankooepa, Komopulii A61semcs asmoaccoyuamusHoi «bottle
necky moouguxayuen Hetipo-pazzu cemu Koamocoposa. Ilpeonosicennvlil
ABMOIHKOOEP XAPAKMEPU3Yemcs NPOCMOMOU YUCTEHHOU Peanu3ayuu U Gblco-
KO CKOPOCMbIO HACMPOUKU c60oux napamempos. I[Ipogedenvl yuciennvie 9K c-
nepuUMeHmbl, KOMopble HOOMBEPHCOAIOM IPHEKMUSHOCTb PA3BUBAEMO20 HOO-
xoda.

Knrwouesvie cnosa. Heo-ghazsu agmosuxooep, metiponnvie cemu ¢ 2ny-
OunHbIM 00yueHuem, Helupo-pazzu cemv Koimocoposa, pedyKyus-KoMnpeccus
OaHHBIX, MEMOObL MAUUHHO20 00YHUEeHUS.
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One of the important problem, which is connected with big high
dimensional data processing, is the task of their compression without
significant loss of information that is contained in this data. The systems, which
solve this problem and are called autoencoders, are the inherent part of deep
neural networks. The main disadvantage of well-known autoencoders is low
speed of learning process, which is implemented in the batch mode. In the
paper the two-layered autoencoder is proposed. This system is the modification
of Kolmogorov’s neuro-fuzzy system. Thus, in the paper the hybrid neo-fuzzy
syste- mencoder is proposed that has essentially advantages comparatively
with conventional neurocompressors-encoders.

Keywords. Neo-fuzzy autoencoder, deep learning neural network,
Kolmogorov’s neuro-fuzzy network, data reduction-compression, machine lear-
ning.

Beryn. Opnnieto 3 ocHOBHUMX mpobneM Data Mining, mo nos’si3aHi 3
OMPAIIOBAaHHAM BEJIMKUX MAaCHBIB CIIOCTEPEKEHb BUCOKOI po3MipHOCTi [1; 2], €
3ajada ix penykiii-kommnpecii 6e3 icToTHOI BTpaTh iH(OpMAIlii, 110 MICTUThCS
B MacWBaXx JaHMX, SIKi ONMPaIboOBYIOThCA. [ po3B’s3aHHS TakuX 3ajad po3-
poOJieHa Iiijla HM3KAa METOMIB 1, HacaMIlepei, METOZ TI'OJOBHUX KOMIIOHEHT,
aHaJli3 TOJOBHHUX PI3HOMAaHITh, TUCKPUMIHAHTHUN aHali3, CIeliani3oBaHi Hel-
pOHHI Mepexi Taki, sk Mepexi Xe60a-Cenrepa, Os-Kapynena, «bottle neck» ta
iHi [3; 4].

HeoOXimHUM €IeMEHTOM TJIMOMHHHMX HEHUPOHHHX Mepex [5-7], 1o
IHTEHCHBHO PO3BUBAIOTHCS B IIEH Yac, € aBTOCHKOJEP, KM peatizye 3ajady
penykmii maHux i Gopmye BXimHI mapu Helpomepexi. B sIkocTi Takux aBTO-
SHKOJ/IepiB HaiOUIbII YacTO BUKOPHCTOBYETHCS aBTOACOIIaTHBHUEN Oararomia-
poBuii nepcentpon «bottle neck» Ta oOMexena mammuHa bonblimana, By3maMu
SKHX € elleMEeHTapHi rnepcenTpoHu PozeHbnarra 3 curmoinanbHUMK QYHKISIMA
aktuBailii. 11i aBToeHKomEpy 3a0€3M1e4yI0Th BUCOKY SKICTh CTHUCHEHHS IaHHX,
OJTHAK XapaKTEePU3YIOThCsS HU3BKOIO MIBUJKICTIO HAaJalTyBaHHs CBOIX mMapa-
METPIB, IO peali3yeThCst Ha 0a3i 6araToenoXxoBOro HaB4YaHHS.

AKTyalIbHiCTb. Y 3B’S3KY 3 IHTEHCUBHUM pO3BUTKOM Data Stream
Mining [8; 9] akTyanpHOW0 € 3ajada CTBOPEHHs IIBHAKOMAIIOYMX aBTO-
SHKOZIepiB, IO J03BOJSIOTH OO0poONIoOBaTH iHQOpPMAII0 B TOCIITOBHOMY
PEXHUMI, KOJH JIaH1 OJTHE 332 OJHUM HAJIXOJSATh B CUCTEMY.

Meta po6oTtu. Mera poOOTH TONSE y CTBOPEHHI Ta JIOCIHIPKEHHI
apxiTEeKTypH 1 anroputMmy on-line HaBYaHHs Heo-(a33i aBTOEHKojepa, IO €
aBToacomiaTuBHOIO «bottle neck» Moaudukaiiero Heitpo-has3zi mepexi Koamo-
ropoBa.

Martepianu gociimkenns. 1. ApxiTekTypa Heo-(ha33i aBTOEHKOIEpA.

3anpornoHoBaHU aBTOSHKOJIEP MAa€ JBOIIAPOBY apXiTEKTypy 1 € 3a
CYTTIO aBToacoliaTUBHOIO «bottle neck» Momudikamiero Helpo-hasz3i Mepexi
Konmoropora (H®CK), mo BBeneHa Ta gociimkeHa y [10-14]. Ha HynboBwmit
(pemenTOpHUI) mIap Mepexi, MOCIIJOBHO HAJXO/SITh CUTHANY, IO MAaOTh OyTH
CTHCHEHI
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x(k)=(x,(k),...,x,(k).....x, (k)) € R",

ne k=12,...,N — Homep crmocrepexeHHs1 y BHOIpIi, 1m0 00poOIOeThCs (B
BHIAQJKy ITAKETHOr0 HaBYaHHSA) ab0 TAaKT JUCKPETHOrO dYacy IPH IIOCi-
JIOBHOMY HaJIXOJKCHHI JaHUX (B BUMAAKy on-line HaBYaHHS).

[epumii mpuxoBaHMH Imap Mepexi ckiagaetbes 3 m (m<n)
HEJHIMHUX BY3IIiB, 10 HABYAIOTHCS, Ha BUXOIAX SKUX 3’ SIBISIOTHCS 3HAUCHHS
CTHCHEHHUX CUTHAIIB

y(k) = (y] (k),...,yj (k),...,ym (k))T eR".

Jlanmi i curHay HaJaXo[ITh Ha HENiHiifHI By3/IM BUXiAHOTrO mmiapy. Ha
BHXO/IaX [[OTO MIapy 3 SBJISIOTHCS BiTHOBJICHI CHTHAIH

56) = (&, (K)o 26, (6)) € R,

a moxuoOka el.(k):xl. (k)—)?l. (k) BHUKOPHCTOBYETHCS JUIS HAJAINITYBaHHS CH-

HanTHYHUX Bar o00ox mapiB. Takum umHom, HDCK peanizye HemiHiliHe
BiZIOOpasKeHHS

)’ei(k):f(x]’x2""9xn):zfij[z](yj):zfij[z] Zfij[]](xi) Vi=12,...n,

J=1 J=1 J=1

e f ],E.]](-) Ta fU[Z]() — HEJiHIfHI epeTBOPEHHS, 10 Peai3yloThCI By3lIaM

MIEPIIOro MPUXOBAHOIO Ta BUXIIHOIO IIAPIB BiAOBIIHO.
VY sKoCTi «OyHiBENbHUX €IEMEHTIB» Ii€l MepeXi BUKOPUCTOBYIOTHCS

HeMiHiAHI cuHancu — NS J[:] , NS 1.5.2] ta Heo-(az3i Heiiponu NFN J['] , NFN l.[z],
110 BBeneHi y [15-17] Ta BiApI3HIIOTHCS BUCOKUMHU alPOKCUMYIOUYUMH BJIACTH-

BOCTSIMH.
ApxiTekTypa Heo-(a33i-aBTOCHKOJIepa MICTHTh 71 HENIHIMHUX CHUHAII-

1]

L1 Ta h HamamroBHMX

. 1 .y .
ciB NS J[.l.] , KOJKEH 3 SIKMX Ma€ /i (yHKIIIH HAJIKHOCTI Ll

1
CHHAIITUYHUX Bar WEII] .

Beboro mepimuit mpuxoBaHUMM IMIAp MICTHTh mnh  (QyHKIIA Harex-
HOCT1 1 TaKy * KUIBKICTh CHHANTUYHUX Bar. BUXimHWiA map MicTUTH 7 Heo-

. o . 2 e
(az3i-HelpoHIB NFNI.[ ], KOKEH 3 SKHX CKJIAQIA€ThbCs 3 M HEMHIMHUX
. [2] . o
cunancis NS;™, Ipn 1bOMy KOXEH 3 LHMX CHHAICIB TAKOK Ma€ h QyHKuii

2] 2]

. . 2
HaJIC)KHOCT1 “ijl i h cUHaNTUYHUX Bar Wijl . Taxum YHUHOM, aBTOCHKOICP

MICTUTE 2mnh TapaMerpiB, IO HANANITOBYIOTHCA. B pe3ysbrari meperBopeH-
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Hs, 110 peanizyeThes aBroacoriaTueHol0 HOCK, Moxxe OyTu mpeacTaBiieHO y
BUTJIAI

h
NS[] ( ) zwﬂzuﬂz( ) (1
h
NS £y, )= 2l ). @)
NFNJ[']]:yj:z (xz) ZZ zzuﬂz( )

i=l i=l [=1

NFN:'[Z] X = ifi/m(yj): izh: z[f]ul[f/](y )

j=1 j=1 I1=1

m_h n_h
')%i(xl”"’xi”"’xn): ZZWUI uz]l (Zzwﬂluﬂl( )] (3)

Jj=1 1= i=l =1

Heniniitni cunancu (1), (2) € 3a CyTTIO cHCTeMaMH HEYITKOTO BHBE-
nenHs Takari-CyreHo HynboBoro mopsinky [18] 1 e BimmoBigHO YHiBep-
CaJIbHUMH allPOKCHMATOPaMH, TOOTO MPH MPaBUILHOMY HaJAINTYBaHHI CUHAII-
THUYHHUX Bar i BUOOpPi KiTbKOCTI (PYHKIIH HAIEKHOCTI /1, MOXKYTh 3 3aaHOI0
TOYHICTIO alIPOKCUMYBATH OyIb-KYy OOMEKEHY (DYHKIIIIO OJTHOTO apTyMEHTY.

Bupas (3) omucye nBommapoBy Heipo-(hassi cucremy 3 JIBOPIBHEBOIO
CHUCTEMOIO HEUITKUX IPaBHJ, 110 peajizye OaraToMaciuTaOHUK MiaXida, TOOTO
BinmoBiHO Teopemi SIMa-Hryena-KpeitHoBuua [19] mo3Boisie 3abe3nequnTta
3aJlaHy TOYHICTh ampOKCUMAIll JOBUIbHOI OOMEXeHOI 0araToBHMIipHOT
GyHKIIIL.

1 2
B sikocTi QyHKIIH HaNeKHOCTI HENMiHIMHUX cHHAMCIB NS J[l] , NS l.[j I ag

Topu Heo-¢az3i HeiipoHa [15-17] BHKOpPHCTOBYBalW CTaHAAPTHI TPUKYTHI
(GyHKIIIT, 0 32I0BOJNBHSIOTH YMOBAM OJIMHUYHOTO po30UTTS Pycmini, BUrmsyty

A
X. —
s e[e)l)
cj il c] i,/-1 -
[ i =%, m
Hjii (x)= C[]f — » AKWO X; € |:cj,i,1—l’cj,i,lj|’ “4)
i+l T €
0—6 imwux eunaoxax,
“9]11( )+“[J]]11+1( ):1, %)
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M
i TG K el
(2] o ko Y, ijd-19Ci 1 |
Cija ~Cijim
2 -y, o
:ui,j,l(yj): ﬁ,ﬂkwo ¥ e[cl.,j,,,cj,i’m], (6)
¢ =G
bJs L]
0 —6 inwux eunaoxax,
“Ezj]l(yj) MI[-,Z,],H](J/,-):L (7)
ne CE]II’ 1[2,]1’ [=12,...,h — ueurpu ¢yHKUi HATEKHOCTI, B HAii-

TIPOCTILIOMY BHIIAJKy PIBHOMIDHO PO3MOALIEHI 10 BiCAM X; Ta ;.

1]

YmoBu (5), (7) mokasyroTh, WO NP HAAXOKeHHI Ha BXomu NS,

2 . .
NSiE] CHTHAIIIB X, (k) Y, (k) Ha 1X BUXOJaX 3 ABIISIOTHCS 3HAUCHHS

fjgl](xi (k)) []]]1 1“[;]]1 l(xz (k))"' W[;]l 1+1“[;]]z I+1 (x (k))’
f;/[Z](y/ (k)) l[zl]lul[zl] ! (y/ (k)) [2/]l+lu[2/] [+1 (y (k) 4

TOOTO B KOYKHHUIT TOTOYHUIT MOMEHT 4acy kK B KOXKHOMY HENIHIHHOMY CHHAIICI
TLTBKH JB1 CycijHI (DYHKIIIT HAJIEKHOCTI MOXKYTh OYTH aKTHBOBaHi.

B mizcyMKy Ha KOKHOMY TakTi HAIAIITOBYIOThCS HE 2mnh CHHAI-
TUYHUX Bar, a TUIbKW 4mn , MO NPUIIBUJIIYE NPOLEC HABYAHHS CHCTEMH B
IOMY.

2. HaBuanHst Heo-(ha331i aBTOEHKOIepa

[Iporec HaBuaHHs Heo-(ha33i aBTOCHKOZEpa MOB’SI3aHUN 3 BHU3HAYCH-
HSIM CHHANTHYHUX Bar 000X IIapiB ILISAXOM MiHIMI3allii HiIb0BOI QyHKIIIT, sKa
st -ro Buxomy cucremu (I =1,2,...,n) Moxe OyTH 3armcana y BUTIIS

2

E (k)= Ze (0)= (5 0) 5, (5, (0D, (k.o () =

k=1

(xl- (6)- 3 3 wEE )y, (k ))]2 = ®)

Jj=1i=l

(v, () - P k)Y,

M= 1=

-
I
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newl) = (Wl wBl L wBl B BB Wl ()=
= (B0, ) s (1 Dot 0 () B s (D51, ().,
ul[i]h (ym (k))) —(mhxl) — BEKTOPH CHHANTHYHHUX Bar i QYHKIH Haaex-

HOCTI BiIIIOBIIHO.

2]

B malinpocTimoMy BUNaAKy Ul OLIHKH BEKTOPY W, MOXe OyTu Bu-

KOPHCTaHO CTAHJAPTHUN METOJ HaMEHIINX KBaJAPaTiB y BUTJIAAL

00 ~( S (0 ) St

VY Bumajiky, KOJIM JaHi HAAXOASITh Ha 0OPOOKY MOCIIIIOBHO OJHE 32 Ofl-
HUM, TPOIIEC HABYaHHS 3BOIUTHLCS IO TPaji€HTHOI MiHiMmizamii kputepis (8)
Buy [17]

2
() w2 1) (i) 20
Wyz( ) Wi ( ) n( ) ﬁwg] , )

= wh (k= 1)+ (e, (ks (v, ()

e T](k) — mapaMerp KpOKy HaBYaHHSI.

HanamryBaHHsl CHHAIITUYHUX Bar MPUXOBAHOTO [Iapy BiOyBa€eThCs Ha
0a3i 3BOPOTHOTO MOIIMPEHHS MOXUOOK, MPH I[OMY MOXKE OYTH BHKOPHCTaHA
nporenypa Ty (9), ska B 1IbOMY BHITaJKy HaOyBa€e BHTIISLY

oel(k
W) = 1) i) 2K

aWﬁ/
2 2 (k) oy, (k)
Mk —1 k\aez (k)_@ z(k). yi\K) _ 10
ﬂ/( ) 11( }aAi(k) 8yj(k) 8W[]:} (10)

o (Kl e (5 ) L)

ijl

BucHoBkH. 3aporioHOBaHO HEO-(a33i aBTOSHKOIEP, 110 0a3yeThes Ha
JIBOIIAPOBIH apXiTeKTypi 3 Heo-(a33i HelpOHaMU Y SIKOCTi BY3IiB, 1 MPOCTUH
QITOPUTM HOTO HaBYaHHS, 10 32CHOBAHHUH Ha 3BOPOTHOMY IOIIUPEHI MTOXUOOK
Ta JIO3BOJISIE ONPAIbOBYBATH iH(OPMALIiI0 B on-line pexxuMi Mo Mipi HaIXxoj-
JKCHHS B CHCTEMY.
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BBeneHuii aBTOEHKOIEP XAPaKTEPU3YETHCS IPOCTOTOK0 YUCENIBHOI pea-
mizarii i BUCOKOI HIBHUJKICTIO HaJNANITyBaHHS CBOiX mapamerpiB. [IpoBeneni
SKCIICPUMEHTH SIK Ha TECTOBHMX, TaK 1 Ha PEANbHUX JAHHUX MiATBEPKYIOTh
JOLIBHICTD MIAXO0IY, IO PO3BUBAETHC.
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