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YOMY L JaHi MOXKyTh OyTH HENOBHI, HEYITKI YU HEIeTepMi-
HoBaHi. To0TO, 00’ €KT, SIKII MOIETIFOETHCS Y [PKEPEI JaHUX
IIMM KOPTEXEM, iCHY€, ajie yacTHHa iH(popMallii mpo HbOro
BiZICYTHS, HEYITKa, HEMIOBHA, HElETEpPMiHOBaHA TOLIIO.

Hagenemo npykita i KopTe)xy KOHCOIIIOBaHNX JAHNX JUTS
Ppi3HUX THMIB iH(POPMaLIfHIX pecypciB.

1. Pensiitina 6a3a TaHUX — Y IbOMY BHIIAIKy BUKOPUCTO-
BYETBCS PO3IIMPEHNUIA persiitHuit koprex {pq) :

dc =t wUNK,
trel ={C1,-.Cpru{c_unkq,...,c_unk,},

ne {c,...Cn} — 3HaYeHHS UITKUX aTrpuobyTiB,

{c_unky,...,c_unk,} — 3HaueHHs arpuOyTiB 3 HEBU3HAYE-
HICTIO.

2. CxoBwuIIIe TaHUX — [IOETHYE JIaHi 3 BITHOIIEHb (DaKTiB Ta
BUMipiB. MHOXHHY 3Ha4€Hb BHUMIPIB Ta XapaKTEPUCTHUK
(bakTiB M01aHO K KOpTEXK [gyy:

dc =tg,, wUnk,

taw ={C11r C1p 3 O {Ck g eens Ci g FIACH s G F
u{c_unkyq,...,c _unkym}u...of{c_unkyq,...,c_unkys
u{c_unkrfl,...,c_unkrft} '

ne Cjj — 3HaueHHs YiTKOi j-1 XapaKTepHCTHKH i-TO BUMIDY,
Crf; — 3HaueHHs j-i XapaKTePUCTHKHU BiTHOIIEHHS (aKTiB,

c_ Unkij — 3HAYEHHS j-T0 aTpHUOyTiB 3 HEBU3HAYCHICTIO I-r0
BuMipy, C_ UNKf j — 3HAYEHH -1 XapaKTEPUCTHKH 3 HEBH3-

HaYeHiCTIO BiTHOMICHHS (aKTiB.

3. HamiBcTpyKTYpOBaHUI TEKCT — OMMUCYETHCS 3HAUCHHS
BEPIIUH CEMaHTHYHOI MEPEXi Ta CTYITIHb HAaJIKHOCTI ITIX
3Ha4YEHb 10 00’ €KTiB, HA3BU SIKMX OIMICAHI y CIIOBHUKY CH-
HOHIMIB tgyt

dc= ttext wUnk y
trext ={C1s-- Cny{C_unky,...,.c_unkq}.

3HaveHHs aTpUOYTiB KOPTEXKY KOHCOMTITOBAaHNX TaHHUX
MIOILTAMO Ha TPYITH.

1.Yirki (Bimomi) — 3HaYeHHS TIEPBUHHOTO KIIOUa,
30BHIIITHIX KITFO9iB (MOKYTE OyTH BiacyTHi). [To3HaumMO ix
gepe3 C.

2. BixcytHi — ¢iznaHO BiacyTHs iHpopMmarttis. [lozHaun-
Mo ix uepe3 L.

3. HeBu3HaueHi — U1t TiAMHOXHWH aTpUOYTiB BBEICHA
MHOxwuHA aTpuOyTiB UNK, ski BKa3ytoTh CTYIHb iCTHHHOCTI
3Ha4YeHb IUX aTpUOyTiB. 32 3aMOBUYBaHHAM 3HAUCHHIO aT-
pudyra Unk mprcBOrOEMO 3HaueHHS, SIKe O3HAYAE HaHBH-
IIMH CTYMiHG icTHHHOCTI. KpaiiHiMu BUIIaIkaMy BBEICHHS
HEBU3HAYCHOCTI €

— nonaBanHst aTpuoyTiB THITY UNK 110 yeix aTproOyTiB, KpiM
YITKHUX,

— nonasanus arpudyra Unk 10 ycix 3Ha4YEHB KOPTEKY.

3ayBaXuMo, 1110, y BUITAJKY CTOBIJICOTKOBOI TOBIpH 10
KO)KHOTO 3HAYCHHS KOPTEXKY, MU OTPUMYEMO TPa Ui HHUN
PpeTLiHHNI KOPTEX Ta 3aCTOCOBYEMO TPAAMIIHHI oneparii
HAJl HAM.

Kopmeorc xonconioosanux danux dC — e MHOXKHUHA 3Ha-
YEeHB XapaKTePHUCTHK 00’ €KTa CYTHOCTI, OIIFICAHA SIK

dc=<C, C_unk, Unk, {dic},{cg}>,

ne C — miaMHOXHHA 3HAYCHB aTPUOYTIB 13 YITKIMH 3HAUCH-
HAMH, C =ty Utgy Uty C_UNK —migMHOXIHA 3HAYEHB
aTpuOyTIB i3 HEYITKUMHM Ta HEAETEPMiHOBAHINMH 3HAYECHHSI-
M, UNK — migMHOXHMHA 3HAYEHb aTPUOYTIB i3 CTYIECHAMH
ictuHHOCTI 3Ha4eHb aTpudyTie C_unkimeta(C_unk, Unk)=1,
{dic} — MHOX1Ha 3Ha4YeHB CIIOBHHKA NaHKX, {CJ} — MHOXH-
Ha 3HaY€Hb METa/IaHuX.

Cxosuwje Oanux 3 HEBU3HAYEHICTIO CQ' — MHOXHHA

BiJTHOIIEHb 31 cxeMOr0 CQ' Ta MHOKHHOIO KOPTEXKiB KOHCO-
JIigoBaHKX qaHux dc.

PO3POBJIEHHS OIEPALIII HAJI KOHCOJIIO-
BAHUMU JAHUMU MOJET CXOBHUILA

OCKiJIbKH CXOBHIIE KOHCOJIJOBAaHHX JTAHUX € PO3IINPEH-
HSIM CXOBHIIIA IAaHWX, ITOOYTOBAHOTO Ha OCHOBI pesisimiiHOl
MOJIEIi, TO J1ajli yIOCKOHAJIMMO orepaii 1711 poOOTH 3 HAM.

J171s oTpatioBaHHs Ta aHAIi3y HEBU3HAUYEHOCTEH 3a 1010~
MOT'0I0 3aIUTY B PEIISIIIHHUX OlepaTopax Ciij 3A1HCHIOBaTH
CEJEKIIIF0 KOPTEeXKIB 3a 3HAYCHHSIMH MHOKHHH aTpu0yTiB Unk.
Y CXOBHIIII JAHUX aHAOTIYHOIO JI0 Hel € onepayis 3pizy. He-
Xaii I' Ta S — BiJHOLICHHS 31 cXeMOI R, 1’ Ta s’ — BiTHOIIIEHHSI
3i cxemoro RuUnk U Dic U Cg. Tomi rNS, rusir—se
BimHOmeEHHAMU 31 cxemo R, a r'ms’, rf'us'ir' —s' —
BigHOIIEHHsMH 31 cxemoro R uUnk U Dicu Cg.

BpaxoByroun #IMOBIpHICTE arak (HEBH3HAYEHICTH THITY
«0araTo3HagHICTh») , BUOMPAEMO Ti [Kepesia aHWX, PiBEHb
JIOBipH IO IKVX BHIIHH 32 aHAJIOTiYHi:

r=r UGmax(P(n(Cg)))(Dic) uCg,

JlomoBHEHHS 0 BITHOLICHHS I IPaIOBATHME KOPEKTHO
y pasi PUCBOEHHS BCIiM 3HaueHHsAM aTpuOyra Unk HaitHmk-
YOTO CTYIIEHST IOBIpH (arpiopi BBaKAETHCH, KA 111 iH(opma-
Iis1, 10 3aHOCUTHCS Y BiTHOIIIEHHS € IIPAaBIMBOIO Ta TIOBHOIO,
a TIpo perry iHpopmariii HaM Higoro Heimomo). OOpaHHs
TaKOTO METOIY TIOMAHH CTYICHS ICTHHHOCTI 32 3aMOBYYBaH-
HSM 31 iCHEHO, BUXO/ISTYH 3 MPUHITUITY 3AMKHEHOCT.

Omneparop 3pi3y rependadae aHai3 HeUiTKOTO 3HAYCHHS
3a MHOYKMHOFO 3HaueHb aTpuOyTiB Unk.

ice * o %ONS(Unk®unk)u(C _unk®c _unk)u n—
slice: o (UUC(DiC)UGC(Cg) (cg’)

_ [teddft(Unk)Bunk,t(C _unk)@c _unk, metayni ¢ _unk =1
- oc (Dic) Is Not NULL,c¢ (Cg) Is Not NULL,unk = P(cg’) |’

rIe ® —MHOXHHA CHMBOIIB (3HaKiB) GiHAPHUX BiqHOIICHD
HaJl TapaMy 3HaueHb JIOMEHIB. BBaXkaeThCs, IO 10 KOKHOTO
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MATEMATUYHE TA KOMIT'IOTEPHE MOJIEJIIOBAHH 1

aTpuOyTa C_UnK 3aCTOCOBYFOTHCSI Omepallii HOpiBHIHHS. Sk
TIpaBUIIO, OyIyTh BXKHMBATUCS JIMIIE TaKi 3HAKH OPIBHIHHS
HajJ OMHUM JOMEHOM: =, #,<, < 2>, >,

TBepIKeHHS: YIOCKOHAIICHHI OrepaTop 3pi3y, sIK i ore-
parop BHOIpKH, 30epirae BIACTUBOCTI KOMYTaTUBHOCTI Ta
JCTpUOYyTHBHOCTI BITHOCHO OYJIEBHX OIepariii.

Jloseoenns

Hexait r'(R’) —Bingomenns, R’ <~ RuUnk U Dic U Cg ,A4
iB—arpubymiB R’', iHexaii a € dom(A), be dom(B). Tomi Mae
micte pisricts: 6% a-a (65 (1)) = Sconspp (G a=a (1))-

VYoCcKOHAJIEHHH omeparop 3pi3y AUCTPUOYTHBHUI
BiZTHOCHO OiHapHHX OylIeBHX ONEparlii:

drill - down : y ™ (cg’) = Il

ne lIF(ymosa; 0is 1; 0isn 2) — onepatop yMOBH. Y pa3i BUKO-
HaHH;I YMO6U BUKOHY€ETCS 0is 1, iHaktue 0is 2; ISNULL(r)—
JIOTIYHUI OmepaTop, pe3yabTaToM SIKOTO € iCmuHa, SIKIIO0
BiTHOIICHHSI-OMIEpaH I' He MICTHTh KOPTEXiB, Ta Xuba —
y iHIIOMY BUTIAKY. Takok 3/1iHCHIOETHCS ITOLTYK CHHOHIMA

aTpubyTa y cloBHHKY cuHoHiMiB Dic (Gcuc_unk=x (Dic))
Ta 3aMiHa 3a NOTPeOH (Mg, . _x (Dic) ().

TBepa:keHHsI: YIOCKOHAJIEHHH ONlepaTop 3ropTaHHs 30e-
pirae BIacTHBOCTI TpaHLli{HOTO OIlepaTopa IPOeKIIii.

Hoseoenns: ko X < Xy ... Xy <R, 10

TEXlCOFIS(TCXZCOHS(” .(TCchonS(Cg /)) »: TchCOFIS(Cg /) .

Onepamop 3’ €OHanHs BUKOPUCTOBYETHCS TS 3B’ I3yBaH-
HS BiTHOIIECHHS (DAKTiB Ta BiIHOIIEHh BUMIPIB y CXOBHIII
KOHCOIIZIOBAaHUX TaHHUX, OCKUTHKH BOHO OYIy€eTHCS Ha OCHOBI
pemnsmiitHOT MozIeri.

Tpaaumiitauii omepatop 3’€JHAHHSI HE MOKE BUKOPHC-
TOBYBATHCSI TSI CXOBHII Ta IIPOCTOPIB TaHUX 3 KOHCOMiTOBa-
HIMU JTaHUMH, OCKIJIBKH IJIS CTATUCTHYIHOTO aHAi3Yy HE00X-
11He 3’€THAHHS BiTHOIICHHS (DAKTiB 3 BiHOMICHHAMY BUMIpIB,
a3a HAsIBHOCTI HETIOPOKHBOT ITi IMHOKUHE aTproyTiB UnK y
BiTHOIMICHH:X (DaKTiB Ta BUMIpiB TaKe 3’ €JHAHHS OyIIe HEKO-
pexrHrM. Takox Ha onepaTop 3’ €THAHH BIDTHBAE TOH (aKT,
1110 BUHHKA€ HEOOXIMHICT 3’ € THAHHS HE JINIIIE 34 TUMU aT-
pubyTramu, o0 BKa3aHi sIK BXiTHI ITapaMeTpH, aje i mepe-
BipSATH HAsBHICTH CHHOHIMIB y CIIOBHHKY CHHOHIMIB Dic.

Ji1st ymockoHaIIeHHS oriepaTopa 3’ € THAHHS CITi T PO3IIIS-
HYTH BUTIAJIK{, KOJH BiJHOIIICHHS € TIOBHICTIO 3’ €THYBaJIb-
HUMH 200 HE TOBHICTIO 3’€IHYBaIbHUMU. {715 TIOBHICTIO
3’€IHYBaJIbHUX BiTHOIICHb YBEICHHS MHOKHHH aTPHOYTIiB
Unk He BIUTMBa€E Ha OTIepaIlito 3’ €THaHHs. SIKIIO 3HAYCHHS
MHOXHUHA aTprOyTiB UNK MiCTATE Mipy HEBU3HAYEHOCTI 30B-
HIITHBOT'0 KITFOYA BiTHOIIEHHS, 3 SIKFM BiIOyBa€ThCS 3’ €THAH-
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oS 4o (r’ys') =GOS 4o (r’)yc Aca (sf),

me Y=, U abo— ar'is' — BigHOmEHHS HAJ OJHIEIO i
TIEFO &K CXEMOIO.

AHasnorom onepariii 3ropTaHHs y CXOBHIIII JITAaHUX, TI00Y-
JTOBAHOMY Ha OCHOBI peJSIIAHIN MOJeNi, € onepayis npo-
ekyii. 3MICHIOI0YN TTPOEKIiI0 BiJHOUIEHHS 3 KOPT&XKaMHU
KOHCOITIJIOBAaHUX JTAHVIX, CITiJT BiJICITITKOBYBATH 3B’ 130K ITiIMHO-
*uHU atpudyTie UnkK i3 miamuoxuHOI0 atpubyTie C_unk, a
TaKOXK MEePEeBIpATH, Y s Ha3Bu aTpuldyta C_UNK € CHHOHIM
y cIOBHHKY cHHOHIMIB Dic. ToMy ymockoHaneHuii onepa-
TOp 3TOPTaHHSI IIOJJAHO TAK:

B ISNULL(GngRUC _unk:X (C_Unk)) TCX UTlynk (GCg:meta(C_unk,Unk):l(c_unk)) (dC),

1HoG0e Unkox (DIC) g o . (oiey (P ()

Hl, TO 111 Mipa HEBU3HAYEHOCTI IEPEHOCUTHLCS Ha BCI PEIITY
3HAYeHb aTPUOYTIB I[HOTO BiJHOMIEHHS. Y BUIAKy HETIOB-
HOI 3’€THYBaJIBHOCTI 3HaYeHHs aTpuOyTa Unk mist koprexis
T JTETTI01 TaOMHII, SIKi He MOTPAIUISIOTh Y BiTHOIIICHHS, OY-
JIyTh BB)KATHCS pIBHUMHU HAWBUILOMY CTYIICHS JJOBipH.

across:r<cg’ = IIF(GCU(; Unk=x (Dic);
cons -

Tocoe Unkox (Dic)(r‘f <¢g'); T(R,B,NVL (Unk,min)) (rf < Cg')) ,

Jie I — TpauIlifiHe BiqHOIICHHS, CQ  — BiTHOIICHHS 3 KOHCO-
JiIOBaHUMH TaHUMH, R — MHOXXIHA aTpHOYTiB BiHOIIICHHS
r, S — MHOXXHHA aTpUOYTIB BiHOIIEHH: CJ ', He BKIIIOYAIO-
uy miamMHokuHA atprbyTie Unk (Cg’ = Cg uUnk), B—MHo-
KMHA THX aTprOyTiB 3 S, sIKMX HeMa v BimromrerHi I (B < Cg,
Bz Cg N R), min — 3HaueHHs, sKe 03HAYAE HANHMKIHI
crynisb goBipy, NVL(UnK, min) —onepatiis, sika IpUCBOIOE
min ycim 3uagennsm UnkK st Hes’ e qHyBaIbHUX KOPTEKIB
>

BiTHOIIEHHA €Q', , ~ —JIiBe 3’ €/IHaHHS.

CriouaTKy niepeBipS€eThCS, YM HEOOXITHO 3iHICHIOBATH
3’€IHAaHHS HE 32 3aJaHAMHU aTPpHOYTaMH, a 32 CHHOHIMaMHU
(ocuc unk=x (Dic)). SIkiwo Hi, To BUKOHYETHCS ONEpaLlis
JIBOro 3’ €JHAHHS IS BiTHOIIICHB 3 cxeMaMu S’ 1 R Ta mpoex-
151 32 aTpuOyTaMI-CHHOHIMAMU. Y 1HIIIOMY BHIIA Ky BHKO-
HYETECS OIepallis JIiBOTo 3’ € JHAHHA 32 CIUTEHIMHA aTprUOy-
TaMH, TIOTIM HaJT OTPUMAaHKM 3 ITOIEPEAHBOI ONepartii BiTHO-
IIEHHSM 3IIACHIOETHCS ONepalis MpoeKiii, 3a SKOI0
YTBOPEHHUM Y PE3YIIbTaTi 3’ €THAHHS ITOPOKHIM 3HAUCHHAM
miaMHOKMHEA aTproyTiB UNK IIpHCBOIOETHCS 3HAYEHHS Min.

Crizx 3a3HAYATH, 10 KOJTH CIIOBHUK CHHOHIMIB TTOPOYXKHIH
(Dic = @) i iMOBipHICTE 3BEPHEHHS 110 [KEPEIT JAHNX 3ara-
JIOM Ta JI0 iX XapaKkTepucTHK piBHi omuruti (Unk = 1), TO OT-
pUMaeMO TpauIliifHe peIsIiifHe 3’ € THAHHS.
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TBepmxeHHsI: YIOCKOHAIGHUH oriepaTtop 3’ €JHaHHSI KO-
MYTaTUBHHH Ta aCOI[iaTUBHUI.

Jloseoenns

Jotst manwux BigHOMmeHs 9, r'i s’

(@><r)eas' =g ><a(r'><s’).
BBememMo mo3HadYeHHS IS ACIKHX 0aratopa3oBUX
' ' ! ’ ’ ’ .
3’emHanb. Hexait $1 (51 )52 (32 )---:Sm (Sm )—BmHomeHHﬁ,

’ ! ’ . . .
R'=S5 US, U..US, 1 S§' - NOCIiIOBHICTH

’ ’ ' . o . .

$1,S2 4 Sm . Haui, Hexati ty, to,..., ty,— mocmimoBHICTE KOp-
!

TeXiB, BsIKiil tj € Sj ,1<i<m. Koprexi3’eaHroBaibHi Ha S,

. ~ ' -
AKIIO icHye KopTex teR', Takuid, mo t; :t(si )13 i<m.
Kopresx t € pe3ynsratoM 3’ € iHaHHA KOPTEXIB [, Ty,...,Ine S'.

ATPETAISI PO3PDKEHOT'O TIIIEPKYBA
TAHIX

[TpakTrka po3poOIeHHS 1 BIPOBaHKEHHS PEISIIHHIX
cHrcTeM 30MpaHHs JaHUX M0Ka3ala, 10 Yepe3 Pi3Hi MpHIHn-
HU 301p NEpPBUHHUX JaHUX 3/1HCHIOETHCS JIMIIIE YaCTKOBO, &
TOMY HE 3aBKAU MOXe OyTH ONTUMAaJIbHAM JJISi BUKOPHC-
TauHA. L{e mpuBOIMTE 10 HEOOXiTHOCTI 3aCTOCYBaHHS Oara-
TOBMMIpHUX 0a3 JJaHKX 3 YaCTKOBOIO 200 CITa0KOIO 3aTl0BHE-
Hictio. [Ipu 11boMy cTBOpeHi OaraToBHMipHI KyOW JaHHX
MAalOTh HU3bKY IIUIBHICTH 3aIIOBHEHHS JAHUMH, & TOMY €
po3pioocenumu. ToMy BHHUKAIOTH TaKi MPOOIEMHU:

— HU3bKa eDEKTUBHICTH ITOLIYKY 1 BUTATaHHS iH(popMarIii
3 PO3PIPKEHOT 0 TiepKy0a JaHuX;

— HEKOPEKTHICTh BUKOPHUCTAHHS OTPUMAaHUX IIPHU arpe-
rarii 3Ha9eHb Y pO3piHKEHHX rinepkydax JaHuX.

Pazom 3 TuM, po3pimKeHi TinepKyOn TaHUX MiCTSITh TO-
TEHIIHO HiHHY iH(OpMaIlifo, eeKTHBHE BUKOPUCTAHHS
SIKOI MOYKE BiIirpaTvl 3HAYHY POIb IIPH IPUHAHSTTI PillICHHS.

OTxe, OCHOBHUMH IIPOOIeMaMH, SKi BHHUKAIOTh Y 3a/1a-
Yax aHaNi3y PO3PIMKEHHS TilepKyda € 3HIKEHHS SKOCTI
PpIIIeHB Ta MOTipIIEHHS arperalii po3piKeHNX TilepKyoiB
JIAHHIX.

VY OGipIIOCTi BUTIAIKIB TIPH CTBOPEHHI iH(pOpMAaIitHIX
CHCTEM, OPI€HTOBAHUX HA aHAJII3 JAHWX, TUTAHHS NOJAHHS
iH(popMaIii B po3pimKeHNX TiepKyOax JaHUX 00XOAATHCS
croponor. Ta Mmeroau poOOTH 31 IUTPHUMHU 1 PO3PiIKEHH-
MU TinepKyOaM¥ JaHWX MOBUHHI iCTOTHO pi3HUTHCA. ToMmy,
PO3pOOICHHS abTEPHATUBHIAX METO/IIB TIOIIYKY i arperarii
JTAHWX, IO TO3BOJISTIOTH BUPIIINTH BUIIIE3TaIaHi POOIeMH,
€ aKTyaJIbHUM 3aBIaHHSM.

[ToxarkeMo, SIKUM YHHOM BIDIMHE BiICYTHICTB IIOKA3HH-
Ka HIDKHBOTO PiBHS HA (JOPMYBaHHS arperary.

[Mepur 3a Bce HaBeIEMO METOIM OOYUCIICHHS arperary.
IcHye mekinpKa TpaMIiHHuX MeToiB arperarii (ta6i. 1).

Bubip Toro abo iHIIOro MeTony arperamii JaHUX 3aire-
KHTB BiJ] KOHKPETHOTO BUPiLTyBaHOTO 3aBIaHHs. TexHoIo-
TIYHO TIPOIeypa IMiIpaxyHKy arperaTiB BHKOHYETHCS 3 BH-
KOPHCTAHHSIM T.3. KapT arperariii, o BKITIOYaroTh CTAHAAPTHI

Ta6auusa 1. CtanaapTHi METOAM arperarii

JlomaBaHHS N
SUM NeTaNi30BaHuX P=>x
maHuX i=1
3BakeHa N
WSUM P=> piXi
cyma =
MiHimManbHe .
MIN (MAX) |(MakcumanbHe) P= 12',\? (%)
3HAYECHHS
N
X .
AVERAGE ~ |CePeaHc 2 i
3HAYCHHS p=iZ
N
N
3 Z PiXi
WAVERAGE [>P¥KeHe p=izl
cepeie
2hi
i=1

METO/IM arperarii, BkazaHi B Ta01. 1. ¥ 6arartbox HOMyIsIpHUX
OLAP-cucremax sik METOJ] arperariii «3a 3aMOBYYBaHHIM»
BHUKOPHCTOBYETHCSI METOJL JIOIABaHHS, 110 rependayae Ha-
SIBHICTB [IEPBUHHUX JIaHUX Ha HIDKHBOMY piBHI iepapxii. [1po-
T€, BUHUKA€E ITUTaHHS PO 3aCTOCOBHICTh LIMX METO/IB IPH
arperarii JaHUX B pO3P1JUKEHHUX TilepKyoax.

[1pu BupimeHHi cepio3HNX aHATITHYHHUX 3aBIaHb aHaTi-
THKY B)KJINBO 3HATH HE TUIBKY 3HAYEHHs [IOKA3HUKA, aJe i
T€, HACKIJIbKH BiH MOXE JOBIpSATH HAOyTOMY 3Hau€HHIO.
OO6uucnenHs arperara 3a METOJOM CEPEJHbOI0 3HAUCHHS
3a HasIBHOCTI IIEPBUHHMX JIAHKX 32 YCiMa 3HAUCHHSIMHU HIK-
HBOTO piBHA B iepapxii mae 100 %-By ZOCTOBIpHICTH, OCKiIb-
KU HeMa€ NPUYHMH BBAXKATH, LIO 11€ CEPeIHE 3HAYCHHS MOT-
70 OyTr YMM-HeOynb CIIOTBOPEHE.

O4eBHIHO, IO B CTAHAAPTHUX METOMIaX arperarii He Bpa-
XOBYETBCS CUTYALlisl HEBU3HAYCHOCTI NEPBUHHUX JAHHUX, [II0
BiJITIOBI IATOTH AESTKIM MiTKaM HIDKHBOTO PiBHS i€papXidHO-
TO BIMipy. AJIe ) caMe TaKy CHUTYAIIif0 sIBIISiE COOOIO0 arpe-
ramis JaHuX Y pO3piIKEHOMY TiepKyoi.

[1ix yac BUKOHAHHS arperaiii B po3piIKeHOMY TillepKyOi
32 METOAOM OOYHCIICHHS CepeTHhOTr0 HEOOXiTHE BBEICHHS
JTOIATKOBOTO MTapaMeTpa, 10 XapaKTepHu3ye PiBeHb Biporij-
HOCTi OTPUMAHOTO Pe3yNbTaTy. TEXHOIOT19HO IS OIlepartis
MOXKE 3/TICHIOBATUCSA IIUISIXOM CTBOPEHHS TOJATKOBOI Kap-
TH arperaiiii, o BKIF0Ya€ PO3PaXyHOK PiBHS BipOTiTHOCTI
JIUTSI KOKHOTO, OTPAMAHOTO B XOJIi arperarfii, 3Ha9eHH.

OG6urCIIeHHs arperaty Ha repiioMy pisHi iepapxii (1=1)
3IIACHIOETHCA 32 (POPMYIIOIO:

Vijj
> ag
Ag]j — i=1 ,

Vj

neV i~ KUTBKICTB (aKTiB, SIKi BiAMIOBINAFOTE aTPHOYTaM, III0 €

JIOYipHIMH TIO BiIHOIIEHHIO 10 aTpHOyTa .
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VY3arajbpHIOIOUH, OIeP>KUMO (OPMYIH OOUNCIICHHS ar-
peraTiB Ha pelTi piBHIB iepapxii:

1
2.ag;
Agl =1t I=1..,N-
Vi

PozrsiHyTHit MeTOI MOXe OyTH 3aCTOCOBaHHMM IPH I10-
OymoBi KapT arperariii B po3pi/pKeHHX rinepKydax JaHuX i 1ae
MOXKJIMBICTb OLIIHUTHU PIBEHb JIOCTOBIPHOCTI OZIep>KaHNX pe-
3yJIBTATIB Ha €Talll aHaJIi3y.

Ornmiemo NpornoHoBaHui MeTox popmaibHo. Hexalt Mu
MaeMo iepapxiunuii Bumip 3 N piBasmu. [lepBunni nani
BIZINOB1Jal0Th HWOXKHBOMY piBHIO iepapxii (1=0). [TocraBumo
V BIATIOBIIHICTh KOXKHIH i-iif MITLI HIXKHBOTO PiBHSI iepapXil
BEJIMYHHY, 1110 XapaKTepH3ye Mipy IOCTOBIpPHOCTI (aKTiB TaK
(puc. 3): t; 01 Y BHIIQJIKY, SIKIIO iCHYE (DaKT, 1110 Bi/IIOBi A€
i MiTd, 1 tio =0, SIKIIO TaKOro (paKTy HE iCHYE.

OO0uucIIeHHs arperaty Ha eBHOMY piBHi iepapxii (1=1)
31iCHIOETBCS 32 (DOPMYIIOLO:

M
0
2%
x.loisl |
J M
J
ne M i~ KUTBKiCTh (DaKTiB, SIKi BiIOBIIAFOTh MiTKaM, IO €
JOYipHIMHU IO BiTHOLICHHIO 10 MITKH |.

OO6uncieHHs piBHS JOCTOBIPHOCTI BiAIIOB1THOTO arpera-
Ty 3IIHCHIOETBCS 32 (POpMYIIOIO:

e Tj — KUTBKICTB MITOK, IO € JJOYipHIMH IT0 BiTHOIIEHHIO JI0
MITKH |.

|
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Puc. 3. Arperauis po3pimKeHOro rinepkyda JaHuX
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VY3arajabpHIOIOUH, OIEPKUMO (OPMYIH OOUNCIICHHS ar-
peratiB Ha peITi piBHIB iepapxii:

M;
inl_l
Mj

Jd=1..,N-

PozrisiHyTHIT METO MOXKE 3aCTOCOBYBATHCS ISl 1100Y-
JIOBH KapT arperatii B po3piKeHHX TilepKydax AaHuX i 1ae
MOJIMBICTb OLIIHKU PiBHS JIOCTOBIPHOCTI OZIEpKaHNX pe3yib-
TaTiB Ha eTarli aHaJi3y.

BUCHOBKUA

BusHaueHo nonsaTTs Tepminy Big Data i npoananizoBaHo
OpUYKHE TX 0sBU. Takok BU3HAYEHO OIHY 3 ipodiiem Big
Data — nosiBy HeBU3Ha4EHOCTI.

[ToGynoBaHO MOZIENb CXOBUINA KOHCOMIIOBAaHNX JAHHX,
sIKa € PO3LIMPEHHSIM MOJIEJ BiTHOIIEHHS 3 HEBU3HAYEHICTIO.

YiockoHasIeHO oneparii Hajl BiJHOIICHHSM 3 HeBU3Ha4e-
HICTIO 3 METOIO iX 3aCTOCYBaHHS JI0 CXOBHIIIA KOHCOJI10Ba-
HUX JaHUX.

[MoOynoBaHO TpoIEAypy MOMEPEIHLOrO (hOPMYBAHHS
arperary 3 BpaXxyBaHHSIM HEBU3HAY€HOCTI.
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OBPABOTKHW HEOIIPEJAEJTEHHOCTH B BOJIBIIIUX JAHHBIX
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INDECISION PROCESSING IN BIG DATA

This paper introduced the concept of the term Big Data and analyzes the cause of their appearance. Thus, the specificity of Big data
(the presence of diverse set of sources, data doubling, ambiguity describing data sources) leads to the fact that the indeterminacy in
traditional relational databases considered within a relationship and could occur at the level of attribute and tuple-level attitude in this case
extends through the perception of the user information on the entire data space. Therefore, for processing indeterminacy in the Big data
must use a different approach, the need for the use of which has not had in relational databases and data warehouses. There is the level
of uncertainty in the Big Data show. There are formed data warehouse model with uncertainty and developed operations on it. There is
posted forming unit method, taking into account uncertainty.
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CKOPOYEHHSA PO3MIPHOCTI HABYANbHOI BUBIPKU HA OCHOBI
ACOLUIATUBHUX MNMPABUI

Po3msiHyTO 3a/1a4y CKOPOUYCHHSI HaBYalIbHOI BUOIpKU. Po3polieHo MeTon penykiii naHux
Ha OCHOBI aconiaTuBHUX npaBuii. CTBOpEHO mporpamHe 3a0e3MeucHHS Ha OCHOBI
3aMponOHOBAHOr0 METOMY. [IpOBEICHO EKCIEPHUMEHTH 3 BUPINICHHS MPAaKTUYHUX 3a/1a4, IO
JTO3BOJIAJIO JIOCTITUTH €(EKTUBHICTH 3aPOMIOHOBAHOTO METOLY.

KarouoBi ciioBa: acomiaTuBHe MpaBUIIo, BipOTiMHICTh, MOJENb, MIATPUMKA, CKOPOUYCHHS,

HaBYaJIbHA BUOIpKa, TEpM.

BCTYII

Bubipku gaHuX, 10 BUKOPUCTOBYIOTHCS TSI TOOYIOBU
JIarHOCTUYHUX MOJENeH CKiIagHuX 00’€KTiB i MpOIeciB,
MICTATB, SIK TIPABHIIO, HATHIIKOBY iH(opmariito [1, 2], npex-
CTaBJICHY O3HaKaMH, L0 He BIUIMBAIOTh HA BUX1JHUHI Mapa-
METp, i MHOXKHHOIO ITOiOHIX eK3eMIULIpiB. Bukopuctanas
HaUTMIIKOBUX JaHHUX ITPU CHHTE31 JiarHOCTHYHHUX MOJIeNeit
MOXXE TIPUBECTH 1O MTOOYIOBH MOJENEH, AKi XapaKTepu3y-
IOTBCSl HU3BKUMH Y3arajibHIOBaJbHIUMH BIACTHBOCTSIMH, a
TAKOXK BUCOKOIO CTPYKTYPHOIO Ta IapaMeTPUIHOI CKIIAJI-
HICTIO, IO IPU3BOAUTH 10 30UTBIIICHHS BUTpAT mam’siti EOM
Ha 30epiranHsa Mofienei 1 301IbIIeHHS 9acy OOYUCIICHB IPU
00po0r11i BennKix MacuBiB JaHux. KpiM Toro, Taki Mozeni, sk
TIPaBMJIO, XapaKTePU3YIOTHCS HU3BKUM PiBHEM iHTEpIIpeTa-
OeNBHOCTI, a TAKOXK HE 3aBKIH 3a0€3MEUYIOTh IPUHHITHY
TOYHICTB PO3Mi3HABAHHSA, IO YCKIAIHIOE a00 YHEMOKIIHB-
JIFOE iXHE 3aCTOCYBAHHA Ha MpakThil. OTKe, mepe 3iCHeH-
HSIM CHHTE3Y AiarHOCTUYHUX MOJIeJIeH TOLIIBHUM € CKOpPO-
YeHHs HaBYaJIbHOT BUOI PKH LIUIIXOM BUKITFOYEHHS 3 Hel Hal-
JIUIITKOBOI iH(OpMAITii.

Bimomi Metomu pemykiii manux [1-5], sk npasuio, npu-
3Ha4eHi abo I Binbopy o3HaK, abo I BiIOOPY eK3eMII-
JISPIiB 1 9aCTO HE BPaXOBYIOTh B3a€MO3B’ 3K KOMOiIHAIIIH

© 3aiiko T. A., Omiitnuk A. O., Cy66otin C. O., 2014
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JIesIKX 3HAYCHBb O3HAK, SIKi TAKOXK MOXKYTH OyTH BUKITIOUEHI 3
BHXimHOI BUOiIpKH. TOMy aKTyalnbHOIO € po3poOKa HOBOTO
METOIy CKOPOYCHHS HaBYAJIbHOI BHOIPKH, SKUH IO3BOJISE
BHUKOHYBATH PEAYKIIFO O3HAK, €K3EMIUIAPIB, TEPMiB O3HAK i
(dbopMyBaTH MHOKHHY JaHHUX 3 MEHIIOIO KUTBKICTIO elre-
MEHTIB y TOPiBHIHHI 3 BUX1IHOO BHOIPKOIO, 8 TAKOXK OyIy-
BaTH Ha 11 OCHOBI JIarHOCTAYHI MOZEN] 3 BUCOKAMH 3HAYEH-
HSIMH TTOKA3HUKIB y3araJdbHEHHS i iHTepIperadeTbHOCTi.
st penykuii HaBYanbHOI BUOIPKH B IiHt poOOTi TIpoITo-
HYETBCSI BAKOPHCTOBYBATH acoriaTuBHi npaswia [6—10], oc-
KUTBKH BUIOOYBaHHS TAKHUX PABHJI 3 BUOIPOK TAHHUX JO3BO-
JISIE CYTTEBO CKOPOUyBaTH 00CATH iH(pOpMAIIii Ta BHKOHYBA-
TH y3araJIbHeHHS JaHHX, IIEPETBOPIOBATH 3HAYCHHS O3HAK Y
JIesIKi Tiara30Hu 3Ha49€Hb, OIiHFOBATH CTYIIiHb BIUTUBY O3HAK
Ha BUXIiTHUN TTapaMeTp, a TAKOXK PiBEHb iX B3a€MO3B’SI3KYy
MiX CO0010, ¥ T. 4. B3a€EMO3B’ I3KU AKX 3HAUYCHb O3HAK.
Memoro pobomu € CTBOPEHHS METOIy CKOPOYEHHS PO3MIp-
HOCTi HABYAJILHO! BUOIPKU HA OCHOBI aCOIIATUBHAX MPaBHIL.

1 ITIOCTAHOBKA 3A/1AYI CKOPOUYEHHSA
PO3MIPHOCTI HABYAJILHOI BUBIPKA

Hexaii 3a1ana HaBuanbHa BuOipka D (1):

D={T. ... Ty, J, @
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Y SIKif KOXXHHH €IeMEHT TJ- , 1=12,...,Np micrurs indpop-
Marfiro mpo aeski 06’exru abo mnporuecy, ae Np =|D| -

KLITBKICTh €K3eMIUISIPiB (eeMeHTiB) y Habopi nanux D.
Enementu T j ABAAIOTE COOOK0 MHOXKMHY 3HAY€Hb BULVIS-

ay (2):
Tj={T1j7T2j""’TN|j7yj}, (2)

e Taj = lTaj min;Taj maxJ — 3HAYEHHA A-1 03HAKU T, JUIA €Nle-
MEHTY T;; Ta — a-Ta O3HAKA MHOXHHU | = {tl, T20n TN, },
a=12,..,N|; | —MHOXHHA O3HAK, IKUMH OIHUCYIOThCS €Jle-
mert T, j =1,2,..., N p Habopy nanux D; N | =|||—Ki.]'lLKiC1"L
o3HaK y BUOipIi D; Tajmin Ta Tajmax — MiHIMaJIbHE Ta MaKCH-
MaJIbHE 3HAY€HHS 3 [Jiara30Hy MOXJIMBUX 3HAYEHb O3HAKU Ty,
Y j— 3Ha4CHHs BUX1IHOIO IapaMeTpa JUlsl eleMeHTy T ).

Toni 3aga4a cKopoYeHHsI pO3MipHOCTI HaBYaJIbHOI BUOI-
PKU D — D' moisTae B 3MEHIIEHHI KUTBKOCTI i1 eK3eMILIIPIB
Np < NpTaoszuak N < N, mo ix onucyrots, 3i 30epesxen-
HSIM MOXXJTMBOCTI TIOOYIIOBH Tiar HOCTUYHHX MOJICIICH 3 IPHii-
HATHHMH 3JATHOCTSIMH JI0 aIlIPOKCHMAITIT TOCIIDKYBaHUX 3a-
JIGKHOCTEM.

2 METOJ CKOPOYEHHS PO3MIPHOCTI
HABYAJILHOI BUBIPKA HA OCHOBI
ACOHIATUBHUX ITPABWJT

J11s1 BUSIBIIEHHS i YCYHEHHSI Ha UTUIIKOBOI iH(popManii y
BHOIpILI NMPONOHYETHCS METOJ CKOPOYEHHS PO3MIpHOCTI
HaBYaAJIBGHOI BUOIPKH, IO peajti3ye MOCTiIOBHO eTanu pe-
JIYKITT €K3eMILTSAPIB, PEMyKIIil O3HAK i CKOPOYCHHS Ha ITHIII-
KOBHX TEpPMIB.

VY po3pobiaeHoMy METOMi CKOpOYCHHS PO3MIipHOCTI Ha-
BYAITEHOI BUOIPKH YT PEAYKIIii JAHUX IIPOIIOHYETHCS BHSB-
JIATH acOLiaTHBHI paBmia. [HpopmMaris mpo MiKkaBicTh BU-
SIBJICHUX TIPaBUJI BUKOPUCTOBYETBCS JUIS OLIIHIOBAHHS CTY-
NIEHIO BIUIMBY O3HAK Ha BHXIJHUI mapamerp, a Takox
B3a€MO3B’3KIB IEIKUX 3HaYEHb O3HAK MK COOOI0.

Ha mouarxoBomy erarti st 3aqaH0i Bubipku D BHKOHY€eTB-
Csl pemyKIis ii eK3eMIULIpiB. st HOT0 TUCKPETH3YIOThCS
3HAYCHHS YHCJIOBUX O3HAaK (Hiama3oH 3HAYCHD

Ay = [Tamin?fa max] KOXKHOI O3HAKU T, PO3OUBAETHCS HA

Nint.a inTepBaiis). Benuunna Nj; 5 MOXe 3aaBaThcs Ko-
pHUCTyBa4eM sIK ITapaMeTp METOIy Ta OyTH € IMHOIO IS BCiX
osHak Bubipku D. Kpim toro, xinskicts Njnt o iHTEpBaIIiB
JUCKpeTu3alii a-1 03HaKu T, MOXKe OyTU BU3HAYeHa IIf-
XOM Kitactepu3ariii Bubipku D i mpoekTyBaHHs TpaHHITb KiTa-
CTepiB Ha KOOPAMHATHI OCi B IIPOCTOPi O3HAK.

[Micas guckpeTrusamii BUKOHYETHCS IEPETBOPEHHS
D — Dy, y pe3y:srari SIKOro 3Ha4€HHs! BUXITHHX O3HAK T,
3aMiHSFOTBCSI HOMEpaMH iHTEpBaJIiB 3HAYEHb O3HAK, BUIiJIe-
HUX y ITporieci Auckperusartii (3):

t = Nlrg), ©)

’ . -
Je Taj Ta Taj — 3HA4YCHHJ a-1 03HAKM JIA |J-I0 CK3EMILIIPY Y

BubGipkax D Ta Dj, BianoBigHo; n(raj ) — HOMeEp iHTepBaITy

3HAYEHb O3HAKU T,, Y SIKUH 1onajae ii 3HaueHHs Tqj V14 j-TO
EK3EMILISIPY.
Orpumani B pe3ynsrari nepersopennst D — Df exsemi-

ssapu T j Ta Ty 3 O/IHAKOBUMH 3HAYEHHAMH O3HAK TajTa Ty,
a=1,2,...,N| BBaxaroTbCs €KBIBaJICHTHUMU I HAJIUIIIKOBH-
mu. Tomy y BuGipii D] mocifioBHO 17151 KOXKHUX JIBOX €KBi-
BaJICHTHHX €K3EMILISPIB TJf i Ty CIIi 3aJMIIATH OIUH eK-

semmisp T §, a iHumid — Bumounty (4):
D; =Dj\Tg. @

[Ticns BUKOHAHHS eTally peiyKuii eK3eMIUsIpiB BinOy-
BAETHCS BUSABJICHHS HEiH()OPMATHBHUX O3HAK 3 HACTYITHUM
X BUKITIOUEeHHSIM 3 BUOipKu. [l penykuii o3HaK T, 3 BUOIp-
ku Dj Gynemo Butsratu acouiarushi npasmwia Al e BIT
(BIT — 6a3a mpaBwu1), OLIHIOBATH iX LIKABICTh Ta L[IKABIiCTh
KO>)KHOT'O TEPMY O3HaK, Ha OCHOBI 4OT0 OyieMo poOHTH BHC-
HOBOK PO iH(OPMATUBHICTh KOKHOI 03HaKH. Jlyis 11boro
CIHOYaTKy BUI00YBaIOTHCS YHCENbHI aCOLiaTHBHI IpaBHiIa
ATl : X| =Y, [8, 11], notiM BUKOHYETHCS OLHIOBAHHS IIiKa-
Bocri | AIl, KOXKHOTO 3 BHSIBIICHHX [PaBUIL. Y SIKOCTI OIIIHOK

LIKaBOCTi IPABHJI MOYKHA BUKOpPUCTOBYBatH kputepil (5)—(9)
[6-10]:

lam, = supp(X; = Y; )+ supp(x_| N \7,) ®)

supp(X; - ;)

_ >N) 6
' supp(X Jsupp(Y, ) ©

AIl

conf(X; =Y, @)
AL = v '
confiX; =Y,
o _supp(x; > Yiupp(X oY) g

I,

-~ supplX; - Yy bupp(X; >V, )

Lam, =supp(X; —Y;)-supp(X upp(v;), (@)

e Supp(A) — IiATpUMKA MHOKHHH A, 00YHUCIICHA 5K BiTHO-

LLIEHHS KiJIKOCTI €JIEMEHTIB T j» 1O MICTATH A, 10 3arajJbHOL

KinbkocTi exseMIurapiB N y Habopi nanux D; Conf(A) -
BipOTiTHICTH MHOKHHU A, III0 PO3PAXOBYETHCS SIK BiTHOIICH-
mst i arpumie iMrorikanii A (X —Y) mo miarpuMk i iBoi
YacTHHU X.

BuxopucroByroun indopmanito npo mikaBocti | or, Bu-
TATHYTUX aCOLIIaTUBHUX IIPaBUII, BAKOHYETHCS OLIIHIOBAaHHS
IiKaBOCTi TePMIB ATy, K =1,2,..., Njpt o KOKHOI 03HAKH Ty,
a=12,..,N,. Lixasictb TepMiB ATy NPONOHYETHCS BU3-
HayaTH 32 OmHi€ro 3 HacTymHuX opmyi (10)—(12):

1
lacy = 2 | an, , (20

NA‘Cak I:AIl, eBbIl,
Aty €All)
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= min
I:ATI, eBII,
Aty eAll

fam, (1)

I Aty

max
I:ATl, BI1,
A‘fak EAH|

W, J (12

IA‘Eak -

ne N Ay~ KiJIbKiCTh acouiatuBHUX npaBuil Allj € bII, mo

MICTATb TepM Aty ATgi € Al

IndopmarusHicTs | ; 03HaK T, OynemMo oLiHIOBATH, BUXO-
JIST9U 3 OLIHOK IIKaBOCTEH TEpMiB, IO BXO/IATE Y BIATIOBIHY
o3Haky (13)—(15):

1 Nint.a
I, = DAy, (13)
Nint.a k=1
I, = max | ! (14)
8 k=1,2,...,Nim.a{ eu)
I, = min | : (15)
@ k:1,2,---,Nim.a{ Atak }

3 METOr0 IPUBEICHHS 3HAYCHP OIHOK 1H()OPMATHBHOCTI 03-

Hak 110 oHoro inrepsany [0;1] Buxonaemoix nHopmysamus (16):

l,— min |
Ia: a a:1,2,...,N|{a} . (16)
|, ¢— i |
mex Mal= min | {la]

O3HaKu T, 3 HU3bKUMU 3HAYEHHAMH 1H(OPMATUBHOCTI

la <lp( lp = MiHIMaJIbHO MPUHHATHE 3HaYEeHHS iHpOopMa-

THBHOCTI) BUKJITIOYAI0THCs 3 BUOipkn Dj. Y pesynbrati BUK-
Jr04eHHs 3 BUOipku D] HeiH)OpMATHBHNX O3HAK MOXKJIU-
BOIO € ITOSIBA HATUIIIKOBUX K3EMIUBIPIB, IO MiCTATH OHA-
KOBi 3HAaYeHHs O3HAK i BHXigHOro mapamerpy. Taki
eK3eMIUTSIPH TAaKOK BUKITIOYAIOTHCS. Y pe3ylbTaTi BUaJICH-
HS HeiH()OPMATUBHUX O3HAK i HAIUIITKOBUX EK3EMILIIPIiB
BUKOHYETBCS IiepeTBopeHHst D — D) i ckopodeHHs po3-
MipHOCTI HABYaJIbHOI BHOIPKH.

3 METO BUKOHAHHS €TaIly CKOPOYCHHS HaUTHIIKOBUX
TepMiB 3 Bubipku D) BUTSTaroThCst aCOLIATHBHI IPAaBIIIA TA
BUSIBIISIIOTHCS B3A€EMO3B SI3KM MiXK Pi3HUMH iHTEpBaIaMU
Atgy ¥ Atppy, O3HAK.

VY pesynsraTi BUAoOyBaHHS acOIiaTHBHUX IPABUII 3 BU-

6ipku Dy cunresyeTncs 6asza npasun BIl, Buxy
AIl| : X; >V, 3 pisrem Biporimmocti conf(X; -, ), ne
HIDKYE MiHIMaJIbHO IPUHHATHOTO minconfidence -
Tomy 3 Tpan3akuiii (ek3eMIULIpiB) T, j BHOIPKH D5 Mox-
Ha BUKJIFOUUTH TePMU ATy, € X| TIPH HAIBHOCTI B IUX X

TPaH3aKLisAX TepMiB ATy, € Y], 10 BXOIATH y KOHCEKBEHTU
Y) npaBun AIl} 6a3u BIT,(17):

U(Ta € Atk )

AT €Xy,
A&t T3 N, ' (17)

(X, -, JeBIl,

T4 =T3;\
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[ns1x0M BUKITIOUEHHS HA UTUIIKOBHX TEPMIB 3 BUOIpKHU
D5 BukoHyeThCs nieperBopents Dy — D3 ta dhopmysanms
BuOipku D3 ckopoueHoi po3mipHocTi. Y Takwuii crioci6 orpu-
MaHe po30UTTs IpocTopy o3Hak D3 MiCTHTB CYTTEBO MEH-
LIy KiJIBKICTb €JIEMEHTIB AT, y IOPiBHSAHHI 3 BUX1JHOO BU-
6ipxoto D, xapakrepru3yeThcs OUIbIT BHCOKMMH Y3araJIbHIO-
IOYMMHU BIIACTHBOCTSMHU i JI03BOJISIE IOHU3UTH CTPYKTYPHY
Ta napamMeTpruyiHy CKJIa IHICTh CHHTE30BaHMX 1iarHOCTHYHNX
MOJIEJIEH.

3anpoIrOHOBaHUI METOJl CKOPOYEHHSI PO3MIPHOCTI Ha-
BYaJIbHOI BUOIPKH Ha OCHOBI aCOIIaTUBHUX TIPABHII TIEpei-
Oayae BUKOHAHHSI €TAIlB PEIYKIii eK3eMIULIPiB, O3HAK 1 HAJl-
JIMIIKOBHX TEPMIB, JUIS OL[IHIOBAaHHS 1H)OPMATHBHOCTI 03-
HaK BUKOPHCTOBYE iH(QOpPMAILiIO PO BUTATHYTI aCOLIaTHBHI
npaBuiIa i 103BosIsI€ (hOpMyBaTH PO3OUTTSI IPOCTOPY O3HAK
3 MEHILIOO KiJIBKICTIO €K3eMILUIIPIB Y IIOPIBHSHHI 3 BUXiHOIO
BHOIPKOIO, 10 Y CBOIO YEPry JI03BOJISIE CHHTE3YBaTH O1IbII
IPOCTI Ta 3pY4Hi JUIsl CHPUIHATTS A1ar HOCTHYHI MOJIEIII.

3 AHAJII3 OBUYMCJTIIOBAJIBHOI CKJIATHOCTI

OO0uuciIoBaIbHy CKIIQIHICTh METOAY CKOPOYEHHS PO3-
MipHOCTI HaB4ajdbHOi BHOIpKH BHU3HAYUMO SK

3
Oy =0 Zoi , le koxkHuil nonanok O Xxapakrepusye 00-
=

YHCIFOBAIIbHY CKIIAIHICTh BiAMIOBIJHOTO i-TO €Tammy METOLY,
a O() — onepatop Hotauii Jlanaay «o Benuke».
Ha erami penykuii ek3eMIUIsipiB BUKOHY€ETHCS TUCKPETH-

sarist N =|I| O3HAK 3 HACTYITHAM IIOIIYKOM ISl KOXXHOTO
enementa Tj (j=1,2,..,Np) exBiBajeHTHUX eK3eMILIAPiB
(Takux, y AKMX 3HAYCHHS Bi/ITOBIIHMX O3HAK HAJICXKUTH O/THA-
KOBHM iHTEpBaIaMm T:aj, a=12, ,| | |). OTxe, CKITaHICT TIep-
IIIOTO eTary Moke OyTH BU3HaueHa B Takuii criocio (18):

0, =0(Np|1]). (18)

ETan penyxuii o3Hak mependadae BUIOOYBAHHS YHCEIb-
HHUX acOLaTHBHHUX HPaBHI 3 HACTYITHHM BHKOPHCTaHHSIM
BiAMOBiTHOI iH(OpMAIIi1 AT BUKITIOYECHHS HeiH(OPMATHB-
HUX 03HaK. Ha o0uncieHHs omiHOK iHQOPMAaTHBHOCTI KOX-

HOI 3 |I| 03HaK Oyzie noTpioHO OH(II |) eJIEMEHTAPHHUX OIle-

pamiii. OCKiNnbKE OOYUCITIOBATbHA CKJIAHICTh BUSBIICHHS
YHCENbHUX aCOLIaTUBHUX IMPABIII MOXKE OYTH OILiHEHA 5K

OAH(' I | “Np log,(Np )+ | I |2), BenmunHy O» BU3HAYMMO 32
dbopmyroro (19):

0, =0H(Il|)+OAn[|I|- Np Iogz(ND)+|I|2j:

~ofll-NotogzNo)+if). a9

J171 BUKITFOUEHHS HaITAIIIKOBUX TEPMiB HEOOXiTHO IPo-
aHaJli3yBaTl KoXHUI 3 N p €K3eMIULIPIB Ha HAasBHICTb Y HbO-

My TepMmiB Aty,a=1,2, | | | , IKi MOXKYTB OyTH BHUKJTIOUCHI.
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BpaxoByroun Takok HeOOXiJHICTh BUIOOYBaHHS aCOIIATHB-
HUX MPABUIT HA I[bOMY €Talli, OIEPKYEMO HACTYITHY OLIHKY
o0umncoBaNbHOI ckiagHocTi (20):

05 =, (No|1]}+Oan( 1] No oga(Np )+ 1) -

2
:O(|I|-NDI092(ND)+|I| ) (20)
OTxe, 3arajgbHa OLIHKA OOYMCIIIOBAIBLHOI CKJIAIHOCTI
METO/y CKOPOUYEHHS PO3MIPHOCTI HaBYAJILHOT BUOIPKU MOXKE
Oytu Bu3Ha4eHa 3a hopmyroro (21):

Oy :ol(ND|||)+oz(|||- Np Iogz(ND)+|I|2j+

+03(\|\-ND |og2(ND)+\|\2j:o(\|\~ND logz(ND)+\|\2)_(21)

Sk BuaHO, oninka Oy 3aIIpOIIOHOBAHOI'0 METOLY € IIPO-

nopuiifHoro n0 BenmnunHn Np Ing(N D) Ta KBaJPaTHIHO
3aJIXKUTH BiJ] KUTBKOCTI 03HaK y BuOipii D. Lle no3sonse 3po-
OUTH BUCHOBOK ITPO T€, 1110 pO3POOIEHUI METO CKOPOUEH-
HSI pO3MIpHOCTI HaBYAJIbHOI BUOIPKH Ha OCHOBI acoliaTus-
HUX IIPaBHII € 00UUCITIOBATIBHO €pEKTHBHIM.

4 EKCIEPUMEHTH 1 PE3YJIGTATH

J1J151 BUKOHAHHSI €KCIIEPUMEHTATBHOTO JOCITI [PKEHHS 3aI1-
POIIOHOBAHOTO METOLy CKOPOUESHHS PO3MIPHOCTI HaBYaJIb-
HOI BUOIpKY Ha OCHOBI aCOLIIaTUBHHUX NPaBUJI BiH OyB Ipo-
rpamHoO peanizoBanuii MoBoto C#. HaBuanbHa BUOipKa 11st
NIPOBEICHHS EKCIIEPUMEHTIB MiCTHIIa iH(pOpMaIlifo Ipo Xa-
PaKTEPUCTHKH CUPOBHHH I TIapaMeTPH TEXHOJIOTT YHOTO TIPO-
TIeCy BUTOTOBJICHHS KOHIUTEPCHKOI TPOIyKii st 3284 mapriit
BHPOGIB (CIIOCTEPEKEHB), III0 OMUCYIOTHCS 32 JOIMOMOTOH0
43 oznak. Jlami usg BuOipKa CKOpOUIyBayacs MUITXOM 3aCTO-
CyBaHHSI 3aIIPOTIOHOBAHOTO METOY, @ TAKOXK Pi3HUX METOIIB
CKOPOYCHHS HABYAIBHUX MHOXHH (METOIH BiIOOpY O3HAK
[2,4,5,12] i meTomu Bimbopy ex3emrumsipis [1-3, 13, 14]).

J1st mopiBHAHHS pO3pOOJIEHOrO METOMY 3 aHAJOTaMu
BHUKOPHCTOBYBAJIUCS KPHUTEPIi, IO BPAXOBYIOTH CTYITiHb CKO-

POYCHHSI HABYAITLHOI BUOIPKH (3MEHILICHHS KiJIbKOCTI O3HAK,
eK3eMILAIPIB), 8 TAKOXK XapaKTePUCTHKHI MoJiei, mobyaoBa-
HOI Ha OCHOB1 CKOPOYEHOI BUOIPKH:
— KIJIBKIiCTb eK3eMIUTIpiB y BuOipwi micist ckopouertst N ;
— KoeiLli€HT CKOPOUCHHS KIJTBKOCTI eK3eMILIAIPIB (22):

OND =—2. (22)

— KUIBKICTb O3HaK y BUOIpIIi IiCIIst CKOPOUEHHS |I '| X

— KoeiL[i€HT CKOPOUCHHS KIIBKOCTI 03HaK (23):

_I
N

— Koe(ilieHT CKOPOUYEHHS PO3MipHOCTI BHOipKH (24):

l
)

(23)

_ Np|l
Np|I|

— MOMMJIKa MOJIEJI, IT00yJOBaHOi Ha OCHOBI HAaBYAJILHOT
BUOIPKH €g;

— IOMMJIKa MOJeNi, MoOyI1oBaHOi Ha OCHOBI TE€CTOBOI
BUOIPKH &;;

— CTPYKTYpHa CKJIaIHICTh CHHTE30BaHOI Mozeli 3,

=ANDY; (24)

— mapameTpuyHa CKJIaAHICTh CHHTE30BaHoi Mozei Bp.

V sikocTl Mozenl, CHHTE30BaHOI Ha OCHOBI BUX1QHOI Ta
CKopoueHnX BUOIpOK, Oyita oOpaHa Helipo-HeviTka Mepexa
Mawmpani [5, 15], sika OymyBanacs IUISIXOM BimoOpakeHHsI
MHOKHHH €K3eMIUTSPIB Y IpaBuiia, BUKOpUCTOBYBanacs [1-
noxaibua ¢yHkuis Hanexsocti [5, 10, 15]. CrpykrypHa
CKJIQJIHICTb 3§ TAKOI MOJIEJIi BU3HAYAJIACs SIK KiJIbKICTb BUKO-
PHCTOBYBaHMX HelfpoeneMeHTiB, napameTpuana P p— sk 3a-
rayibHa KiJTbKICTB TTapaMeTpiB MozieNi (BaroBUX KOeQiIlieHTIB,
mapameTpiB QYHKIIT HATEKHOCTI).

PesynmeraTi eKCIEpIMEHTIB 31 CKOPOUEHHST HaBYaJIbHOT
BHOIPKH [T CHHTE3Y NiaTHOCTUYHOI MOJIEITi SIKOCTI KOHIH-
TEPCHKOI IPOMYKITii HaBemeHo B Taom. 1.

Ta6muus 1. Pe3ynpratn CKOpOYCHHS HABYAIBHOI BUOIPKH

Merox Np | anp ||’| o ap €o &t Bs Bp

1. Buxiana Bubipka (CKOpOUCHHS BUOIPKH HEe 3284 1 43 1 1 0 013 3510 | 4369
BHKOHYBAJIOCs)

2. Meronu Binbopy o3HaK

2.1. BinGip 3 noxasanusiM o3Hak [4, 5, 12] 3284 1 34 0,79 0,79 0,037 | 0,054 | 3465 4144
2.2. BinGip 3 Bunanenusm o3uak [4, 5, 12] 3284 1 31 0,72 0,72 0,042 | 0,061 3450 4069
2.3. EBomoniiinuii Metox Binbopy o3uak [12] 3284 1 25 0,58 0,58 0,036 | 0,045 | 3420 3919
3. Meronu Binbopy eK3eMILIIpiB
3.1. Bunaaxoswuii Bixoip [1, 2] 1642 | 0,50 43 1 0,50 | 0,041 | 0,059 | 1868 | 2727
?'ZjMeToﬂ Ha 0CHOBI 11epeGOpHOro nomyKy 1193 | 036 | 43 1 0,36 | 0,036 | 0,056 | 1419 | 2278

13 , , , ,
3.3. Merox Ha OCHOBI €BOJIOIIIITHOTO MOMIYKY 981 030 43 1 030 | 0031 | 0046 | 1207 | 2066
[14] il ) 1l il
4. MeTton cKOpOUYSHHSI HABYaJIbHOT BUOIpKHU Ha 956 029 27 063 018 | 0035 | 0044 | 1102 | 1641
OCHOBI aCOLIIaTUBHUX MPAaBHJI ' ' ' ' '
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Sx BumHO 3 TabI. 1, Helipo-HeuiTKa Mepexa, ITo0yoBaHa
Ha OCHOBI BUX1THOT (HE CKOPOUCHOI ) BUOIPKH, XapaKTEePU3yETh-
s BUCOKNMH 3Ha4YEHHSIMH ITOKa3HUKIB CTPYKTYpHOI Ta Iapa-
merpuunoi cknaHocti (B¢ = 3510, By =4369), ockinbku B
Mepexi MICTHTBCS BEIMKa KUTBKICTB NpaBwiI 1 TepMiB. Lle, 3
OIHOTO OOKY, TO3BOJISIE OCSATHYTH HYJTBOBOI MOMMIIKH MO-
JIelTi, BU3HAUCHOI Ha OCHOB1 HABYATEHOI BUOIPKH, a 3 IHIIIOrO
00Ky, He JO3BOJSE 3a0€3MEUUTH NPUHHSITHE 3HAYSHHS I10-
MMJIKH, PO3paxOBaHOI Ha OCHOBI TecToBoi BHOIpK (g; = 0,13).
KpiMm Toro, BUCOKi 3Ha4eHHs KpUTepiiB P, B p Ta g xapakre-
PUBYIOTH TaKy HEHPO-HEUITKY MEPEXY SIK MOJEIb 3 HU3bKH-
MM [TOKa3HUKaMH IHTEpIPETa0eNbHOCTI 1 y3aralbHEHHSI.

Bukopucranss MeToniB Binoopy o3Hak [4, 5, 12] no3onu-
JI0 HE3HAYHO CKOPOTUTH CTPYKTYPHY Ta IapaMeTpHUUHy
CKJIQTHICTb MOZIENI, i IBUIIMBILH 11 iHTEpIIpeTaOeNbHICTB, 1
30UIBLIMTH 11 y3araJIbHIOK0U1 3aTHOCTI (3HaYCHHS KPUTEPIitO
€y Jurs pisaux MeroiB craHomiio 0,054, 0,061, 10,045, mo e
MPUUHATHAM JUTS IAHOT MPEIMETHOT 00J1aCTi).

Mertonu Binbopy ekzemiuisipis [1, 2, 13, 14] no3Boimin
3MEHIIUTH HaB4aIbHY BUOipKy Ha 50—70 % (3HaueHHs Koe-
¢inienty o p s pizHEX MetoxiB ckiano 0,3-0,5). Cropo-
YEHHsI EK3EMILISIPIB 3a0€3I1eYNII0 3MEHILICHHS KUTBKOCTI Tpa-
BIJI y CHHTE30BaHOI HEHpPO-HEJiTKOI MEpexi, 110 y CBOIO
Yepry JO3BOJIMIIO CKOPOTUTH CTPYKTYPHY # ITapaMeTpuIHy
CKJIQJIHICTB (/151 €BOIIOLI IHOTO METO/Ty CKOPOUYCHHS €K3eM-
mpis B4 =1207, B p= 2066), 3a0€3NeYHBIIIH IPH [IEOMY
npuiiHsTHI 3HaueHHs nokasHuka (Bix 0,046 mo 0,059).

3anponoHoBaHMUI METO/] CKOPOUESHHSI HAaBYaJIbHOI BUOIp-
KM Ha OCHOBI aCOLIIaTHBHUX IIPaBHJI JO3BOJIMB CYTTEBO 3MEH-
IIUTH PO3MIPHICTH HaBUaNbHOI BUOIpKH (o.p = 0,018), mo
3a0€31euyeThCS 32 PAXYHOK BUKOHAHHS €TaIliB PEAyKIil eK-
3EeMIUTAPIB, PEIYKIIil O3HAK i CKOPOYEHHSI HaJTUIITKOBHX TEPMIB.
CuHTe30BaHa HAa OCHOB1 BUOIPKH, CKOPOUYEHOI 32 JIOTIOMOT'OF0
PO3pOOIEHOTO METOxmy, HEHpO-HEUiTKA MOJETh XapaKTepH-
3yeThbCs TPUHHATHIME 3HAYCHHAMH ITOKa3HHKIB €, Ta &4
(€9 =0,035, &¢ =0,044), a omxe, i NPUHHATHUMH ATPOKCH-
MAITIIHIME # y3aTaTbHIOIOUNMI BIaCTHBOCTIMU. HU3bKi 3Ha-
YeHHS NOKA3HHKIB B 1a B o (Bg =1102, B, =1641) nocs-

TafOThCS 332 PAXYHOK CYTTEBOTO CKOPOUCHHS KINBKOCTI ITpa-
BWJI i O3HAK Y CHHTE30BaHil Helpo-HediTKilii Mepexi. Taxi
3HAYECHHS KPUTEPiiB Bs ip p OKa3Yi0Tb, 0 MozIerti, mo0ymo-

BaHi Ha OCHOBI BUOIPOK, CKOPOUCHHUX 32 JOIIOMOTOIO 3aIpo-
ITOHOBAHOTO METOLY, € OUTBII MPOCTHMH Ta 3PYIHUMU VIS
CIPUHAHATTS (TOOTO € GiITBII iHTEpIPETA0ETEHUMH).

TaxuM 4HHOM, PE3YIBTATH SKCIIEPUMEHTIB IOKa3aJIH, 110
3aIpOIIOHOBAHMI METOI CKOPOUCHHS PO3MipHOCTI HaBYAJIb-
HOI BUOIPKH Ha OCHOBI aCOIiaTHBHUX IPABHIT T03BOJISIE (hOp-
MYyBaTH MHOXKUHY TAaHHUX 3 MEHIIIOIO KiJIBKICTIO €IIEMEHTIB y
MIOPIBHAHHI 3 BUXiTHOIO BHOIPKOIO, a TaKOK OymyBaTH Ha 11
OCHOBI JIarHOCTHYHI MOZENI 3 BUCOKUMH 3HAYEHHSAMU I10-
Ka3HHUKIB y3araJbHEHHS i iHTepIpeTabelbHOCT.

BUCHOBKHA

Y po0ori BupilIeHO aKTyalbHY 33/1a9y PeIyKIlii HaB4aIIb-
HUX BUOIPOK 1715 HOOYIOBHU JiarHOCTUIHUX MOJIENEH.
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Hayxosa nosuszna podboty nosisirae B TOMY, IO 3aIpo-
TIOHOBAHO METO]] CKOPOUECHHSI PO3MipHOCTI HaBYaJIbHOI BH-
OipKHM Ha OCHOBI acoLiaTUBHMX NPaBWI, KU rependadae
BHKOHAHHS €TaIliB PEAYKIIii eK3eMIUTAPiB, O3HAK 1 Ha UTUTII-
KOBHX TEpMIB, JUIsl OL[IHIOBaHHS iH()OPMATHBHOCTI O3HAK BH-
KOPHCTOBYE iH(OPMAIIIFO PO BUTATHYTI aCOIIaTHBHI Mpa-
BMJIA Ta J103BOJIsIE (POPMYBATH PO3OUTTS IPOCTOPY O3HAK 3
MEHIIIOIO KiJIbKICTIO €K3EMILISIPIB Y HOPIBHSHHI 3 BUX1IHOIO
BHOIPKOIO, 1110, y CBOIO YEPT'Y; TO3BOJISIE CHHTE3YBATH O1IbII
IIPOCTI Ta 3pY4Hi JUIsl CHPUHHATTS A1ar HOCTHYHI MOJIEITI.

Tpaxmuuna yinnicms OTPUMaHUX PE3Y/IBTATIB HOJISTAE B
TOMY, II0 HA OCHOBI 3alTPONOHOBAHOTO METOAY BHPIILIEHO
NIPaKTHYHY 3a/1a9y CKOPOYEHHsI HaBYaIbHOI BUOIPKH 1151 CHH-
Te3y AlarHOCTUYHOI MOZIEJI SIKOCTI KOHIUTEPCHKOT MPOIYKIIT.

PobGoty BuKkoHaHO B paMKax JIep>KOIOKETHOI HayKOBO-
JIOCHITHOT TeMU 3anopi3bKOro HalliOHATHHOTO TEXHIYHOTO
yHiBepcuTeTy «IHTeNeKTyalbHi iH(pOpMAaIiiHi TeXHOoIOoril
aBTOMAaTH3aLli] IPOEKTYBAHHS, MOACIIOBAHHS, KEPYBaHHS i
JiarHOCTYBaHHs BUPOOHHYHX MPOLECIB i cuctem» (HoMep
neprkaeHoi peectpauii 0112U005350) 3a minTpiuMKH POEKTY
«Centers of Excellence for young Researchers (CERES)»
(Ne544137-TEMPUS-1-2013-1-SK-TEMPUS-JPHES) nporpa-
Mmu «Temmyc» €Bponeiickkoi Komicii.
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! AciupanTka, 3anopoKCKUil HAMOHAILHBIM TEXHUYECKUI YHUBEPCHTET, YKpanHa

?KaH/1. TeXH. HayK, IOLEHT, 3allOpPOKCKHI HAMOHATBHBIA TEXHUYECKUN YHUBEPCHTET, YKpanHa

3]1-p TexH. HayK, podeccop, 3anOPOKCKU HAMOHABHBIN TEXHHIECKHH YHUBEPCUTET, YKpanHa

COKPAIIIEHUE PASMEPHOCTH OBYYAIOIIEN BBIGOPKA HA OCHOBE ACCOILIMATUBHBIX ITIPABUJI
PaccmoTpena 3agada cokparienust o0y4daronieil BeIoopky. PazpaboTan MeTon pefyKIMy JaHHBIX HA OCHOBE aCCOLMATHBHBIX MPaBHUIL.
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TRAINING SAMPLE DIMENSION REDUCTION BASED ON ASSOCIATION RULES

The problem of training sample reduction is considered. A method for data reduction based on association rules is developed. The

proposed method of training sample dimensionality reduction includes stages of reduction of instances, features and redundant terms, to
evaluate the informativety of features uses the information about the extracted association rules. The developed method allows to create
a partition of the feature space with less examples than in the original sample, which in turn allows the synthesis of simpler and more
convenient for the perception of the diagnostic model. The practical value of these results is that on the basis of the proposed method the
practical problem of reducing the training sample for the synthesis of the diagnostic model of quality confectionery products is solved.
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EXTENDED NEO-FUZZY NEURON IN THE TASK OF IMAGES
FILTERING

The paper describes a modification of the neo-fuzzy neuron called as «extended neo-fuzzy
neuron» (ENFN) that characterized by improved approximating properties. The adaptive
learning algorithm for ENFN is proposed, that has both following and smoothing properties
and allows to solve problems of prediction, filtering and smoothing of non-stationary disturbed
stochastic and chaotic signals. A distinctive feature of ENFN is its implementation computa-
tional simplicity compared with artificial neural networks and neuro-fuzzy systems. These
properties of the proposed neo-fuzzy neuron make it very effective in suppressing noise in

image filtering.

Keywords: color images, disturbance, contours, filtering, neo-fuzzy neuron.

INTRODUCTION

Digital images are often exposed to noise when theyare
created and transmitted over communication channels. For
reasons of noise and distortion can be attributed
atmospheric phenomena (for images obtained on TV),
originals surface defects (scanning), and low-light during
shooting (for digital cameras). The main problem in this case
is the need for effective compensation of distortion and
noise while preserving image features such as edges,
textures, and small details. Existing image smoothing filters,
suppressing noise, greatly blur contours and reduce image
sharpness.

The aim of this work is to develop an adaptive filter,
which can compensate the noise on digital images without
significant reducing their quality.

Artificial neural networks (ANN) and fuzzy inference
system (FIS) in recent years have proliferated to address a
large class of data mining tasks of various natures under a
priori and the current uncertainty. Hybrid neuro-fuzzy system
(NFS), that have appeared at the junction of the two main
areas of computational intelligence [1-4], and absorbed their
best features. Thus, the neuro-fuzzy system is capable of
learning like ANN and provide linguistic interpretability and
«transparency» of the results like FIS. However, NFS’s
calculation bulkiness and low speed training limit their
applicability to image processing problems.

To overcome some of the noted problems, neuro-fuzzy
system,called by the authors as «neo-fuzzy neuron (NFN)»,
was introduced and studied in [5-7]. Fig. 1 shows the
architecture of the neo-fuzzy neuron.

Neo-fuzzy neuron is a nonlinear learning system with
multiple inputs and one output, that realizes the mapping

where x; — i-th component of the n-dimensional input
signals vector, x:(xl,...,xi,...,xn)T eR", y- scalar

© Bodyanskiy Ye. V., Kulishova N. E., 2014
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xu(k)

x2(k)

xn(k)
fa(xn(k))

Fig. 1. Neo-fuzzy neuron
NFN’s output. Neo-fuzzy neuron structural blocks are
nonlinear synapses NS;, performing a nonlinear

transformation of the i-th component x; in the form

h
fi (%)= 2 wiiui (%),
I=1
where w;;— I-th synaptic weight of i-th nonlinear synapse,
1=12,...,h, i=12,...,n; w;(¥) - I-th membership
function in the i-th nonlinear synapse, producing a

fuzzification of crisp component x;.
Thus, transformation, realized by NFN, can be written as

y:

M=

2 Wik (%) -

i=11=1
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A fuzzy inference implemented by this same NFN, has
the form

IF %; IS x; THENTHE OUTPUTIS w;;,1=1,2,...,h,

i.e. actually nonlinear synapse implements zero order Takagi-
Sugeno fuzzy inference [8, 9].

Neo-fuzzy neuron authors [5—-7] as membership functions
were used traditional triangular construction that meet the
conditions of unity partition

Xi—C_gi .
———L,if % e[ oG |
Cli —Cj-y,i
Cati =% .
Wi =4 ——=——, if % e[ ¢, Cuaj |
Cre1i —Gii
0, otherwise,

P-I?(Xi:Q): {

where ¢j; — rather arbitrarily selected (usually uniformly
distributed) centers of membership functions on the interval
[0,1], thus, naturally 0 < x; <1.

Such choice of the membership functions leads to that i-
th component of the input signal activates only the two
adjacent functions, thus their sum is equal to unity, i.e.

ki (%) + i (%) =1
and

fi (%) = Wb (% )+ Wiz ik (%),

It isthis circumstance allowed to synthesize simple and
effective adaptive controllers for nonlinear control objects
[10,11].

Of course, besides triangular as membership functions
can be used and other forms and, first of all, the B-splines
[12], proved to be effective in the composition of neo-fuzzy
neuron [13]. The general form of membership functions
based on g-th degree B-spline can be presented in the form:

0, otherwise
Xi — Cj; Clag,i =%
R Y (xi,q—l)+q—p|B+Li (x,9-1) for g>1, 1=1,2,...,h—q.
Clrg-1i ~Cii Crtq,i ~C141i

In the case when q=2 we obtain the traditional
triangular functions. It should be noted also that the B-
splines also provide a single partition in the form of

h
> i (%.q)=1
I=1
are non-negative, i.e.
Ml (%,9) 20

and have local domain

HI?(XhQ):O for X E[Clilchq,i}
Thus, when applied to NFN’s input the vector signal
X(K) = (% (K), e X (K)o X (K)) (K =1,2,... here—the
current discrete time) at its output appears scalar value

n h

¥(k) = > wi (k=2 (% (K)) | @

i=11=1

where w;; (k—1) — the current value of the adjusting

synaptic weights resulting from learning on previous k-1
observations.

Introducing the (nhx1) vector of membership functions
(X(9) = (e (K)ot (), b (% (K)o

T
H,lz(Xz(k)),...,},l“(Xi (k)),,p.hn(xn(k))) and the
corresponding vector of synaptic weights

w(k —1)=(wyg (K=1),0. Why (K =1), Wy (k=1),...,w; (k-1),

T . :
Wy (k=1))" ,we can rewrite the transformation (1),
implemented by NFN, in a compact form

(k) =w" (k-Du(x(k)). ®
To adjust the neo-fuzzy neuron parameters, the authors

used the gradient procedure that minimizes the learning
criterion

1,

E(k)=2(y(k)-9(K))" =3¢ (k)=

:%(Y(k)—iiwliuli (% (k))jz

i=11=1
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and having the form

whi (k) = wij (k=1)+me (k) (% (k)) =

=w; (k=1)+n(y (k)= ¥ (k)i (% (k)=
n h

= W; (k—1)+n[Y(k)—ZZW|iHn (% (k))}lli (% (k).

i=11=1

where y (k) —external training signal, e (k) - learning error,
n —learning rate parameter.

To accelerate the NFN learning process in [14] special
algorithm was introduced, having both following (for non-
stationary signal processing) and filtering (for «noisy» data
processing) properties

w(k)=w(k-1)+ r‘l(k)e(k)p(x(k)),

©)
r (k) =ar (k-12)+ Ju(x(k))|* .0 o<1

Wherein when o =0, algorithm (3) is identical in
structure to the Kaczmarz-Widrow- Hoff one-step learning
algorithm [15], and when o =1 —to Goodwin-Ramage-Caines
stochastic approximation algorithm [16].

Note also, that the neo-fuzzy neuron synaptic weights
learning can be used by many other algorithms for learning
and identification, including the traditional method of least
squares with all its modifications.

EXTENDED NEO-FUZZY NEURON

As was noted above, the neo-fuzzy neuron is nonlinear
synapse NS, implements zero-order Takagi-Sugeno
inference, thus being the Wang-Mendel elementary neuro-
fuzzy system [17-19]. Itis possible to improve approximating
properties of such system using a structural unit, which we
called «extended nonlinear synapse» (ENS)) (see Fig. 2) and
synthesized on its basis the «extended neo-fuzzy neuron»
(ENFN), containing as elements ENS, instead of the usual
nonlinear synapses NS..

By introducing the additional variables

Vi (%) =i (xi)(wﬁ +WEX + WX +...+w|'?xip),

h
fi(xi):zu|i(xi)(wﬁ+vv|1ixi+W|2ixi2+...+wl?xip):
1=1
:Wfiuli(Xi)+WiLiXiM1i(Xi)+---+W1'iJXipH1i(Xi)+ngM2i(Xi)+---+
+W2pi XipMZi (Xi )+...+Wr§)i Xip}lhi (Xi ),
0 Wl p .0 p p T
Wi:(W]_i, 1i""’W1i’W2i""’W2i""’Whi) )

i (%) =(M1i (% ) Xibtgi (% ) X7 bgi (%) i (%) -oe

e X i (X ) eees X (% ))T :
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0 P
Wi + WhiKis WAXE . + WEXi

1=
W

B

Fig. 2. Extended non-linear synapse

fifxi(k))

0 1 2 2 p P
W2i + W2iXi+ W2iXi+... + W2iXi

0 p
Whi + WhiXis WhiX+ ..+ Whii

we can write

.
where W' =(wl soens Wi WI) ,

50) = (B ()T () ()

It’s easy to see that ENFN contains (p+1)hn
adjusting synaptic weights and fuzzy output, implemented
by each ENSI, has the form

IF X; IS x; THEN THE OUTPUT IS

Wl Wl + o WPXP T =1,2,..,h,

i.e. essentially coincides with p-order Takagi-Sugeno
inference.

Let’s note also that ENFN has a much simpler architecture
than the traditional neuro-fuzzy system that simplifies its
numerical implementation.

When the ENFN’s input is vector signal x(k), at the
output scalar value appears

(k)= w" (k-DR(x(k)).

whereby this expression differs from (2) only in that it

comprises in a (p+1) times more number of tuning

parameters than conventional NFN. It is clear that learning
parameters ENFN algorithm may be used such as (3),
obtaining in this case the form

w(k)=w(k-1)+7 " (k)e(k)i(x(k)),
(k) =af (k-1)+ [a(x (k)| 0 <1,
Fig. 3 shows the architecture of an extended neo-fuzzy
neuron.
EXPERIMENT

The effectiveness of the proposed architecture has been
investigated on a set of test images (Fig. 4).
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Images were damaged by different types of noise: the
Poisson, Gaussian, impulse, multiplicative. Neo-fuzzy
neuron performance for noise compensation was estimated
by two objective measures (MSE, PSNR) and subjective
visual evaluation. Mean square error MSE is calculated by
the formula:

M=z
Mz

2
. (Ilij_lzij)
MSE = =1t ,
MN

where Ilij, |2ij — the original and filtered images, respectively,

i=12,..,M,j=12,.., N —numbersofimage pixels, M, N —
image sizes.
To calculate the signal/noise ratio PSNR used:

R2
PSNR =10-1g| —— |,
MSE

where R isa coefficient depending on the encoding of images
(for 8-bit encoding R = 255, for floating-point R = 1). For
comparison were also used standard filters — averaging,
median, and Wiener filter. Neo-fuzzy neuron learning was
carried out in two versions: for pure signal and the Wiener
preliminary filtered, that can be used in cases there is no
clear signal.

Image quality estimations after filtering are given in
Table 1, some examples of images before and after the noise
compensation are shown in Fig. 5.

x1(k) ENS. f1(xa(k))
x2(k) ENS, f2(x2(k {l(k)
e faws folxa(K)

Fig. 3. Extended neo-fuzzy neuron

original image original image

Itis obvious that, although numerical estimates demonstrate
higher quality filtering for some standard filters, visual evaluation
certainly suggests a high efficiency of the neo-fuzzy neuron.
Thisisappeared in the keeping contours, fine details and textures.
Ifa clean signal for training is available, can use the Wiener filter
for learning signal for the neo-fuzzy neuron.

CONCLUSION

The paper proposes an extended architecture of neo-
fuzzy neuron, which is a generalization of the standard neo-
fuzzy neuron in case of fuzzy inference order above zero.
The learning algorithm is introduced having both following
and filtering properties. Considered NFN has improved
approximating properties, characterized by a high learning
rate, has simple numerical implementation.
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Table 1. Image quality estimation after filtration

Averaging Filter Median Filter Wiener Filter Neo-Fuzzy Neo-Fuzzy
Neuron with clear Neuron with
learning signal Wiener filtered
learning signal
Image «Car»
Poisson 0,0209 | 16,8 0,0138 | 18,6 0,0078 | 211 0,0068 | 21,7 0,0093 | 20,3
Gaussian, m=0, 0,0296 | 15,3 0,0231 | 16,4 0,0154 | 181 0,0159 | 179 0,0172 | 17,6
5=0,0005
Gaussian, m=0, 0,0418 | 13,8 0,0365 | 144 0,0263 | 15,8 0,0292 | 153 0,0284 | 15,5
5=0,001
Gaussian, m=0, 0,0423 | 13,7 0,0366 | 14,4 0,0265 | 15,8 0,0370 | 14,3 0,0290 | 15,4
5=0,05
Gaussian, m=0, 0,0418 | 13,8 0,0364 | 144 0,0263 | 15,8 0,0292 | 15,3 0,0285 | 15,5
c=0,01
Gaussian, m=0, 0,1968 | 7,1 0,2075 | 6,8 0,1519 | 8,2 0,2083 | 6,8 0,1591 | 7,9
c=0,1
Impulse, 0,0203 | 16,9 0,0132 | 18,8 0,052 22,9 0,0154 | 18,1 0,118 9,3
5=0,005
Impulse, 0,0248 16,1 0,0178 | 17,5 0,0069 | 21,6 0,0118 | 19,3 0,0307 | 151
c=0,01
Multiplicative, 0,0198 | 17,0 0,0128 | 18,9 0,0068 | 21,7 0,0057 | 225 0,0084 | 20,8
5=0,005
Multiplicative, 0,0168 | 17,8 0,0094 | 20,2 0,0042 | 23,7 0,0021 | 26,8 0,0085 | 20,7
5=0,001
Multiplicative, 0,0234 16,3 0,0168 | 17,7 0,0098 | 20,1 0,0095 | 20,2 0,0117 | 19,3
c=0,01
Multiplicative, 0,0739 | 11,3 0,0752 | 11,2 0,0393 | 141 0,0673 | 11,7 0,0426 | 13,7
c=0,1
Image «Lena»
Poisson 0,0126 | 18,9 0,0093 | 20,3 0,0065 | 21,8 0,0070 | 215 0,0083 | 20,8
Gaussian, m=0, 0,0366 14,4 0,0336 | 14,7 0,0260 | 15,8 0,301 15,2 0,0285 | 154
5=0,0005
Gaussian, m=0, 0,0365 | 14,4 0,0336 | 14,7 0,0260 | 15,8 0,0300 | 15,2 0,0285 | 15,5
5=0,001
Gaussian, m=0, 0,0366 | 144 0,0333 | 14,8 0,0256 | 15,9 0,0373 | 14,3 0,0289 | 15,4
6=0,05
Gaussian, m=0, 0,0365 | 14,4 0,0335 | 14,8 0,0259 | 15,9 0,0304 | 15,2 0,0286 | 15,4
6=0,01
Gaussian, m=0, 0,0361 | 144 0,0324 | 14,9 0,0248 | 16,1 0,0583 | 12,3 0,0293 | 15,3
c=0,1
Impulse, 0,0133 | 18,8 0,0086 | 20,6 0,0034 | 24,7 0,0046 | 23,3 0,0045 | 23,5
5=0,005
Impulse, 0,0177 | 175 0,0132 | 18,8 0,0049 | 231 0,0096 | 20,2 0,0062 | 22,1
5=0,01
Multiplicative, 0,0136 | 18,7 0,0091 | 20,4 0,0060 | 22,2 0,0059 | 20,9 0,0081 | 20,9
5=0,005
Multiplicative, 0,0101 19,9 0,0054 | 22,7 0,0030 | 25,2 0,0018 | 274 0,0045 | 235
5=0,001
Multiplicative, 0,0175 | 17,6 0,0136 | 18,7 0,0097 | 20,1 0,0105 | 19,8 0,0120 | 19,1
5=0,01
Multiplicative, 0,0782 111 0,0812 | 10,9 0,0540 | 12,7 0,0788 | 11,1 0,0582 | 12,3
c=0,1
Image «Parrot»
Poisson 0,0109 | 19,6 0,0083 | 20,8 0,0044 | 23,6 0,0031 | 251 0,0049 | 231
Gaussian, m=0, 0,0318 14,9 0,0308 | 15,1 0,0222 | 16,5 0,0244 | 16,1 0,0224 | 16,5
5=0,0005
Gaussian, m=0, 0,0318 | 14,9 0,0308 | 151 0,0223 | 16,5 0,0244 | 16,1 0,0224 | 16,5
5=0,001
Gaussian, m=0, 0,0343 14,7 0,0330 | 14,8 0,0244 | 16,1 0,0349 | 146 0,0249 | 16,0
6=0,05
Gaussian, m=0, 0,0325 | 14,9 0,0314 | 15,0 0,0228 | 16,4 0,0255 | 159 0,0230 | 16,4
5=0,01
Gaussian, m=0, 0,0355 | 14,5 0,0340 | 14,7 0,0257 | 15,9 0,0584 | 12,3 0,0266 | 15,7
c=0,1
Impulse, 0,0134 | 18,7 0,0108 | 19,7 0,0032 | 24,9 0,0060 | 22,2 0,0037 | 24,3
5=0,005
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noised image Averaging Filtering Median Filtering
Wiener filtering Neo Fuzzy Neuron Filtering (pure signal) Neo Fuzzy Neuron Filtering (Wiener learning signal)
noised image Averaging Filtering Median Filtering
Wiener filtering Neo Fuzzy Neuron Filtering (pure signal) Neo Fuzzy Neuron Filtering (Wiener learning signal)
noised image Averaging Filtering Median Filtering

Wiener filtering I .
9 Neo Fuzzy Neuron Filtering (pure signal) Neo Fuzzy Neuron Filtering (Wiener learing signal)

Fig. 5. Images after filtering (multiplicative noise, 6=0,1)
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PACIIIMPEHHBII HEO-®A331 HEMPOH B 3A JAYAX ®UJIETPALIMN U30BPAKEHUI

B crarbe npeiaraeres Moandukarus Heo-(pa33u HefipoHa, Ha3BaHHAs HAMH «PacIIMPeHHBII Heo-(ha33u Heiipon» (ENFN) u xapax-
TEPU3YIOIIAsICs YIy4YIICHHBIMH alPOKCUMUPYIONMMH CBOWCTBaMH. BBenen amantuBHbIil anroputm oOydenus ENFN, oGrmanaromuit
CHEISIIIMY ¥ CIIIQXKHMBAIOIIMMH CBOMCTBAMU ¥ TTO3BOJISIOIIMHN PelaTh 3a/{a4y IPOrHO3MPOBaHNs, (GUIITPAIIMHN U CIVIQXKMBAHUS HECTAIV-
OHAPHBIX «3AIIYMJICHHBIX» CTOXaCTUUECKUX U XaOTHYECKHUX CHrHaI0oB. OTiimunTensHol ocobennocTbio ENFN siBisiercst BerancnuTensHas
MPOCTOTA €ro pean3aliy 0 CPABHEHHIO ¢ UCKYCCTBEHHBIMU HEHPOHHBIMU CETSIMU M HeWpo-(ha33u cUCTeMaMH. DTH CBOKMCTBA MPEIJIo-
XKEHHOTO Heo-(ha33u HeifpoHa JeraroT ero o4eHb 3(G(EKTHBHBIM IIPU ITOJABJICHUH ITyMOB Ha N300paKEHHUSX B X0/e (HIBTPALIHY.
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PO3IIMPEHUI HEO-®A33T HEMPOH B 3AJTAYAX GLIBTPAIII 306PAKEHB

V crarTi mpononyeThest Mopudikaris Heo-(ha33i HelipoHa, 110 Ha3BaHa HAMK «PO3LIMpeHuii Heo-(pa33i neiipon» (ENFN) i xapakrepu-
3y€ThCS MOJIIMIICHHUMH alpOKCHUMYIOYHMH BJIACTHBOCTSIMH. BBeneHo amanTuBHUMi anroput™ HaBuanHid ENFN, mo mae ciigkyroui i
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HUX» CTOXaCTUYHUX 1 XaOTHYHHX CHTHAIIB. BiqminHOI0 ocobmBicTio ENFN € oGunciroBansHa mpocToTa ioro peaisamii B HOPIBHSHHI 3
LITY9HUMH HEWPOHHUMH MepekaMu i Helpo-(a33i cuctemamu. Lli BIacTHBOCTI 3amporoOHOBaHOTO Heo-(a33i HelfpoHa polIsTh Horo
e(EKTUBHUM U NPUTHIYCHHS IIyMiB Ha 300paKeHHAX B X01 (iutbTparii.
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METHODS AND CHARACTERISTICS OF LOCALITY-PRESERVING
TRANSFORMATIONS IN THE PROBLEMS OF COMPUTATIONAL

INTELLIGENCE

The problem of the development of mathematical support for data dimensionality reduc-
tion is solved. Its results can be used to automate the process of diagnostic and recognizing
model construction by precedents. The set of rapid transformations from the original multi-
dimensional space to the one-dimensional axis was firstly proposed. They provide a solution
of the feature extraction and feature selection problems. The complex of indicators characteriz-
ing the properties of transformations was firstly proposed. On the basis of the proposed
indicators the set of criteria was defined. It facilitate comparison and selection of the best
transformations and results of their work in diagnosis and recognition problems solving on the
basis of computational intelligence methods. The software realizing proposed transformations
and indicators characterizing their properties was developed. The experimental study of pro-
posed transformations and indicators was conducted, which results allow to recommend the
proposed transformations for use in practice.

Keywords: sample, instance, feature, locality-preserving transformation, hashing, pattern
recognition, diagnosis, dimensionality reduction.

INTRODUCTION

The problem of model complexity reduction and the
model construction speed increasing often occurs in the
process of diagnostic and recognizing model constructing
by precedents, characterized by a big number of features
[1]. One way to solve this problem is the using of
transformation from the multidimensional space of initial
features to the one-dimensional axis for data dimensionality
reduction [2, 3].

There are various methods of transformation for data
dimension reduction [2-11], which, however, require the
calculation of distances between instances or feature
correlation coefficients and for a large-scale problem they
are hardly applicable in practice due to big requirements of
time and computer memory in the process of determining
the transformation parameters and in the process of
transformation execution. This situation is additionally
compounded by that the number of known transformations
and their modifications is very big and there are no any
formal criteria to analyze their quality, as well as to select the
best available transformation for a particular task [3].

Therefore, the actual problem is speed increasing of the
data dimensionality reduction transformation, and the
development of criteria for the transformation selection to
use in a particular problem solving.

The purpose of this work is the development of rapid
transformations from a multidimensional feature space to a
one-dimensional axis, the creation of a set of indicators
characterizing the properties of transformations, and the
experimental study of the properties of transformations in
practical problem solving.

© Subbotin S. A., 2014
120 DOI 10.15588/1607-3274-2014-1-17

1 PROBLEM STATEMENT

Suppose we have an initial (original) sample X = <x, y>
the set of S precedents describing dependence y(x),
x={x}, y={y°},s=1, 2, ..., S, characterized by a set of N
input features {xj}, j=1,2,...,N, where j isthe number of
feature, and an output feature y. Every s-th precedent can
be represented as <x¢, y*>, x*={x¢}, where x¢ is the value of
j-th input feature and y® is the value of output feature for the
s-th precedent (instance) of the sample, y* e {1, 2, ..., K},
where K is the number of classes, K> 1.

Then the problem of the sample X dimensionality
reduction can be formally represented as follows: find a
transformation H: X—1, which for each instance xS:{xj}
determine the coordinate I on the generalized axis | and
thus provides a mapping of instances of different classes to
the different intervals of the generalized axis.

Since, as a rule, known transformations do not guarantee
an exact solution of this problem, further problem arises of
designing of indicators to quantify the quality of the
transformation and to compare the results of the various
transformations between themselves to choose the best
transformation of the set.

2 TRANSFORMATIONS OF INSTANCES FROM
THE MULTIDIMENSIONAL SPACE TO THE
GENERALIZED AXIS

For large-scale problems it is advisable to ensure the
creation of such transformations, which would allow the
mapping of individual instances without loading of whole
initial sample, as well as taking into account the feature
informativity in the process of transforming and to provide
ageneralization of data.
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To ensure the generalization of close located data points
(instances) we propose to replace feature values to numbers
of feature value interval. For this we need previously to
discretize the features by partitioning them into intervals of
values.

To partitioning the features into intervals the number if
interval (term), which hitsthe s-th instance on the j-th feature
is proposed to determine by the formula:

x?—xﬁ“i”
s round| 14+ —— 0 >0;
Xj = 0;

1,0;=0,

max min
XX

K, K >round(InS),K < N/s:

max{2, round(N\/g)}, K > round(InS),K > N/s:
kj =<max{2,round(InS)}, K <round(In S) < N/s:
K,round(InS) < K,K < '\‘/g;

max{2, round(’\'/g)}, round(InS) < K,K > Ns,

where x.Min x.MaX are the minimum and maximum values of
j-th feature, respectively.

For the mapping of instances from the original multi-
dimensional feature space to the one-dimensional
generalized axis is suggested to use the following
transformations.

Transformation 1. For each number of interval of j-th
feature get it binary representation (binary numbers padded
with zeros from the left to c,— the number of digitsin k). Set
the coordinate of s-th instance on the generalized axis I°=0,
set the position (bit) number of generalized axis coordinate
p = 1. Going by the feature numbers j s in descending order
of their rank and by the group of digits in the interval number
c=12,..¢ perform inacycle: if p< d, where d isa number
of bits in a computer bit grid, then record at p-th position
(with numbering from left) of the binary representation of a
generalized feature Ithe c-th position value (with numbering
from left) of interval number, in which the s-th instance hit
on the j-th feature, and set: p=p+1. As aresult, we will obtain
a generalized axis coordinate of instance with the implicit
ranking and selection of features.

Transformation 2. It is an alternative format of
constructing a generalized feature for transformation 1. If
the total number of bits to represent interval numbers of all
features c kN does not exceed the number of bits in a binary
bit grid d when the values c. are equal for all features: for
each interval number of j-th feature obtain its binary
representation (binary numbers padded with zeros from the
left to ¢. — the number of digits in k.) set the coordinate of s-
th instance on the generalized axis I¢ = 0, set the position

number of coordinate on a generalized axis p = 1; looking in
a cycle on a group of digits in the interval number
c=12..,¢ and on feature numbers j in the descending
order of their ranks: put to the p-th bit position (numbering
from the left) of the binary representation of the generalized
feature I° the c-th bit (numbering from the left) of interval
number, in which the s-th instance hits on the j-th feature
and set: p=p+1. As aresult, we obtain the generalized axis
coordinate with implicit ranking of features.

Transformation 3. The generalized feature formed on the
basis of locality-preserving hashing [12-15]. The initial
feature space is divided into 2% equal hypercubes, each of
which identified by the key I¢ of a k bit length, where k is a
number of feature partitions. After the i-th partition the initial
feature space split to 2' N-dimensional cubes, wherein the i-
th partition is carried out on the j-th dimension: j =i mod N. At
the i-th partition if hypercube located in the top half of the
partitioned range, then set to one the i-th bit of its key, and
otherwise set the i-th bit of its key to zero (set to one the bit
in the i-th position of k-bit identifier, extended by zeros from
the left, if the length is less than k). The key Isalgorithmically
can be generated as follows: set: I° = 0, x™"=x"™", x> =
x.m* then for i = 1, 2, ..., k do: set: j =i mod N,
XM= (XMEX)/2, 0= 215 if x> x ™, then set: x™ = x ™,
I°=1°+1, else set: x> = x.™.

Transformation 4. The above-described transformations
provide mapping to the discrete generalized axis. If the total
number of bits to represent numbers of all feature intervals
exceeds the number of bits in a bit grid of computer, it is
possible to use a transformation to the generalized real axis
with partial information loose: add to the real coordinate on
generalized feature I° the c-th bit (numbering from the left)
of interval number, in which the s-th instance hits on the j-th
feature:

s i” 1d
=117 ] k=1
max {S% } K
g=12,.K K =59,
ij = Sj K >0, Tk Jik
| Sik ' o1

where S?’k is a number of instances of g-th class located in

the k-th interval of j-th feature, r; isarank of j-th feature (the
number of j-th feature in decreasing order of individual
feature importance).

Transformation 5. Define the distance from the s-th
instance to the unit vector in the normalized coordinate
system:

121



HEMUPOIHOOPMATHUKA TA IHTEJIEKTYAJIbHI CUCTEMU

and the angle between the instance as a vector and the unit
vector:

¢° =arccos

Thus we map the s-th instance from the N-dimensional
space into two-dimensional space. Next for coordinates of
s-th instance in formed two-dimensional space by analogy
with the first transformation obtain coordinate of s-th
instance on the generalized axis I°.

Transformation 6. Generate Q support vectors — the
centers of pseudo-clusters C?= {qu}, =12, ..., Q,K<Q<<S,
j=1,2,...,N. In the simplest case their coordinates can be
set as random taking into account dimensionality and feature
scales (x"“”j <Ci< xmaXJ.), or by setting Q=K to determine the
center of each its class:

1 S
c{ =S—qZ{X‘}‘ 1y$=0a},j=1,2,...N,q=1, 2, ... K.
s=1

After this calculate the clusters based on their proximity
and position in feature space relative to the smallest feature
values:

— find the distance from the cluster centers to the point
with the lowest feature values:

N min
Rmin(cq): Z(C? —Xj ! )2 ,
j=1

— find the distance between the cluster centers:

R(c:q,c"’)zi(c?—c:j'“)2

=l

— find the center of cluster closest to the point with the
lowest feature values:

g=arg min {Ryin(C%)};
9=12...Q

— set this center as the current, set a new number of
current cluster t=1, put current cluster in the set of centers
with a new index (C'=C"u C™, C™* = CY) and delete it from
the set of centers without a new index (C=C / C9);

—while exist at least one cluster without a new index (i.e.
C# &) perform: among the remaining clusters without a
new index in C find the closest cluster tothe current cluster:

p=arg min {R(CY,C9)}.
g=1,4,..,Q;

cleC
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then increase t = t+1, put the current cluster to the set of
centers with a new index (C'=C*Y C™, C" = CP) and remove
it from the set of centers without a new index (C=C / CP).

As a result we will receive C™ — a set of cluster centers
with numbers corresponding to their proximity to the point
with the lowest values of features, and also allowing to
determine qualitatively the proximity of the cluster centers.

Further for each instance of the initial sample x¢,
s=1,...,Sdo:

— define the distance from it to each cluster center,
g=1.2.,...Q:

N
S A% S *| .
R(x®,C q):_z(xj —ch)z,
j=1
—find the index of the nearest cluster center:
p=arg min {R(x*,CI)};
a=12,..,Q

—find the angle between the vectors x* and C*" relative
to the point with the lowest feature values:

N . . .
CECE
=1 )
=arccos ;
T Bt B
4 J J 4 |
j=1 j=1

— assign the s-th instance with the coordinate on the
generalized axis:

1°=p+

2
T

3 CHARACTERISTICS OF TRANSFORMATIONS
TO THE GENERALIZED AXIS

Entered above transformations are encouraged to use
the following characteristics of instance mapping process:

— t*is the time of transforming of one instance from the
original feature space to the generalized axis for the
sequential computations;

— m® is the computer memory volume used by the
transformation method for processing one instance;

— ) is the number of adjustable parameters of
transformation needed for its implementation;

—t isthe time of calculation of transformation parameters
based on the training sample;

—m the computer memory volume used to calculate the
transformation parameters on the basis of training sample.

Situations where several instances have equal
coordinates may occur in the original and in the synthesized
feature spaces. Such situations are called collisions. Under
the collision point we will understand the point in the feature
space, in which there is a collision.
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The collision is quite admissible and even desirable in
problems of automatic classification on condition that all
instances located at the point of collision belongs to the
same class. However, if the instances located at the point of
collision, belongs to different classes, the used feature set
does not provide a good separability of instances.

Denote the set of points of collision {g }, v=1, 2, ..., V,
where g, is a set of instances belonging to a v-th point of
collision, V is the number of points of collision, which
obviously can not exceed 0,5S .

To estimate the quality of the results of considered
transformations we propose to use the following indicators.

The number of points of collisions in which instances
belongs to different classes, after the transformation of the
sample to the generalized axis can be defined as:

. V
Eclys=2{13s,p=12...,S,p=s:1° eg,,

v=1
1P eg,, 15=1P yS=yP}

This indicator in the best case will be equal to zero when
there is no collision points, and in the worst case it maximum
value will not exceed 0,5S.

The probability estimation (frequency) of the collision
points in which instances belonging to different classes,
after the transformation of the sample to the generalized
axis can be expressed by the formula:

P* _ 2E<I,y>
<l,y>~— '
S

The corrected number of points of collisions in which
instances belong to different classes, after the transformation
of the sample to the generalized axis is defined as:

*

*! *
E<I,y> = E<I,y> - E<x,y>:

where E*_, . — is the number of collision points in which the
instances belongs to different classes in the initial sample:

Vv
Ecxy> = D{l|3s, p=12...S,p=s:x°’ gy,

v=1

xPeg,, vy #yP,vi=12,.,N :x§ =xJp}

The indicator Ef, ,y> more accurately characterizes the
quality of transformation to the generalized axis because it
eliminates the errors present in the sample. In the best case
itwill be equal to zero when there is no collisions, and in the
worst case it maximum value will not exceed 0,5S.

The corrected probability estimation (frequency) of the
collision points in which the instances belong to different
classes after the sample transformation to the generalized
axis can be obtained by the formula:

Py =
’ S

The total number of instances in the collision points in
which the instances belong to different classes after the
sample transformation to the generalized axis is suggested
to calculate by the formula:

v
E§|,y> =349y [3s,p=12..S,p=s:1°eq,,,

v=1
1Peg,,1°=1Py32yP}

The more will be value of this indicator, the worse
separability of instances on the generalized axis. In the best
case it will be equal to zero and in the worst case it will not
exceed the number of instances in the sample S.

The probability estimation of instance hitting to the
collision point in which instances belong to different classes
after the sample transformation to the generalized axis can
be obtained by the formula:

The total number of instances in the collision points of
theinitial sample in which the instances belong to different
classes it is proposed to define as:

v
E<Zx,y> =>{09, 3. p=12..S,p=s:x* egy,x" egy,

v=1

y* #yPvi=12,.,N:x{ =xP}

The more will be the value of this indicator, the worse
the separability of instances of the initial sample will be. In
the best case it will be equal to zero and in the worst case it
not exceed the number of instances in the sample S.

The probability estimation of instance collision in the
sample in which instances belong to different classes can
be obtained from the formula:

z
PZ _ E<x,y> )
<Xy> T S

The number of pairwise collision of instances of different
classes after the sample transformation to the generalized
axis is proposed to determine as:

S S
E<I,y>:Z Z{ys¢yp|lszlp}'
s=1p=s+1

In the best case, this indicator is zero when there is no
any collision, and in the worst case its value will not exceed
S(S-1).

The probability estimation (frequency) of pairwise collision
of instances of different classes after the sample transformation
tothe generalized axis can be calculated as follows:

P _ E<I,y>
<Y Tss-n
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The corrected number of pairwise collision of instances
of different classes after the transformation of training and
(or) test sample to the generalized axis is proposed to
determine as:

E<I,y> = E<|,y> - E<x,y>!

where E_, .., is a number of pairwise collision of instances
of different classes in the original sample:

S S
E<X,y>:2 z{ysiyple:LZ,,N Xi:xjp}
s=1p=s+1

This indicator E'<| ,y> In comparison with the previous

indicator more accurately characterizes the quality of the
transformation to the generalized axis, because it eliminates
the errors present in the original sample. In the best case, it
would be equal to zero when there is no any collision, and at
worst case, it maximum value will not exceed S(S-1).

The corrected probability estimation (frequency) of
pairwise collisions of instances of different classes after
sample transformation to the generalized axis can be defined
by the formula:

' E‘<I,y>
P<I,y> :m.

The average number of clusters per class on a generalized

axis can be calculated by the formula k =%, where k is a

number of clusters of different classes on a generalized axis.

To determine k, we need order the instances <Is, y*> in
ascending order on the generalized axis. Then, looking from
left to right, we need to identify clusters — the intervals of
one-dimensional axis, all instances of each of which belong
to only one class.

The less will be the number of such clusters, the simply
is partition of generalized axis.

In the best case when the classes are compact, i.e. k=K,
this indicator is equal to one.

The more will be value of this indicator, the worse the
separability of instances will be on the generalized axis.

In the worst case where each instance falls into a single

cluster its value will be k :% )

The minimum distance between instances of different
classes on the generalized axis is offered to determine by
the formula:

,,,,,,

The more will be value of this ratio, the better classes
will be separated on the generalized axis.
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The maximum distance between instances of one class

on the generalized axis is offered to determine by the formula:
Rmax = Max {IS—Ip|yS=yp}'

s=1,...,S;

The less will be this indicator value, the more compact
instances of each class will be positioned on the generalized
axes.

The average ratio of distances on the generalized axis
and in the original feature space is proposed to calculate by
the formula:

_ R s s [[15=1P]
AZ¢*Z S—R(XS,Xp)>O ]
0,55(S —=1)Rmax s=1p=s+1 | R(X ’Xp)
where
Rmax = Mmax {15—1P]|p
mox = _max {1°-17)
p=s+1,...,S

The more will be value of this indicator, the better on the
average the transformation on the generalized axis reflects
location of instances in the original space and features the
better separability of instances on the generalized axis;

Average of the relative distance products on the
generalized axis and in the original feature space:

S S
O 1P =1PR(x%,xP)

_ s=1p=s+1
0,55 (S ~1)RmaxRmax

This indicator will vary from zero to one: The more will
be its value, the better on the average the transformation on
the generalized axis reflects the location of instances in the
original feature space.

The indicator of generalized axis feasibility of
establishing:

:BmN ik<xj,y>}

G=17%
k

where k<Xj ,y> isthe number of intervals of different classes

on the axis of feature x..

This indicator in the best case will be equal to S/ K, and
in the worst case will be equal to K/ S. If this indicator will
be greater than one, the use of the generalized axis will be
feasible, otherwise it can be replaced with the original
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feature, characterized by the smallest number of intervals of
different classes.

4 THE COMPARISON CRITERIA OF
GENERALIZED AXIS TRANSFORMATIONS

On the basis of the indicators characterizing the basic
properties of on the generalized axis transformations
introduced in the previous section it is possible to determine
the criteria for comparison, the criteria for performing and
criteria for evaluating the quality of the results of
transformations.

The criteria for evaluation of the transformation process
is proposed to define as the following:

— the combined criterion of the minimum of time and
memory on the instance transformation: F, = tm°—min;

— the combined criterion of the minimum of time and
memory to determine the transformation parameters for the
training sample: F, = Atm — min;

. - A .
—the integral criterion: F,= tm*+ gtm—> min.

The criteria for evaluating the quality of results of
transformations:
— the criterion of the minimum of probability of instance

group collisions: F4 = P<'| y> —>min;
—the criterion of the minimum of probability of instance
pair collisions: Fg = P:i’y> —min;

—the combined criterion of the minimum probability of
pair and group collisions:

. .

P<|,y>+P<I,y>
2

maximum  of

Fe = — min;

— the class

separability: F; =k — min;
— the integral criterion of minimum of collisions-
compactness-separability of classes:

compactness-

K (5 - -
F8 =E(P<I'y>+P<|’y>)—) min, k >0;

—the integral criterion of minimum of collision-maximum
of compactness-separability of classes and maximum of
average of relative distances products on the generalized
axisand in the original feature space:

k(P vo+ P
Fo = (<"y> <I‘y>)—>min;

1+Ae™2

— the integral criterion of the minimum of collisions-
maximum of a generalized axis establishing feasibility-
compactness-separability of classes and the maximum of
average of relative distances products on the generalized
axisand in the original feature space:

(P<I|,y> + Pi*ll,y>)

Fio =
G+Ae A

—>min

5 EXPERIMENTS AND RESULTS

The proposed transformations on the generalized axis,
as well as indicators characterizing their properties have
been implemented as software and experimentally studied
in practical problem solving of technical and medical
diagnosis, and of automatic classification, whose
characteristics are given in the table 1. [3]

The fragment of the results of experiments to study the
transformations on the generalized axis is shown in the table. 2.

The conducted experiments confirmed the efficiency and
the practical suitability of the developed mathematical tools.
The experiments have shown that the proposed
transformations allow to significantly reduce the data sample
dimensionality.

The developed indicators of transformation quality allow
to select the best transformation for the corresponding task
providing thereby the data dimensionality reduction, also
as class separability improving.

The proposed transformations can be recommended for
use in the construction of diagnostic and recognizing models
by precedents, as well as for the formation of the training
samples from the source samples of large volume.

CONCLUSION

The actual problem of the development of mathematical
support for data dimensionality reduction was solved in the
paper. Its results can be used to automate the process of
diagnostic and recognizing model construction by
precedents.

The scientific novelty of results consists in that:

—the set of rapid transformations from the original multi-
dimensional space into one- dimensional axis was firstly
proposed. It is based on the principles of hashing and
provides taking into account the instance locations in the
feature space with respect to the class centers of gravity,
and also allows to determine and to take into account the
feature weights and thereby implicitly solves the problem
of feature selection. Thus, the proposed transformations
provide a solution both the problem of constructing of

Table 1. Characteristics of initial data samples

Initial sample

Task

Gas-turbine
air-engine blade diagnosis

characteristics

Chronic obstructive
bronchitis diagnosis

Agricultural plant
recognition on the remote
sensing data

Fisher Iris
classification

S 32 205 3226 150
N 513 28 256 4
K 2 2 3 3
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Table 2. The fragment of the experimental results to study the transformations on generalized axis

Task
Best transformation Gas-turbine air- . . Agricultural plant . .
characteristics engine blade Chronl_c_obs_tructlv_e recognition on the Flshe_r Ir_|s
! - bronchitis diagnosis - classification
diagnosis remote sensing data
Best transformation number 2 1 4 1
E:I > 1 0 0 1
Pllys 0,0625 0 0 0,013333
Eq y> 1 0 0 9
P > 0,0010081 0 0 0,00040268
E oo 0 0 0 0
Ellys 1 0 0 1
E<x y> O O O O
Eclys 1 0 0 9
EZys 0 0 0 0
Py 0 0 0 0
EZ 2 0 0 10
<l,y>
P<Z| y> 0,0625 0 0 0,066667
k 15 72 1773 11
Rimax 70,114 918,99 7,5551 7,0852
Rmax 1,5228-10° 1,6927-10° 3,3217 1,5126-10°
Rmin 0 1056 1,1437:107 0
Rmax 1,5228-10° 1,6833-10° 3,318 609746944
A 0,82534 0,69432 0,37993 0,88456
A 0,095099 0,098493 0,028541 0,18511
G 0,2 0,69444 0,56007 1
t° 0,00097501 0,00053269 3,8686:10° 0,000416
m® 4309 262,83 2057,9 82,133
t 0,2184 0,093601 4,524 0,1092
m 333484 109644 6764132 20340
A 1539 84 1024 12
F, 4,2013 0,14001 0,079613 0,034168
F, 1,1209-10° 8,6207-10° 3,1336:10"° 0,26654-10°
Fs3 3,5028-10° 4205,4 9,7134-10° 177,73
F, 0,0010081 0 0 0,00040268
Fs 0,0625 0 0 0,013333
Fg 0,031754 0 0 0,006868
F, 7,5 36 591 3,6667
Fg 0,23816 0 0 0,025183
Fq 0,42786 0 0 0,041701
F1g 0,20274 0 0 0,011373

artificial features (feature extraction), and the problem
selection of the most significant features (feature selection);

—the complex of indicators characterizing the properties
of transformations from multidimensional space to
generalized axis was firstly proposed. On the basis of the
proposed indicators the set of criteria is defined. It facilitates
comparison and selection of the best transformations and
results of their work at diagnosis and recognition problems
solving by precedents.
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The practical significance of obtained results is that:

— the software realizing proposed transformations and
indicators characterizing their properties was developed.
Its usage allows to automate the data dimensionality
reduction and analysis of its results;

— the experimental investigation of the proposed
transformations and the indicators characterizing them was
conducted at practical problem solving. The results of
research allow to recommend the proposed transformations
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Cy606otuu C. A.

JI-p TexH. HayK, podeccop, 3amopoKCKUI HAIMOHATIBHBIN TEXHUYECKHI YHUBEPCHTET, YKpanHa

METOIBI U XAPAKTEPUCTHKHA ITPEOBPA3SOBAHWI, COXPAHSFOIIITX MECTOHAXOXJIEHUE SK3EMILISIPOB,
B 3AJAYAX BBIYUCJIUTEJIBHOI'O UHTEJJIEKTA

Pemrena npobiema pazpaboTKn MaTeMaTHUecKoro 00ecIiedeH s A COKPAIIeHUs pa3MEepHOCTH JIaHHBIX. BriepBbie npezioxkeH Habop
OBICTPHIX IIPeoOPa30BaHUH U3 MHOTOMEPHOTO POCTPAHCTBA HA OJHOMEPHYIO OCh, ITO3BOJIIIONINX PENIaTh 3a[ja4i U3BJICUEHHS U 0TOOpa
IIPU3HAKOB. BriepBble MpeiokeH KOMIUIEKC TOKa3aTenel 1 KpUTepueB KauecTsa npeobpa3oBaHuii Ha 0600menHyto ock. [Ipenmoxen-
HBIE IPeoOpa3oBaHus U ITOKa3aTel! IPOrPaMMHO Pealn30BaHbl M MCCICA0BAHbI IIPH PEIIEHUH MTPAaKTHUECKHUX 3a/1ad.

KunroueBble c10Ba: BEIOOPKA, K3EMIIIIp, IPU3HAK, IPEOOpPa30BaHUE COXPAHSIOIIEEe MECTOHAXOXKICHHE, XCIIUPOBAHNE, PACIIO3HA-
BaHHE 00pa30B, AMArHOCTUPOBAHHE, COKPAIIEHHE Pa3MEPHOCTH.

Cy66orin C. O.

J-p TexH. HayK, npodecop, 3anopi3bKuil HALlIOHATBHUI TEXHIYHUI yHIBEpCUTET, YKpaiHa

METOIHU I XAPAKTEPUCTHUKHN TEPETBOPEHD, 1110 35EPITAIOTH PO3TAIIYBAHHSI EK3EMILJISIPIB, B 3A A -
YAX OBYHUCIIIOBAJIBHOI'O IHTEJIEKTY

BupimieHo npo6ieMy po3poOieHHsT MaTeMaTHYHOro 3a0e3IeYeHHs UIsi CKOPOYEHHs PO3MIPHOCTI JaHuX. Brepiue 3ampornoHoBaHO
HalIp MIBUAKUX MEPETBOPEHb 3 GaraTOBUMIPHOTO MPOCTOPY Ha OJHOBHMIPHY BiCh, IO JO3BOJISIOTH BHUDILyBAaTH 3aBJIAHHS BUTACY Ta
BinOOpy o3HaK. Brepiie 3ampornoHOBaHO KOMIUIEKC ITOKA3HHKIB 1 KPUTEPIiB SKOCTI MEPEeTBOPEHD Ha y3arallbHEHY BiCh. 3alpOIIOHOBaHi
MIEPETBOPEHHS 1 OKa3HUKU MIPOrPaMHO PEaTi30BaHO 1 IOCIIHKEHO P BUPIMICHHI NPAKTUYHUX 3aB/IAHb.

KurouoBi ciioBa: Bubipka, eKk3eMIUIsip, O3HaKa, MEPETBOPEHHS 110 30epirae Micue po3TalryBaHHs, FelIyBaHHS, PO3Mi3HABAHHS
o0pa3iB, qiarHOCTYBaHHS, CKOPOYEHHS PO3MIPHOCTI.

127



HEMUPOIHOOPMATHUKA TA IHTEJIEKTYAJIbHI CUCTEMU

128

REFERENCES

Jensen R., Shen Q. Computational intelligence and feature
selection: rough and fuzzy approaches. Hoboken, John Wiley
& Sons, 2008, 339 p.

Babak O. V. Reshenie nekotorykh zadach obrabotki dannykh
na osnove metoda gene-ralnoy obobshchennoy peremennoy
[The solution of some problems of data processing on the
basis of the general generalized variable], Problemy
upravleniya i informatiki [Problems of Control and
Informatics], 2002, No. 6, pp. 79-91.

Subbotin S. A., Oleinik An., Gofman E. A. et al. ed.:
S. A. Subbotin.Intellektualnye informatsionnye tekhnologii
proektirovaniya avtomatizirovannykh sistem
diagnostirovaniya i raspoznavaniya obrazov : monografiya
[Intelligent information technologies of automated diagnostic
and pattern recognition systems design : monograph].
Kharkov, Company «SMIT», 2012, 318 p.

Lee T. W. Independent component analysis: theory and
applications. Berlin, Springer, 2010, 248 p.

Lee J. A, Verleysen M. Nonlinear dimensionality reduction.
New York, Springer, 2007, 308 p.

Dimension reduction : technical report UCD-CSI-2007-7 /
University College Dublin ; C. Padraig. Dublin, 2007, 24 p.
Jiang Y., Zhang R., Liu G. [et al.] Multifactor dimensionality
reduction for detecting haplotype-haplotype interaction,
Fuzzy systems and knowledge discovery : Sixth international
conference, Tianjin, 14-16 August 2009, proceedings, Los
Alamitos, IEEE, 2009, pp. 241-245.

Kulis B., Surendran A. C., Platt J. C. Fast low-rank
semidefinite programming for embedding and clustering
[Electronic resource], Artificial intelligence and statistics :
Eleventh international conference, San Juan, 21-24 March

10.

11.

12.

13.

14.

15.

2007 : proceedings, eds.: M. Meila, X. Shen. Madison,
Omnipress, 2007, 8 p.

Babak O. V., Tatarinov A. E. Ob odnom podkhode k resheniyu
zadach klassifikatsii v usloviyakh nepolnoty informatsii [An
approach to solving classification problems under incomplete
information], Kibernetika i sistemnyy analiz [Cybernetics and
Systems Analisys], 2005, No. 6, pp. 116-123.

Vasilev V. 1., Shevchenko A. I, Esh S. N. Printsip reduktsii v
zadachakh obnaruzheniya zakonomernostey : monografiya [
Principle of reductions it the problems of dependence
detection: monograph]. Donetsk, Nauka i osvita [Donetsk,
Nauka i osvita, publishing], 2009, 340 p.

Yu S. Feature selection and classifier ensembles: a study on
hyperspectral remote sensing data : proefschrift ... doctor in
de wetenschappen. Antwerpen, Universitaire Instelling
Antwerpen, 2003, 124 p.

Jiangiu J., Li J., Yany Sh., Zhang B. et al.] Super-bit locality-
sensitive hashing, Advances in Neural Information Processing
Systems, [eds. P. Bartlett et al.], 2012, Vol. 25, pp. 108-116.
Andoni A., Indyk P. Near-optimal hashing algorithms for
approximate nearest neighbor in high dimensions,
Communications of the ACM, 2008, Vol. 51, No. 1, pp. 117-
122.

Yang X., Hu Y. A scalable index architecture for supporting
multi-dimensional range queries in peer-to-peer networks,
Collaborative computing: networking, applications and
worksharing, International conference CollaborateCom-2006,
Atlanta 17-20 November 2006, proceedings, pp. 1-10.
Andoni A., Datar M., Immorlica N., Indyk P., Mirrokni V.,
eds.: T. Darrell, P. Indyk, G. Shakhnarovich Locality-sensitive
hashing scheme based on p-stable distributions, Nearest
neighbor methods in learning and vision: theory and practice,
MIT Press, 2006, pp. 55-67.



ISSN 1607-3274.

Panioenexrponika, indopmaruka, ynpasminus. 2014. Ne 1

Y/]K 004.032.26

TuweHko O. K.2, Mnicc 1. IN.2, Konaniawi . C.3

1KaHO. mexH. Hayk, cmapwull Haykosul cnigpobimHuk [MpobnemHoi HOJ/T ACY Xapkiecbk020 HauioHasbHO20 yHigepcumemy

padioenekmpoHiku, Ykpaiva, E-mail: lehatish@gmail.com

2KaHO. mexH. Hayk, cmapuwull Haykosul crigpobimHuk, nposioHull Haykosul crigpobimHuk MpobnemHoi HAJT ACY Xapkiecbko2o

HauioHanbHo20 yHigepcumemy padioenneKmpoHiku, YkpaiHa

SAcnipaHmka, Xapkiecbkuli HauyioHanbHUl yHisepcumem padioenekmpoHiku, YkpaiHa

rEPUOHA KACKAOHA ONTUMISOBAHA HEMPOHHA MEPEXA

3anponoHOBaHO HOBY apXiTeKTypy Ta alrOpUTMH HaBYaHHsS AJIs TiOpUAHOI KacKamgHOI
HEHpPOHHOT Mepexi 3 ONTHUMI3aliclo MyTy HEHpOHIB y KOXKHOMY Kackaji. 3alpornoHOBaHA
ribpuaHa kackajgHa HelipoHHa Mepexa 3a0e3nmeuye OOUYMCIIOBAIBHY NPOCTOTY Ta
XapaKTepU3YeThCs SIK CIIAKYIOUHMH, TaK i QUIBTPYIOYMMH BIACTHBOCTSIMHU.

Kuarwuosi cioBa: HeﬁpOHHa MEpEKa, ONTUMAJIbHE HABYAHHS, 00YHCITIOBAILHU N iHTeJ’IeKT,

€BOJIIOLIIOH Y04 TibpHHa cucTeMa.

BCTYII

V ueii yac mty4si HeifiporHi Mepexi (ANNS) orpumanu
IIMPOKE MOIMPEHHS IS PO3B’ I3aHHS IINPOKOTO KJIacy Mmpo-
OreM, OB’ s13aHUX 3 00POOKOIO TH(OpMAILii, 3a7aH0T a00 y
(hopMi TaOIHIE €00’ €KT — BIACTHUBICTH», 200 YaCOBHX PSIIIB,
10 YaCTO MOPOKYIOTHCS HECTAI[IOHAPHUMH HEIliHiHHUMUA
CTOXaCTUYHMMH 200 XaOTHYHHMH cucTeMamu. [lepeBarn
ANNS nepet IHITUMH ITiIXOJTaMH TTOSICHIOIOTHCS, TIEPIII 32
Bce, iX yHIBEpCATbHUMH allPOKCUMYIOUUMH MOJINBOCTSI-
MH 1 3IaTHICTIO 0 HaBYaHHS.

Tpaanuiiiao mijx HaBYaHHIM PO3YMIOTh ITPOIIEC HAIAII-
TyBaHHS CHHAIITUYHHUX Bar MepexKi 3a JOIMOMOTOIO Ti€l 4n
1HIIOT MPOIEYPU ONTHMIi3allii, IO BiJIIYKye eKCTPEMYM
3a3/1aJ1eTi b 3a1aHOT0 KpuTepito HaBuauus [1, 2]. SIkicts Ha-
BYaHHS MOXKe OYTH ITOKpAIleHa IUISIXOM HaCTPOIOBaHHS He
TiTbKY CHHAIITUYHUX Bar, aye i BIIacHe apXiTeKTypH MEepexi.
Lst imest Te3KUTH B OCHOBI TaK 3BaHUX €BOJIIOLIMHUIX CHCTEM
00YHCITIOBATIBHOTO iHTENEKTY [3, 4], sIKi OTpUMYyIOTH y Te-
TIEpINTHIN Yac yce OUTBII IMUPOKE MOMHUPEHHS. Y paMKax
IBOTO ITiIX0Ty MOKHA BUILUTUTH KACKaTHI HEHPOHHI Mepexi
[5-8] 3aBmsku iX BUCOKi#t €DeKTMBHOCTI Ta IIPOCTOTI HaJIAIII-
TYBaHHS SIK CHHAIITHYHUX BaT; TaK i BIacHe apXiTekTypu. Ll
Mepeska CTapTye 3 HalMpOCTIIIol apXiTeKTypH (TepIimii Kac-
KaJI), yTBOPEHOI myitoM [5] HeHpOHiB, sSKi HABYAIOTHCS He3a-
niexxH0. KoykeH 3 HeWpOHIB ITyITy MOXKE BiIPi3HSTHCS Bifl iHITHAX
200 aKTHBAIIHHOIO (DYHKIII€F0, 200 METOZOM HaBYaHHS, TIPH
FOMY HEHpOHU MYy B IpOIleci HABYaHHSI MiXK COOOI0 He
B3aeMomitoTh. Ilicns Toro, SK yci HEHpOHU MYy MEepIIoro
KacKaIy HAJIAIITOBAaHI, 3 HUX O0MPAETHCS OAWH HAUKpaIi
Y CeHC1 IPUIHATOTO KPUTEPIFO, BCI XK iHIII BUNAISIOTECS, B
pe3yIBTaTi 4oro i (POpMY€eThCS IEPIIHi KacKal, yTBOPEHHUHA
€IMHUM HEHpPOHOM, CHHAIITHYHI Baru sIKOro HaJaJli He Ha-
JANITOBYIOTHCS — «3aMOPOXKYIOTHCS».

[Ticns mporo GopMyeThCs APYTHIA Kackas, SIKAH, SK Tpa-
BHJIO, YTBOPEHO ITYJIOM THX K€ HEUPOHIB 3 Ti€F0 JTUIIIE Pi3HU-
I1€10, 10 I1i HEHPOHN MarOTh IOMAaTKOBHH BXix (a, oTXe, i
JOIaTKOBY CHHAIITHYHY Bary), yTBOPEHHUI BUXOIOM IIEPLIO-
ro Kackary. Hamami Bce BitOyBaeThCs aHAIOTIYHO 0 TIOTIe-
PEIHBOTO KacKa Iy, B PE3yJIbTaTi YOro APYruil Kacka] TaKOK

© Tumenko O. K., ITmicc I. I1., Konmamani 1. C., 2014
DOl 10.15588/1607-3274-2014-1-18

CKJIAZIA€THCS 3 €MHOTO HAWKPaIIoro HEHpoHy i3 3amMopo-
KEHHUMH Baramu. HelpoHn TpeThoro Kackaay MarloTh BXKE
TIO J[Ba JIOIATKOBUX BXOJIH: BUXO/IM MEPIIOTO 1 IPyroro Kac-
KaJliB, HAIAJTi BCe BiIOYBAETHCSI aHAJIOTI YHO JI0 TTOMIEPETHBO-
ro Kackasy. IIporiec HapolIyBaHHS! KacKaZiB €BOIIONIHHOT
apXITEKTYpH ITPOJOBXKYETHCS I0TH, JTIOKU HE Oyrie TOCATHYTO
HeoOX1HOI SIKOCTI PO3B’I3aHH 33/1a4i Ha HaBYAIIbHII BHOIpI.

ABTOpYM HAWOLITBII TIOITYIISIPHOI KacKaTHOi HEHPOHHOT Me-
pexi CasCorlLa ®anxpman Ta JIe6’ ep y sikocTi HEHPOHIB Me-
PeXi BUKOPHCTOBYBaJIX elleMeHTapHi nepcentponn ®.Po-
3eHONATTA 13 TPA I HTHIMH CHTMOiTaTbHIMU aKTHUBAIIHHI-
MU QyHKIIIMH, CHHAIITHYHI Bar'yl SIKMX HAJIAIITOBYIOTHCS 32
nomomoror Quickprop-anropurmy, mo € Momudikarier
§-TipaBHIIa HABYAHHS.

V [9-16] B stkocTi By3J1iB KacKaIHOI MEpesKi OyIi BUKOPH-
CTaHi pi3Hi THITH HeHpoHiB. TyT, ogHAaK, CIIi/T 3a3HAYHTH, 110
TIpY poOOTi 3 PI3HOTUITHAMH BY3JIaMHU HEMOKITHBO BUILUTHATH
B ITyJTi €QMHUH Halkpammit HelipoH. [1pu po0ori 3 HecTario-
HapHUMH 00’ €KTaMU MOXKE€ BUHHUKHYTH CHUTYaIlisl, KO Ha
OJTHIH YaCTHHI HABYAIBHOI BUOIPKU HAMKPAIIIIM BHSIBUTHCS
OITMH HEHPOH, a Ha HIIIH — 30BCIM IHIHNA. Y 3B’S3KY 3 UM
ITTKOM TIPUPOIIHO B ITyJTi 36epiraTy BCi Helponu (Oe3 Bu3Ha-
YEHHSI HaWKpaIoro HeHpoHa-TIePEMOXKII), a BUX1THHU# CHr-
HAaJI Kackaay (opMyBaTH NILIXOM 00’ € THAHHS BUXOIIB yCiX
BY3JIiB IIYJTy HA OCHOBI JIESIKOi ONTUMI3aIiifHOI POy pH,
10 TTOPOKYETHCS 3aralbHAM KPUTEPIEM SKOCTI podOoTH
HEHPOHHOI MEpexi.

CunTe3y Takoi riopuIHoi onTHMi30BaHOI HEHPOHHOT Me-
PEXi 1 MPUCBSIEHO ITFO CTATTIO.

APXITEKTYPA KACKA/THOI OITUMI3BOBAHOI
HEWPOHHOI MEPEXXI
Ha Bxix Mepexi (perienTopHuii map) Ha X OquTs BEKTOP-

X (k) = (% (K), Xp (K, %0 (K)), e

k =1,2,... —abo HOMep 00pa3y B TabimIli «00’€KT — BIac-
TUBICTH», a00 TIOTOYHMIA TUCKpeTHNUH yac. el curnai mo-

HUH cuUTrHal

JIAETHCS HA BXOJH BCIX HEHpoHiB Mepexi N Em] (j=L2,...,0-

YUCII0 HEHPOHIB y Mmyii, m=1,2,... — HOMep Kackamy), Ha
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BHUXOIAX SIKHX 3’ IBJIAIOTHCS CUTHAJIN )A/Em] ( k ) Hanami i cur-
HaJIK 00’ €THYFOTHCS 32 JIOMOMOT'OK0 Y3araJIbHIOKOYOro Heii-
pory GN [M], korpuii hopmye onTumanbHuiT BHXix M-To Kac-
xady § M (k). TTpu ipomy; SKITIO Ha HEHPOHH MEPIIOTo Kac-
KaJly MOIA€ThCS TLTBKU BEKTOP X ( k ), KOTPHI y 3aTaIEHOMY
BUIIAJIKy MOYKE MICTUTH 1 CUTHAJI 3MILIEHHS X (k ) =1, ToHeH-
POHH IPYroro Kacka Iy MaroTh JIONATKOBHUI BXiJ JUT CHTHAITY

A*[ll (k ), TpeTbOrO KacKay — 1Ba IOIATKOBHX BXOIH 9*[1] (k).

12 (), m-rotackany—(m-1) sozamosix sxozis 710 (k),
y12(K),...,

HaBYAHHS MEPEXKi, KOJU CTa€ 3p03yMiJIo, 110 BCI ITONepeHi
KacKa/ii He 3a0e311e4y0Th HeOOXiIHY SIKICTh HAaBYaHHS.

HABYAHHSI OKPEMMX HEIPOHIB
'Y KACKAJTHIM HEUPOHHIU MEPEXI

PosrisiHeMo cuTyalito, KOlu J-uid HEHpOH M-ro Kacka-
Iy MEPEXI € TPaAUL[IHHIM eJIEMEHTAPHUM IEePCENTPOHOM
Po3eHOnaTTa 3 aKTUBAIIIHOIO (DYHKITIEIO

[m] (. [m], [m] _ 1
0<Gj (’Y] Uj )——(1,

— iy

g Im-1 (k). Kackaju popmyroTscst B poriec

(m]

Ae U} — CUrHaIIl BHYTPIIIHBOI aKTHBALi] j-ro Helipony m-ro

[m]

Kackajy, Y — napamerp kpyrusHu. Toxi BUXiAHI CUrHAIN

HEWpPOHIB ITyJTy IEPIIOro KacKaay MOXKYTb OyTH Ipe/cTaB-
neHi y ¢popmi

n
olL 1 1 1 1 1], [T
=B S |- o).

i=0
(TyT W[J |] — j-a CHHANTHYHA Bara j-0ro HelpOHy MePILOro Kac-
Kamy, X = (1, X1s X950 +s Xn ) , TIPH LIbOMY 3BMYaiHO BXi1Hi Cur-

HAJIU 32 JIOMIOMOTOFO EJIEMEHTAPHOIO TIEPETBOPEHHS KOTYFOTh-
caTak, o 0 < ¥; <1, BuXoau HEHPOHIB JPYroro Kackasry.

n
gl - ol2 [y[f] (Z Wiy, w2 g B
i=0

BUXOOXW M -T'O KaCKaay.

A =l S 5l 57

i=0

n+m-1
~*[m-1
oW a3 T ]}}cﬂ-””(v%”” ) wﬂ-ﬁ“]xﬁ-"”}

i=0
= ol (wlIT 010,
re (T 50, . g0
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Taxum YMHOM, KaCKaJHa MEpEKa, 110 YTBOPCHaA 1ep-
CCIITPOHAMU Pozenbnarra Ta CKJIQAA€THCI 3 M KaCKaILiB,

m-1
Z pJ mapaMeTpiB BKIFOYHO 3 MMapa-

MicTuth | m(N+2)+
p=1

MeTpaMu KpyTH3HA y[jp], p=12,....,m

VY sKOCTi KpHUTEpilo HaBYaHHS BHKOPHUCTOBYBATHMEMO
TpaauLifHy KBaApaTH4Hy (YHKIIIIO

el (k) =2 (6l () = 3(v()- 7 (k) =
= 20 (sl 1)) -

st S o) -

- %(y(k) ~ol T (k)))2 :

ney ( k) — 30BHIIIIHIN HABYAJILHUI CUTHAJ.
I[Mporenypa rpagienTHOl onTuMizanii kputepito (1) 3a

W[J-m] MOXe OyTH 3aIicaHa y peKypeHTHil Gpopmi

W™ (k+1) = W™ (1) -
=™ (k) + 0™ (ke +2)el™ (k +2)ytM g (k 4-2) x
x(1= 95 (k+2) ™ (k+1) = @

= W[jm]( )+n[1m] (k +1)e[jm] (k +1)y[jm]J[jm] (k+1)

(] (kK+1)V ym EM (k+1) =

(Tyr n[m] (k+1) — napamerp KpoKy HAaCTPOIOBAHH:), &
[m]

minimizanis (1) 3a mapametpom v'j - Moxe Gyrn 3a0esmede-

Ha 3a formomMororo Metoy Kpyrike-Mosemnana) [17]:
A (k+2) = 75 (k) =™ (k + 1) 0EL™ (k +2) 1 o™ =
= y[Jm] (k)+ni™ (k +l)e[jm] (k+1) V[J-m] (k+1)x
x(l— gim (k +1))u[jm1 (k+1).

®)

006’ emryroun iporteaypy (2) Ta (3), MpHUXOIMO 10 CITITBEHO-

rO METOJLY HABYAHHS ] -TO HEMPOHY M -I0 KacKay:

W™ (k+1) ) (Wi (k)
—————— = ————= [+ (k+1)el™ (k +1)
Ak ) (K
A (k1)
xy[m](k+1)(1—y[m](k+1) ———————— ,
u[m](k+1)
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200, BBOJISTYM HOBI ITO3HAYEHHSI, y OLIBII KOMIIAKTHIH hopmi:

W™ (k1) = W™ (k) + 0™ (k+2)el™ (k+2) 9
x(k+2) (2= 95 (k+2) ) X (K +12) =

= W™ (k) + ™ (k+2)el™ (k +1) I (k+1).

[MoninumTy XapakTep MpoLeCy HACTPOIOBAHHS MOXKHA,
BBOJSYM [0 aJTOPUTMY HABYAHHS PErYISIPU3YIOUUIA WiIeH
[18-20], mpu 1pomy 3amicTh kpuTepiro HapyaHHs (1) BUKO-
PHUCTOBYETBCS (QYHKIIS
WA (k) - W™ (k1)

,0<T]S1,(4)

-G 55 [

a caM METoq Ha6YBa€ BUITISY.
W™ (ke +1) = WM (k) +

+n[jm](k+1)(ne[jm](k+l)j[jm](k+1)+(1—n)><

(™ () - (k1)) ), ©)

mo € moauikamiero Bizomoi npoueaypu CitbBU-AlbMeN-
q [19].

BukopucToByroun Hamami Miaxif, 3alpOIIOHOBAHUAN Y
[21, 22], moxxna BBecTH 110 (5) 3r1aKyBaITBHI 1 (iTBTpYIOUi
BiactuBocTi. [Ipn 1iboMy NpUX0aUMO 10 KiHLEBOT (OpMHU:

\Tv[jm] (k+1)= W[jm] (k)+
. nel™ (k+1) 3t (k +1)+(1_n)(w[jml (k)™ (k _1))
rf™ (k +1)

2 2
[m] _ (Im] j[m] 7[m]
rf™ (k+2) = ™ (k) 35 (ke 2)| =31 (k-9 6
e S — po3Mip KOB3KOTO BiKHA.
[ixaBo, o npu S =1, N =1 npuxoaumMo 10 HeMiHIHHOTO

BapiaHTy ONITUMAJIFHOTO 3a IIBUAKOAIEI0 MeToxy Kaumaska-
Vinpoy-Xodda [23-25]

W™ (k1) = W™ (k) +

1110 ITMPOKO BUKOPHUCTOBYETHCS Y IPAKTULII HABYAHHS ITY4-
HUX HEHPOHHUX MEPEXK.

ONTUMBALIS BUXITHOI'O CUTHAJLY ITYJTY
HEMPOHIB
BuxinHi curHanmm BCiX HEHpOHIB MYITy KOKHOTO KacKamy
006’€eHytoThCs Heiiponom GN [M] pyxi sxoro 9*[m] (k)3aTou-
HICTFO [TOBUHEH [EPEBEPLLLYBATH OyIIb-sKHI is 91 (k
yite-sicuii 3 curmasnia ¥ - (K).
151 3amaga Moxke OyTH pO3TIITHYTA 3 TIO3HUIIIH HENIHIHOTO TIPO-

rpaMyBaHHS 3 BUKOPUCTAHHSAM aJAlTHBHOIO y3araJlbHEHOrO
nporaozyeanssi [26-31].
BBozs1un 10 po3IIsiLy BEKTOP BUXiHUX CUTHAIIB MyiTy M-

ro Kackamy gtml (k)= (%m] (k), 9£m] (k),..., )7([1"'] (k))T ,
(hopMyBaTUMEMO ONTUMAITLHUYN BUX1THHUI CUTHATT HEUPOHY
GN ™, wo € no cyri aganTuBHUM JIiHIHHEM acoliaTopom
[1, 2], y Burmsii

* q ~ ~
§ml (k)= Zlcgm]y[jm] (k)= clmIT glm] (k)
J:

3a JI0IaTKOBUX 0OME)KEHb Ha HE3MIIIEHICTh
q
> = gTelm - o
j=1

T
ae ™ = (MMM E =1 )~ (ax1) -

BEKTOPH.
BBozstun Haai KpuTepiii HABYaHHS HA KOB3HOMY BiKHI

Ml S (o) o) -
EMk)=3 ¥ (-5 ()
4.4 bro-emsof

3 ypaxyBaHHAM obmexeHHs (7), 3anumemMo ¢yHkuito Jlar-
paHxa BUIISLY

L™ (1) = I (k) + 2.1 ETc[m]), @©

Jie )\, — HEBU3HAYEHUI MHOXKHUK Jlarpanxa.

Tpsva minimizais (8) 3a ¢[M] Bene no cniBBinHOmEHHS

I (k+1)PI™ (k +1)E
ETPM(k+)E

P[m](k+1):( kil

r=k—s+2

g (k+1) =

I )
y[m] (,) 9[m]T (T)J

abo B pekypeHTHii hopmi:

P (k +1) = PI™ (k) -
~ P () 9 (i 1) g7 (k1) P (k)
14 9T (k +2) PI™ (k) 9™ (K +2)
P (k +1) = B (k +1) + (10
. P (k +2) 9™ (k — s +2) 9T (k =5 +2) PI™ (K +12)
1= 91T (k= s +2) BIM (k +2) 1M (k -5 +2)
™ (k +1)P™ (k+1)E
ETPM(k+1)E

M (k +1) =
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Ipu s =1 cnieiguotuennst (9), (10) HaOyBaroTh BKpait
MPOCTOrO BUIISIY:

U™ (k+2) 9™ (k +2)

g (k+1) = =
¥ kD) ET 9™ (k+1)
% (] 2
1 (k +1)° > (7 (k+)
y =
T T giml (k +1) T4 )
+ .
Zly[jm](k+l)
j=

TyT BaXXJIMBO BiI3HAYUTH, IO K HABYAHHS HEHPOHIB Y
KacKaJiax, Tak i HABYaHHs y3araJTbHIOIOYIX HEHPOHIB MOYKHA
OpTraHi3yBaTH B aJAIITHBHOMY pexuMi. [1pu 1iboMy Baru BCix
TIOTIEPE/THIX KacKaJliB HE 3aMOPOXKYIOTECS, a TIOCTIHHO Ha-
JIATITOBYFOTHCS, YHCIIO KaCKaliB MOXE SIK 301TbIITyBaTHCA,
TaK i 3SMEHIITYBATHUCS, IIIO BUT1THO BiAPi3HSE 3aIIPOITOHOBAHY
HEHPOHHY MEPEXKY BiJI BiIOMUX KAaCKaTHUX CUCTEM.

BUCHOBOK

VY craTTi 3arponoHOBaHO apXiTEKTYpY Ta METOIM HaBYaH-
HS TIOpUTHOI ONTUMi30BaHOI KACKAIHOI HEHPOHHOI MEpeKi,
IO BiJIPi3HAETHCS BiJT BIIOMUX KaCKaIHUX CHCTEM OOUHCITIO-
BaJIGHOTO 1HTENEKTY MOXKIIMBICTIO 0OPOOKH YaCOBHX PSIJIB B
aJJalITUBHOMY PEXXHMI, [0 ]a€ MOXKIIHBICTH 00OpOOIIATH He-
CTaliOHAPHI CTOXaCTUYHI Ta XAOTHYHI CUTHAIA HEII HIHHIX
00’€KTiB 3 HEOOX1THOIO TOUHICTIO. Y MOPiBHSAHHI 31 CBOIMHU
MIPOTOTUTIAMHY 3aIPOITOHOBAHA CHCTEMA BiJIPi3HAETHCS 00-
YHCITFOBATHHOIO MPOCTOTOO 1 BiA3HAYAETHCS SIK CITI TKYFOIH-
MH, TaK 1 QUIBTPYIOUNMH BIACTUBOCTSIMU.
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TUBPUIHASI KACKATHASI ONTUMHU3UPOBAHHAS HEMMIPOHHAS CETh

IMpennoxeHa HOBast apXUTEKTypa M aITOPUTMBI ee OOYUeHUs! AJs1 TMOPUIHOM KAacKaJHOH HEHPOHHOH CeTH C ONTHMH3aluel myna
HEHPOHOB B KakaoM Kackaze. [IpemioxkeHHas ruOpuaHas KackanHas HEHpOHHAs CeTh 00ECIIEUUBACT BHIYNCIUTEIBHYIO IPOCTOTY U
XapaKTepU3yeTcs: CIeSIIIUMU U (QUIbTPYIONMMH CBOMCTBAMHU.

KnioueBble ci1oBa: HElpOHHAs CETh, ONTUMAIBHOE O00y4YeHHE, BEIUMCINTENbHBIA MHTEIUIEKT, YBOJIIOLUOHUPYIOMAs ruOpuaHas
cucreMa.
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AHYBRID CASCADE OPTIMIZED NEURAL NETWORK

A new architecture and learning algorithms for a hybrid cascade optimized neural network is proposed. The proposed hybrid system
is different from existing cascade systems in its capability to operate in an online mode, which allows it to work with both non-stationary
and stochastic nonlinear chaotic signals with the required accuracy. The proposed hybrid cascade neural network provides computational
simplicity and possesses both tracking and filtering capabilities.

Keywords: neural network, optimal learning, computational intelligence, evolving hybrid system.
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3ALLMTA ABTOPCKUX MNMPAB HA LUIM®POBbLIE U3OBPAXEHUA

Pa3pa60TaH METOJA BCTpauWBaHU III/I(prBI)IX BOJSAHBIX 3HAKOB C HCIIOJIB30BAHUECM
OJIEKTPOHHBIX III/ILI)pOBI)IX MOIMUCen CTOPOH, Y4YacCTBYIOIIHX B IIpOLECCE IEpeaavind aBTOPCKOIro
InpasBa. Metoa nmo3BoJisieT npaBoo6naz{aTen}o BBISIBUTb HApYHIUTE]d NPU HDOABICHUU
KOHTpa(I)aKTHI)IX KOMHUU €ro IIpoAYyKTa, O6Hapy)KI/ITI> U ODOATBEPAUTDH QJaKT HE3aKOHHOTO
HUCIIOJIb30BAHUS I/I306pa}KeHI/Iﬁ IIpyU BO3BHUKHOBEHUHU CIIOPHBIX chyauHﬁ B CyZ[e6HOM TOpsiAKeE.
KpOMe TOro, METOA MO3BOJIICT JIMLICH3UATY IIPOAYKTaA B CIy4dac JIOXKHOI'O 0OBHHEHUS JI0Ka3aTb

QJaKT 3aKOHHOI'O KMCIIOJIb30BaHU.

KawueBbie caoBa: METOJ 3alIUTHI ABTOPCKUX IIpaB, III/I(prBI)Ie I/I306pa)KeHI/IH,
TIOATBEPKACHUEC aBTOPCTBA, BBIABICHUEC ITPABOHAPYLIUTEIIA.

BBEJEHUE

Hudposoe nzobpakeHne KaK MPOXYKT ACSITEIHHOCTH
BBICOKOKBAJTU(DUIIMPOBAHHBIX CIIELHATNCTOB YACTO CO3/1a-
eTCsl B KOMMEPYECKHX IIeJIX M XapaKTepHu3yeTcs: OONbIIOi
TPYIOEMKOCTBIO ¥ IIEHHOCTHI0. [103TOMY HECaHKIMOHUPO-
BaHHOE UCIIONIL30BAHUE H300paKeHUH 3a4aCTyI0 IPHHOCHT
YOBITKH €T0 PaBO00OIIaAaTEIO.

3axoH 00 aBTOPCKOM TpaBe M CMEXKHBIX TpaBax [1] cBuze-
TENBCTBYET, YTO ABTOPCKOE MPABO Ha IPOM3BEICHHE BO3HHKALT
B pe3yisrare (hakra ero comaHus. A JUisi BOSHUKHOBEHHS
OCYILIECTBIICHHSI aBTOPCKOrO IpaBa He TpedyeTcst perucrpa-
st ipousBeneHys. OfHaKo, HECMOTPST Ha 9TO, BCIIGACTBHE
BO3HUKHOBEHHS! CIIOPOB MOXKET MOHAJO0UTHCS IOATBEPIKIe-
HHe (akra co3gaHus (oTorpagpuIecKkoro MpOM3BEACHHUS Ha-
CTOSIIIIIM aBTOPOM B CYNeOHOM TIOPSIIKE HITH TTONTBEPKICHHE
(baxTa 3aKITFOYCHIS JIMLIEH3HOHHOTO JIOrOBOPA.

J1s1 31U ThI aBTOPCKHX TPaB Ha IA(POBBIE M300pasKeHHS
B IIOCJICJIHEE BPEMsl MPEIOKEHO JOCTATOYHO MHOTO METO-
JI0B, OCHOBaHHBIX Ha KOMITHIOTEPHO# creranorpaduu [2, 3].

OnHY 13 HUX IPEIHAa3HAYCHBI VIS CO3IaHUs TEXHOJIOTH-
YeCKHX NPENATCTBUIA HAPYLICHUIO aBTOPCKUX U CMEYKHBIX
npaB Ha 1 poBbie n300pakenwus [2]. [Tpu 5ToM oHM OCHO-
BaHBI Ha TOM, YTO YCTPOMCTBO, Ha KOTOPOM BOCIIPOH3BO-
IUTCS I(POBOI O0BEKT, MOTyJaeT HHPOPMAIUIO O HAJIH-

© Annpymenko [[. M., 2014
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YHH NIPaB y U3ATENsl M IPUHAMAET PELICHUE O PAa3peIeHUH
JI0CTYyIIa K MH(pOpMAIiu moiab3osatento [4]. Onnaxo, Takue
CIIOCOOBI HE MO3BOJISIIOT PEJOTBPATHTh BO3MOXXHOCTD He-
J00POCOBECTHBIM ITOIb30BATENSM, ITOTYYUBIIHM pa3pere-
HHUE Ha JOCTYN K WH(POPMAIUH, CIENaTh KOHTPA(PAKTHYIO
KOITHIO I(POBOTO 0OBEKTA. A €CITH KOITHIECTBO HOB30Ba-
TeNlel OCTAaTOYHO BEJIMKO, MPaBOOOIANATENIb HE CMOXET
OOHApYXUTh PaBOHAPYIIUTEII.

Jpyrue crmocoOb! 3aliThl aBTOPCKUX MIPaB H300paxe-
HHUH OCHOBAHBI HA BCTPaMBAaHUH LU(POBBIX BOASHBIX 3Ha-
koB (LIB3) mmyremM n3MeHEHHUS 4aCTOTHBIX KO3(PHUIIMEHTOB B
npezieNiax MaTpuirel Tipeodpaszosanus [5]. Torma B ciydace
npaBoHapymieHus Hanuaue [[B3 B m300pakeHun oaATBep-
kKmaeT mpaBa apropa. OqHAKO Takue CIIOCOOBI HE TIPemyc-
MaTPHUBAIOT BO3MOXKHOCTH OIIPE/IeNICHHs TIPABOHAPYILIHTE-
JIs aBTOPCKUX IIPAB NPH BBISBICHUH (DaKTa MOSBICHHUS KOH-
TpagaKTHOI KOITHH.

ITOCTAHOBKA 3AJTAYN

Henp manHO# pabOTHI cocTOMT B pa3paboTke Oomee 3¢h-
(heKTHUBHOTO CITI0cO0a 3aIUTH ABTOPCKHX ITPAB Ha AP POBBIE
n300paskeHNs], KOTOPBIM PACIIMPHUT BO3MOXKHOCTHU CYIIIECTBY-
FOIINX CITOCOOOB 1 ITO3BOJIAT PABOOOIIAIATENIO BEISBIIATE ITpa-
BOHAPYIINTEIEH IIPH ITOSBIICHUH KOHTPa(aKTHBIX KO
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ABTOpOM ITpeyIaraeTcs B Ipolecce BCTpanBaHus -
POBOT'0 BOJSIHOT'O 3HAKA €r0 IIPEABAPUTEIHFHO PAa3IeIUTh Ha
JIBE WM Oolee yacTel Tak, YTOOBI KaXkast M3 HUX HE MOIJIa
OBITh CO3[]aHa OTIEIBHO APYT OT apyra [6]. CooTBeTCTBEH-
HO, JTOJDKHBI OBITH COPMHUPOBAHBI [[Ba WK OoJiee KITtodei
JUTSI U3BJICUSHUS 3TUX YacTel I(POBOTo BOJSIHOTO 3HAKA.

Jl1 BcTpanBaHust TU(QPOBOTO BOASHOTO 3HAKA UCTIONb-
3yeTcsl 4acToTHasi o0JiacTh M300paxeHus. BerpanBanne
TIPON3BOJMTCSI HA OCHOBE JIMCKPETHOTO KOCHHYCHOTO IIpe-
00pa3oBaHMs TOYEK M300pa)k€HHsI B YAaCTOTHBIE Kod(du-
IIUEHTHI ITyTeM U3MEHEHU 3THX ko3¢ ¢unmenTos. [Ipu He-
00XOZIMMOCTH MOYKHO H3BJIEYb KaXKIYIO YacTh HU(PPOBOrO
BOJISTHOTO 3HAKA, HCIIOIb3Ys COOTBETCTBYIOIIEE TUCKPETHOE
KOCHHYCHOE pe0Opa3oBaHue, TyTeM CpaBHEHHS 3HAYCHHIH
YaCTOTHBIX KO3()(DHIIMEHTOB C N3BECTHBIMY 3HAUCHHUSIMU.

Hanane nyx mim Gonee gacteld nudpoBoro BOASHOrO
3HaKa B KOITUY [U(POBOTO N300paKeHUsI, HE {YOINPYFOLIHX-
Cs1, a COIVIACOBAHHBIX MEKTy COOOMH TaK, YTO KaK/last U3 HUX HE
MOKeT OBITH CO3/1aHa OT/JENIBHO OT APYIUX YacTell, II03BOMISET
BJIJIENbIAM KITIOUEH OT/IEIIBHO APYT OT ApYyra WIeHTUHIH-
POBAaTh KOIUIO N300payKEHHS! M BBISBILATE (DakT HAPYILICHHS
06e3 3HaHMS Apyrux Kimodeit. CoracoBaHne pa3IMyHbIX Yac-
Tel 1(POBOro BOISHOTO 3HAKA MEXTy COOOM 1 HEBO3ZMOXK-
HOCTb CO3JIaHMS PA3INYHBIX YaCTel OTJENBHO JAPYT OT Ipyra
TIO3BOJISIIOT BJIaEJIbIy NIPH BBISBJICHNH (DaKTa IpaBOHApY-
LICHUSI HICHTU(HUIPOBATH PaBOHAPYIITUTEIS.

YCOBEPIIEHCTBOBAHHbIIT METOJI 3AILIUTHI

Meron, IpeIo’KeHHBIH B JaHHOW paboTe, 3aKITI0YaeTcst
B CJIC/YIOIIEM:

1. Ilpn nepenaue UMYIIECTBEHHOTO TpaBa HA OOBEKT
ABTOPCKUX ITPAB COCTABIIACTCS JINIIEH3HOHHOE COTIIAIICHHE,
KOTOPOE MOANHCHIBAETCS IEKTPOHHBIMH [T ()POBBHIMH MO~
MIUCSAMH PA3HBIX CTOPOH. TakuM 00pa3oM, OHH TTOATBEPIK-
JTAIOT COITIacHe APYT C APYroM.

2. VI3 mooueperHo MAYIIIX OUTOB AIIEKTPOHHBIX I(PO-
BEIX moamuceit cocrasisiercst LIB3. Ilpu sTom kaxnmas u3
mudpoBHIX oATHcel GopMupyeT oTnenbHyo yacts [[B3.

3. Inst COKPBITHS TaHHBIX UCTIONB3YIOT YaCTOTHYIO 00-
JACTh KOHTeHHepa. [ aToro nzobpakeHne pa3douBaeTcs
Ha OJIOKH pa3MepHOCTHIO 8 X 8 TIHKcemnel, 1 K KaXKIoMy OJIo-
Ky IPAMEHSETCS IBYMEPHOE ANCKPETHOE KOCHHYCHOE TIpe-
obpazosanme (JIKIT). Kaxmprit GIOK IPHTOIEH TS 3aITHCH
oxroro oura nadopmanmm. [lepen Berpamsannem L[B3 mpo-
M3BONBHBIM 00pa3oM BBIOHMpaercsi cTonbko Omoxos JIKII,
ckorbKo 6uToB B 1B3.

4. JToBepeHHOE JTUTIO HUITH aIlapaTHOE YCTPOHCTBO BCTpa-
HBaeT B OpUTHHAI N300pakeHns nu(POBOI BOITHOH 3HAK,
COCTOSIIII U3 STUX AJIEKTPOHHBIX I()POBBIX TTOATICEH. J{mst
BCTpauBaHMs Kaxaoro outa 11B3 ucmonp3yercs odepeaHon
6mox JIKTI, Bxomsmuii B BRIOpaHHYIO TpyHITy O10KOB. BEI-
ouparorcst N mpom3BonbHBIX K03 durmenTo JIKII u3 mo-
JIOCHI CPETHNX ¥ HU3KHUX YaCTOT, KOTOPBIE 33/IaF0TCST KOOPIH-

HaTaM# (ol,vl), (Uz,vz), e (UN WVN ) Taxoxe BbIOMpa-
F0TCS JIB€ (PUKCUPOBAHHBIC BETUUMHBI SuP. Jlna nepenaqn

o6uta «0» xKo>PpHUMUEHTH ¢ KOOpIWHATAMU (ol,vl),
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(o 2,V2 ), ey (U N'VN ) MEHSFOTCS TaK, YTOOBI CpeiHee apud-
METHYECKOE 3TUX K03 (PUITMEHTOR CTaI0 HE HIKE BEINIH-
HBI S + P. A Juts iepemadu oura «1» MEHSIOTCS Tak, YTOOBI

UX cpeHee apu(pMeTHIeCKoe CTajo He BBIIIE, YeM (S - P).

5. ITocne BctpanBanwst L[B3 kakast M3 CTOPOH, Y4acTBY-
folasl B TUIICH3MOHHOM COTJIANIICHUH, MTOTy4JaeT KoY, KO-
TOPBIi COCTOUT U3 BenuduH Kpj, HEOOXOAUMBIX JUIs U3BIIE-
YeHUs! OUTOB JICKTPOHHOM NUGPOBOH MOAMICH OJTHOTO U3
y4acTHUKOB. Benuunna Ky Biitodaer B ceOst Homep Ornoka
JKII, B KOTOPBIH BCTPOEH |-bIii Out manHbx [[B3, 1 koopnu-

HAaTBHI (ol,vl), (02,\/2), e (UN VN ), HEOoOXOIMMBIE IS
U3BIICYCHHS i-0r0 OHTA.

6. [Ipn u3BneueHny OMTOB IM(POBOTO BOASIHOTO 3HAKA
n3 m3BectHoro Omoka JIKII u n3BecTHBIX KO3 HUIMEHTOB,

3aJIaHHBIX KOOPIHUHATAMHU (Ul, vl), (oz,vz), e (L)N VN ),
ecd cpeiHee apupMeTHIeckoe 3HaueHue K03 puimeHToB
Oonbiie S, To u3Biekaercs 3HaueHue 0, MHaue U3BICKAETCS
3HaueHue 1.

OnTuMansHOE 3HaYEHHE S PaBHO MATEMATHUCCKOMY
OXHJIAHWUFO CPETHETO 3HAUYCHUS KOA(P(DHUIIMEHTOB C KOOPIH-

HaTamu (Ul, vl), (02 , vz), ey (u N:VN ) BBIYMCIICHHOMY Ha
OCHOBE BBIOOPKH M3 HEKOTOPOTO KommdecTa omokos JIKII.

[Mopor BcTpanBanus P BiuseT Ha yCTOHYMBOCTH CTEra-
HocucTeMbl. Uem Oombie 3HaYeHue P, TeM Oornee cTeraHo-
cHCTEMa YCTOHUYMBA K NCKaKEHUSIM M300pakeHHsI, HO TeM
Xy)Ke CTAHOBHTCS KAYE€CTBO N300paKEHNSI ITPY BCTPAaUBAHUT
HHOPMaITHH.

KonnuectBo BbIOpaHHBIX ko3¢ duieHToB N JIeXHT B
nranas3one ot 1 10 15 v BIuseT Ha CKPBITHOCTh CTETaHOTPa-
(udeckoil cucteMbl, yeM OonbIre 3HadeHune N, TeM cox-
Hee MMPOBOINTE €€ CTEraHOaAHAIHN3.

IMPUMEP UCTIOJIb3OBAHUS ITPOTOKOJIA

IpuBeneM mpUMEp HCIOIb30BAHUS MPEIIAraeMOro
METO/Ia Ha IIPAKTHKE.

IMycTs m3marenseTBy (Muriensuat L) HeoOxXommmMo mpu-
00pecTH UMYIIECTBEHHEIE TIpaBa Ha (ororpaduio (puc. 1),
BJIQJIENBIIEM KOTOPOH SBJISETCS (DOTOCTYIUS MIIM YaCTHBIN
¢ororpad (munensuap F). [Ii1st 5TOro mpeacTaBuTei 00enx
CTOPOH TOJMKUCHIBAIOT JINIEH3UOHHBIA JOTOBOP CBOMMHU

Puc. 1. M306paxenue muesnsl (OpUrHHAT) U BEIOPAHHBIN
¢dparmenT ans BerpanBanus L[B3
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9JIEKTPOHHBIMHU IM(POBEIMU noanHcsmu. [1pu aTom B 110-
TOBOpPE CONEpPKATCsl yMEHBIIEHHAs KOS M300pakeHM,
IIpaBa 1 00s3aHHOCTH CTOPOH.

[Tpn rcnonp30BaHNK MPEIIOKEHHOTO METO/A 3aIINTHI
KOKJBIM YJaCTHUKOM T'€HEPUPYIOTCSI JJIEKTPOHHBIE KOJIBI:
E1 - snekrponnas undposast moxnuch gunens3nara L n E2 -
9MIEKTPOHHAsI IM(POBast HoAmuch nureHsuapa F. I[Toce Toro
3NIEKTPOHHBIN HOTapuyc M co3maer MeTKy BpeMeHH [ 7] st
TIOATIMCAHHOTO JINIIEH3MOHHOTO JIOrOBOpa U 3aBepsieT ee
CBOCH 3JIEKTPOHHOIN IM(POBON MOAMKUCHIO, MONyYas TEM
caMBbIM eKTpoHHBIN Ko E3. Jlanee noBepenHoe smmo T
WJIN armnapaTHOE YCTPOMCTBO MOIydaeT OpUTruHalI n3o0pa-
KeHUs 1 anekTpoHHble Koubl E1, E2, E3 u BcTpanBaer mud-
POBOI BOJSIHON 3HAK, MPEACTABILIIONINN cOO0H Yepemyro-
vecs OUTHI TeKTPOHHBIX koo E1, E2 m E3.

Jyst m3BnedeHns (poBOTrO BOJSIHOTO 3HAKA JOBEPEH-
Hoe yiuwo T opmupyer kimoun K1, K2 1 K3. TTpu aTom ko
K1 no3BossieT n3BieKarh TONBKO AIEKTpOHHBIH Kox E 1, kirou
K2 no3BonsieT u3BIIeKaTh TONBKO AIEKTPOHHBIN Ko E2, kirou
K3 mo3BorsieT n3BIIeKaTh TOMBKO AIEKTPOHHBIH Kox E3.

Jlumenmmat L momygaer kimrod K2, KOTOpEIiA MO3BONSIET
W3BJIEYb U3 M300PaKEHUs! SJIEKTPOHHYIO IU(POBYIO HOJ-
ek Juiensuapa F (kon E2), miunensuap F nomydaer xitoq
K1, KoTopbIil TO3BONISET N3BJIEKATh MEKTPOHHYIO I (pO-
Byro noanuck nunensuata L (kox E1). Kimrou K3 monyuaer
3JIEKTPOHHBIN HOTapuyc M.

[Tpn BO3HMKHOBEHUH CIIOpa O HApPYIIEHUH aBTOPCKOTO
IIpaBa KaK CTOPOHE, MOIYIHBIIEH JIUIIEH3UIO, TaK ¥ CAMOMY
JULEH3Uapy MOKET OHAJOOUTHCS OATBEP)KICHUE (aKTa
3aKJITI0YEHUS JTUIIEH3MOHHOTO COTJIALICHHS B CyNeOHOM
Tporecce.

B TaxoM ciydae Ay 3aIUTHI CBOMX ITPaB IPH JIETATbHOM
HCIIONT30BaHNH H300payKeHNs JTMIIEH3HaT L MoxeT nperps-
BUTH B CyieOHOM MpOIIecCe JINIIEH3NOHHBII JOTOBOpP BMEC-
Te co cBonM KirrouoM K1 171t i3BJIedeHust JIeKTPOHHOHM (-
poBoii moamrcH umeH3uapa E2. A mis 3amuTe! ipaB u-
neHsuapa F B ciydae BBISBICHUS IPAaBOHAPYIICHHUS OH
MOXKXET MPENBSIBUTH B CyIEOHOM MPOLIECCE JINIIEH3NOHHBIN
JIOTOBOP BMECTE CO CBOMM KirrouoM K2 1u1st n3BIIedeHnst iek-
TPOHHOH (P poBO# noxmcy miersnata E1. Kpome Toro,
MOXET OBITh NPUBJICUYEH 3JIEKTPOHHBIN HOTapuyc M mms
MIOATBEP>KACHNS METKH BPEMEHH.

TPOI'PAMMHASI PEAJTI3AIISI METOJIA

[TporpamMmMHast peanu3aiiist METOa BHIIIOTHEHA Ha SI3BI-
ke nporpammupoBanus C#.

[Ipumep peanuzanuu (QYHKINH, OCYIIECTBISIFOMICH
BCTpamBaHUe, IIPeICTaBIIeH B IUcTUHTe 1, pparmenT peamm-
3anuy (QYHKIMH, OCYIIECTBIIIOMIEH M3BJICUCHNE NaHHBIX,
TIPENICTABIICH B JINCTUHTE 2.

Jlucturar 1. @parMeHT mporpamMmsl IJs BCTPAMBAHUS
6utos 1IB3 B n300pakeHne Ha A3BIKE TPOrPAMMHUPOBAHUS
Ci:

public const int N = 8;

publicfloat[,][,] EmbedWatermark(float[,][,] DCT, int imax,
int jmax, float Sum, float P)

{
float[,][,] DCT_emb = new float[imax,jmax][,];

for (inti =0; i <imax; i++)
{

for (intj = 0; j < jmax; j++)

DCT_embli, j] = new float[8,8];
for (intii = 0;ii < 8; ii++)
for (intjj=0; jj<8; jj++)
DCT_embl[i, j][ii, jj] = DCTIi, j1[ii, jj1
float PP = Sum + P - (DCT_embli, j][3, 4]
+DCT_embli, j][4, 3])/ 2;
if(P>0&&PP>0)
{
DCT_embli, j][3, 4] =DCT_emb[i, j][3, 4] + PP;
DCT_embli, j][4, 3] =DCT_emb[i, j][4, 3] + PP;
}
if(P<0&&PP<0)
{
DCT_embli, j][3, 4] =DCT_emb[i, j][3, 4] + PP;
DCT_embli, j][4, 3] =DCT_emb[i, j][4, 3] + PP;
}
}

public static float[,] DirectDct(float [,] image)
{
float[,] DctResult = new float[N, NJ;
for (intu=0; u<N;u++) {
for (intv=0; v<N;v++) {
double matrixSum =0;
for (intx = 0; Xx < N; x++)
{
double rowSum = 0;
for (inty=0; y<N; y++)
{
rowSum += C(x) * C(y) * image[x,y] *
Math.Cos((2* u+ 1) *x* Math.PI/2/N)*
Math.Cos((2 * v + 1) * y* Math.PI/ 2/ N);
}

matrixSum += rowSum;

}
DctResult[u,v] = (float)(matrixSum / Math.Sqrt(2 * N));

}
}
return DctResult;
}

Jluctunr 2. @parMeHT NPOrpamMMBbl ISt U3BJICUCHUS OK-
toB 1|B3 u3 m300paxeHns Ha S3BIKE TPOrPaMMHUPOBAHHS
CH:

public string ExtractWatermark(float[,][,] DCT_emb,
intimax, int jmax, float Sum)
{
string result = “”;
for (inti=0;i<imax; i++)
{

for (intj =0; j < jmax; j++)

if (DCT_embl[i, jI[3, 4] + DCT_embi, j][4, 3]) / 2 > Sum)
result +=“1";
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else result +=“0”;

}
}
return result;
}

[Tpumeps! paboTsI MPOrpaMMBI TSI Pa3IMYHBIX 3HAYE-
HUH nopora BcTpanBaHus P npencrasiensl Ha puc. 2. Ha
puc. 2, a Toka3aH ()parMeHT KaHajla CHHETO [[BETa JUIs H300-
paskeHus m4essl co BectpoeHHBIM 1[B3 ¢ moporom Berpan-
Banusa P=5, na puc. 2, 6 — L[IB3 ¢ moporom BcTpauBaHus
P=25, a na puc. 2, 6 — ¢ noporom BcrpanBauust P=45. [1pu-
MEpHI [TOKa3bIBAIOT, YTO YeM OOJIbIIe MOPOr BCTPauBaHM,
TEM CHJIbHEE YXYIIIAETCs KauyeCTBO M300paKeHHs IpH
BcTpauBanuu 11B3.

BbIBOJbI

Pa3paboTaH MeTO 3aIUTHI aBTOPCKUX TIpaB Ha IUQpo-
BbIC M300paKEeHNU S, KOTOPBIHA TTO3BOIISIET PACITHPHUTH BO3MOXK-

HOCTH CYIIIECTBYFOIIIMX METOJIOB. Pa3MeriieHue aeKTp OHHBIX
I POBBIX MOAITICEH MUIICH3UATA, JTUTICH3UAPA 1 AJICKTPOH-
HOTO HOTapuyca HEMOCPEICTBEHHO B CTATHIECKOM H300pa-
JKCHUH B BUJIE I (PPOBOTO BOJSHOTO 3HAKA HCKITIOYACT BO3-
MOXXHOCTh HCIIONIB30BAHUSA O0BEKTa aBTOPCKOTO IpaBa OT-
JIENBHO OT JUIIEH3MOHHOTO JTOToBOpa. TeM caMbIM, IMpH
TIOSIBTICHUY KOHTPa(aKTHOW KOIMH U300paskeHUS TIPaBO00-
JaaTeNh MOXKET OBICTPO UICHTU(HIMPOBATH MPABOHAP YIIIH-
TeJlsl, a HAPYIIICHUE YCIIOBHIA JIMIICH3UOHHOTO JIOTOBOPA MO-
JKeT OBITh BBIBIICHO U JJOKA3aHO B cyneOHoM mporiecce. Kpo-
ME TOTO, HEONMpaBJaHHOE OOBHMHECHUE MOXKET OBITH
OITPOBEPTHYTO JINIICH3UATOM OJIarofapst H3BJICUCHUFO DIICKT-
PPOHHO I (POBOIA MTOIITHCH JIUTICH3UApa. A TIPY HOSBICHUH
criopa MOXeT OBITh MPUBJICYCH AIICKTPOHHBIN HOTAPUYC VTS
TTOATBEPKIICHNUS (akTa 3aKITIOUCHHUS JIOTOBOpa, Oiaromaps
M3BIICYCHUIO JJICKTPOHHON U POBOI IMOITACH HOTAPHYCA.

Puc. 2. Kanan cusero usera (pparMeHTa n300paKeHHUs! TYENIbl CO BCTPOCHHBIM BOISHBIM 3HAKOM M [TOPOTOM BCTpauBaHMs a) P=5;
6) P=25; B) P=45
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3AXUCT ABTOPCBKHUX ITPAB HA IU®POBI30BPA’KEHHS

Po3pobneno meron BOynoByBaHHS LM(POBUX BOISHHUX 3HAKIB 3 BUKOPHCTAHHSM EIEKTPOHHHUX LU(POBHUX IMiAMKCIB CTOPIH, SIKi
OepyTh y4acThb y Ipoleci epeadi aBTOpCHKOro Ipasa. MeTox 103BoJIsiE€ NPABOBIACHUKY BUSIBUTH IOPYIIHHKA IIPU MOsIBI KOHTpadak-
THHX KOIIN HOro MPOyKTY, 3°sICYBaTH i MiATBEPAUTH (aKT HE3aKOHHOTO BUKOPHCTAHHS 300paKeHb IIPY BUHUKHEHHI CIIIPHUX CHUTYaIliil B
CyA0BOMY ITOPSLAKY. Kle TOro, MCTOA AO3BOJIAE niueH3iaTy IIpOAYKTa B pa3i IIOMHUJIKOBOI'O 3BUHYBAYCHHS AOBECTU (baKT 3aKOHHOTI'O
BUKOPUCTaHHA.

KurouoBi c1oBa: MeTos 3aXHMCTy aBTOPCHKHX IIPaB, LU(POBI 300paKeHHs], MiATBEPPKEHHS aBTOPCTBA, BUSBICHHS IIPABOIIOPYIIHH-
Ka.
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METHOD FOR PROTECTION OF DIGITAL IMAGE COPYRIGHT

There are many ways to protect copyright of digital images assigned for creating technological barriers against copyright and
neighboring right violation when using digital images. But most of them do not foresee possibility of determination of copyright violator
on detecting appearance of counterfeit copies.

The method of digital images copyright protection is offered in the paper. It involves embedding digital watermarks into a digital image
and using electronic signatures of the parties that are taking part in assignment of copyright. A discrete cosine transform is used for data
hiding.

Using the proposed method will significantly reduce the risk of unauthorized distribution of digital and raster images. When
copyright violation occurs, the owner will be able to identify the violator and protect their rights in a court or administrative procedure.

Keywords: method of copyright protection, digital images, proof of authorship, identify the offender.
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onTMMMN3AUNA CXEMbl KOMNO3ULUMOHHOIO
MWUKPOIMPOIPAMMHOIO YCTPOUCTBA YMPABINEHUA C OBLUEN

NAMATbIO

IIpennaraeTcss METON yMEHBIICHUS allapaTypHBIX 3aTpaT B CXeMe KOMIIO3HIMOHHOTO
MHUKPONPOTrPaMMHOTO YCTPOICTBa ynpaBiieHHs ¢ OOIiedl maMsTbIO IPH peanu3aluu Ha
Mmukpocxemax FPGA, ¢ yuerom orpannuenns Ha uucio Bxogos LUT anementoB. Mero ocHoBaH
Ha MPUMEHEHHUH JIByX MCTOYHUKOB KOJOB KJIACCOB IICEBIOIKBUBAICHTHBIX ONEPAaTOPHBIX
JIMHEHHBIX IeTei, a TakKe Ha HCII0JIb30BaHUH N30BITOYHOCTH BCTPOCHHBIX 0J10KOB rmamsiti FPGA.
Takoii moaxoz MO3BONSET YMEHBIIHUTH TpeOyemoe unciio LUT a1eMeHTOB B cxeMe ajpecanun
KOMIIO3MIIIOHHOTO YCTPOMCTBA, BCIEACTBUE YEro YMEHbIIAeTcs Iomans kpuctaua FPGA,
3anumaemas cxemoid KMVYYVY ¢ o0mieit maMsaThio, 4TO MO3BOJSCT MOJYYHTh PEalU3allHIo,
00J1a1aI01IYI0 MEHbIIEIT CTOMMOCTBIO, 4eM M3BECTHBIE U3 JINTEPATyphl aHAJIOTH. B cratbe omucan
IpUMep NPUMEHEHHS NIPEIIOKEHHOT0 METO .

KaroueBble c10Ba: KOMIO3UIMOHHOE MUKPOIPOrpaMMHOE YCTPOHCTBO YIpaBJICHHS,
oneparopHas JIMHeHHas Ienb, rpad-cxema anropurma, FPGA, MynbTHILIEKCOp, JIOTHYECKast

cxema.

BBEJIEHUE

Mozenb KOMIO3UIMOHHOTO MUKPOIIPOrPaMMHOIO yCT-
poiictBa ynpasienus (KMY'VY) ¢ obmeii namsteio [2, 3] npu-
MEHSIETCS JUTS pean3allii CXEMBI YCTPOHCTBA YIIPaBIICHUS
(YY) B ToM cnyuae, xoraa rpad-cxema anroput™a (I'CA)
YIIpaBJIEHHs] HEKOTOPOM CHCTEMBI OTHOCHUTCS K KJIaccy JIH-
HeiHbIx [1]. CoBpeMeHHBIH SIIeMEHTHBIH 6a3uc mpemona-
raeT MIMPOKOE HCIIONB30BAHHE MPOrpaMMHPYEMBIX JIOTH-
geckux uHTerpansHeix cxem (IJIMC) suma FPGA (field-
programmable gate arrays) [4, 5] st peanmzarmu cxem Y.
OcnoBy FPGA npencrasnstor makpostaeiikn LUT (look-up
table), nmeromue orpanngerHoe uncio Bxoz0B (4-6) [6, 7].
C y4eroM 3TOro OrpaHWYeHUs], I ONTHMHU3ALUN CXEMBI
VYV na FPGA HeoOX0IMMO YMEHBIINTH KOIUYECTBO apry-
MEHTOB U TEPMOB B PEATH3yeMbIX CHCTeMaX OyIeBbIX (YHK-
it [8]. B Hactostieit pabote mpeaiaraeTcst METo pete-
HuUA dToH 3amaun it KMVYY ¢ o0mieit mamsarero. B mannom
PELICHNH YIUTBIBACTCS TaKasi OCOOCHHOCTh paccMaTpuBae-
Moii cTpykrypbl KMV, kak coBmernienue (GyHKIHH peruc-
Tpa HMaMATH U CYETYMKA aJpeca MUKPOKOMAaHJ Ha OJHOM
TONBKO cyeTyrke. OCHOBHAS HSsl METOIA 3aKIIF0YAETCS B
UCTIONIb30BAHHUH JIBYX MCTOYHHKOB KOIOB KJIACCOB IICEBJIO-
SKBMBAJICHTHBIX OMEPaTOPHBIX JuHeHHBIX Tieneit (OJII) u
MYJIBTHILIEKCOpa HCTOUHNUKOB KomoB (MUK).

Lenvto uccredosanus SBIAETCS ONTUMU3AIUS CXEMBI
KMYYV c o6meit maMsThio 3a CIeT MYIBTUILICKCUPOBAHUS
HCTOYHUKOB KOJIOB ICeBI03KBUBaNIEHTHBIX OJIL] 1 n30b1TO4-
HOCTH BCTPOCHHBIX OJIOKOB AMSTH.

3aoaueii ucciedosanus sSBIsETCS pa3paboTka MeTona
cunaTe3a KMY'VY ¢ o0mieii maMsThiO, TO3BOJISIONIETO yMEHb-
mmTh ynciao LUT-amemeHToB B KOMOMHAIMOHHONW 4acTH
KMVYYV.

[pemaraemplii METOII SIBJISETCS PA3BUTHEM PE3YJIBTATOB,
MOJTy4eHHBIX B pabore [9].

IHOCTAHOBKA 3AJJAYH

0OG603HauKM, YTO UCXOIHBIMH JaHHBIMH JUISl 38891 CHH-
TE3a CXeMBI KOMITO3UIMOHHOTO MHKPOIPOrPAMMHOIO YCT-
PpOICTBA yIIpaBICHUSI CIIY)KUT rpad-cxeMa yIpaBIsEoLIEro
anroput™a, T.e. Hekoropast 'CA ' = I'(B,E), mpexcrasien-
Hast MEOJKECTBaMH BepIvH B u coemumstionmx ux ayr E [2].
[ycts B=b  Ub, UE, UE, t1e b —nadanbnas Bepumna,
b, — xoHeunas BepmmHa, E, — MHOXECTBO omepaTopHBIX
BepmmH U E, — MHOXecTBO ycimoBHbIX BepmmH ['CA T.

B onepatopubix Bepuminax by € Eq 3amuchisatotes Habopet

mukpoonepammii Y(0g) < Y, e Y = {yl,..., yN} — MHOXe-
CTBO MUKpOOIIEpaLMi. B yCI0OBHBIX BepIIMHAX bq e E, 3a-
MIICBIBAIOTCS 3JIEMEHTHI MHOMKECTBA JIOTHUECKUX YCIIOBHI

X= { X geey XL } BBemeM psizt onpeienieHui, B3ATHIX U3 [2].
Onpeodenenue 1. OneparopHoii nuHeiHON nenbio ['CA
I" Ha3bIBaETCsI KOHEUHAS! TIOCIIEAOBATEIBHOCTD ONIEPATOPHBIX

BepIUMH Og = <bgl,---,bg|:g> TaKas, 4TO JUIS JTF060H maphl
coceHux komnoneHT D, Dgis1, e | — Homep kommoHeHTEI
KOpTexa O, CyIIeCTBYET Ayra <bgi , bgi+1> eE.

Onpedenenue 2. Bepruinna bq € Dg, rne DY — mHOXe-
cTBO BepInH, Bxoasuwx B OJILL 0.g, HassiBaeTcsa Bxonom OJIL]

Olg, ECIIM CYIIECTBYET Jlyra <bt , bq> €E, rne b, ¢ DY.
Onpedenenue 3. Bepina bq e DY, HaspBaeTCs BEIXOIOM

OJIL] ¢, eciu CymIeCTBYeT Tyra <bq \ bt> €E, e b, ¢ DY.
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Onpeoenenue 4. OJIL] 0,0 j Ha3bIBAIOTCS MCEBIO3KBU-
BasieHTHbIME OJILI, eciu X BBIXOIBI CBS3aHBI CO BXOIOM
OJIHOM U TOM e BEPILUHBI bq e B.

[Mycts s wexoropoit 'CA T' copmupoBano MHOXKe-
crBo OJII] C={0y,...,0}, onpenensomee pa3dueHue Ha

mHoxecTse E, [3], n mycth |E1| = M. ITocraBum B cOOTBET-
CTBHE KaXKI0H BEpIINHE bq € Eq MukpokomaHy Ml can-

pecom A(D ), HMEIOIIMM Pa3psIHOCTH

R=[log; M]. &y

Ucnonb3yem anst agpecaniii MUKPOKOMaH] MEpPEMEH-
uele T, €T, rae |T| =R. Anpecanus BRIIOTHSIETCS TAKUM
00pa3oM, 4TOOBI BEITIOIHSIIOCH YCIIOBHE

Albgi.g )= Albgi J+1. ©)

e bgi,bgisa € D%u <bgiabgi+1> eE.

B sToMm ciiydae YV Moxer ObITh peai30BaHO B BHIAC
KMYVY U, (puc. 1), naseiBaemom KMVY'VY ¢ o6mieii mamsbio
[2, 3]. TpuHuume! GyHkuuonuposanus KMYY U, nocra-
TOYHO MOJHO MPEICTaBIEHbI B uTepatype [1-3].

BKMVYY U, cxema popmuposanus aapeca (CPA) pea-
nu3yeT cucteMy (QYHKIHA BO30YXKICHHS TPUITEPOB CUET-
ynka CT, ompeznenseMyro Kak

@ = (T, X). ®)

[lpu 3TOM, KaK MPaBIUIO, CYETIUK UMEET HH(POPMALHOH-
Hble Bxozpl Tuna D [6,7]. [To curHany Start cuerank CT ycra-
HAaBJIMBACTCS B HOJIb, ITO COOTBETCTBYET aAPECy IIEPBO MUK-
PpOKOMaH B! peasusyemoro anropurma. Ilo curnary y, = 1 co-
neprxumoe CT yBeTHHHBACTCS HA SIMHHLLY; YTO COOTBETCTBYET
pesxnMy (2). Ypasiistroriast mamsth (Y T1) XpaHuT HaGops! MUK-
pooneparmii Y (by) < Y 1 nepemenHbIe (ympasienue CT)

u Y, (MpHU3HAaK OKOHYaHKs anroput™a). Tpurrep cunThIBaHuS
TF dhopmupyer curnan Fetch, paspermaronmit BEIGOPKY MHK-
poxomana u3 YII. Ilpu OOCTMXKEHNN OKOHYAHUSI alropuT™Ma
dopmupyercs nepemennas Y, = 1, uro npusomut k Fetch =0n
TpeKpanieHnro BeIoopku m3 YL

[pu ucnonszoBaanu FPGA cxembr COA, CT u TF pea-
mu3ytorces Ha LUT, a cxema YII — Ha BCTpOSHHBIX OJI0KaxX
namst EMB (embedded memory block). OcuoBHbIM HETO-
cratkom KMY'Y U, sBisieTcst 3HaIMTeENBHOE 9MCII0 TEPMOB B
crcreMe QyHKITH (3). DTO MPUBOIUT K YBETMIECHHIO YHCIIa
LUT snementoB u ux ypoHeii B cxeme CDA. [l yerpane-

+1

coh oT

’—x Start )
Clack
Start

Puc. 1. Crpykrypuas cxema KMVY U

el % Fetch

HUSI 3TOT0 HEIOCTATKa UCIIONB3YIOT ONTUMAJIBHYIO ajpeca-
IIMI0 MHKPOKOMaHI, 4To nipuBoauT k KMV U, [9]. Onnako
Takast aZjpecaliysl He BCeria BO3MO)KHA. YMEHbBIIEHHE JHcIia
TepmoB cucteme (3) rapantupyercsa B KMYY U,, re ocy-
IIECTBISIETCS, IPeoOpa3oBaHKe aIpecoB MUKPOKOMAH/ B
KoJibI KitaccoB rniceBoskBuBaneHTHbIXx OJIL [2, 3]. Oanako
9TO CBSI3aHO C BBeeHUeM B cxeMy KMVY'V nononnutensHo-
ro G6roka mpeodpasoparens aapecos (BITA), kotopsriit mo-
TpeOJsieT HEeKOTOphle pecypchl KpucTtauia. B Hactosmen
pabote npemtaraercs Metox cuHTe3a KMVY'Y, mo3Bomstommmii
YMEHBIIHUTh KaK YHUCII0 TEPMOB B cucteMe (3), Tak U YHUCII0
LUT smemenToB B cxeme BITA.

Kax u3BectHO, LUT-311eMEHTBI UIMEIOT OTpaHIYICHHOE YHC-
10 Bx0710B S (S =[4..6]). st ymenbiuenus yncna LUT-anemen-
TOB LIEIECO00PA3HO YMEHBIIATH YHCIIO apTYyMEHTOB B pea-
3yeMbIX cucteMax ¢yHkuui. [Ipenmaraemprii MeTos mo3Bos-
€T BBITTOJTHUTH TAKOE YMEHBILICHNE YHCIIa apTyMEHTOB.

OCHOBHASA NIEA TPEJUIATAEMOI'O METOJIA

Haiinem paz6uenue I1- maoxecrsa OJILL C Ha Ki1acchl

ncenoskeuBaneHTHBIX OJIL. Ilycts Il = {Bl,..., B, } , TO

ects B 'CA nmeercs | nceBnosxsuBaneHTHBIX OJILI.

[Mycrs mst peanusanym 610ka Y1 ncnons3yroTest BCTpo-
eHHbIe OJIOKU MaMsTH, Bxopsuue B coctaB FPGA [6, 7]. Otu
OJIOKHM NMEIOT (PMKCHPOBAHHYIO €MKOCTD V, OTHAKO YHCIIO
nX BXonOoB t MoxxeT MeHsAThes. [lapamerp t MoxxeT npuHH-
MaTb OJHO M3 (PMKCHPOBAHHBIX 3HAYCHUH M3 MHOXECTBA

Qf ={1,2,4,918,36} [6,7].

Hns peanmuzanuu cucreMbl Gynkimit Y U{yq, g} He-
00X0HMO

ng =[(N+2)/tg | @)

6mmoxoB BBIL. [Tpu aTom mapamerp tg (4rcio BbxooB 0mo-
Ka) OTpeIeAeTCs KaK

te =|V/2R | ©)

3TOT mapaMeTp JOIHKEH OBITh BEIOpaH OMIDKANIIAM K
MEHBIIEMY 3HaYeHHIO U3 MHOXecTBa Qp. OOmee uucio
BBIXOIOB OJIOKOB, BXomsmuX B Y11, MOXXHO HalTH KaK

to =n¢tE. (6)
ITycTb BBITIOHSETCS YCIIOBUE

to—(N+3)=k>0. @)

B stoM ciydae MHOXKeCTBO 11~ MOXKHO pa3OUTh Ha 1Ba

kmacca: [ =T1; UIly, tme 1) NI1, = . Knace I1,

BKJTFOYAET
I, =2% ®)
anemeHToB. Kitacc I1; Oynmer BkirodaTsh

l=1-1, )
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anmeMeHToB. Pacemorpum ciyqait, korma |y # 0u |5 # 0. Ilpu
9ToM Kiaccel Bj € I1{ Moryr ObITh 3aKOAUPOBAHBI KOIAMH

K(Bj) , mmetormmu

Ry =[log, Iy | (10)
paspsnos. [Tycts st komupoBanus kiiaccos B; e Iy nemorns-
3YIOTCS TIEPEMEHHBIE T, € T, THe |r| =R;.

3axomupyeM kinaces! By € I1, xomamu C(B;), nmeronm-
MU

R, =K. (12)

paspanos. Ilycts mis komupoBaHus kinaccos Bj e I1, mc-
HOJB3YHOTCA IIEpEMeHHbIe Z, € Z, T |Z| =R,. Batom ciy-

qae 1 peanusanun Y Y npeanaraercs Mmogens KMYY Uy,

(puc. 2).

KMVYYVY U, dynximonupyer ciemyromum odpazom. Ilo
curnaiy Start B CT 3anocuTcst HyleBo# anpec, Tpurrepa TF
u TM ycranapiuBaroTcst coorBercTBeHHO B 1 (Fetch =1) u 0
(Ex=0). Cxema CDA, cIyKuT JUIs 3aJlaHKs HEPEXOIOB U3
knaccos B; eIly. llpustomy,, =1,Ex=1n

ol = ol(r,Xh). (12)

Cxema CDA,, ctyKuT 15t 3aJaHUs IEPEXOTIOB U3 KI1ac-
cos B; eIl,. llpustomy,, =Ex=0n

@2 = 0% (T, X?). (13)

Mymsramiekcop MUK cirykut 1mist BBIOOpa HCTOYHUKA
¢byakmit Bo3oyxaerus CT:

® =Ex ®' v Ex ®?, (14)

IIPH 3TOM d' U ®? = ®. OueBuzHo, gepe3 MUK nepena-

IOTCS TONBKO QDYHKIMH ¢, € ol N2,

Brnox BITA ciyxwur s npeoOpa3oBaHUs apecoB BHIXO-
noB OJIL B koxe! kitaccoB Bj e I1. [lns Takoro npeodpaszo-
BaHUSA CITyXaT (QyHKINN

t=1(T). (15)

Cpasaenue OokoB YIIKMYY Ul nU |, IOKA3BIBAET, YTO
OHH OTJIMYAKOTCS HAJIMIMEM BbIxoza Y, . Kak yike crasio scHo,
9TOT BBIXOJI UCTIONB3YeTCs IS yIpaBieHus TpurrepoM TM
H, cIenoBareNbHo, MyasTHIIIeKcopom MUK,

Taxoll moaxon MO3BOJMSET YMEHBIIUT YHCIO TEPMOB B
cucreme (3) 10 aGCOMFOTHOrO BO3MOYKHOTO MUHIMYMa. Kpo-
M€ TOro, yMEHBIIAETCsI CIOXKHOCTH Otoka BITA mno cpaBHe-
arro ¢ KMVY'Y U,.. Kak BujHo Ha puc. 2, kompl Kitaccos By € I,
TeHEPUPYIOTCS YIPaBIAIOEH TaMATbI0. Takol MOAXo[ 1o-
3BOJISIET YMEHBIINTH YHCII0 BX0Z0B B LUT-amemenTax GiioxoB
C®DA, u CDA,. HeocTaTKoM SIBIISIETCS YBENUUEHUE YUCTIA
BEIXOZ0B Onoka YII. OmHako 3TOT OIIOK CTPOUTCS U3 PEKOH-
¢urypupyemsix 6okos EMB, xotopsre mmetor crporo ompe-
JIETICHHOE YMCIIO BHIXOMOB [6, 7]. [1pr 3TOM MMeeTcst BBICOKast
BEPOSITHOCT HAJTMYHSI HEHCIIONH30BaHHBIX BBIXO/IOB.

B cratse npeniaraercs Meton cuaresa KMYY U, Biomo-
YaOUINH CIIETYIOIINE STAITBI

1. ®opmuposanme muoxectsa OJIL C s TCAT.

2. ®opmuposanue pasouenus [1c muoxectsa C.

3. OnrrumaneHast afpecarys MUKPOKOMaHI.

4. Konuposanue knaccos Bj € I1; u B; e IT,.

5. ®opmMupoBanue TaONUIBI MIEPEXOAOB JUIS KJIACCOB
BI S Hl‘

6. ®opMupoBanue TaONUIBI MIEPEXOAOB JUIS KIIACCOB
Bi € Hz.

7. ®opmupoBaHne TaOIHIEI OJI0Ka Ipeodpa3oBaTeNs
azpeca.

8. ®opmupoBaHUe TAOIHIBI COIEPKUMOTO YIIPABIISIO-
el NaMsITH.

9. Peammzarus cxembl KMVYY B 3a1aHHOM 37IEMEHTHOM
6asuce.

> ,  MHE |+1 z
D -
Kf DA > l T
- & T ¥
e > > o W[ M/
1
5 3! - > L5 T
., CD iy Stat g VE
Cloclk Start R
E=x EITA —
T ME|TE
| E=
Start o
—
Fetch

Puc. 2. CrpykrypHas cxema KMVY U,
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TPMMEP IIPUMEHEHVSI IIPEJVIO’KEHHOTO
METOJIA

IMycts s Hekoropoil I'CA T nonydeno muoxectso OJIL]
C={(11,...,(112}, rac a1=<b1,...,b4>, (059} =<b5>,
ag =(bg,b7,bg), ag =(bg,byg), a5 = (011, b17,b13,b14),
ag =(bi5,b1s), a7 =(D17...bo0), g =(021,..024),
ag =(b25,026), 010 =(P27,b28), @11 =(b29,b30,b31),
oy = <b32 > [Mycts 511 OJIL] MoryT ObITh pa3dutsl Ha | =5
By ={0y,az,03}, By ={ayg,05,06},
B3 ={07,a5,09}, B4 ={019, 011}, Bs = {0y} Iycrs Bbixon
OJIL 01 € C cBazan ¢ Bxonom Bepumnbl .. Kak u3BecTHo,
nepexonp! 13 Takux OJIL] He paccMaTpHBArOTCs], TAK KAK HX T10C-
JIe/IHAs BEPIIMHA JIOJDKHA BKITFOYaTh epeMerHyo Y, [2].

BeimonauM azgpecariro MUKpOKOMaH TaK, YTOOBI BBI-
MOJTHSJIOCH YCIOBHUE (2) M MAKCHMAJIBHO BO3MOXKHOE YHCIIO

KJIaCCOB IPEACTABIUIOCH OMHIM 0000IIEHHBIM HHTEPBAJIOM
R-mepHoro Oymnesoro npocrpancrsa. B paccmarpusaemom

KJIaCCOB, rae

npumepe M =32, toects R=5u T ={Ty,..., Ts}. Onun u3
BO3MO)KHBIX BapHAHTOB ONTHMAJIBHOH aJpecariii MUKpO-
KOMaH/I IPUBEJICH Ha pHC. 3. DTOT PUCYHOK COAEPIKUT BUJIO-
N3MeHeHHyIo kapTy KapHo, KoTopast 1ocTaTtoyHa Jyis Moiy-
YyeHHs 0000IeHHbIX HHTepBasoB. [1o puc. 3 uMeeM: Kiacc
B, cootsetctByeT uTepBay 00***, kiacc B, — 01***, xmacc
B, cootseTcTBYeT IByM MHTepBataM: 10*** u 1100%, kmacc
B, cootserctnyer mBym nnrepsanam: 11011 u 11110. Mnrep-
Ban 11 knacca B, ne umeer 3nagenus. Cumson U, (I) o3na-
gaet, uto KMVY'VY U, peanmmsyercsa mo 'CAT.

Ilycrs ans peanuzauuu Y11 ncnonb3yroTcst BCTPOSHHBIE
OJIOKH ITaMSITH, TIPHYEM HX ITapaMeTphl H 9UCII0O MAKPOOTIE-
pauuii N TakoBsl, uTo R, =1. CieoBartensHo, 1Ba Kiacca

Bj € Il MoxxHO nomectuts B 610k I15 . ITycts uncio Bxo-
noB LUT-anemenToB S=4. Toraa pa3buenue 1mo KiaccaM Iie-
necoo0pa3HO BBHIMOJHUTE CIEAYIOIMHUM 00pa3oM:
I1; ={B;,B5} u I1, ={B3,B4}. Utax, mmeem Iy =1, =2,
R1 =R, =1, 1={1},Z={2,}. Bemonanm xoxmpoBanue
knaccoB Bj eIl. Pesynerar xonupoBaHus HE BIHACT Ha
cnoxnocTh cxemsr. Iyers K(B,) = 0, K(B,) = 1, K(B,) =0,
KB,)=1

1T2T3
T4Ts oo 001 010 011 100 101 110 111

YR TR PR, gr——. §

00| (b bs by bia]| [tz | b2 b25| ba

01 | b2 bs bio | bua|| b1 | bz | bxs | ban

10| bs be by | bis|||be | bz | bz | ba
s

11 |bg bg biz | big||lbxm | baa)|| bz || b=
E; = Es By Es

Puc. 3. ®opmupoanue anpecos Mukpokomana KMVYY U,(T)

Tabnuuel nepexonos wis kiaccoB Bj e I crpostes o

cucreme 0000ImeHHbIX Gopmyn nepexona [2, 3]. Iycts B
paccMaTpHBaeMOM MPUMEpE 3Ta CHCTEMa UMECT BHJI:

Bl - leg Vv X1X2b11 Vv X1X2X3b13 V X1X2 X3b15;
Bz —> X2b5 Vv X2X5b6 \Y% X2X5X6b17 \Y% X2X5X6b22;
B3 —> X4X6b21 Vv X4X6b25 \Y% X4X3b27 Vv X4X3b29;

B4 - X1b32 VX_1b23.

TaOnuib! nepexonoB UMEOT CleAyroNue cToaoLs! By,
K(B;), bq, Albg), X}, @y, h. 3necs Xy, —Habop JIY, koto-

PBIH OTIPENENSET CBA3L MEX Ty KiaccoM B, m BepimmHoi by
B (opmynax mepexozna Buna (16); @y, — HaGop yHKIMIT
B0o30Oyknennst CT, paBHBIX emuHHMIE I GOPMHUPOBAHUS
azpeca A(bq ). Pasuuiia Mex Iy TabIHIIaMH 3aKITFOYAETCS B
TOM, uTO JuIs KiaccoB Bj € I1; kon npencrasisercs nepe-
MEHHBIMU T, € T, a And Bj e I, — nepemennsvu T, €T,
Hns KMYY U, (') nepexozet 1t kiiaccos Bj e I npencras-
neHsl B Tab1. 1, a 114 knaccos By € I1, — B Tabu. 2. IlepBas
Tabnuna nmeet H, = 6 cTpok, a BTopas — H, = 8 crpok.

Jost Tabn. 1 v Tabn. 2 anpeca MUKPOKOMaH/ ONPEIeIIs-
1oTcst 1o puc. 3. M3 tabn. 1 nonydaem cucremy (12). Hanpu-
Mep, Dy = 11Xy X5, Dy = 1:_1 (mocme MuHMME3aLWK). 113 TabI.
2 norydaeM cucremy ¢yrkiumi (13). Hanpumep, Dy =1,

Dy =21X4Xg Vv Z1X4 v Z1X1 (mocne MunnMusanun). U3

3THX TabJWI ToJiyyaeM TakKXXe MHOXEecTBa
1 2 1 2

X= ={X1,X2,X3, X5, Xg}hX* ={X1,X3,X4, X}, D" = D = D.

Jst opmupoBanms Tabmumsl BITA Heo6xomumo HaiiTn
COOTBETCTBHE MEXTy KonaMu kiaccoB B; € I1; manpecamu
BeIxon0B OJIL] 0g € Bi. Dtu azpeca onpeneIstoTcs 0000-
IMeHHBIMU HHTepBanaMu. Tabnmma BKIro9aeT cToIomm! Oy,
A((lg ), B, K(Bj), Tg, 0. 3mech A((lg ) —agpec Berxona OJIL]
0g € C. Onnaxo B paccmarpuBaemMom ciydae cucremy (15)
MO>KHO MOJTY9UTh TPHBHAIBHEIM 00pa3oM. O4eBUIHO, YTO
11 =1 s K(By). C mpyroit croponsr, K(B,)=01***,
CnenoBarensHo, tl= Tsz.

Cumrrres cxembl MUK comurest k peanmzarm cucteMsl (14).
Ora 3a/1a4a sSBISIeTCS TPUBHAIIBHOM, a CXeMa BKIIrodaer R-uric-
710 LUT snemMeHTOB, Ka)kKIbIi i3 KOTOPBIX IMEeT 10 3 BXOJIa.

Hnst popmupoBanust conepxumoro YII BemomHseTCS
npeodpa3zoBanue ucxomquoit 'CA T':

1. Ecin BepmmHa bq € E{ He ABISAETCS BBIXOIOM OJIIT
ag € C, TO B Hee BKIIOYACTCS IEPEMEHHASL Y.

2. Ecim BepmmHa bq € E; ca3ana ¢ BepmmHoii by, T0 B
Hee BBOJIUTCS NEpeMEHHas Y.

3. Ecimu Bepmmmaa bq € B sapustercsa Berxomom OJIL]

tg € Bj, rne B e Iy, To B Hee BBOAMTCS EpEMEHHAS Y, .
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Ta6uuua 1. TaGuna nepexonos aus knaccos By € Iy

Bi K(Bi) by Albg) Xh Ul h

B, 0 by 01000 X1 D, 1

by 01010 X1X5 D,D, 2

bys 01100 X1XoX3 D,Ds 3

bis 01110 X1 XoX3 D,D3D, 4

B, 1 bs 00100 X Ds 5

be 00101 XoXs D3Ds 6

bi7 10000 X9 X5Xg Dy 7

by 10101 XoX5Xg D;D3Ds 8

Ta6auna 2. Tabauna nepexoioB is KIaccoB Bi S H2

B; K(B;) by A(bg) Xp Dy, h
Bs 0 boy 10100 X4Xg D,D3 1
bys 11000 X4Xg D;D, 2
bys 11010 X4X3 D,D,D, 3
By 1 b3, 11111 X1 D,D,D3D4Dsg 4
bys 10110 X1 D1D3D, 5

Hanpumep, B Bepuiuny b, e D! HeoGxomMO BBECTH Yy
B BepunHy b, -, , a B Bepmmny b, — y,.. [lanee B sueiiku
YII ¢ anpecom A(by) 3anmcsiBaetces Habop Y(bg) u Heob-
XOIUMBIE IEMEHTBl MHOXKECTBA {yo, YMm»YE } JTOT 3TaNn

BBINOJTHSIETCS TPHBHATIBHBIM 00pa30M M B IAHHOH CTaThe HE
paccMaTtpuBaeTcs.

Peammzamms cxembt KMVY'Y U, cBouTes K peanusanim
cucreM (ynkrmii (5)—(8) ma LUT smementax u Y11 na EMB.
Jns penieHus 3ToM 3a1auyd UCTIONB3YIOTCS CTaHAApPTHBIE
TIPOMBIIIIIEHHBIE TIaKeTHI [6, 7].

3AK/IIOYEHHUE

[pemmaraemsrii B pabote Meton ontumusamun KMYY
OCHOBaH Ha MYJIBTUILUICKCHPOBAaHNH ABYX MCTOYHHKOB KO-
JIOB Ki1accoB TiceBno3kBrBaieHTHRIX OJIL 1 ncnonp30BaHun
M30BITOYHOCTH BCTPOCHHBIX O110K0B mamsati FPGA. Ormican-
HBIH BBIIIE CIIOCO0 aIpecariiy KJIacCOB IICEBI0AKBUBAJICHT-
ue1x OJIL] BemeT kK yMEHBIICHHUIO YHCIIa TEPMOB B CHCTEME
(yHKIMI BO30YKIEHHS TPUTTEPOB, COCTABIISIONINX CUETIHK
azpeca MUKPOKOMaH/I, 10 MUHIMAaJIbHO BO3MOXKHOH BENH-
gnHbL. KpoMme Toro, ymensmaercs uncio LUT sxementos B
cxeMme npeodpa3zoBaTeNs aJpeca, TaK Kak He BCE aJpeca BhI-
xomoB OJIL] mommexxar mpeodpaszoBaHuio. HemocraTkom
TIPEIUIOKEHHOTO TTOAXO0/A SIBIISIETCS BBEICHHUE MYIBTHILICK-
copa, KOTOPBIA BHOCHUT JOTIOTHUTENBHYIO 3aEPKKY B LUK
paboret KMY'Y. OnHako yMEHBIIIEHNE YHCIIa TEPMOB BEZIET
K YMEHBIICHUIO YUCIIa YPOBHEH B CXEME, M TAKMM 00pa3oM,
3anmepxka ot BBenernss MUK xommeHcnpyercs.
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[IpoBeneHHbIE aBTOPaMU UCCIIEOBAHMS TIOKA3aJIH, YTO
TIPEIOKEHHBIN MEeTO TO3BOIIET 10 48 % yMEHBIIHUTE YuCc-
m0 LUT sneMeHTOB 10 OTHOMIEHHIO K HcxoqHoMY KMVYYV ¢
obmiei namsaThro. [1pn 5ToM Bpems mmkna KMY'Y U, Beerna
ObuT0 MenbIne, yeM y KMYY U,. Pesynbratel cpaBHeHHs
KMVYYVY U2 -U |, IOKA3aJTH, 9TO K&JKI0€ U3 HUX MOKET MIMETh
MUHHUMaJIBHBIC allllapaTypHBIE 3aTPATHI. JTO OMPEAETICTCS
mapamerpamu ucxorHoit ['CA. Takum o0pa3om, pu CHH-
teze KMVYYV ¢ obmeit mamsarsio Ha FPGA BbIOOp HOMKEeH
MPOM3BOAUTECA MexIy KMYY UZ, U3 nU x

Hayunas nosuszna npeiioxXeHHOT0 METO/1a 3aKITI0YALT-
s B HCTIONTB30BaHUHN CTPYKTYPHBIX ocoOeHHocTeit KMYY ¢
o011elt mamsThIo (CoBMeIIeH e (HDYHKIMI CUETUHKa ajpeca
1 PETHUCTPA MaMSATH, HCIIOIB30BAHHE KIIACCOB IICEBI0IKBH-
BaseHTHEIX OJIL]) 1 ocobernocreit FPGA (koHpurypupye-
MOCTb BCTPOCHHBIX OJIOKOB [TAMSITH) TSl YMEHBILCHHUS THC-
ma LUT anementoB B cxeme KMVYV.

Ilpakmuueckas 3Ha4uUMOCMb METOIA 3aKIIOYaeTCs B
YMEHBIIIeHHN Iu1ontau kpucramia FPGA, 3annmaemoii cxe-
Mot KMVY'VY ¢ obmieii maMsThiO, 9TO IO3BOJISIET TOIYIHTh
CXeMBI, 00J1a/1af0IINe MEHBIIEH CTOMMOCTBIO, Y€M N3BECT-
HBIE U3 IUTEPATyphl AaHAJIOTH.

JanpHelimie HarpaBieHUsI paOOTHI CBA3AHEI C pa3pa-
00TKOI MeTozIa BEIOOpA ONITHMAIIBHOM CTPYKTYpEI KMY'Y ¢
o0mIelt maMAThIO TIPU pear3anny cxeMbl B 0aznuce FPGA.
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'II-p TexH. Hayk, npodecop, mpodecop HouHTY, mpodeccop, 3enenorypepkuii yuisepcuter ([lombiia)
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ONTHUMIBALIA CXEMH KOMIIO3UIITHOTO MIKPOITPOI'PAMHOI'O ITPUCTPOIO KEPYBAHHSI I3 3ATAJIb-
HOIO MNAM’ATTIO

3anponoOHOBaHO METOJ] 3MEHIICHHS arapaTypHUX BHUTPAT Y CXeMi KOMIIO3UIITHOTO MIKpOIPOTpaMHOIO HMPHCTPOIO KEepyBaHHS i3
3arajbHOIO IaM’SITTIO IpH peanisawii Ha MikpocxeMax FPGA, i3 ypaxyBaHHsIM oOMexxeHHs Ha umciio BxoaiB LUT enementi. Meron
3aCHOBAHO Ha 3aCTOCYBaHHI ABOX JKepesl KOJIB KJIACIB IICEBIOCKBIBAJICHTHUX OIIEPAaTOPHUX JIIHIHHUX JIAHIIOTIB, a TAKOXK Ha BUKOPUCTAHHI
HAJIMIPHOCTI, 10 Mae Miciie y BOynoBanux Omokax mam’siti FPGA. Takiit minxiza 103Bosisie 3MEHIIMTH MOTPiOHY KimbkicTs LUT enemenTis
y cxeMi ajipecarii KOMIIO3HI[IHHOIO MPUCTPOIO, BHACIIIOK YOro 3MEHIIyeThCs IuIonia kpucrary FPGA, sy 3aiimae cxema KMVYVY i3
3araJbHOIO IaM’SITTIO, IO JI03BOJISIE OTPHMATH pealli3allito, sIKii IpuTaMaHHa MEHIIIA BapTiCTh, HDK BIZIOMHM 3 JITEpaTypH aHanoram. Y
CTarTi HaBEAEHO NPUKJIAJ] BUKOPUCTAHHS METOLY.

KurouoBi cioBa: koMHo3uLiHHUN MIKpOIPOrpaMHHI MIPUCTPIiil KepyBaHHSI, ONEPATOPHUI JNIHIHHUN JIaHIIOT, Tpad-cxeMa alroput-
Ma, FPGA, MynbTUILIEKCOp, JIOTIYHA CXEMa.
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OPTIMIZATION OF COMPOSITIONAL MICROPROGRAMMING CONTROL UNITWITH COMMON MEMORY

A method for reducing the hardware amount in the circuit of compositional microprogramming control unit with common memory
oriented to FPGA technology is proposed . The restrictions of LUT’s input number are taken into account. The method is based on the
use of two sources of codes classes of pseudoequivalent operational linear chain and use a multiplexer to choose one of these sources. Also
the surplus of FPGA's embedded memory blocks is used. Such an approach would reduce the number of LUT elements in the addressing
subcircuit of compositional microprogramming control unit, that leads to reducing of common hardware amount and price of the unit. An
example of the proposed method application is given.

Keywords: compositional microprogramming control unit, operational linear chain, flow-chart of algorithm, FPGA, multiplexer,
logic circuit.
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BIOEOKOHTEHT OANA HE3PAYUX: METOA TU®JIOKOMEHTYBAHHA

V crarTi 0oCHiKEeHO NPodIIeMy JOCTYITY 10 BiICOKOHTEHTY JIFOAEH 3 ITOBHOIO 200 YaCTKOBOIO
BTPATO0 30pY, PO3NISTHYTO TH(IOKOMEHTYBAaHHS, K METOJ aJanTalil BiICOKOHTEHTY ISl
He3psuux. [Ipu qocnimkeHHi poOieMu JOCTYITY JIFoAeH 3 BaJaMH 30py J0 BiICOKOHTCHTY, CITif
PO3yMiTH, 10 OiNbIICTh iH(POPMALIT HATAETHCSA MISAYCBI 32 JTOMOMOIOK 300PaKEHHSI, TaK,
He3psI4i YyIoTh BCi CJIOBA aKTOPIB, 3ByKH HABKOJIMIIHHOTO CEPEOBHIIA, NPOLECIB HA eKpaHi,
ajie TM BaXXKO iIeHTH(IKyBaTH KOMY SIKi CJIOBa HaJIEXaTh, IO caMe Y Lieif KOHKPETHUIH MOMEHT
BiIOyBa€ThCs 3 reposiMY, 10 300pakeHo y JaHiil ClieHi, sika peakiiis akTopis, IXHI emouil, gKi
HalJacTillle BUPAKAIOTHCS 3a JIONOMOTOI0 pyXiB uu MiMiku. TudrokoMeHTapi 10 GinbMiB I
HE3PSYUX JIIOJe — OChb OIMH 3 PEaNbHUX KPOKIB BUPIMIEHHS OOMEXEHOCTI JOCTYILY IO TaKOTo

BUJy KOHTEHTY.

KawuoBi ciioBa: BieOKOHTEHT, TH(IOKOMEHTYBaHHS, ayli0ACCKPHUIILIis, TH()IOKOMEHTATOP,

BiJICOPSLI.

BCTYII

OnHMUM 3 JOCATHEHbD JIIOJCTBA, SKE OLIBILIOI0 MipOro He-
JIOCTYITHE 1 HE 30BCIM 3pO3yMisie ISl He3ps4oi JIIOIUHY, €
BiZICOKOHTEHT. 3psTya JIFOIHA CIIPUIMAE 3a JIOTIOMOT'OI0 O4ei
6mm3bKo 80 % indopmarii, npeacraBieHol y BiICOKOHTEHTI.
[ToBHicTIO HE3psIUA JIIOMHA MOXKE OTPUMATH TLIBKU OJIN3b-
ko 16 % indopmartii, sika HaXOOUTH Yepe3 CIYX.

Cporo/Hi, KoM KIHOIHIYCTPisl BOJIOZI€ TAKMMH TEXHIU-
HUMH MOMJINBOCTSIMH, SIKMX JIOCTATHBO JJIsl BT1IIIEHHS Oy/ib-
SIKOTO XYJIO)KHBOTO 33/IyMy, 3/Ia€ThCS, BXKE HEMae HeoOXia-
HOCTI TOBOPHTH TIPO T€, SIKWI BETMYE3HHUH CBIT BIIKPUBAETH-
cs mepex KOKHHM 3 HPUCYTHIX Yy KiHO3aji, YU Iepen
TENEBi31HIM eKpaHOM, MOHITOPOM.

[pu gocnimkeHHI TPOOIeMH JOCTYITY JIOACH 3 BaTaMu
30py [0 BiICOKOHTEHTY, CITiJ] PO3YMIiTH, III0 OUTBIIICTH iH(DOP-
MaIlii HaJa€eThCs I IavYeBi 3a JOIIOMOT' 00 300pakKeHH s, TaK,
HE3ps4i 9yIOTh BCI CJIOBa aKTOPiB, 3BYKH HABKOJIHITHHOTO
CepeIoBHIIa, TIPOIIECIB HA €KpaHi, ae iM Ba)kKo imeHTH(i-
KyBaTH KOMY SIKi CJIOBA HaJIeKaTh, IO caMe y el KOHKpeT-
HUM MOMEHT BiIOYBAa€THCS 3 TEPOSMH, IO 300paXKEHO y
JTaHIN CIIeHi, sSIKa peaKIis akTopiB, IXHi eMOIii, sIKi HaifgacTi-
II1e BUPAKAIOTHCS 3 JOMIOMOT OO PyXiB YA MIMIKH.

TugnoxoMeHTap 10 BiICOKOHTEHTY [T HE3PSINX JTFONEH —
0Ch OIIVH 3 PeaIbHIX KPOKIB BUPIIIICHHS 0OMEXEHOCTI JOCTY-
ITy IO TAKOTO By MUCTEITBA. BiH BiIKpHUBae BEIMKHUH IIPOCTIp
UL aIATTarlii 0 COLIlyMY He JTUIIIE JOPOCITUX He3PSINX JTFONCEH,
a B IIepIITy Yepry AiTeH, sKi MaroTh POOJIEMH i3 30POM, 1 sIKi
Mo 6 TIeperIaaTH MYIET()ITBMH, BIUTUCS JIIYUTH, BUBIATH
abeTKy 3a JOIOMOTOFO BiICOKOHTEHTY 3 TH(IIOKOMEHTAPEM.

AHAJII3 CYYACHOI'O CTAHY TA METOIUKA
BUPILIEHHSI ITPOBJIEMUA

VY €Bporri mMOPIYHO BUXOTUTH OIHU3BKO COTHI (iTbMiB,
aJanToOBAHUX JUIs He3psAunX, y Kutai, e HaJ iX 03By4eHHAM
TIPAITFOIOTH CTICHiaTbHI BiAIUIA Ha MpodeciitHNX KIHOCTYMIsX,
BuxoauTh 10-15 dimemiB, y Pocii 6mm3pko 5 B pik. Ykpaina,
TIOKH HE CTBOPIOBAJIA TAKOTO POAY BiJICOKOHTEHTY.
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TudnoxomeHTap — 11 3aKaJPOBHIA OITUC BiICOPSITY, CKiIa-
JIEHHH CLIEHApHUCTOM 1 HaunTaHui THdokoMeHTaropom. Lle
He CyOTHTPH 1 He BapiaHT ayniokHuru. e crioci6 nepersiHy-
TH BiJICOKOHTEHT IIpX Npo0ieMax 31 30pom. Lle komeHTap Bizy-
ATLHUX CIIEMEHTIB — JKECTIB, MPEIMETIB, KOCTIOMIB, JCKOpAIIiH.
TakuMm 4YMHOM, HE3psUl JIOAM MOXKYTH YSBUTH cOoOi Bech
CIIEKTP Bi3yaJbHUX PUHAOMIB, SIKi BUKOPHCTOBYBaB aBTop [1].

CrBOpeHHs1 TH(IIOKOMEHTApiB — Lie IoBeTipHa podoTa
CIIEHApHCTIB 1 3BYKOPEXKHUCEPIB, SIKi OalaHCYIOTh MiXK MHC-
TELTBOM OIIHCY 1 TiI00POM KOPOTKHX, ajie iHpopMaTHBHUX
criB-KIroUiB [2].

TudnoxomeHnTaTop — podecist B KiHOIHAYCTPii, 3aKa-
poBHii KOMEHTATOp, KU 3MIHCHIOE TH(IOKOMEHTAp IS
HE3PSYUX, T JIIOIEH 3 OPYLICHHSIMH 30DY.

Icropuuno, MeTon TH(IOKOMEHTYBAaHHS CKJIaBCS HE Ha
nopoxkHboMy Mictii. 1o cyri, TrdmokoMeHTyBaHHIM Oyin
paniopernopTaxi 3 pi3HOTO POy CIIOPTUBHUX MO CITOPTHB-
HUMH KOMEHTaTOpaMy, sKi y KOIULIIHBOMY PaisHcbroMY
Corosi Bemmucs 3 modatky 1920-x poki. PagiopenopTasi 3 Gyr-
OONBHMX MATYiB, 3 MiCIb HABAKJIMBIIIIHX TTOJI THYHHX, CYC-
MUTBHIX, HAYKOBHIX TOMiH, TAKOXK MICTATH iHPOpMaIIito, SIKy
MOXXHA BIJJHECTHU IO TU(IOKOMEHTYBAaHHS, OCKUTBKH pajIio-
CITyXadi, He Malo4d Bi3yalbHOI iH(opMalIii, SMyIIIeHi TOKIa-
JTATHCSI JIWIIIE Ha CBiM CITyX, 1 Ha MIOSICHEHHS BEILy9IOT0 PEIop-
Tax )KypHaJiicTa. Taki MosicHeHHs iIeHTHYHI TH(IOKOMEHTY-
BaHH 1 y MOBHIi Mipi 3a10BOJBHAIOTH ITOTPEOH He3psTIHX [3].

TudnoxkomeHTap — 1€ HiaHOBa iHPOpPMAITis, CIIeiaaTbHO
T ITOTOBJIEHA [Tt HE3psuMX (CIabKO3PSAUMX ) [Ts 3aMiTIEHHST
(abo momoBHEHHs) Bi3yanbHOI iH(MOpMaIii, Ky cripuiiMae
3pstya JIIOIMHA 1 SIKa Yepe3 CITIMOTY HemoCTyHa (ab0 Maro-
JOCTYITHA) HE3PAINM (CITabKO3PSIIHM).

3a kopmonamu Topintasoro CPCP, Tu¢oxomeHTap Briep-
e 3’ siuBest B 1981 porii Ha ciieni Tearpy Arena Stage Theatre
y micti BammHrTOH, B pesynsrari podorn Mapraper i Koni
daHcTaixI. Y TOMY X CaMOMY POIli BOHHU 3acHyBan CIyx-
Oy TU(IOKOMEHTYBaHHS, SKa IPOCYBaJia OIUC IS CIIMHUX
TeaTpalbHUX BUCTAB 0 BCild Teputopii CLIA.
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Bnepme nemoncTpanis GiapMy A7 HE3psIuX 3 TU(IIO-
KOMeHTapeM Oyia npoBezieHa y KiHii 1978 poky y MOCKOBCh-
KoMy KiHoTearpi «bypeBicHUK» rpynoro crieriaictiB Bee-
COFO3HOI CIILTKH He3psTauX [1].

BiieoKoHTEHT 1151 HE3PSYMX — OIIMH 3 OCHOBHHUX IPOEKTIB,
3aMpoBa/DKEHNX Ta peanizoBaHux Ha 0a3i PecypcHoro rieHT-
Py OcBiTHIX iH(OpMAaiiHIX TEXHOJOTIH 171t 0ci0 3 oOMesxe-
HUMH (PI3MYHIMHU MOKITUBOCTSIMHU, SIKUI cCTBOpeHwid Hartio-
HaJIbHUM yHiBepcuTeToM «JIbBiBChKa momiTexHika» y 2011
poi. Came 3 MyIbT(iTBMY JUTS HE3PSYNX JITOK HEHTP BH-
pIIIMB pO3IIOYATH CBOO JiSUIBHICTH 3 alaliTyBaHHS BiJ€o-
KOHTEHTY JJIs1 JTFOfieH 3 cepito3HnMH mpobiemami 30py [3].

[pesenTarnis nepmoro Ha TepuTopii YKpaiHu MyJIbTH-
IUTIKAI[IHOTO (iTEMY, a/IanTOBAHOTO JJIsl HE3psTUnX, BiOy-
nacst 30 TpaBus 2013 poky. st poborn opranizatropamu
npoekTy OyB 00paHuii MynbTuILTiKanitani Ginem «Consy-
HUI KOpOBaii».

Jlo pobotH HaJ MPOEKTOM 31 CTBOPEHHSI MYIBTHUIEMY
JUTSl He3psIUUX JIiTel Oynu 3aaydeHi mpoBiaHa akrpuca Ha-
LIOHAJIBHOTO aKa/IEeMIYHOTO YKPaiHCHKOIO JAPaMaTHYHOTO
Tearpy iM. Mapii 3aHbKOBEIBKOI, 3aCITy’KeHa apTHCTKA YK-
painn Onexcanyipa bokoBcbKa, acipaHT kadenpu iHpop-
MaIlifHUX cHUCcTeM 1 Mepex HarioHabHOTO YHIBEpPCHUTETY
«JIpBiBCHKa momiTeXHIKa» AHApii JemMuyk, skuii npamtoe
HaJl CTBOPCHHSM CIICIiaTbHAX 1HOPMAIIIHHAX CHCTEM TS
HE3PAYMX Ta CIaOKO30pHX, 1 KepiBHUK PecypcHOro 1ieHTpy
HanionansHoro yHiBepcuteTy «JIbBiBCbKa IMONITEXHIKa»,
KaHAUIAT ICTOPUYHUX HayK, He3psya, Oxcana [Torumko [3].

CrieniatbHO 17151 00paHOTO 10 POOOTH MYJIBTHILTIKaIli K-
HOTro (biyIbMY ITOTIEpETHBO CKIIaJaics KOMEHTapi, siki 00o-
B’SI3KOBO BPaXOBYBAJIM NCHUXIYHI OCOOIMBOCTI CIIPUHHATTS
OTOUYYIOUOTO CBITY OITHBMH 3 TIOBHOIO BTpartoro 30py. [lpn
amanTyBaHHi M/Q OpraHi3aTopy MPOEKTY 3aCTOCOBYBAIIH
0e31id MpaBwII, 3pO3YMINHAX JIWOIE TUM, XTO TOCTIHHO
CHUJIKY€ThCS 3 HE3PSIYUMH JTIOABMH. Tak, HapUKIaa, Ipu
KOMEHTYBAHHI CIIEH 32 Y4acTIO TepoiB, SIKi HEJacTo 3yCTpi-
YalOTHCSA y TIOBCAKICHHOMY JKUTTI, CLICHAPUCTH BXKUBAIN
JTOMATKOBI PO3’SICHIOIOYI KOMEHTapi («Irarmka 3s01uK»
3aMIiCTh «30JIUK», TOLIO).

[Ticnst cTBOpEHHS MOKaIPOBOTO OIUCY CIOXKETY MYJIBTH-
utikariiHoro ¢ineMy «CoHsYHMI KOpoBaii» moyaBcs 3a-
e TrdokomMenTaps. Jlani Oyo onpanboBaHO 3BYKOPSIL,
MIPOBE/ICHO HOT0 pejaryBaHHsl, CHHXPOHI3aIlis Ta CKIIEHKa 3
BiJICOPSITIOM, SIKUH 1 CTaB TOTOBUM MYJIBET(iTEMOM, SIKHIA CTaB
a/IaTITOBAHIM JUISI HE3PSTIHX.

VYei npouecu BinOyBanucs Ha 6a3i crBopenoi IC «Sound
Program». ¥ Brnazui Open (puc. 1) 300pakeHa MOXKIHBICTD
BIZIKPUTTSI 3ByKOBOI TOPIKKH 200 3 TH(QIOKOMEHTapeM (IJIst
penaryBaHHs/PONOBKEHHST poO0TH), 200 31 3ByKOBOIO JI0-
PIKKOIO 3 TOTOBOT'O BiZICOKOHTEHTY, /U1l BU3HAYEHHS TPUBA-
nocreii nay3 (MeHro Pause), siki B MailOyTHbOMY OyIyTh BH-
KOpHCTaHI JU1sl CTBOPEHHS YITKHX 1 IPaBIJIEHNX TH(IOKOMEH-
TapiB Y BIMIOBITHOCTI /IO TPUBAJIOCTI X T1ay3.

V Brnamui Record (puc. 2) , MOKHa CTBOPIOBATH HOBHI
3amuc TH(QIOKOMEHTapiB 32 JOIIOMOTO0 MIKPO(OHY, NpH
IIOMY MOXXHa BHOMpATH Pi3HI IMapaMeTpH 3alncy 3BYKY,
BiJIMOBITHO 710 BUMOT. Y Bkiai Edit BinOyBaersest penary-
BaHHSI 3BYKOBOI JIOPIXKH TAKUMH (DLIETPaMHU SIK BCTaBIECHHS
THIII, 1M1 ABUIIECHHSI/ TOHWKEHHS IYIHOCTI, BUTATEHHS 3aiiBUX
3BYKIB. ¥ BKJaJ1i SYNC BinOyBaeThcsl CHHXPOHI3ALis CTBO-
PpeHOI TU(IIONOPIKKH 3 BiICOKOHTEHTOM, SIKHH a1l TOBYETh-
cs1 JUTsl He3psurX. | HapemITi, roToBHi TPOIyKT 30epiraeTsest
Y BKJIQII Save y BiIOBiHUX BiJico popmarax.

PE3YJIbTATH

TecryBanns MynsT¢iTEMY BiOyBasiocs y JIbBiBChKiii cie-
IiaJIbHIF 3araTbHOOCBITHIH mikoni-inTepHati Ne 100 st He3pst-
4ynx y4aHiB. YOTHPHOM JecsTkaM AiTei Bix 7 10 14 pokis aBTopu
TIPOEKTY CHUJIBHO 3 TICHXOIIOTOM MiCBKOTO TICHXO-MENKO-TIe-
JIarorivHOI KOHCYIBTALT Ta TH(IONEaroroM TPaHCITIOBAT! M/
¢ IBiUi: IepImii pa3 — y HeafarrTOBaHUX BapiaHTi, APYIHil — B
aJanToBaHOMY ()OopMari 3 BiIIIOBITHUM TH(DIOKOMEHTAPEM.
Peaxuis miteit 3Bopymmiia i 3MycriIa 3p0o3yMiTH 6arato pe-
yeit. [lepmmii BapiaHT BUSBUBCS aOCOTIOTHO HEIIIKABIM TS
IiTel pi3HOTO BiKy, BOHH ITOYAJIX BiIBOJNIKATHCS HA JPYTiii-
TpeTiii XBIIMHI MiCIIS TI0YATKY BiITBOPEHHSL.

Puc. 1. BikHO BiIKpUTTS roToBOro (hailiy 31 3ByKOBOIO JOPDKKOIO
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Puc. 2. BixHo 3anucy 3ByKOpsity

3aTe alanTOBaHMi MYJTETHK BUKJIMKAB IHPE 3aXOMICHHS
1 TIOBHY THIITY B 3JTi JUISl TISIAAYIB. TiTH IPUCITyXaJInCs 1 BJIOB-
JIIOBAJIM KOYKHE CJIOBO, a ITOTIM 0XO4e i BIIEBHEHO Bi/IIIOBi1a-
JIM HA 3aIMTaHHS IICUXOJIOTa 32 MOTHBAMHU IIEPENITHYTOTO
MYIBTHILTIKaIiiHOTO QinbMy. Peakiist, eMorii i po3ymMiHHS
HE3PSYMMH JITEMH JIeTaJICH CIOKETY BUSBIIINCS HACTIIBKI
TIOTY>KHUMH, 1110 3IMBYBAJIM HABITh IOCBITYEHNX TH(]IIOME-

JIaroriB.
Ocpb kaznpu 3 MyIsTQIEMY 1 TU(QIOKOMEHTApI A0 IUX Puc. 3. «V 3arummiii xarui Puc. 4. «Ilaxomi KopoBaro
€Mi30/IiB sIKi Oyiu BUKOpUCTaHi crieHapuctom (prc. 3—4). 6abycsi CTapaHHO MiCHUTh NPHUHAUKYIOTH JTICOBHX
111 TIOBHOT'O PO3yMiHHSI Pi3HHLI, HABOIAMO HAOYHHI IIPH- Ticto» (0:10 xB) 3BIPSAT, BOHM NpPUOImIH
KJIa-TIOPIBHAHHSA YaCTHHU MYIIBT(GLIEMY 6€3 TH(IOKOMEHTa- TOAMBHUTHCA HA IMBO-
p4, 13 HUM (B3sTa yactiHa M/¢ 3 0:38 mo 1:12 xB.) (puc. 5, xopogaii» (4:21 xs)
Tabm.1).

Puc. 5. Cuenn 3minu croxety npotsrom 0:38-1:12 xs.
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Ta6auus 1. [TopiBHSIHHS HAOBHEHOCTI MyIbT(UIEMY B
opuriHaii, Ta 3 TH(JIOKOMEHTapeM

Opurinan Mynbrdinem 3 TH(IOKOMEHTapeM
MYJIBTIIBMY

0:38-1:12 0:38-1:12

(bes Oymp skux | Ilim dYac My3HKH, JIyHAe TOJIOC
MOSICHEHb rpae | tuduokomentaropa: babycs Hakpuia

YapiBHa MY3HKa). TICTO  pYIIHMYKOM, IO3iXHyna i
BTOMJICHA ITIIIYIA CHATH.

A, Ha rinui aepesa, mo Oins XaTKH,
HTaIIKa 3s10JIMK TeX 3aCHHAE.

Beuip.

YV HeOi1 3acssut 3ipKu, 3iHmoB Omiauit
MiCsIlb, IO CXOXKHH Ha MyXKUH
pOTaJIHK.

Hiu.

Ta ocp HacTaB paHOK.

Bbabycuna xatka oOcamkeHa MOBKOJA
KBiTamy, ii ociBae nackaBe COHEUKO. |

3s10IMK IPOKUHYBCS.

TonoBHi nepeBarn Hamoi IC 1 CTBOPEHHS BiIEOKOH-
TEHTY JUTs He3pSUHX !

— MOXITUBICTh OOPOOKH SIK TOTOBOT'O 3BYKOBOTO PSIITY,
TakK i 3aITC HOBOT'O Yepe3 BIIACHUI iHTep(deiic;

— penaryBaHHS ayIiopsiy;

— BU3HAYEHHS TPUBAJIOCTEH Iay3 11t TH(IIOKOMEHTapiB;

— CTBOPEHHSI [ BiJNOBITHIX TPUBAIOCTEH Nay3, TH(IO-
KOMEHTApIB, SIKUM 33/1a€THCSI IXHsI TPHBATICTD 1 Y€PTOBICTh
BHXO[Y Y 3aIIHC;

Jemuyk A. B.

— CHHXPOHI3aIs 1 «CKJelKa» aymio i BiZIEOTOPIKOK y
(iHaTBHUH (Qaii.
BUCHOBKHA

[Ipobnema mocTyIry 10 BiJCOKOHTEHTY 0Ci0 3 BamaMu
30py IOyKE€ TOCTPO CTOITh B JaHWH 9ac. Y MPOoOJIeMaTHIl
HaBYaHHS TaKHX JIFOJIed TaKoXX BUHUKAIOTh BEJIMKI IpooITe-
MH, JIIOJIMHA, SKa OTPUMYE iH(POpMALlifo, IOBUHHA MaTH J100-
pe PO3BUHEHY YsIBY, MaTH JIOCTaTHiH 3amac 3HaHb, 110 J103-
BOJIIIOTH CIIpUiMaTH iH(opMalito Ha CiTyX.

TudnokomeHTyBaHHS, K CHOCiO TOHECEHHs iH(pOopMaltii
JI0 HE3psHoro abo crabKo3psUOro KOpUCTyBada, € HaJ3BH-
YaifHO SIKICHIM METOJIOM JIOHECEHHS CYTi, BAXKIINBHX JeTaJIei
TOTO, 1110 3psT4i OadyaTh B KOHKPETHUI MOMEHT Ha €KpaHi Tele-
Bi30pa, AUCIDIE] MOHITOpa a00 HAaBITh HA TEATPATLHIN CIICHI.
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AcniupanTt, HaunonanbHblil yHuBepcuteT «JIbBOBCKas MOJIMTEXHUKAY, YKpauHa
BUJAEOKOHTEHT AJisA HE3PAYUX: METOA TU®PJIOKOMMEHTHUPOBAHUS

B crarbe uccienoBana mpobiemMa 1ocTyra K BUICOKOHTCHTY JIFOAEH ¢ ITOMHOM MM YaCTHYHON MoTepelt 3peH s, pacCMOTPEHO TU(II0-
KOMMEHTHPOBAHHUE, KaK METOJ a[aNTal[iy BUICOKOHTCHTA IS JIFofeH ¢ mpobiemamu 3penust. [Ipu ucciaenoBaHuy mpoOieMsl JOCTya
CIIabOBUSIIMX K BUICOKOHTEHTY CIIEyeT MOHUMATh, 9TO OOJBIIMHCTBO HH(OPMAIIMH MPEIOCTaBISETCS 3PUTENIO TOCPECTBOM H300pa-
xeHus. Tak, He3psuue CIIBIIAT BCE CIIOBA aKTEPOB, 3BYKH OKPYXKarloIIeil cpelibl, IMPOoLeccoB Ha SKpaHe, HO UM TPYAHO HUACHTHQHINPO-
BaTh, KOMY KaKHe CJI0Ba IIPUHAJICHKAT, YTO IMEHHO B JAHHBIN KOHKPETHBIII MOMEHT IIPOMCXOIUT C TEPOSMH, YTO H300paXkeHO B JaHHOI
CIIeHE, KaKOBa PEaKI[Hs aKTePOB, UX IMOIMH, KOTOPBIE YaIlle BCETO BEIPAKAIOTCS C TOMOIIBIO JBIKEHUH MM MUMHUKH. TH(IOKOMMEHTa-
puH K prutbMaM JUTS HE3pSYHX JIFOAEH — BOT OJMH M3 PEAITbHBIX [IAr0B PElIeHHs] OTPaHHYEHHOCTH JOCTYIA K TAKOMY BHy KOHTEHTA.

KunroueBble ciioBa: BUICOKOHTEHT, TH(IOKOMMEHTHPOBAHHE, ayINOASCKPUIIIUS, TH(GIOKOMMEHTATOP, BUACOPSI.

Demchuk A. B.

Postgraduate student, National University «Lviv Polytechnic», Ukraine

VIDEO CONTENT FOR THE BLIND PEOPLE: METHOD AUDIODESCRIPTION

The problem of video access of people with total or partial loss of vision is studied. The typhlocomment as a method for blind
adaptation of video content is described. When researching the problem of access of weak-sight people to the video content, it is required
to understand that more than a most part of the information is provided to the viewer in the form of an image. The blind people hear all
words of actors, sounds of the environment, processes at the screen, but it is difficult for them to identify the person to whom the specific
words belong, what happens with heroes at the very specific moment, what is depicted in the given scene, it is difficult for them to
understand reaction of actors, which the latter often express with the help of movements or mimics. Typhlocomments to video content
for blind people are one of the real steps towards solution of the problem of limitation of access to such content.

Keywords: video content, typhlocomment, audiodescription, typhlocommentator, video series.
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ABTOMATU3IUPOBAHHAA CUCTEMA AHAJIU3A
N UHTEPNPETALUWUWU 3KI

B craTbe BBIOIHEH 0030p CYIIECTBYIOIIMX NMPOrPaMMHBIX HPOJYKTOB JUIS aHalu3a U
uHTepnperanuu ekrpokapanocurnana (OKT), npemnoxken anroput™ uaeHtudukanun KT,
OCHOBAHHBII Ha OOHAPYKCHUU ¥ BPEMEHHOH JIOKaJIH3allMd MaKCHMyMOB MOJYIsS BEWBIET-
npeoOpa3oBaHusi, U HelipoceTeBoi Kiaccu(UKaTOp KapAnOLUUKIOB. Pazpaborana nmporpamma
it aHanu3a U uHTepnperannn OKI. IIpoBeseHbl SKCIEPUMEHTHI 10 JEIUHEAlnH CHTHAJA.
HccnenoBanuio nmoasepraiuch 3anucu nudposbix curnanos DK 6a3er qanusix QTDB.
Pesynbrarel paboThl NPEAJIOKEHHOIO aNrOPUTMa CPaBHUBAIUCH C ONMYOJIMKOBAHHBIMU
pe3ynbTataMy paboThl Jpyrux anroputMoB uaeHTHukanuu JKI. Haubonee cymecrBeHHOE
yilIydlleHne ObUI0 0OHAapYXKEHO B ONpeAeNICHUH ToJiokeHust P - n T-BoNHBL

KaroueBsie caoBa: nenuneanus OKI, BeiiBner-ananu3z OKI, kmoueBbie Touku OKI,
MaKCHMYMbI MOJIYJISI BEHBIIET-IPe0oOpa3oBaHsi, HeHpOCceTeBoil Kiaccu(GuKarop KapAHOIUKIOB.

BBEJIEHUE

JlMarHocTika cepaedyHoO-COCYANCTON CHCTEMBI YeIoBe-
Ka IPUHA/UISKUT K YUCITY BAKHEHIINX 3a/1a4 KapJHOJIOTHH.
OCHOBHBIE IIPUYNHBI CMEPTHOCTH JIIOZICH B TPyHOCHOCO0-
HOM BO3pacTe CBs3aHa C CeplIeYHO-COCYIUCTHIMU 3aboite-
BaHUAMH. DTUM 00yCIIOBJIEHa HEOOXOIMMOCTD pa3paboTKH
1 COBEPILEHCTBOBAHUSI CPEACTB MOHUTOPUHIA JUIS 00bEK-
TUBHOTO OLICHUBAHUS ¥ IPOTHO3UPOBAHUS COCTOSIHUS CEp-
JIEYHO-COCYIUCTOH cucTeMbl. Ha JaHHBIN MOMEHT JIEKTPO-
kapauorpamma (DKI) sBistieTcst caMbIM pacipocTpaHeH-
HBIM METOZIOM INarHOCTUKH pabOoThI CEPAEIHO-COCYANCTOM
CHCTEMBI YETIOBEKA.

ABTOMAaTHYECKUI aHAIM3 HJIEKTPOKAPAUOCUTHAJIA [IPE-
CTaBJISIET COOOH JOCTATOUHO CIIOKHYIO TEOPETHUYECKYO IPO-
O1eMy. DTO B TIEpBYIO O4Yepenb CBA3aHO C (hH3UOIOTHIeC-
KM TPOUCXOKIECHHEM CHI'HAJa, KOTOpoe OOyCIIOBINBAET
€ro HeAETEPMUHUPOBAHHOCTD, pa3HOOOpa3ne, N3MEHUYH-
BOCTb, HENPEJICKa3yeMOCTh, HECTAIIMOHAPHOCTh 1 TO/IBEP-
KEHHOCTh MHOTOYHCIICHHBIM BHIaM TIOMEX.

Kommerorepnsrit anam3 DK Bce yaiie npuMeHseTcs B
KapAUOJIOrMYeCKON NpakTuke. B To xe Bpems cylecTByto-
e KOMITBIOTEPHBIE CHCTEMBI He 00eCIeUnBaroT Tpedye-
MYIO IOCTOBEPHOCTh PE3YJIGTAaTOB ANAarHOCTUKH. Takas cu-
TyaIusl TPeXKae BCEro 00yCIOBJICHA OIIMOKaMH IIPH pac-
mo3HaBaHUU HHGOpMAaTUBHBIX (¢parmeHToB OIKIT,
OTpPaXaIOIINX OTAEITBbHBIE CTaANH IEKTPHUECKOTO BO30YXK-
JICHUSI IPEACEPANH H JKETYI0YKOB CEPALA.

AKTyaJIbHBIM SIBJISIETCSI BOIPOC HOBBIIICHNS! TOYHOCTH
MetonoB aHanu3a JKI' myreM KOPPEKTHOTO ONpeneleHuUs
BPEMEHHBIX TAPaMETPOB CUTHAIA.

OB30P ITPOT'PAMM /IUIS1 AHAJIN3A 1 UHTEP-
IPETALIMA CUT'HAJIA KT’

[IporpaMmMHOe obecrieueHue UMEET OCHOBOIIOJIATalo-

1Iee 3HAYCHUE NIPH IIOCTPOSHUH CHCTEMBI AJIEKTPOKaPAUOT-
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pacdum Bbicokoro paspeutenus (OKI' BP). MmenHo anroput-
MHYECKOE 1 IPOrpaMMHOE 00ecIiedeHHE OIPEEISIOT (hyH-
KIHMOHAJIbHBIE BO3SMOXXHOCTH AUArHOCTHKU U B 3HAUUTEIIb-
HOM CTEIIeHN IPaBWILHOCTH TOCTAHOBKH JMAarHO3a B IIEJIOM.

B Ta6n. 1 npuBeseH nepedeHp 1 KIII0YeBble BO3SMOKHOC-
TH IIPOTPaMM JJIsl aHalIu3a ¥ nHTeprnperanny curHana KT
OT BEIYLIMX MHPOBBIX KOMITAHUH-TIPOM3BOIUTENCH IIEKT-
pokapauorpagos.

MO>KHO BBIAEITUTS CIIEIYIONIHE O0LIHeE IIPOOIIEMBI, ITPH-
CyLHe MHOTHM JuarHoctadeckum cuctemam JKI BP [7]:

— CJIO)KHOCTD Y4€Ta BO BPEMS aBTOMATHIECKOTO aHAJIH-
3a OKI cBenenmit, He coneprkammxcs B camort DK, HO 00s1-
3aTeNbHO (YaCTO HESBHO) YYMTHIBAEMBIX BPAdoM IPH WH-
teprperarmu OKT';

— AnarHoctudeckue ommoOky. VIMEIoTCs OneHKH, 9To B
KOMMEPYECKHX CHCTeMax aBToMaTrmdeckoro anammza KT
ot 5 10 20 P oIIeHTOB aBTOMATUIECKHX 3aKITFOYEHATH TIOJTHO-
CTBIO MJIM YaCTHYHO HE COBIIAIAIOT C BPa4eOHBIMU 3aKIIIO-
YEeHUAMU. B 3aBHCHMOCTH OT peann3aiyn, CHCTeEMa MOXET
OBITH CKJIOHHA JIeNaTh BIIOJIHE OPEASICHHbIC OIUOKH (Tu-
TIep- WK THITOIUATHOCTHKA oIpeesieHHoH rpymrsr DK -
3aKJTIOUEHHMIT) MITH BOOOIIIE HE BBISBIIATH KAKYIO-JIMOO 3JIEKT-
pokapauorpadudeckyro matonoruro. BeposTHo, 9TO YIryd-
IIEHNE TUAarHOCTHUKHM OJHOTO Kilacca HapyIIEHHH MOXET
MIPUBECTH K yXYALICHUIO TTOKa3aresye B Apyrux Kiaccax;

— HeyIOOHBIH IMOTh30BaTENHCKUN HHTEP(EIiC.

Hcxomst n3 IpOBEAESHHOTO aHAIN3a CYIIECTBYIOIIHX MPO-
TPaMMHBIX CPECTB aBToMarndeckoro ananmsa JKI | BoisB-
JICHBI OCHOBHBIE BO3MOKHOCTH, KOTOPBIMH JOKHA 00J1a-
JIaTh IporpaMma, 0OecIieYNBalOIIAsl aHAIN3 U HHTEPIIPeTa-
1o curHana OKI:

—3arpy3ka DKI -curaana i oToOpakeHue ero Ha IKpaHe;

— pacno3HaBaHHE XapaKTepHBIX dneMeHToB JKT';

— paccTaHOBKa MapKEPOB y3JIOBBIX TOYEK CHI'HANA;

— aBTOMAaTHYECKOE M PYYHOE U3MEPEHHE MHTEPBAJIOB
OKT;





