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(54) NEPEMHOXYBAY NOTOKIB BArATOPO3PAOHUX OAHNX

(57) Pedpepar:

BuHaxig Hanexutb 0o 3acobiB 004YMCMOBANbHOI TEXHIKM | MOXEe OYyTU BUKOPUCTAHWUN SIK KOMMOHEHT
BMCOKOMPOAYKTMBHUX MNPOBNeMHO-0pieHTOBaHUX OaraTtopo3psigHUMX MpOLECcOopiB OMpautoBaHHA Ta
WwndpyBaHHs iHdopmadii. MNepemMHoXyBad NOToKiB 6araTopo3paaHMX AaHUX MICTUTb MEPLUMI PEricTp
nam'ati Ha D-Tpurepax 3 npsAMUMU BUXOOamK, LUWHY [OBIMKOBUX KOAIB MEpPEeMHOXYyBaHUX 4ucen,
MaTpULIO OAHOPO3PAAHNX MOBHUX ABIMKOBUX CyMaTopiB, NepLinii Ta ApYrnin perictp nam'ati, nepLumn
2n-po3psagHun perictp 3cyBy Ha D-Tpurepax, noriyHun enemeHt BUKITIOYHE ABO. TexHiyHuM
pesynbTaToM BUHAxXody € 3MEHLUEHHS CTPYKTYPHOI Ta anapaTHOi CKNagHOCTI Ta pOo3LMPEeHHS
YHKLiOHaANBHUX MOXITMBOCTEN MPUCTPOIO LUNSAXOM 3aCTOCYBaHHS NOBHUX OAHOPO3PSAHUX CyMaTopiB
3 iHBEpCHMMU BXOoAamMu Ta BUXOAaMM MNEPEHOCIB, PO3LWMPEHHS (YHKUIOHaNbHUX MOXINNBOCTEWN
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OOCArHYTO LUMASIXOM [oAaTKoBOro BBeAeHHsA noridyHoro enemeHta BUKIKOYHE ABO Ha BuxigHOMy
KaHani MNpuUCTPOlO, SKUA [O03BONSE 3AINCHIOBATM TECTYBaHHSA MPaBUIMbHOCTI BUKOHAHHA onepawuii

MHOXEHHS Ta MOXINUBOCTI LUVIdZ)pyBaHHﬂ BUXIOHMX [OaHMX LUAAXOM MOAyINbHOIO p[odaBaHHA 3
nceBoBMNAAKOBUMW NOCHIOBHOCTSAMN.
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[MepeMHOXyBay MNOTOKOBMX 6Haratopo3psaaHMX OaHUX HanexuTb A0 3acobiB obumcnioBanbHOT
TEXHIKA i MOXe OyTM BUKOPUCTAHUN K KOMMOHEHT LUBMAKOZIKYMX CcrelianisoBaHnX npoLecopis
LMdpOBOro onpauBaHHA Ta WNMPYBaHHA JaHUX.

Bigomnii aHanor - maTpuyHui nepemHoxysad [laTtunno B.B., lNpoxopos C.H., Asuy A.C.
MaTtpuuHbin ymHoxutens // A.C. Ne 1615704 SU, bronneteHb Ne 47, 1990], akuii MiCTUTb MaTpuLitO
eneMeHTiB nxm, gki 3'egHaHi Mk cOOOK BIiANOBIAHMMK TOPU3OHTaNbHUMKM Ta BePTUKANbHUMU
iHbopmauiHMMKM 3B'A3KaMu MEPEHOCIB.

Heponikom Takoro MaTpyM4HOro NEpPeMHOXyBaya € Beruka CTPYKTYpHa CKMnagHicTb, obyMoBneHa
TMM, WO Takui MNPUCTPin MicTUTb 2(N+mM) BXOAO/BUXOAIB, L0 NPWU BENWKIA pPO3pPSAHOCTI KOAiB,
Hanpuknag y anroputMax wudgpyBaHHa RSA n=m=(512,1024,2048), BignoBigHO 36iNbLIyeTLCS
KiNbKICTb BHYTPILLUHIX Ta 30BHILUHIX BUBOAIB, @ TaKoX 3pOoCTaloTb rabapmnt KOpNyciB MiKpOeneKkTPOHHNX
KpucTanis Ta 3MEHLLYETbCH HAAINHICTb.

Binomnii npoTtoTtun - MaTpuyHMii nepemHoxysad [[asnetosa A.A., Npura B.M., Hukonanuyk A.M. /
MaTtpuuHnii nepeMHoXyBau. NMateHT Ha kopucHy mogene UA Ne 132520, Bron. Ne 4, 2019. - dir. 2,
dir. 3], SKMN MICTUTb BXiAHY LUMHY OBIMKOBMX KOAIB NEPEMHOXYBAHMX YUCEN, BUXOOWN SKOI 3'€4HaHi 3
nepwnmMm BXogamum NepLuoro perictpa nam'aTi, NpsiMi BUXo4u SIKOro 3'eHaHi 3 BignosBigHMMKU NpsMUMK
BXOoO4aMu MaTpuui NOBHMX OAHOPO3PSAAHWX CyMaTopiB 3 MpsAMMMKU BXOoAaMu Ta NpSMUMW BUXOAaMu
cyMm, OiTM skMx nonapHO 3'egHaHi 3 BXogamu foriyHuMx enemerTiB "I, BUxogu skMx nigknoyeHi oo
BiANOBIOHUX BXOAIB MaTPULi NOBHMX OOHOPO3PSAHUX CyMaTopiB 3 NpAMMMK BXoJamu Ta BUXOAaMw,
KWW MICTUTb MepLIni pericTp nam'aTi Ha D-Tpurepax 3 NpaMUMU BMXOOaMW, MepLli BXOAN AKOro €
BXiQHOI LUMHOK ABINKOBMX KOAIB NEPEMHOXYBaHMX YMCeN, APYrnii BXia 3'€4HaHUA 3 OPYrMM BXOL4OM
NPUCTPOIO, BUXOAM 3'€AHaHi 3 BigNOBIOHUMM MPSIMUMU BXOO4AMU MaTpuLi OOHOPO3PSLAHMX MOBHMUX
ABIIKOBMX CymaTopiB 3 MPSAMUMKU BXOA4aMW Ta BMXOA4aMu CyM Ta iHBEPCHUMW BUXOAaMu MEPEHOCIB,
npsmi BUXOAM SAKOI 3'€édHaHi 3 BiANOBIAHMMM MEpLMMM BXOA4aMu Opyroro perictpa nam'ati Ha D-
Tpurepax, Opyrun BXia SKOro 3'egHaHWMnM 3 TpeTiM BXOAOM NPUCTPOIO.

Heponikom Takoro npuctpold € OBMexeHi QyHKUiOHamnbHi  MOXNMBOCTI, $Ki OBYMOBNEHI
BiACYTHICTIO MOXINMBOCTI TECTYBaHHS i KOHTPOMNIO MPaBWIbHOCTI pe3ynbTaTiB MHOXeHb y MpoLueECi
34NTYBaAHHA, a TakoX LWUMPYyBaHHA BUXIOHWX KOAIB LUNAXOM NOMYHO-MOAYNLHOrO [o4aBaHHS
PEKYPEHTHMX OIT-OpiEHTOBAHUX NOCHiIAOBHOCTEN.

IHWKMM HeOomnikoM Takoro MepemMHOoXyBada € HEMOXIMBICTb MapanernbHoro GiT-opieHTOBaHOro
BBOAY/BMBOAY Ta NEPEMHOXEHHS ABIMKOBUX KOAIB Y MaTpuLi CymaTopiB.

B ocHoBy BMHaxogy nocTaBfieHa 3agada 3MEHLIEHHSI CTPYKTYPHOI Ta anapaTHOi CKNagHoCTI Ta
PO3LUMPEHHS OYHKLIOHANBHUX MOXINUBOCTEN NPUCTPOIO LLUNAXOM AOAATKOBOro 3aCTOCYBaHHSA BXiAHOI
Ta BMWXiOHOI OOHOGITOBMX LWMH Ha OCHOBI pericTpiB 3cyBy Ha D-Tpurepax, $IK KOMMOHEHTU
3aCTOCOBYIOTLCA Yy MOMoOAWKX po3pagax HenoBHI ogHopo3psaHi cymaTtopw [[lasnetoBa A.A.,
Hukonandyk A.M. / OgHopo3psagHui HaniBcymaTtop. [NateHT Ha kopucHy mogenb UA Ne 115861, bion.
Ne 8, 2017. - cpir. 2] (dpir. 3) 3 npsmMMMM Bxogamu Ta BuXoZ4amu, y ApPYroMy po3psai MOBHI
O[HOPO3pSAAHI cymaTtopy 3 MNpsSMMMKU BXOA4aMu Ta BUXO4aMW CyMM Ta iHBEPCHUMM BUXOOAMM
nepeHocie (dir. 4) B HacTynHUx (n-2) pospsgax NoBHi 0OHOPO3PSAHI cyMmaTopu 3 NpsSMUMKU BXOAaMu
Ta BUXo4aMu CyM Ta iHBEpPCHUMW Bxodamu Ta Buxogamu nepeHocis [Hukonandyk A.M., 'pura B.M.,
BosHa H.A., daenetoBa A.fA. / NoBHWIA ogHOpo3pagHun cymaTop. [aTeHT Ha kopucHy mogens UA Ne
124563, Bion. Ne 7, 2018] (dir. 5) Ta foagaTkoBOro iHBepTOpa Ha BMXOAi CTapLloro po3psay NiHiiku
cymaTtopiB MaTpuLi NepeMHOXEHHS, sKi NOCMiAOBHO 3'egHaHi Bxogamu/Buxogamu Mik coboto (dir. 6),
Ta 0oOaTKOBOro yBeJeHHs Ha BUXIOHIM WWHI norivHoro enemeHTa "BukniovHe ABQ", peanisoBaHoro
Ha enemeHTax "I-HI", aki € KOMNOHEHTOM HENOBHOro ABIMKOBOrO OAHOPO3PSAHOrO0 cymartopa Ha
enemeHTtax "BuknioyHe |" [dasnetosBa A.A., Hwukonawmyyk A.M. / OgHopo3pagHui HaniscymaTop.
MaTeHT Ha kopucHy mogens UA Ne 115861, bron. Ne 8, 2017. - cir. 1, doir. 2], Ha gpyruin BXia SIKOro
NoAaETbCs KOA4 KOHTPOJIHO NPaBUNbHOCTI BUKOHAHHS onepauii MHOXeHHS 6aratopo3psiAHUX ABiMKOBUX
Ymncern Yv NCeBLOBUMNAOKOBUNA KOA KPUMTO3aXUCTY BUXIOHMX OaHUX.

[MocTaBneHa 3apjaya BUPILWLYETLCA 3aBOSKW TOMY, LLO Yy MepLlioMy po3padi Matpuui cymaTtopis
MaTpU4HOro nepemHoXyBaya [04aTKOBO MICTATbCH OAHOPO3PSAAHI HEMOBHI cymMaTtopu 3 MpsMUMK
BMXOJaMM NepPEHOCIB, Y APYromy psgi MaTpuui cymaTopiB A04AaTKOBO MICTATbLCA MOBHI OOHOPO3PSaHI
cymaTopu 3 NpsiMMMX BXOJamu Ta iHBEPCHUMW BUXOOaMM MEPEHOCIB, a Y cTapLLuoMy po3psaai MaTpuui
000aTKOBO MICTSATLCSH OOQHOPO3PSAHI NOBHI CymMaTopu 3 NPAMUMU BUXOO4AaMU NEPEHOCIB.

BuHaxig intocTpyeTbecs KpecneHHsMn, e Ha dir. 1 nokasaHa CTPYKTYpHa cxema MpucTpoto, SKui
MiCTUTb 1 - nepLumin iHpopMaUinHUA BXig NOTOKOBUX AaHUX X, Y; 2 - Nepwnin 2n-po3psgHnin perictp
3cyBy R1; 3 - gpyrunm BXig NpUCTPOK CMHXPOHI3aLii; 4 - TpeTin BXig NpucTpoto (TectoBun); 5 - nepwni
2n-po3psagHui perictp nam'ati R2; 6 - mMaTtpuulo cymaTtopiB (NepeMHOXeHHS); 7 - apyrum 2n-
po3psgHWIA pericTp nam'ati Ta 3cyBy R3; 8 - nmoriyHmun enemeHT "BuknioyHe ABO"; 9 - yeTBepTUn BXIf
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NPUCTPOID (KOHTpOnbHMK kopf); 10 - BuxigHWM kaHan npucTpotk. Ha dir. 2 nokasaHo CTPyKTypy
nepemMHOXeEHHS Yncen Ha MaTpuLi OOHOPO3PSIAHMX CyMaTopiB.

Buxoan neplioro perictpa 3cyBy 3'egHaHi 3 BignoBiAHMMM BXOo4amMu MaTpuli NepeMHOXEHHS,
Apyrvi BXxig sKoro 3'egHaHMK 3 ApYrMM BXOOOM MPUCTPOID, NpsMi ogHodbasHi BMXOOM MaTpuui
nepeMHOXeHHS 3'€dHaHi 3 Bi4NOBIAHNMM NepPLLUMMKU BXOA4aMM APYroro perictpa nam'aTi Ta 3cyBy, BUXig
AIKoro 3'egHaHWA 3 MepluMM BXOAOM roriyHoro enemeHTa "BukniouHe ABO", apyruin Bxig sikoro
3'eQHaHWi 3 YeTBEPTUM BXOOOM MPUCTPOID, a BUXig, 3'eqHaHMi 3 BUXIQHMM KaHanoM NpUCTPOLO.

MpucTpin Npautoe HACTYNHUM YMHOM.

B notokoBomy nepemHoxyBayi baratopo3psagHux ABiMKOBUX Ymcen, perictp R1 BUKOHYE onepaLiito
nepeTBOPEHHS N-PO3psAHUX BIT-OPIEHTOBaAHNX KOAIB MHOXHUWKIB X Ta Yy B NapanenbHUin 2n-po3psagHun
ABinkoBun kod. Yacosa cknagHicte Trpr=2 MiKpOTakTn, TOBTO 3aHeceHHs koais (X, y) B perictp R1
30iNCHI0ETLCA 3a 4n MikpoTakTiB. PericTp nam'ati R2 npusHadeHuin anga 3anucy ta 36epiraHHs Koais
MHOXHMKIB Ha 4YacoBWIN iHTepBan 3aHEeCEHHs BXiAHUX KOAiB (X, y) y perictp 3cyBy R1. MaTpuus
O[HOPO3PSAHMX CYMaTopiB BWKOHYE oOnepauito NepeMHOXeHHs koAiB (X, Y), Ha Buxodi sKoi
opMyeTLCA 2N -pO3pSAHUIA BUXIOHMI KOA AOBYTKY Ha iHTepBani Yacy (kixn)+(kixn), ae ki - saTpumka
curHanis hopMyBaHHS HACKPi3HUX NMEPEHOCIB; a Kz - BiAMOBIAHO 3aTpYMKa CUrHariB Ha BUXOAax CyM.
Perictp R3 BMKOHYe onepalii 3anuncy kogy 4OOYyTKY Ta MOro 3cyB Ha BUXid NPUCTPOIO Ha iHTepBani 2n
MikpoTakTiB. JloriyHnin enemeHT "BukniouHe ABQO" peanisye onepadii TecTyBaHHSA ©€3NOMMUIIKOBOCTI
poboTN NepeMHOoXyBaya Y LWMGPYBAHHS BUXIOHUX OaHWMX MCEBOOBMMNAAKOBMM KOOOM. 3 METOM
KOHTPOMO HaAiNHOCTI pobOTM NepemHoXyBada Ha MnoYaTKy MEBHOMO 4YMcna LMKNIB 34INCHI0OETLCS
TeCTyBaHHS MPaBUIbHOCTI MOro poboTH LLMAXOM MOPIBHAHHA A0OYTKY 3a4aHNX NEPEMHOXYBaYIB (X, Y)
3 TeCTOBMM KOAOM AOBYTKy, iKMW HagxoauTb Ha BXig 5 nepemHoxysaya. [py ubomy Ha Buxogi 6
noriyHoro enemeHTa "BuknioyHe ABO" cdopmyeTbCa 2Nn-po3psaHUiA NOTIK HyniB, WO O3Havae npo
0e3MOMUIKOBICTb BMKOHAHHA onepauii MHOXeHHs. Ha noyaTtky KOXHOro LMKy NepeMHOXEHHS
curHanom Bxogy 4 3A4IMCHIOETbCHA 3anuc NpsiMyx Kodie perictpa R1 y perictp R2 1a npsMmux koais
pobyTkiB y perictp R3. Y HacTynHOMy UMKNi poboTN NepeMHOoXyBaya CuUrHanamm CUHXPOHi3auii Sx
BX04y 3 TaKTyeTbCs 3aHECEHHs1 BiT-OpieHTOBaHMX KOAIB MHOXHUKIB X Ta y B perictp R1. OgHo4acHo
UMMM CUTHanamMm TaKTYeTbCS 34MTyBaHHS OiT-OpieHTOBaHWX koAiB AOOYTKIB Ha BMXOAi 6 NpUCTpOLO.
OpaHovacHO 3 BUKOHAHHSAM onepadin BBOAy Ta BUBOAY OaHUX Yy MaTPUYHIA CTPYKTypi cymaTtopie MC
3[JACHIOETLCS MEPEMHOXEHHST OBIMKOBMX KOAiB X Ta y 3a (n+2n) MikpoTakTiB. Perictpm 3cysy
nobynoBaHi Ha ocHoBi D-Tpurepis.

TexHiYHM pe3ynbTaT: NPUCTPIA XapaKTepUsyeTbCs 3MEHLLGHOI CTPYKTYPHOIO cKnagHicTio 3a

aXyHOK 3MEHLLEHHS KinbKOCTi iHbopMaLuinHMX BXOO0-BUXOAiB 2, WO npu po3psaaHOCTI BXiAHUX
y

yncen 512, 1024, 2048 3MeHLLEHHSA CTPYKTYPHOI CKNaaHOCTI BXOAiB/BMXOAiB, 3rigHO 3 KpUTepiem
KBanHa, cknagae: 1024, 2048 ta 4096 paasib.

AnapaTHa cknagHicTb BiOMOro NpMcTpoK po3paxoBYETLCH, 3rifHO 3 BUPa3OM:

A1=4nxArper, +N? x Ane+(n-1)? x Acym. A€ Ampr=2 (BeHTUNi), Ane=1 (BeHTUNb), Acym.=20 (BEHTWNIB),
npyv =512 anapaTtHa CknagHiCTb Bi4OMOro npucTpoto dyae piBHa:

A1=4x512x2+5122x1+5112x20=4096+5484564=5488660 (BeHTUNIB).

AnapaTtHa CKnagHiCTb 3anponoHOBaHOro NPUCTPOI0 PO3PaxOBYETHLCS, 3r4HO 3 BUPA3OM:

A2=3nx2xArpr.+N2xAne+nx(Anc+Anc1+(N-2)xAnce+Aike.), A€

Arpr. = 2 (BeHTURI), Ane=1 (BeHTUNb), Anc = 3(BeHTuni), Anc1=6 (BeHTMnIB),

Anc2=8 (BeHTUNIB) Npy n=512 anapaTHa CkNagHiCTb 3anponoOHOBAHOro NpucTpoto Byae pisHa:

A2=3%512x2x2+5122+512%(3+6+(510%8)+1)=6144+2356225=2362369 (BEHT.).

B pesynbTaTi, anapaTtHa CKnagHiCTb 3anpornoHOBaHOro MNPUCTPoK Yy 2,3 pasiB MeHLWa Hix Yy
BiJOMOro NPUCTPOIO.

SOPMVYJIA BUHAXOLOY

MepemHOXyBay NoTokiB 6araTopo3psaHMX AaHUX, WO MICTUTL NePLUMIA pericTp nam'aTi Ha D-Tpurepax
3 NpPAMMMKU BMXOOaMK, MepLli BXOOM SKOrO € BXiAHOK LUMHOK ABIMKOBMX KOAIB NepeMHOXYyBaHUX
yucen, OpyrMn BXxig 3'egHaHuMA 3 OpyrMM BXOOOM MNPUCTPOIO, BUXoAM 3'€dHaHi 3 BignosigHUMK
NpsMMMK BXOA4aMu MaTpuui OAHOPO3PAAHMX MOBHMUX AOBIVKOBMX CyMaTopiB, BUXOAWM AKOi 3'€4HaHi 3
BiANOBIOHUMM MEPLUNMKU BXOAAMU OPYroro perictpa nam'saTi, ApYrun BXig SIKOro 3'egHaHWin 3 Apyrum
BXOAOM MNepLIOro perictpa nam'aTi, SskMi BigPI3HAETbLCA TMM, WO OOAATKOBO MICTUTb nepLumnin 2n-
pO3psiAHMIA pericTp 3cyBy Ha D-Tpurepax, nepLumi BXig SIKOro € nepLinm BXOAOM NPUCTPOIO, APYrun
BXiI SIKOTO € [OpYrMM BXOAOM CUHXPOHi3aLii NpuUCTpolo, BUXOOU SKOro [0AaTKOBO 3'eAHaHi 3
BiANOBIOHUMW MEPLUMMW BXOAaMW MNEPLUOro perictpa nam'aTi, BMXOOUM MaTpuli NEepeEMHOXEHHS
AonaTtkoBo 3'edHaHi 3 BigNOBIOHMMW NEpPLUMMKW BXO4aMW O0OATKOBO BBEAEHOrO perictpa nam'arti ta
3CyBY, ApYrvi BXid SIKOro 3'eQHaHUM 3 OpyruM BXOOOM MepLloro perictpa nam'ati i gpyrum BXOAOM
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NPUCTPOLO, TPETIN BXif 3'€QHAHMIA 3 TPETIM BXOAOM CUHXPOHIi3aLii NpuCTpoto, BUXig perictpa nam’aTi
Ta 3CyBY A0AATKOBO 3'€¢QHaHWA 3 nepliMM BXOAOM A04AaTKOBO BBEOEHOr0 MOriYyHOro enemeHTta
BUKINKOYHE ABO, ppyrun Bxig sikoro 3'egHaHWMiA 3 OOAATKOBO BBEAEHMM YETBEPTUM BXOAOM
NPUCTPOIO, a BUXiA - 3 BUXIQHMM KaHanoOM NPUCTPOLO.
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