HOBbIN CNocob OPrAHM3ALINU BbIYNCNIEHUA U OBPABOTKM CUIMHANOB, HE
COOEPXALLWK ONEPALIUN KNACCUYECKOIO YMHOXEHUA
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O06ocCHOBbLIBaeTCS HOBbIV MOAXOA K OpraHM3auvu BbIYUCIIEHWIA, MO3BOMSAIOWUA PE3KO MOBLICUTH
3(PPEKTUBHOCTb MO KPUTEPUIO OTHOLUEHUS MNPOU3BOAUTENBHOCTL-CTOMMOCTE U CYLLECTBEHHO
paclnpuUTb CMEKTPp 3ajad, pelleHust KOTOpbIX 3aTpyAHEHEHbI B paMKaxX CYLLECTBYIOLLMX KOHLENLUuin
LUMPOBLIX BbIYNCNEHNIA.

1. BBegeHue. B oCHOBe CyLLECTBYHOLIMX METOAOB OpraHvM3auun BbIYMCIIEHWUIA NexaT npucylme
UM KOMMO3ULMOHHBIA U nornyeckni 6asucbl. pyu 3TOM KOMMO3ULUMOHHLIM 6asuc cogepXut GasoBble

MatemaTniyeckne OEWCTBUSI B BUOE NNHEWNHOrO anre6pav1qe0|<oro CyMMUNpOBaHNA (Xiy) N YMHOXeHUsA

(X, y) 30ecb xu y - conocrtaBndemMmble BENNYUHbBI. B kadectBe normyeckoro 6asuca NPUHAT

PYHKLUMOHANbHO-MNOMHLIN  HAabop ©0asncHbIX onepauni B pamkax OWHApHOW FOrMKM — JIOrMYECKOro
CYMMVPOBAHWsI, NIOMMYECKOrO YMHOXEHUSI U OTpuUaHMs. VIMEHHO 3Tn 6asucbl onpegenunv apxumTekTypy
COBPEMEHHbBIX LNEPOBbLIX BbIYUCIUTENBHBIX CUCTEM C UX CUMbHLIMW CTOPOHAMW W HeJocTaTkamu. Yxe
ceMyac CcTano o4YeBWAHbIM, 4YTO MNPUMEHEHMEe oOnepauni KacCUYEeCKOro YMHOXEHUS CTaHOBMUTCSA
OrpaHN4YMBaIOLLMM (DAKTOPOM B MOBLILEHUA MPOW3BOAUTENBHOCTU BbIYUCIMTENBHBIX CUCTEM B pamKax
KOHUEeNUMN UncpoBbIX BLIYUCIIEHUA, @ OPUEHTaUUS NUb Ha GUHAPHYK NOTMMKY NMPUBOAMT K U3BECTHbLIM
TPYOHOCTAM B pelueHnn 3agad, Tpebyowmx no npupoae CBOeW NPUMEHEHUST HENPEPbLIBHO3HAYHOW JTOMMKN
C KaHTOPOBCKUM nornyecknum 6asmcom anredpbl TOYEYHbIX (YMCMOBBIX) MHOXECTB B BUAE OObEOUHEHMS,
nepeceyenns u pononHenuss [1, 2]. lNpumepammn Takmx 3agad MoOryT ObiTb 3adayn pacrno3HaBaHus
3pUTENBHBLIX U CyXoBbIX 06pa3oB, 3agayn C NIIOXo onpedeneHHbiMU (PasMbITbiMU) BXOOHBIMU OAHHbLIMU,
3agayun obHapyXeHus 1 paspeLLeHnst CUTHaroB B YCIIOBUSIX HEOMpPeaEeneHHOCTH 1 ap.

MokaxeM, 4TO MoAepHU3aLMsA U3BECTHBIX KOMMO3ULMOHHOIO U NIOrM4eckoro 6a3McoB MOXET CTaTb
OCHOBOW HOBbIX METOAOB OpraHu3aLuu BbluMCreHUN ¢ 6onee BbICOKON 3AEKTUBHOCTLIO MO KpUTEPUIO
OTHOLLEHUS MPON3BOANTENBHOCTL-CTOMMOCTb 1 Bonee LMPOKMM CMEKTPOM 3afad, peLleHnst KOTopbIX Obinu
CYLLECTBEHHO 3aTpyaHEHbI B paMKkax CYLLECTBYOLLEN KOHLENUUM LUGPOBLIX BEIYMCIEHWUNA.

2. KOMNoO3MUMOHHbLIM _6a3uc. B otnnume  OT TpaaMUMOHHOIO KOMMO3UUMOHHOro 6asuca,
cofepxXalero MaTematuyeckne AeNCTBUMS B BWAE JMHEWHOro anrebpanyeckoro CymMMMpPOBaHUS W
YMHOXeHWs, npeanaraemelini 6asnc cogepxuTt AercTene anrebpanyeckoro cymmmpoBaHust Tuna Xy u

HenuvHerHble onepauum TUna |Xi y|, npegcraensowme cobor onepaumn BblaeneHns abcontoTHOWM

BEMNMYUHBI (MOAyNs) pesynbTata JIMHEWHOrO anrebpanyeckoro CymmupoBaHus. Takum obpasom, nepexos
OT TPaAULMOHHOIO KOMMO3WLMOHHOro 6Gasuca K HOBOMY COMpOBOXAaeTCsi 3aMeHOW onepauuu
KMacCcUM4ecKoro YMHOXEHUSI onepauunen BblaeneHuss abCcontoTHOM BENUYUHBI (Moaynst).

OcCHOBHOE [OCTOMHCTBO NpeaniaraemMoro KOMMo3uuMoHHoro 6asnca cocTouMT B TOM, YTO OH
no3BonsieT [A0CTaTOYHO MNPOCTO OCYLIECTBMATbL annapaTHyl peanu3auuio npoueccopa onepauui
KaHTOPOBCKOro fiormyeckoro 6asnca B aHanoroBom AMCKPEeTHO-aHanoroBoM u uudposom BapuaHTtax. Mpu
3TOM BecbMa BaXHO 3aMeTWUTb, 4YTO annapaTHas peanu3aumsi npoueccopoB 6a30BbIX oOnepauui
KaHTOPOBCKOro florndeckoro 6asnca BO3MOXHa Kak Ha TEXHUYECKOM (B paMKaxX TEXHUYECKOWN SNEKTPOHUKN),
Tak U Ha GMoNorMyeckom ypoBHsIX. B mocrnegHem criydae Takve NpoLeccopbl MOryT ObiTb peannsoBaHbl
YK€ Ha KPYMHbIX OPraHUYecknx MOJIEKynax W Ha anemeHTax Ouonorumdeckmx kneTok. B camom pene,
BO3MOXHOCTb peanusauuy onepauun anrebpanyeckoro CymMMMpoOBaHUS B TEXHUKE W OUOMOrMM He
BbI3blBAeT COMHeHu. Onepauusi BblaeneHnst abContOTHOW BEMWYMHBI B TEXHWYECKON JNEKTPOHMKE
peanusyeTcsi TpUBMArbHO, a B BuonornvyeckomM (b1oaneKkTpoHHOM) acnekTe OHa peanuayeTcs Ha ha3oBbixX
nepexofax BeLLecTBa OpraHMYeckMx MOMeKyn M Ha MembpaHax GMOonornyeckux KneTok, obragaroLimx
COOTBETCTBYIOLLMMM 3MEKTPOHHBIMU CBOWCTBaMW, HanpuMMep, CBOWCTBaMM AeTekTupoBaHus. B pamkax
3TOro Moaxofa MOXeT ObiTb caoenaH elle oavH Wwar K MOHMMaHWK OOLHOCTU MHOPMALMOHHbIX
NpoLEeCcCcOoB, NPOTEKAILLMX B TEXHNYECKMX U BMONMOrnMYeckmx cuctemax, ocobeHHo B 06nacTu opraHm3aumm
BbIYMCIEHNIA.

3. KaHTOpOBCKMW nornyeckum b6asmc. 1o nornyeckasd ocHoBa anrebpbl YMCIIOBbIX MHOXECTB,
3MIEMEHTbI KOTOPbLIX MPeacTaBnsloT coOOM MMEHOBaHHbIE (DU3MYECKU MpeacTaBUMbIE 4vucna, B 0OLLEM
crnyyae, NoKanu3oBaHHbIE Ha BCEW BELLECTBEHHOW YMCIIOBOW OCU (—00, 00). Kak yxe ynommHanoch BblLLe,
KaHTOPOBCKUIA JIOrMYeckuini 6asuc coaoepxuT Jormyeckue onepaumm obbeduHeHUsi, nepeceyeHuss u

gononHenus. [poueccopbl, MOCTPOEHHbIE Ha OCHOBE MPUHATOrO KOMMO3ULUMOHHOrO 6asuca wu
OCYLLECTBNSAOWME 3TU ornepauun 4BnsTCA 06a30BOM  (PYHKUMOHANbBLHOW WM CTPYKTYPHOW eauHuLEen

@2002, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru



4-a MexxayHapoaHasa KoHdepeHuns DSPA-2002

O[HOPOAHbIX MO COCTaBY BbIYMCIUTENbHBIX CUCTEM C HOBOW OpraHusaumen BbluucreHun. B pabote [3]
npvBedeHbl anropuTMmbl M CTpykTypa 6a30oBOro npoueccopa 3TMX onepauun, a TakKke AaHO KpaTkoe
onMcaHne BO3MOXHOCTEN NPUMEHEHMWS 3TUX MPOLLECCOPOB B APYrMX NPeAMETHbIX 06acTsx.

Hwxe npuBoAMTCS KpaTKUIM aHanM3 CBOWCTB M OCOBEHHOCTEN KaHTOPOBCKOroO fiormyeckoro 6asuca,
rae ocobylo porib B OpraHv3aunmy BelYMCEHU OyaeT nrpatb onepawums nepeceyeHus.

B kayecTBe MCXOAHbLIX AaHHbIX MUCMONb3yeM CBEAEHMS O TOYEYHbIX (YMCMNOBLIX) MHOXecTBax [1,2].
Mpn aTom conocTaBnsemMble BeMMYMHBI X W Y Ha WHTepsane (— oo, + 00) OyayT npencTaBneHbl Yepes

MX 3HAKN 1 abCONOTHbIE BENMUYMHBI cneaywowmnm 06pa30M:
x =signx{x ,

y=signyQy| .

OTO [paeT BO3MOXHOCTb  MpefcTtaBuTb 0asoBble onepauun oObeaMHEHUs, MNepeceyeHnss U
OOMOSHEHUS B criedyolemM Buae:

v} (1)
vk @)
A=max{|x, |y|}-signxsigny tnin{|x, | } 3)

ny=max{|x

2

b

x N y = signx Lkigny Bnin{|x

Kak crnenyeT 13 npvBegeHHbIX BblpaxeHuin, onepaums (1) COOTBETCTBYET BblaeneHnto GorbLliero
no abconTHOM BenuumMHe (Moaynito) 6e3 ydyeTa 3HaAKOB; onepaumsi (2) COOTBETCTBYET BbIOENIEHUIO
MeHbLUEro No abConTHON BENUYMHE MOAYSsl C YY4ETOM 3HAKOB W, HaKoHel, onepauus (3) onpenensieT
CTeneHb pasnuuns (Cxo4cTBa) CONOCTABMSAEMbIX BEMMNYMH.

Ha wHTepBane (0, 00) BolpaxkeHusa (1) ... (3) yTpauvMBaloT 3aBMCMMOCTb OT 3HaKOB
COMOCTaBNSIEMbIX BEMUYUH N MPUBOAATCS K crieaytoliemy Buay:

x0'y = max{|x},| y[}, 4)

XNy = min{|x|,|y|}, (5)

A= ma|x,[y[} - min{x| yl} ©

30ecb Havbonee Harnsi4HO MPOSBASAIOTCA MNOMMYECKME OTHOLLEHUS BKIIOYEHUS X <) . Ycnoswus
BKIOYEHMs1 hopmynmpytoTest Tak: ecnim XLy =y, To XNy = X

B cBs3u c Tem, 4YTO B pamKax TEOPUM HEYETKMX MHOXECTB (PYHKLUUWN MPUHAANEXHOCTU 3HAYEHUN
X K HekoTopbiM MHOXecTBam A u B (cooTBeTCTBEHHO uA(x) u M, (x)) NPUHUMAIOT 3HaYeHUs1 Ha
KOHTUMHUYyMe [0.1], BO3HMKAET BO3MOXHOCTb OCYLLECTBMEHMS 0a30BbiX Onepauui Hag 3HAYEHUAMU 3ITUX

PYHKUMIA B Mpedenax ykasaHHOro KOHTWHuyma [4]. Toraa BbipaxeHus (4)...(6), paBHO Kak U UCXOAHblE
BolpaxxeHnsa  (1)...(3), CBOAATCS K KNMAaCCUYECKMM BbIpaXXEHUSIM TEOPUM HEYETKUX MHOXECTB:

UADB(X):/JA (X) DI’IB(X) =maX{UA (X)’IJB (X)}, ()
Hang (X) =H A(X) NHg (X) :mir{uA (X)1 HB(X)}’ (8)
UC(X):]-_ Ha (X) ©)

BolpaxeHue (9) yuntbiBaeT TOT (PakT, YTO MakCUMyM (DYHKLUW NPUHAOMEXHOCTU paBeH eavHuLe.

34echb C — 3HaK JOMNOSHEHMS.

lMepexoa Kk ABYX3Ha4yHOMW forvke co cneuuanbHbiMu anemeHTamu "0" n "1" moxeT O6biTb
OCYLLECTBJIEH HA OCHOBE WCMONb30BAHUS UCXOOHbIX BblpaxeHun (1)...(3). OTn BbipaxeHnss mMoryt 6biTb
npuBedeHbl K OCHOBHbIM 6a30BbiM onepauusam OGyneson anrebpbl: fOrM4yeckoro cymmuposaHus [,
nornYeckoro yMHoxeHust L1 gononHenus - (unu otpuuaHms).

Takum obpasom, 6a3oBble onepauun B pamMkax BCEX Ha3BaHHbIX MHOXECTB SABIISIOTCS YaCTHLIMU
cnydyasmu 6asoBbix onepaumi (1)...(3). lMNMpu 3TOM B KayecTBe COMOCTaBMNSAEMbIX 3NIEMEHTOB MOryT
MCMNONb30BaTbCH Kak HEMPEePbIBHO3HAYHbIE (DYHKLNW, TaK U NX OUCKPETHbIE 3HAYEHMS.

BecbMa BaXHO 3amMeTUTb, YTO PACCMOTPEHHbIE anropuMTMbl MPAaKTUYECKN B MOMHOM oOObeme
YOOBMETBOPSAOT  3aKOHaM  KOMMYTaTMBHOCTM, WAEMMNOTEHTHOCTW, accouuaTMBHOCTM, abcopbuun,
ONCTPMOYTMBHOCTM, MpaBunam ge MopraHa. OTo no3BonseT nonyvyaTb annapatHble CTPYKTypbl AN
BbIYMCNEHUST [OBONIbHO CIOXHBLIX JTIOTMYECKMX BbIBOAOB KakK B paMKax HenpepbiBHO3HAYHOW, Tak U
OVHapHOW NOTUK.
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[eTanbHbli aHanM3 nokasbiBaeT, YTO Mpoueccop, ucnonbyowmm anroputmel (1)...(3), obnagaet
CBOWCTBOM  YHMBEPCANbHOCTU MO OTHOLIEHWIO K YycnoBusM yHKUMoHMpoBaHua. OH  0gMHaKoOBO
3(pheKTNBHO ocyLLecTBnsieT onepauun B cootBeTcTBUM C (1)...(3); (4)...(6); (7)...(9), a Tarke onepauun B
pamkax OyneBon anrebpbl, ©e3 NepecTponkM CTPYKTypbl. TakoM NpoLEeccop WHBapWaHTEH K Kraccy
YMCMOBOrO MHOXeCTBa. JTO SIBNSETCA OCHOBOW AN MPUMEHEHUS TaKMX MPOLLECCOpPOB MPaKTUYeCKn BO
BCEX NpeAMeTHbIX 0bNnacTsiX, CBSA3aHHbLIX C 3NEKTPOHWKOW, GUO3NEKTPOHUKONW, B CMCTEMax yrpaBrieHus
3NEKTPUYECKMMU MpoLieCCaMU U T.4.

Ha ocHoBaHuUM wucnonb3oBaHMs onepauuy nepeceyveHns (2) BBEOEHO MNOHATME CKansipHOro
nepeceveHns (aHanor — ckansipHoe npowv3sBefeHue) [5], NnpUMeHeHne KOTOPOro MoO3BOSISIET CYLLECTBEHHO
YNYYLWNTb KAYECTBEHHbLIE XaPaKTEPUCTUKM YCTPOMCTB KOPPENSILMOHHOIO U UNbTPOBOro OBHApPYXEHUsI U
pa3speLLeHns CITIOXKHbIX CUrHaNoB, 0COOEHHO B YCNOBUSAX MOLLHbLIX MMMYSIbCHBIX MOMEX.

B kayecTBe noATBepAaloLWMX NPUMEPOB MPUBOOATCS pe3ynbTatbl 06paboTkM curHana B BuAe
OoTpes3Ka LyMa B YCMOBUSIX MOLLHbLIX UMMYMbCHBIX MOMEX MPW HU3KOM YpOBHE (PrOKTYaLUOHHOW MOMEXW
(pnc.1) n cniyya paspelleHns [BYyX NEPEKPbIBAOLWNXCA BO BPEMEHM CUrHArNoB C JIMHEWHOW 4acTOTHOW
Moaynsumen B Tex ke ycrnosusix (puc.2). 34ecb OTYETIMBO BWUAOHO, YTO OBHApPYXMUTENMW, UCMOoNb3ylolue
npouenypy CKansipHOro nepeceyeHusi, Oka3blBalOTCA CYLLECTBEHHO Gonee yCTOMYMBBIMU MO CPaBHEHMIO C
OBHapyXuTensamm ¢ onepaumen cKanspHoro Npon3BeaeHums.

Puc. 1. PesynbTatbl 06paboTkM curHana B Buae oTpeska LyMa Ha hoHe CMecU (prtoKTYauNOHHbIX U
MOLLIHBIX MMMYIbCHBIX MOMEX Ha OCHOBE Onepauui CKanspHOro nepeceyeHuns u ckansipHoro
npousseneHus.

B HacToswee Bpemsi oupmon pasBepHyTbl paboTbl MO WCCNEAOBaHWUIO pPe3yrnbTaToOB 3aMeHbl
onepaumy KraccuyecKkoro yMHOXeHUs1 onepaument nepecedyeHnss B npoueaypax KoppensiyuoHHOro,
cnekTpanbHoro u wavelet-aHanusa, a TaKke B Apyrux npegMeTHbIX 06nacTsax, CBA3aHHbIX C yNpaBreHnem
pasnuyHbIMK npoueccamu, rae paHee MCMnonb3oBanachb onepauust KrnacCu4eckoro yMHOXeHusa. B pamkax
3TUX UCCNeaoBaHUMN pPacCMOTPEHbl BO3MOXHOCTW peanunsaumym KOppenatopoB Ha 6ase curHanbHbIX
npoLieccopoB 1 Ha 6a3e TexHonoruu PLD.

B nepBom cnydae apxuTekTypa CUrHanbHbIX MPOLLECCOPOB OpPUEHTUPOBaHA Ha MakcuMarbHoe
ObiCTpogencTBMe Mpu BbIMUCIIEHMU onepauun cBepTku. [py MCNonb3oBaHWM B BbIYMCIMTENBHOM S4pe
CUrHambHOro npoueccopa npegfaraeMoro anroputMa 3atpaTbl CHDKAKOTCH MPUMEPHO Ha Mopsigok. 370
CBSI3aHO C Tem, 4TO B peanu3yeMoM anroputMe ob6paboTKM CUrHamoB He MWCMOoNb3yeTcsl onepauus
YMHOXEHUS, a NPUMEHSAIOTCA NMULb NPOCTble BbIMUCINTENbHBIE OMepauun: CroXeHue, BbluMTaHNe N yyeT
3Haka curHana.
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Puc.2. PGSyJ'IbTaTbI pas3peleHna AByX HenpepbiBakoLWnXCA BO BpeMeHU CUrHanos C NIMHENHOWN YaCTOTHOM
MOJJ,yJ'IFlLI,I/IeIZ Ha (bOHe cmecu CbJ'IIOKTyaLI,I/IOHHbIX M MOLUHbIX UMNYIbCHbIX MOMeX Ha OCHOBE onepau,w7|
CKanapHoro nepece4vyeHna n ckarndapHoro npoun3seaeHus.

Mpu ncnonb3oBaHmm B kadecTtBe Bbluncnutens MINC (PLD) dmpmbl ALTERA (cemenctso APEX)
NpPOM3BOANTENBHOCTb BLIYUCIIUTENS CBEPTKU yBeNuumMBaeTca B 14-16 pa3. CpaBHeHMe annapaTHbIxX 3aTpar
npuBeneHo B Tabnumue 1.

Tabn.1
AnnapaTHble 3aTpaTbl Ha BbiNonHeHUe 6a3oBoN onepauun CBepPTKU
(aBa 8-6UTHbIX YMCIIa C Y4ETOM 3HaKa)
C UCnonb3oBaHWeM onepauum C MCMonb30BaHMEM OMnepaLmnn ckansipHoro
CKamnsipHOro npov3sefeHus nepece4veHus
(knaccuyeckas ceepTka)

293 NOrM4YecKux SHenKn 18 nornyeckmnx a4eek

B ycnoBusx BO3OEeNCTBUST Ha KaHan npuema CTauMOoHapHOro Lyma pesynbtat paboThb
KoppensaTopa nogobeH Knaccuyeckomy KkoppensaTopy. B ycnoBmsix — MOLUHBIX  WMMMYMbCHbLIX MOMEX
KoppenaTop obnagaet YpesBbl4aHO BbICOKOW CTENEHBID YCTONYMBOCTU, MO OTHOLLEHUIO K KITACCUYECKOMY.

Bnarogaps ymeHbLUEHVIO annapaTHbIX 3aTtpaT UM YBENWMYEHUIO NPOM3BOAUTENBLHOCTU BbIYUCIIEHUS
CBEpPTKW, MPMMEHEHME HOBOro metoda obpaboTkuM curHanoB nossonsieT B 3-4 pa3a B CpaBHEHUUN C
aHanoramy yMeHbLUNTb CTOMMOCTb KOPPENSITOPOB.

Bnarogapsi cnocobHOCTM KoppensaTopa aphekTMBHO paboTatb B CIIOXHOW MOMEXOBOW
obCTaHOBKE, YMEeHbLUaeTCsa  Harpy3ka Ha nporpaMmHo-annapaTHble  cpeacTBa  nmoggepaHus
NMOMEeX03aLLMLLEHHOCTM NPMEeMO-NepeatoLLMX YCTPOUCTB. TemM cCaMbIM yMEHbLUIAETCS CTOMMOCTb
pagnoTeEXHUYECKMX CUCTeM B LENoM nNpu OOHOBPEMEHHOM  paclUMpeHuM KX PYHKUMOHAIbHbIX
BO3MOXHOCTEMN.

Cragua paspabortku. PaspaboTtaHbl M anmapaTHO peanu3oBaHbl MNpPoLEeccopbl  Ga3UCHbBIX
onepauuii B UMppoBOM U aHarNoroBoM BapuaHTax, ABMsSIOLLNXCSA OCHOBHbIMU 3fIEMEHTaMu KOPpensiTopoB.

AHanoroBbli BapuaHT 6a30BOro MpPOLLECCOPHOro 3SrieMeHTa MMEET MOoJiocy MponyckaHus: go 25
Ml'y 1 100 MINy, — Ha NacCcUBHbLIX NOSTIOCKOBLIX 3rieMeHTax [6].

PaspabotaH maTemaTtuyeckui annapaT UM@POBOro KoOppensaTopa Afs BbIYUCIEHWS CBEPTKU Ha
PLD cmpmbl ALTERA ¢ nonocon nponyckaHusa 100 MITy,

PesynbTaThl uccnegoBaHui npoueayp CrneKkTpanbHOro aHanusa, B TOM yucrne u aHanoros bBIo
(6bicTporo npeobpasoBaHust dypbe), CBUAETENLCTBYIOT O TOM, YTO 3aMeHa onepauunm YMHOXEHUS
onepaumern nepeceyeHnsi B BblYUCIUTENBHbIX NpoLeaypax MpUMBOAMT K TOMY >Xe MOopsaKy BbiUrpbilla B
Npov3BOAUTENBHOCTU, annapaTHbIX 3aTpatax U MNOMEXOYyCTOMYMBOCTU, YTO U B KoppensTopax. [pu atom
CyMMapHasi MOrpeLlHoCTb MNpu nepexode OT OOHOW onepauun K OPYron He npeBblaeT AonyCTUMbIX
npeaenos.
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3akntoyeHue. Hosbli cnocob BbluMCEHUS M 06paboTKM CUrHanoB MoOXeT ObiTb MCNONb30BaH B
LUMPOKOM AuanasoHe NpuknagHbix obnacTtew: B pagvo- U rmaporokaummn (cenekums OBUXKYLLMXCS Lienew,
obHapyxeHvne 1 BbiOeneHue CUrHanoB B MOMExXax), B MOHOMMMYMbCHbIX NereHraTopax, B cucTemax
pacnosHaBaHWUs 3pUTENbHbBIX U CIyXOBbIX 06pa3oB, B HEMPO- 11 BUOKOMMNBIOTUHIE, HAHOSMEKTPOHWKE, U T.4,.

B pesynbTate npoBedeHHbIX UCCNeaoBaHWN NOMyYeHbl KOHKPETHbIE BbIYMCIINTENbHbIE anropuUTMbl
N COOTBETCTBYIOLLME anropuTMUYECKMe CTPYKTYPbl; AOKa3aHO MX COOTBETCTBME MPUHUMMAM U 3aKOHaM
anrebpbl UMCIOBbLIX MHOXECTB; pa3paboTaHbl WM annapaTtHo peannsoBaHbl Npoueccopbl 6a3ncHbIX
onepauuii B LMpOBOM 1 aHaNorosoM BapuaHTax.

AnroputMmbl 06paboTku annapaTHO peanu3oBaHbl U MPOXOASAT NPOBEPKY B npoueccopax ob6paboTku
CUrHarnoB: MOMEXOYCTOMYMBLIA KOpPensaTop, aHanor dypbe-npoueccopa Ans ChnekTpanbHOro aHanusa
curHanos (6bicTpogencTeyowmMn aHanor blrd), npoueccopHoe YyCTPONCTBO TOYHOIO BbIYUCIIEHUS YrTOBbIX
KoopaMHaT Uenu, MHOrOMYHKUMOHAmMbHbLIA NOrMYECKUA 3NEMEHT Ans ynpaBneHus konebaHusamu B
paanoTEXHUYECKOM TpakTe 1 Ap.
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THE NEW METHOD OF THE ORGANIZATION OF SIGNAL COMPUTING AND PROCESSING NOT
INCLUDING THE OPERATION OF CLASSICAL MULTIPLICATION

Gordiyenko V., Dubrovskyi S., Kaydenko M., Nepokulchitskyi I., Roskoshnyi D., Fenyov D.

There is being proved the new approach to the organization of computing. This approach allows us
to raise effectiveness on criterion of the ration productivity-cost and substantially enlarge the spectrum of
projects, solving of which make difficulties in the frames of the existing concepts of digital computation.

1. Introduction In the basis of the existing methods of computing organization underlie inherent to
them composition and logical basis. At the same time composition basis includes the basic mathematical
operations such as linear algebraic summation (xzy) and multiplication (x, y). Here x and y are
comparable values. As logical basis we take the full-function set of the basis operations in the frame of the
binary logic — logical summation, logical multiplication and negation. These very bases determined the
architecture of the modern digital computing systems with their strong and weak points. It is already evident
now that using of the classical multiplication operations becomes the limiting factor in the increase of the
productivity of the computing systems in the frame of the digital computing concept. Orientation only toward
the binary logic causes some difficulties in solving problems which by their nature require the use of fuzzy
logic with Cantor logical basis of the point (number) set algebra as union, intersection and complement.

[1,2]. Sa examples of such problems can be the problems of visual and auditory image recognition,

problems with not-well determined (fuzzy) input data, the problems of signal determination and resolution in
the conditions of uncertainty, etc.

We are going to demonstrate that modernization of the well-known compositional and logical bases
can become the basis of the new methods of computing organization with higher performance according to
the criterion of productivity-cost and wider spectrum of problems, solving of which caused essential
difficulties in the frame of existing digital computation concept.

2. Compositional basis
In contrast to the traditional compositional basis, containing mathematical operations such as linear
algebraic summation and multiplication, the proposed basis contains the operation of algebraic summation

of the x* y type and nonlinear operation of | Xty | type representing the operations of distinguishing

the absolute value (module) of the linear algebraic summation result. So, the transition from traditional
compositional basis to the new one entails the substitution of classical multiplication operation by the
operation of absolute value (module) distinguishing.

The main advantage of the proposed compositional basis is that it allows to fulfil rather simply the
hardware implementation of the Cantor logical basis operations processor in the analog, discrete-analog
and digital versions. It is very important to point out that the hardware implementation of the processors of
the Cantor logical basis basic operations is possible both on engineering performance standard (technical
electronics) and on biological level. In the last case such processors can be implemented already on the
large organic molecules and on the elements of the biological cell. Really, the possibility of implementation
of algebraic summation operation in engineering and biology do not give raise to doubts. The operation of
absolute value distinguishing in technical electronics is realized trivially. In biological (bionic) aspect it is
realized on the phase transition of the organic molecule material and on the membranes of biological cells,
possessing the appropriate electronic properties, for example, the detection property. In the frame of this
approach, can be taken one more step to understanding of the community of the informational process,
occurring in engineering and biological systems, especially in the sphere of computing organization.

3. Cantor logical basis
This is the logical basis of the number set algebra, the elements of which are the dominate

physically representable numbers, in general case, localized on the whole real number axis (—, ). As it

was already mentioned before, Cantor logical basis contains the logical operations of union, intersection
and complement. The processors built on the basis of the accepted composite basis and realizing these
operations are the basic functional and the base unit of the homogeneous computing systems with the new

computing organization. In the proceedings [3] are give the algorithms and structure of the base processor

of these operations and given the short description of the usability of these processors in other data
domains.

At present time the company conducts the work on investigation of the results of the classical
multiplication operation substitution for intersection operation in the procedures of correlative, spectral and
wavelet analysis, as well as in the other data domains, concerned with the different processes control
where earlier were used the classical multiplication operations. In the frame of these investigations were
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concerned the abilities of realization of the correlators on the basis of the signal processors and on the
basis of the PLD technologies. In the first case the architecture of the signal processors is directed on the
maximal operating speed on convolution operation computation. On using in the computing core the signal
processor of the proposed algorithm the costs are cut significantly. It is connected with the fact that in the
realizable signal processing algorithm the multiplication operation is omitted and only simple computing
operations are used: addition, subtraction, and accounting the signal sign.

On using PLD of the ALTERA company (APEX genus) as calculator, the productivity of the
convolution computer will increase 14-16 times.

Comparison of hardware costs is given in table 1

Table 1
Hardware costs for realization of primitive convolution operation
(two 8-bit numbers with sign accounting)
with the use of scalar product operation With the use of scalar intersection
(classical convolution) operation
293 logic cells 18 logic cells

In the conditions of the stationary noise influence on the receive chain the result of the operation of
correlator is similar to the classical correlator. In the conditions of powerful impulse noise, the correlator is
characterized by fine stability in comparison with classical.

Due to the decrease of the hardware costs and increase of the productivity of the convolution
computation, the use of the new method of the signal processing allows to decrease 3-4 times the cost of
the correlator in comparison with analogs.

The processing algorithm is realized in hardware and is being tested in the signal processing
processors: noise immune correlator, analog of Fourier transform processor for signal spectrum analysis
(fast-acting analog), processing device for object angular data exact computation, multifunctional logical
element for radio section oscillation management, etc.
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