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M. E. Makapyyk — MarucTpaHT kadepbl KOMMbIOTEPHON MaTeMaTUKM 1 NPOrpaMMUPOBaHUS
A. A. Knroyapee (kaHA. TeXH. Hayk, A0L,.) — Hay4HbIA PYKOBOAMUTENb

ANFOPUTMbI LIMGPOBON ®UNBbTPALIUKM CNTYHAUHBIX MPOLIECCOB
B PEAIIbHOM MACLLTABE BPEMEHU

Lincppoast 06paboTka cUrHanoB SBNSETCH OLHOM M3 HOBEMLLMX U CaMblX MOLLHbIX TEXHOMOTUIA, KOTOpas
aKTVWBHO BHeZpWnach B LLUMPOKMIA Kpyr 06nacTeit Haykn 1 TEXHUKW: KOMMYHUKALMKU, METEOPONOTAS, pagmoro-
Kauus W ruaporiokauns, MeauumHCKas Busyanusaums n3obpaxeHuit, undpoBoe ayamo- U TeneBrU3NOHHOE
BeLLaH1e, pasBeaKka HeTAHbIX U ra3oBblX MECTOPOXAEHUMA, U MHOTUX APYUX.

OawH 13 cambiX BaXHbIX BOMPOCOB — 3T0 LnchpoBas obpaboTka curHana B pearnbHOM Maclitabe Bpe-
MEHM, KOTopas NPUMEHSIETCS BO MHOTUX CUCTEMaX MOHMTOPUHTa. pu paboTe B Taknx cuctemMax Heobxoaumo
CUHXPOHW3MPOBATb UCMOSTHEHWE NPOrPaMM C BHELUHUMU (OU3UYECKUMU NpoLieccam.

LincppoBast counbTpaums sBnsetcs Hanbonee BaxHOWM YacTbio LudpoBon 06paboTkn curHanos. [po-
LiecC NpOeKTUPOBaHUS LUGPOBLIX PUNLTPOB COCTOMT M3 TEX XKe 3TaroB, YTO U MPOLECC NPOEKTUPOBAHNS
aHarnoroBbIx (unbTpoB. CHavana opmynupytoTcs TpeboBaHUs K enaeMbIM XapakTepucTukam unbTpa, no
KOTOPbIM 3aTEM pacCYUTLIBAKOTCA NapaMeTpbl gunbTpa. AMINUTYAHAsA M (ha30Bas XapakTepucTuku hopmu-
PYKOTCS aHanorMyHo aHanoroBbIM ounbTpam. JIMHENHbIA CTALUMOHAPHBLIA LMGPOBON (PULTP XapakTepuayeT-
A nepefaToyHon yHKumen. MNepeaatodHas yHKUMS MOXET onucaTtb, kak unbTp OydeT pearpoBatb Ha
BXOZHOM curHan. Takum obpasom, NpoekTMpoBaHWe unbTpa COCTOUT U3 MOCTAHOBKM 3adayu (Hanpumep,
(OUNbTP BOCBMOTO Nopsiaka, UbTP HUKHUX YacTOT C KOHKPETHOM 4acTOTOM cpesa), a 3aTeM NMPOM3BOAMUTCS
pacyeT nepeaaTodHoM yHKLMKM, KOTopas ONpeaensieT XxapakTepucTuku unbTpa.

MNepenaToyHas yHKUMS unbTpa UMEET BUL
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roe nopsgok unbtpa — Gonblwee N vnu M. B gaHHoM crnyyae 310 doopmyna unbtpa ¢ BeckoHeyHoln nM-
NyNbCHOW XapaKTepPUCTUKON. ECnn 3HameHaTenb paBeH eauHuLe, TO nonyvaem ¢opmyny uibTpa ¢ KOHeY-
HOW UMMYNbCHOW XapaKTepPUCTUKOM.

LincppoBele punbTpel MPOEKTUPYIOTCA C y4eTOM 3 (EKTOB KBaHTOBaHWS. KBaHTOBaHWE AaHHbIX Ha3bl-
BaKOT X NPeACTaBMNeHNe C MOMOLLBK KOHEYHOrO Yucna ABOMYHbIX paspsgoB. 3Ta npoLedypa ConpoBoxaaeT-
CSl BHECEHWEM B CTPYKTYPY hunbTpa OwmnBOoK, MCTOYHUKAMM KOTOPbIX SBMSHOTCS:

1. Ananoro-umdpoBon npeobpasoBatenb, BHOCALMA B KaKAbIM MOMEHT BPEMEHW N OWINOKY KBaH-
TOBaHWs, PaBHYK0 Pa3HOCTM Mexay auckpeTHbiM x(m) 1 umndposbiM Fn) curHanamu, HasbiBaeMYyIO LLyMOM
ALM.

2. YMHOxuTEnu, otobpaxatoLme B CTPYKType LMgpoBoro unbTpa onepawmto yMHOXEHMS.

[Mpy YMHOXEHUM ABYX YMCEN C PUKCMPOBAHHOW TOYKOW, NPeAcTaBreHHbIX B hopmate cnoea ¢ b 3Ha-
Yawmn butamm, npousseaeHue Byaet cogepxatb 2b 3Havalmx GUTOB, 1 NP ero COXpaHEHUN B syelike na-
MAaTK (B chopmaTe crnosa) notpebyeTcs okpyrneHue (yceyeHwe) o b 3Havawmx GUTOB, YTO 3KBMBANEHTHO
KBaHTOBaHMIO. TEM CaMbIM, B Kbl MOMEHT BPEMEHW N BHOCUTCS OWWBKa KBaHTOBaHUS, Ha3bliBaeMas cob-
CTBEHHbIM LLYMOM.

3. KBaHTOBaHMe KO3hPULMEHTOB NEPESATOMHON PYHKLMM LMGPOBOro (hunbTpa.

Ha atane cuHTE3a KoapduUMeHTbl nepeaaToyHon yHKUMM LndpoBOro (unbTpa paccyuTbIBaKTCS C
MaKCUMarnbHOM TOYHOCTBI0 — MPELCTaBMSOTCA YMClaMn YCroBHO GeckoHeuHon paspsgHocTh. OpHako B
CTPYKTYpe LnGpoBOro unbTpa OHM 3aMEHAKOTCS KBAHTOBAHHBIMU KOS (ULIMEHTAMW, TEM CaMbliM BHOCUTCS
owwubka KBaHTOBaHNS KOIHULIMEHTOB, BIIMSIOLLAS HA XapaKTEPUCTUKN LncpoBbIX (unbTpos. [1]

Mpy MogenMpoBaHuK unbTpa HU3KMX YacToT YebblweBa 6e3 MCMONbL30BaHUS KBAHTOBaHMS KO3 u-
LIMEHTOB W C UCMOMNb30BaHNEM — MOXHO CPaBHWUTb HACKOMNbKO PacXOAATCS pe3ynbTaThl:



1) 16-pa3psigHoe kBaHTOBaHWe (2'6) obecneynBaeT 65536 ypOBHEN KBAHTOBAHWS OTCYETOB aHaNoro-
BOr0 curHana. Yem bonblue paspsgHOCTb CrioBa, TEM WMPe AYHAMWYECKUIA AnanasoH, MEHbLUE HeMMHENHbIe
NCKaXXEHNS W LYM, BblLlLe pa3peLuatoLlas cnocobHOCTb MO YPOBHIO.
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OHM HaknaabIBatOTCA APYr Ha Apyra, ¢ HEOOMbLLOM NOrPELLHOCTbI0, BUAMMO TOMBKO MK 04eHb 60nb-
LLIOM YBESNYEHMMU.

2) Mpw paspsgHocTy cnosa = 8 (28, To eCTb 256 YpOBHEN KBAHTOBAHMS OTCHETOB aHaNOroBOro CUrHa-
na).
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Ha atom npumepe yxe Gornee Y4eTko BUAHO, kak pacxoauTcst AYX KBaHTOBAHHOIO (MnbTPa ¥ 3TaroHHO-
ro.
Ecnm npn 16 paspsigax pacxoxaeHue b0 He3HauYUTENbHbIM, TO NPK 8-MU OHO CTAHOBUTCS yke Bonee
yem Ha 0,1 dBB nonoce nponyckaHus.
3) lMpm paspsgHocTy crnosa = 4 (24, T0 ecTb 16 YPOBHEN KBAHTOBAHWS OTCYETOB aHANIOroOBOrO CUrHa-
na).
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TpeTun npuMep YeTKO NOKa3bIBAET, Kakue OLUMOKM W MOrPELUHOCT MOXHO AONYCTUTb MpW Henpa-
BMNBbHOM YPOBHE KBaHTOBaHWS. ECnu B3siTb B MOSOCe NPOMyCKaHWs pacxoxaeHue He bonee eanHuLbl — TO
TaKoi unbTp He OyaoeT yA0BNETBOPATL YCMOBUAM (pacxoxaeHne = 1.6 ),

YTo6bl 0becneunTb BbICTPOAENCTBME CUCTEMBI PeanbHOro Maclutaba BpeMeHu, ¢ 6OMbLUMM MOTOKOM
AaHHbIX, HE0BXOANMO MMETb JOCTAaTOMHO MOLLHYK cucTemy u obpabaTbiBaTb MOTOKM WHGOPMaLMK napan-
nenbHo. WmenHo ans atux uenen komnadust Nvidia cospana apxutektypy Compute Unified Device
Architecture (CUDA - nporpammMmHo-annapaTHas BbluMCnMTeNnbHas apxutektypa). C nOMOLLbIO CUCTEMBI, NO-
CTpoeHHoI Ha apxutekType CUDA MOXHO BbINOMHATL KBAHTOBAHWE CUrHana u KodgduLMeHTOB ¢ Hanborb-
LLeil pa3psiaHOCTLI0 CNOBa 3a BPeMs], B pasbl MEHbLUEE, KOTOpOe noTpeboBanoch Okl cucteme 6€3 apXuTekTy-
pbl CUDA [2].
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