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BXOZHOTO Kajapa JUIs TEHEPUpOBaHUs IO MeEHbUIEH Mepe OIHOro Habopa OCTaTOYHBIX JAHHBIX,
MO3BOJISIOIINX JICKOJEPY BOCCTAHOBHTH BXONHON KaZp W3 OMOPHOTO KajZpa BOCCTAHOBICHHS; H
MIPUMEHEHHE OTIEPAIH KOJUPOBAHUS JUTMH CepHil K HAOOpy OCTAaTOYHBIX AAHHBIX, IPH 3TOM OTIEPALHS
KOAMPOBAHMS JUIMH CEpHil BKIIIOUAeT FeHEepUpOBaHHE OAWTOBOTO MOTOKA, 3aKOIMPOBAHHOIO IO AJTHMHAM
CEepHii, cozepKallero Habop CHMBOJIOB, NMPEACTABISIOIINX HEHYJIEBbIC 3HAYEHWA IaHHBIX M3 Habopa
OCTaTOYHBIX JJAHHBIX, ¥ TTOJICYETHI TIOCJIEIOBATEIbHBIX HYJIEBBIX 3HAYCHNI HA00pa OCTaTOYHBIX JaHHBIX. B
HEKOTOPBIX BapUaHTaX BOILIOLICHUS CIIOCO0 BKIIFOYAET NPUMEHEHHUE ONepaliiy KoaqupoBanus Xahdmana
K Habopy cuMBOJIIOB. Takke NPENOCTaBISIETCS CIIOCOO NEKOAWPOBAHUS, a TaKXKE YCTpOHCTBA H
MAaIIMHOYUTAEMBIN HOCUTEID.
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3HTPOMUNHOE KOAUPOBAHUE YCUNIEHUA CUTHANA

YPOBEHb TEXHUKU

PaHee ©Obina npeanoxeHa rmbpuaHaa TEXHOMNOINS KOAMPOBaHuA ¢ obpaTHom
COBMECTUMOCTbIO, Hanpumep, B WO 2014/170819 n WO 2018/046940, copepxaHue

KOTOPbIX BKIOYEHO B HACTOSALLMIA JOKYMEHT NMYTEM OTCbINKM.

MpeanoxeH cnocob, KOTOpbIA NpegycMatpuBaeT. pasbop MNOTOKa AaHHbIX Ha NepBble
nopunn KoAMPOBAaHHBLIX AAHHbLIX U BTOPblE MOPLUMM KOAMPOBAHHbLIX AaAHHbIX; peanusyert
nepBbIN Jekogep AN AEKOAUPOBAHUS NEPBbIX NOPLUUIA KOAUPOBAHHBIX AaHHbIX MPU NEPBON
nepegade curHana; peanusyeT BTOPON AekoAep ANS AEKOAUPOBAHUSA BTOPbIX MOPLMNA
KOAVPOBAHHbIX AAHHbIX B JaHHble BOCCTAHOBMEHWS, JaHHble BOCCTAHOBMEHUS,
onpejensiowme, kak MognduLuposaTh NEPBYIO Nepefavy curHana; u npuMmeHsieT gaHHble

BOCCTaHOBIEHUS K MEPBON Nepeaade curHana Ans nonyyeHnst BTOPON nepegayun curHana.

B Hem paononHMTENbHO npeanaraeTcs AOMNOSNHEHWE, B KOTOPOM Habop OCTaTOYHbIX
ANEMEHTOB MOXET WUCnonb3oBaTbCA AnNA BOCCTaHOBNEHUA BOCNpoOu3BeaEHUA nep|30|7|
BpeMEHHON BbIOOpKM curHana. [eHepupyeTca Habop 3NeMEHTOB NPOCTPaHCTBEHHO-
BPEMEHHOWN KOpPPEensauumn, CBA3aHHbIX C NEPBON BpeMEHHOW Bblbopkon. Habop snemeHTOB
NPOCTPAHCTBEHHO-BPEMEHHON  KOPPENALUMM  YKa3blBAeT CTENEHb MPOCTPAHCTBEHHOMN
KOppensunum Mexay MHOXECTBOM OCTaTOYHbIX O3NIEMEHTOB W CTEMNeHb BPEMEHHON
Koppenauum mMexay nepBbiMA OMOPHbIMW AaHHbIMA Ha OCHOBE BOCMPOU3BEAEHUSA U
BTOPbIMW OMOPHbIMU AaHHbIMW Ha OCHOBE BOCMPOU3BEAEHNS BTOPON BPEMEHHON BbIGOPKM
curHana. Habop anemMeHTOB NPOCTPaHCTBEHHO-BPEMEHHON KOPPENALMM NCnonb3yeTea Ans

reHepaunn BbIXo4AHbIX AaHHbIX.

TUNUYHbIE TEXHOMOMMM KOAMPOBAHWUA BUAEO NpPefycMaTpuBalT MPUMEHEHME onepauun
SHTPOMNUIAHOTO KOAUPOBAHUS K BbIXOAHBIM AaHHbIM. CyluecTByeT NOTPeBHOCTb B NPOCTON U
ObICTPON CXEeMe SHTPOMUMHOIO KOAMPOBAHUS C HU3KOW CNOXHOCTbIO ANS MPUMEHEHNS
CKaTWa  JaHHbIX K  AaHHbIM  BOCCTAHOBMEHUA UMM OCTaTOYHbIM  3MEeMeHTaMm
BbILLUEYNOMSHYTbIX MNPEeANOXEHHbIX TEXHOMOrMA WNU  ApYyruM MOAOGHbIM OCTaTOUYHbIM

JaHHbIM.

PACKPbLITUE N3OBPETEHWNA
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CornacHo acnektam nsobpeTeHust NpeaocTaBnaeTca cnocod 3HTPONUNHOIO KOAMPOBAHUS
WNN  AEKOAUPOBAHUS OCTATOYHbIX JaHHbIX, MNPUYEM OCTATOYHbIE JaHHble MOryT
ncnonb3oBaTbCA ANA ncnpasneHna Mnn paclinpeHmna gaHHbIX 6asoBoro noToKa, Hanpumep
Kagpa BWAEO, 3aKOAMPOBAHHOIO C WCMOMb30OBaHMEM YHACNeLOBAHHOW TEXHONOMU

KOAMNPOBaHMS BUAEO.

CornacHo acnekty nsobpeTeHusi NpeaOoCTaBNsAETCA Cnocob KOAMPOBaHWSA BUAEOCUTHana.
Cnoco6 BKnOYaeT: MonyyYyeHMe BXOAHOro kagpa; obpaboTky BXOAHOroO kagpa Ans
rEHEPUPOBAHNSA OCTaTOYHbIX AaHHbLIX, OCTATOYHble AaHHble MO3BOMSAKT LEKOAEPY
BOCCTAHOBUTb BXOAHOW Kaap Ha OCHOBE OMOPHOrO BOCCTAHOBMEHHOMO Kajpa;, W
NPUMEHEeHNe onepaynm KOAWPOBaHMSA ANUH CEPUIA K OCTATOYHbIM AAaHHBIM, NPU 3TOM
onepauusa KOAMPOBaHUA ANUH CEPUN BKMOYAET reHepupoBaHue ©GanToBOro MnoToKa,
3aKOAMPOBAHHOIO MO ANMHAM Cepuid, coaepallero Habop CUMMBOMOB, NpenCTaBnAOLNX
HEHyNEeBble 3HAYEHUS OCTAaTOYHbIX AaHHbIX W MOACYETbl MOCreAOBaTENbHbIX HyNEBbIX

3HAYEHWIN OCTaTOUYHbIX AaHHbIX.

Taknm oBpasom, cnocob koampoBaHUs obecrneuymBaeT HECNOXHOe, NpocToe u ObICTpoe
pelleHne ANS CKaTUS OCTaTOMHbIX AaHHbIX. B pelleHunm ucnonb3yloTcs yHUKanbHble
XapaKTepUCTUKA OCTaTOYHbIX AaHHbIX, TakMe Kak OTHOCUTEMbHOE MNOSIBNEHWE HYNEeBbIX
3HA4YEHWU, BEPOSTHAS FPyNnMpPOBKa HYNEBbIX 3HAYEHU HA OCHOBE MOPsAKa CKaHUPOBAHUS
npouecca npeobpa3oBaHNs reHEepUPOBaHUSA OCTATOUHbIX AAHHbIX (ecnu npeobpasoBaHue
ncnomnb3yeTcss) U OTHOCUTENbHOE pasHoobpasne 3HauyeHUn JaHHblX, a Takke Uux

noTeHUynanbHaa OTHOCUTENbHANA l‘{aCTOTa/pe,}J,KOCTb B OCTaTO4HbIX AaHHbIX.

Habop cumBOnoB B KOAMPOBAHHOM NOTOke GalToB MOXeT ObiTb MNOCneaoBaTENbHbIM.
MoacuyeT nocneaoBaTenbHbIX HYNEBbIX 3HAYEHWUIN TAKKE MOXET Ha3blBaTbCA CEPUEN HYnen.
OcraTouHble JaHHble, Haj KOTOPbIMW BbINOMHAETCA Oonepauvs KOAUPOBAHWSA ANUH CEpui,
MOTYT  MPEACTaBNsATb  KBAHTOBAHHble  OCTATOYHblE  AAHHbIE,  NPEANOYTUTENBHO
KBaHTOBaHHbIN HaGop koadhdpuuyneHToB npeobpasoBaHus. KBaHTOBaHHbIN  Habop
KO3hPULNEHTOB NpeobpasoBaHNsa MOXET OblTb YNOPsAAOYEH CMOEM, TO eCTb No Habopam
k03 pULMEHTOB OAHOroO TWUNa, NO MNIOCKOCTW, NO YPOBHIO KayecTBa UMK NO MNOBEPXHOCTU.
3TN TepMUHbI JOMONHUTENBHO OMWCaHbl U onpejerneHbl B AaHHOM JokymeHTe. CUMBONbI
MOTyT ObITb NOCNEefOBaTENbHLIMU B COOTBETCTBYIOLLEM MOPSALKE CKAHUPOBaAHUS onepauum
npeobpas3oBaHns, TaKk YTO OCTaTOYHblE JaHHble MOryT ObiTb Nerko ComnocTaBreHbl C

ONOpPHbIM BOCCTAaHOBIIEHHbIM KaapoMm.
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MpegnoyTUTENbHO oOnepauus KoAWPOBaHWA ANWH CEPUA  BKIIOYAET: KOAUPOBaHME
HEHYMEBbLIX 3HAYEHUIN AAHHbLIX OCTATOYHbIX AAHHbIX B MO MEHbLUEN MEPE MEPBOM TuUMe
cnMmBona; n KogmpopaHue noacyeToB nocnepoBaTeribHbIX HyNeBbIX 3Ha4YeHu BO BTOpPOM
TMNe cuMmBoOna, TaK 4YTO OCTaTO4Hble JAdaHHbIE KOAWUPYHOTCA KaK nocneaoBaTenlbHOCTb
CUMBOSMOB pasHblX TWMOB. TakMum o6pasom, OCTaTtouHble JaHHble MOryT ObiTb
3aKOANPOBaHbI Kak NOCNeL0BaTeNbHOCTL CUMBOMOB, COAepXKallas TUMN 3Ha4YEeHUs AaHHbIX U
ceputo Hynen. Tunbl o6ecneynmBardT CKOPOCTb U NPOCTOTY AEKOAMPOBAHMS B AEKOAEPE, HO
Tawke oOneryarwT JanbHENWYO Onepauuo 3HTPOMUNHONO KOAMPOBAHUSA, KakK OMMCaHO
Huwke. CTPYKTYpUPOBaHNE AaHHBbIX B MUHUMU3NMPOBAHHbLIA Habop KoaoB hUKCUPOBaHHON

ANNHbI Pa3HbIX TUNOB NPUMEHAETCA ANA BbIMONMHEHUA NOCNEAYIOWKNX Waros.

B HekoTOpbIX BapuaHTax BOMMOLLEHWUS Onepaunst KOAUPOBaHMS ANMH CEPUI BKMOYaeT
crnegyowme A4eNCTBUS: KOAMPOBaHNE 3HAYEHNN A aHHbIX OCTaTOYHbIX AaHHbIX B NEPBbLIA TUM
cumBoOna U TPETUA TUN CMMBONA, NEPBLIA U TPETUN TUMbI CUMBONA, KaXAbIA U3 KOTOPbIX
COAEPXKUT YacTb 3HAYEHUS AaHHbIX, Tak YTO YacTu MOryT ObiTb 06bEeANHEHDBI B LEKOAEPE
AN BOCCTAHOBMNEHMS 3HA4YeHWs AaHHbiXx. Kaxablh TWn  CMMBONA MOXET UMETb
(PUKCUPOBAHHBLIA pasMep N MOXET ObiTb OanTom. 3HayeHWs faHHbIX, NPeBblLIAoLWNe
NMoporoBoe 3HayeHuWe WK MNpeBbILaloWmMe pasMmep, AOCTYMNHbIA B TUMNE CMMBONA, MOryT
OblTb NEerko nepejaHbl WUNM  COXPaHeHbl C WCNONb3OBaHMEM noToka GanTos.
CTpyKTypMpOBaHue AaHHblx B 6anTbl UNN CUMBOIbI HE TONbKO ObneryaeT eKoAMpoBaHue,
HO Takke obneryaeTt 3HTPOMUNHOE KOAUPOBaHWE CUMBOMOB (DUKCUPOBAHHOW ANUHbI, Kak
OyaeT paccMOTpPeHO ganee B 3TOM fokymeHTe. [lo6aBneHwe TpeTbero Tuna cumMBona
MO3BONSAET Nerko pasnuuarb TPy Tuna CUMBOMOB APYr OT Apyra Ha CTOPOHE AeKkogepa.
Tam, rge mMbl FOBOPUM O TUMAx CUMBONMOB, MOMYT UCMOMNb30BaTbCA TEPMUHbI Bnoku, 6anTbl

(rae cumBon sBnsieTcs GalTOM), KOHTEKCTbI UMW TUMbI.

Onepauus KOgUPOBaHUS ANVH CEPU MOXET BKMOYaTb CNeayLlmne 4encTBUS: CpaBHEHNE
pasmepa KaXaoro 3HauyeHWs AaHHbIX OCTaTOYHbIX AaHHbIX, KOTOPblE AOMKHbI ObITb
KOAWPOBAHbI, C MOPOrOBbIM 3HAYEHUEM; W KOAWPOBAHME KAKAOr0 3HAYEHUS AaHHbIX B
CMMBOM NEPBOro TUnNa CUMBOMA, ECNN PasMEP HWKE MOPOroBOro, U KOAMPOBaHWE 4yacTu
Ka)K4oro 3HauyeHus AaHHbIX B CUMBOI MEPBOro TWUMa CUMBOMA M YaCTb KaXAoro 3HauyeHus

AaHHbIX B CUMBON TPETbENO TUNa cnmBona, eCnn paamMmep BbilLE NOPOroBoro 3Ha4Y€HNA.

Ecnn pasmep npeBbilLaeT MOPOroBoe 3HaYEHME, Cnocob MOXET CofepxaTb YCTaHOBKY
cbnara B CUMBOME MEPBOro TWna CMMBONA, YKa3blBAIOLLEro, YTo YacTb NpeACTaBEHHOro
3HaYyeHns1 AaHHbIX KOAUPYETCA B AOMNOMHUTENbHBIA CUMBON TPETLErO TUNa cumeona. dnar

MOXeT ObiTb hnarom nepenonHeHus unu GuToM nepenonHeHWs U MOXET B HEKOTOPbIX
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npumepax ObiTb MMAaaWuM 3Hayawum 6utom cumBona wnu 6Gawta. Ecnv HanmeHee
3HaYUMbIN BUT cuMBONa SABMAETCA narom, 3HaYeHWe AaHHbIX UMW 4acTb 3HA4YEHUS
JaHHbIX MOXET CoAepXaTbCsl B oCTaBLUMXcs OuTax GanTta. YcTtaHoBka 6uta nepenonHeHus
Kak Mnaalwero 3Havawero 6uta obneryaeT KOMOMHMPOBaHME C MNOCMEAYIOWNMU

cnuMmBOnamMn.

Cnoco® mMOXeT AOMOMHWTENbHO BKMOYATb BCTaBKY dnara B KaXAbld CUMBON,
yKasblBaolWero TWn CUMBOMA, KOAMPYEMOro cnegywowum B 6anTOBOM  MOTOKE,
3aKoANPOBAHHOM MO ANNHE cepuin. dnar MmoxeT ObiTb OUTOM NEpPEnoNHEHNs, Kak ONUcaHo
BbIlLE, UNN MOXET AOMNOMHWUTENbHO ObiTb riaroM BbIMOMHEHUS UNKU OUTOM BbINOMHEHUS,
YKasbIBaOLNM, COAEPXKUT NN CNefyloWwnin CUMBOM CEPUID HYMNEeW, UNn 3HaYeHne JaHHbIX,
UnNu 4actb 3HadYeHus AaHHblX. Ecnu dnar npegcraesnseTt, cogepXut nu cnegyoowmin
CUMBON Cepuio (MnNn nNoACYET NOCneAoBaTenbHbIX Hynen), dnar MoxeT ObiTb 6UTOM
CMMBOMA,  NPEeAnOYTUTENBHO  cCambiM  cTapwmm  6utom  cumeona.  [logcuer
nocnegoBaTeNibHbIX HyNen Unu 3HauYeHWe AaHHbIX MOXET COAepXaTbCA B OCTaBLUMXCSH
OuTtax cumBona. Takum obpasomM, «Cepust Hynen» Unm CUMBOM BTOPOrO TWNa COAEPXUT 7
LOCTYMNHbIX 61TOB GanTa ANA NOACYETa, a «AAHHbBIE» UMM CUMBOM NEPBOro TUNa cogepxar
6 AOCTYnHbIX OUTOB ANS 3HAYEHUS AAHHbIX, rAe BUT NnepenonHeHWs He YyCTaHOBMNEH u 7

AOCTYNHbIX OWTOB 4N 3HAYEHUS AaHHbIX, B KOTOPOM YyCTaHOBIEH ont nepenonHeHnsa.

B o6wem, cdnar MoxeT ObiTb pa3nuyHbIM ANA KOKAOrO TMNA CUMBOMA U MOXET yKasbiBaTb

TN cMMBONa, cneayruwlero B NOTOKe.

B npeanouyTuTenbHbIX BapuaHTax BOMMOLEHNS BbILIEYNOMSHYTOrO acrnekra cnocob
JOMOMHUTENbHO BKMOYAET MNPUMEHEHUE JONOMHUTENbHOW oOnepauuyM  3HTPOMUNHOIO
KoaupoBaHMa Kk Habopy CMMBOMOB, CO3JaHHbIX OonepauvMen KOAUPOBAHWUS ANUH CEpUN.
Takum o6pasom, CUMBONbI (OUKCUPOBAHHOW ANWUHBI, HAMEPEHHO CO3[aHHbIE CTPYKTYPOU
onepauyun KoaUpoBaHWUS ANWUH cepuid, MOryT ObiTb npeoOpasoBaHbl B KOAbl MEPEMEHHON
ATNUHbI, YTOObl YMEHbLUUTL OO pa3mep gaHHbiX. CTPYKTYpa KOAUPOBAHUSA ANUH CEpUin
paspaboTtaHa ans Toro, 4toObl cO3jaBaTb CUMBOSbI (PUKCUPOBAHHOW ANUHbI C BbICOKOMN
yactoton, u4toGbl oOOnerunTb AanbHenwee BbIMOMHEHWE  YNy4YlIeHHOW onepayuun
3HTPOMMINHOIO KoaupoBaHmss u obecneuntb obllee yMeHblUeHUE pa3Mepa AaHHbIX.
JononHuTenbHas onepauus 3HTPOMUWHOIO KOAWPOBAHWA WCMONb3yeT BEPOATHOCTb UMK
YyacToTy NOSIBMEHUS CUMBONa B GalTOBOM MOTOKE, CO34aHHOM Onepauuein KoOAMPOBaHUS

ANUH cepuin.
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B npeanouytutensHOM npumepe JOMOMHUTENbHaA onepaums SHTPOMUNHONO KOAUPOBAHUSA
npegcraenser cobon  onepayumo  KogupoBaHust  XaddpmaHa unm onepayuro
apudpmeTuyeckoro koguposaHus. lNMpeanoytutenbHoO cnocob AOMOMHWMTENBHO BKMOYaET
npuMeHeHne onepauynm kogupoBaHus XaddmaHa Kk Habopy CUMBONOB ANS reHepauuun
JaHHbIX, 3aKOAMPOBaHHbIX KoaMpoBaHuem XaddmaHa, coaepxawmx Habop KoAOB,
npegcrasnawmx 0OanTOBbIN MNOTOK, 3aKOAMPOBAHHBLIA NO AnuHe cepuun. Onepayms
KkoaupoBaHma XadpmaHa NpPUHMMAET B KayeCTBE BXOAHbIX CUMBOMOB GanTOBLIA MOTOK,
3aKOAUPOBAHHBIN MO ANWHE CEPUU, N BbIBOAUT MHOXECTBO KOAOB NEPEeMEHHOW AMWHbI B
notoke 6GutoB. KopgupoBaHune Xaddpmana npegcraensier coboin cnocob KogupoBaHus,
KOTOPbIA MOXET 3hEeKTUBHO coKpawate Koabl UKCUPOBaAHHOM ANnuHbL. CTpykTypa
6anToB, 3aKOo4UPOBAHHbLIX MO ANUHE cepun, O3Ha4yaeT, YTO CUMBOMbI ABYX TUMOB C
©0nbLUON BEPOATHOCTBLIO ByAyT 4acTO pennuuMpoBaTbCA, a 3TO 03HAYaET, YTO ANA KAXKAOro
NOBTOPAIOLLErocs CMMBONa nNoTpebyeTca BCEro HeCkonbko 6UToB. 10 BCEN NNOCKOCTM OAHO
W TO Xe 3HayeHWe JAaHHbIX, BeposTHO, OyaeT pennuuMpoBaHO (0COBEHHO, Koraa
OCTaTOUYHbl€ AaHHble KBAHTOBAaHbl), W, CNejoBaTENbHO, KO MNEPEMEHHON ANMUHbI MOXET

ObITb HEGONbLUMM (HO NOBTOPSATLCS).

KoanpoBaHne XaddpmaHa Takke XOpoLo ONTMMU3NPOBAHO ANS NPOrpaMMHON peanusagum
(kak oxmaaeTcs 34ecb) N ABNSeTCH 3PDEKTUBHBIM C TOYKN 3pEeHUSA BblMUCNEHWA. [py 3TOM
NCnonb3yeTcs MUHUMAanNbHbLIN 06BEM NaMsaTK, a AEKOAMPOBaAHME BbINONHSAETCS ObicTpee no
CPaBHEHWIO C ApYruMyu Ccnocobamm SHTPOMUUHONO KOAMPOBAHMWSA, MOCKOMbKY 3Tanbl
06paboTku  NpeacTaBhsiOT  NPOCTOE  MOLAroBoe  MepeMelleHne no  Aepesy.
BbluncnutenbHble npenmyLiecTBa BO3HMKAOT uK3-3a GOopmbl M rMybuHbl AepeBa,

CO34,aHHOrO C MOMOLLBIO crneunanbHo paspaboTaHHOW onepaunm KOAUPOBAHUSA ANIUH CEPUIA.

Onepayun KOAMPOBaHWS MOTYT BbINOMHATLCS Haj rpynnon Ko3ULMNEHTOB, TO €CTb Ha
crnoe, Ha NMNOCKOCTU Kagpa, Ha YPOBHE KayecTBa UMM Ha BCEW NOBEPXHOCTU Unu kagpe. To
€CTb CTaTUCTVKa UMW napameTpbl Kaxaou onepaunu MoryT ObiTb OnpefeneHbl Ha OCHOBE
rpynnbl 3HAYEHWA [aHHbIX W HYMEBbIX 3HAYEHWUN [aHHbIX, KOTOPble AOMKHbI ObiTb

KoAanpoBaHbl, U1K CUMBONOB, NpeACTaBNALWNX 3TN 3HAYEHNA.

Onepauymsa kognpoBaHua XacddmaHa MOXET ObiTb KAHOHUYECKOWN onepaumnen KogupoBaHns
XadhdmaHa, Tak UTO faHHble, 3aKoAUpPOBaHHble XadhdMaHOM, cogepxaT ANUHY Koda Ans
Ka)kaoro yHUKanbHOro cMuMmBona n3 Habopa CMMBOSIOB, MPUYEM ANUHA Kofa NpPeAcTaBnseT
ANUHY  KOAA, WUCMONb3yeMoro Ans  KOAMPOBaHUST  COOTBETCTBYIOLLErO  CUMBOMA.
KaHoHuuyeckoe kogupoBaHue XadhdpmaHa cnocoOCTBYET YMEHbLUEHUIO KONMMYeCcTBa

napameTpoB KOAMPOBAHWS, KOTOPble HEOBX04MMO coobLLaTh MeXay KOAEPOM U L eKoepom
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B METaAaHHbIX, rapaHTUpys, YTO WAEHTUYHbIE ANUHBLI KOAA MPUKPENNSOTCA K CUMBONAM
nocnegosaTenbHbiM 006pasom. Kogoeas kHUra ans gekogepa MoxeT ObiTb BbiBEAEHA, U
HeobXxoaMMO OTMPaBUTb TOMbKO ANUHbI KOAOB. Takum 00pasoMm, KaHOHWYECKUNA Koaep
XaddmaHa ocobeHHO achbdekTuBEH AnNs HernyboKUX AepeBbeB, rae mmeeTcs Oonbluoe

KONMNYeCTBO pas3nnyHbIX 3HaUYEHW AaHHbIX.

B HekoTopbIX npumepax cnocob AOMNOMHWUTENLHO BKIOYAET CPaBHEHME pasmepa AaHHbIX
No MeHbLEN Mepe 4acTu GanToBOro MNOTOKA, 3aKOAMPOBAHHOrO MO ANUHE CEPU, C
pasmMepoM AaHHbIX MO MEHbLUEN Mepe YacTUu AaHHbIX, 3aKOAUPOBAaHHbIX MO XaddmaHy; 1
BblBOA 6alToBOro MOTOKA, 3aKOAMPOBAHHOIO MO  ANWHE CEPUA, UMM AaHHbIX,
3aKoANpOBaHHbIX No XadpdmaHy, B BbIXOAHOM OGUTOBOM MOTOKE Ha OCHOBE CpaBHEHWUS.
Taknm o6pa3om, Kaxabll GroK UNU Cekuus BXOAHbIX AaHHbIX BbIBOPOYHO OTNpaBnseTCH
ANS yMeHblleHns obOLero pasmepa AaHHblX, rapaHTupysd, 4YTO AEKOAEep MOXET nerko
pasnuyartb TWUnbl KOAUPOBaHWSA. PasHuMua MOXET HaxoAuTbCs B MNpejenax noporoeoro
3HaYeHUs UM JOMNycKa, Tak YTO, XOTA OfHa CXemMa MOXeT NPUBOAWUTE K MEHbLUeMy
KONMMYECTBY AaHHbIX, BblMUCNIUTENbHASA 3PPEKTUBHOCTD MOXET O3HaYaTb, YTO OfHA Cxema

ABnAeTCA n pe,D,HOHTMTeﬂbHOIZ.

YT0oObl pasnuyaTtb Cxembl, Cnocob MOXET AOMNONMHUTENBHO BKtoYaTe gobasneHue dnara K
MeTagaHHbIM KOHUrypaLumn, CONpPOBOXAAKLWMNM BbIXO4HOW NOTOK OUTOB, YKasblBaOLLErO,
npeacTaBnseT nu NoTok 6uToB GanToBbIA NOTOK, 3aKOAUPOBAHHbLIA MO ANUHE CEPUN, UNK
JaHHble, 3akogupoBaHHble no XaddmaHy. 3710 ObiCTpbii U 3PdDEKTMBHBIA CNocob
nepeaayn curHanoB. AnbTEPHATUBHO, AEKOAEP MOXET UAEHTUDULMPOBATE NCMOMb3yEMYHO
CXEMY W3 CTPYKTYpPbl AaHHbIX, HAaNpuMep, AaHHble, 3aKoanpoBaHHble No XaddmaHy, moryTt
UMETb 4acTb 3arofioBka M YacTb AaHHbIX, B TO BPEMS KaK AaHHble, 3aKOAUPOBaHHbIE MO
ANNHE Cepun, MOTYT CoaepXKaTb TOMbKO YacTb AaHHbIX, U, TAKUM 00pa3om, AEeKOAEP MOXET

YMETb pa3nnyatb ABe CXeMbl.

Onepauusa kogupoBaHus XaddmaHa MOXET co3paBaTb OTAENbHY Tabnuuy 4acTtoT Ans
C/MBOINOB MEPBOro TMna CMMBONA M CUMBOIOB BTOPOro Tuna cumeona. Kpome toro, ans
Kaxaoro Tuna CMMBONA MOXET TMPUMEHSATbCA OTAEenbHas onepayus KOAUPOBAHUS
XadpmanHa. 3Tn KoHUenumn cnocoBCTBYOT 0CO60IN IWPEKTUBHOCTU CXEMbI KOAUPOBaHUA
C NEepeMeHHOM ANWHON Koaa. Hanpumep, ecnn OAHO U TO Xe 3Ha4YeHue JaHHbIX
pennuumpyeTcs No MMOCKOCTU, KaK 3TO BEPOSATHO MPU KOAMPOBaHUM BUAEO, TAe CLEHAa
MOXET WMMETb MOXOXWe LUBEeTa WNU OWNOKU/YMydleHUs, ANs 3TUX 3HaAUYEHUN MOXeT
noTpeboBaTbCs TOMbKO HECKOMNbKO KOAOB (rAe KOAbl HE MCKaXKaloTCH U3-3a CMMBONa Tuna

«cepus Hynemn»). Takum oBpasom, 3TOT BapuaHT BOMMOWEHMA n3obpeTeHns OocoBeHHO
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BbIFOAEH ANS1 UCNONb30BAHUSA B COMETaHMM C BbILLEONUCAHHON onepaumeﬁ KoanpoBaHuda
ANWH cepvu7|. Kak oTMeyanoch Bbille, KOrga 3HAYEHUS KBaHTOBaHbl, CUMBOIbI MOryT ObITb
pennnyupoBaHbl U1 HE MOTYT ObiTb CNMULLKOM MHOMMMM pa3HbiMn 3HAYEHNAMU B OAHOM

Kagpe nnu rpynne ko3 PuLNeHTOB.

Mcnonb3oBaHne gpyron 4actoTHOW Tabnuupl NS KaX4oro Tuna cumeona obecneymsaeT
ocoboe npenmyLlecTBO B onepauum KogupoBaHua XaddmaHa nocne cneymanbHo

paspaboTaHHON onepaynMm KOAUPOBaHNUS ATNUH CEPUN.

Taknm obpasom, cnoco® MOXET BKMOUYaTb OnNpeaeneHne Tuna CMMBONA, KOTOPbIA AOMXKeEH
OblTb 3aKOANPOBaH Cneaylowmm, BblOop Tabnuupl 4acTOT Ha OCHOBE TWNa CNEeAyoLero
CYMBOMa, AEKOAMPOBAHUE CrejyioLero CUMBONAa C NCMONb30BaHNEM BbIOpaHHON Tabnuupbl
4YacToOT M BbIBOJ 3aKOAMPOBAHHOrO CMMBOMA B nocnejosaTtenbHocTu. Tabnuuya yacTtoT

MOXXET COOTBETCTBOBATb YHUKANbHOWN KOA0BOM KHUTE.

Cnoco6 MOXeT BkNOYaTb CO3J4aHME 3arorioBka MOTOKA, KOTOPbLIN MOXET copepXaTb
yKasaHne MHOXecCTBa ANWH Kkoja, TakK YTO AEKOAEP MOXET BbIBOAMTb ANUHbI Koda W
COOTBETCTBYOLME CUMBOIbI ANA onepaynm KaHOHWYEeCKoro AekoguposaHua XadpdmaHa.
OnvHa kopa moxeT ObiTb, Hanpumep, AMWHOMW KaXzoro koja, WCNonb3yemoro Ansd
KOaUpoOBaHMA  KOHKpeTHoro  cumeona. CnepoBaTenbHO, ANvMHA  Koja  UMmeeT
COOTBETCTBYHOLUMN KO4 W COOTBETCTBYHOLIMIA CMMBOM. 3aronoBOK NOTOKA MOXET ObITb
NnepBbIM TUMOM 3arofioBka MNOTOKA U AOMONMHUTENbHO COAEPXKaTb YKasaHMe CUMBONA,
CBSI3aHHOrO C COOTBETCTBYHOLLEN ANMMHOM KOAa M3 MHOXeCTBa ANUH Koja. B kauvectee
anbTepHaTNBbI 3arofIoBOK NOTOKa MOXET ObITb 3arofioBKOM NOTOKA BTOPOro Tuna, n cnocob
MOXET AONOMHUTENbHO BKNIOYATb YNOPSA0YMBAHNE MHOXECTBA AJIMH KOAOB B 3aronoBKe
MoToka Ha OCHOBE 3apaHee OnpeAeneHHOro nopsigka CMMBONOB, COOTBETCTBYHOLLNX
Kaxaon w3 ANUH Koja, Tak 4TO ANUHBI KoAa MOryT ObiTb accoyumMpoBaHbl C
COOTBETCTBYHOLMM CUMBONOM B gekogepe. Kaxabii Tun obecneunBaeT 3hEKTUBHYHO
cUrHanmnsauuio napameTpoB KOAUPOBaHMS B 3aBUCMMOCTU OT CUMBONOB U AJINH, KOTOPbIE
AOIXHbI ObITb AeKkoAUPOBaHbl. nuHbI Koga MOFyT CUrHanM3MpoBaTbCA Kak pasHuua mexay
ANMHON W APYron ANMHOW, NPEeAnoYTUTENbHO CUrHanNM3NPyeMon MWHUMAnNbHOW AJIMHON

koja.

BTopon Tvn 3aronoBka NOTOKa MOXET AOMNOMHUTENbHO coaepaTb dnar, yKkasbiBaloLumm,
yTO CMMBON B 3apaHee OnpeaerneHHOM MOpsiAke BO3MOXHOro Habopa CUMMBOMOB He
cyulecTByeT B Habope CMMBOMOB B GaliTOBOM MOTOKE, 3aKOAUPOBaHHOM MO ANUHE CEPUIA.

Takum 06pa3om, B 3arofioBKe AOMKHA COAEPXaTbCA TOMNbKO HeobXxoaMMas AnuHa.
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Cnocob MOXeT AOMONMHUTENbHO BKMOYATb CPaBHEHWE KOMMYECTBA YHWKaNbHbIX KOAOB B
AaHHbIX, 3aKoAMpPOBaHHbIX No XaddmaHy, C NOPOroBbiM 3HAYEHNEM U TFEHEPUPOBAHUNE
MepBOro TWMa 3arornoBka MOTOKA WNW BTOPOro TWNa 3aronoBka MOTOKA Ha OCHOBE

CpaBHEHMS.

Cnoco® MOXeT AONONHUTENBHO BKMOYATH CpaBHEHME Konn4yecrtesa HEHyneEBbIX CMMBOIIOB
mnn CMMBONOB JAaHHbIX C MNOPOroBblM 3HaYeHMEeM W reHepupoBaHme nNepBoro Tuna

3aronfioeka noToka nnum BTOpPOro Tina 3aronoBka NoToka Ha OCHOBE CpaBHEHUA.

B cooTBeTCTBUM C JONOMHUTENBbHBIM ACNEKTOM U30OPETEHUSS MOXET ObiTb NPesOCTaBneH
cnoco6 AEeKoAMPOBaHWA BWAEOCUrHaNa, npu 3TOM Crnocob BKMOYAET: W3BNEYEHUE
KOAMPOBAHHOrO NOTOKa OWTOB; AEKOAMPOBAHUE KOAUPOBAHHOrO OGWMTOBOro MoToka Ans
reHepupoOBaHUS OCTaTOYHbIX JaHHbIX, W, BOCCTAHOBIIEHWE OPUTMHANbLHOrO Kajpa
BUAEOCUrHaNa Ha OCHOBE OCTAaTOYHbIX AaHHBLIX U OMOPHOro BOCCTAHOBIIEHHOMO Kagpa, B
KOTOPOM 3Tan AEKOANPOBAHUS KOAWPOBAHHOIO GUTOBOrO NOTOKA COAEPXKUT: HAHECEHWNE MO
ANMHE NPOroHa onepaunn KOAUPOBaHWS, YTOObl reHepUpoBaTb OCTaTOYHbIE AAHHbIE, NMpU
3TOM onepauus KOAMPOBAHUS ANWH CEPUIA BKIOYAET MAEHTUdMKaLuo Habopa CUMBOIOB,
NPEACTaBnSAOWMX HeHyneBble 3HaYeHWs AaHHbIX OCTaTOYHbIX JAaHHblIX, W Habopa
CUMBOMOB, MNpPEeACTaBMAOWNX MNOACYETbl  MOCNEeAOBaTENbHbIX  HYNEBbIX  3HAYeHWN
OCTaTOYHbIX AaAHHbIX; aHanu3 Habopa CMMBOMOB ANS NOMYYEHUS HEHYNEeBbIX 3HAYEeHWN
AaHHbIX OCTaTOYHbIX AaHHbIX W MOACYETA MNOCNEAOBATENbHbIX HYMEBLIX 3HAYEHWN; W
reHepupoBaHME OCTATOYHbIX JaHHbIX Ha OCHOBE HEHYNEBbIX 3HAYEHUIA JaHHbIX U NOACYETHI

nocneaoBarenbHbIX HyNEBbIX 3HAY EHUI.

Onepaunsi KOAWPOBaHWS ANWH CEPUA MOXET COAepXkaTb: UAEHTUMDMKALMID CUMBOMOB
MEPBOro TUMa CUMBOMA, NMPEACTABMSIOWErO HEHYNEBbIE 3HAYEHUA JaHHBIX OCTaTOYHbIX
AaHHbIX; NAEHTUDVKALMIO CUMBOOB BTOPOrO TUNa CUMBONA, NPEACTaBMSIOWMX NogCUeTb
nocrnezoBaTeNbHbIX HYMEBbIX 3HAYEHUI, Tak YTO MOCMNEAOBATENBHOCTb CUMBOMOB PasHbIX
TUMNOB AEKOAWPYETCS AN TEHEepMpOBAaHUA OCTaTOUYHbIX AaHHbIX, M aHanu3 Habopa

CMMBOIIOB COrmMacHO COOTBETCTBYOLLEMY TUMY KaXXA40ro cumeona.

Onepauus KOAWPOBAHUS AMWH CEPUA MOXET COoAepxaTb WAEHTUMDUKALMIO CUMBOMOB
nepBoro Tuna CUMBOMNAa U CUMBOMOB TPETLErO TUNa CUMBOMA, NMPUYEM KAXKAbIN NEPBLIN 1
TPETUI TUMbI CUMBONA NPEACTaBMSAT YaCTb 3HAYEHUS AaHHbIX; CUHTAKCUYECKUA aHanu3

cuMBOna nepBoro Tuna cumeona M CMMBONa TpPETbEero Tuna cumMBona And nonyyeHua
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yacTell 3HauYeHus AaHHbIX; U OObeAUHEHWE MPOU3BOAHBIX YaCTEN 3HAYEHUS AaHHBbIX B

3Ha4vYeHne aaHHbIX.

Cnoco6 moxeTt AONONMHNTENBHO BKNOYATb: U3BNEeYeHne cpnara nepenonHeHna n3 cmmeona
nepBoOro Tuna CMMBONa, ykasbiBalOWero, CoaAepXnUTca nm 4actb 3Ha4Y€HUA AaHHbIX CMMBONa

nepBoro Tuna CMMBosa B nocneaylowem TpeTbeM TUNE CMMBONA.

Cnoco6 MOXeT AOMOMHUTENbHO BKMKOYATb WU3BMeuyeHne dhnara K3 KaKAoro CUMBONA,

yKasblBaKOLErO CreAYOLWNA TUN CUMBONA, KOTOPbIA OXuaaeTcs B Habope CUMBONOB.

MoxHo npeanonoXnTb, 4YTO HayanbHbIA CUMBON SIBMSIETCA CMMBOIIOM nepBoro Tuna, Tak
UYTO HayanbHbIA CUMMBON aHanmanpyeTca Ana nonydyeHma no MEHbLUEN mMepe 4actu

3Ha4vYeHNA AaHHbIX.

3Tan AeKoAMpOBaHMS 3aKOAUPOBAHHOrO MoToKka OWTOB MOXET BKMYaTb MNPUMEHEHWe
onepauyun koamnpoBaHus XaddmaHa K 3aKogUPOBaHHOMY NOTOKY OWMTOB AN reHepauun
Habopa CMMBOMOB, NPEACTABNSAOWMX HEHYNEBbIE 3HAYEHNS JaHHbIX OCTATOUHbIX AaHHBbIX,
1 Habopa CMMBONOB, NPEACTaBNAIOWMX NOACUETHI NOCMNEeAOBATENbHbIX HYNEBbIX 3HAYEHWU
OCTaTOUHbIX AaAHHbIX, MPX 3TOM 3Tan NPUMEHEHUSA onepaunn KOLUPOBaHNUA ANWH Cepuin ANs

reHepaynm oCtaTouHbIX AaHHbIX BbINONMHAETCA Ha4 Ha6opa|v|V| CMMBONOB.

Onepauus kognpoBaHusa XacddmaHa MOXET ObITb KAHOHUYECKOWN onepaunen KogmpoBaHns
XaddmaHa.

Cnoco® MOXEeT AOMONHUTENbHO BKMOYATb U3BMevyeHMe dnara uU3 MeTagaHHbIX
KOHchUrypaumm, CONPOBOXAAOWMNX 3aKOAUPOBAHHBIN MOTOK OUTOB, YyKasbiBaMOLLErO,
COLEPXKUT NN 3aKOANPOBAHHBLIA NOTOK GUTOB GaNTOBLIN NOTOK, 3aKOAUPOBAaHHbIN MO ANNHE
cepun, WNN faHHble, 3akoaupoBaHHble no XaddmaHy; N BbIGOPOYHOE NPUMEHEHME

onepayun KogmposaHns XaddpmaHa Ha ocHoBe dhnara.

Cnoco6 MOXEeT AOMOMHUTENbHO BKMHOYATh: UAEHTUDUKALUMIO CUMBONA HadanbHOro Tuna,
KOTOPbINA, KaK oxuaaeTtcs, byaeT BoiBeAEH B KOLUPOBAHHOM NOTOKE GUTOB; MPUMEHEHWE
onepaynn KoguposaHua XaddmaHa K 3aKogupOBaHHOMY NOTOKY BGUTOB ANS MOMy4YeHus
HauyanbHOr0 CUMBONA Ha OCHOBe Habopa napamMeTpoB KOAMPOBAHUSA, CBS3AHHbIX C
HauyanbHbIM TUMOM OXWAAEMOro CUMBONA; U3BMeYeHue dnara M3 HayanbHOro CUMBONA,
YKa3blBalOLWEro Cneayowmuini TMNn CUMBONA, KOTOPLIN, Kak oxugaeTcs, OyaeT nonyyeH us

noTtoka OWUTOB; 1, KPOME TOro, NPUMEHEHNE onepaunn kogupoaHma XaddmaHa K NOTOKY
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OUTOB ANA MOMyYeHWUs MOCMNEAYIOLero cuMBONMa Ha OCHoBe Habopa napameTpoB
KOAVPOBAHWS, CBSI3aHHbIX C MOCMEAYyOWMM TUMNOM CUMBOMA, KOTOPbIA, Kak OXWAAeTcs,

OyneT nonyyeH 13 notoka 6uToB..

Cnoco® moxeT AONONMHUTENBHO BKNKOYaTb UTEPaTUBHOE U3BNEYEHUE cpnara n3
LEKOANPOBAHHOIO CUMBOMA, YKasblBaOLWEro CreAylWwuin TUN CUMBONA, KOTOPBIN, Kak
oxuaaeTtcs, OyLeT MOnyyeH M3 NOToka OUTOB, U MPUMEHEHWE onepauun KOAUPOBAHUS
XaddmaHa Kk noToky GUTOB ANS NONYYEHUS CNEeayloLero CUMBOMa Ha OCHOBE Habopa
napameTpoB KOAMPOBAHWS, CBA3aHHbIX C MOCMNEAYHOWMM TUNOM CUMBOMA, KOTOPbIA, Kak

oxunpaetcs, OyaeT nonyyeH us notoka GuTos.

Taknm obpasom, cnoco6 MOXET BKMYaTb 3Tanbl AEKOAUPOBAHWS CUMMBONa C
ncnonb3oBaHMeM onepayuu koaumposaHna XaddmaHa, JekogupoBaHWs CcumBona C
NCMONb30BaHNEM onepauun KOAUPOBAHUSA ANWH CEpui, MAeHTUdDMKaLUMM Tuna CUMBONA,
OXUAAEMOro CrneaylwmM u3 onepauvMm KOAMPOBaHUS ANWH CEepuin, U LEKOAUNPOBAHUS

creayroLwero CMMBona ¢ NCNonb30BaHMEM onepauynm KoguposaHus XaddmaHa.

Cnoco6 MOXeT AOMOMHWUTENbHO BKMOYaTb: U3BNEYEHNE 3arofioBka NOTOKa, coaepallero
yKasaHne MHOXeCTBa ANWH KOoAa, KOTOpble AOMKHbl WCMOMb30BaTbCA ANA onepauuun
KaHOHNYECKOro kogupoBaHus XadmaHa, accouumpoBaHMEe Kaxaon ANUHbI kojga C
COOTBETCTBYIOLLMM CMMBONIOM B COOTBETCTBMM C KAHOHWMYECKON onepauuein KOAMPOBaHUS
XaddmaHa; 1 ngeHTuduKaymo Koga, CBA3aHHOMO C KaxabiM CMMBOJIOM, Ha OCHOBE AMWH
Koja B COOTBETCTBMM C KAHOHUYECKOW onepauuen koampoBaHusa XaddmaHa. Takum
obpas3om, Kogbl MOryT ObiTb CBsidaHbl C MOCNeAOBaTENbHbIMA CMMBOMNAMW, ANWHbI KOAa

KOTOPbIX NAEHTUYHbI.

3aronoBoOK NOTOKa MOXET COAEPXKaTb YKkasaHWe CUMBONA, CBA3aHHOTO C COOTBETCTBYHOLLEN
ANWHON KOAa W3 MHOXECTBa AMWH Koja, W 3Tan CBA3bIBAHWA KaXAoW ANUHBbI Koja C
CVYMBOMOM BKMHOYAET CBA3bIBAHUE KaXKAO0WN ANMHbI KOAA C COOTBETCTBYIOLUMM CUMBOMOM B

3aronoBKe NOTOKa.

OTan CcBA3blBaHWSA KaxAoW ANWHbI KOAa C COOTBETCTBYIOLIMM CUMBONIOM BKMHOYAET
CBsI3blBaHWE KaXAoN ANuWHbI KOAa C CUMBOMOM K3 Habopa 3apaHee onpejeneHHbIX

CMMBOJTIOB B COOTBETCTBUN C NOPAAKOM, B KOTOPOM Oblna nsBneyvexHa Kaxgasa agnnHa koja.
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Cnoco6 MOXeT JOoMOMnHUTENBHO COAepXaTh He CBA3bIBAHME CUMBONa M3 Habopa 3apaHee
onpejeneHHbIX CUMBOMOB C COOTBETCTBYIOLLEN ANWHON KoAa, rae dnar 3aronoBKa NoToka

yKasblBaeT, YTO ANNHA KOoAa He CyLLEeCTBYET B 3arofioBKe NoToKa And 3TOro cumBona.

CornacHo acnekty n3obpeTeHus nNpeAoCTaBnsieTCs cnocob KOAWPOBAHWSA BUAEOCUrHana.
Cnoco® BknouYaeT: nonyvyeHue BXOAHOro kagpa; obpaboTky BXOAHOro kajgpa Ans
reHepayum OCTaTOUYHbIX faHHbIX, OCTATOYHble JaHHble, MO03BONSAWME [AEKOAepY
BOCCTAHOBWUTb BXOAHOW Kajp W3 OMOPHOIO BOCCTAHOBMNEHHOrO Kagpa; M MpUMEHEHWe
onepauyun koampoBaHus XadpdpmaHa K OCTaTOYHbIM AaHHbIM, NPU 3TOM onepauyusd
XaddmaHa coaepXnUT reHepupoBaHue KOAUPOBAHHOrO GUTOBOrO MOTOKA, COAEPXKAaLLEero

Habop Ko4OB, KOAUPYIOLUX HABOP CUMBOMOB, NPEACTABMNAIOLWMX OCTATOYHbIE AaHHbIE.

CornacHo [ONOMHUTENbHOMY acnekty usobpeTteHns moxeT OblTb npeaocTaBneH crnocob
JeKoaupoBaHWA  BugeocurHana, npu  3TOM  cnoco®  BKNIOYaeT:  U3BMeYeHue
3aKOANPOBAHHOrO MOTOKa BUTOB; AEKOAMPOBAHUE KOAUPOBAHHOrO OWTOBOro noToka Ans
reHepmnpoBaHna OCTaTOUYHbIX AaHHbIX, n BOCCTaHOBIEHNE OPUTMHANbHOrIO Kagpa
Bungeocurdana m3 ocCctaToYHbiX AaHHbIX U 0I'IOprII7I BOCCTaHOBIEHHbIN Kaap, B KOTOpPOM
aTan AeKoANPOBAHUSA KOANPOBAHHOrO GMTOBOrO MOTOKA COAEPXKMUT: NPUMEHEHNE onepaummn
koaupoBaHuA XaddmMaHa gna reHepupoBaHNA OCTaTOYHbIX AaHHbIX, OTMMYAIOLWEEC TEM,
yTO onepauus kogupoBaHWs XaddmaHa BKMOYAET reHepupoBaHue Habopa CUMMBOMOB,
NpeAcTaBnsAlWNX OCTATOYHbIE JaHHble NyTEeM CpPaBHEHWS KOAMPOBAHHOTO GUTOBOrO
NMOTOKa C OMOPHbIM OTOOpPaXKEHMEM KOAOB B COOTBETCTBYIOLLEM CUMBOIE, reHEPUPOBaHNE
OCTaTO4HbIX AaHHbIX HAa OCHOBE 3Ha4YeHun AaHHbIX, OTNU4YaKwLWnxca OT HyndA, U NoACYET

nocneaoBarenbHbIX HyNEBbIX 3HAY EHUI.

CornacHo AOMOMHUTENbHOMY acnekTy MOXeT ObiTb NpeAoCTaBneHO YCTPOMCTBO ANS
KoaupoBaHus Habopa faHHbIX B KOAUPOBAHHbIN HAOOP AaHHbLIX. YCTPOWNCTBO BbINOMHEHO C
BO3MOXHOCTbIO KOAWUPOBaHMA BXOAHOro BUMAEO B COOTBETCTBMU C BbllUeyKa3aHHbIMU
3Tanamu. YCTPOWUCTBO MOXET COAep)aTb MPOLECCOP, BLIMNOMHEHHbIN C BO3MOXHOCTbIO

BbINONHEeHUs cnocoba B COOTBETCTBUM C NOGLIM 13 BblLLUEyKa3aHHbIX aCNeKTOoB.

CornacHo JOMOMHUTENbHOMY acnekTy MOXeT OblTb NPEAOCTaBMNEHO YCTPOUCTBO AnNs
AeKoAMpOBaHUS Habopa AaHHbIX B BOCCTAaHOBMEHHOE BUAEO M3 Habopa AaHHbIX.
YCTPOWCTBO BbLINOMHEHO C BO3MOXHOCTbIO AEKOAMPOBAHUS BbIXOAHOMO BUAEO B
COOTBETCTBMM C BbILIEYKA3AHHbIMK 3Tanamu. YCTPOMUCTBO MOXET CoAepaTb MpOLECCop,
BbINOMHEHHbIN C BO3MOXHOCTbKO BbIMOMHEHUS cnocoba B COOTBETCTBUM C MOObIM 13

BbILUEYNOMAHYTbIX aCNEKTOB.
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Takke MoryT 6bITb NPeAOCTaBnNeHbI KOAEP U AEKOAEP.

CornacHo JOMOMNHUTENbHBIM acnekTam VI306peTeHVIFI MOoryT ObITb npeaocraBneHbl

MalMHOYUTaEMbI€ HOCUTENW, KOTOPbIE MNPWM WUCNONHEHUM NpoUECCOpPOM 3acCTaBnAlT

MPoOLECCOpP BbLINOMHATL NGO M3 CNOCOGOB B COOTBETCTBUW C  BbILEYNOMSHYTHIMU

acnekramu.

NnoaPOBHOE ONMUCAHME USOBPETEHUA

Mprmepbl cucTem n cnocoboB B COOTBETCTBUMN C U3oBpeTeHnem Tenepb OyayT onmcaHbl CO

CCbINKOW Ha npunaraemble YepTexu, Ha KOTOPbIX:

Ha dur. 1 NpounNnICTPUMPOBaHa BbICOKOYPOBHEBASA CxemMa NpoLecca KOANPOBaHUS;
Ha  dur.2  npounnlCTpUpoBaHa  BbICOKOYPOBHEBas  CxemMa  npouecca
LEKOANPOBAHUS;

Ha ®ur. 3 nponnnCTPUpPOBaHa BbICOKOYPOBHEBAS CXema npoLecca reHepupoBaHns
OCTaTOYHbIX JaHHbIX;

Ha  owr. 4 NPOUNNIOCTPUPOBaAHA BbICOKOYPOBHEBAS cxema npouecca
reHepupoBaHNs AOMNOMNHUTEMbHBIX OCTATOYHbIX JAaHHbIX C APYrUM  YPOBHEM
KaJecTBa;

Ha  ®ur.5 npounnCTpMpoBaHa  BbICOKOYPOBHEBAs  CxemMa  npouecca
BOCCTAHOBMNEHUSA Kagpa U3 OCTaTOYHbIX AaHHbIX;

Ha dur. 6 NpoMNNICTPMPOBaHa nepapxmyeckas CTPyKTypa gaHHbIX;

Ha dur. 7 npounnocTpupoBaHa AOMNOJNHUTENbHAA UKepapxuyeckass CTpyKTypa
JaHHbIX;

Ha dur. 8 npounnCTPUPOBAH NPUMEpP npoLecca KOANPOBaAHUS;

Ha dur. 9 NpounnCTPUPOBAH NPUMEpP NpoLecca 4eKogUPOBaHNS;

Ha dur. 10 npounnCTpUpOBaHa CTPYKTypa NEPBOro CUMBONA 4aHHbIX;

Ha dur. 11 npounnCTpUpoBaHa CTPYKTypa BTOPOro CUMBONA faHHbIX;

Ha dur. 12 npounnioCTpupoBaHa CTPyKTypa CMMBOSIa 3anycka;

Ha dur. 13 npounnCTpUpoBaHa CTPYKTypa 3arofioBka NnepBoro NoTokKa;

Ha dur. 14 npounnCTpUpPOBaHa CTPYKTypa 3aronoBka BTOPOro NoToKa;

Ha dur. 15 npounniocTpupoBaHa CTPYKTypa 3arofioBka TPETbEro NOTOKA;

Ha dur. 16 npounnCTpUpOBaHa CTPYKTypa 3arosioBka YETBEPTOro NoOTOKa,;

Ha dur. 17A-17E nponnntoctpupoBaHbl gepesbs XaddmaHa un

Ha dur. 18 NPoNNNICTPUPOBAH KOHEYHbIA aBTOMAaT KOAMPOBAHNUS 4JIUH CEPUNA.
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HacTosiwee wusobpeTeHne cooTHocuTca co crnocobamn. B vacTHocTu, HacTosuiee
n306peTeHNE CBA3AHO CO cnocobammn KOANPOBAHUS U AEKOAUPOBAHMSA curHanos. Cnocobbl
06paboTkM JaHHbIX MOTYT BKIOYaTb, MOMMUMO MPOYEro, MOMyyYeHUE, U3BMEYEHNE, BbIBOJ,

npuem n BOCCTaHOBMNEHNE L aHHbIX.

PaccmatpuBaemas B 3TOM [OKYMEHTE TEXHOMNOMMA KOAUPOBAHWSA SBRAETCA MOKUM,
ajanTUpyeMbiM, BbICOKOI(P(PEKTUBHBIM W HEAOPOTUM B BbIMUCAUTENBHOM OTHOLLEHUM
hOpMaTOM KOAMPOBaHWS, KOTOpbI covyeTaeT B cebe dopmaT KoAMPOBaHMSA BUAEO,
6asoBbll Kogek (Hanpumep, AVC, HEVC nnn ntoGoi Apyron cylecTByowmin unu oyaywmin
KOAEK) C YPOBHEM pacCLUMPEHUss KOAUPOBAHHbIX JaHHbIX, 3aKOAUPOBAHHBLIX C

NCNONb30BaHNEM APYrnuxX TEXHOMOMMNA.

MprUMeHsieMas TEXHONOIMMSA UCMONb3YET UCXOAHbINA CUrHANM C NOHWKEHHOW AUCKpeTusaymnen,
3aKOAMPOBaAHHBI C MOMOLLbI0 6a30BOro Kogeka, Ansa opmupoBaHus 6a3oBOro MoToka.
PacwumpeHHbin  noTok  chopMUpyeTCs C  UCMONb3OBaHMEM KoguposaHHoro Habopa
OCTaTOYHbIX AaHHbIX, KOTOpble WCMPaBASAT Unu ynydwatroT 6a30Bbii MNOTOK, Hanpumep,
nyTeMm YBEMNUUYEHWNS paspeLLeHns WM yBEMWYEHMS 4acTOTbl kagpoB. B mepapxmnueckon
CTPYKTYPE MOXET OblTb HECKOMNbKO YPOBHEN PaCLUMPEHHBIX AaHHbIX. CTOUT OTMETUTb, UYTO
0BbluHO OxuaaeTcs, uto 6a30BbIN NOTOK ByAET 4EKOAVMPYEMBIM annapaTHbIM AEKOAEPOM, B
TO BpPEMS KaK OXWAAEeTCs, YTO NOTOK paclumpeHus BypeT noaxoaAuTb AN peanunsayuun

nporpammMHon o6paboTKn C NOAXOASALLMM NOTPeONEHNEM SHEPTUN.

Heobxoanmbl cnocobbl Uu cuctembl Ans  3pdekTMBHON nepefayn Uu  XpaHeHus

pacLMpeHHON 3aKkoAnpoBaHHONW nHOpMaLni.

BaxHo, uToObl ntobas onepayus 3HTPOMUIAHOTO KOAMPOBAHWUS, UCMONb3yemasi B HOBOW
TEXHOMNOTMN KOAMPOBaHWSA, Obina ajanTupoBaHa K KOHKPETHbIM TpeboBaHuMsM unu
OrpaHNYEHUsIM MOTOKA PaCLUMPEHNS U MMENa HU3KYK CMOXHOCTb. Takue TpeboBaHus nunm
orpaHMyeHust BKkNo4alT B cebsA:  noTeHUuarnbHOEe  CHMXKEHME  BblYMCNUTENbHBLIX
BO3MOXHOCTEN B pesynbTaTe HeobXxofMMOCTU NPOrpaMMHOro AeKOAUPOBAHUSA MOTOKA
pacwmnpenns; HeobxoaMMOCTb KOMOWHUPOBAHUA [EKOANPOBAHHOIO Habopa OCTaTOYHbIX
JaHHbIX C JEeKOANPOBaHHbIM KajpoM; BEPOATHAA CTPYKTypa OCTaTOUYHbIX JaHHbIX, TO €CTb
OTHOCUTENbHO BbICOKAs AONS HYMEBbIX 3HAYEHUA C CUMBHO U3MEHYMBBLIMU 3HAYEHUSMU
JaHHbIX B 6ONMbWIOM  JuanasoHe;, HIAHCbl  BXOAHOrO  KBaHTOBaHHoro 6rnoka
KO3hPULMEHTOB; 1 CTPYKTypa NOTOKa pacluMpeHuns, koTopas npeacrtaBnsieT cobon HaGop

LNCKPETHbIX OCTaTOYHbIX KaApoB, pasAeneHHbIX Ha MMOCKOCTU, Cnou U T.M. SHTPONUINHOE
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KogunpoBaHune Takke AO/MKHO NoAXoAUTb ANA MHOXEeCTBa ypOBHeVI pacwmnpeHmna B NOTOKe

pacLpeHuns.

NccnepoBaHue, npoBegeHHoOe M300peTaTensmu, YyCTaHOBWUMNO, YTO COBPEMEHHbIE CXEMb
3HTpOI‘IVIl7IHOFO KoaunpoBaHunda, ncnonb3yemble B BUAEO, TaKME KaK KOHTEKCTHO-3aBUCUMOE
agantueHoe paBounyHoe apudmetudeckoe koguposaHme (CABAC) wnm  KOHTEKCTHO-
aganTuBHOE KoOAMpOBaHWE C nepemeHHon anvHon cnoea (CAVLC), Bpaag nun OyayT
NOAXOAAWMMU. Hanpymep, MexaHu3Mbl NPOrHO3MPOBAHWUSA MOTYT ObITb HEHYXXHbIMW UMK
MOryT He JaBaTb AOCTATOYHbIX MNPEUMYLLECTB, 4YTOObl  KOMMEHCUPOBATb  UX
BbIUNCITUTENbHYIO HAarpysKy, YuYuTbiBas CTPYKTYpPY BXOAHbIX faHHbiXx. bonee Toro,
apudMeTMUECKOE KOAUPOBaHMeE, kak npaBuno, TpebyeT 6oMnbLUNX BbIYMUCIIUTENbHbBIX 3aTpar,

N peann3aynsi COOTBETCTBYIOLLErO NPOrPamMmMHOro 06ecneyeHuns 3a4acTyio HexenaTenbHa.

O6parnTe BHUMaHWE, YTO OrpaHWYEHUs), HANOXeHHbIE Ha MOTOK PaCLUMPEHUS, O3HAYaloT,
4yTO npocTas u ObicTpas onepauyust SHTPOMUMHOIO KOAUPOBAHWUS BadkHa ANS TOro, ytoodbl
MOTOK paclmMpeHns Mor 3¢hhEKTUBHO KOPPEKTMPOBATL MMM yNydlaTb OTAENbHbIE Kaapbl
©a30BOro aekogunpoBaHHoro suaeo. O6GpaTuTe BHMMaHMe, YTO B HEKOTOPbIX CLEHapusx
©a30Bbll MOTOK TaKkKe AEKOAUPYETCA NPaKTUYECKN O4HOBPEMEHHO nepes obbeauHeHuem,

UTO CO34aeT Harpysky Ha pecypchi.

HacToswmn AOKYMEHT npeinouTUTENbHO COOTBETCTBYET TPebOBaHUSM CnejyoLwmx
aokymeHToB ISO/IEC: “Call for Proposals for Low Complexity Video Coding Enhancements”
ISO/IEC JTC1/SC29/WG11 N17944, Makao, Kutan, okt. 2018 n “Requirements for Low
Complexity Video Coding Enhancements” ISO/IEC JTC1/SC29/WG11 N18098, Makao,
Kutan, okr. 2018. Bonee TOro, onucaHHble 3aeCb MNOAXOAbl MOryT ObiTb BKMOYEHbI B

npoaykrel PERSEUS®, nocraBnsemblie komnaHmen V-Nova International Ltd.

O6Lwas cTpykTypa npeanaraeMoin CXembl KOAUPOBAaHMUS, B KOTOPOW MOTYT OblTb NPUMEHEHbI
ONnCaHHble B 3TOM JOKYMEHTE Crocobbl, MCMOMNb3YET UCXOAHbIA CUTHAM C MOHWKEHHOW
AUCKpeTUsaumnen, 3akogupoBaHHbIA C MOMOLLbD §a3oBOro kKogeka, Ao0aBnseT NepBbin
YPOBEHb AaHHbIX KOPPEKUMM K JEKOAMPOBAHHOMY BbIXO4HOMY curHany 6a3oBOro kogeka
ANS reHepayum CKOPPeKTUPOBAHHOTO N3obpaxkeHns, a 3aTem Ao06aBnseT f4ONonNHUTENbHbIN
YPOBEHb [AaHHbIX paclMpPeHUs K BEepCUM CKOPPEKTUPOBAHHOINO U300paxeHns ¢

NOBbILLIEHHOW AUCKpeTU3aUmne.

Taknm oOpa3omM, MOTOKM paccmaTpuBaloTCs Kak 0asoBbli MOTOK M MOTOK paclMpeHust.

Ctout OTMEeTUTb, YTO OObIMHO OXmpaetcs, 4yTo O6a30Bbli NOTOK OyAeT AEeKOAUPOBaTbCH
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annapaTtHblM 4eKOAEepPOM, B TO BPEMS Kak OXMAAETCA, YTO MOTOK paclmpeHus byaeT
noagxoante  AnNs peanusauum nporpamMmHoin obpaboTkon C  NoAXoASLNM

3HepronoTpebneHnem.

3Ta CTpyKTypa co3jaeT MHOXECTBO CTeneHen cBoboabl, KOTopble o6ecneunBatoT 60MbLUYHO
rMOKOCTb MU aaanTUPYEemMoCTb KO MHOMMM CUTyaumsm, 4To genaer cpopmar KogmpoBaHus
NOAXOAALMM ANS MHOMMX CriydaeB MCMonb3oBaHuA, Bknwyas nepegady Over-The-Top

(OTT), npamyto TpaHcnsayuto, npsamyto TpaHcensaumo Ultra High Definition (UHD) n 1.n.

XoTa AeKoAMpPOBaHHbIA BbiBOA 6a30BOro kogeka He npegHasHauvyeH Ans NPocMoTpa, 3TO
MONMHOCTbIO 4EKOANPOBAHHOE BUAEO C Oornee HU3KUM paspelleHnMeM, YTO AenaeT BbiBOA
COBMECTUMbIM C CYLLECTBYIOLLMMN AEKOAEPAMUN U, T4E 3TO CUNTAETCH NOAXOAALLMNM, TaAKKE

MOXET UCNONb30BaTbCHA B KAYECTBE BbIBOAA C 60nee HU3KMM paspeLeHnem.

B obuwem cnyyae ocTaTouHble AaHHbIE OTHOCATCS K pasHULE MeXay 3HauYeHMEM OMOPHOro
MacCuBa WNN OMOPHOro Kagpa U hakTUYECKUM MaCCUBOM WU Kagpom AaHHbix. Crnegyet
OTMETUTb, 4YTO STOT OOOOLUEHHBLIA NPUMEP He 3aBUCUT OT BbINOMHSAEMbIX oOnepayuin
KOAMPOBAHWA U XapakTepa BXOAHOro curHana. Ccbinka Ha «OCTaToOuYHble AaHHble», B
KOHTEKCTE JaHHOro JOKYMEHTa, OTHOCUTCS K AaHHbIM, MOMyYeHHbIM 13 Habopa OCTaTOUHbIX
JaHHbIX, Hanpumep Habop cammx OCTaTOYHbIX AAHHbIX UMW pe3ynbTaT Habopa onepauuin

06paboTKM AaHHbIX, KOTOPbIE BbINOMHAKTCS Haj HaboOPOM OCTaTOUHbIX AAHHbIX.

B HekoTopbiX npuMepax, MpPeACTaBMEHHbIX B AaHHOM ONUCaHUW, PsAf KOAUPOBAHHbIX
MOTOKOB MOXeT OblTb CreHepupoBaH W HEe3aBWCMMO OTNpaBneH Aekogepy. To ecTb B
npumepax cnocoboB KOAMPOBAHWUSA CUrHama curHan MoxeT ObiTb 3akoAupoBaH C
NCNonb30BaHMEM NO MEHbLUEN Mepe ABYX YPOBHEW koaumpoBaHus. [lepBbil ypOBEHb
KOAVPOBAHNSA MOXET BbIMOMHATLCA C UCNONb30BAHMEM NEPBOrO anroputmMa KogupoBaHus,
a BTOPON YpPOBEHb MOXET ObiTb KOAMPOBAH C WUCMNOMb30BaHMEM BTOPOro anroputMma
koaupoBaHus. Cnocob MOXET BKItOUYATb: MOMyYeHUe NEPBO YacT BUTOBOro NOTOKa NyTeM
KOAVPOBAHMWS NMEPBOro YPOBHSA CUrHana; nonyvyeHne BTOPON Yactu BUTOBOro notoka nyrem
KOANPOBaHWA BTOPOro YPOBHSA CUrHana; n nepegadvy nepBon 4actu notoka GUTOB U BTOPON

yacTu notoka 6anToB Kak ABYX HE3ABUCUMbIX NOTOKOB OUTOB.

CnepyeT OTMETUTb, YTO METOL 3JHTPOMUAHOIO KOAUPOBAHWUS, MpegnaraemMbll B AaHHOM
LOKYMEHTE, He OorpaHu4nBaeTcs MHOXeCTBOM LOQ, mpounmocTpupoBaHHbIX Ha durypax,
HO of6ecneymBaeT MOMNE3HOCTb MOOLIX OCTATOYHBIX AaHHbIX, WCMONb3yeMbiX Ans

obecneyeHus pacwmpeHna umnnm  ucnpaeneHna Kagpa BUAEO, BOCCTAaHOBNEHHOro wu3
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KOAWPOBAHHOIO NOTOKA, 3aKOAWPOBAHHOIO C WCMOMb3OBAHWEM YCTapeEBLUEN TEXHOMOrMu
KogaupoBaHusa Buaeo, Takon kak HEVC. Hanpumep, nonesHocTb MeToa KOAUPOBAHUS Mpu

KOAMNPOBaHMM OCTaTOUYHbIX AaHHbIX pa3nnyHbix LoQ ocoGeHHO BbIrogHa.

Otmetm, uyTo0 Ha Qur. 1-5, npounnIOCTPUPOBaHbl NPUMEPbI  KOAUPOBAHUA 1
LEeKOANPOBaHNSA CXEM, B KOTOPbIX METOAblI SHTPOMNMUNHOIO KOAUPOBAHMUSA, MPEACTaBNEHHbIE B
JaHHOM JOKYMeHTe, MoryT obecneuntb NOne3HOCTb, HO OyAeT MNOHATHO, YTO METOoA

KoAnpoBaHNA MOXeET 00bIYHO UCNONb30BAaTLCA ANS KoaunpoBaHMA OCTaTOUYHbIX AaHHbIX.

HekoTopble npymepbl, NPeACTaBMNEHHbIE B JAHHOM OMUCAHMKN, OTHOCATCS K 0600LLeHHOMY
npoueccy KOAMPOBaHWS W AEKOAWPOBAaHUS, KOTOpbI obecneumBaeT UepapxXMYECKYLO,
MacliTabmpyemyto rmbkyto TEXHOMOrM KogupoBaHus. lNepBas yacTb noToka GUTOB unu
NnepBbll HE3aBUCUMbIN NOTOK OWTOB MOryT ObiTb AEKOAMPOBaHbI C WCMONb3OBaHUEM
nepBoOro anroputMa AeKOAMPOBaAHWSA, a BTOpas 4acTb MOToka 6WTOB unuM BTOpPOro nubo
HE3aBUCUMOro MoToka OGMTOB MOXeT ObiTb AEKOAMPOBaHa C MCNONb3OBaHMEM BTOPOro
anroputma gexkoanpoBanus. MNepBblii anropuTm AeKOAUPOBAHUSA MOXET BbiTb AeKOANPOBaH

TPaANLMOHHBIM JEKOEPOM C UCTONb30BaHUEM YCTapeBLLEro 060py0BaHuS.

Bo3Bpawjasch k Ha4YanbHOMyY NpoLeccy, ONMcCaHHOMY Bbile n obecneumsatowiemy 6asoBbin
MOTOK 1 Ba YPOBHS paclUMpPEeHns B NOTOKE paclUMpeHus, npumep npouecca 0600LWeHHOro
KOANPOBaHMSA NnokasaH Ha Bnok-cxeme, NPOUNMOCTPUpoBaHHon Ha dur. 1. BxogHoe BMAEO
C nonHbiMm paspeweHnem 100 obpabatbiBaeTcsa AN TEHEPUPOBaHMS  PasfmUYHbIX
KogupoBaHHbix notokoB 101, 102, 103. MepBbll KOAUPOBAHHbLIN MOTOK (KOAUPOBAHHbIN
©a30Bbl1 NOTOK) Co3gaeTca nyTem nogadmn B 6a3oBbin kogek (Hanpumep, AVC, HEVC unn
nobon Apyron KOAEK) BEpPCUM BXOLHOrO BUAEO C MOHWKEHHOW AuckpeTmsauymnen.
KoanpoBaHHbinl 6a30BbI NOTOK MOXET HasbiBaTbCA ©6as30BbiM cnoem unn ©6a3oBbiM
YPOBHEM. BTOpOI 3aKOAMPOBAHHbLIN NOTOK (3aKOAMPOBAHHLIN NOTOK YPOBHSA 1) cospaeTcs
nytem o6paboTKM OCTaTOUYHbIX AaHHbIX, MOMYYEHHbLIX MyTEM 00OpaboTKM pasHULbl MeXay
BOCCTaHOBINEHHbIM 6a30BbIM BUAEO KOAEKOM U BEPCUMEN BXOLHOIMO BUAEO C MOHWKEHHOMN
auckpetusaymen. TpeTuin KOAWPOBAHHBIA NOTOK (3aKOAMPOBAHHLIA NOTOK YPOBHA 0)
cospaetca nytem o6paboTkMm OCTaTOYHbIX AaHHbIX, MOMy4YeHHbIX nyTemM 06paboTkm
pasHiUbl Mexay BepCuen C MOBbILWEHHON AUCKPETU3auuen CKOPPEKTMPOBAHHOW Bepcumn

BOCCTaHOBMNEHHOro 6a3oBOro KOANPOBAHHOIO BUAEO U BXOAHBIM BUAEO.

Onepaynst yMEHbLUEHUSI AUCKPETU3aUMN MOXET MPUMEHATbLCA K BXOAHOMY BUAEO AnNS
CO34,aHNs BUAEO C NMOHWKEHHOWN JUCKpEeTU3auunen, KOTopoe AOMKHO ObiTb 3aKOANPOBAHO C

NOMOLLbHO BasoBoro Kogeka. YMeHbLUeHue ANCKpeTn3aumnm MOXET BbINONMHATbCA KaK B
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BEPTUKANBbHOM, TaK U B NOPU3OHTaArNbHOM HanpaBneHUAX UNu, anbTepHaTUBHO, TONbKO B

rOpnU3oHTanNbHOM HanpaBneHnn.

Kaxgblll npouecc KOAMPOBaHWS MNOTOKA pacluMpeHuss He 06A3aTenbHO  MOXeT
npegycmaTpuBaTtb 3Tan yBenuueHus guckpeTtusayuu. Ha dwur. 1, Hanpumep, nepBbiil NOTOK
pacLIMPEHNs KOHLENTYanbHO SIBNSIETCS MOTOKOM KOPPEeKUMW, Torja Kak BTOPOW MOTOK
pacliMpeHns NOABEPraeTcsl YBEMUUYEHMIO AUCKpeTUsaummn, 4tobbl obecneunTb YpPOBEHb

pacLmpeHuns.

PaccmaTpuBasi npouecc reHepvMpoBaHUs paclUpeHHbIX MOTOKOB Gonee noapobHo, Ans
reHepayum KOANPOBAHHOMO MOTOKa YPOBHA 1 KOAMPOBaHHbIA 6a30BbIA NOTOK AEKOAUPYETCH
114 (T.e. onepayusa AekoaNpPOBaHNSA NPUMEHSETCH K KOAUPOBaHHOMY 6a30BOMY NOTOKY ANs
reHepupoBaHnsa JexkoguposaHHoro 6a3oBoro notoka). 3aTem CO34aeTCa pasHuua Mexay
JeKoaNpOBaHHbIM 6a30BbIM MOTOKOM M BXOAHBIM BUAEO C MOHWXEHHON AUCKpeTM3aumen
110 (T.e. onepauusi BbIYNTAHUS MNPUMEHSIETCS K BXOAHOMY BWAEO C MOHWKEHHON
AUCKpeTusaunen n JekogupoBaHHOMY 6a30BOMYy MNOTOKY ANS FeHepupoBaHWS MEPBOro

Habopa oCTaTOYHbIX 4aHHbIX).

B AaHHOM L OKYMEHTE TEPMUH KOCTATOYHbIE JaHHbIE» UCTONb3YETCS TaK XKe, Kak U TEPMUH,
M3BECTHbIN B AaHHOW OBnactm TEXHWUKKW, TO eCTb 0603HauaeT owunbky Mexay OMOPHbIM
KagpoM W XenaemblM Kagpom. B 3TOM JOKyMEHTe ONOpHbIA Kaap npeactaBnsieT cobon
AEeKoaNpOoBaHHbIN 6a30BbI MNOTOK, a XXenaemblil kKagp npeacraBnseT cobol BXOL4HOE BULED
C NOHWKEHHOWN AncKkpeTusaymen. Takum obpasom, OCTaTouHbIE JaHHbIE, UCMOMNb3yeMble Ha
NMEPBOM YPOBHE PaCLUMPEHUsi, MOXHO paccMaTpuBaTbk Kak CKOPPEKTUPOBaHHOE BUAEO,
MOCKONbKY OHW «KOPPEKTUPYIOT» AEKOAUPOBaHHbIN 6a30Bbl NOTOK BO BXOAHOE BUAEO C
MOHMXKEHHOW AUCKpPEeTU3auuen, KOTopoe MWChnonb3oBanocb B onepayum 6asoBoro

KoAnpoBaHUA.

OnsATb Xe, onucaHHas Hbke onepauus 3HTPOMUAHOIO KOAUPOBAHUS NOAXOAUT ANs NobbixX
OCTaTOYHbIX AaHHbIX, Hanpumep nobbIX AaHHBLIX, CBA3aHHbIX C HabOpPOM OCTaTOYHbIX

JaHHbIX.

3aTtem pasHoCTb kogupyeTcs 115 ans reHepuMpoBaHMs 3aKOLUPOBAHHOIO NOTOKA YPOBHS 1
102 (T.e. onepauus KOAUPOBAHWA MPUMEHSETCA K MEPBOMY HabOpy OCTaTOYHbIX AaHHbIX

ANsi rEHePUPOBaHNSA NEPBOro MNOTOKA pacLUMpeEHNst).
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Kak oTmMeuyeHO Bbille B AOKYMEHTE, pacCLUMPEHHbIA NOTOK MOXET COAepXaTb nepBbln
ypoBeHb pacwmpeHus 102 n BTOpon ypoBeHb pacwmpeHuss 103. [lepBbii YpPOBEHb
pacwmpenns 102 MOXeT paccMaTpuBaTbCsi Kak CKOPPEKTUPOBaHHbIA NOTOK. BTopon
ypoBeHb pacwmpeHns 103 MOXHO paccmaTpuBaTb Kak AOMNOSTHUTENbHbIA YPOBEHb
paclmnpeHns, KOTopblii NpeobpasyeT CKOPPEKTUPOBAHHLIA MOTOK B WCXOAHOE BXOAHOE

BUJEO.

JononHutenecHbll  ypoBeHb  pacwupeHuss 103  cospaeTca NyTeEM  KOAUPOBaHUS
JLOMOMHUTENBHOrO Habopa OCTaTOYHbIX AaHHbIX, KOTOpPblIE MPeACTaBnAlT coGon pasHuLy
119 mexay Bepcuen 117 C NOBLILLEHHOW AWCKPETM3aUMEN JEKOAUPOBAHHOIO MNOTOKAa

ypoBHsa 1 118 n BxoaHbim Bugeo 100.

Kak oTmevyanocb B 3TOM AOKYMEHTE, NOTOK C NOBbILLIEHHOW JUCKPEeTU3aumen cpaBHNBaeTCA
C BXOA4HbIM BUAEO, B pe3ynbTaTe CO34aeTCA JONONHUTENbHbIN HABOP OCTATOUHBIX AaHHbIX
(T.e. onepayuss pasHOCTU MPUMEHSETCA K NOBTOPHO CO34aHHOMY MOTOKY C MOBbILIEHHON
AuckpeTusaymnen, YTobbl CreHepupoBaThb AOMOMHUTENbHBIA HAObOP OCTATOUHbLIX AaHHbIX).
JanbHenwmn Habop OCTaTOYHbIX AaHHbIX 3aTeM Kogupyetcs 121 kak 3aKkoaupoBaHHbIN
MOTOK pacwupeHuss ypoeHs O (T.e. onepauus KOAMPOBAHWSA 3aTem TMPUMEHSIETCH K
JONOMNHUTENbHOMY Habopy OCTaTOYHbIX AaHHbIX ANA TeHepauuum 3aKkogupOBaHHOro

AOMOMHNUTENBHOrO NOTOKA PaCLLUMPEHNS).

Taknum o6pasom, Kak NPOUNNICTPUPOBaHO Ha dur. 1 1 ONNCaHO BhILIE B 3TOM J0KYMEHTE,
BbIXOAOM npoLuecca KogupoBaHus siBnsetca 06asoBbin notok 101 u oauH unu Gonee
notokoB 102, 103 pacwmpeHnsi, KOTOpble NPEANOYTUTENbHO COAEPXKAT NEPBbIN YPOBEHb

pacLpeHnsa 1 AOMNOMHUTESNbHBIN YPOBEHD PaCLUNPEHNS.

CooTtBeTcTBYOWNA 0BO6LLEHHBIN MPOLECC AEKOAUPOBaHUS KU300paxeH Ha Onok-cxeme,
npounncTpupoBaHHon Ha dur. 2. [dekogep npuHumMaeT Tpu notoka 101, 102, 103,
CreHepupoBaHHblE KOLEPOM, BMECTE C 3arorioBkamu, CoAepXaljumu AONONHUTENbHYHO
UHdopmaymio aekoauposaHns. KogmpoBaHHbil 6a30BbI NOTOK AekoampyeTcs 0aszoBbiM
JeKoaepoM, COOTBETCTBYIOLMM Oa30BOMY KOAeEKy, WCMNONb3yemMoOMy B KoAgepe, U ero
BbIXOAHble JAaHHble OObEAUHSITCA C AEKOAUPOBAHHBIMW OCTATOMHBIMU  AAHHbLIMY,
MOMy4YeHHbIMW W3  KOAMPOBAHHOTO noToka ypoBHA 1. KombuHupoBaHHOe BUAEO
NOABEPraeTcs MOBLIWAKWEN AUCKPETU3AUMM U JONOMHUTENBHO KOMBMHUpYeTcs ¢
JEKOANPOBAHHLIMA OCTaTOUYHBIMU AAHHBIMK, MONYYEHHBIMA W3 KOAMPOBAHHOIO MOTOKA

ypoBHs 0.
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B npouecce peKkoanpoBaHMS AEKOAEP MOXET aHanuanpoBaTb 3aronoBku (rmobanbHas
KOHpUrypauusi, KoHcurypayms nsobpaxkeHusi, 6rok gaHHbIX) U HacTpanBaTtb 4eKoAep Ha
OCHOBE S3TUX 3aronoBkoB. YToGbl BOcCcO3faTb BXOAHOE BUAEO, AEKOAEP MOXET
AEKOAMpOBaTb KadKAbli M3 ©Gas3oBOro MnoToka, MEPBOro MOTOKA PaCUPEHUs WU
LAOMNOMHUTENBHOrO NoToKa pacwmpeHus. Kagpbl noToka MOryT GbiTb CUHXPOHWU3UPOBAaHLI, a

3aTem 0GbeanHEHbI ANS NONYYEHNUs 4EKOANPOBAHHOMO BUAEO.

MpounniocTpupoBaHHble Ha kaxgon m3 dur. 1 n 2 onepaumm KogupoBaHus ypoBHS 0 u
ypoBHs 1 MoryT Bkntoyatb B cebs aTanbl npeobpasoBaHnsi, KBAHTOBAHWS U 3HTPOMUNHOIO
KOAMPOBaHMSA. TOYHO TaK ke Ha 3Tane JEeKOAUPOBaHUS OCTATOYHblE AAHHbIE MOTYT ObITb
nponyLeHbl 4Yepes3 SHTPOMUNHBbIA AEKOAEp, AEKBaHTU3aTop M  MOAynb obparHoro
npeobpasoBaHna. MoxeT wucnonb3oBaTbCs noboe NOAXOAsLlEe KOAUPOBaHUE U
COOTBETCTBYIOLLAs onepauyus gekogupoBaHns. OgHako NpesnoyTUTEnbHO, YTOObI 3Tanbl

KOAMPOBaHMS YPOBHS O 1 YPOBHS 1 MO BbIMNOMHATLCS NPOrPaMMHO.

Taknm oOpasom, npuBefeHHble 34eCb Cnocobbl M YCTPOMCTBA OCHOBaHbl Ha OOLUEM
anropuTMe, KOTOPbIA MNOCTPOEH Ha CyLWECTBYIOWEM anropuTMe KOAMPOBaHUS W/unun
AekoanposaHua (Takom kak ctaHgaptbl MPEG, Takue kak AVC/H.264, HEVC/H.265 v 1.n.,
a Takke HeCTaHgapTHbIA anroputm, Takon kak VP9, AV1 n apyrue), kotopblid pabotaeT kak
6a30BbIN YPOBEHb ANIS1 CNOS pacCLUMPEHNs, KOTOPbIA paboTaeT B COOTBETCTBUN C APYIUM
anropuTMOM KOAUPOBaHWA W/Wnu AekoaupoBaHus. Maes, nexawas B OCHOBe oOLiero
anropuTMa, 3aknio4yaeTcs B MEPapPXMYECKOM KOAUPOBaHUW/AEKOANPOBAHUN BUAeOKaspa B
OTNMYMe OT OnOYHbIX MOAXOAOB, WCMNOMb3yeMblx B cemenctse anroputmoB MPEG.
Nepapxnueckoe koaNpOBaHME kaapa BKrovaeT B cebda cosgaHne oCTaTouHbIX AaHHbIX 4N

NONHOro Kajpa, 3atemMm nNpopeXXeHHOro Kagpa n Tak ganee.

OcraTouHble JaHHble ©XaTud BWMAEO ANs  MOMHOPAsMEpHOro BuAeokagpa MoryT
HasbiBaTbCA LoQ-0 (Hanpumep, 1920x1080 gna eugeokagpa HD), Ttoraa kak paHHble
NMPOpexXeHHOro kagpa MoOrytT HasbiBaTbca LoQ-x, rge x o6o3HayaeTr KonnyecTBo
nepapxmyecknx npopexusaHuin. B npumepax, npounnocTpnpoBaHHbix Ha dur. 1 un 2,
nepeMeHHass X MMeeT MakcumanbHoe 3HadeHue 1 u, cnejoBaTenbHO, CylecTByeT 2

nepapxuUeCKnX ypoBHs, AN KOTOPbIX GyayT CreHepUMpOBaHbl OCTATOYHbIE AaHHbIE CKaTUs.

Ha ®wr. 3 npounniocTtpupoBaH npumep Toro, kak LoQ-1 moxeT 6biTb CreHepmpoBaH Ha
YCTPONCTBE KOAUPOBaHUA. Ha paHHon churype obwmin anroputm u cnocobbl onucaHbl C

ncnonb3oBaHWeM anroputma kKoguposaHus/gekoguposaHns AVC/H.264 B kadecTtse
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6a30BOro anroputTMa, HO MOHSTHO, YTO APYrMe anropuTMbl KOAWPOBAHMUS/AEKOANPOBAHNS
MOTYT UCMONb30BaTbCA B KayecTBe 6a3oBbiX anropuTMOB Ge3 kakoro-nubo BnusHWS Ha

cnocob, nocpencTBOM KOTOpOro pabotaeTt obLWwnin anropuTm.

KoHeuHo, ByaeT NOHATHO, YTO BGIOKU, NPOUNMIOCTPUPOBAHHbIE HA dur. 3, ABNAIOTCHA NPOCTO

npYMEpamMmn TOro, Kak MOXHO peanu3oBaTb LUMPOKME KOHLENLWM.

Cxema, npounnicTpupoBaHHas Ha dur. 3, AEMOHCTPUPYET NPOLECC reHepupoBaHus
SHTPOMUAHOTO KOAMPOBAHUSA OCTaTOUYHbIX AAHHBLIX ANS YPOBHA uepapxum LoQ-1. B stom
npvMepe nepBbIM LIAroM SBMSETCH MPOPEXMBaHNE BXOASLLEro HeCKaToro BUAEO C
KoachpuymeHTom 2. OTOT NPOPEXEHHbIN Kagp 3aTeM nponyckaetca yepe3 6asoBblf
anroputmMm KoaMpoBaHuA (B AaHHOM criydyae anroputm koamposaHua AVC/H.264), npn 3aTom
CO343EeTCA U COXPAHSETCA CCbilka C 3HTPONMUAHBLIM KOAUPOBaAHMEM Ha Kaap. 3arem
reHepupyeTcsa [LEeKOAMPOBaHHAs BepCcUs 3aKOAMPOBAHHOIO OMOPHOro Kajgpa, a pasHuya
MEXAY 4,EKOANPOBAHHBIM OMOPHBIM KaAPOM M NPOPEXEHHBIM KagpoOM (OCTaTOUYHbIE AaHHbIE

LoQ-1) 6ygeT hopmupoBaTb BXOAHbIE AaHHbIE Ans NpeobpasoBaHus Groka.

MpeobpasoBaHne (Hanpumep, npeobpasoBaHWe Ha OCHoBe Agamapa B 3TOM
NPOVNNIOCTPUPOBAHHOM npumepe) npeobpasyeT 3Ty pasHuly B 4 KOMMOHeHTa (unu
MIOCKOCTM), a MMeHHO A (cpepgHun), H (ropmsoHTanbHbii), V (BepTukanbHbii) u D
(anaroHanbHbIN). 3aTeémM 3TU KOMMOHEHTbl KBAHTYHOTCH C UCMONb3OBaHUEM MNEPEMEHHbIX,
HasblBaeMbIX «LIMPUHOW Wara» (Hanpumep, OCTaTOYHOE 3HaUYEeHNe MOXET ObiTb pasgeneHo
Ha WWpWMHY LWara n BbibpaHHOe Gnuxanwee uUenoe 3HadeHue). oaxoasawmn npouecc
SHTPOMUINHOTO KOAMPOBAHUSA SBNAETCA NPeAMETOM 3TOro u3obpeteHns u noapobHO
OMMNCLIBAETCH HWKE B 3TOM JOKYMEHTe. OTW KBAaHTOBaHHblE€ OCTATOUYHble AaHHbIE 3aTeEM
3HTPOMMMHO  KOAUPYIOTCH, 4TOObl  yganutb nobyio  u3BbITOYHYO  MHGOpMaLUIO.
KBaHTOBaHHbIE KOAUPOBAHHbIE KOSDDULMEHTBI NN KOMNOHEHTHI (Ae, He, Ve n De) 3atem
MOMeLLaloTCA B NOCHeAOBaTENbHbIA NOTOK C MakeTamy ONpeAeneHusl, BCTaBMEHHbIMUA B
Hauyano NoToKa, 3TOT 3aKMIOYMUTENbHbIN 3Tan BbINOMHAETCHA C UCMOMNb30BaHNEM Npouesypbl
cepuanusaunn annos. NakeTHble gaHHble MOTYT BKMoYaTh B cebs Takyto MHopMayuio,
kak cneuyudmkauyms kogepa, TWN MNPUMEHSEMOW MOBbIWAKLWEN AUCKpeTM3ayuu,
oTOpacbiBalOTCA N NAOCKOCTU A 1 D unm HeT, 1 Apyryio MHOOpMaynio, NO3BONAIOLLYIO

JeKoaepy AeKOANPOBaTL NOTOKN.

Kak onopHble AaHHble (kagp € 6a30BbiM SHTPOMUAHBIM KOAUPOBAHMEM TMOMOBUHHOIO

pasmepa), Tak U OCTaTouyHble AaHHble LoQ-1 ¢ 3HTPONUAHLIM KOAUPOBAHNEM MOTYT ObiTb
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6ychbepn3oBaHbl, nepegaHbl UM COXPaHeHbl ANS MCMONb30BaHUS LEKOAEPOM BO BPEMS

npoLecca BOCCTaHOBMNEHUS.

YT06bl CreHepnpoBaTb oCcTaTouyHble gaHHble LoQ-0, KBaHTOBaHHbIN BbIBOJ pa3BeTBNSAETCS,
N Haj HUM BbINOMHAKOTCA npouecchl 06paTHOro KBaHToOBaHUSA U npeobpasoBaHust, YTobbI
BOCCTaHOBWUTb  OCTaTO4Hble JaHHble LoQ-1, «koTopble 3atem AaobaBnsaloTcs K
LEKOANPOBAHHBIM ONOPHbIM AAHHbIM (KOAMPYIOTCA W AEKOAUPYIOTCSA) YTOObLI MOMyYuThb

obpaTHO BUAEOKaAP, OYEHb NMOXOXUA HA NEPBOHAYANbHO NPOPEXEHHbIN BXOAHON Kaap.

OTOT npouecc uwAeanbHO WMUTMPYET TMPOLECC AEKOAUPOBAHUS, U, CrejoBaTesibHo,

nepBoHa4anbHO NPOpPEXEHHbIN Kaap He NUCMOonb3yeTcs.

Ha ®wr. 4 npounnioctpupoBaH npumep Toro, kak LoQ-0 moxeT 6bITb creHepupoBaH Ha
yCTpONCTBE  KoaupoBaHMs.  YToObl  MOnyuntb  OCTatouHble  gaHHble  LoQ-0,

BOCCTaHaBnueaeTcd kagp pasmepa LoQ-1, kak onucaHo B npeablayLlem pasgene.

Cneayrowmm lWarom  SABMASETCA  BbIMOMHEHWE  MOBbILWAKLWEN  AUCKPEeTM3auun
BOCCTaHOBJIEHHOrO Kaapa A0 nonHoro pasmepa (Ha 2). Ha 3tom 3tane moryT
NCNOmMb30BaTbCA  pasfnMyYHble anropuTMbl AN YNydYlWEHWs npouecca MOBbILLEHUS
AVCKpETM3aLM1, Takume Kak anroputmbl Onwxkanwero, OUNMHENHOro, TOYHOrO WK
KyOU4eCcKoro anropuTtmoB. OTOT BOCCTAHOBNEHHLIA MOMHOPA3MEPHbIN Kaap, HasbiBaeMbll
«MPOrHO3MPYEMbIMY» KaapoOM, 3aTEM BbIMMTAETCH U3 UCXOAHOIO HECXKATOro BUAEOBXOAA,

YTO CO3J4aET HEKOTOpPbIE OCTATOUYHbIE AaHHbIe (OCTaTOYHbIE AaHHble LoQ-1).

MoaoBHo npoueccy LoQ-1, pasHuua 3aTem npeobpasyeTcsd, KBaHTYETCSs, 3HTPOMNUAHO
KoAMpyeTCca 1 dann cepuanuayetcd, YTo 3aTtemM NPUBOAUT K (POPMUPOBAHUIO TPETbUX U
NocneAHNX AaHHbiX. OT0 MoxeT ObiTb BydhepusoBaHo, nepefaHO WMnU COXPaHEHo Ans
JarnbHenwero ncnonb3oBaHns gekogepom. Kak MOXHO BUAETb, KOMMOHEHT, Ha3biBAeMbI
«MpPOrHO3Mpyemoe cpegHee» (OMMCaHHbIN HMKE), MOXET ObITb NONYyYEH C UCNONb30BAHNEM
npouecca NoOBbILWEHUA AUCKPETU3aUnm 1 UCNonNb3oBaH BMECTO KOMMNOHeHTa A (cpeaHero)

ANs AanbHenwero noBbleHNs 3MEKTUBHOCTM anropuTma KogupoBaHns.

Ha dur. 5 cxemaTtuyeckn npounnoCcTPUpoBaHo, Kak NPoLECC AEKOANPOBAHUS MOXET ObiTb
BbIMOSIHEH B KOHKPETHOM NpUMeEpe. SHTPOMUAHO 3aKOAMPOBAHHbIE JaHHble, SHTPOMUAHO
3aKogMpoOBaHHblIe OCTaTouyHble AaHHble LOQ-1 1 SHTPOMMNHO  3aKOAUPOBAHHbIE
ocTaTouHble gaHHble LOQ-0 (Hanmpumep, B Buge Cepuanmn3oBaHHbIX B ann AaHHbIX).

JaHHble 3HTPONUAHOIO KOAWPOBaHUS cojepxaT 6asy KOAUPOBAHMSA YMEHbLUEHHOrO



10

15

20

25

30

35

pasmepa (Hanpumep, NONOBUHHOIO pasmepa, T.e. ¢ pasmepammn W/2 n H/2 no oTHOLWEHUIO K

NONTHOMY Kagpy, nmetowemy pasmepbl W un H).

3artemMm pjaHHble, 3aKOAUPOBAaHHbIE JHTPOMUMHBIM KOAMPOBAHWEM, AEKOAMPYIOTCA C
NCNonb30BaHWEM anroputMa AEeKOAWPOBaHWUS, COOTBETCTBYIOLLErO anroputMmy, KOTOpPbIN
NCnonb3oBarnca AN KOAWPOBaHUA 3TUX AaHHbIX (B Npumepe, anropuTM AeKoanpoBaHus
AVC/H.264). B koHUe 3TOro wara co3gaeTcs 4eKOAUPOBaHHbBIN BUAEOKaAP YMEHbLLUEHHOTO
pasmepa (Hanpumep, NONoBUHHONO pasmepa) (0603HAYEHHbIN B HACTOSALWEM NPUMEPE Kak
Bugeo AVC / H.264).

MapannenbHO JEKOAUPYIOTCA OCTATOUYHbIE JaHHbIE C SHTPOMWNHBIM KOAUPOBaHWeM LoQ-1.
Kak paccmaTtpmBanocb paHee B 3TOM JOKYMEHTE, ocTaTtouHble gaHHble LoQ-1 koanpytoTca
C Mcrnonb3oBaHnemM 4YeTbipex KoadpduyneHTos nnn komnoHeHtos (A, V, H u D), koTopsle,
Kak NpoWMMIOCTPMPOBAHO Ha 3ToN durype, MMEHT pasmepbl, COOTBETCTBYKOLLUE OLHON
YeTBEpPTM pasmMepa nornHoro kagpa, a umeHHo W/4 n H/4. 310 cBS3aHO C TeM, 4YTO, Kak
paccmatpuBanoce B Npeabigywmx  nateHTHbix  3asBkax US  13/893669 u
PCT/EP2013/059847, coaepaHne KOTOPbIX BKMOYEHO B HACTOSILMA  4OKYMEHT
NnocpeaCcTBOM CCbINKK, YETbipe KOMMNOHEHTAa cojepXaTt BCHO MHAPOPMALMIO, OTHOCSLLYHCS K
OCTaTOYHbIM AaHHbIM, U FEHEPUPYIOTCA NyTeM MpUMEHeHus npeobpasosaHus 2x2 sgpa K
OCTaTO4HbIM AaHHbIM, Pa3MepHOCTb KoTopbiX Ana LoQ-1 6yget W/2 n H/2, To ecTb Takas
€ pasMepHOCTb AaHHbIX, 3aKO4UPOBAHHBIX 3HTPONUEN YMEHbLUEHHOrO pasMepa. YeTbipe
KOMMOHEHTa 3HTPOMUAHO [AEKOAMPYIOTCH, 3aTeM [JEeKBaHTU3MPYIOTCS U, HakoHeL,
npeobpasylTcs 06paTHO B UCXOAHbIE OCTaTOYHble gaHHble LoQ-1 ¢ nomoLlbto o6paTHOro

npeobpasoBaHus (B 4aHHOM criydae obpaTHoro npeobpasoBaHns Agamapa 2x2).

[exkoanpoBaHHble ocTaTouHble gaHHble LoQ-1 3aTem p06aBnsaOTCA K AEKOAUPOBaHHOMY
BULEOKAAPY ANS CO34aHWUS BOCCTAHOBMEHHOrO BMAEOKaApPa YMEHbLUEHHOrO pasmepa (B
AaHHOM Cnyvyae MOMOBUHHOINO pasmepa), ULEHTUDUUMPOBAHHOIO Kak BOCCTaHOBMEHWE

pasmepa Half-2D.

OTOT BOCCTaHOBMEHHbIM BUAEOKAAP 3aTeM MOABEpraeTcs MOBbILIAOLWEN AUCKpeTU3auun,
KOTOpas JOBOAMT ero AO NOMHOrO paspelleHus (Tak, B 3TOM npumepe, OT MOMyLIMPUHBI
(W/2) n nonyebicotel (H/2) ao nonHon wwupuHel (W) n nonHon BbicoTbl (H)) ¢
NCNomnb3oBaHMEM uUnbTpa C NOBLIWAKLWENA AUCKPETU3ALMEN, TAKOrO Kak OUNMUHENHbIN,

OnkyOnyeckmin, TOYHbIN W T.N. BOCCTAHOBMEHHbLIN BUAEOKAAP C  MOBbILEHHON
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AuckpeTusauymen OyaeT npepckasaHHbIM Kagpom (nonHopasmepHbiM, WxH), k koTopomy

3aTem 406aBNAKTCA OCTATOUHbIE faHHble AekoanpoBaHusa LoQ-0.

B uacrtHoCTW, feKoAMpYOTCS OCTaTouHble JaHHble, 3akogupoBaHHbie B LoQ-0. Kak
paccmaTpuBanocb paHee B 3TOM AOKYMEHTe, OoCTaTouyHble AaHHble LoQ-0 koaumpyotcsa ¢
ncnonb3oBaHneM 4eTblpex koddpduyneHTos mnu komnoHeHTtoB (A, V, H n D), pasmep
KOTOPbIX, KaK MPOUSNIOCTPUPOBAHO Ha 3TOM durype, COCTaBMSET MOMOBMHY pasmepa
NONTHOro kagpa, a umeHHo W/2 n H/2. 310 cBA3aHO € TeMm, YTO, KaKk paccmaTpuBanocb B
npeablaywmx nateHTHbix 3asBkax US 13/893669 n PCT/EP2013/059847, coaepxaHue
KOTOPbIX BKMOYEHO B HAaCTOALWMNA LOKYMEHT MOCPELCTBOM CCbIfKW, YeTbipe KOMMOHEHTa
cogepxat BCO WHGpOPMaUMIO, OTHOCALLYIOCA K OCTaTOYHbIM AaHHbIM, U FeHepUupyloTCs
nyteMm npuMmeHeHns npeobpasoBaHua 2x2 sapa K OCTaTOMHbIM AaHHbIM, PasMepHOCTb
koTopbix Ans LoQ-0 6bina 66l W 1 H, TO ecTb Takas e pasmMepHOCTb NOMHOro Kagpa.
YeTblpe KOMMOHEHTa 3HTPOMUAHO AEKOAUPYIOTCS (CM. NPOLECC, OMMWCaHHbIA janee B
JOKYMEHTE), 3aTeM AEKBaHTU3MPYIOTCS U, HAKOHeL, npeobpasyloTcs o6paTHO B NCXOAHbIE
ocTaTouHble AaHHble LoQ-0 ¢ nomoupio obpaTtHoro npeobpasoBaHus (B faHHOM criyyae

obpaTHoro npeobpasoBaHusa Agamapa 2x2).

[ekoanpoBaHHble OCTaToOuYHble AaHHble LoQ-0 3atem pobaBnsawTcs K npeackasaHHOMY

Kaapy ANs co3faHusi BOCCTAHOBMNEHHOIO MOMHOro BUAEOKaAPa - BbIXOAHOrO Kajpa.

CTpyKTypa QAaHHbIX MNpPOUNMIOCTPMpOBaHa B KadyectBe npumepa Ha dur. 6. Kak
paccmaTpuBanocb paHee B 3TOM [AOKYMEHTE, NpUBELEHHOE Bbllle onucaHue 6bino
clienaHo CO CCbIIKOW Ha KOHKpeTHble pasmepbl K 6a3oBble  anropuTMbl, HO
BbILLEYNOMSHYTbIE CNOCOObLI NPUMEHUMbI K APYTM pasMmepam u/unu 6a3osbiM anroputMam,
W NpUBELEHHOE Bbille ONWCaHWe JaeTCs NMULb B kayecTBe Mpumepa onucaHHbIx Bonee

0O MX NOHATUNA.

B anroputme kogupoBaHnNs/AekogNpOBaHUS, ONUCAHHOM BbIlLe B 3TOM AOKYMEHTe, OObIYHO
cywectytoT 3 nnockoctn (Hanpumep, YUV nnn RGB) ¢ gByms ypoBHsaMUM kadecTBa LoQ,
KoTOpble onucbiBaloTCa kak LoQ-0 (Mnn BepxHWA ypoBEHb, NONHOE paspelleHue) n LoQ-1
(MM HWKHWA YPOBEHb, paspelleHMe YMEHbLUEHHOro pasmepa, Hanpumep, MONOBUHHOE
paspelueHue) B KaxAon nnockoctn. Kaxaas nnockoCTb MOXET NPeACTaBnATb PasfvyHylo

LiBETOBYIO COCTaBMAOLLYIO ANS BUgEOCUIHana.
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Kaxgbln LOQ COAEpXNUT YETbIPE KOMMOHEHTA UM cnos, a umeHHo A, H, V u D. 310 gaet
Bcero 3x2x4 = 24 noBepPXHOCTN, N3 KOTOPbIX 12 nonHopasmepHbix (Hanpumep, WxH) n 12
YMEHbLUEHHbIX pa3mepoB (Hanpumep, W/2xH/2). Kaxablih cnom MOXET coaepxarb
3Ha4YeHNss KO3PPULMEHTOB ANA KOHKPETHOrO OAHOrO M3 KOMMOHEHTOB, Hanpumep crnon A
MOXET CoAepaTb 3Ha4YeHne koapdrymneHTa A B BEPXHEM NEBOM Yrny Ana Kaxaoro 6noka

2x2 BXOAHOro n3o0padkeHns unum kaapa.

Ha ®wur.7 nponnniocTpypoBaH anbTEPHATUBHLIN BUA NpeafiaraeMon umepapxmyeckon
CTPYKTYpPbl AaHHbIX. 3aKkogupoBaHHble AaHHble MOryT ObiTb pasgeneHsl Ha Yactu. Kaxayto
MONE3HYID Harpysky MOXHO WepapxXMyeckym ynopsgounTb NO Kyckam. TO eCTb Kaxzas
nonesHasl Harpyska rpynnupyeTtcs B MMOCKOCTW, 3aTeM B KaXKAOW MMOCKOCTW Kaxgoro
YPOBHSI TPYNNUPYETCS B CMOW, U KaXAbIA CNOW COAEPXUT Habop cparMeHTOB ANs STOro
cnosi. YpoBeHb NpeaCTaBnsieT KaXKAbll yPOBEHb pacluMpeHmns (MePBbIA UNN NOCNEAYIOLWNIA),

a cnown npeacraenseT cobon Habop koadhdunymneHToB NpeobpasoBaHus.

Cnoco6 MOXeT BKMoYaTh U3BMNEYEeHNe (pparMeHTOB ANA ABYX YPOBHEN pacluUMpeHns Ans
Kaxaonm nnockoctn. Cnocob MOXeT coagepkaTb u3BneyeHne 16 CrnoeB AN KaXaoro ypoBHS
(Hanpumep, ecnu ncnonb3yeTtcs npeobpasoBaHue 4x4). Takum obpas3om, Kaxgas nonesHas
Harpyska ynopsizounBaeTcsi B Habop hparMeHTOB ANS BCEX CMNOEB Ha KaXAOM YPOBHe, a
3ateM Habop dparmMeHTOB ANs BCEX CMOEB HA CNEeAYLEM YPOBHE MNNOCKOCTU. 3aTem
nonesHas Harpyska BkntovaeT Habop hparmMeHTOB 4N CNOEB NEPBOro YPOBHSA Cneaylowen

NNOCKOCTN N TaK ganee.

Taknum o6pasom, cnocob MOXET AEKOAMPOBATb 3arofioBKM W BbIBOAWUTb SHTPOMUAHO
KOAUPOBaHHbIE KO3MMULMEHTBI, CrPYNNUPOBaHHbIE MO MMOCKOCTU, YPOBHAM W CIOSIM,
npuvHaanexawmm LeKoANPYyeEMOMY pacLUMpeHuto nsobpaxkeHus. Takum obpasom, Ha
BbIxoge MOryT ObiTb noBepxHOCTU Maccua (nflnockoctein) x (nYposeHb) x (nCrown) ¢

anemMmeHTamu nosepxHocTtun [nMnockocten] [nYposeHb] [nCrion].

OTmeTMm, 4YTO cnocoObl SHTPOMUMHOTO KOAMPOBAHWUS, NPEACTaBMEHHbIE B JAaHHOM
LOKYMEHTE, MOTYT BbIMOMHATLCA ANA KaXAOW rpynmnbl, TO €CTb MOFYT BbINOMHATLCH ANS
KaXkfoN MNOBEPXHOCTU, ANS KaXKAOM MNIOCKOCTU, ANSA Kaxgoro ypoBHs (LoQ) wnu ans
Kaxkaoro otaenbHoro cnost. OTMETMM, UTO HTPOMUNHOE KOANPOBAHMNE MOXET BhINOMHATLCSA
Ans  nobbiXx  OCTaTOYHbIX AaHHbIX W He o00s3arenbHO  KBaHTOBaHHbLIX — u/unn

npeobpasoBaHHbIX KOIPDPULMEHTOB.
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Kak npounnioctpupoBaHo Ha dur.4 mn 5, npeanaraemblie onepauum KOAUPOBaAHUA U
JEeKoANPOBaHNA NPeAyCMaTPUBAIOT 3Tamn UnyM onepauymio SHTPOMMMHOINO KOAMpOBaHusA. B
JanbHenweM npegnaraetcs, 4Tobbl onepauust SHTPOMUMNHOIO KOAUPOBaHUS cogepxana
oavH wnu ©Gonee un3 KOMMNOHeHTa kogupoBaHus AnuH cepuin (RLE) n KomnoHeHTa
KogupoaHua XaddmaHa. 3Tn gBa KOMMNOHEHTa MOTYT B3aMMOAENCTBOBATL 4 PYr C APYroMm,

obecneunBas 4ONONHUTENbHbIE npenmyLiecrea.

Kak oTmeuyeHo m npounniocTpuposaHo  Ha  dwr. 8, BXO4  3HTPOMUIAHOIO
Kogepa npegcraensieT cobon NOBEPXHOCTb (HANpPUMEpP, OCTaTOUYHbIE AaHHble, NONyYEHHbIE
Ha OCHOBE KBaHTOBAHHOrO Habopa OCTaTOYHbIX AaHHbIX, KaK MPOUNMIOCTPUPOBAHO B STOM
npumepe), a BbIXOAOM Mpouecca SABNSAETCA  SHTPOMUMHO-KOAMPOBAHHAS  Bepcus
ocTtaTtouHblX gaHHbix (Ae, He, Ve, De). OgHako, Kak yka3aHO Bbllle B 3TOM AOKYMEHTE,
cneayetr OTMETUTb, YTO SHTPOMNUNHOE KOAMPOBAHWE MOXET BbINOMHATLCA ANA NOObIX
OCTaTOYHbIX JaHHbIX W He 0093aTenbHO KBaHTOBaHHbLIX W/WnKM npeobpasoBaHHbIX
koachdpuymeHtToB. Ha dwur. 9 npounniocTpupoBaH COOTBETCTBYIOLLUA BbICOKOYPOBHEBbIN
AEeKOoAEeP C MHBEPCHBbIMU BXO4aMU U BbIXoAdaMu. TO €CTb SHTPOMUNHbBIA AeKoaep NPUHUMAET
B KayecTBe BXOAHbIX AaHHbIX SHTPOMUMHO-KOAMPOBAHHbIE OCTaTOYHble AaHHble (Ae, He,
Ve, De) n BbIBOAWT OCTaTOUHbIE AaHHbIE (Hanpumep, KBaHTOBaHHbIE OCTaTOYHbIE JaHHbIE B

3TOM NPOUSIMKOCTPUPOBAHHOM NPUMEPE).

O6patnTte BHMMaHWe, 4YTO Kak npounnocTpupoBaHo Ha ®ur. 8, oOblMHO MNOKa3aHo
aekoguposaHne RLE po gekogupoBaHums no XadhdmaHy, HO, kak ByaeT siCHO M3 BCen
HacTosILLEN 3asiBKW, TaKOW NOPSAOK HE SBMSAETCS OrpaHMuMBatoWMM, U 3Tanbl MOryT ObiTb

B3anMMO3aMeEHAEMbIMUN, B3aNMOCBA3AaHHbIMU NN pacnonaratbCq B nodom nopaake.

TOYHO TakK & Mbl OTMEYaeM, YTO KOAUPOBAHNE AMNNH CEPUA MOXET BbiTb NPEeAOCTaBMNEHO
6e3 kogupoBaHus XadpdmaHa, N B CPaBHUTEMbHbIX CMy4Yasx KOAUPOBaHWE AMVH CEPUi n
KogupoBaHne XadhdmaHa MOXKET He BbINOMHATLCA (NMMOO 3aMEHEHO anbTepHaTUBHbIM
SHTPOMWIAHBbIM  KOAMPOBaHMEM ©e3 noTepb, nNMOO SHTPONUNHOE KOAUPOBaHUE He
BbINONHseTCA BoobLle). Hanpumep, B NPOAYKTUBHOM NpUMeEpe C YMEHbLUEHHbIM aKLEeHTOM
Ha o©XaTtue JAaHHbIX KOHBENEep KOAUPOBAHWSA MOXET He CcojepxaTb JHTPOnuinHoe
KOAWPOBaHME, HO MNpeumyLlecTBa OCTaTOYHbIX JaHHbIX MOFYT 3aknwudarbCd B

MHOTOYPOBHEBOM XPaHWUMMLLE AMA PacCnpOCTPaHEHNS.

Koaep cpaBHuTenbHbiX AnvH cepuin (RLE) MOXET cXumaTtb AaHHble NyTEM KOAWPOBaHUS

nocrneaoBaTeNbHOCTEN TOrO e 3HAUYEHUS AaHHbIX, YTO U OAHO 3HAYEHWE AaHHbIX, U CYEeT
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3TOro 3HauyeHust AaHHbiX. Hanpumep, nocnepoBartenbHocTb 555500022 moxeT ObiTb
3akogupoBaHa kak (4,5) (3,0) (2,2). To eCTb naeT cepnus U3 YETbIPEX NATEPOK, CEpUs U3

TPEex Hyrnen, 3a KOTOPbIMU CNEAYET CEPUsS U3 ABYX LBOEK.

Ona koAupoBaHWS OCTaTOuYHbIX AaHHbIX MNpegnaraeTca mozudnyMpoBaHHasa onepayus
koguposaHma RLE. Ytobbl BOCMOMb30BATbCA CTPYKTYPOM  OCTaTOYHbIX  AaHHbIX,
npeanaraeTcsa KOgUPOBATb TONbKO CEPUUN HyNnen. TO eCTb KaXA0e 3HauYeHne oTnpaBnaeTcs
Kak BenuuyuHa, mnpu STOM KaxAbll HOMb OTMNPAaBMNAETCH Kak cepus Hynen. Onepauum
MoauduUMpoBaHHOro koampoeaHua RLE, onucaHHble B AaHHOM OKYMEHTE, MOTyT
MCNonb30oBaTbCHA, Hanpumep Ans obecneyeHuss SHTPOMUNHOrO KOAUPOBAHWUS W/Mnun

AeKoaunpoBaHmsa Ha ogHoM nnn 6onee cnosix LoQ, Hanpumep kak nokaszaHo Ha dur. 1-5.

Takum oGpa3om, onepayusi SHTPOMUHOTO KOAMPOBAHUS BKMIOYAET aHamnmM3 OCTaTOYHbIX

AaHHbIX N KOAWpoOBaHNE HyneBbIX 3HaYeHU Kak ceputo nocneaoBaTeribHbIX HyJ'IGI;I.

Kak oTmeuyeHo Bbille B AAHHOM JOKYMEHTE, UTO6bl 06ecneunTb 4ONONHUTENbHbIN YPOBEHD
cKatns  gaHHbiXx  (KOTOpbin  MOXeT ObiTb ©0e3 noTepb), onepayvsi 3HTPONUAHOIO
KOAVPOBAHWSA AOMNOMHUTENBHO NPUMEHSET onepauuto kogmposaHusa XaddmaHa K JaHHbIM

C CEPUNHBIM KOAUPOBaHNEM.

KoanpoBaHne XaddpmaHa u KogupoBaHWe ANUH CEPUA paHee CouYeTanucb BMECTE,
Hanpumep, B (bakCUMWUIbHOM KOAUPOBaHUN (Hanpumep, cornacHo Pekomenaaunam ITU T.4
n T.45) n cdhopmate obmeHa damnamm JPEG, HO 3a nocnegHue 30 neT OHM Gbinu
3aMeHeHbl gpyruMy cnocobamy KOoAupoBaHus. B HacTosiwem onucaHum npeanaratroTcs
cnocobbl M TEeXHOMnormM AnA peanusauumn KoguposaHua XaddpmaHa B covyeTaHum C
koguposaHnem RLE, metogbl m cnocobbl ans 3dPeKkTMBHOrO oOMeHa AaHHbIMU 1
MEeTajgaHHbIMN MeXAy KOAEepOM W AEKOAEPOM, a Takke MeTogbl U cnocobbl Ans
YMeHbLUeHUs1 obliero pasmepa JAaHHbIX TakoW KOMOMHAUMM MpU MCNONb3OBaHMM ANSA

KoAnpoBaHNA OCTaTOYHbIX A AaHHbIX.

Kog XadhdpmaHa npegcraBnaer cobon ONTUMAanbHbIA NPEPUKCHBIA  KOA, KOTOPbIN
nucnonb3yeTcs AN CxXatus AaHHblX (Hanpumep, cxatne 6e3 noTepb). [peduKCHbIN
KO4 npeacTaBnsieT cobon cuUcTeMy KoAOB, ANS KOTOPOW B cucTeme HeT paboTbl Koga,
KoTopas saBnseTca npedukcom nwboro apyroro koga. To ecTb onepaunst KOAUPOBAaHUS
XaddmaHa GepeT Habop BXOAHbIX CUMBOMNOB U NpeobpasyeT KaxKablA BXO4HOW CUMBOS B

COOTBETCTBYHOLMUN KOA4. BbIOpaHHbI KOA OCHOBaH Ha 4acToTe MOSBIEHUSA KaKAOro
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CMMBOMa B MCXOAHOM Habope paHHbiX. Takum 06pasom, MeHbluMe KOAbl MOryT 6biTb
CBSI3aHbl C CUMBONaMM, KOTOpble BCTpevarTcs yawe, YToObl YMEHbLWNTL OBWNIA pasmMep

JaHHbIX.

Ytobbl oOneruntb koaupoBaHne XaddpmaHa, BXOAHblEe JaHHble MNPEeLNOYTUTENbHO
CTPYKTYPUPOBAHbI Kak CMMBONbI. BbixOAHbIE AaHHbIE Onepaunn KOAMPOBAHUSA ANUH CEpUi
NpPeanoYTUTENbHO CTPYKTYpMpOBaHbl Tak, 4ToObl npepcraBnatb cobowm noTok GanToB

3akoanpoBaHHbIX AAaHHbIX.

B oaHOM npumepe onepaunsi KOAUPOBaHUS AJIMH CEpW BbIBOAWUT ABa Tuna 6anToB unu
cumBonoB. MNepBbii TUM CUMBONA NpescTaBnseT cobon 3HayYeHne HEHyNeBOro nukcens, a
BTOPOM TUM CMMBOJA NpeacTaBnsaeT cobon cepnio nocneaoBaTenbHbIX HYMNMEBbIX 3HAYEHWNN.
To eCTb KONMUYECTBO HYNEeBbIX 3HAYEHWN, KOTOpble MOCNeAOBaTENbHO BCTPEYalOTCHA B

NCXO4HOM Habope AaHHbIX.

B aononHWTenbHOM npumMepe Ans KOAUPOBaHWUS OMpPeAeneHHbIX 3HAaYEHUA AaHHbIX MOryT
OblTb 00befNHEHDbI ABa GanTa unn cumeona. TO eCTb, HaNpUMep, Korga 3HavyeHne NuKcens
Oonblle MOpOroBOro 3HayeHusi, ABa Galta MnyM CuUMBONA MOIYT MCMNONb30BaTbCA ANS
KOAMNPOBaAHMS 3HAYEHUS! AaHHBIX B CUMBONE. 3TN ABa CMMBONA MOryT ObiTb 06beaNHEHDI B

JeKoaepe Ansi BOCCO34aHNA UCXO4HOMO 3HaYEHUs! JaHHbIX NMUKCENS.

Kaxabin cumBon unu 6anT mMoxeT cogepxatb 6 unu 7 OUT AaHHbIX U oanH unn Gonee

cdnaros unu 6UTOB, yKasbiBaOLUX TUM CUMBOSA.

B npumepe ocyllecTBNeHNs1 faHHble, 3aKOAWPOBAHHbIE MO ASIMHE CEPUN, MOryT OblTb
3hhEKTNBHO 3aKOAMPOBaHbI NYTEM BCTABKM B KaXAblii CUMBON O4HOro unu 6onee cnaros,

yKasblBaKLNX CNeayOLWMUA CUMBON, KOTOPLIN OXWUAAETCS B NOTOKEe 6anToB.

YTo6bl 06Neryntb CUHXPOHMU3ALMNIO MEXAY KOAEPOM U AEKOAEPOM, MepBbln GamT noToka
JaHHbIX C KOAUPOBaHUEM ANUH CEPUN MOXET ObiTb TUMOM 3HaAYEHWUS AaHHbIX CUMBOMA.

3arem 3TOT 6anT MOXET yKasbiBaTb Ha crnegyrowmin Tun 6anta, KOTopbin Gbin 3aKoaNPOBaH.

B HekoTOpbix BapuaHTax BOMMOWEHMA dnar, ykasblBalWWMA cregyowmn 0anT, MoxeT
OTNNYaTbCs B 3aBMCUMOCTM OT Tuna cumeona. Hanpumep, cdnar vnm 6ut moryt 6biTb
pacnonoxeHbl B Hayane nnn B kKoHue 6ainta nnu B obonx. Hanpumep, B Hayane Ganta out
MOXET YKasblBaTb, YTO CMeAYOWNA CUMBON MOXET ObiTb cepmen Hynel. B koHuye Gaita

OuT MOXeT OblTb OUTOM NEPEnonHeHus, YKasbiBalOWMM, YTO CReayoWnin CUMBOS
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COAEPXKUT YacCTb 3HAYEHUA AaAHHbIX, KOTOpasa AOJMKHa ObiTb 0ObeAMHEHA CO 3HAYEHUEM

AaHHbIX B TEKyLLEM CMMBONE.

[anee onucbiBaeTcs KOHKPETHBIN MpUMEpP peanus3ayum onepayun KogupoBaHUs ANUH
cepun. RLE coaepxut Tpn koHTekcta: RLC_RESIDUAL_LSB, RLC_RESIDUAL_MSB u
RLC_ZERO_RUN. CtpykTypa aTux 6antos npounntoctpuposaHa Ha dur. 10, 11 un 12,

B nepsom Tmne cumeona, RLC_RESIDUAL_LSB, npounntoctpupoBaHHom Ha owr. 10,
KoaupyloTcs 6 mnagwmux 3Havawmx OuToB HeHyneBoro nukcens. MoxeT 6biTb
npesycMoTpeH OUT BBINOMHEHUS!, yKasblBaOLWMN, YTO cneaylowmin 6anT KogupyeT cueT
cepun Hynewn. BuT nepenonHeHns mMoxeT ObITb YCTAHOBMNEH, €CMNW 3HAYEeHWe NUKCENs He
cooTBeTCcTBYeT 6 OuTam AaHHbix. Korga OWT nepenonHeHWs YCTaHOBMEH, KOHTEKCT
cneaytowero 6anta 6yget umetb TN RLC_RESIDUAL_MSB. To ecTb crnegylowmin CUMBOI
Oynet cogepxatb OalT AaHHbIX, KOTOPbLIA MOXET OblTb 0O6beAUHEH C OUTaMn TeEKyLLEro
CYMBOMa AN KOAMPOBAHWS 3HAYeHWs AaHHbiX. Ecnu yctaHoBneH GuT nepenonHeHwus,
CNeayloWwmin KOHTEKCT He MOXeT OblTb Cepuen Hynen, U MNo3TOMYy CUMMBON MOXET

ncnonb3oBaTbCA ANA KOANPOBaHNA AaHHbIX.

Ha ®wur. 10 npounnocTpupoBaH npumMep 3TOro Tuna cumeona. Ecnu 3HavyeHne aaHHbIX,
KOTOpble AOMKHbI ObiTb 3aKOoAMPOBaHbl, OOnbLUe NOPOroBOro 3HauyeHus 64 nnm sHauveHue
MUKCensl He COOTBETCTBYET 6 BuTaM JaHHbIX, BUT NepenonHeHns MoXeT ObiTb YCTAHOBMEH
npoLeccom KogupoBaHust. Ecnv GUT nepenonHeHNs YCTaHOBIEH Kak Mnaawunni out 6anTta,
TO ocTaBwumecs OWTbl OanWTa MOryT KOAMPOBaTb AaHHble. Ecnu 3HauyeHne nukcens
ymelyaetcsa B npegenax 6 6utos, 6UT nepenonHeHns He MoXeT BblTb YCTaHOBMNEH N MOXET
ObITb BKNIOYEH BUT BbINOMHEHWUS, KOTOPbLIN YKa3blBAET, ABNSETCA N Crnejyowmnin CUMBON

3Ha4YeHNEM JaHHbIX U CEPUEN HyMnen, Unu Her.

Bropon Tun cumeona, RLC_RESIDUAL_MSB, npounnioCTpupoBaHHbin Ha ur. 11,
KoaupyeT 6utbl ¢ 7 no 13 3Ha4YeHWU NUKCENen, KOTopble HE NomeLlalTcs B 6 OUT AaHHbIX.
But 7 3Toro TMna cumBona KOAUPYET, SABRSETCA N crnegylowmuin 6ant cepnen Hynen nnu

HET.

Tpetuin Tun cumeona, RLC_ZERO_RUN, npounnocTpupoBaHHbin Ha dur. 12, kogupyeTt 7
OWT HyneBoro noacuyera cepun. TO e€CTb CUMBOM  COAEPXKUT  KONUYECTBO
nocrneAoBaTeNbHbIX HyMNeln B OCTaTOYHbIX AaHHbIX. BWUT BbINONHEHUsT cumBona umeeT
BbICOKMA YPOBEHb, €CNU ANs KOAMPOBaHUsA nogcyeta Tpebyetcs Oonbwe 6utoB. but

BbINONMHEHUA MOXeT ObiTb cambiM cTapwum Gutom Ganta. To ecTb, Korga umeeTca psj
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nocneaoBaTenbHbIX HYNeun, Ans KOTopblix Tpebyetca 6onee 7 4OCTynHbIX BUTOB, HANpUmep
178 unn 255, GUT BLINONMHEHMSA YyKasbiBaeT, YTO crejyrowmnn 6ut byaeT ykasbiBaTb Ha

JOMOMHUTENbBHYIO CEPUID HYNEN.

Heobs3aTenbHO, AONOMHUTENbHBIA CUMMBON MOXET COAep)XaTb BTOPYID CEpuio Hynewm,
KOTOpas MOXeT ObiTb 06befgUHEHA C NEPBON CEPUEN, NN MOXET cogepxatb Habop GuToB
3Ha4YEeHUS, KOTOpble MOTyT BbITb 06beAMHEHBI C BUTaMy NEPBOro CUMBONA B gekojepe Ans

yKa3aHuda cyeTa.

Kak ykasaHO Bbille B AaHHOM AOKYMEHTe, Ans Toro, uytobbl gekogep Hayan paGoTy B
N3BECTHOM KOHTEKCTE, MEPBbIA CMMBOST B KOAWPOBAHHOM MOTOKE MOXET ObiTb TUMNOM
3HauUeHWss  OCTaTOYHbIX  AaHHbIX CUMMBOMA, TO €CTb MOXeT ObiTb  TUMOM
RLC_RESIDUAL_LSB.

B koHkpeTHOM npumepe aaHHble RLE moryT ObiTb opraHusoBaHbl B 6noku. Kaxabin 6nok
MOXET UMETb BbIXOAHYI eMKOCTb 4096 GanT. RLE MOXeT nepekntounTbes Ha HOBbIM Gnok
B CnejyoLwmx cnyyasx:
e TeKywmin 6nok 3anonHeH,;
e Tekywme gaHHble RLE siBnswoTca nporoHom, a B Tekywem 6noke octanocb MeHee 5
GanTos; n/unn
e Tekywme aaHHble RLE npueoaaT k nape LSB/MSB, a B Tekywem 6noke octanocb

MeHee 2 6anToB.

Takum o0Opasom, onepayusi KOAMPOBaHMS ANUH CEPUA MOXET BBINOMHATLCA Haj
OCTaTOYHbIMWN AAHHBIMW HOBOW TEXHONOIMWN KOLMPOBAHUS, KOTOPAs BKMOYAET KOAUPOBaHMeE
B NOTOK Habopa 3HaYEeHUN faHHbIX U NOACYETa NOCNE0BaTENbHbIX HYNEBbIX 3HAYeHWU. B
KOHKPETHOW peanusauun BbIBOA onepauun KoLUPOBaHUS AMWH CEPUn MOXET ObiTb MOTOKOM
©anToB NN CUMBOJOB, TAe KaXAbl 6anT ABNSETCA O4HUM U3 TPEX TUMOB UM KOHTEKCTOB.

BanTt ykasbiBaeT cnegyowmnin Tun 6anta, KOTOpbIn OXngaeTcs B NOToke 6anToB.

CneayeT OTMETUTDL, UTO 3TU CTPYKTYPbI NPEAOCTABMNEHbI B KAYECTBE NPUMEPA, U YTO MOTYT
NPUMEHATECA  PasfUYHbIE CXEMbl KOAUPOBaHUS OUTOB, cneays  PYHKUMOHaNbHbIM
npuHUMNaMm, OnucaHHbIM B AaHHOM [OKyMeHTe. Hanpumep, MOXHO oOGMeHMBaTbLCA
KOAVPOBAHMEM MMajLIero W Ccrapliero 3Hayawmx OUTOB W/unM MOXHO MPUMEHSATb
pasnuuHble AnuHbl GuToB. Kpome Toro, GuTbl cprnaroB MoryT GbiTb PacnonoXxeHbl B

pasnUYHbIX 3apaHee onpeaeneHHblX No3uyusx B Gante.
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Kak oTmMeuyeHO Bbllle B AAaHHOM AOKYMEHTE, onepauns KoaupoBaHus XaddmaHa MOXeT
NPUMEHSITEC K MOTOKY 0anToB, 4YTOOblI AOMNONHWUTENbHO YMEHBLUUTE pPasmep AaHHbIX.
Mpouecc MOXeT co3gaTb YacCTOTHYKW Tabnuyy OTHOCWMTENbHOIO MNOSIBMEHUS Kakgoro
cumBona B MNOTOKe. M3 4yacToTHOW Tabnuubl MNpoLEecC MOXET CreHepupoBaTb AEePEBO
Xadmana. Kog XadhdmaHa ansg kaxgoro cumeona MoXxeT ObiTb CreHepupoBaH nyTem
obxofa gepeBa OT KOpHA AO Tex Mnop, Noka CumMBon He OyaeT AOCTUrHYT, HasHayas ouT

Koaa AnS KaKA 0N B3ATON BETBU.

B npeanoyTUTENbHOM BapuaHTe OCYLUECTBIEHUS AN UCMOMb30OBaHUS CO creuudukon
KOAVPOBAHHbLIX MO AMWHE CEPUIA CUMMBONOB KBAHTOBAHHbIX OCTATKOB AaHHbIX (TO €CTb
OCTaTOYHbIX JaHHbIX) MOXET MPUMEHATbCA KaHOHUYEcKas onepauus KogupoBaHUS
Xaddpmana. KaHoHnyeckme koabl XadphmaHa MOryT yMEHbLWNTb TPeboBaHNA K XPaHEHUIo
Habopa KofOB B 3aBUCMMOCTMW OT CTPYKTYpPbl BXOAHbIX AaHHbIX. KaHOHM4Yeckas npouegypa
XadbdmaHa obecneunBaeTr cnoco® CO3AaHUA KoAa, KOTOPbI HEABHO COAEPKMT
MHOPMAaLUMIO O TOM, KaKkoe KOLOBOE CHOBO MPUMEHMMO K Kakomy cumBony. Kogbl
XaddmaHa MoryT OblTb YCTaHOBIEHbI C HAOOPOM YCNOBUIA, HANPUMEP, BCE KOAbI 3a4aHHON
AMNMHBI MOTYT UMETb NeKCcnKorpadryeckn nocnesoBaTenbHble 3HaYEHUSA B TOM Xe Nopsjke,
YTO U CUMBOIbI, KOTOPbIE OHU NPEACTaBNAOT, a 6onee KOPOTKNE KOAbI NEKCUKorpaduyeckn
npeawecTeylor 6onee AnVWHHbBIM kojam. B kaHOHuueckoW peanusaumu KoaMpOBaHUSA
XaddmaHa TONMbKO KOAOBbIE CNOBa W AMWHbI K&OKAOTO KOAA AOMKHbI ObiTb nepejaHbl,

yTOObI AEKOAEP MOI BOCNPOU3BECTM KaXKAbIN CUMBOI.

[Mocne npuMeHeHus onepauyum KaHOHUYECKOro koaumpoesaHma XadpdpmaHa pasmep
BbIXOAHbIX Aa@HHbIX MOXHO CPaBHWUTb C Pa3MepOM AaHHbIX MOCMNE BbINOMHEHMS onepauvu
KOAUPOBaAHMA ANUH cepuil. Ecnn pasmep AaHHbIX MEHbLUEe, TO MEHbLUME AaHHbIE MOryT
ObITb NepeaaHbl Ny coxpaHeHbl. CpaBHeHUE pasmepa AaHHbIX MOXET BbIMONMHATLCH Ha
OCHOBE pasmepa Onoka gaHHbIX, pasmepa Crosi, NIOCKOCTU UMM NOBEPXHOCTU Mnn obLyero
pasmepa kagpa unu Buaeo. Ytobbl curHanuMauposaTb JekoAepy, Kak AaHHble 6binu
3aKo4MpPOBaHbI, B 3arofoBke AaHHbIX MOXET ObiTb nepedaH cnar, 4To JaHHble KOAMNPYHOTCA
C ucnomnb3oBaHMem kKogumposaHua XadpdmaHa, kogupoeanHna RLE wnn Ttoro n gpyroro. B
anbTepHATMBHOW peanu3auyun LeKojep MOXET WMETb BO3MOXHOCTb ONpefendtb no
XapaKkTepucTmkaMm AaHHbIX, 4YTO JAaHHble Obiny 3akogMpPOBaHbl €  MWCMOMb30BaHUEM
KOHKPETHOWN onepauun KogupoBaHns. Hanpumep, kak ykasaHo HWxe, AaHHble MOryT ObiTb
pasgeneHbl Ha 3arofNoBOK U YaCTb AaHHBIX, 4e UCMOMb3yeTCs KAHOHUYECKOe KOAUPOBaHNe

XaddpmaHna, 4ToObl CUrHanM3MpoBaTh O AMNMHAX KOLOB 3aKOAMPOBAHHbBIX CUMBOMOB.
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KaHoHMuYeckne paHHble, 3akoguMpoBaHHble NO cnocoby XaddpmaHa, copepxaT 4acTb,
KoTopasi coobLjaeT Aekogepy O ANMHE KOAa, UCNOMb3YEMOro AfNsl Kaxaoro cuMmBona, u
yacTb, KOTopasi COAEPXUT MOTOK OWUTOB, MPeACTaBNSAOWMNX KOAUPOBaHHble AaHHble. B
KOHKPETHON peanuaauuun, npesnoXXeHHON B AaHHOM JAOKYMEHTE, ANUHbl Koga MOryT
coobWatbCa B 4YacTU 3aronoBka, a JAaHHble coobwartbCad B 4acTu  JaHHbIX.
MpeanouTUTENbHO YacTb 3aronoBka OyAeT CMrHaNU3npoOBaTbCH ANS KaXKAOWN NOBEPXHOCTH,
HO MOXET CUrHanmM3npoBaTbCA ANA KaXAoro 6Onoka wunu apyroro nojpasjeneHns B

3aBUCKMOCTH OT KOHbUrypaumu.

B npeanaraemom npumepe 3arofioBOK MOXET OTNMYaTbCA B 3aBUMCMMOCTU OT KONM4yecTea
KOAUPYEMbIX HEHYNEBbIX KOAOB. KONMYecTBO KOAUPYEMBIX HEHYNEBBLIX KOAOB (Hanpumep,
ANA KaXaon NOBEPXHOCTU unu 6roka) MOXeT CpaBHMBATbCA C NMOPOrOBbIM 3HAYEHUEM U
3aronoBKOM, UCMONb3yeMblM Ha OCHOBE CpaBHeHus. Hanpumep, ecnn nmeetcs Gonee 31
CUMBOMNA HEHYNEBOIO KOAA, 3arofIOBOK MOXET NOCNEeA0BaTENbHO YKa3bliBaTb BCE CUMBONMbI,
HaunHas C 3apaHee OnpeneneHHoro curHana, Takoro kak 0. 1o nopsaky, ANMHA KaXaoro
CUMBONa MOXET curHanmnsnpoatbca. Ecnn umeetca meHee 31 HEHynNeBOro CMMBOMA KOAa,
Kaxgoe 3HayeHne CMMBONAa MOXET CUrHanM3MpoBaTbCsl B 3arofioBke C COOTBETCTBYHOLLEN

ANWHON Kogda Ans 3TOro cumeona.

Ha ®ur. 13-16 nnnoctpupyeTca KOHKpeTHaa peanusayna oopmMaToB 3arofioBKOB U TO, Kak
ANWHBI Koga MoryT OblTb 3anucaHbl B 3arofloBOK MNOTOKa B 3aBUCMMOCTM OT KOMMYECTBA

HEeHyneBbIX KOA4O0B.

Ha owr. 13 npounnioctpnpoBaHa cuTyauyusi, korga B JaHHbIX MoxeT ObiTb Gonee 31
HEeHyrneBoro cCumMBomna. 3aronoBOK BKIMIOYAET MUHUMAMNbHYIO AMWMHY KOAA U MaKCUMAanbHYHO
ANuHy koja. nuHa koja ANS KaXAoro CMMBOMA OTMNpaBnseTcs nocnejosatenbHo. dnar
yKasblBaeT, YTO ANMHA CUMBONA He paBHa Hynto. 3aTtem OuTbl ANMHbI KOga OTNPAaBNSATCA
Kak pasHuua mMexay ANUHOM Koja MU MUHMMAarnbHOW CUrHanbHOW AnunHon. Bnarogaps sTomy

yMeHbLUaeTcs obLwunii pasmep 3aronoBska.

Ha dur. 14 NPOoUNNICTPUPOBaH 3aronoBok, aHanornyHbli 3aronosky,
npounnncTpupoBaHHomMy Ha our. 13, HO MCnonb3yembll Tam, FAe umeetTca meHee 31
HeHyneBoro koga. 3aronoBoK AOMNOMHUTENbHO BKIHOYAET KONUYECTBO CUMBOSOB B AaHHbIX,
3a KOTOpbIM CriegyeT 3HaYeHne CuMBONa M AfvMHa KOAOBOrO CrioBa Ans 3TOr0 CUMBONA,

CHOBa OTnpaBl€HHbl€ KaK pa3HOCTb.
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Ha owur. 15 n 16 npounnocTpupoBaHbl AONOMHUTENbHbIE 3arofnoBKW, KOTOPbIE HYXHO
oTNpaBnsATb B 0COObIX cnyyasx. Hanpumep, ecnu BCe 4acTOTbl paBHbl HYMHO, 3aronoBOK
noToka MOXeT OblTb TaKMM, Kak MPOUNMOCTpupoBaHo Ha dur. 14, ykasbiBas ABa 3HAYEHUS
31 B nonsax MMHUManbHON M MaKCUMarnbHOW AMNWHbI, YTOObI ykasaTb OCOOYK cCuUTyauumio.
Ecnn B gepee XaddpmaHa eCTb TONMbKO OANH KOJ, 3arOfOBOK MOTOKA MOXET ObITb TaKuM,
Kak nokasaHo Ha puUCyHke 16, C mcnonb3oBaHnem 3HadeHuss 0 B NonsiX MUHUMAnbHOW 1
MakCcMmManbHOW AnWHbI, 4TOObl ykasaTb OCOOyl cuTyaumio, a 3aTeM CneayeT 3HavyeHue

cuMBOra, KOoTopoe ByAeT UCMOMb30BaThCS.

B atom nocrnegHem npumepe, rae €CTb TOMbKO OAHO 3HAYEHUE CUMBONA, 3TO MOXEeT

YKaablBaTb Ha TO, YTO B OCTAaTOUYHbIX AaHHbIX €CTb TONbKO O4HO 3HAaY€HME JaHHbIX.

Takum 06pa3om, nNpoLecc KOANPOBAHNA MOXHO PE3IOMUPOBATbL Cneayowmnm obpasom:

AHanua OCTaTOuHbIX JaHHbIX ANS  ONpejeneHns 3HaAYeHWW JaHHbIX U
nocnegoBaTenbHbIX NOACYETOB HYNEBBIX 3HAYEHUN.

eHepupoBaHne Habopa CUMBOMOB, B KOTOPOM KaXAblil CUMBON sBRsieTcs 6anTom,
a Kaxgbli 6anT cogepxnT NMbO 3HaYeHNEe AaHHbIX, NMMGO Cepulo Hynen, a Takke ykasaHue
cnegywowero cumsorna B Habope cumsBonos. CumBOMbl  MOryT cojepxaTtb OuT
nepenonHeHNs, yKasblBaloLWMiA, YTO CNeayoLWnin CUMBON BKtoYaeT B cebs 4yacTb 3Ha4YeHns
JaHHbIX, BKIMIOYEHHbIX B TEKyLWMA CUMBOM, UNN OWUT BbINOMHEHUS, yKasblBAKOLWNA, 4TO
CneayrLwmin CUMBON NPEACTaBNAET cOG0N CEPUIO HYNEN.

MpeobpasoBaHue Kaxaoro cumeona UKCMPOBAHHOW AMWMHbI B KOA MEPEMEHHOMN,
NUCMNONb3yAa KaHOHMYECKoe KoaupoBaHue XaddmaHa. KaHOHuYeckoe KogupoBaHue
XadpmaHa aHanuanpyeT CuMBOSbI, YTOObl MAEHTUMUMpOBaTE YacToTy, C KOTOPOW
Kaxabll CUMBOMN BCTpe4yaeTcs B Habope CUMBOMOB, M NPUCBAUBAET CUMBOMY KOA Ha
OCHOBE 4acTOTbl 1 3HA4YEHUA cUMBONa (4N9 O4NHAKOBOW ANUHBI KOAA).

leHepupoBaHue 1 BbIBOA Habopa ANUH KOAA, Kaxjas M3 KOTOPbIX CBA3aHa C
CUMBONOM. [nvHa Koja npeacraBnsieT cobon ANVMHY KakAOro KOAA, Ha3HauYEeHHOro
Kaxka oMy CUMBOIY.

O6begnHeHNe KOA OB NEPEMEHHON ANMHbI B OUTOBLIN NOTOK.

BbiBOg 3aKo4UPOBAHHOrO GUTOBOrO MNOTOKA.

B KOHKpEeTHOW OnMCaHHOWN peanusaunun cnegyet OTMETUTb, YTO MakCMMarnbHas AnvHa koaa
3aBUCUT OT KONMWYECTBA 3aKOAMPOBAHHBIX CUMBOMOB U  KONMMYecTBa BbIGOPOK,
nucnonb3yemMmblx AnNs NonydeHuss Tabnuubl vactotr Xadpdmana. Ons N cumBonos

MakcumanbHas gnvHa koga cocraenseT N-1. OgHako, YTobbl cumBon uMen k-OUTHbIN Kog,
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XadhdmaHa, KONMUYECTBO BbIOOPOK, MCMONb3yeMblX ANS BblBOAA 4aCTOTHOM Tabnuubl,

JOJIKHO ObITb MO MEHbLUEN MepE:

k+1

Sk = Z Fi
i=0

rae Fi apnaetcs i-bim Yyncrnom dunboHayvuu.

Hanpumep, ans 8-OMTHbIX CUMBOMNOB TEOPETMYECKAS MakcumanbHas AnuHa Koja
cocraenseT 255. OgHako ans Bugeo HD 1080p makcnmanbHOEe KOMMYeCTBO BbIOOPOK,
ucnonb3yemMblx Ans BbiBoga Tabnuubl 4acToT Ans koHTekcta RLE ocTaTouHbIX AaHHbIX,
cocrasnset 1920*1080/4 = 518 400, uto HaxoguTcs mexgy S26 n S27. CnegoBaTenbHo, B
3TOM NPUMEPE HU OAUH CUMBOI HE MOXET UMETb Kog XaddpmaHa Gonee 26 out. nga 4K

3TO YMCNO yBenuumMBaeTcs 40 29 6ur.

[na nonHOTbl KapTuHbl Ha dur. 17 nNpounnCTPUPOBaH MNPUMEP KOAMPOBaHUS Habopa
cumBonoB XadhdhmaHoM, B 3TOM NpMMeEpPe CUMBOIbI SBNSAOTCA OykBeHHO-LMpoBbiMUu. Kak
OTMeyvarnochb Bbllle, koa XaddpmaHa npegcraBnsaeT co6on onTUManbHbIn NPeUKCHBIN KOA,
KOTOPbIA MOXET WCMONb30BaTbCA AN C©KaTMA AaHHblX ©e3 noTtepb. [lpedurkcHbIn
KO4 npeacTaBnaeT cobon KOLOBYIO CUCTEMY, AN KOTOPOW B CUCTEME HET KOAO0BOroO CroBa,

KOTOpOe ABnAeTCa npedunkcomM nboro Apyroro koaa.

Utobbl Hamtn koa XadhdmaHa ans gaHHoro Habopa CMMBOMOB, HEOOXOAMMO CO34aTb

aepeBo XadpdmaHa. CHavana cMmMBOnbl COPTUPYIOTCSA NO HaCTOTe, HaNpumMep:

Cumson YacToTa

3

8

10

15

20

M| m| gl O Wl >

43

ﬂBa CaMbIX HWKHUX 3NemMeHTa yaandarwTcd K3 Ccnucka 1 npespawjarTcd B NMUCTbA C
pPoANTENBCKMM y3NnOoM, YaCTtoTa KOTOPOro pasHa CyMmMe 4acTtoT ABYX HUMXHUX 3SNEMEHTOB.

YacTtnuHoe gepeso npounntoctpuposaHo Ha dur. 17a.
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HoBbIN OTCOPTUPOBAHHBIN CMUCOK YaCToT:

Cumson YacroTa
C 10
* 11
D 15
E 20
F 43

3ateM UMKN noBTOpsieTCsl, OObLEAMHSS [LBa CaMblX HWXKHUX  3neMeHTa, Kak

npounntocTpuposaHo Ha dur. 17b.

HoBbIl cnucok;

Cumson YacroTa
D 15
E 20
* 21
F 43

310 NOBTOPAETCA A0 TEX MOP, NOKa B CNUNCKE HE OCTAHETCA TONbKO OAWH 3NEMEHT, Kak

npovnntocTpupoBaHo Ha dur. 17¢, 17d, 17e n B crneayowmx COOTBETCTBYOLWNX Tabnmuax.

Cumeon YacTtoTa
* 21
* 35
F 43
Cnmson YacroTa
F 43
* 56
Cumeon YacTtoTa
* 99

Mocne nocTpoeHns pgepeBa AN reHepumpoBaHUsA koga XaddmaHa gna cumBona Tpouka

06X0AUT OT KOPHS 4O 3TOrO CUMBONA, BbIBOASA O Kaxabll pas, koraa 6epeTtcsa neeas BeTBb,
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n 1 Kaxabln pas, korga BbiGUpPaeTca npaeas BeTBb. B npvBeAeHHOM Bbile NpUMepe 3TO

JaeT CreayoLnin koa:

Cumeon Koa OnuHa koga

1010

1011

100

110

111

M m|f g O W >
ol v v N W] o w

0

[OnnHa koga cumeona npeacraenseT cobon 4nNnuHy COOTBETCTBYHOLLETNO eMy KOZa.

Utobbl pekogunpoBaTtb koa XaddmaHa, LepeBO NPOCMarpuBaeTCsi, HauynHasi C KOPHS,
BblGupas nesbln NyTb, ecnu dutaeTtca 0, u npasbii NyTb, ecnu uutaetca 1. Cumson

oBHapyxuBaeTcsi Npu yaape no nucry.

Kak onucaHo Bblile B AOKYMEHTE, cumBonbl RLE mMoryT kogupoBatbCs ¢ NCNONb30BaHNEM
koaupoBaHnsa XadpdpmaHa. B npegnoytuTensHOM NpUMeEpe UCMOMb3yeTCsl KAaHOHUYECKoEe
koaupoBaHne XadpodpmaHa. B peanusaymm kaHOHMYECKOrO KOAUPOBaHMA XaddpmaHa MOXKET
ucnonb3oBaTbCa  npoueaypa  KogupoBaHust  XaddmaHa, U MOMYYEHHbIN  KOA
npeobpasoBbiBaeTCA B  KaHOHMYeckue kogbl XaddmaHa. To ectb Tabnuuya
nepecTpamBaeTcsa Tak, YToObl OAMHAKOBbIE ANMMHbI BblNU NocneaoBaTeNbHbIMU B TOM XE
nopsiike, YTO U CMMBOSbI, KOTOPbIE OHW NPEACTaBNAIT, U 4yTOObl Gonee no3aHMN KOA
Bceraa Obin BbilWE MO 3HayeHWto, Yyem Oonee paHHU. Ecnn cumBOmMbl pacnonoXeHbl B
andaBUTHOM MOPSIAKE, MX MOXHO MepecTaBuTb B andaBuTHOM nopsake. Ecnn cumeonsbl
SBNSAKTCA 3HAYEHUSIMM, OHM MOTYT pacnonaratbCs B MOCNeAOBaTENbHOM NOpsiaKe
3HauYeHNn, U COOTBETCTBYIOLLME KOAOBbIE CMNOBa WN3MEHSAIOTCS, UYTOObI COOTBETCTBOBATb
yKasaHHbIM Bbile orpaHuyeHmam. KaHoHuueckoe koguposaHune XaddpmaHa n/unu gpyrue
noaxoAbl K KoaumposaHuno XadpdmaHa, OnNUCaHHbIE B JaHHOM JOKYMEHTE, MOryT

oTnnyatbcsa o1 6a30BOro NpuMepa, NPOUNIKCTPUPOBAHHOIO Ha dur. 17a-17e.

B npumepax, onncaHHbIX Bbille B AaHHOM 40KyMEHTE, onepayns KoagmpoaHus XaddmaHa
MOXET NPUMEHATbCSH K CUMBOMAaM AaHHbIX, KOAUPOBAHHBIM C UCMOMNb30OBaHNEM onepauuu
KOAWPOBAHMA MOAMDULMPOBAHHON AnWHbI cepuil. [anee npegnaraeTca co3jaTtb
YacToTHYIO Tabnuuy Ana Kaxaoro kKoHTekcta unm coctosaHua RLE. Ons kaxgoro Tuna

CUMBOMA, 3aKOAMPOBAHHOIO C NMOMOLLBIO onepaunn koamposaHns RLE, moxeT GbiTb cBOWM
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Habop kogoB XaddmaHa. B BapuaHTe peanmsauum MoxeT OblTb CBOW KOAUPOBLUMK

XadhdhmaHa ans kaxgoro kKoHTekcTa unu coctosHus RLE.

Mpepnonaraercs, 4TO OAWH 3aroflOBOK MOTOKA MOXET OblTb OTNpaBneH ANs Kaxaoro
koHTekcTa RLE wnm Ttuna cummBona, TO €CTb MHOXECTBO 3arofioBKOB MNOTOKA MOXET
yKasbiBaTb ANMHbI KOAOB ANA Kaxporo Habopa KoAOB, TO €CTb AN KaKAOro kogepa

XahpmaHa nnu kaxgon Tabnuybl 4acToT.

Hwke onucaH npumep KOHKPETHbIX 3TanoB peanusauuyM Koauposwmka. B ogHon
peanusauun KOAMPOBaHME JAaHHbIX, BbiBOAMMbIX RLE, BbimonHAeTCSs B TPU OCHOBHbIX

dTana:

1. UHnymnanmnsaymsa kogepos (Hanpumep, ¢ nomoLbio yHkUum InitialiseEncode):

a. vHMyuanusagus  Kaxaoro kogepa (no oaHomy Ha coctosHue RLE)
COOTBETCTBYIOLLEN Tabnuuen YyacToT, co3gaHHon RLE;

6. cospaHue aepeBa XadhdmaHa;

B. BbIUMCMEHUE AMNNHbI KOAa KaXA0ro CMMBONA; u

r. onpegeneHve MUMHUMAaNbHON U MaKCUManbHOW ANUHBI Koga.

2. 3anncb AnuHbl Koga u Tabnuubl KOAOB B 3arofloBOK MOTOKa (Hanpumep, C NOMOLLbIO
dyHkymn WriteCodelLengths) ans kaxgaoro kogepa:

a. npuceavBaHwe KOAOB CUMBOMaM (Hanpumep, C NOMOLWbIO  YHKLUN
AssignCodes). O6patnte BHUMaHWE, 4YTO YHKUMSA, wuUcnonb3yemas Ans
MPUCBOEHWS  KOZOB  CUMBOMY, HEMHOro OTnuYaeTca oOT  npumMmepa,
NPoNNNICTpMpoBaHHoOro Ha dur. 19a-19e Bblle, NOCKONbKY OHa obecneymBaeT
nocnejosaTenbHOE BbINONHEHNE BCEX KOAOB 3a4aHHOWN AMNWHbI, T.€. UCNOMNb3yeT
KaHOHW4Yeckoe koguposaHue XaddpmaHa;

6. 3anucb MMHUMaNbHOW N MaKCUManbHOW ANTWHBI KOAA B 3aronoBOK MNOTOKA; U

B. 3anucb ASVH KOAa Kaxgoro CMMBOa B NOTOK.

3. KogupoBaHune gaHHbix RLE:

a. npuceamBaHue Tekyujero RLE-koHTekcta RLC_RESIDUAL_LSB;

6. KoAMpOBaHWE Tekyllero CMMBONA BO BXOAHOM MOTOKE C MOMOLLLIO KOAepa,
COOTBETCTBYHOLLErO TEKYLLEMY KOHTEKCTY;

B. UCnonb3oBaHWe KoHeyHoro asTomata RLE, 4ytoObl nonyuyntb cneaywowwmi
KOHTeKCT (cm. dur. 20). Ecnn 3To He nocneaHUn CMMBON NOTOKAa, NepenguTe K b;

n
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r. ecnu agaHHole RLE npegcraBnstoT cobon Tonbko oguH 6nokK, a 3ako4UpOBaHHbIN
notok Gonbwe, Yyem RLE, coxpaHeHne 3akogupoBaHHoro notoka RLE, a He

3aKo4npoOBaHHOro NoToka XaddpmaHa.

Ona kaxgoro 6noka RLE koaepbl XadhdmaHa co3patoT COOTBETCTBYIOLLYIO KOANPOBAHHYIO

yactb XadpdmaHa.

Takum 06pa3om, pe3ynbTaToM ONMCAHHOIO 34eCb Npouecca KOAMPOBaHUSA SBnseTca nubo
noTok GUTOB, 3aKOAMPOBaHHbLIN No Xaddmary, nnbo noTok 6anToB, 3aKOAUPOBaHHLIN NO
AnuHe cepuin. Taknum o6pasomMm COOTBETCTBYHOLUUIN JEKOAEP UCNONMb3YET COOTBETCTBYHIOLLYIO
onepauuio gekogmnpoBaHus XaddmaHa cnocobom, obpaTHbiM onepauumn KoaupoBaHUS.
Tem He MeHee, B ONWCAHHON HWXE onepauun AEeKOAWPOBAHMS €CTb HI0AHChl AN
nosblWeHna 3dPPEKTUBHOCTM M ajantayum K cneumduke onepayum KogupoBaHus,

ONNCaHHON BbiLLE B AOKYMEHTE.

Korga koaep curHanmuanpyeT B 3arorioBke WUNW ApPYrux MeTafaHHbIX KOHUrypayuu, uto
Oblna wucnonb3oBaHa onepauyus koguposaHns RLE wnu XadpdmaHa, pekogep MOxXeT
CHavana ungeHtTuduynpoBaTb, 4YTO onepauns aekogauposaHua XadpdmaHa gonxHa ObiTb
NMPMMEHeHa K TMOTOKYy. TOYHO Tak e, Kak OnucaHo Bbllle, JEeKoAEep MOXET
naeHTnduLnpoBaTb M3 NOTOKa AaHHbIX, UCMOMNb30Banocb nu KogmpoBaHue XaddmaHa,
nyTemMm OnpejeneHns KOnMmM4yecTBa dactein notoka. Ecnn ecTb vyacTb 3aronoBka M 4acTb
AaHHbIX, Torga AOMMKHA NMPUMEHATBCA onepayus aekoguposaHus XaddmaHa. Ecnim B
MoTOKE €eCTb TOMbKO 4acTb JaHHbIX, TOr4a MOXET TMNPUMEHSTbCA TOMbKO 4acTb

aexkoanposaHna RLE.

OHTPONUIAHBLIN  gekoaep BbinonHAeT obpaTHble npeobpasoBaHMa gekoaupoBaHud. B
AaHHOM MpuUMeEpe 3a AekogupoBaHuem no XadpdmaHy crnegyeT AEKOAUPOBaHUE ATUHbI

cepun.

B cneaylowem npumepe onMcbiBaeTCs NPOLECC 4EKOANPOBAHUSA, B KOTOPOM MOTOK OMTOB
Obln 3aKOAMPOBAH C UCMOMb30OBAHNEM KaHOHMYECKOWN onepauuun koguposaHus XaddmaHa
U onepayumm KOAMPOBaHMA ANUH CEPUA, Kak OMUCaHO Bbille B NpUMepe MnoToka
koanpoBaHnsa. OfHako cregyeT NOHMMATb, YTO onepauumn kogupoBaHus XaddmaHa u
onepayMn KOAUPOBAHUS ANVH CEPUA MOTYT NMPUMEHATLCS OTAENbHO ANS AEKOAMPOBaHUS

NOTOKOB, 3AaKO4UPOBAHHBIX APYIM Cnocobom.
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Bxoa B npouecc npeacraBnsiet cobon 3aKOANPOBAHHbLIA OUTOBLIA NOTOK. BUTOBLIM NOTOK
MOXeT OblTb NOMy4YeH W3 COXpPaHeHHoro danna unu nepejaH B MOTOKOBOM PEXMME
nokanbHO WNU yaaneHHo. 3akoAMpPOBaHHbIA OWMTOBLIM MOTOK nNpeacTaBnseT cobon
nocrneaoBaTenbHOCTb MNOCNeAoBaTenbHblX OUTOB 6e3 cpasy pasnMyuumMon CTPYKTYpbI.
TonbKO Mocne NpUMeEHeHUs onepayumn koauposaHus XaddmaHa Kk NOTOKy OUTOB MOXHO

BbIBECTU nocneaoBaTenbHOCTb CUMBOSOB.

Takum 00pas3omM, NPoUEecC cHayana nNpUMEHSIET onepauuto kogupoBaHus XadpdpmaHa k

noToky 6uToB.

Mpeanonaraercs, YTO NepPBbIA KOAUPOBAHHBLIN CUMBOI SABMASAETCA CUMBOMOM THMNa 3HAYEHUS
AaHHbIX. Taknm obpasom, ecnu onepauusa koaupoBaHua XaddmaHa Ucnonb3yeT pasHble
YyacToTHble Tabnuubl WnNM napameTpbl, oOnepayus KoaupoBaHus XaddpmaHa MOxeT

ncnonb3oBaTb NpaBUNbHYO KOA4OBYH KHUTY ANA TUna cumBona.

KaHoHnuyeckas onepayusa kogupoBaHusi XaddmaHa [JOMmKHa CHayana UW3BneYb
NoaXOoAsLWMe napamMeTpbl  KOAUPOBaHMS MMM MeTajaHHble, u4ToObl  obneruntb
AekogupoBaHme notoka ©OutoB. B npuBeseHHOM 3aecb  npumepe  napameTpbl
npegcTaBnaloT cobon Habop ANWH KOAA, W3BMEYEHHbIX W3 3aronoBka noToka. [ns
npocTtoTel OygeT onucaH oauH Habop ANMWH KOAA, KOTOPbIM OOMEHMBAKTCA KOAEP U
JeKkoaep, HO OTMETMM, YTO, KaK W Bbllle, MOryT nepejaBaTbCs CUrHasnbl HECKOMNbKUX
HabopoB ANWH KOAA, TaK 4YTO onepaumsi KOAMPOBAHUS MOXET WCMONb30BaTb PasHble

napameTpbl AN KaX40ro TMna CUMBOSA, KOTOPbIN OHa npegnonaraeT pacwndpoBaTh.

Onepauns KOAWPOBAHUA Ha3HAYWT ANWHbI KOAa, MOMyYeHHble B 3aronioBke MOTOKa,
cooTBeTCTBYIOWEMY cumBOny. Kak OTMeYyeHO Bbille, 3aronoBOK NOTOKA MOXET
OTNpPaBnNsATbLCA B pasHbiX Tunax. Ecnu 3aronoBok notoka BKMovyaeT B cebs Habop AnuH
Koja C COOTBETCTBYWOLIMMM CUMBOMNaMMW, Kaxjas ANMHA koga MoxeT OblTb CBsidaHa C
COOTBETCTBYHOLL UM 3HaYeHnem cumBona. Ecnn ANNHbI Koaa oTNPaBnAKTCA
nocriegoBaTesibHO, AEKOAEP MOXET accoynupoBaTb Kaxayr AMNUHY MNPUHATOro koja C
CUMBOMIOM B 3apaHee onpeaeneHHoM nopsake. Hanpumep, AnuHbl koga MOryT ObiTb
n3BrneYyeHbl B nopsake 3, 4, 6, 2 n T.4. 3aTeM MpoLUecC KOAUPOBAHWUS MOXET CBA3aTb
Kaxayro ANNHY c COOTBETCTBYHOLLMM CMBOIOM. 3pech nopsaok

nocnegosaTenbHbIn - (cumBon, anuna) - (0, 3) (1,4) (3,6) (4,2).

Kak npounnioctpupoBaHo Ha dur. 15, HEKOTOPbIE CUMBOMbI MOTYT HE OTNPaBATbCH, HO

dnar MoxeT ykasblBaTb, YTO CUMBOIT UMEET COOTBETCTBYIOLLYIO HYMNEBYIO ANUHY Kofa, TO
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€CTb 3TOT CMMBOI HE CYLLECTBYET B MOTOKE GUTOB, KOTOPLIN AOMKEH ObiTb AEKO4UPOBAH

(unun He ncnonbayeTcs).

3aTtem KaHOHMYEecCKasi onepayns KoagnposaHus XadpdmaHa MOXET Ha3HauyaTb KOA KaXKaomy
CMMBOINY Ha OCHOBE ANuHbl koga. Hanpumep, ecnu gnuHa koga pasHa 2, KOA NS 3TOro
cumBona OyaeTt ‘“1x’. 3peCb X yKasblBaeT, YTO 3Ha4YEHWe SABMSETCH HecyllecTBeHHbIM. B

onpegeneHHbIx peanusayuax ko oyget ‘10’

Ecnu agnuHbl AEHTUYHBI, KAHOHUYECKaA onepaunsa KoaupoBaHus XaddmaHa HasHayaeT
KOAbl HA OCHOBE MOCrefoBaTENbHOrO Nopsigka cUMBONoB. Kaxabln kKoj HasHavyaeTcs Takum
o6pasom, YTO NO Mepe aHanu3a noToka OMTOB Jekojep MOXET NpojomKaTb MPOBEPsiTb
cneaylowmn 6ut, noka He OyaeT CyLLeCTBOBaTb TOMbKO OAWH BO3MOXHbIN Ko4. Hanpumep,
nepeoMy nocnefoBaTeflbHOMY CUMBOMY ANWHbl 4 MOXeT OblTb HasHauyeH kog 1110, a
BTOPOMY MOCNeA0BaTENbHOMY CUMBONY ANUHLI 4 MOXET ObITb HasHaueH kog 1111. Takum
obpasom, aHanusupys noTtok 6uTtoB, ecnv nepeble OGUTbl NoToka GuToB pasBHbl 1110x,
BO3MOXHa NULLUb KOAMPOBKA MOTOKOM OGMTOB MEPBOro NocnejoBaTenbHOro CMMBONAa AIMHON
4.

COOTBETCTBEHHO, KaK TONMbKO Onepauus KoaWpOBaHWA YyCTaHoBMNa Habop KoAOB,
CBS3aHHbIX C KaXablM CUMBOMNOM, Onepauus KOLUPOBAHUS MOXET MepenTn K
CUHTaKCu4eckoMy aHanu3dy O6uToBOro notoka. B HekoTopbix BapmaHTax BOMMOLLEHUS
onepayusi KogUpPoBaHUst ByaeT CTPOoUTb 4EPEBO, YTOObI YCTAaHOBUTb CUMBOJ, CBSI3AaHHbIN C
Ko4,0M OMTOBOro NoToka. To ecTb onepaums kogmposaHus OyaeT OpaTb Kaxabln GUT noToka
OWUTOB N NPOXOAUTb NO AEPEBY B COOTBETCTBUM CO 3HAYEHMeM GuTta B NOTOKe OUTOB, Noka
He OyaeT HamaeH nuct. Kak TONbKO NUCT HaWgeH, BbIBOAUTCA CUMBOM, CBA3aHHbIA C
nucTom. Npouecc npojomkaeTcs B KOPHE AepeBa CO crneayowmmM 6utom 6UTOBOrO NOTOKA.
Takum obpasom, onepauns KOANPOBAHNS MOXET BbIBOAUTb HAGOP CMMBOMOB, MOMYYEHHbIX
n3 Habopa KOAOB, XpPaHSLMXCA B KOAWPOBaHHOM noToke 6uToB. B npeanoytutenbHbIX
BapunaHTax BOMIOWEHNS Kaxabld CUMBON npeacraBnseT cobon 6anT, kak onncaHo B

APYrom MecTe B JaHHOM JOKyMEHTE.

3arem HaGop CUMBONOB MOXeT ObiTb MepegaH B onepauuio KOAUPOBaHWUA AJIUH CEpuil.
Onepauns KOAMPOBAHUSA AMUH CEpPU WAEHTUPUUUPYET TWN CMMBOMA W aHanuaupyet
cuUMBOM, 4YTOObl M3BMEYb 3HAYEHME [faHHbIX WU CEPUD Hynen. Ha ocHoBe 3HauyeHuin
JaHHbIX U Cepuii Hynen onepaumsi MOXeT BOCCO34aTb UCXOAHble OCTaTOYHble AaHHble,

KOTOpble OblNy 3aKOANPOBAHDI.
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Kak oTmeyanoch Bbille B AaHHOM AOKYMEHTE, BbIXO4HOW CUrHan KoanpoBaHus Xaddmana,
BeposTHO, ByaeT Habopom cumeonoB. 3ajaya Ha Cneaywwem 3Tane AeKoaupoBaHus
COCTOMUT B TOM, YTOObl N3BMNEYb U3 3TUX CUMBOSOB PEeNeBaHTHY NMHDOPMAaLNIO, YYUTbIBaS,
YTO KaXKAbIA CUMBON COAEPXMWT faHHble B pasHOM dopmaTe, U Kaxkiblii cumson OyaeT
NPeACTaBnATL PasfuyHyld UHOpMaLUUo, HECMOTPS Ha TO, YTO WHopmauus He Oyaer

cpasy pasnuymma ns cumeona wnm 6anta.

B npegnoutuTenbHbIX NpyMepax onepauyus KoAMPOBaHWA obpalaeTcs K KOHEeYHOMY
aBTOMaTy, Kak npowunnoctpupoBaHo Ha dur. 18. B uenom, onepaums koampoBaHus
CHayana npegnonaraeT, 4YTO MeEPBbIA CUMBON SBNSAETCA TWUMNOM 3HAYEHWUS JaHHbIX
(3HauYeHne pgaHHbIX, KOHEeYHO, MOXeT ObiTb 0). Mcxoas M3 3Toro, onepaymst KogupoBaHus
MOXeT wuaeHTudpnynposatb, BkNovaet num OGawt dnar nepenonHeHua wunu  dnar
BbINONHeHUs. Pnar nepenonHeHus W 3anycka OnucaHbl Bbile B JOKYMEHTE U

npounncTpupoBaHbl Ha dur. 10.

Onepauns KOANPOBAHUS MOXET CHayana npoBepuUTb MNajluMin 3Hadvawumm OuT cumBona
(vnn GanTta). B gaHHOM KOHTEKCTe, 3To dhnar (unn ouT) nepenonHeHns. Ecnu yctaHoBneH
MMagLWwnn 3Ha4Yawmn omT, onepauns KOAUPOBAHWUA ONpPeaenseT, YTO CreayioWwmnin CUMBON
Takke OyaeT 3HadyeHnem gaHHbix n 6yaet nmete Tun RLC_RESIDUAL_MSB. OctanbHble

OuTbl cumBoOna 6yp,yT mMnagwmmMm 3Havawmmm BuTamn 3HaYEHNSA AaHHbIX.

Mpouecc KOAMPOBAHUS NEPEXOAUT K CUHTAKCMYECKOMY aHannsy CrejyioLiero cumeona u
W3BMEYEHNIO MNagwmnx GUTOB Kak OCTaBLUENCS YacTu 3Ha4YeHus faHHbIX. BuTbl nepsoro
cumMmBona MoryT 6blTb 06beAUHEHbl C BGuUTamu BTOPOro cCumBONa AN BOCCTAHOBMEHUS

3Ha4vYeHNA AaHHbIX.

B 3TOM Tekywlem cumBone, nNpounmnocTpupoBaHHom Ha dur. 11, Tawke OyaeT dchnar
BbINOMHEHUS, 34ECb CaMblil CTapwunin 6uT. Ecnmn 310 YyCTaHOBNEHO, CNeAYOWMM CUMBOIOM

OyaeT CMMBON 3arnycka, a He CUMBOI aHHbIX.

B cumBone 3anycka, npounnocTpupoBaHHoM Ha dwur. 12, onepauma KOZUPOBaHUSA
npoBepseT camblil cTapwuini OmT, 4TOObl yKasaTb, SABMASETCH NN CReaylwun CUMBON
CYMBOMOM 3anycka unM CUMBOMOM JAaHHbIX, U U3BMNEKaeT ocTaBliMecs OUTbl kak Cceputo

Hynen. To eCTb MakcumanbHyto ceputo u3 127 Hynen.

Ecnu cumBon gaHHbIX ykasblBaeT Ha OTCYTCTBUE NepenonHeHns (Bo dnare nepenonHeHns,

34eCb HaumeHee 3Hauumbll OWT), TOraa CuMMBON Takke OyaeT coaepxkatb B CaMOM
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3HaAUUTENbHOM BUTe BUT BLINOMHEHNS, U ONeEpaUns KOANPOBaHNS CMOXET OMpeaennTb no
3TOMYy BUTY, UTO CriefyHroLWMn CUMBON B HAabope - 3TO CUMBON 3amnycka Ui CUMBOS LaHHbIX.
Takum o6pasom, onepauyms KOANPOBAHUA MOXKET U3BMEKATb 3HAUYEHNE AaHHbIX U3 GUTOB 6-

1. 3aecb goctynHo 31 3HauyeHne faHHbIX 6e3 nepenonHeHus.

Kak yxe oTmeyanocb, KOHEYHbI aBTOMAaT, MPOUMNIOCTPUPOBaAHHBIN Ha Pur. 18, npocTo

WNIOCTPUPYET NpoLecc.

HauvHas ¢ cumeona RLC_RESIDUAL_LSB, ecnn 6ut nepenonHeHnsa = 0 u Our
BbinonHeHust = 0, To cregyownm cumeonom 6yaet cumon RLC_RESIDUAL_LSB. Ecnn
OuT nepenonHeHusa = 1, To cneaytowum cumeonom 6yagetr RLC_RESIDUAL_MSB. Ecnn
OuT nepenonHeHns = 1, Guta BbiNonNHeHUA He Oyaet. Ecnn GuT BbINONHEHMA = 1 1 OuT

nepenonHeHns = 0, To cneaytowmm 6utom 6yget cumeon RLC_ZERO_RUN.

B cumone RLC RLC_RESIDUAL_MSB, ecnn 6ut BbinonHeHns paseH 0, crneayowmm
cumBonom 6yaet cumBon RLC_RESIDUAL_LSB. Ecnu 6uT BbINONHEHUs paBeH 1,

cneaytowmm cumsonom byaet cumson RLC_ZERO_RUN.

B cumone RLC_ZERO_RUN, ecnu 6ut BbinonHeHnsa paeseH 0, cnegyrowum 6utom dyaeT
cumeon RLC_RESIDUAL_LSB. Ecnu 6uT BhinonHeHns paeeH 1, cneayowmum 6utom dyaet
cumeon RLC_ZERO_RUN.

PasymeeTcs, 6uTbl MOXxHO uHBepTupoBaTth (0/1, 1/0 u T.n.) 6e3 noTepun hyHKLUNOHANBHOCTH.
ToyHO Tak e NONOXEHWs BHYTPU CUMBOMNOB unu GanToB dnaros SBMSTCA MNPOCTO

nnnrCTpaTuBHbIMI.

Onepauns KOAVMPOBAHWSA ANWH CEPUA MOXET UAEHTUPMLMPOBATL CMEAYOLWMA CUMBON B
Habope CUMBONOB W M3BNeKarb NUOO 3Ha4YeHWe JaHHbiX, NMnbo cepuo Hynen. 3atem
onepaynsi KOAWPOBaHUA MOXET OObeAWHWTb 3TW 3HAYEHWs W HynMWM NS BOCCO3JaHUs
OCTaTOYHbIX JaHHbIX. [TopsifoK MoXeT BbiTh B MOPSiAKE U3BNEYEHUS UMK, anbTEPHATUBHO, B

HEKOTOPOM 3apaHee OnpeaeneHHOM NOPSAKE.

Takum obpasom, onepauns KOLUPOBAHUS MOXET BbIBOAUTb OCTATOYHbIE AaHHbIE, KOTOPbIE

Oblnn 3akogupoBaHbl B 6anToBbIA NOTOK.
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Bbllwe B faHHOM JOKyMeHTe Oblno ONMCaHo, Kak HECKONbKO MeTajaHHbIX UM NapameTpoB
KOAVPOBAHUS MOTYT WCMOMb30BaTbCH B npouecce koguposaHus. Ha cropoHe
JAEKOANPOBAaHNSA onepauus KOAMPOBaHUS MOXET BKMoYaTb B cebs obpaTHyo CBS3b MEXAY
onepauyussmMm. To eCTb OXWAAEMbIA CReayLWnin CMMBON MOXET ObiTb W3BNEYEH W©3
TekyLero cumBeona (Hanpumep, ¢ Ucnonb3oBaHuemM BUTOB NepenonHeHNs N BbINONHEHUS),
a oXuajaembll CrneaylowMn CUMBON MOXeT OblTb nepejaH onepauyuyn KogupoBaHWS
XaddpmaHna.

Onepauunsa koanpoBaHus XaddmaHa MOXET HeoOs3aTeNnbHO reHepupoBaTb OTAENbHYH
KOAOBYIO KHUFY AMS KaXZOro TMna CumBoOna (M U3BNeKaTb HECKOMbKO 3arofoBKOB MOTOKA

uny cTponTb Tabnuy N3 HECKONbKMX KOAOB U CUMBOORB).

Mpeanonaras, 4to nNepBbln CMMBON OyAeT 3HAa4YeHMEM AaHHbIX, onepaumst KOAUPOBaHUA
Xaddmana pexkoampyeT nepebii Kog ANS COOTBETCTBUMS CUMBOMNY 3Toro Tuna. U3
COrMacoBaHHOIO CUMBOMA Onepauus KOAWPOBaHUS MOXET uaeHTuduympoaTte 66Ut
nepenonHeHns u/unum 6ut BbINOMHEHUS U NAEHTUGULMPOBaTL CNeayloWniA TMN cuMBona.
3atem onepauus kogmpoBaHus XadppmaHa MOXET MCrnonb3oBaTb COOTBETCTBYIOLLYHO
KOAOBYIO KHUFY ANs 3TOr0 Tuna CUMBONAa ANSA WU3BNEYEHUA CREeAyoLero koga B NOTOKe
OutoB. [lpouyecc NepeHOCUTCA TakuM WUTEPaTUBHbIM CNOCOOOM C WCMONb3OBaHUEM
TeKyLero AeKOANPOBAHHOrO CUMBOMA A8 N3BMEYEHNS yKasaHus Crnegyrowero CMMBorna u

COOTBETCTBYHOLLENrO NUSMEHEHNA KOO OBbIX KHUT.

Bbiwwe B pgaHHOM JokymeHTe ObiNO OMMCAHO, Kak onepayus AEKOAMPOBaAHUSA MOXET
KOMOMHUpOBaTbL onepauuio  koguposaHus XaddmaHa, npeanodTUTENbHO onepayuio
KaHOHMYEeCcKOro koguposaHuss XaddmaHa, n onepauuio KOAUPOBAHWA ANWH Cepuin Ans
BOCCO34aHNA OCTaTOYHbIX AaHHbIX U3 3aKOAMPOBAHHOrO NOTOKa 6uToB. CneayeT NoHMMAaTb,
YTO METOAbI Onepayun KOAUPOBaHNUSA ANNH CEPUA MOTYT NPUMEHATLCSA K 6aNTOBOMY MOTOKY,
KOTOpPbIA He Obln 3aKoAMpoBaH C WUCMOMb3OBaHWEM onepaunn KogupoaHus XaddmaHa.
ToyHO Tak e onepayus kogupoBaHus XaddmaHa MOXET npumeHsTecs 0Oes

nocneaytoLLero atana ornepayuy KogupoBaHns ANNH CEPUN.

Hwxe onucbiBaeTCcs nNpuMmep KOHKPETHbIX 3TanoB peanu3auyun aekogepa. B npumepe
peanusauuu, ecnm NOTOK COCTOUT 13 Bonee YeM OAHON YacTW, BbINOMHAOTCA Crieaylolme
waru:

1. CunTblBaHNE ANMH KOAA W3 3arofioBka NOTOKa (Hanpumep, C MOMOLbI (PyHKUUK
ReadCodeLengths):

a. yCTaHOBKa ANWH KoAa Afs Kaxaoro CUMBona;
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0. HasHauyeHne kof0B CUMBOMAaM Ha OCHOBE AfWH Koja (Hanpumep, C NOMOLLbIO
yHkUmn AssignCodes); n
B. reHepupoBaHue Tabnuubl AN MOMCKa MNOAMHOXECTB KOAOB OAWHAKOBOW
ANuHbL. Kaxkabln aneMeHT Tabnuupl 3anncbiBaeT NEPBbIN UHAEKC 3a4aHHON AMNUHbI 1
cooTBeTcTBYIOWMN Kog (firstldx, firstCode).

2. JdexoanposaHne gaHHbIX RLE:
a. MpuceameaHue koHTekcta RLE cumeony RLC_RESIDUAL_LSB.
0. JekognpoBaHne TEKyLero koga C MOMCKOM KOPPEKTHOW JAMWHbI koja B
CreHepupoBaHHOM Tabnuue n MHAEKCMPOBAHNE MaccmUBa KOLOB C NMOMOLbIO: firstidx
- (current_code - firstCode). 910 paboTaeT, NOTOMY 4YTO BCE KOAbl ANS 3aaaHHON
ANVHBI ABNSAIOTCA NOCneoBarefibHbIMM MO NOCTPOEHMIO gepeBa XadpdpmaHa.
B. Mcnonb3osaHne koHeyHoro asTomaTta RLE pgns nonyyeHus cneayrowiero

koHTekcTa (cm. dur. 18). Ecnmn noTok He nycTomn, nepexoa k 6.

Jekoaep ANVH Cepun CUMNTLIBAET AaHHble, 3aKOAMPOBAHHbIE NO ANMHE cepuun, NoBGanTHO.
Mo NOCTPOEHMIO  KOHTEKCT nepBoro GanWTta  fJaHHbIX  rapaHTupoBaHHoO  OyaeT
RLC_RESIDUAL_LSB. [jekoaep ucnonb3yeT KOHEYHbIA aBTOMaT, NPOUNMIOCTPUPOBAHHbIN
Ha dur. 18, ans onpeaeneHns KOHTeKCTa cneaytowero 6anta gaHHbix. KoHTekcT coobujaeT
Jekojepy, Kak MHTeprnpeTupoBaTh TeKywmnin 6anT faHHbIX, KaK ONUCaHO Bbille B JaHHOM

JOKYMEHTE.

O6patnTte BHMMaHue, YTO B 3TOM KOHKPETHOM MpuMepe peanu3auyun KOHEYHbI aBTomat
ANUHBI  CepuU  TaKkKe WCMNONb3yeTCA MpPOLEeCcCOM KOAUPOBAHUS U AEeKOAUPOBAHUSA
XaddpmaHa, 4ToObl 3HaTb, KakoW Kog XaddmaHa ncnonb3oBaTb AN TEKYLWEro cumBeona

nnn Ko4oBoOro cnoea.

Kak B kogepe, Tak U B AeKOAepe, HaNpUMep, peannsoBaHHOM B MOTOKOBOM CepBepe vnu
KNMMEHTCKOM YCTPOWCTBE, UMW B KIMEHTCKOM YCTPOWCTBE, AEKOAMPYIOWEM JaHHble U3
XpaHunuLa AaHHbIX, Cnocobbl U NPOLECChl, ONUCAHHbIE B AAHHOM AOKYMEHTE, MOryT ObiTb
BOMMOLWEHbI B BUAE Koda (Hanpumep, nNporpammHOro koga) wunm padHbix. Kogep un
Jekogep moryT ObITb peannsoBaHbl annapartHo UMM NPOrpaMmMHO, YTO XOPOLLUO U3BECTHO B
obnactu oxatua JaHHblX. Hanpumep, annapaTtHOe YCKOPEeHMe C WCMOMb30BaHNEM
cneynanbHO 3anporpamMmmMmnpoBaHHOro rpadunueckoro npoueccopa (GPU) nnn cneymanbHO
paspaboTaHHON nporpaMmmupyemMon BeHTUnbHon matpuuybl (FPGA) moxeT obecneuntb
onpeaeneHHyto 3pPEeKTUBHOCTb. [N MOMHOTbI TaKOW KOA U AaHHbIE MOTYT XPaHUTbLCSA Ha

O4HOM WK Oonee MalMHOUYUTAEMbBIX HOCUTENAX, KOTOPbIE MOryT COAE€pXaTb noboe
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YCTPOWCTBO WM  HOCUTENb, KOTOPbIA MOXET XPaHuTb KOA Wunu JaHHble Ans
MCNONb30BaHNsI KOMMbIOTEPHOWN cucTemMoln. Korga KOMMblOTEpHAs CUCTEMa CYWTbIBAET ”
BbINOMHAET KOZ W/WMNW  JaHHble, XPaHSLWMECS Ha MalMHOYUTAEMOM HOCUTEneE,
KOMMbIOTEPHAs CUCTEMA BbINOMHAET CNOCOGbI U MPOLIECCHI, BOMMOLWEHHbIE B BUAE CTPYKTYP
AaHHBIX U KOAA, XPaHSALMXCA Ha MalUMHOYWTAEMOM HOCUTENe AaHHbIX. B HekoTopbix
BapuaHTax BOMMOLWEHNs OAuH unu 6Gonee 3TanoB OMNWCaHHbIX 34eCb CnocoboB u
MPOLECCOB MOTYT BbIMOSHATLCA NPOLIECCOPOM (HanpUMep, NpPOLECCOPOM KOMMbIOTEPHON

CUCTEMbI UMK CNCTEMbI XPaHEHUA IJJ,:’:IHHbIX).

Kak npaBuno, nobble yHKUMOHAmMbHbIE BO3MOXHOCTW, OMUCAHHbIE B 3TOM TEKCTE MMK
NPOVMMIOCTPMPOBAaHHbIE Ha YepTexax, MOryT ObiTb peanusoBaHbl C WCMNONb30BaHWEM
nporpammMmHoro obecneyeHnsi, BCTPOEHHOrO nporpammHoro obecrnedeHnst (Hanpumep,
CXeMbl C (PMKCUPOBAHHLIMW  NOTUYECKMMWU  DYHKUMSIMK), NPOrpPamMmMUpPyeMOro  Unu
HenporpaMmmumpyemoro obopyaoBaHus wUnu komOumHauum 3TUx peanusauuin. TepMUHbI
«KOMMOHEHT» UNN «YHKUMSA», B KOHTEKCTE AAHHOr0 AOKYMeHTa, OOblYHO MpPeACTaBnsAloT
nporpammMHoe ofecnevyeHne, BCTPOEHHOE nporpaMmHoe obecneyeHne, annapaTtHoe
obecneyeHne unm unx KomOuHauuio. Hanpumep, B crnyyae nporpamMmHoON peanusayumn
TEPMUHbI KKOMMNOHEHT» UMW «PYHKLUS» MOTYT OTHOCUTLCS K MPOrpaMmMHOMY KOAY, KOTOPbIN
BbIMONHAET OMNpeAeneHHble 3agayn MNpu BbINONMHEHWM Ha YCTPOWCTBE WUNN YCTPOWUCTBAaX
obpaboTku. MNponnnioCTpUpoBaHHOE pa3sgeneHne KOMNOHEHTOB U DYHKUMA Ha OTAENbHbIE
Onoknm MOXeT oTpaxaTb o0yl akTUYECKyld WM  KOHLENTyanbHY0 (U3NYECKYIO
rPYNNMpPOBKY W pacnpegeneHne Takoro nporpammHoro obecnedeHns u / unu obopynoBaHns

1 3ajau.

B HacToswen 3asBke Obin onucaH cnoco® KOAWPOBAHUS WM AEKOAUPOBAHWSA curHana, B

4aCTHOCTM BuAeOoCurHana w/vnm curHana |/|306pa>KeH|/|$|.

B uacTtHocTU, onucaH cnocob KoAMPOBaHUS CUrHana, BKIoYaoLWMiA NPUeM BXOLHOro Kaapa
n 06paboTKy BXOAHOro Kajpa AnNs reHepauum no MeHbLUen Mepe OfHOro nepBoro Habopa
OCTaTOYHbIX faHHblX, YMNOMSIHYTbleé OCTaTOYHble JaHHble MO3BOMAT  Aekojepy

BOCCTAHOBUTb I/ICXO,D,HbII;I Kaap n3 onopHOro BOCCTaHOBNEHHOIO Kajpa.

B ogHOM BapuaHTe BOMMOLLEHNS CNOCO6 BKMHOYAET MOMyYeHNE BOCCTAHOBIIEHHOIO Kagpa
N3 AEKOAUNPOBAHHOMO Kaapa, NomnyvyeHHoro u3 MOAyns AeKOAUPOBAHUS, MPU 3TOM MOAYMb
AEKOAUPOBaHWA  BbIMOMHEH C  BO3MOXHOCTbIO  FEHEPUPOBAHUS  YMOMSIHYTOrO
AEKOANPOBAHHOMO Kagpa NyTem AeKOAMPOBaHUSA MepBOro KOAMPOBaHHOIO Kagpa, KOTopbIn

Obln 3aKOAMPOBaH COrMacHo nepBoMy cnocoby koampoBaHus. Cnocob AONOMHUTENbHO
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COAEPXKMT MOHWXKAMOLWY AUCKPETU3aUMI0 BXOAHOIO kagpa AnNs MOnydYeHus kagpa C
MOHMWKEHHOW AUCKpeTM3auMen W nepejadvyy yKasaHHOro Kagpa C  MOHMKEHHON
AVNCKPETM3auMen B MOAYNb KOAUPOBAHUS, CKOHMUIYpUPOBAHHbIA ANS  KOAMPOBAHMWS
yKasaHHOro Kagpa C NOHWKEHHON AUCKpPeTU3auuen B COOTBETCTBUM C NEPBbIM CNOCOOOM
KOAVPOBAHWSA ANA rEeHepuMpoBaHWS NEepPBOro 3akoAupoBaHHOro kaapa. [lonydyeHue
BOCCTAHOBMNEHHOrO  Kagpa  MOXeT  JOMNOMHWTENbHO  BKMHOYaTb  MOBbILLAIOLLYHO

AUCKPETU3ALMIO JEKOANPOBAHHOIO Kaapa AN rEHEPUPOBAHNSA BOCCTAHOBMNEHHOTO Kaapa.

B gpyrom BapuaHTe BONMoLweHMs cnocob BKMOYAET NOSyYyeHne BOCCTAHOBIEHHOMO Kaapa
n3 KoMOMHayMum BTOpPOro Habopa OCTaTOuYHbIX AaHHbIX U JAEKOAUPOBAHHOIO Kajpa,
Mony4YeHHOro U3 MoAyns AEKOAUPOBAHUS, NMPX 3TOM MOAYIb AEKOAMNPOBAHMWS BbINOMHEH C
BO3MOXHOCTbIO ~ FE€HEPUPOBaHWA  YKasaHHOro  JEeKOAUPOBAHHOro  kajapa  nyTem
JeKoANPOBaHNA NEPBOro KOAMPOBAHHOMO Kajpa, KOTOPbI Obln 3aKO4MPOBaH COFMacHo
nepsomMy cnocoby koaupoBaHus. Cnoco® [ONOMHWTENbHO BKIOYAET MOHKAIOLLYHO
AVCKPETU3aLMI0 BXOLHOTO Kagpa AnNsi MOMyYeHUsl Kagpa C NOHWKEHHOW AUCKpeTUsauunen u
nepegady ykasaHHOro Kajpa C MOHWKEHHOW JWUCKPEeTM3auuein B MOAYMb KOAUPOBaHUS,
BbIMOMHEHHbII C BO3MOXHOCTBbIO KOAMPOBAHWS YKa3aHHOro Kajgpa C MOHWKEHHON
AUCKpeTnsaumen B COOTBETCTBMM C  MEPBbIM  CnocoboM  KogupoBaHus, YTOObI
CreHepmpoBaTb MEPBbIN 3aKOAUPOBaHHbLIN kagap. Cnoco® AONOMHUTENbHO BKOYaET
hopMMpoBaHME YNOMSAHYTOrO BTOPOro Habopa 0CTaTOUHbIX AaHHbIX NyTEM B3STUS pasHULbI
MEXAY AEKOAMPOBAHHbIM KaAPOM W KagpoMm C MNOHWKEHHOW AauckpeTusaumen. Cnocob
JAOMOSNHUTENbHO BKIIOYAET KOAUPOBAHUE YMOMSIHYTOrO BTOPOro Habopa OCTaTO4HbIX
JaHHbIX Ans  co3fjaHus nepBoro Habopa 3akogMpPOBaHHbIX OCTATOYHbIX  AaHHbIX.
KognpoBaHne ynomsiHyToro BTOpOro Habopa OCTaTOYHbIX AaHHbIX MOXET BbINOJHATHCS
cornacHo BTOpOMY cnocoly koaupoBaHus. Btopon cnoco® koaMpoBaHWS BKOYaeT
npeobpasoBaHne BTOPOro Habopa oCTaTouHbIX 4aHHbIX B NpeobpasoBaHHbln BTOpon Habop
OCTaTOUYHbIX AaHHbIX. [NpeobpasoBaHne BTOpPOro Habopa OCTATOYHbIX AaHHbIX BKMHOYaEeT
BbIGOp NOAMHOXECTBA BTOPOro Habopa OCTaTOYHbIX AaHHBIX W NPUMEHEHME
npeobpasoBaHns K YMNOMSHYTOMY TMOAMHOXECTBY AN CO3JaHWS COOTBETCTBYHOLLErO
noAMHoXecTBa npeobpasoBaHHOro BTOporo Habopa ocTaTouyHbIX AaHHbiX. OguH 13
nogMHOXecTBa npeobpasoBaHHOrO BTOPOro Habopa OCTaTOYHbIX AaHHbIX MOXET ObITb
nonyyeH nyTemM ycpejHeHWs MOAMHOXECTBa BTOPOro Habopa OCTaTOYHbIX JaHHbIX.
MonyyeHne BOCCTAHOBMEHHOTO Kagpa MOXET AOMOMHWUTENbHO BKMOYATb MOBbILLAIOLLYHO
AVNCKPETU3aumi KoMOGMHaUMnm BTOPOro Habopa OCTaTOYHbIX AaHHbIX U JEKOANPOBAHHOIO

Kaapa ns reHepnpoBaHns BOCCTAHOBIIEHHOTO Kajpa.
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B oaHOM BapmaHTe BOMMOLWEHWA TFeHEepUpoBaHME MO MeEHbLUen Mepe ofgHoro Habopa
OCTaTOUYHbIX JAaHHbIX BKMIOYAET B3STUE pasHuWUbl MeXAy OMOpPHbIM BOCCTAHOBMEHHbIM
KagpomM W1 BXOAHbIM Kagpom. Cnoco6 [ONOMHWTENbHO BKMHOYAET KOAMPOBaHME
YyNOMSIHYTOrO nepBoro Habopa OCTaToO4HbIX AaHHbIX ANS Cco3j4aHus nepBoro Habopa
KOAMPOBAHHbIX OCTaTOYHbIX AaHHbIX. KogupoBaHue ynomsiHyToro mnepsoro Habopa
OCTaTOYHbIX AAHHbIX MOXET BbINOMHATLCA COrMAacHO TpPeTbeMy crnocoby KOAUPOBAHMA.
Tpetnin cnocob KogupoBaHMA BKMOYaeT npeobpasoBaHue nepBoro Habopa OCTaTOuHbIX
JaHHbIX B nNpeobpasoBaHHbI MNEPBbIN HAOOP OCTATOYHbIX AaHHbIX. [peobpasoBaHue
nepBoro Habopa OCTaTOYHbIX AaHHbIX BKMOYaET BbIOOP MOAMHOXECTBa nepBoro Habopa
OCTaTOYHbIX A4aHHBIX U MPUMEHEHNE NpeobpasoBaHns K YNOMSIHYTOMY MOAMHOXECTBY AN
reHepayum COOTBETCTBYIOLLEro MOAMHOXeECTBa nNpeobpasoBaHHOro nepsoro Habopa
OCTaToOuYHbIX AaHHblX. OaMH M3 noaMHOXeCTB npeobpa3oBaHHOro nepBoro Habopa
OCTaTOYHbIX AaHHbIX MOXET OblTb MONy4yeH NOCPEeACTBOM pPa3HOCTU MeXAy CpefHuM
3HayeHuem nogHabopa BXOAHOrO Kajpa U COOTBETCTBYIOLLEro 3neMeHTa kombuHauuu

BTOPOro Habopa 0CTaToYHbIX AaHHbIX U 4EKOANPOBAHHOIO Kagpa.

B uacTtHocTM, onucaH cnoco6 [AEeKOAMPOBAHUA CWrHana, CoAepXawuin npuem
KOAMPOBAHHOIO Kaapa W Mo MEHbLUEN Mepe ogHOro Habopa KOAMPOBAaHHBIX OCTATOUHbIX
AaHHbIX. [MepBbll KOAUPOBAHHBIN Kaap MOXET ObiTb 3aKOAMPOBAH C WCMONb30OBaHWEM

nepBoro cnocoGa KoANPOBaHNS.

Mo MeHbleNn Mepe OAUH HABOP OCTATOYHbIX AAHHbIX MOXET OblTb 3aKoAMpOBaH C

NCnonb30BaHNEM BTOPOro U/unm TpeTbero cnocoba KogmpoBaHusl.

Cnoco6 AONOMHUTENbHO BKMHOYAET nepegadvy NepBOro KOAMPOBAHHOrO Kagpa B MOAYIb
AEKOAMPOBaHMS, NpW 3TOM MOAYNb AEKOAMPOBAHMS BbIMOMHEH C  BO3MOXHOCTbHIO
reHepupoBaHUs 4eKoAMPOBAaHHOIO Kaapa MyTeEM AEeKOAUPOBaHUS KOAMPOBAHHOIrO Kagpa,

KOTOpPbIN OblN 3aKOANPOBAH COrMacHO NepPBOMY Cnocoby KoAMPOBaHNS.

Cnoco6 MOXeT JOMOMHUTENBHO BKMOYaTb AEKOAMPOBAHWE MO MEHbLUEW Mepe OfHOro
Habopa 3akoAMPOBaHHbLIX OCTATOYHbLIX JaHHbIX COrMacHO COOTBETCTBYKOLLEMY CMOCoby

KOANPOBaHUA, NCNONb3yeEMOMY ANA UX KOANPOBAHUA.

B oaHOM BapuaHTe BOMMOLEHUS MNEPBbIA HAbOp KOAUPOBAHHBLIX OCTATOYHBIX AaHHbIX
JEKOANPYETCH MyTEM MPUMEHEHUSI BTOPOro crnocoba AeKkoanpoBaHUsi, COOTBETCTBYHOLLENO
YyrNOMSIHyTOMY BTOPOMY crnocoby KoAMpPOBaHUS, AN MonydeHuss nepeoro Habopa

LEKOANPOBAHHbBIX OCTaTOYHBIX AaHHbIX. Cnocob AOMNOMHUTENBHO COLEPXUT OObeanHeHne



10

15

20

25

30

35

nepeoro HaGopa OCTaTOYHbIX AAHHBIX C AEKOAMPOBAHHbIM Kagpom ANs MNOnyvyeHus
06beanHeHHOro kagpa. CnocoG A0NOMHUTENBHO COAEPXKUT MOBLILLALLYIO AUCKPETU3ALMIO

KOMBMHMPOBAHHOIO Kaapa, YToObl NONYUYMUTb ONOPHBINA AEKOANPOBAHHbLIN Kaap.

Cnoco6 AOMOMHUTENBHO BKMOYAET AEKOAUPOBaHME BTOPOro Habopa KOAMPOBAHHbLIX
OCTaTOYHbIX AaHHbIX MNyTEM NPUMEHeHWs TpeTbero crnocoba AeKoAMPOBaHUS,
COOTBETCTBYIOLLETO YNOMSIHYTOMY TpeTbeMy crnocoby KOAMPOBaHMUS, ANS NOJyYeHUs
BTOporo Habopa [eKOAUPOBAHHbIX OCTATOYHbIX JaHHbiX. Cnoco6 AOMNONHUTENBHO
BKMOYaeT OObeAUHEHWE BTOPOro Habopa [EeKOAUPOBaHHbIX OCTaTOYHbIX AAHHbIX C

OMOPHbIM AEKOANPOBAHHBIM KaapPoOM AnA nonyvyeHnAa BOCCTaHOBNEHHOIO Kajpa.

B Aapyrom BapuaHTe BONMOLWEHUA Cnoco® BKNIOYAET MOBbILEHUE AWCKPeTM3aLuu

AEeKOANPOBaHHOIO Kagpa, YToObl NONYy4YUTb ONOPHbIN AEKOLNPOBAHHBIN Kagp.

Cnoco6 AoONONHUTENbHO BKMOYAET AekoaupoBaHne Habopa 3akoanpoBaHHbIX OCTaTOYHbIX
JaHHbIX MyTeM TMPUMEHEHUs BTOPOro0 WNU TPeTbero cnocoba AeKo4UpPOBaHNS,
COOTBETCTBYIOLLENO YNOMSHYTOMY BTOPOMY MMM TpeTbeMy cnocoby KoaupoBaHus, Ans
nonyyeHuss Habopa [LEKOAMPOBaHHbIX OCTaTOYHbIX AaHHbIX. Cnoco® AOMNOMHUTENBHO
coaepKuT obbeauHeHne Habopa JAEKOAUPOBAHHBIX OCTATOUHbLIX AAHHBIX C OMOPHLIM

AeKkogunpoBaHHbIM Kagpom AnA nonyvyeHna BOCCTaHOBNEHHOIO Kajpa.

Cnep,yrou.wle HWXe yTBepXAEHUA ONUCBLIBAKDT NpeAnoyvYTUTENbHbIE UNMKN NNNKOCTPaTUBHbIE

acnekTbl, oNUCaHHbI€ N NpoUNNCTpnpoBaHHbie B AAaHHOM JOKYMEHTE.

Cnocob KoAMPOBaHUSA BXOLHOrO BUAEO BO MHOXECTBO KOAMPOBAHHLIX MOTOKOB, TaK UTO
KOAMpPOBaHHbIE NOTOKN MOTMYT OblTb O0ObEeAMHEHbI ANS BOCCTAHOBNEHNS BXOLHOMO BUAEO,
€noco6, BKMOYAOLLNNA:

nonyyYeHne BXOAHOTO BUAEO C MOMHbLIM paspeLleHneM;

MOHWKEHNE AUCKPETM3AUUM BXOLHOrO BUMAEO C MOMHbIM paspelleHuemM Ans
CO34,aHNS BUAEO C MOHUXEHHON ANCKPETU3aLMEN;

KoAupoBaHWe BUAEO C NOHWKEHHOW AUCKpeTusaunen ¢ MCnonb3oBaHWEM MNEPBOro
Koaeka Ans co3paHust 6a30BOro KoANPOBAHHOTO NOTOKA;

BOCCTaHOBINEHNE BUAED U3 KOAUPOBAHHOIO BUAEO ANS CO34aHNSA BOCCTAHOBINEHHOIO
BUJEO;

CpaBHEHWE BOCCTAaHOBMNEHHOMO BUAEO C UCXOAHbIM BUAEO U

co3gaHne ogHoro unm Gonee LOMOMHUTENBHO 3aKOAUPOBAHHLIX NMOTOKOB Ha OCHOBE

CpaBHEHMS.
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BxogHoe BMAEO MO CPaBHEHUIO C BOCCTaHOBMEHHbIM BWAEO MOXET ObiTb BUAEO C

NOHMKXEHHOW AUCKPETU3aUneN.

CornacHo OAHOMY W3 nNpPUMEPOB cnocoGa, CpaBHEHWE BOCCTAHOBIIEHHOIO BUAEO C
BXO/HbIM BUEO BKNIOYAET:

CpaBHEHME BOCCTAHOBMEHHOrO BUMAEO C BUAEO, WMEKOLWUM  MOHUDKEHHYIO
AVUCKPEeTM3aumio, Ans Cco3jaHus MepBoro Habopa OCTaTOYHbIX AaHHbIX, WU MNpU 3TOM
co3gaHne oaHoro unu ©Gonee AOMNOMHUTENbHBIX KOAWPOBAHHBLIX MOTOKOB BKMHOYAET
KoAMpOBaHME NepBOro Habopa OCTaTOUHbIX AaHHbIX AN CO34aHUSA KOAUPOBaAHHOrO NOTOKA

NnepBOro ypoBHS.

BxoaHoe BMAEO NO CPaABHEHNIO C BOCCTAHOBMEHHBIM BUAE0 MOXET GbiTb BXOAHbLIM BUAEO C
MOMHbIM PaspeLLUeHNEM, a8 BOCCTAHOBNEHHOE BULEO MOXET OblTb NOABEPrHYTO MOBbILLEHUIO

AUCKpeTU3aumu.

CornacHo OfHOMY W3 npuMepoB crnocoba, CpaBHEHWE BOCCTAHOBMIEHHOMO BUAEO C
BXOAHbLIM BUAEO BKMIOYAET:

MOBbILEHNE  AWCKPETM3aLMM  BOCCTAHOBMEHHOTO  BUAEO ANl CO3jaHus
BOCCTaHOBJIEHHOIO BUAEO C MOBbILLEHHOW AUCKPETM3aLnE U

CpaBHEHNE BOCCTAHOBMNEHHOIO BUAEO C MOBbILEHHOW AUCKPETM3AUMEN U BXOAHOTO
BMAEO C NOSHbIM pa3peLleHNEM ANA CO34aHNsi BTOPOro Habopa OCTaToOUHbIX AaHHbIX, U NPy
3TOM CO3jaHvne OAHOro unu Goniee AOMNOMHUTENMbHBIX KOAMPOBAHHbLIX MOTOKOB BKMOYAET

KOAMPOBaHWE BTOPOW PasHOCTU AN CO34aHUSA KOLUPOBaAHHOIO NOTOKA BTOPOro YPOBHS.

COOTBETCTBEHHO, B OAHOM W3 NPUMMEPOB, CMNocob npeaycMaTpuBaeT reHepupoBaHue
6asoBOro  KOAMPOBAHHOINO MOTOKA, KOAMPOBAHHOrO MNOTOKA NEPBOrO  YPOBHA U
KOAMPOBAHHOIO MOTOKA BTOPOro YPOBHS COrMacHO OMUCAHHBIM BbILLE MpUMepamM cnocoGoB.
Kaxgbll M3 KOAMPOBAHHOrO MOTOKA NEPBOrO YPOBHS U KOAUPOBAHHOIO MOTOKA BTOPOro
YPOBHSI MOXET COAEPXaTb AaHHblE PacCLUMPEHUs, WUCMONb3yeMble AEKOAEPOM AnNs

pacLMpeHna KOAUPOBAHHOTO 6a30BOro NOTOKA.

OcTaTouHble faHHble MOryT BbICTyNnatb B Ka4vyecTBe pasnmqvuh Mexay ABymMma BUAEO UK

Kagpamu.

KOJJ,I/IPOBaHHbIe NOTOKN MOryT conpoBOXaaTbCA OAHUM MNn Gonee 3aronoBkamu, KOTopblie

cojepxaT napameTpbl, ykasblBalolimMe acnekTbl npouecca kogupoBaHus ans obneryeHus
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AeKoAMpOBaHMs. Hanpumep, 3aronoBKM MOTYT COAEPXaTb WCMOMb3yeMbll  KOLEK,
npumeHsiemoe npeobpas3oBaHne, NPUMEHSEMOE KBAHTOBaHWE W/WNU Apyrve napameTpbl

LEKOANPOBAaHUS.

Bbiwwe B pgokymeHTe ObiNO OMMCAHO, Kak 3Tan paHXupoBaHus W Bbibopa MOXeT
NPUMEHATLCA K OCTaTOYHbIM AAHHLIM, MOXET BbINOMHATLCA 3Tan BblYMTAHWUA BPEMEHHbIX
KO3hPULMEHTOB, a Takke MOXET OblTb afanTupoBaHO KBaHTOBaHWe. Kaxabin M3 3Tux
LaroB MOXeT ObITb 3apaHee onpejeneH 1 BbIGOPOUYHO NMPUMEHEH NN MOXKET NPUMEHATHCS
Ha OCHOBE aHanMsa BXOASILEro BUAEO, BUAEO C MNOHWKEHHON AUCKPETM3aLUnen,
BOCCT@HOBMNEHHOrO BUAEO, BUAEO C MOBbBIWEHHOW AuckpeTusauymen wunmu nobon
KOMOMHaLUK BbiLLENEepPEeYMCneHHOro ANns ynyJeHns obLen nponsBoaMTENbHOCTU Kogepa.
3Tanbl MOryT NPUMEHATbCA BbIOOPOYHO HAa OCHOBE 3apaHee onpeaeneHHoro Habopa
npaeun WnM NPUMEHATLCA HEMNOCPEACTBEHHO HA OCHOBE aHanu3a wunum obpaTHoin CBA3M

npon3BOoANTENBbHOCTA.

OAvH 13 NpuMepoB crnocoba JONOMHUTENBHO BKIOYAET:
oTnpasKy 6a30BOro 3ako4MPOBAHHOIO NOTOKA.

OAvH 13 NpumepoB crnocoba JONOMHUTENBHO BKIOYAET:
OTNPaBKy 3aKOAMPOBAHHOIO MOTOKA NEPBOro YPOBHS.

OAVH 13 NnpumepoB crnocoba JONONMHUTENBHO BKMOYAET:

OTNPaBKy 3aKOANPOBAHHOIO MOTOKA BTOPOro YPOBHS.

CornacHo A0MNOMHUTENbHOMY acrneKkTy HacTOsILLEero n3obpeTeHnst NpeocTaBnseTcs cnocod

LEKOANPOBAaHUS.

Cnoco6 [eKoaMpOBaHNS MHOXECTBA 3aKOAMPOBAHHbIX MNOTOKOB B BOCCTAHOBIIEHHOE
BbIXOAHOE BUAEO, BKNHOYAIOLLMIAL

npuem nepeoro 6a3oBOro KOAMPOBAHHOMO NMOTOKA;

AeKoaupoBaHue nepBoro 6a30BOro KOAMPOBAHHOrO MOTOKA COrMAacHO MEPBOMY
KOAEKY ANSA reHepauumn NepBoro BbIXOAHOMO BUAEO;

nonyyeHne o4HOro unu Gonee A0NOMHUTENBHO 3aKOAUPOBaHHBLIX MOTOKOB;

AEKOANPOBAaHNE OLHOrO Unu 6onee AONOMHUTENbBHO 3aKOAWNPOBAHHbIX MOTOKOB ANS
reHepupoBaHnsa Habopa O0CTaToYHbIX AaHHbIX 1

obbeanHeHNe Habopa OCTaToOuHbIX AaHHbIX C MEPBbIM BUAEO ANS CO34aHUNA

LEKOANPOBaHHOIO BUAEO.
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B oaHOomM npumepe cnocof COAEPKWT M3BMEYEHWE MHOXECTBa NapameTpoB
AeKoAMpoBaHMS M3 3aronoBka. lapameTpbl AEKOAMPOBAHMS MOTYT YyKasblBaTb, Kakue

npoueaypHble 3Tanbl 6bInNK BKMOYEHBI B MPOLECC KOAUPOBaHNS.

B ogHOM npumepe cnoco6 MOXET BKMYaTb MPUEM 3aKOAMPOBAHHOIO MOTOKA MEPBOro
YPOBHS U NpueM 3aKOLMPOBAHHOIO MNOTOKA BTOPOro ypoBHSA. B 3aTom npumepe 3Ttan
LEKOANPOBaAHUSA OAHOrO WUnNu Gonee AONONHUTENBbHO 3aKOAMPOBAHHbLIX MOTOKOB ANS
reHepayum Habopa OCTaTOUYHbIX AaHHbIX BKNHOYAET:

LEKOANPOBaHNE 3aKOANPOBAHHOrO NOTOKa NEPBOro YPOBHS ANS NOMYyYEeHUs NepBOro
Habopa oCTaTOUHbIX 4aHHbIX;
npu 3ToM 3Tan KOMOWHUMPOBaHUS Habopa OCTaTOUHbLIX AAHHBIX C MEpPBbLIM BUAEO ANS
reHepuUpPOBaHNS 4EKOANPOBAHHOIO BUAEO BKIOYAET:

o0begnHeHNe nepBoro Habopa OCTaTOYHbIX AaHHbLIX C NEPBbIM BbIXOAHbLIM BUAEO
AN reHepauynmn BTOPOro BbIXOAHOIO BUAEO;

noBbILIALWAS AUCKPETU3AUNS BTOPOro BbIXOAHOMO BUAEO ANS CO34aHUS BTOPOro
BbIXOAHOro BUAEO C NOBbILUIEHHOWN JUCKPETU3ALNEN;

LEKOANPOBaHNE 3aKOANPOBAHHOMO NOTOKA BTOPOro YPOBHS ANt NOMYyYEHUS BTOPOro
Habopa oCTaTOUHbIX 4aHHbIX U

o6benHeHNe BTOPOro Habopa OCTaToUHbIX AaHHbIX CO BTOPbIM BbIXOAHbLIM BUAEO

NS CO3/aHNsl BOCCTaHOBMNEHHOMO BbIXOAHOIMO BUAEO.

Cnoco6 moxeTt AONONMHUTENBHO BKMKOYaTb 0To6pa>|<eH|/|e nnn BblIBO4 BOCCTaHOBIEHHOro

BbIBOAA.



®OPMYIJIA N3SOBPETEHUA

1. Cnocob KogMpoBaHNAa BUAEOCUrHana, BKIHOYaoLMiA:

nonyYeHne BXOAHOrO Kaapa;

06paboTKy BXOAHOMoO Kagpa ANA FeHEepUpOBaHUS OCTATOYHbIX AaHHBIX, NPUYEM
OCTaToOuYHble AaHHble MO3BONAT AEKOAEPY BOCCTaHOBUTbL BXOLHOW Kaap Ha OCHOBE
OMOPHOrO BOCCTaHOBIEHHOTO Kaapa; u

NPUMEHEHME onepaLnmn KOAUPOBaHUS ANNH CEPUN K OCTATOYHBIM AaHHbIM,
npw 3TOM ornepauna KogNPOBaHNA ASMH CEPU BKITOYAET reHepupoBaHmne 6anToBoro noToka,
3aKOAMPOBaHHOIO NO AfMHaM Cepui, cogepxallero Habop CMMBOJSIOB, NPEACTaBMAAOLLMX
HEHyneBble 3HAYeHWS [aHHbIX OCTaTOMHbIX AaHHbIX, W MOACYETHLI MOCnefoBaTeNbHbIX
HyNneBbIX 3HAYEHW OCTaTOYHbIX AaHHbIX, MPUYEM ornepaunsa KoAMPOBaHUA AfUH Cepui
BKIOYaET:

KOANPOBaHNE HEHYNEBbLIX 3HAYEHWUN AaHHbIX OCTATOYHbIX AaHHbIX MO MEHbLUEN Mepe
B NePBbIN TN CUMBONA U

KOAUPOBaHWE MOACYETOB MOCMEefOoBaTENbHbIX HYMNEBbIX 3HAYEHUA BO BTOPOW TWIM
CMMBOSA, TaK YTO OCTaTOYHbIE JaHHbIE KOAMPYIOTCA Kak MOCeaoBaTeflbHOCTb CMMBOIIOB
pasHbIX TUMOB,

npuyem cnoco® AOMOMHUTENBHO BKIOYMAET YCTaHOBKY dhnara B Kaxabli CUMBOI,
yKasblBalOWMMN  TUN  CMMBONA, KOAMPYEMOro cnegywowmm B  0anTOBOM  MOTOKE,

3aKOAMPOBaHHOM MO AJSIMHE CEPUNA.

2. Cnocob no n. 1, B KOTOPOM ornepaums KOgMPoBaHNA AJIMH CEPUN BKIKOYAET:
KOANPOBaHNE 3HaYEeHWU AaHHbIX OCTaTOYHbIX AaHHBIX B MEpPBbIA TUM CMMBONa WU

TPETUM TUN CUMBOSIA, MPUYEM MEPBLIM U TPETUN TUMbI CUMBOMA KaXAbIA COAEPXKUT YacTb

3HaYeHNsa JaHHblX, Tak 4YTO 4Yactu MoryT OblTb 0ObefauvHEeHbl B AeKoaepe Ans

BOCCTaHOBMNEHNSA 3HAYEHUIN AaHHbIX.

3. Cnocob no n. 2, B KOTOPOM Orepaums KOAUPOBaHNA AIIMH CEPUA BKITKOYAET:
CpaBHEHNE pa3mepa KaxAoro 3Ha4YeHUs AaHHbIX OCTaTOYHbIX AaHHbIX, MOANeXaLymx
KOANPOBaHWUIO, C NOPOrOBbIM 3HAYEHNEM U
KOANPOBaHNE KaXXA0ro 3HaYeHNS AaHHbIX B NEPBLIV TUN CUMBOMA, ECNN Pa3Mep HXe
MOPOroBOr0 3HAYEHUSA, U KOAMPOBAHME YaCTU KaXAOro 3HAYEHWS AaHHbIX B MEPBbLIA TUM
CMMBOMA M 4YaCTU KaKAOro 3HaYeHUsa AaHHbIX B TPETUA TUM CMMBOMA, €CNY pa3mep BbilLe

NoporoBoro 3Ha4YeHn4.

4. Cnoco6 no n. 3, KOTOPbIN AONONHUTENBHO BKIHOYAET:



ecnv pasMep MpeBbILLUAeT MOPOroBOe 3HaYeHWe, YCTaHOBKy briara B CMMBOSE
NEpPBOro TUNa CUMBOMA, YKa3blBalOLIEro Ha 4YacTb MPeACTaBMNEHHOro 3HaYeHUs AaHHbIX,

KOAMPYHT B AOMNONHUTENBHBIN CUMBO TPETBLEro Tna cmeona.

5. Cnoco6 no nwbomMy M3 MNPeaLlecTBYHOLMX MYHKTOB, KOTOPbLIA AOMOSHUTENBHO
BKITHOYaET:

NPUMEHeHe onepaumMn KogumposaHua XaddmaHa k Habopy cuMmMBOMOB ANd
reHepupoBaHUs AaHHbIX, 3aKOAMPOBaHHbIX XaddmaHoMm, cogepxalmx Habop KoAoB,

npeacTaBnaoLmx 6anToBbI NOTOK, 3aKOAMPOBaHHLIN MO ANIMHE CEPU.

6. Cnoco6 no n. 5, B KOTOPOM Onepauusa kKoguposaHua XadpdmaHa npeacrasnsaet cobom
KaHOHWYECKYH onepaumio KogmposaHua XadpdmaHa, Tak YTo AaHHble, 3aKoAUPOBaHHbIE Mo
XadpdmaHy, cogepxaT ANUHY KoAa ANS KaXa0ro YHUKanbHOro cumeosa Habopa CMMBOIIOB,
npuyem AnuHa Koja npeAcTaBnseT ANVMHY KoAa, MCNonb3yemMoro ANA KOAWPOBaHUSA
COOTBETCTBYIOLLEro CMMBOSA.

7. Cnoco6 no n.n. 5 nnm 6, KOTOPbIA AOMNONHUTENBHO BKITHOYAET:

CpaBHEHME pasMepa J[aHHbIX MO MeEHbLUEN Mepe 4actu 0alToBOro nOTOKa,
3aKOANPOBAHHOIO MO AJIMHE CEPUIN, C Pa3MEPOM LaHHbIX MO MEHbLLEN Mepe 4YacTu faHHbIX,
3aKkoampoBaHHbIX Mo Xadpdpmany; n

BbiBO4 ©0anToOBOrO MNOTOKA, 3aKOAUPOBAHHOrO MO ANWMHE CEpyr, WU AaHHbIX,

3aKoAnpoBaHHbIX N0 XadhdMaHy, B BbIXOLHOM OUTOBLIA MOTOK HA OCHOBE CPaBHEHMS.

8. Cnoco6 no n. 7, KOTOPbIN AONONHUTENBHO BKIHOYAET:
nobaenerHve dnara K MeTagaHHbIM KOHUrypaumm, COnpoOBOXAAIOLLMM BbIXOLHOM
OMTOBbLIM MOTOK, YyKasblBaloLero, npeacraenseT nu OUTOBbIM MOTOK GaWTOBLIN MOTOK,

3aKoANPOBaHHbLI MO AJSIMHE CEPU, UMK AaHHble, 3aKoaMpoBaHHbIE No XaddmaHy.

9. Cnoco6 no n. 1 n mobomy 13 n.n. 5 unn 8, B KOTOPOM onepauns KOAMPOBaHNA
XadhdpmaHa BKNoYaeT:
dopmmpoBaHne oTaensHOM Tabnuubl 4acToT ANS CMMBOMOB NEPBOro TUna cMmMmBona

M CMMBOJIOB BTOPOro Tina cmmBona.

10. Cnoco6 no n. 6, KOTOPbIN AONONIHUTESNBHO BKIHOYAET:
reHepUpOBaHME 3aronoBKa NOTOKA, COAEPXKALLErO yKazaHNe MHOXECTBA AJSIMH KOA OB,
TaKk 4TO LEKoAEep MOXET BbIBOAWUTb ASMHbI KOAOB W COOTBETCTBYHOLUME CUMMBOMLI 4NN

onepaumm KaHOHMYECKOro AekoamnposaHnga Xadpdpmara.



11. Cnoco6 ro n. 10, B KOTOPOM 3arofioBOK NoTOKa ABMSETCA NepBbIM TUMNOM 3arofioBka
MOTOKa W TaKXe COAEPXMUT yKka3aHue CMMBOSA, CBA3aHHOrO C COOTBETCTBYHOLLEW AMMHOW

Ko4a U3 MHOXecTBa AJIMH Koja.

12. Cnoco6 ro n. 10, B KOTOPOM 3arosfioBOK MOTOKa ABNAETCS BTOPbIM TUMOM 3arofioBka
NnoToka, U cnocob AOMOMHUTENBHO BKIOYAET YNOPSAOYMBaHME MHOXECTBa ANMH Koda B
3arofnoBke MNOTOKa Ha OCHOBE 3apaHee OnpefeneHHoro nopsgka CUMBOIIOB,
COOTBETCTBYIOLUMX KaxAoW U3 ANWH KOA4A, Tak YTO ANUHbI KOAa MOryT ObiTb CBA3aHbI C

COOTBETCTBYIOLLMM CMMBOJIOM B AEKOAEPE.

13. Cnoco6 no n. 12, B KOTOPOM BTOPOW TWUM 3arofioBka NoToKa AO0MOfHUTENBHO COAEPXKUT
donar, ykasbiBaroLLMI, YTO CUMBOI B 3apaHee onpefeneHHOM nopsaake BO3MOXHOro Habopa
CMMBOJIOB HE CyLL|eCTBYET B Habope CMMBOSIOB B BaNTOBOM MOTOKE, 3aKOAMPOBAHHOM MO

ANVHE cepui.

14. Cnoco6 no noéomy 13 n.n. 11-13, KOTOPLIA LONOSHUTENBHO BKIHOYAET:
CpPaBHEHME KOMMYEeCTBa YHUKamNbHbIX KOAOB B AaHHbIX, 3aKOAMPOBAHHLIX MO
XaddmaHy, C NoporoBbIM 3Ha4YEHWEM M CO3[aHMEe NepBOro TuMa 3arofioBka MOTOKa WUn

BTOPOro Tina 3arojioBka noToka Ha oCHoBE CpaBHEHUA.

15. Cnocob gekoampoBaHna BUAEOCUrHaNA, BKIHOYAOLLMIA:

Nosy4YeHne 3akoaMPOBaHHOrO BUTOBOrO NOTOKA;

LEKOANPOBaAHME  3aKOAMPOBAHHOTO OMTOBOrO MNOTOKA ANS  FEHEPUPOBaHMUSA
OCTaTOYHbIX AaHHbIX U

BOCCTAHOBMIEHNE WCXOAHOMO Kagpa BMAEOCUMIHANa W3 OCTaTOMHbIX AaHHBIX WU
OMOPHOro BOCCTAHOBIEHHOMO Kaapa,

NPUYEM 3Tan AEKOAMPOBaHUSA 3aKOAMPOBAHHOrO BUTOBOMO MNOTOKA BKITHOYAET:

NPUMEHEHME Onepaumn KOAUPOBaHNSA ANMH CEPUN ANS TEHEPUPOBAHUSA OCTaTOYHbIX
AaHHbIX, NPX 3TOM onepaums KOAUPOBaHUSA ANIMH CEPUN BKIKOYAET:

naeHtTudmkaumo Habopa CUMMBONOB, MNPEACTaBNSIOLMX HEHYNEBLIE 3HAYEHUS
AaHHbIX OCTaTOYHbIX JaHHbIX, WU Habopa CUMBOMOB, MNPEACTABNSAWMX MNOACHETHI
nocnenoBaTenbHbIX HYNEBLIX 3HAYEHUIA OCTATOYHbIX AaHHbIX;

aHanM3 Habopa CUMMBONOB ANS MOMYYEHUS HEHYNEBLIX 3HAYEHUM [aHHbIX

OCTaTOYHbIX JaHHbLIX M NoACHETa nocnegoBaTesibHbIX HYJ1IEBbIX 3HaYEHUN “



reHepuMpoBaHMEe OCTaTOYHbIX AaHHbIX M3 HEHYMEeBbIX 3HAYEeHWM [aHHbIX W MOACYETOB
nocnefoBaTenbHbIX HyNEBbIX 3HAYEHWUIA, MPU 3TOM Onepauusi KOAUPOBaHWUS ANWH Cepuii
BKITHOYaET:

MAEHTUMKALMIO CUMBOSOB MEPBOrO TUMa CUMBOSA, NPEACTaBNSIOLMNX HEHYIEBbIE
3HAYEHNS faHHbIX OCTaTOYHbIX JaHHbIX;

MAEBHTUMKALMIO CMMBOJIOB BTOPOro TuMa CUMMBONA, MPEeACTaBMSOLMX MOACYETHI
nocnefoBaTenbHbIX HYNEBbIX 3HAYEHUWA, TaK YTO MOCNEA0BaTENIbHOCTb CMMBOJIOB PasHbIX
TUMNOB AEKOAMPYETCA NS reHepaLmm OCTaTOUHbIX AaHHbIX, U

aHanu3 Habopa CMMBOOB COrflacHO COOTBETCTBYIOLLEMY TUMY KaXA0ro CMMBONA,

NpYYEM HayanbHbI CUMBON SIBSIETCS CMMBOJSIOM MEPBOrO TUMA, Tak YTO HaYanbHbIN

CMMBOJT aHanNM3npyeTca And nonyyvyeHnd no MEHbLLEN mMepe 4Yacth 3HavYeHNA AaHHbIX.

16.  Cnocob no n.15, B KOTOPOM orepauusa KOgUPOBaHNA ANMH CEPUN BKITKOYAET:
noeHTUPUKaLMI0 CUMBOSOB MEPBOrO TUMa CMMBOMa W CUMBOJSIOB TPETLEro Tuna
CUMBOIA, NPUYEM KaxabI NEPBbIA U TPETUIN TUMbl CUMBOSA NPEACTaBNAT YacTb 3HAYEHUS
JaHHbIX;
CUMHTaKCUYECKMA aHanM3 CMMBOIa NepBOro Tvna CMMBOSA 1 CUMBOJIA TPETLENO TUNa
CMMBOMa ANS NOSyYEHMS YaCTeN 3HAYEHMSA faHHbIX U

obbeamHeHne nony4eHHbIX YyacTen 3Ha4YeHUs AaHHbIX B 3HA4YEHNe AaHHbIX.

17. Cnoco6 no n. 16, KOTOPLIN AONONHUTENBHO BKIOYAET:
n3BnevYeHne dnara nepenonHeHMs u3 CMMBONA MEPBOr0 TuNa CUMBONA,
YKa3bIBaKOLLEro, COAEPXKUTCS M YacTb 3HAYEHMS AaHHbIX CUMBOJ1a NEPBOro TMna cMMBona

B CrielytoLleM TPETbEM TUME CUMBONA.

18. Cnoco6 no noéomy 13 n.n. 15-17, KOTOPLIA LONOSHUTENBHO BKIHOYAET:
n3BneveHne nara ns Kaxxaoro CUMBONA, YKasbiBaKOLEro CNeayoLLMA TUM CUMBONA,

KOTOPLIN OXnaaetca B Habope CMMBOOB.

19. Cnoco6 no nbomy 13 n.n. 15-18, B KOTOPOM 3Tan AEKOANPOBaAHNSA 3aKOANPOBAHHOMO
BUTOBOrO NOTOKA BKINHOYAET:

NPUMEHEHME onepaumMm KogupoBaHna XaddmaHa K 3akogmpoBaHHOMY OUTOBOMY
MOTOKY ANSA reHepuypoBaHua Habopa CUMBOSOB, MPEACTaBNAIOLMX HEHYMEBbIE 3HAYEHUS
JaHHbIX OCTaTOYHbIX JaHHbIX, W Habopa CUMBOMOB, MPEACTaBNAWMNX MNOACHETHI
nocnepoBaTtenbHbIX HYMEBbIX 3HAYEHUWN OCTaTOYHBIX AaHHBIX, MPU 3TOM 3dTan NPUMEHEHUS
onepauum KogMpoBaHUa ANNH Cepun AN reHepupoBaHNSA OCTaTOYHBIX JaHHbLIX BbIMOMHAT

Hag Habopamm CMMBOSIOB.



20. Cnocob no n. 19, B KOTOPOM ornepaums koguposaHus XaddmaHa npencrasnser
coB0oWn KaHOHMYECKYHO onepaumio kogmpoBaHna XaddpmaHa.

21. Cnoco6 no n.n. 19 nnn 20, KOTOPbIN 4OMOMHUTENBHO BKIHOYaET:

nsBneyeHne nara U3  MeTafaHHbIX  KOHUrypaumm,  COMpoOBOXAaLUMX
3aKoAnpOBaHHbLI OUTOBbLIM NOTOK, YKa3bIBaOLLErO, COAEPXKMUT N 3aKOLUPOBaHHbLIM OUTOBbLIV
NoTOK 6anTOBLIM NOTOK, 3aKOANPOBaHHbLIN NO ASIMHE CEPUN, UMK AaHHbIE, 3aKoANPOBaHHbIE
no XagpdpmaHy; v

BbIOOPOYHOE NPUMEHEHNe onepaummn KoguposaHua XaddpmaHa Ha ocHoBe pnara.

22.  Cnoco6 no nobomy 13 n.n. 19-21, KOTOPbLIN AOMONHATENBLHO BKMOYAET:
naeHTudmKaumio CMMBOMa HavanbHOro TuMa, KOTOpbIN, Kak oxwugaeTtcs, Oyaer
NonyYeH B KOAMPOBAHHOM OUTOBOM MOTOKE;

NPUMEHEHME ornepaumm KOAMpoBaHUs XaddmaHa K 3akognmpoBaHHOMY OUTOBOMY
MOTOKY AN NONyYeHNs Ha4anbHOro CUMBOA Ha OCHOBE Habopa NapameTpoB KOAMPOBaHMWS,
CBSA3a@HHbIX C Ha4arnbHbIM TUMOM OXMUAAEMOro CUMBONA;

n3BreveHne dnara M3 HavanbHOro CUMMBOSA, YKa3blBalOLEro cregyowmn Tun
CMMBOA, KOTOPbIN, Kak OXuaaeTcs, OyaeT nonyyeH n3 BUTOBOro NoToKa; 1

LanbHenulee npuMeHeHne onepaummn KogmpoBanHns Xadmana kK BUToBOMY MOTOKY
ANS NonyvYeHnsa nocneayroLlero cumBofia Ha OCHoBe Habopa napameTpoB KOAMPOBaHWSA,
CBHA3aHHbIX C MOCMNEeAYLMM TUMOM CMMBONA, KOTOPLIW, Kak oxuaaeTcs, OyaeT nonyyeH uns

OUTOBOro NOTOKA.

23. Cnoco6 no n. 22, KOTOPbIM AOMNOMHUTENBHO BKIOYAET UTEPATUBHOE WU3BMEYEHUE
dnara 13 [eKoaMpPOBaHHOrO CUMMBOIMA, YKasblBalOLEro cregyowun Tun cumBona C
BO3MOXHOCTbIO MOMyYeHus n3 OGUTOBOro MOTOKa, U NMPUMEHEHWE onepauum KoAMpPOBaHUS
XahdmaHa kK BUTOBOMY MNOTOKY A9 NONyYEHNSA NOCREAYLLEro CMMBOa Ha 0OCHoBE Habopa
napamMeTpoB KOAMPOBAHMS, CBA3AHHLIX C MOCNEAYOLMM TUMOM CUMBOMA, KOTOPbIW, Kak

oxunaaeTcs, ByaeT nonyyeH n3 GUToBOro NoTokKa.

24. Cnoco6 no n. 20, KOTOPLIN AONONHUTESNBHO BKIIOYaET:

N3BMNEeYeHne 3arofioBka MOTOKa, COAEeplKallero ykasaHwe MHOXecTBa ANWMH KoAa,
KOTOpble AOMKHbl  MCMOSMb30BaTbCA AN  OfnepauuMm  KaHOHWYECKOro  KoAMpOoBaHUA
XahdpmaHa,

CBA3bIBAHWE KaX4OW ANMHLI KOga C COOTBETCTBYHOLLMM CUMBOSIOM B COOTBETCTBUM C

KaHOHWYECKOM onepaumen kogmposaHna XadhdpmaHa n



NaeHTUUKaALMIO Koa, CBSI3AHHOMO C KaxAbIM CMMBOSIOM, HA OCHOBE AJMH Koja B

COOTBETCTBMM C KAHOHNYECKOW onepaumen koguposaHnsa Xaddpmana.

25. Cnoco6 no n. 24, B KOTOPOM 3arofioBOK MOTOKa COAEPXWUT yKasaHue CuMBOna,
CBA3AHHOro C COOTBETCTBYIOLLEWN AJIMHOM KOLa M3 MHOXECTBa ASIMH KOAa, a 3Tan CBA3bIBaHUS
KaJOW ANWUHbI KoJa C CUMBOJSIOM BKIHOMAET CBA3bIBAHWE KaXAoW ANWHbI Koja C

COOTBETCTBYKOLLUMM CMMBOJIOM B 3aroJioBKe noToKa.

26. Cnoco6 no n.24, B KOTOPOM 3Tan CBA3bIBAHWUS KaAoW ANWHbI Kojga C
COOTBETCTBYIOLMM CUMBOSIOM BKITHOYAET CBA3bIBAHME KaXAOW ANWHbI KOAa C CUMBOJSIOM K3
Habopa 3apaHee onpeeneHHbIX CUMBOOB B COOTBETCTBMM C NOPSAKOM, B KOTOPOM Obina

n3BreYeHa Kaxaasa AnvHa koaa.

27.  Cnocob no n. 26, B KOTOPOM JONOSMHUTENBHO BKIOYAET 3Tar, Ha KOTOPOM CUMBOS, U3
Habopa 3apaHee onpeaenieHHbIX CUMMBOSIOB, HE CBA3LIBAOT C COOTBETCTBYHOLLEN ANMHON
koAa, korga dnar 3aronoBka NOTOKa ykasblBaeT, YTO ANWHA KOAA He NPUCYTCTBYET B

3aronoBke NoToka Ana 3Toro cMmeona.

28. YCTPONCTBO KOAMPOBAHWUS, BbINOSTHEHHOE C BO3MOXHOCTbLIO BbINONHEHNSA cnocoba no

nobéomy 13 n.n. 1-14.

29. YCTPONCTBO AEKOANPOBAHNSA, BbINONTHEHHOE C BO3MOXHOCTLIO BbINONHEHMS cnocoba

no noéomy 13 n.n. 15-27.

30. MalwmHOYMTaeMbI HOCUTESb, COAEPXKALLMIA MHCTPYKLIMM, KOTOPbIE NPU BbINOMHEHWN

npoueccopom nobyxaarT NPoLeccop BLINOMHATL cnocob no nobomy 13 n.n. 1-27.
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