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ACCO~MaTMBHo-nMpaMMAanbHoenpeACTaBneHMe AaHHblX
 

C.B.KynewOB,A.A.3aM~eBa,A.K).AKceHOB 

PaCCMOTpeH cnoco6 npeACTaBneH~UI paCTpOBblX H306pa>KeHHH, OCHOBaHHblH Ha HepapXH"feCKOM aCCOl..4HaTHBHO-nHpaMH

AanbHOM npHHl..4Hne nOCneAOBaTenbHOrO yrO"fHeHH~. nOKa3aHbi BapHaHTbl nOCTpOeHH~ anrOpHTMOB KOMnpeCCHH Ha OCHOBe ac-

COl..4HaTHBHO-nHpaMHAanbHOrO npeACTaBneHH~. . 

BBejleHHe 

,l(mI 3<p<peKTIiBHOH 06pa60TKH, nepe,n:aqH H KOMnaKTHOrO XpaHeHIDI ,n:aHHbIX ,n:OJI:>KHbI CymecTBoBaTb pa3JIWIHbIe 

<pOpMaThI ill{ npe,n:CTaBJIeHIDI. I1pH 3TOM nOIUlTHe ,[(AHHbIX paCCMaTpHBaJOT B IIIHpOKOM CMbICJIe [1]. 
I1pHMeHHTeJIbHO K pac-rpoBbIM H306pa)l(eHHgM 60JIbIIIHHCTBO cymecTBylOmHx <popMaToB HX xpaHeHHg 

OCHOBaHbI Ha anpHopHoM 3a,n:aHHH KaqeCTBa [2]. 06mHM CBOHCTBOM 3THX <popMaToB gBJIgeTCg noc-rpOqHag 

3arpY3Ka H306pa)l(eHIDI (npH nepe,n:aqe HJIH BocnpoH3Be,n:eHHH). 

I1p06JIeMa 3aKnlOqaeTCg B TOM, qTO B 60JIbIIIHHCTBe aJIrOpHTMOB KOMnpeCCHH KaqeCTBO H306pa)l(eHHg 

npH C)I(aTHH C nOTepgMH ,n:OJI)I(HO 3a,n:aBaTbCg anpHOpHO. OCHOBHbIM OTJIHqHeM npe,n:JIaraeMOrO aCCOUHa

THBHO-nHpaMH,n:aJIbHOrO npe,n:CTaBJIeHHg H306pa)l(eHHH gBJIgeTCg B03MO)l(HOCTb B npouecce HCnOJIb30BaHHg 

C)I(aTOrO <paHJIa MeHgTb KaqeCTBO, nOJIyqeHHOrO nOCJIe C)I(aTHg H306pa)l(eHHg. 

OT,n:eJIbHbIe <pparMeHTbI no,n:xo,n:a 6bIJIH npe,n:JIO)l(eHbI eme B 80-x ro,n:ax [3], HO OTCyTcTBHe TeXHOJIO

rHqeCKHX B03MO)l(HOCTeH H COOTBeTcTBylOmHX 3a,n:aq He n03BOJIHJIH peaJIH30BaTb aJIrOpHTMbI KOMnpeCCHH 

,n:aHHbIX B COBpeMeHHOM BH,n:e. 

I1pH aCCOUHaTHBHo-nHpaMH,n:aJIbHOM npe,n:CTaBJIeHHH H306pa)l(eHHe 3arpy)l(aeTCjf He noc-rpOqHO, a o,n:~ 

HOMOMeHTHO, a ,neTaJIH3aUHg YTOqHgeTCjf B npouecce 3arpY3KH OCTaTKOB <paHJIa. ECJIH B npouecce 3arpY3KH 

<paHJIa B npHeMHHK npH qTeHHH <paHJIa npOHcxo,n:HT OIlIH6Ka, TO H,n:eHTH<pHKaUHIO MO)l(HO npOH3BeCTH no 

y)l(e nonyqeHHoMy <pparMeHT)'. 

TaKHM CBOHCTBaM pa3pa60TaHHoro npe,n:CTaBJIeHHjf MO)l(HO HaHTH 

IlIHpOKoe npHMeHeHHe KaK B rJI06aJIbHOH ceTH HHTepHeT, TaK H B ,n:py

rHX 06JIaCTgX, HanpHMep npH pacn03HaBaHHH BH3YaJIbHbIX 06paJOB. 

OnHcaHHe MeTOjla 

C 80-x ro,n:oB H3BeCTHa opHeHTaUHg Ha nHpaMH,n:aJIbHO-peKypcHBHoe 

KOMnblOTepHoe npe,n:CTaBJIeHHe ,n:aHHbIX [3]. I1cxo,n:g H3 B03HHKalOmHX 

no-rpe6HocTeH KOMnpeCCHH BH):(eo,n:aHHbIX H B03MO)l(HOCTeH COBpeMeH

HOH TeXHOJIOrHH npe,n:JIaraeTCg 0606meHHoe nOHgTHe aCCOUHaTHBHO

nHpaMH,n:aJIbHOH C-rpYKT)'pbI ,n:aHHbIX. 

CTaH,n:apTHbIH cnoc06 npe,n:CTaBJIeHHg pac-rpOBbIX H306pa)l(eHHH 

OCHOBaH Ha nepe,n:aqe a6COJIlOTHbIX 3HaqeHHH HHTeHCHBHOCTH UBeTO

BbIX KOMnOHeHT, T. e. no, OTJIHqHIO nepe,n:aBaeMoro H306pa)l(eHHjf OT 

qepHOrO (B HeKOTopbIX <popMaTax - 6eJIoro) O,n:Hopo,n:Horo npgMO

yrOJIbHHKa. 

OCHOBHOH npHHUHn nHpaMH,n:aJIbHOrO npe,n:CTaBJIeHHg npHBe

,n:eH Ha pHC. 1 H 3aKJIlOqaeTCg B TOM, qTO ,n:JIg MHHHMH3aUHH 6HTOBOH 

paJMepHOCTH nepe,n:aBaeMbIX 3JIeMeHTOB HMeeT CMbICJI nepe,n:aBaTb 

paJHOCTb He OTHOCHTeJIbHO nycToro H306pa)l(eHHg, a OTHOCHTeJIbHO 

noxo)l(ero H306pa)l(eHHg, TaK KaK B 3TOM CJIyqae OTJIHqHg 6y,n:YT MHHH

MaJIbHbI. 

Puc. 1. CxeMa TIHpaMH.llaJIbHOrO npe.ll
CTaBJIeHHjf H306pIDKeHHH 
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TaKHM llIa6JIOHOM (nOMO)f(KOH, KaHBOH) MO)f(eT CJIY)f(HTb YMeHbllIeHHbIH BapHaHT H306pa)f(eHHjI, pac

TjlHYTbIH AO Tpe6YCMOrO paJMCpa. I1HTYHTHBHO nOHjlTHO, 'ITO MHOrOKpaTHOC nOBTOpeHHe YTOqHeHHjI 06

JIaCTCH OTHOCHTCJIbHO $oHa jlBJIjlCTCjI HaH60JIcc 3$$CKTHBHbIM cnoc060M npCACTaBJICHHjI B CMbICJIe MHHH

MH3aUHH PaJPjlAHOCTH ncpCAaBaCMbIX 

AaHHbIX. npH 3TOM ypOBHH ncpCAa

IOTCjI nOCJIeAOBaTeJIbHO rpynnaMH. 

I1cnOJIb30BaHHc qaCTH ypOBHCH 

rrpeo6pa'~OBaHHe 

RGBBYUV - PeKypclfBHoe 
coxpaHeHHe 

06n3cTei% 

--. BTOpWtHOe 
ClK3we 

HcpapXHH npCACTaBJICHHH B AOnOJIHC-
HHC C BTOPHqHbIM C)f(aTHCM (apH$Mc- Pac. 2. CxeMa anropHTMa KOMnpeccHH H306pll)l(eHHH Ha OCHOBe nHpaMHAanbHo

ro npeACTaBJleHHlI 
THqeCKHM KOAHpoBaHHCM, C)f(aTHeM 

Xa$$MaHa [4, 5]) n03BOJIHIOT YMCHbllIaTb 6HTOBbIH 06'beM UH$poBoro npeACTaBJICHHjI CHrHaJIa (pHC. 2). 
CYIUCCTBYIOT ABa BapHaHTa npCACTaBJICHHjI AaHHbIX, nonyqeHHbIX B PC3YJIbTaTC pCKypcHBHoro BbI

qHCJIeHHjI 06JIaCTCH npH nHpaMHAaJIbHOM npCACTaBJICHHH. 

nepBbIH cnoc06 (PHC. 3,a) npeAnOJIaraCT nOCJIeAOBaTCJIbHOC paJMeIUeHHe AaHHbIX OAHoro ypOBHjI He

papXHH B PaJJIHqHbIX 06JIaCTjlX. ):{OCTOHHCTBO TaKoro MCTOAa 3aKJIIOqaCTCjI B B03MO)f(HOCTH C03AaHHjI $op

MaTa npeACTaBJIeHHjI H306pa)f(eHHH C nOCTeneHHbIM «npOjlBJICHHeM» H306pa)f(CHHjI B npoucccc 3arpY3KH, 

HO YXYAllIaCT C)f(HMaCMOCTb nOJIyqaCMOrO nOTOKa Ha 3Tanc BTOpHqHOrO C)f(aTHjI. 

BTOpOH cnoc06 (PHC. 3,6) npCAnOJIaraCT nOCJICAoBa.'rCJIbHOC yrJIy6JICHHC ACTaJIH3aUHH AaHHblX BHyTpH 

OAHOH 06JIaCTH (JICBbIH 06XOA AcpcBa). ):{OCTOHHCTBOM jlBJIjlCTCjI 60JICC BbICOKajl CTcnCHb KOMnpCCCHH 3a 

CqeT yqeTa JIOKaJIbHbIX oc06eHHOCTeH 06JIaCTH. 
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PHC. 3. CxeMbI npeACTaBJleHHlI A3HHbIX 

I1cnOJIb30BaHHe npHHUHna &-TO)f(ACCTBCHHOCTH [1] AaCT B03MO)f(HOCTb peaJIH3aUHH AHHaMHqeCKOH 

cerMeHTaUHH (HTepaUHoHHoro npouccca HCpapXHqCCKOH CTpYKTYpH3aUHH HH$opMaUHoHHoro COAep)f(a

HHjI) H306pa)f(eHHH Ha HCKOTOpOM ypOBHC HcpapxHH. nOA &-TO)f(AeCTBeHHOCTbIO nOHHMaeTCjI KpHTepHH TO

)f(ACCTBCHHOCTH (ocTaHoBa) npH CCMaHTHqeCKOM aHaJIH3e H AHHaMHqeCKOH ccrMCHTaUHH, B qaCTHOM CJIy

qae, cpeAHcKBaApaTHqeCKOe OTKJIOHeHHe (CKO). 3TO 03HaqaCT, 'ITO npH 3aAaHHOM ypOBHC &-AeTaJIH3aUHjI 

$parMCHTa H306pa)f(CHHjI npCKpaIUaCTCjI, H YTOqHHIOIUHC AaHHble HC COXpaHjlIOTCjI. TaKoH nOAXOA n03BO

I JIHCT CYIUCCTBCHHO COKpaTHTb 6HTOBbIH 06'bCM AaHHbIX 3a CqCT 3arpy6JICHHjI HCCYIUeCTBCHHbIX AJIjI BocnpH

j" 

1 jlTHjI $parMCHTOB H306pa)f(eHHjI. 
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Pe3YJIbTaT C>KaTHR H306pa>KeHHR C HCnOJIb30BaHHeM nHpaMHAaJIbHOrO npeACTaBJIeHHR H AHHaMHlIe

CKOH CerMeHTallHH Ha 3Tane npeAo6pa6oTKH npHBeAeH Ha pHC. 4. 

a) 6) 8) 

Pac. 4. I1nJlIOCTPaQHlI pe3YJlbTaTOB pa60TbI aJIrOpHTMa nHpaMHJlaJIbHOrO npe.ll.CTaBJleHHlI H306pIDKeHHH: a - HCXO.ll.HOe H306pIDKe

HHe; 6 - H306pIDKeHHe nocJle o6pa6oTKH; 8 - cyMMapHbIH JepepeKT OT .lI.eTaJIH3aQHH .lI.O 4 nHKCeJlOB H CerMeHTaQHH .lI.O e = 4 

llOCT06pa6oTKa n03BOMeT MHHHMH3HpOBaTb 3<p<peKT paJ6HBKH H306pa>KeHHR Ha KBa,ll;paTHble 06JIacTH. 

HCnOJIb30B3HHe npHHUHnoB ~3THH C nOTepHMH .llJIH nHp3MHA3JIbHOrO npe.llCT3BJIeHHH 

B OCHOBe MHorHX MeTOAOB C>KaTHR C nOTepRMH JIe>KHT KBaHTOBaHHe - 3arpy6JIeHHe 3HalleHHH 3JIeMeHTOB 

paJJIO>KeHHR (nOCJIe 3Tana TpaHCJIRllHH (1]) B PaJJIHlIHOH nponopllHH B 3aBHCHMOCTH OT 3HallHMOCTH 3JIe

MeHTOB. TaK, HanpHMep HeKoTopble KOAeKH rpynnbI MPEG HCnOJIb3YlOT KBaHTOBaHHe K03<P<PHllHeHTOB 

AHcKpeTHoro KOCHuyCHoro npeo6paJOBaHHR: 

Dj = [SJqj], 

rAe Sj - i -H 3JIeMeHT paJJIO>KeHHR; Dj -i -H 3JIeMeHT paJJIO>KeHHR nOCJIe KBaHTOBaHHR; qj - 3HalleHHe 

Ilpe06pa'3oBaHHe 

RGBBYUV 
r ,nHCKpeTHJaQlIlI 

H8 06J1acTlI NxM 
PeKYpcHBHoe 

coxpaHeHHe 
r BropH1Uloe 

CJKaTlle 

i -ro napaMeTpa KBaHTOBaHHR. 

B CJIyllae HCnOJIb30BaHHR 

nHpaMHAaJIbHOrO npeACTaBJIe

HHR KBaHTOBaHHIO nOAJIe>KaT 
Pac. 5. CxeMa aJIropHTMa KOMnpeccHH H306pIDKeHHH Ha OCHOBe nHpaMH.lI.aJIbHOrO npe.ll. 3HalleHHR 3JIeMeHTOB nHpaMH
CTaBJIeHHlI C nHpaMHJlaJIbHbIM pa3JlOlKeHHeM 06J1acreH NxM. 

AaJIbHOrO paJJIO>KeHHR, npHlIeM 

3HallHMOCTb onpeAeJIReTCR ypoBHeM paJJIO>KeHHR (pHC. 5). 
0603HallHM rpynnbl paJJIO>KeHHR B BHAe NI + Nz + N3 + ... , rAe N j - lIHCJIO 3JIeMeHTOB B rpynne i -ro 

ypOBHR paJJIO>KeHHR. 

,[lrrR AByMepHoro CJIYlIaR paJBepTKa nHpaMH.uaJIbHOrO npe.uCTaBJIeHHR 3anHCblBaeTCR B BH.ue: 

1 + 4+ + 16+ 256 + ... 

,[lrrR TpexMepHoro CJIYlIaR: 1 + 8 + 64 + 512 + ... H T•.u. 

llpH 3TOM K03<P<PHllHeHTbI KBaHTOBaHHR onpeAeJIRIOTCR KaK Q ={ql' qz, q3 ,...} , r.ue qj - lIHCJIO, Ha KO-

Topoe npoH3Bo.uHTCR .ueJIeHHe 3JIeMeHTOB rpynnbl i, npH 3TOM qj < qj+I' K03<P<PHllHeHTbI KBaHTOBaHHR 

paBHbl Q={1,1, I, ...} B cJIYlIae C>KaTHR 6e3 nOTepb, .uM C>KaTHR C nOTepRMH K03<p<pHllHeHTbI KBaHTOBaHHR 

MOryT 6bITb Q= { 1, 2, 4, 8, ...}, Q= { 1,4,8, 32, ...} H .up. 

YMeHbweHHe a6COJIIOTHOH BeJIHlIHHbI 3HalleHHH .uaHHblX nOCJIe 3Tana KBaHTOBaHHR npHBo.uHT K co

Kpa~eHHIO KOJIHlIeCTBa BapHaHToB CHMBOJIOB B .uBOHlIHOM nOTOKe, liTO nOBblwaeT CTeneHb KOMnpeCCHH 

npH BTOpHlIHOM C>KaTHH. 
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Oco6eHHOCTH ,naHHbIX, IIOJl)"leHHbIX B pe3YJIbTaTe aCCOUHa

TUBHo-IIHpaMH,naJIbHOrO IIpe,nCTaBJIeHIDI, ,norrycKaIOT rrpHMeHeHHe 

IIpHHUHlIa ,nOIIOJIHHTeJIbHOCTH ){IDI YMeHbWeHIDI a6cOJIIOTIIOH Be

JIH'IHHbI 3Ha'IeHHH ,naHHbIX. Iilles IIpHHUHlIa ,nOIIOJIHHTeJIbHOCTH 

OCHOBaHa Ha TOM, 'ITO B 60JIbWHHCTBe H306pIDKeHHH COCe,nHHe 

6JIOKH (rrpSMoyrOJIbHbIe 06JIaCTH, IIOJl)"leHHbIe IIOCJIe :narra ){HC

KpeTH3aUHH) B TOH HJIH HHOH CTelIeHH cO,nep)l\aT CXO,nHbIe ,naH

HbIe. B nOM cny'Iae 60JIee 3ePcPeKTHBHbIM OKMbIBaeTCS COxpaHe

HHe OTJIH1JHH 6JIOKa OT coce,nHero, 'IeM IIepe,na'Ia HelIocpe,nCTBeH

HbIX 3Ha'IeHHH 6JIOKa. Ha pHC. 6 IIOKMaHbI 3 TUlIa 6JIOKOB: (F)ull
co,nep)lQff IIOJIHbIe 3Ha'IeHIDI 6JIOKa, (L)eft -<:o,nep)KHT OTJIH1JIDI 

6JIOKa OT JIeBOrO coce){Hero 6JIOKa, (U)p -<:o,nep)KHT OTJIH1JIDI 6JIo
Pac. 6. linmOCTpauHR npHHUHna .lI.OnOJlHHTeJlb

F ~. -L F 

F 
• u. -L F 

F F ~. ~L 

F F 
• u.~L 

Ka OT BepXHero coce){Hero 6JIOKa. 
HOCTH .lI.JlR 6JlOKOB H306pll)KeHHR 

3aKJIIO'IeHHe 

PaCCM01peHHbIH IIo,nxo,n K IIpe,nCTaBJIeHHIO ,naHHbIX II03BOJISeT HCIIOJIb30BaTb HeCKOJIbKO cIIoco6oB KOMlIpec

CHH, K~bIH H3 KOTOpbIX CorrpOBO)K){aeTCS CBOHM THIIOM HCKIDKeHHH, BHOCHMbIX B C)I\HMaeMbIe ,naHHbIe. Oc

HOBHbIMH CIIoco6aMH KOMlIpeccHH ,naHHbIx, IIpe,ncTaBJIeHHbIX B aCCOUHaTHBHO-IIHpaMH,naJIbHOH cPopMe SBJIS

IOTCS: YMeHbweHHe ,neTaJIH3auHH; ,nHHaMH'IecKas CemeHTaUIDI; KBaHTOBaHHe 3JIeMeHTOB pMJIO)l\eHIDI. 

PMJIH'IHe BH,nOB BHOCHMbIX HCKa)l\eHHH ){JIs H306pa)l\eHHH IIpe,ncTaBJIeHO Ha pHC. 4. PMJIH'IHbIe BH,nbI 

HCKa)l\eHHH HMeIOT pMHYIO CTelIeHb HeraTHBHoro B03,neHCTBHs ){JIS Pa3JlH'IHbIX 3a,na'I (cPoTorpacPHs IIpHpO

,nbI, 'IepTe)l\, HHTepHeT-BH,neo H ,np.), 'ITO ,neJIaeT IIHpaMH,naJIbHOe IIpe,nCTaBJIeHHe ,nOCTaTO'IHO rH6KHM HH

C1pyMeHToM B 3a,na'Iax xpaHeHHS H IIepe,na'IH ,naHHbIX. 

PMHoo6pMHe CIIoco6oB KOMlIpeCCHH H B03MO)l\HOCTb HX 06be,nHHeHHS, a TaK*e IIpHeMJIeMbIe 3Ha'Ie

HHS CTelIeHH C)I\aTHS IIpH IIpe,nCTaBJIeHHH H306pa)l\eHHH H BH,neo,naHHbIX II03BOJISIOT HCIIOJIb30BaTb acco

UHaTHBHO-IIHpaMH,naJIbHOe IIpe,nCTaBJIeHHe ,naHHbIX KaK OCHOBy ,nJIS IIOC1poeHHS Ko,neKOB H cPopMaTOB ){JIS 

xpaHeHHS paC1pOBbIX ,naHHbIX. 
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Associative Pyramid Data Presentation 

S.V. Kuleshov, A.A. Zaitseva, A.J. Aksenov 

The method of data representation of the raster images, based on a hierarchical associative-pyramidal principle of consecutive 
refinement is considered. Variants of construction of compression algorithms based on associative-pyramidal representation are 
shown. The considered approach for data presentation allows using a number of ways of a compression accompanied by intrinsic 
types of distortion introduced in compressed data. That allows for pyramidal representation to be flexible tool for solving problems 
of data storage and transmission. A variety of a compression methods, compression degree for videodata and opportunity to 
combine them allow using of pyramidal-associative data representation as a basis for developing codecs and formats for storage 
of raster data. 
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