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PA3OEN 2. ANMTOPUTMbI CXKATUSA
N30OBPAXEHNI

BBepeHue

ANTOPUTMBI CXKaTUS M300pakeHUH — OypHO pPa3BUBAOIIASICS

o0acTh MantMHHON rpadukd. OCHOBHOM OOBEKT MPHIIOKEHUS YCH-
Ui B Hel — M300pakeHWss — CBOCOOPa3HBIN THUI JaHHBIX, Xapak-
TEPU3YEMBIi TPeMsI 0OCOOCHHOCTSIMH:

1)

2)

M3obpakeHus (Kak U BUACO) 0ObluHO mpebyem Ol XpaHeHUs.
2opazoo bonvuieco obvema namsimu, yem mexcm. Tak, CKpOM-
Has, HE OYeHb KayeCTBEHHAs WJUTIOCTpANHA Ha OOJOXKKE KHUTH
pasmepom 500x800 Touek, 3anmMaer 1.2 MO — CTONBKO K€,
CKOJILKO XynoskecTBeHHast kaura u3 400 crpanurr (60 3HaAKOB B
CTpoKe, 42 CTPOKHW Ha CTpaHHUIlE). B KadecTBe mpruMepa MOKHO
paccMOTpeTh TakKe, CKOJIbKO THICSY CTPAHHI] TEKCTa MBI CMO-
skeM noMecTuTh Ha CD-ROM, u kak Majio TaM IIOMECTUTCS He-
cxkatbix (ororpaduii BEICOKOTO KadecTBa. OTa OCOOCHHOCTH
n300paKeHUH ompenesieT AKTyadbHOCTh AJTOPUTMOB ap-
XHUBAUMHU TPAPUKH.

BTopoit 0c0OOEHHOCTRI0O M300paKCHHUH SIBISICTCSI TO, YTO YeIO-
BEYECKOE 3pEHUE TPU aHaM3e U300paKeHUS OTIEPUPYET KOHTY-
paMu, OOIIUM MEepPexX0JI0M I[BETOB U CPABHHUTEIBHO HEYYBCTBH-
TEJILHO K MJILIM U3MEHEHUSIM B N300paxkeHnu. TakuM o0pa3om,
MBI MOKEM €0371aTh () (EKTHBHBIC ANTOPUTMBI apXUBAIMH H30-
Opa’keHUH, B KOTOPHIX ACKOMIIPECCHPOBAHHOE N300paKCHHE HE
OyzeT coBmaiaTh ¢ OPUTMHAIIOM, OJIHAKO YEJIOBEK 3TOr0 HE 3a-
MeTHT. JlaHHas 0COGEHHOCTh 4eJIOBeYeCKOTro 3peHusi Mo3Bo-
JIMJIa CO3/1aTh CHEIUATBHbIE AJTOPUTMbI CHKATHS, OPHEHTH-
POBaHHbIE TOJbKO HAa W300paskeHMsl. DTH aJTOPUTMBI ITO3BO-
JSIFOT COKUMATh M300pa)KeHUSI ¢ BBICOKOW CTETCHBIO COKATHS U
HE3HAYUTEIBHBIMU C TOUYKH 3PECHUS YeJIOBEKa MOTEPSMHU.
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3) MBI MOXEM JIETKO 3aMETUTh, YTO N300paKeHHE, B OTINYNC, Ha-
MIpUMED, OT TEKCTa, 00JIagaeT N30LITOYHOCTRIO B 2-X H3MEPCHH-
ax. T.e. Kak TpaBUJIO, COCEAHHE TOYKH, KaK IO TOPU3OHTAIH,
TaK | 10 BEPTHUKAIH, B N300pakeHUH OJM3KHU 10 1BeTy. Kpome
TOTO, MBI MOXEM HCIOJB30BaTh MON00ME MEXIY IBETOBBIMH
mwiockoctsMu R, G u B B Hammx ajropuTMax, 4To JaeT BO3-
MOXXHOCTH cO37aTh eme Oosee 3pdekTuBHBIC anropuT™mbl. Ta-
KM 00pa3oM, MpHU CO3XAHMHU AJITOPUTMA KOMIIpeCCHHM rpa-
(uku MBI HCNOJIb3yeM 0COOEHHOCTH CTPYKTYPHI M300paike-
HHA.

Bcero Ha naHHBIE MOMEHT M3BECTHO MHUHUMYM TpPU CEMEWUCTBa
aITOPUTMOB, KOTOpBIE Pa3pabOTaHbl HMCKIIOYUTENBHO IS CXKATHS
M300pakeHNH, U NIPIMEHAEMbIe B HUX METOJbI MPAaKTUIECKH HEBO3-
MOJKHO MMPUMEHHTD K apXUBAIUH €Ille KaKUX-TH00 BHIOB TaHHBIX.

s Toro, 9ToOBI TOBOPUTH 00 alTOpUTMax CHKATHS H300pake-
HUM, MBI TOJDKHBI OTPEJENUTHCA C HECKOJIBKMMHU Ba)KHBIMU BOIIPO-
camu:

1) Kakue kpuTepuu MBI MOXKEM MPEAIOKUTH JJII CPAaBHEHHS pa3-
JIUYHBIX aJITOPUTMOB?

2) Kakwue xmaccel n300pakeHH CYIIECTBYIOT?

3) Kaxue kimaccel IPUIOKEHUH, UCIIOIB3YIONINX aITOPUTMBI KOM-
npeccru rpaduKH, CYIIECTBYIOT, M Kakwe TpeOOBaHUS OHHU
MPEIBSIBISIIOT K alropuT™Mam?

Paccmotpum 31H Bompockl moapoOHee.

Knaccbl nsobpaxeHun

Cratndueckue pacTpoBBIC H300pPaKCHHS TPEICTABISIOT COOOM
JIBYMEPHBI MacCHUB YHCEN. DJIEMEHTHl 3TOr0 MaccHUBa Ha3bIBAIOT
nuxcenramu (0T aHIIUHCKOro «pixel» — «picture element»). Bce
n300paXKeHUs MOXKHO TOJIPA3JIENIUTh Ha JBE IPYIIBI — C MAITUTPOH
u 6e3 Hee. Y M300paKCHHUH ¢ MAIATPOM B MUKCENE XPAHUTCS UHC-
JI0 — WHJIEKC B HEKOTOPOM OJJHOMEPHOM BEKTOpE IIBETOB, Ha3bIBae-
MOM nanumpot. Yaie Bcero BCTPEYArOTCS MamuTpel u3 16 m 256
[[BETOB.
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M3obpakenus 0e3 maauTphl OBIBAIOT B KaKOW-IMOO cHCTEME IIBE-
TONPEACTABICHUS U 6 epadayusix cepozo (grayscale). i mociaeaHux
3HaYeHHe KaKIOro MHUKCENa WHTEPIPETUPYETCs KakK SIPKOCTh COOT-
BETCTBYIOIIEH TOUKH. YaIe BCero BCTpEUaroTCs M300paKeHUS C 2,
16 u 256 ypoHsAMu ceporo. OmHa W3 WHTEPECHBIX MPAKTHICCKUX
3a/1a4 3aKJIF09aeTCsl B MPUBEACHNH [IBETHOTO MITH YepPHO-0ETI0ro n30-
OpaxeHHs K ABYM TpajalysM SIPKOCTH, HallpuMep, U MevaTd Ha
nazepHoM mpunrtepe. [Ipu ucnoiap30BaHUM HEKOU cucmemsl yeemo-
npedcmasnenuss KaKOBIA THKCEN TMPeNCTaBIsieT COoO0OW 3amuch
(CTpyKTYpYy), TIOJIIMH KOTOPOH SBIISIOTCS KOMITOHEHTHI mBeTa. Ca-
MO# pacrpocTpaHeHHOH sBisieTcs cucmema RGB, B KOTOpO#l IBET
nepenaeTcs 3HAaYCHUSIMA HHTEHCHBHOCTH KpacHoH (R), 3eneHoi (G)
u cuneit (B) xommonenT. CymecTBYIOT W JIPYTHE CUCTEMBI IBETO-
npexacrasieHus, takue, kak CMYK, CIE XYZccir60-1, YVU,
YCrCb u 1.. Huke MBI yBUZMM, KaK OHU HCIOJB3YIOTCS TPH CxKa-
THAW N300PKEHUN C TIOTEPSMH.

s Toro, 9T00B KOPPEKTHEE OIICHUBATH CTEMEHD CYKATHS, HYKHO
BBECTH TOHATHE K1iacca uzobpadxcenuii. Ilom xmaccom OymeT NMOHH-
MaThCsl COBOKYITHOCTh M300paKeHH, MPUMEHEHNE K KOTOPBIM aJIro-
pUTMa apXvBallMU AAaeT KauyeCTBEHHO OJIMHAKOBBIE pe3yJbTaThl. Ha-
pUMep, JUIsl OJHOTO Kilacca ajJTOPHTM JAeT OYEeHb BBICOKYIO CTe-
MeHb CXKaTHUs, AJIS APYTroro — IOYTH HE CKUMAET, JUISI TPETHETO —
yBenuuuBaet ¢aitn B pasmepe. (Hanpumep, Bce anropuTMbl CxKaTUs
0e3 MoTephb B XYALIEM Cllydae YBeIUUHUBatoT (haii.)

Jamum HedopmanbHOE ompejelicHne Hanboiee pactpocTpaHeH-
HBIX KJIACCOB U300PaKCHUN:

1) Kuaacc 1. U300pakeHusi ¢ HeGOJBIIUM KOJIUYECTBOM LIBETOB
(4-16) 1 60aBIIIMH 00IACTSIMHU, 3aITOJTHCHHBIMU OJTHAM ITBETOM.
[InaBHBIE epexonabl BETOB OTCYTCTBYIOT. [IpuMepsl: menoBas
rpaduka — rHCTOIPaMMBbI, TUarpaMMbl, rpa@uKu U T.11.

2) Kuaace 2. M300pakeHusi ¢ MIABHLIMHU NepexXoAaMU IIBETOB,
MOCTPOCHHBIE Ha KoMmmbioTepe. [IpumMepsl: rpaduka npezeHTa-
1ni, sckm3abie Monmenu B CAIIP, n3o0pakeHus, OCTPOCHHBIE
o meroxay I'ypo.
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3) Kuaace 3. doropeanucTuuHble u300paxkenusi. [Ipumep: ot-
CKaHHpOBaHHbIe QoTorpaduu.

4) Kaacc 4. @oTopeaqucTHYHbIE N300PaKeHUsI C HATOKEHHEM
nenoBoil rpadpukn. [Ipumep: pexinama.

Pa3BuBas maHHyrO0 Kiaccu(UKamuio, B KadecTBE OTAEIBHBIX
KJIACCOB MOTYT OBITh IPEI0KEHb HEKa4eCTBEHHO OTCKaHHWPOBAH-
HBIE B 256 rpamanuii ceporo 1Bera CTPAHUIIBI KHUAT WK PacTPOBEIE
n300pakeHus Tonorpadguyeckux kapt. (3aMeTuM, 4TO TOT KJIAcc He
TOXIEeCTBeHEH Kiaccy 4). @opManbHO SABIAACH 8- WK 24-OUTHBIMH,
OHU HECYT HE PACTPOBYIO, a YHUCTO BEKTOpHYIO mH(popmanuio. Ot-
JIeNTbHBIE KIacChl MOTYT 00Pa30BBIBATH M COBCEM CIICIU(PHUYHBIC U30-
Opa’KeHUS: PSHTTEHOBCKHE CHUMKH Wi (oTorpadun B Mpodmib 1
(hac U3 3IEKTPOHHOTO TOCHE.

JlocTaToyHO CIIOXKHON M MHTEPECHOM 3ajlaueid SBISIETCA TOUCK
HAWIYYIIEeT0 alropuT™Ma Il KOHKPETHOTO Kitacca N300paskeHui.

Hror: Het cMbIcia roBOpUTh O TOM, YTO KaKO-TO aj-
TOPUTM C)KaTusl JydIlle IPYroro, €Cciu Mbl He 0003Ha-
YW KJacchl W300paskeHMil, HA KOTOPBIX CpaBHUBa-
FOTCS HAIlld aJITOPUTMEI.

Knaccbl npunoxeHuun

MPUMEPLI NPUNOXEHUIA, UCNOMNbL3YIOLWUX ANTOPUTMbI KOMMPECCUU
FPA®UKNU

PaccmoTpum criemyromyto mpocTylo KiIacCU(pHUKAILHIO MPHIIOKe-

HU, NCIIOJIB3YIOIIMX aITOPUTMBI KOMIIPECCHH:

1) Kuaace 1. XapakTepu3yoTcsi BHICOKMMH TPeGOBaHUSIMH KO
BpeMeHHN apXMBanMu M pasapxusanuu. Hepeako Tpedyercs
NMPOCMOTP YMEHbIIEHHON KONMU W300paKeHHsl M NMOHUCK B
0a3e naHHBIX U300pakeHuid. [Ipumepwr: VI3nartensckue cucre-
MBI B OIMPOKOM CMBICJIE 3TOTO CJIOBa, MPUYEM KakK TOTOBSIINE
Ka4yeCTBEHHbIC MyOiIMKauuu (KypHajibl) C 3aBEAOMO BBICOKUM
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KauyeCTBOM H300paXeHWH W HCIIOJIb30BaHWEM alTrOPUTMOB ap-
XUBallMA 0O€3 TOTeph, TaK M TOTOBAIMNC Ta3eThl, © WWW-
cepBepa I7ie eCTh BO3MOXHOCTh ONEPHUPOBATH M300paKeHUSIMH
MEHBIIIET0 KayecTBa M HCIOIB30BaTh AITOPUTMBI CXKaTHUS C T10-
TepsiMi. B momoOHBIX cucTeMax NPUXOIUTCS HMETh JENO0 C
TTOJTHOITBETHEIMHU M300paKCHHISMHU CaMOT0 Pa3HOTO pasmepa (oT
640x480 — dopmar nudposoro ¢oroanmapara, 10 3000x2000)
¥ C GONBIIMMH JBYIBETHBIMH H300pakeHnsMr. TT0CKOIbKY HII-
JIOCTPAITUH 3aHUMAIOT JHBUHYIO JTOJIIO OT OOIero oobema ma-
Tepuaa B JOKyMEHTe, Mpo0IeMa XpaHeHUsI CTOUT OY€Hb OCTPO.
IIpob6meMbl Takke co3faeT OOJbINas PasHOPOIHOCTH HILTOCT-
panmii (MPUXOANUTCS HCIIONB30BaTh YHUBEPCAIbHBIE aJTrOpHUT-
Mbl). EqMHCTBEHHOE, YTO MOKHO CKa3aTh 3apaHee, 3TO TO, YTO
OyayT npeodaanath (OTOPEATUCTHYHBIC U300PaKCHHS U JIEJIO-
Bas rpaduka.

Kaace 2. Xapaxkrtepu3yercsi BBICOKUMH Tpe0OBaHHUSIMU K
CTelNeHU apXuBallMd M BpeMeHM pa3apxuBauuu. Bpems ap-
XMBallMl POJU He Wrpaer. MHorma momoOHBIE MPUITOKEHHS
TaKXke TPeOYIOT OT aITOPUTMa KOMITPECCHH JIETKOCTH MacIlTa-
OupoBaHMs W300PKECHUS 0] KOHKPETHOE Pa3pelIeHne MOHH-
Topa y noin3oBarens. [lpumep: CipaBOYHUKN U SHIUKIIONEINH
Ha CD-ROM. C mosiBneHrnemM OOJBIIOTO KOJUYECTBA KOMIIBHIO-
TEpOB, OCHAIIEHHBIX 3TUM npuBoaoM (B CHIA yposens B 50%
MaIlIMH JOCTUTHYT eiie B 1995), nocrarouno ObIcTpo chopMu-
POBaJICS PHIHOK MPOTPAaMM, BBIITYCKAaEeMBIX Ha JIA3€PHBIX IHUCKaX.
HecMmotps Ha TO, YTO €MKOCTh OJHOTO AFICKAa JOBOJHHO BEIHKA
(mpumepHo 650 MO), ee, kak TpaBmwiIo, HE XBaTaeT. [Ipu co3ma-
HUU DSHIMKIONEANA W UTP OOJBIIYI0 YacTh AMCKA 3aHUMAIOT
CTaTUYeCKue M300pakeHus U BUIe0. TakuM o0pa3oMm, JUIst STOro
KJ1acca MPUIIOKEHUH aKTyaIbHOCTh MPUOOPETAIOT CYIIECTBEHHO
ACHUMMETpPHUYHBIE TI0 BPEMEHH aITOPUTMBI (CUMMempuuHoCms
no épemeHy — OTHOIIIEHUE BPEMEHH KOMIIPECCHH KO BPEMEHH
JIEKOMITPECCHUN ).
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3) Kuaace 3. XapakTepu3syercsi 04eHb BBLICOKMMH Tpe0OBaHMSsI-
MM K cTeneHu apxuBaumu. [Ipruioxenne KiMeHTa moxy4aer ot
cepBepa uHbopmanuio 1Mo cetu. [lpumep: HoBas ObICTpO pa3BH-
Baromiasicsi cucreMa «BcemupHas WHQOpPMAIMOHHAs TAyTH-
Ha» — WWW. B 3Toil runepTekcToBoil cucreme JOCTaTOYHO
aKTHUBHO WCIIONB3YIOTCS WILTIOCTpanuu. [Ipu odopmiieHHH WH-
(hOpMAaIMOHHBIX WM PEKJIAMHBIX CTPaHHIl XOYETCS CHENATh HX
Oojee APKUMH M KPACOYHBIMH, YTO €CTECTBEHHO CKa3bIBAeTCA
Ha pasMmepe m3o0paxeHuil. boibine Bcero mpu 3TOM CTpagaroT
MOJIF30BATEIH, MTOJKIIFOUYEHHBIE K CETH C TIOMOIIBI0 MEIJICHHBIX
KaHaAIOB cBs13u. Ecimu crpanma WWW nepenaceiiiieHa rpadu-
KOH, TO O’KHJJaHHE €€ TIOJTHOTO TMOSIBIICHUS Ha SKPaHe MOXKET 3a-
TaHyThCA. [10CKOIBKY MpHM 3TOM Harpy3ka Ha MpOIEccop Mala,
TO 3/IeCh MOTYT HalWTH TpuMeHeHHe () (HEKTUBHO CXKUMAIOIINE
CIIO)KHBIE AITOPUTMBI CO CPAaBHUTENBHO OOJBIINM BpEMEHEM
pazapxuBanuu. Kpome TOro, Mbl MOXeM BHIOU3MEHHUTH aJTo-
puT™ U popMaT JaHHBIX TaK, YTOOBI MPOCMATPHUBATEL OTPYOJICH-
HOe n300paxkeHue (aiina 10 ero MOJHOTO MOTYYCHUSI.

MoXHO TPUBECTH MHOXECTBO OoJiee y3KHWX KJIACCOB IPHIIONKE-
Huil. Tak, cBoe mprMeHeHne MamuHHas TpaduKa HAXOAWT U B pas-
JUYHBIX MH(POPMALMOHHBIX cucTeMax. Hampumep, yke CTaHOBUTCS
MIPUBBIYHBIM HCCIIEIOBATh YIBTPA3BYKOBBIE M PEHTTEHOBCKUE CHHUM-
KM He Ha Oymare, a Ha SKpaHe MOHHUTOpa. [locTeneHHO B AJIEKTPOH-
HBII BUJ MEPEBOAAT W ucTopum Oosie3Heil. [IoHATHO, 9TO XpaHUTH
9TH MaTepuajbl JOTUYHEEe B eAMHOU KapToreke. [Ipm 3Tom 6e3 mc-
MOJIb30BaHUS CHEIHAIBHBIX AITOPUTMOB OOIBIIYI0 YacTh apXHUBOB
3aiimyT oTtorpaduun. [losmomy npu cozoanuu d¢hhekmusnvix anco-
PUMMO8 peuierust IMotl 3a0adu HYJHCHO YYecmb CneyuuKy penmee-
HOBCKUX CHUMKO8 — NpeodNIaoaHue pasmolmulx Y4aCmKO8.

B reoundopMaIMOHHBIX CUCTEMaX — IPH XpPaHEHHH a3podoTo-
CHUMKOB MECTHOCTH — CHEIU(PUIESCKUMU MPOOIIeMaMH SBIISIOTCS
OoNBIION pazMep H300paKCHUST U HEe0OX0OUMOCHb 8bLOOPKU JUULL
yacmu usobpadxcenus no mpebosanuro. Kpome TOoro, Moxxer morpe-
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OoBaTbcs Mmacumadbupoganue. IT0 HeH30EKHO HAKIIAIBIBACT CBOU
OTpaHUYCHHS Ha aJITOPUTM KOMITPECCHUH.

B 37eKTpOHHBIX KapTOTEKaX W IOChE PA3IMYHBIX CITYKO s U30-
OpakeHHI XapaKTepHO Ioaooue Mexay dororpadusMu B nmpoduib
U mozobue Mexay (ororpadusmu B dac, KOTOpoe TakkKe HE00XO-
MO YYHUTBHIBATh MPH CO3JAHUW alropuT™Ma apxuBamnuu. [lodobue
medxncoy gpomoepaghusivu HaOIIONACTCS U B JIIOOBIX APYTrUX CIEIHa-
JMU3UPOBAHHBIX CIIPABOYHMKAX. B KkadecTBe mpuMepa MOXKHO IPH-
BECTH DHIUKJIONCIUY MITHIT WU IIBETOB.

Hror: Her cMmbicia roBOpuTh O TOM, YTO KakKOH-TO
KOHKPETHBII aJrOpUTM KOMIIPECCHH JIydIle IPYToro,
ecii MBI He O0O03HAYMWIN KJIACC MPUJIOKEHMIl, OTHO-
CUTEIIFHO KOTOPOTO MBI 3TH QJITOPUTMBI COOMpaemcs
CPaBHHBATb.

TPEBOBAHUA NPUNOXEHUA K ANTOPUTMAM KOMMNPECCUU

B npenpiayimemM pasziene Mbl ONPEACTIN, KaKUe TIPHIIOKEHNS SB-
JISTIOTCST TIOTPEOUTETSIMHU aJITOPUTMOB apXHUBaluu m3o00pakeHuit. Of-
HAaKO 3aMETUM, YTO NPHIOKEHHE ONpENeNsieT XapaKkTep HCIOIb30Ba-
HUSL m300paxkeHnid (JIn00 OONBIIOE KOMMYECTBO M300pakeHUi Xpa-
HUTCS M HCIONB3YeTCs, JU00 WM300paKEHUsT CKAYMBAKOTCS TO CETH,
60 M300paKeHUS BEITUKH IO pa3MepaMm, W HaM HeoOXoamma BO3-
MOYKHOCTb TIOJTyYEHUS JIMIIb YacTH...). XapaKkTep MUCIIOIb30BAHUS U30-
OpaKeHHWil 3a/1aeT CTENCHb BAXKHOCTU CIEAYIONMX HIXKE MPOTUBOPE-
YHBBIX TPEOOBAHUM K aJITOPUTMY:

Bbicokasi cTeneHb KOMIIpecCHH. 3aMETUM, YTO JAJIEKO HE JIIs

BCEX TPWIOKEHWHA aKTyalbHa BBICOKAs CTENEHb KOMIIPECCUH.

Kpome Toro, HeKOTOpbIe aJrOPUTMEI JIAIOT JIydlllee COOTHOIICHNE

KadyecTBa K pazMepy ¢aiiiia Ipu BEICOKUX CTENEHSIX KOMIIPECCHUH,

OJTHAKO TIPOUTPBIBAIOT JIPYTUM alNrOpPUTMaM TIPU HU3KHX CTerle-

HSIX.
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Bricokoe kauecTBO M300pakeHuii. Bemomnenue storo tpebo-
BaHUS HAMPSAMYIO IPOTUBOPEYHT BHITIOTHEHUIO MTPEIBIIYIIETO. ..
Bbicokasi ckopocTh KoMMpeccun. OT0 TpeOOBaHUE TSI HEKOTO-
PBIX AITOPUTMOB C TOTepell MHGOpMAIK SBISIETCS B3aUMOMC-
KITIOYAIOIIAM C TIEPBBIMHU ByMsl. IHTYUTHBHO MOHSATHO, YTO YeM
OoJpIlle BpEeMEHH MBI OyaeM aHaJIu3UpOBaTh M300pakeHHE, ITbI-
TasCh TONYYUTh HAWBBICIIYIO CTEIEHb KOMIIPECCHH, TEM JIydIle
Oyznet pe3ynbTar. M, COOTBETCTBEHHO, YeM MEHBIIIE MBI BPEMEHH
MOTPAaTUM Ha KOMITPECCHIO (aHAIu3), TeM HIDKE OyIeT KadecTBO
M300pakeHHsI B OOJIBIIIE €r0o pa3Mep.

Bbicokasi ckopocTh Aekommnpeccuu. J[ocTaTodHO yHHBEpCalb-
HOe TpeOOBaHWE, aKTyallbHOE TSI MHOTUX MpuioKeHu. OgHaKko
MOJKHO TIPHBECTH MPHUMEPHI MPHIIOKEHUH, T1Ie BpeMs eKOMITpec-
CHUH JTaJIeKO HE KPUTHUIHO.

MacmrTadupoBaHnue u3odpaxkenuii. Jlannoe TpeboBanme mopa-
3yMeBaeT JIETKOCTh M3MEHEHHs pa3MepoB M300pakeHHUs 0 pas-
MEpOB OKHAa aKTHBHOTO MPWIOKEeHHA. J[e710 B TOM, YTO OJHH aj-
TOPUTMBI TIO3BOJISIFOT JIETKO MacmTabupoBaTh M300pakeHne mps-
MO BO BpeMs JIEKOMIIPECCHH, B TO BpeMs KakK APYrHe HE TOIBKO
HE MO3BOJISIOT JIETKO MacIITaOupoBaTh, HO M yBEITUYUBAIOT BEPO-
SATHOCTbH IOSIBJIICHUSI HEMIPUATHBIX apTe(akToB MOCie MPUMEHEHUS
CTaHIAPTHBIX AITOPUTMOB MacIITaOMPOBaHUS K JIEKOMIIPECCUPO-
BaHHOMY H300pakeHnto. Hampumep, MOXXHO TPHBECTH TPUMED
«mroxoro» u3obpaxenus it anroputMa JPEG — sto m300pa-
JKEHHE C JJOCTATOYHO MEJKUM PETYJISIPHBIM PUCYHKOM (TIHKaK B
METIKYIO KIIETKY). XapakTtep BHOCUMBIX anroputMoM JPEG wncka-
JKEHUH TaKOB, YTO YMEHBIIICHHE WM YBEIMYCHUE W300paKeHUs
MOXeET JaTh HeTIPHUATHBIE () (HEKTHI.

Bo3mo:kHOCTH MOKa3aTh orpyodJeHHoe u3o0pakeHne (HU3KOTO
pa3pelnieHus), UCIOIb30BaB TONBKO Havaso Qaiina. Jlannas Bo3-
MOJKHOCTH aKTyajbHa IS Pa3JIMIHOTO POJa CETEBBIX MPHIIOKe-
HUM, T]Ie IepeKaunBaHne N300pakeHUIl MOXKET 3aHATh JOCTATOY-
HO 0OJIBIIIOE BPEMsI, U JKEJIaTEeNbHO, TONYyYrB HavYano Qaiina, Kop-
PEKTHO TOKa3aTh preview. 3aMeTHM, YTO PUMHUTHBHAS pean3a-

10
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Ul YKa3aHHOTO TpeOOBaHUS IyTeM 3alHChIBAHHUS B HAYaJO M30-
OpaXeHHsI er0 YMEHBIIIEHHOW KOIMU 3aMETHO YXYAIIUT CTEIeHb
KOMIIPECCHH.

YcroiiuuBocTh K omudkaMm. JlanHoe TpeOoBaHWE O3HAYaET
JIOKAJIbHOCTh HAPYIICHUH B M300payKEHUH TP MTOpUe WK MOTepe
(parmMenTa mnepenaBaeMoro (aiina. JlaHHas BO3MOXKHOCTH HC-
MoJIb3yeTCs mpH Iupokopenanuu (broadcasting — mnepeaada 1o
MHOTHM ajjpecamM) n300pakKeHH 10 CETH, TO €CTh B TEX CIIyJasx,
KOTJIa HEBO3MOXHO MCTIOJIB30BATh IIPOTOKOJI TIepeadu, IOBTOPHO
3anpalIMBaAOIINKA JaHHBIE y cepBepa mpu omuokax. Hampuwmep,
€CJIA TIepefaeTcsi BUIEOPs, TO ObUI0 OBl HETPABWIIBHO HCIOJB-
30BaTh AITOPUTM, Y KOTOpOro cOOi MpHBOIMI OBl K MpeKparle-
HUIO TPABWIIBHOTO MOKa3a BCEX MOCIEMyIOIUX Kaapos. JlaHHoe
TpeOOBaHNE MPOTHBOPEYUT BBICOKOW CTENCHW apXWBAIlUH, I0-
CKOJIbKY MHTYUTHBHO TIOHSATHO, YTO MBI JIOJDKHBI BBOJHUTH B ITOTOK
n30bITOUHYI0 HHMopManmio. OJHAKO NSl pa3HBIX aNrOPUTMOB
00BbeM 3TOM M30BITOYHON MH(POPMALIMKA MOXKET CYIIECTBEHHO OT-
JINYaTHCS.

Yuer cnenuduku u3oo6pakeHusi. boree BEICOKas CTEIICHh apXH-
BallMU JJIS Kiacca M300pakKeHUH, KOTOpble CTATUCTUYECKH Yallle
OyIyT MPUMEHATHCS B HAIlleM MPHIOKEeHUH. B mpeapaymux pas-
Jleax 3To TpeOOBaHME yKe 00CYKIAT0Ch.

Penaktupyemoctsb. Ilon pemakTpyeMOCThIO TOHHMAeTCs MHU-
HUMAaJIbHAs CTENEeHb YXYAUICHUS KadecTBa N300pakeHus MPU €ro
MMOBTOPHOM COXPAaHEHHHU TIOCIIE PeNaKTUpOoBaHus. MHoOrue anro-
PUTMBI ¢ TIoTeped MHPOPMAIH MOTYT CYIIECTBEHHO HCIIOPTHUTH
M300pakeHre 32 HECKOJBKO UTEPAINid pelaKTHPOBAHUS.
Heb6osb1masi cTOUMOCTH amnmmapaTHoi peanuzamuu. Iddek-
THBHOCTH MPOrpaMMHOI peaju3anuu. Jlanapie TpeOoBaHUS K
AITOPUTMY PpEaNbHO TMPENBABIAIOT HE TOJBKO IPOU3BOAUTEIH
UTPOBBIX MPUCTABOK, HO M MPOU3BOJIUTENN MHOTHX HH(OpMAIU-
OHHBIX cHCTeM. Tak, JekoMmIpeccop (ppakTambHOTO AITOPUTMa
04eHb Y(PPEKTUBHO U KOPOTKO PEATH3YETCS C HMCIIOIh30BAHUEM
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TexHojorun MMX u pacnapalijieIuBaHusl BBIYUCIEHUM, a C)KaTUE

o craanapty CCITT Group 3 merko peanusyeTcst anmapaTHo.

OdeBuIHO, YTO JJIs1 KOHKPETHOM 3a1a4i HaM OyIyT OYE€Hb Ba)KHBI
oIHH TpeOOBaHUSA W MEHEE BaXKHBI (M Jake abCONIOTHO Oe3pa3ind-
HBI) IpyTHE.

Hror: Ha npaktuke s Kaxiaou 3aadud Mbl MOXEM
chopMyupoBaTh HAGOpP NMPUOPUTETOB M3 TPedoBa-
HU, U3JI0KEHHBIX BbILIE, KOTOPBIA U ONpPEIEIUT Hau-
0oJee MOIXOIAIINN B HAIIMX YCJIOBUSX aNropuTM (JIn-
00 HabOp aITOPUTMOB) TSI €€ PEIICHHUS.

KpuTepuu cpaBHeHUs anroputmoB

3aMeTuM, YTO XapaKTEPUCTHKHU aJrOpHUTMa OTHOCUTEIBHO HEKO-
TOPBIX TPEOOBAaHUN MPUIIOKEHHH, cPOPMYyTMPOBAHHBIE BBILIEC, 3aBH-
CSAT OT KOHKPETHBIX YCIIOBHH, B KOTOpBIE OyAET MOCTaBJIEH aJro-
putM. Tak, cmenens komnpeccuu 3aBUCUT OT TOTO, HA KaKOM KJacce
n300paXeHUH aNrOPUTM TECTHPYETCA. AHAIOTUYHO, CKOPOCb KOM-
npeccuy HEPEAKO 3aBHCUT OT TOrO, Ha Kakoi miuardopme peanuso-
BaH anroputMm. [IpenmyIiecTBo OJHOMY alrOpUTMy Iepen APYrUM
MOJKET J1aTh, HAIpUMEpP, BO3MOXKHOCTh MCIOJIb30BaHMs B BBIUUCIIE-
HUSAX aJTOPUTMA TEXHOJOTHI HIDKHEro ypoBHdA, Thna MMX, a 310
BO3MOKHO JaJleKo He Juid Bcex anroputMoB. Tak, JPEG cymecTBeH-
HO BBIMTPBIBA€T OT NMpHUMEHeHus TexHoimorun MMX, a LZW Her.
Kpome Toro, Ham mpuzaeTcsi yUuThIBaTh, YTO HEKOTOPBIE allTOPUTMBI
pacnapauieIMBaroTCs JIETKO, @ HEKOTOPBIE HET.

Takum 00pa3oM, HEBO3MOKHO COCTABUTH YHHBEpPCAJIbLHOE
CPaBHUTeJIbHOE ONMHCAHHE U3BECTHBIX AJITOPHUTMOB. DTO MOYKHO
cAenaTh TOJBKO AJIS THIOBBIX KJIacCOB NMPUIIOKEHHUM MPH YCIOBUHU
UCIIOJIb30BaHMsl THUIIOBBIX alTOPUTMOB HA THUIOBBHIX IUIaT(OpMax.
OpHako Takue TaHHbIE HEOOBIYaliHO OBICTPO YCTapEeBAIOT.

Tak, Hanpumep, enie B 1994, nntepec kK mMoka3y orpyo6JeHHOTo
H300paKeHusi, HCIIOJNB3Ysl TOJbKO Hawajo (aitna (TpeboBanue 6),
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OBUT urcTO abCTpakTHBIM. PeanbHO 3Ta BO3MOXKHOCTH MPAKTUYECKH
HUTJIe He TpeOOoBaJlach W KJIACC MPIJIOKEHUH, UCTIONB3YIOMUX JaH-
HYI0 TEXHOJIOTHIO, OB KpaiiHe HeBeqrK. C B3PBIBHBIM PacCIpoCTpa-
HeHreM Internet, KOTOPBIA XapakTepu3yeTcs Iepefadei n3oopaxe-
HUH TI0 CPaBHUTENHHO MEUICHHBIM KaHallaM CBSI3H, WCIIOJIB30BaHHUE
Interlaced GIF (anroputm LZW) u Progressive JPEG (BapuaHT ai-
roputMma JPEQG), peanu3yronmx 3Ty BO3MOXHOCTb, PE3KO BO3POCIIO.
To, uTo HOBEII anroput™ (Hampumep, wavelet) mommepKuBacT Ta-
KYIO BO3MOKHOCTb, CYIIIECTBEHHEH TN TUTFOC JIISI HETO CeTO/IHS.

B 10 e BpeMs MBI MOXEM pPacCMOTPETh TAKOE€ PEIKOe Ha Cero-
IHS TpeOoBaHHe, KaKk YCTOMYUBOCTh K omMOKaM. MoXHO mpesmno-
JIO)KHUTh, 9TO B CKOpOM BpemeHH (depe3 5-10 meT) ¢ pacmpocTtpane-
HUEM IUPOKOBEIIaHus B ceTu Internet as ero obGecrnieueHus: OyayT
WCTIOJIb30BaThCSI IMEHHO aITOPUTMBI, YCTOMYUBBIE K OIINOKaAM, JTaxe
HE paccMaTpUBaeMbIe B CETOAHAIIHUX CTaThsIX U 0030pax.

Co BcemH CHeJaHHBIMH BBIIIE OTOBOPKAMH, BBIIETNM HECKOJIBKO
Hamboee BaXKHBIX IS HAC KPUTEPHUEB CPABHEHUS aJTOPUTMOB KOM-
Mpeccuy, KOTOphIe M OyJIeM HCIIONIb30BaTh B NanbHelmeM. Kak jer-
KO 3aMETHTh, MBI OyZIleM 00CYXIaTh MEHBIIIC KPUTEPHUEB, YeM OBLIO
cOPMYJIMPOBAHO BBIIIE. DTO MO3BOIUT M30€XKATh JUITHUX JIECTaeH
P KPaTKOM H3JIOKEHUH TaHHOTO MaTepraa.

Xynmasi, cpeHsisi M Jy4llasi cTeneHb cxatus. To ects mos,

Ha KOTOPYIO BO3pacTeT M300pakeHWe, eCH HCXOJTHBIC NaHHBIC

OyIyT HaMXyOUINMH, HEKas CPEeIHECTATUCTHYECKas CTEIEHb I

TOTO KJlacca M300paKeHUH, Ha KOMOPblll OPUEHMUPOBAH AN20-

pumm,; ¥, HAKOHEL, Jyd4lias cTemneHb. [locmenuss neobxomuma

JUIIb TEOPETUYECKH, TOCKOJIbKY ITOKA3bIBAET CTETEHb CXKaTHs

HAWIy4dIero (Kak IpaBHjIo, a0COIFOTHO YEPHOr0) M300paXKeHHS,

WHOTAA (PUKCHPOBAHHOTO pa3Mepa.

Knacce u3zo0paskenuii, Ha KOTOpPBIi OPUEHTHUPOBAH aJITOPHUTM.

WHorga yka3zaHo Takke, IMOYEMy Ha JIPYTHX Kiiaccax M3o0paxe-

HUH MONTy4aloTCs XYAIIUE Pe3yIbTaThl.

CumMmerpuyHocTh. OTHOLIEHHE XapaKTEPUCTHKH alrOpUTMa

KOAMPOBAHMS K aHAJOTHYHON XapaKTePUCTHUKE MPHU JEKOJUPOBa-
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HUH. XapaKTepru3yeT pecypcOeMKOCTh IIPOIECCOB KOAMPOBAHUS H
nexonupoBaHus. J{ns Hac HamOojee Ba)KHOU SIBIISIETCS CHMMET-
PUYHOCTD O BPEMEHH: OTHOIIEHHE BPEMEHH KOAWPOBAaHUS KO

BpeMeHH JAeKoaupoBaHus. VMHorma Ham moTpebyercss CHUMMET-

PUYHOCTD IO MaMSTH.

4. EcTb i noTepu KadecrBa? U ecnu ecth, TO 32 CUET YETO U3ME-
HSETCS cTeneHb cxaTus? Jlemo B TOM, 4TO y OOJBIIMHCTBA aJro-
PUTMOB CXKaTHs ¢ ToTepeil mHpOopMAaIK CYIIECTBYET BO3MOXK-
HOCTb U3MEHEHUS CTETIEHH CXKATHSL.

XapakTepHble 0CO0EHHOCTH AaJrOpuTMa M H300paXKeHHWH, K

KOTOPBIM €ro MPHUMEHSIOT. 3/IeCh MOTYT YKa3bIBaThCsl HamOosee

BaXHBIE JUIA aJlTOPUTMa CBOICTBA, KOTOPHIE MOTYT CTaTh OIpe/ie-

JISTIOIIIMH TIPH €T0 BRIOOPE.

Hcmone3ysl gaHHbIE KPUTEPHUH, IPUCTYNIM K PaCCMOTPEHHIO all-
TOPUTMOB apXUBAIIUHN H300PaKEHHIA.

[Ipexae, yeM HEMOCPEICTBEHHO HadaTh pa3roBOp 00 alropur-
MaXx, XOTeJIO0Ch OBl cAeNaTh OToBOPKY. OIUH U TOT K€ aJrOPUTM Yac-
TO MOXHO pealM30BaTh Pa3HBIMU criocoO0aMu. MHOTHE H3BECTHBIE
anroputmbl, Takue kak RLE, LZW wm JPEG, umeror necsatku pas-
JUYAONUXCs peanuzanuidi. Kpome Toro, y aaroputMoB ObIBaeT He-
CKOJIBKO SIBHBIX TapaMeTpPOB, BapbHPYsS KOTOPHIE, MOKHO HU3MEHSTH
XapaKTePUCTUKH MPOIIECCOB apXuBanuy U pazapxusarun. (CMm. mpu-
Mepbl B pasaene o (¢opmartax). [Ipy KOHKpETHOW pealid3aldd 3TH
napaMeTpsl (PUKCHPYIOTCS, UCXOA W3 HanboJiee BEPOATHBIX Xapak-
TEPUCTUK BXOIHBIX M300pakeHul, TpeOOBaHUN HA IKOHOMHIO TTaMs-
TH, TpeOOBaHMI Ha BpeMs apxuBaruu U T.4. [loaTomy y anroputMoB
OJTHOTO CEMEHCTBa Jyd4llas U Xy/IIas CTeTIeHH C)KaThs MOTYT OTJIH-
4aThCsl, HO KAYECTBEHHO KapTHHA HE N3MEHHUTCSI.

MeToabl o6xoaa NMOCKOCTU

3amada 00X0Ja IMIOCKOCTH BO3HHKAET MpU 00paboTKe ABYyXMeEp-
HBIX JaHHBIX. Llenb: co3manme omHOMEpHOrOo MaccuBa D W3 NBYX-
MepHoro S. [Ipudaem eciu mpemonaraeTcs mociemayromnee cxarue D,
TO JKeJaTeNbHO CO3/1aBaTh €ro TakK, YTOOBI «pa3pbhIBOB» OBLIO Kak
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MOYXHO MEHbIIIE: KaXKJbIi CIeAYIONIUi semMeHT D;, 3aHOCUMbIi B D

Ha [—OM IIare, SABJSCTCS COCEIHUM (B IJIOCKOCTH) ISl MPEAbIAYIIe-
ro, 3aHeceHHoro B D Ha (i-1)—om mare, D; ;.

3MEWKA (3Ur3Ar-CKAHUPOBAHME)

O06xon MaccuBa S HAYMHAETCS C OJHOTO YIJIa MIOCKOCTH, 3aKaH-
YUBAETCS B IPOTUBOIOIOKHOM 10 JuaroHanu. Hanpumep, u3 jeBoro
BEPXHETO B MPAaBbI HUKHUMN:

1 |2 |6 |7 |15]16
3 |5 |8 |14]17 |24
4 |9 |13]18]23]25

1012119122126 29
11 120212712830

Ha wmmocTpanuu 1moka3aH TMOPSIIOK BBIOOPKH DIIEMEHTOB W3
TUIOCKOCTH (C TIOCIEIYIOIIUM 3aHECEHHUEM B OJTHOMEPHBI MacCHUB).
3HaueHUe U3 SYEHKU MaccuBa S, MOMECYCHHONX HA PUCYHKE HOMEPOM
i, 3a”Hocutcs B D[i].

3Meiika BBITOJIHA B CIy4asX, KOTJIa B OJJHOM W3 YIJIOB «OCOOEH-
HOCTB» — HalpUMeEp, COCPEIOTOUYCHBI caMble KpymHbIe K03(duim-
entsl. [Ipumensiercs B anroputme JPEG mns oOxoma kBajgpaHTOB
(pazmepom 8x8 Touek).

OBXxo[f CTPOKAMU

Camplif TpUBHANBHEIN MeTOA. IMEHHO OH MCHONB3YETCS B CaMbIX
pacnpocTpaHeHHbIX Tpaduueckux popmarax (BMP, TGA, RAS...)
JUTSL XpaHEHUS 3JIEMEHTOB H300payKEHHI.

1 |2 |3 |4 |5 |6

8 |9 [10]11]12
13114 15]16 |17 |18
1912021222324
25126127 128(29]30
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B BapuaHTe CTpOK ¢ pa3BOpoTaMM Jid Ka)XJ0i BTOPOM CTPOKHU
JlejaeM BRIOOPKY B 0OpaTHOM HaIlpaBJICHUH:

1 |2 |3 |4 |5 |6
1211109
13114 15]16 |17 |18
2412312221 [20]19
25126127 128(29]30

Tovek «pa3pbIBay HET, B OTJIIMYKE OT BapuaHTta 0e3 pa3BOpPOTOB.
CoBepITIeHHO aHAJIOTUYHO MOXHO JIelaTh 00X0] CTOIOIaMH.

Ynpaxkuenue: Hapucyiite nmpumep 00xoja IIOCKOCTH
CTOJIOIIAaMU C Pa3BOPOTAMHU.

OBxopf NONoCcAMU

Yame Bcero cxxaTue Jydile, eciau Kakiaas o0JacTh JByXMEPHOTO
MaccuBa S He paccpenoTodeHa (paBHOMEPHO «pa3Mas3aHay) 10 BCeMY
ogHoMepHOMY D, a CKOHIIEHTpUpoBaHa B D koMmImakTHO. B cmydae
00xo0J1a CTpOKaMHU MOHATHE «OOJIACTH» OTCYTCTBYET: Ka)ABIH 3Iie-
MEHT cunTaeTcs «o0mactpio». [IpiTasch 00XOANUTH MIOCKOCTH KBaj-
patamu pazmepoM NxXN, MpUXoauM K uaee 00Xoaa rOpU30HTATLHBI-
MH «II0JIOCAMMW» IUPUHON N:

1 |4 |7 |10]13
2 |5 |8 |11]14
3 16 |9 |12]15

16 |19 122 |25 28
1712012312629
18121124 ]27]30
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B mannoM mpumepe mupuHa moockl N=3. Ecin N=1, moxygaem
00X01 CTpOKaMHU.

MonocAmMu c PA3BOPOTAMU

To xe caMO€, HO C pa3BOpPOTaMH U CTOJ'I6I_[OB BHYTpPHU II0JIOC, U
HaHpaBHCHI/Iﬁ CaMHX ITI0JIOC:

1 |6 |7 [12]13
2 |5 |8 |11]14
3 14 |9 |10]15

28 27122121 ]16
29126232017
3012512411918

Pa3phIBOB OIATH HET, HO TEMEPh €IIe U KaXKas TOYKa MpHHAJIC-
KUT 00JIACTH, 3alTUCAaHHON B D KOMIAKTHO, O¢3 pa3phlBOB: €€ dJie-
MEHTBI PacIoNIOKEHBI BHYTPU onHOro uHTepBana (D[i], D[i+1], ...,
D[i+j]), u p1eMeHTOB U3 APYrux o0nacTeil BHYTPU STOrO MHTEpBaia
HeT. [IpuMmepsr Takux oOmacTell — KaXKIbIi W3 YEThIPEX YIIIOB pas-
MepoM 3x3 saeMeHTa.

Ynpaxuenue: Hapucyiite cxemy oOxoma KBazgpara
7x7 nonocamu mupuHOH 3 ¢ pazBoporamu. Kakoil Ba-
puanT nyumie: 3+3+1 wm 3+2+2? Kakue obnactu 3a-
HOCcATCSA B D KOMITAaKTHO?

OBX0[ PELUETKAMMU

Jlis mepBoit mopiwu 6epeM IeMEHThI U3 Kaxaoro N-ro crondia
KaxJ10it M-oit ctpoku. [l BTOpoil — TO e, HO CO CABUTOM Ha OJIUH
cronben. Tak e U s CIEIYIOIINX, a 3aTeM — CO CIIBUTOM Ha OJHY,

KHura “MeToabl cxxatusa aaHHbIX”. ISBN 5-86404-170-X 17
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nBe, (M—1) ctpoku. Hampumep, eciim M=N=2, TO MMeeM YETHIpE

TTOPIIAH:
1 13|12 (143 |15|4 |16
251371263827 |39|28 |40
5 11716 (1817 198 |20
29 |41 (3042|3143 |32 |44
9 |21 (1022 |11 (23|12 |24
3314534146 |35|47 |36 |48

To ecTh MIOCKOCTh pa3OMBaeTCsl Ha MPSIMOYTOJIBHUKH Pa3MepoM
MxN, 3amaeTcss 00X0[ TUIOCKOCTH IPSIMOYTOJILHUKAMH, a TakKe 00-
XOJ BHYTPU CaMUX TPSMOYTOJIBHHUKOB, U JlAJIee JIENAeTCs «OTHOBpPE-
MEHHBII» 00X0J] TI0 Ka)KJIOMYy M3 HHUX: CHadalla BEIOUPAIOTCS UX Tep-
BbI€ DIIEMEHTBI, 3aT€M BTOpBIC, TPEThH, H TaK Jlajiee, 10 MOCIeTHETO.

OBXo[ PELWETKAMWU C YYETOM 3HAYEHUW 3NEMEHTOB

[Tocne Toro kak 06paboTaHbl EPBBIC IEMEHTHI MPAMOYTOJIEHU-
KOB (B HalIeM MpUMeEpEe — KBAAPATOB 2X2), €CI NPEANOI0KHUTh, YTO
OHHU SIBIAIOTCSl aTpuOyTamMH CBOMX obOjacTeil, BHITOTHO (AJs yiyd-
HICHUS CKaTHs) TPYNIHUPOBATH 00JACTH ¢ OJUHAKOBBIMU aTpHOyTa-
MH, TO €CTh C OJJMHAKOBBIMH 3HAUYEHUSMH 3TUX MIEPBBIX 3JIEMEHTOB.

Honyctum, aTpuOyThl pacipeaeseHbl TakK:

R G G G
L R G G
L L R R

Tor;[a HUMECT CMBICJI JAJIbIIC I[eflCTBOBaTL TakK:

18 Knura “MeTtoabl cxxaTtua aaHHbIX”. ISBN 5-86404-170-X
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13]G |25]G [28|G |31
15114 1271263029 |33]|32
40| R |16 |G |34 |G |37
42141 | 18|17 |36 |35|39 |38
L |43|L [46|R |19 | R |22
45144 148 147121 [20[24 |23

To ecth cHauana 00X0aUM KBaApaThl ¢ aTpuOyToM «R», 3ateM ¢
atpubyrom «G», 1 HakoHEIT ¢ «L».

KOHTYPHbIV OBX0Q

YacTe 371€eMEHTOB MPHUHAJICKHUT OJHOM IpyIIe, 4acTb — IpYroH,
MIpUYEM KOHTYp 3aJaH:

— | | — | —_ —_

— N[N = [ =

— NN (N —

NN (NN | —

— N[ DD [ = [ =

e i e el

1

1

1

1

1

1

[Uay [V, (RN [NURINY U U

bt | [ = | = — | —

36 smeMeHTOB — U3 Irpynmnsl «1», a 12 — u3 rpynmsl «2».

OueBUAHO, YTO MMEET CMBICH OTACIBHO O(GOPMHUTH 3JIEMEHTHI
rpynnsl «1»:

112912827 ]26|22]21 )31
2130 2512312032
3 24119 |33
4 18 | 34
518 1311417 |35
6 17 |10]11]12|15]16|36

U 3aTeM TOYHO TaK e
rpynme «2.

OCTAJIBHBIC J3JICMCHTLI, MPUHAIJICIKAIINC

KHura “MeToabl cxxatusa aaHHbIX”. ISBN 5-86404-170-X 19
http://compression.graphicon.ru/



http://compression.graphicon.ru/
http://compression.graphicon.ru/

Memodsbi cxamus AaHHbIX / An2opummMbi c)Xamusi u3obpaxeHui
http://compression.graphicon.ru/

KOHTYPHbIV OBX0[ C HEU3BECTHbIMU KOHTYPAMMU

PaccMoTpumM npenpinymuii mpuMep, TO €CTh TAKOE )K€ paclpene-
JIEHWE 3JIEMEHTOB I'PYMII MO MIOCKOCTH, HO U3HAYAJIBHO, IIPU Havase
00Xxo0Ja MIOCKOCTH, 3TO paclpeielieHne Heu3BecTHO. byneM neict-
BOBaTbh TAKMM METOJIOM:

44141 |40 |35 |34 |29]28
43142 |39 |36 |33 |30]27
45146 |38 |37 |32 |31]26
9 |10 |47 |48 |19 |20 25
8 |11 |14 |15 |18 |21]24
7 112 |13 |16 |17 |22 23

NN |[R(W|IN|—

OO0X0MM IUIOCKOCTh «CTOJNIOIIAMHU C pa3BOpOTaMu», W, oOHapy-
KHUBask 3JE€MEHT Ipyroil rpynmsl (B snementax 9, 10, 14...), Takxe
nemaeM pazBopot Ha 180 rpamgycos. 3atem (mmaru 45...48) o0xoqum
OCTaBIIYIOCS YacTh IIOCKOCTH, COACPKAILYIO (IIPEAMOIOKUTEIHHO)
3JIEMEHTHI JPYTOil TPyIIbL.

B urore nmeem:

e Cpeau MepBBIX 36-M 3IeMEHTOB 4 W3 rpynmsl «2», a 32 u3
rpynmsl «1».
e U3 MocieAHuX 12-u 3meMeHTOB 8 W3 Ipymmel «2», a 4 u3
rpynmsl «1».
B nepBoii wactu 4/36=1/9 «uckatoueHuii», Bo Bropoit 4/12=1/3.
A ecnu OBl €A MIPOCTO 00XO[] «CTOJIOLAMH C Pa3BOPOTAMMI:

12 |13 |24 |25 |36 |37 |48
11 [ 14 [23 |26 |35 | 38|47
10 |15 |22 |27 |34 | 3946
9 16 [21 |28 |33 |40 |45
8 17 120 |29 [32 |41 |44
7 18 |19 |30 |31 [42]43

N[N | |W N[~
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B urore:
e cpeaw MepBHIX 33-X 371eMEHTOB 12 U3 TpyIIsl «2», a 21 u3 rpyr-
eI «1».
® U3 MMOCJICAHHUX 15-M 3JIEMEHTOB BCE U3 TPYIIIBI « 1.
To ecth B OoJbllIel YacTH MOJyduBIIErocs Ojoka — Gojiee uem 1/3
CHCKITHOYECHUI.

«KBAOPATHAA 3MEUKA»

PexypcuBHBII MeTOZ 71 KBaJpaTHBIX 00JIacTeH.
Ecnu npuHATE nEBBIM BEpXHHUM AJIEMEHT 3a IEPBBIH, TO MJIA
KBajJpaTa 2x2 BO3MOXXHBI JiBa BapuaHTa 00xo/a 6e3 pa3phIBOB:

114
213
u

112
413

To ectb MO0 mepBBI MepexoA BHYTPH KBajpaTa ObUT CBEPXY
BHHU3, TOTJa MSATHIM IIaroM OyJeT Mepexoi K JIeBOMY BepXHEMY dJie-
MEHTY KBajlpaTa cmpaBa (WM K MPaBOMY HIDKHEMY 3JIEMEHTY KBall-
pata cBepxy). JInubo HaoOOpOT: mepBEI Mepexo] BHYTPH KBajapara
ObUT BIPaBO, TOT/IA ISTHIM IaroM OyAET Mepexo]] K KBaApaTy CHU3Y
(umu caea). [lepedopmynupyem Tak:

® €CIM HY)XHO BBIUTH K MPaBoOMYy (MJM BEpPXHEMY) KBajpary,

TO TIEPBBIM IIAT — BHM3, €CJIM K HUKHeMY (WU JIEBOMY), TO
NEPBBIi IaTr — BIPABO;

® MPOHACHHBIM IyTEM OJHO3HAYHO 3aJaeTcCs, K KAKOMYy KBa-

paTy Hy>KHO BBIATH B KaXIblii KOHKPETHBIH MOMEHT;

® TOJBKO B CAMOM Hadyajie €CTh BHIOOP OJHOTO U3 JABYX BapHaH-

TOB 00X07a.

Hampumep:
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1 [2]15]16ls [20
4 M3 | 14025 24
s le DT
6

7190 | 11|32 28
3(
60 56 < A0
NDZ
64 48 44

IlepBoIii mar BHYTpH KBazapara 2x2 ObUT BIIPaBO — 3HAYUT B pe-
3yabTaTe 00X0/a 3TOTO KBajpara 2X2 MBI JOJKHBI BEIUTH K HIDKHE-
My KBagpary 2x2;

TIEPBBIN mIar mepexoaa ot 2x2 k 2x2 BHYTpH 4x4 ObLI BHU3 — 3Ha-
YUT MBI OJDKHBI BBINTH K TIpaBoMy 4x4;

TIEPBBIN Mepexo]T BHyTpH KBagpara 16x16 ObuT BIPaBO — 3HAYUT B
pesynbrare 06xoma 16x16 — MOJDKHEI IPUHTH K HIDKHEMY, U Tak Ja-
nee.

Pa3pbIBOB HET, U KaXKIbIi IEMEHT MPUHAUIEKHUT 00IaCTH, 3aMn-
CaHHOU KOMIIaKTHO.

VYnpaxknenue: Omnpenenurte, Kakue YWCIA TOJKHBI
OBITH B HE3ANOJHEHHBIX KJIIETKax mpumMepa. Hapucyiite
IpYTOil IpuUMep: TpU BBIOOpPE BTOPOTO dIIEMEHTA KBaJ-
paTa nermaeM Iepexoja He ClieBa HallpaBO, a CBEPXY
BHU3.

Jas kBaapaTa 3x3 MOXKHO B3ATh TaKHE J[BA «I1a0JI0HAY:

11415
21316
91817

)54
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11219
318
51617

ITepBoe mpaBui0 OyAET «IIPOTHBOIIOIOKHBIMY IIEPBOMY IPABUITY
ciaydast 2X2, HO OCTaJIbHEIE IBa — TAKHUE XKe:

® ©CIM HY)XHO BBIHTH K NpaBoMy (WIH BEpXHEMY) KBaaparTy,
TO TIEPBBIA Iar — BNPAaBO, €CIM K HUKHeMY (WIH JIEBOMY),
TO TIEPBbIX LIAr — BHM3;

® TIPOIIEHHBIM IMYTEM OJHO3HAYHO 33/1a€TCS, K KAaKOMY KBaj-
paTy HY>KHO BBIMTH B KaXKJIbli KOHKPETHBI MOMEHT;

® TOJHKO B CAMOM Hadalle €CTh BHIOOp OJHOTO U3 IBYX BapHaH-
TOB.

Ho nus 3x3 ecTh emie u Takve BApUAHTHI:

11617
2 15]|8
31419

u
11213
514
71819

BuaHO, 94TO OHM COBEPIIEHHO YKBHBAJICHTHBI, TO €CTh B3aHMMO3a-
MEHSIEMBI, TIOCKOJIBKY B OOOMX CIIydasX MbI BBIXOJUM B IPaBBIi
HIDKHUH yroil. TouHO Tak e SKBHBAJCHTHBI U JIBa BapHaHTa 00xo/a
UMHU KBajapara 9x9:
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1 18] 19
9 |10 27
46 | 45 28
54 37|36
55 72| 73
63 | 64 81
nu
1 5455
9 |46 63
10 | 45 64
18 37| 72
19 36 | 73
27|28 81

CoBepITIeHHO aHAJIOTUYHO IS SX5, 1 3aTeM 25X25 U Tak nmajee.

Ecou tpebyercs oboiiTi kBamgpar pazmepa NxXN, cHavayia ormpe-
JieIIsieM, TIPOU3BEICHUEM KaKHUX TPOCTBIX YUCeN sIBisieTcs N, 3aTeM —
3ajaeM TOPSJIOK 3TUX YWCENl B NPOM3BENCHHU (2 JUTS KaXJO0ro He-
9ETHOTO MHOXHTEINIS — eIle W HampapiieHne obxoma). Takum oOpa-

30M OyzeT 3a/1aH mpoiecc ooxoza.

Ecmu K, paBHOE 9ncy OBOSK B NMPOM3BEICHUH, OOIBIIE OTHOTO:
K>1, To CTOpOHA CaMOro MeJIKOro KBajgpata ZOJDKHA 6biTh 25 wmn
2% snemenrtos. Hampumep, ecim K=3, To 06xox 6e3 pa3pbiBOB
2x3x2x2 (oT caMmoro Menkoro 2x2 x 6x6, 3atem k 12x12 u, HaKOHeII,

K 24x24) HEBO3MOXKEH:

24
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63 | 64 9 [10
59 68 5 14
55 72 |1 18
54 37|36 19
50 41 32 23
46 | 45 28 | 27
73

Kaxnmas sraeiika 3ToW TaONHIBI — KBaaApaT 2X2; HIKHUAE 5 CTPOK
MIPOIYIICHBI: TIEPEUTH K JBYM HIDKHUM KBaapatam 12x12 6e3 pas-
pBIBa HE CMOYKEM.

Jpyrux orpanndeHuit mpu 00X0ae «KBaapaTHOW 3MEHKOI» HET.

Kaxnprit kBagpar co cropoHoit L>2 MOXHO 00XOIUTH OOBIYHOM
3MEHKOH, a He «KBagpaTHOW». DTO BBITOJHO B TOM CIydae, €Cld
Hamboyee pazTUYAIONINECs AIEMEHTHI CTPYNIHPOBaHbI B IIPOTHBO-
MOJIO’KHBIX yTIJIaX KBaApaTa.

Ynpaxuenue: Hapucyiite mopsmok o0xoma KBaapaTa
25x25, a 3arem — kBaapara 12x12. YOemwtech, 9TO
Pa3phIBOB HET, M KaKIBIH 3JIEMEHT HMPHHAIIC)KUT KOM-
ITAKTHO 3aIMCaHHOI 00JIacTH.

OBxopf No CNUPANU

O6xon Mo crnmpaad TOBOJBRHO TpuBHajieH. CTPOMTCS KBampat
3x3, 3arem 5x5, 3areM 7x7, 9x9 u tak nainee:
43 144 | 45146 |47 | 48 |49
42 121 (2223242526
411207 |8 |9 |10]27
4011916 |1 |2 |11]28
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39185 |4 |3 |[12]29
3817161514 13|30
37136 135]34133[32]31

Ecnm ke ctpouts kpyru paguyca 2, 3, 4 1 T.1., HeH30eXHO OyayT
MPHUCYTCTBOBATh TOYKH pa3pbiBa. Crupainb MOXKET OBITh U CXOI-
mieiics. CyTh €€ MOXKHO ITOKa3aTh C IMOMOIIBIO 3TOH K€ HILUTFOCTpPa-
IIAW, TOJIBKO HaIpaBJICHHE IBIKEHUSA oOpatHoe: oT 49 k 1. Kpome
TOT0, OHa MOXKET OBITH C PA3BOPOTAMH:

1 |2 |3 |4 |5 |6 |7
24125140139 138|378
23 1264114243369
22 127 148149144 35|10
2128 1471461453411
2029 130(31[32|33]12
191181716 ]15|14 |13

Hanpasnenue u3MeHsieTcss B TOYKaX, PACIONOKEHHBIX HA JUAro-
HaJHU: B JAHHOM IIPUMEPE TO «25» 1 «41».

OBLWE MOMEHTbI AN NPAMOYrOfibHbIX METOAOB

B nrobom ciydae MOXKHO HadaTh C OZHOTO M3 YETHIpEX YIJIOB, U
Jabllie IBUTAThCSI B OJHOM M3 JBYX HalpaBlICHHUN: TI0 BEPTUKAIH U
1o ropusoHTanu. IlepBoe, TO €cTh MOJOKEHUE MEPBOrO YIJa, BIHA-
HUS Ha CTETIEHb CKAaTUs IOYTH HE OKa3bIBAET, OCOOCHHO MPH CKATUU
n300pakeHuid. A BOT BTOpOE, BEIOOP HAIPaBJIICHUS, MOXKET CYILECT-
BEHHO YJIYYIIUTh CKaTHE, MOCKOJIBbKY 00JacTH B 3TUX JIBYX CIydasx
(OcHOBHOE HampaBJIEHUE MO BEPTHKAIN WU 10 TOPU3OHTANN) OyAyT
CTpYNIIUPOBAHEI I0-Pa3HOMY.

Hanpumep, oTckaHUPOBaHHBIH TEKCT JyYILE CKUMATh, 00X0s 10
BEPTUKAIHU, TIOCKOJIBKY B HEM OOJbIIE AJMHHBIX CIUIOUIHBIX BEPTHU-
KaJIbHBIX JINHUH, YeM TOPU30HTAIBHBIX.

26 KHura “MeTtonbl cxxaTtusa aaHHbIX”. ISBN 5-86404-170-X
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OBLWE MOMEHTbI AN METOQOB CIOXHOW ®OPMb

MoxeT BO3HUKHYTh HEOOXOAWMOCThH MOMEYaTh yke oOpaboTaH-
HBIE TOYKH IUIOCKOCTHU, YTOOBI N30€KaTh JIMIIHUX BBIYMCICHUH, TIpe-
JOTBpaLIAONINX OBTOpHOE UX 3aHecenue B D. Torma ects ABa oc-
HOBHBIX BapHaHTa: JU00 100aBUTH MO OAHOMY «(IaroBoMy» OHUTY
JUTSL KQKJIOW TOYKH TIOCKOCTH, IHOO0 BBHIOpATh (WM H00ABUTH) 3HA-
yeHue i «¢ara», MOKa3bIBAIOIIEro, YTO TOYKa yKe BHeceHa B D,
U 3aMKCBIBAaTh 3TO 3HAYEHHE HA MECTO YK€ BHECEHHBIX TOUYEK.

Bonpochkl Ana caMoKoHTpons

1)

2)

Kakue mapameTpsl Haio OMpPENEIUTh, IPEKIE YeM CpPaBHUBATH
JIBa aqropuTMa KoMIpeccuu?

ITouemy HEKOPPEKTHO CpaBHUBATh BPEMEHHBIC TapaMETPhl pea-
JMU3alMUi aNrOPUTMOB KOMIIPECCHM, ONTHUMAIbHO PEaTn30BaH-
HBIX Ha pa3HbIX KommbioTepax? [IpuBemuTe mpumMepsl cuUTya-
IUH, KOTJIa apXUTEKTypa KOMIIbIOTEpa JAaeT MPEUMYIIECTBA TO-
MY WM UHOMY alITOpPUTMY.

[Ipennoxute mpuMep CBOETO Kilacca H300paKEHHUIA.

Kakumu cBoiicTBamu M300pakKeHUH MBI MOXEM IOJIb30BaThCH,
co3aaBas anroputM kommnpeccuu? [IpuBeaure npuMepsl.

UTto Takoe penakTUPyEeMOCTh?

HazoBute ocHOBHBIE TpeOOBaHUS MPHUIOKEHUH K aITOPUTMaAM
KOMIIPECCHUHU.

UTo Takoe CUMMETPUYHOCTH?

IIpennoxute npuMep CBOETO Kiacca MPUI0KECHUM.

IlpuBenuTe mnpuMepsl ammapaTHBIX pealn3aluil aaropuTMa
CKaThs M300paKCHUM, C KOTOPBIMH BaM IPUXOIMIOCH CTAIKH-
BaTbCs (ITOBCEIHEBHBIC M TOCTATOYHO HOBEIC).

ITouemy BBICOKasi CKOPOCTb KOMIIPECCHH, BBICOKOE KadeCTBO
M300paKCHUH M BBICOKAS CTEIEHh KOMIIPECCHH B3aUMHO IPO-
TuBOpeunBbl? [lokaxkuTe MPOTUBOPEUUBOCTh KAXKIOM mapsbl yc-
JIOBUH.

KHura “MeToabl cxxatusa aaHHbIX”. ISBN 5-86404-170-X 27
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Ecrw Bbl 06Hapy»xvTe oumbkm urn
HEeTOYHOCTU B JAaHHOM TEKCTe, rpocn:6a
CO0OLLUTL O HVX aBTOpPaM Mo aapecy:

campression@graphicon.ru

OTBETbI K BOMPOCaM U YNPaXHEHAAM U UCXOHbIE
TEKCThI MPOrPaMM Bbl MOXETE HaIT/ Ha

http://compression.graphicon.ru/
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AnropuTMbl apxuBauum 6e3 notepb

Anroputm RLE

MEPBbIVN BAPUAHT ANITOPUTMA

JlaHHBIl anropuT™M HEOoOBIYaliHO MPOCT B peann3anuu. [ 'pynmosoe
KonupoBanue — oT anriuiickoro Run Length Encoding (RLE) —
OJIMH U3 CaMBIX CTapblX U CaMbIX IMPOCTBIX AJTOPUTMOB apXUBALUU
rpa¢uku. M3o0paxenrne B HeM (Kak U B HECKOJBKUX aJITOPUTMAaXx,
OTMCAHHBIX HWXKE) BHITATMBACTCS B LIENOYKY OAalT MO CTpOKaM pac-
Tpa. Camo cxarue B RLE mpoucxoaut 3a c4eT TOro, 4To B MCXOd-
HOM HM300pa’keHUM BCTPEYAIOTCHA IENMOYKH OJWHAKOBBIX OaWT.
3aMeHa uX Ha mapbl <CYETYMK MOBTOPEHHUH, 3HAUEHUE™> YMEHBIIAET
M30BITOYHOCTD IaHHBIX.

AJTOpUTM Oekomnpeccuu TIPA STOM BBITJISIIUT Tak:
Initialization(...);
do {

byte = ImageFile.ReadNextByte();

if (aBnsgeTrcsa cuerumkoM (byte)) {

counter = Low6bits (byte)+1;

value = ImageFile.ReadNextByte();

for(i=1 to counter)
DecompressedFile.WriteByte (value)

}

else {

DecompressedFile.WriteByte (byte)
} while(!ImageFile.EOF ());

B pmanHOM anropurMe NpU3HAKOM cCYETYMKa (counter) CiyKaT
€MHUIIBI B IBYX BEPXHHUX OUTax CYUTAaHHOTO (aiina:

XX 3HaueHue I

11 6 6ut I | UYro noBTOpATH
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COOTBETCTBEHHO OCTaBIIHECS 6 OWT PacXOmyIOTCS HA CUETUUK,
KOTOPBIH MOXKET MPUHUMATD 3Ha4eHHs oT 1 1o 64. Ctpoky u3 64 mo-
BTOPSIIONTUXCSI OAHTOB MBI IIpeBpaIacM B ABa 0aiiTa, T.c. COXMEM B
32 pa3za.

Ynpaxknenue: CocTtaBbTe aITOPUTM KOMHpeccuu s
nepBoro Bapuanta anropurma RLE.

AJNTOPUTM paccuuTaH Ha JIEJIOBYIO TpauKy — H300paskeHHs C
OonpmMMu 0ONacTAMHU MOBTOpstomIerocs nsera. Curyanus, Koraa
¢aiin yBenuuuBaeTcs, A 3TOTO MPOCTOr0 AITOPHTMa HE TaK Yk
penka. Ee MOXXHO JIerko Moay4uTh, HPUMEHSS TPYMIIOBOE KOAUPOBa-
HUEe K 00paboTaHHBIM LBETHBIM (oTorpadusam. [Iys Toro, 4toObI
YBEIMUUTh M300paXeHUE B JBa pas3a, ero HajJ0 MPUMEHHUTb K H30-
OpakeHHI0, B KOTOPOM 3HAu€HHS BCEX MUKCEJIOB OOJIbIIE JBOUYHOTO
11000000 m noapsAn NONapHO HE MOBTOPSIFOTCSL.

Ynpaxuenune: [Ipennoxute ABa-Tpu IpHUMeEpa «IIJIO-
xux» nzobpaxkennt s anroputmMa RLE. O0bsicHure,
noyemy pasmep cxaroro ¢aiina Oonble pazmepa Hc-
XOAHOTO (paiina.

Hanneiii anroputm peanuzoBad B ¢popmare PCX. CM. npumep B
MIPUIIOKEHUH.

BTOPOW BAPUAHT ANIFTOPUTMA

BTopoii BapuaHT 3TOT0 aqropuT™Ma UMEET OOJIBIIYI0 MaKCUMalTh-
HYIO CTENEHb CXKATHUsl U MEHBIIE YBEIMUYMUBACT B pa3Mepax UCXOAHbBIN
(aiin.

AJITOPUTM AEKOMIPECCUH ISl HETO BBITJSIUT TAK:
Initialization(...);
do {

byte = ImageFile.ReadNextByte();
counter = Low7bits (byte)+1;
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if (ecou npusHak nosTopa (byte)) {
value = ImageFile.ReadNextByte () ;
for (i=1 to counter)
CompressedFile.WriteByte (value)
}
else {
for (i=1 to counter) {
value = ImageFile.ReadNextByte() ;
CompressedFile.WriteByte (value)
}
} while(!ImageFile.EOF ());

[Ipu3HakoM TOBTOpa B JaHHOM ajrOpUTME SIBISICTCS CJMHUIA B
CTapIleM pa3psjie COOTBETCTBYIOIIEro OaiTa:

/ 0 7 6ut I | Yto npomyckate I | Yto npomyckath

\| 1 7 6ut

I| UYro noBTOpsATH I

Kak MO>XHO JI€TKO MOJICUUTATh, B JTYUIIEM CIy4ae 3TOT alrOPUTM
cokuMmaet Qaiin B 64 pasa (a He B 32 paza, Kak B IpeAbIAYILEM Bapu-
aHrte), B XyauleM yBennuusaeT Ha 1/128. CpeaHue mokasaTenu cre-
MEHN KOMIIPECCHH JaHHOTI'O aJIFOPUTMA HaxXOJATCS Ha ypOBHE MOKa-
3aTesieil mepBoro BapuaHTa.

Ynpaxnenne: CocTaBbTe aIrOPUTM KOMIIPECCHUU IS
BTOpOro BapuaHTa anroputma RLE.

[Toxoxue cxeMbl KOMIIPECCUU MCIOIB30BaHbl B KAYECTBE OJTHOTO
U3 aJiIrOpUTMOB, noaaepxkuBaeMbix ¢popmatoM TIFF, a takke B dhop-
Mmate TGA.

Xapakrtepuctuxku aaropurma RLE:

Crenenn c:katus: [lepseiii Bapuant: 32, 2, 0,5. Bro-
poti Bapuant: 64, 3, 128/129. (JIyumas, cpennss, Xya-
1I1as1 CTETICHH)
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Knace uzoOpaskenuii: OpHUEHTHPOBAH alTOPUTM Ha
M300paKeHHUS ¢ HEOOJIBITUM KOJIHMYECTBOM IIBETOB: JIC-
JIOBYIO U Hay4HYIO TpaduKy.

CumMeTpuuHOCTh: [IpumepHO equHMIIA.

XapakTepHble 0co0eHHOCTH: K TI0JIOXHUTEIEHBIM
CTOpPOHAM aJropuTMa, MOy, MOXKHO OTHECTH TOJIb-
KO TO, YTO OH HE TpeOyeT IOMONHUTENBHON MaMsATH
MIPHU apXWBAaIlMU U pa3apXUBaIliH, a Takke OBICTPO pa-
Ooraer. MHTEpecHass OCOOCHHOCTH TPYIIIOBOTO KOJIHU-
POBaHUSA COCTOUT B TOM, YTO CTETICHb apXHWBAIMH IS
HEKOTOPBIX H300paKEHUH MOXKET OBITh CYIIIECTBEHHO
MOBBIIIIEHA BCETO JIMIIGL 32 CYET M3MEHEHHUS TMOpsaKa
[[BETOB B MAIMTPE U300paKECHHUS.

Anroputm LZW

Haspanue anroput™ MoSydwII MO MEPBBEIM OykBaM (aMuiuii ero
paszpaborunkoB — Lempel, Ziv u Welch. Cxxatue B HeM, B oTiu4ue
ot RLE, ocymiecTBisieTcs yxe 3a c4eT OJIMHAKOBBIX IETIOYCK OaiT.

Anroputm LZ

Cy1miecTByeT AJ0BOJIBHO OOJBIIOe ceMeicTBO LZ-1moq00HBIX anro-
PUTMOB, Pa3IHYAIOIIUXCS, HAIPUMEDP, METOJOM TOUCKA MOBTOPSIO-
mmxes nenovek. OAMH W3 JOCTATOYHO MPOCTHIX BapUaHTOB 3TOTO
ITOpPUTMA, HAIPUMeEp, TPEJIIONAraeT, YTO BO BXOJJHOM MOTOKE HJIIET
0o mapa <cYeT4HK, CMEIIEHHE OTHOCHTEIILHO TEKYIICH MO3UINN>,
00 TPOCTO <CUETYMK> «IPOITyCKaeMbIX» OalT W caMHu 3HAYCHUS
OaiiToB (kak BO BTopoM Bapuante anroputMma RLE). [Ipu pazapxuBa-
UM JIJTS TTaphl <CUETUYHK, CMENICHUE™> KOMHUPYIOTCS <CUETINK> OalT
U3 BBIXOJHOTO MAacCCHBA, MOJYYEHHOTO B pe3ylbTaTe pa3apXUBAaIlWH,
Ha <cMelleHHne™> OalT paHbpIlme, a <CUETYHK> (T.C. YHCIIO paBHOE
CYETYMKY) 3HAYCHUH «IIPOIMYCKAaeMbIX» OalT MPOCTO KOMUPYIOTCS B
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BBIXOJJHOM MacCHB M3 BXOJHOI'O NOTOKA. JIaHHBIA alrOpUTM SBIISIET-
Csl HECHMMETPUYHBIM 110 BPEMEHH, TTOCKOJIBKY TpeOyeT MOIHOTO Tie-
pedopa Oydepa npu MOKMCKE OJMHAKOBBIX MOACTPOK. B pesynbrare
HaM CJIOKHO 3ajaTh OOJIbIIONH Oydep H3-3a PE3KOro BO3paCTaHHUS
BpeMeHH Komrpeccnd. OTHAKO TOTEHIHMATBFHO TOCTPOEHHE alro-
puTMa, B KOTOPOM Ha <CUETYUK> U Ha <CMEIICHUE> 6y,ueT BBIJICIIC-
HO 110 2 Oaiita (cTapmmuii OUT cTapiiero 0aiTa cuyeTINKa — MPU3HAK
MOBTOpa CTPOKU / KONMHMPOBAaHUS TOTOKA), JaCT HaM BO3MOXKHOCTb
CXKUMAaTh BCE TIOBTOPSIOIIUECS MOACTPOKU pazmepoM 10 32K6 B Oy-
(dhepe pazmepom 64K6.

0 15 6ur I| Yro npomnyckath I

1 15 6ur I | Cmenenne

IIpu »>TOM MBI MONlyYnM yBeNHYCHHE pa3Mmepa (Qaiiia B XyAmeM
ciyuae Ha 32770/32768 (B nByx OaiiTax 3ammcaHo, YTO HY>KHO Iepe-
MUCaTh B BBIXOJHOM MOTOK CIEIYIOIINE 2P 0aiT), YTO COBCEM He-
mw10x0. MakcumanbHasl CTEIIEHb CXKaTUs COCTaBUT B mpenene 8192
pasa. B npenene, NOCKOJIbKY MaKCUMaJbHOE CXKATUE MBI MOJIyYaeM,
npespamias 32K6 Oydepa B 4 Oaiita, a Oydep Takoro pazmepa Ml
HaKoIMUM He cpazy. OJHaKo, MUHUMAaJbHAS MOACTPOKA, JJIsl KOTOPOH
HaM BBITOJTHO TPOBOJUTH CKATHE, JOJDKHA COCTOSATH B OOIIEM CITy-
yae MHHAMYM U3 5 OailT, 9TO U OTMPEACIIeT MY [ICHHOCTh JJAHHO-
ro anropurma. K gocrounctsam LZ MOKHO OTHECTH Upe3BbIUAHHYIO
MPOCTOTY AJNTOPUTMA ACKOMIIPECCUH.

Ynpaxuenune: Ilpennoxure npyroil BapuaHT ajro-
put™a LZ, B koTOpOoM Ha mapy <CUETYMK, CMEIICHHE™>
Oyner BeIfeneHO 3 0aiiTa, W MOJCYUTANTE OCHOBHBIC
XapaKTEPUCTUKU CBOETO aIrOPUTMA.
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Anroputm LZW

PaccmarpuBaemblii HaMU HMKE BapuaHT alroputma Oyner uc-
NOJIb30BaTh JIEPEBO IS MpeACTaBICHHUs U XpaHeHHs nenovek. Ode-
BUJIHO, YTO 3TO JIOCTAaTOYHO CHJIBHOE OrpaHHUYEHHE Ha BUJ LIETIOYEK,
U JaJieKO He BCE OJMHAKOBBIC MOJIIETIOYKU B HAIleM H300paKCHUHU
OyayT MCHoJb30BaHbl MpH cxaTud. OHAKO B MpeAsiaraeMoM aro-
pUTME BBITOAHO CXHUMATh JaKe LIETIOUKH, COCTOSIIINE U3 2 OaiT.

[Iponecc cxatust BHITISIAUT AOCTATOYHO MPOCTO. MBI CUMTHIBaEM
MOCTIEIOBATEILHO CUMBOJIBI BXOAHOTO MOTOKA U IPOBEPSIEM, €CTh JIU
B CO3aHHON HaMH TaONHWIE CTPOK Takas cTpoka. Eciam cTpoka ecTs,
TO MBI CUHTBHIBAEM CJICIYIOLIHI CUMBOJ, & €CIH CTPOKH HET, TO MBI
3aHOCHM B MOTOK KOZ AJISl IpeAbLAYIICH HaliJeHHOW CTPOKH, 3aHO-
CHM CTPOKY B TaOJHUIly U HAYMHAEM ITOMCK CHOBA.

Oynknus InitTable() ounmmaer Tabauiy ¥ moMemaeT B Hee BCe
CTPOKH €AMHUYHON JJIMHEI.

InitTable();

CompressedFile.WriteCode (ClearCode) ;
CurStr=nycrasa CTpoOKa;

while (He ImageFile.EOF ()) { //lloka He KoHel oOala
C=ImageFile.ReadNextByte () ;
if (CurStr+C ecTpr B Tabaulie)
CurStr=CurStr+C; //IpUKIENTHE CUMBOJ K CTPOKE
else {
code=CodeForString (CurStr) ; //code-He ©GanT!
CompressedFile.WriteCode (code) ;
AddStringToTable (CurStr+C);
CurStr=C; // Crpoka 3 OOHOTO CMUMBOJIA
}
}
code=CodeForString (CurStr) ;
CompressedFile.WriteCode (code) ;
CompressedFile.WriteCode (CodeEndOfInformation);

Kaxk rosopuiocs BhIIIIE, (byHKL[I/m InitTable () UHHUOUAIU3HU-
pyeT TabiuIly CTpOK Tak, 4yTOObI OHa coaeprkanga BCE BO3MOXKHBIC
CTPOKH, COCTOAIINE U3 OAHOTO CHMBOJa. Hampumep, eciam Mbl CKH-
MaeM OalTOBBIC TaHHBIE, TO TAKUX CTPOK B Tabmwmie OyaeT 256 («0»,
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«1», ..., «255»). na koxga ouncTtku (ClearCode) W Kojga KOHIIA
unpopmammn  (CodeEndOfInformation) 3ape3epBHpPOBAaHBI
3HaueHus 256 u 257. B paccMatpuBaeMoM BapHaHTE ajJrOpUTMa HC-
moJIb3yeTcss 12-OMTHBIA KOJ, W, COOTBETCTBEHHO, IO KOXBI IS
CTPOK HaM OCTaroTCs 3HadYeHUs oT 258 mo 4095. [lobaBnsembie cTpo-
KM 3aIllMCBIBAIOTCA B TAOJIMILYy ITOCIIEOBATENbHO, MMPH STOM WHAEKC
CTPOKH B TaOJIHIIE CTAHOBUTCS €€ KOJIOM.

Oyukuusg ReadNextByte () yuTaer cuMBoI U3 (aiina. DyHK-
st WriteCode () 3ammchiBaeT KoJ (HE paBHBIN 1Mo pa3smepy Oaii-
Ty) B BeIxogHOU (aitn. dynkuusa AddStringToTable () mo-
0aBJILIeT HOBYIO CTPOKY B TaOJHILy, IPHUIKUCKIBas e koa. Kpome To-
ro, B JIAaHHOW (DYHKITUHM MPOUCXOJUT 00pabOTKa CHTYaIlMH TEPEeroi-
HEHUS TaOIUIBL. B 5TOM cilydae B IMOTOK 3alMCHIBACTCS KOJ IPEIIbI-
IyIel HalWJIeHHONW CTPOKM M KOJ| OYMCTKH, IOCIIE Yero Tadiuia
OYMIIAETCA dyHKIMCH InitTable() . OyHKIUA
CodeForString () HaXOAUT CTPOKY B TabJIMIlE M BBIOAET KOI
3TOW CTPOKHU.

IIpumep:

IlycTe MBI CoxMMaeM mocaeaoBaTenbHOCTh 45, 55, 55, 151, 55, 55,
55. Toraa, cOrnacHo U3JI0KEHHOMY BBIIIE AJITOPUTMY, Mbl IOMECTUM
B BBIXOJHOH MOTOK CHayajga KO OYHUCTKH <256>, MOTOM H0OaBUM K
M3HA4YaJIbHO MyCTOM CTPOKE «45» M MPOBEPHUM, €CTh JIU CTPOKa «45»
B Ta0nuie. [lockombKky MBI TIpH MHUIMATH3AINY 3aHECIH B TaOJIUILy
BCE CTPOKHU W3 OJHOTO CHUMBOJIA, TO CTPOKa «45» ecTh B TaOIUIE.
Hanee Mbl uWTaeM CIeIyIOUIUN CHUMBOJ 55 U3 BXOIHOI'O MOTOKa U
NpoBepsieM, €cTh JI CTpoka «45, 55» B Tabmune. Takoil cTpoku B
Ta0JIMIE TTOKa HET. MBI 3aHOCUM B TaOJUIy CTPOKY «45, 55» (c mep-
BEIM CBOOOJHBIM KOJIOM 258) ¥ 3amuchiBaéM B TOTOK KO <45>,
MoOHO KOPOTKO MPEJCTABUTh apXUBALIUIO TaK:

«45» — ecTb B Ta0OIHIIE;

«5, 55» — uer. [loGaBnsiem B Tabnuiry <258>«45, 55». B motok:
<45>;

«55, 55» — ner. B Tabnuiy: <259>«55, 55». B motok: <55>;

«55, 151» — mer. B tabnuity: <260>«55, 151». B motok: <55>;
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«151, 55» — mer. B tabmuiy: <261>«151, 55». B moTok: <151>;

«55, 55» — ecTb B TAOIUIIE;

«55, 55, 55» — mer. B tabnuiy: «55, 55, 55» <262>. B norok:
<259>;

[Tociie0BaTEIBPHOCTL KOJOB IS JAHHOI'O IpHMEpa, IOMaaaro-
IIMX B BBIXOAHOM MOTOK: <256>, <45> <55> <5§5>, <151>, <259>.

Ocob6ernocts LZW 3akmrogaeTcss B TOM, YTO ISl IEKOMIIPECCHH
HaAM HE HaJI0 COXPaHATh TAaOJHIly CTPOK B (haill /UIs paclaKOBKH.
AJNTOpUTM HOCTPOSH TaKKMM 00pa3oM, 4TO Mbl B COCTOSIHUH BOCCTa-
HOBHTD TaOJHUIy CTPOK, MOJIb3YSICh TOJbKO IIOTOKOM KOJIOB.

MabI 3HaeM, 4TO Ui Ka)IO0Tro KoJa Haao J00aBIATh B TaOJMILY
CTPOKY, COCTOSIIYIO M3 YK€ IIPUCYTCTBYIOIICH TaM CTPOKH M CMBO-
jia, ¢ KOTOPOr'0 HAYMHAETCS CISAYIOIIasi CTPOKa B IMOTOKE.

Kop 310 ctpoku no06aBiseTcs B TaOIUILy
A\,

-

L
(:n, (:n+l, (:n+2, (:n+3, (:n+4, (:n+5, (:n+6, (:n+7, (:n+8, (:n+9,
. s . -

Koapl 3TuX CTpOK Uy T B BBIXOJHOM OTOK

AJTOpUTM JIEKOMIIPECCUM, OCYUIECTBIAIONIUNA 3Ty OIlepaluio,
BBITJISIIAT CIETYIOMAM 00pa3oM:

code=File.ReadCode () ;

while (code != CodeEndOfInformation) {
if (code = ClearCode) {
InitTable () ;

code=File.ReadCode () ;
if (code = CodeEndOfInformation)

{3akonunTs paboTy};
ImageFile.WriteString (StrFromTable (code)) ;
old code=code;

}
else {
if (InTable (code)) {
ImageFile.WriteString (FromTable (code)) ;
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AddStringToTable (StrFromTable (old code)+
FirstChar (StrFromTable (code))) ;
old code=code;
}
else {
OutString= StrFromTable (old code)+
FirstChar (StrFromTable (old code)) ;
ImageFile.WriteString (OutString);
AddStringToTable (OutString) ;
old code=code;

3nech dyaKIMga ReadCode () 9UTaeT OYEPETHON KO U3 ACKOM-
npeccupyemoro Qaitna. @ynkuus InitTable () BHINONHSIET TS XKe
JEHCTBHSL, YTO ¥ TPY KOMITPECCHH, T.€. OYHIIAET TaOIUIy U 3aHOCUT
B HeEe BCE€ CTPOKM U3 ojHOro cuMmpoiia. OyHkius FirstChar ()
BBIJACT HaM MepBbIi cumBon cTpoku. OyHkuus StrFromTable ()

BBIZACT  CTPOKY ®M3  Tabmuumel 1o  komy. — DyHKums
AddStringToTable () mobaBiseT HOBYIO CTPOKY B TaOIHILYy
(mpucBauBass el mepBbId  CBOOONHBIA  Kom).  DyHKOUA

WriteString () 3amuchIBaeT CTPOKY B (haii.

3ameuanne 1. Kak Bbl Mornm 3aMeTHTh, 3alMChIBaeMble B MIOTOK KOIbBI MOCTE-
MIEHHO BO3pacTaroT. J{o Tex mop, noka B TaOnuIle HE MOSBUTCS, HAIPUMEp, B IEPBbIH
pa3 kox 512, Bce koapl Oyayt menbire 512. Kpome Toro, mpu koMmpeccuu U mpu
JEKOMIIPECCHH KOABI B Tabiuile m00aBIIAIOTCS MpHU 00paboTKe OTHOTO M TOTO e
CHMBOJIa, T.€. 3TO MPOUCXOIUT «CHHXPOHHO». MBI MOXEM BOCHOJIb30BATHCS 3THM
CBOICTBOM alropuT™a JUIsi TOro, 4ToObl MOBBICUTH CTENEeHb Kommpeccud. Iloka B
Tabnuiy He no6aBneH 512 cuMBOJI, MbI Oy/eM MUCaTh B BHIXOJHOW OMTOBBIN MOTOK
KoIbl U3 9 Out, a cpa3y mpu gobasnenun 512 — xozapl u3 10 6ut. COOTBETCTBEHHO
JIEKOMITPECCOp TaKXKe JOJDKEH OyJeT BOCIPHUHMMATh BCE KOl BXOJHOIO MOTOKA 9-
OUTHBIMH IO MOMeHTa jo0apieHus B Tabnuiy koaa 512, nmocie yero Oyaer Bocmpu-
HUMaTh BCE BXOJHBIC KOJbI Kak 10-OUTHbIC. AHAIOTHYHO MBI OyZIeM MOCTYINaTh MpU
nobasnennn B Tabnuiy kozoB 1024 u 2048. [aHHBIN MpueM MO3BOJSET NPUMEPHO
Ha 15% MOAHATE CTENEHb KOMITPECCUH:
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2048
1024
512 Konst ot 0 Konst ot 0 10 4095
0 or 0 10 2048
0mo | mo 1024 12 6ur
512 10 6ut 11 6ur
9 6uT

3ameuanne 2. [Ipu cxatum M300pakeHHs HaM BaKHO 00ECTICUUTH OBICTPOTY
TIONCKA CTPOK B Tabmuie. MBI MOXKeM BOCIOJIB30BaThCS TEM, YTO KaXKIask CIEIYIO-
m1ast MOJICTPOKA Ha OMH CHMBOJI JUTHHHEE MpeIbIAyIIell, KpoMe TOTro, MpeAbIayias
CTpoKa yxe OblTa HamMH HalifeHa B Tabnmume. CienoBaTeNbHO, JOCTATOYHO CO3JATh
CIIMCOK CCBUIOK Ha CTPOKH, HAUMHAIONINECS C JaHHOW MOACTPOKH, KaK BECh MPOIECC
TIONCKA B TaOJHIIE CBEIETCS K MOUCKY B CTPOKAX, COAEPMKAIMMXCS B CIMCKE VIS TIpe-
noeirymei crpokd. IToHSATHO, 9TO Takas omepamust MOXKeT OBITh IPOBEICHA OYCHb
O5ICTpO.

3aMeTHM TaKXke, YTO pPeaJbHO HaM JOCTATOYHO XPAHUTH B TAOJHIE TOJIBKO Mapy
<KOJ{ IpebIIyIIeH TOACTPOKH, TOOABICHHBIH CUMBOI>. DTOH HH(OpMaIMy BIIOIHE
JOCTATOYHO JuIsi paboThl anroputMa. Takum obpasom, mMaccuB oT 0 mo 4095 ¢ ame-
MEHTaMH <KOJ MpEeABIAyIIeH TOACTPOKH; T00ABICHHBII CHMBOJI; CIIMCOK CCBUIOK Ha
CTPOKH, HaYMHAIOMHMECS C OTOM CTPOKI> pelIacT MOCTaBJICHHYIO 3a1ady ITOHCKa,
XOTS ¥ OYEHb MEJUICHHO.

Ha npakrtuke mas xpaHeHns! TabIMIBI HCIIONIB3YETCST TaKkoe ke OBICTpoe, Kak B
Cllydae CIIFCKOB, HO 0oJiee KOMITAKTHOE 10 TaMSITH peleHne — xdmm-radnuma. Tad-
nuna coctout u3 8192 (2'%) snementoB. Kaxiplii 2IeMEHT CONEPHKUT <KOJ IPEbl-
IyIiel MOJCTPOKHU; NO0OaBICHHBIM CHMBOJ; KOJ 3ToH cTpokm>. Kiou mis momcka
uHOK B 20 OuT (hopMHUpYeTCs ¢ UCIIOIb30BAHUEM JBYX IIEPBBIX JJIEMEHTOB, Xpa-
HUMBIX B Tabmume kak ofHo uucio (key). Mmagmme 12 OuT 3TOro 4mcia OTTaHBI
TI0J] KOJI, a CIIeAYIoIUe 8 OUT MOA 3HaYEHHE CHMBOJIA.

B kauecTBe X3mI-()yHKINH IPH 3TOM HCIIOJIB3YETCS:

Index (key)= ((key >> 12) ~ key) & 8191;

I'ne >>— nobutoBslii casur Bopaeo (key >> 12 — MbI mojdydyaeM 3HaueHHUE
CHUMBOJIa), * — JIOTHYECKasl omepauus nmoOuToBoro uckimrouatomero MJIN, & noru-
yeckoe noodurosoe M.

Takum 00pa3oM, 3a CYUTAHHOE KOJIMYESCTBO CPABHEHUI MBI MOJIy4aeM HCKOMBIA
KOJI WJIN COOOIIeHNE, YTO TAKOT0 KoJa B TaOJIUIIE HET.

IToncunraem JydmIyio u XyAIIyiO CTETICHb CXKATHSA UL JaHHOTO
anroputrMa. Jlydiree ckaTue, O4EBHIHO, OyIET IMOIMYdYEHO IS IIe-
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MMOYKH OJMHAKOBEIX OaiiT OONBIION MIUHEI (T.€. A1 8-OUTHOTO H30-
OpaskeHUsI, BCE TOYKH KOTOPOTO MMEIOT, JJIsi ONPEACTICHHOCTH, [IBET
0). ITpu >ToM B 258 cTpOKY TaOIUITBI MBI 3amUIIeM CTPOKy «0, 0», B
259 — «0, 0, O», ... B 4095 — ctpoky u3 3839 (=4095-256) mymneii.
IIpu 3TOoM B moTok momaneT (rmpoBephTe 1Mo anroputMy!) 3840 xom0B,
BKITIOYasi kKoj ouyncTku. CienoBaTenbHO, MOCYHTAB CyMMy apudme-
THYECKOH mporpeccuu oT 2 10 3839 (T.e. WIHHY CXKATOH IEMOYKH) U
nonxenue ee Ha 3840%12/8 (B MOTOK 3amUCBIBAIOTCS 12-OUTHBIC KO-
JIb1), MBI TIOJYYUM JTYUIIyIO CTETIEHb CKATHUSI.

YnpaxHenue: BblYMCIUTh TOUHOE 3HAYEHUE Tydlllel
cTerieHn cxkatusi. boree ciokHOe 3a1aHue: BHIYUCIUTD
ee ¢ yueTom 3amevanus 1.

Xy;[mee CXKaTHue 6y,[[€T MOJIy4CHO, €CJIM Mbl HU pa3y HEC BCTPCTUM
IMOACTPOKY, KOTOpasA YK€ SCTh B Ta6J'II/ILIC (B HEH He AOJIKHO BCTpC-
THUTHCA HU OL[HOﬁ O,Z[HHaKOBOﬁ napbl CI/IMBOJ'IOB).

Ynpaxuenue: CocTaBUTh JITOPUTM I'€HEPALUHN TaKUX
nenouek. [lonpoGoBaTh cKaTh MOMYYCHHBIH TAKUM 00-
pasoM ¢aiin craHmapTHBIMH apxXuBaTopamu (zip, arj,
gz). Ecnin BBl mosydnTe cxxatue, 3HAYUT alrOpUTM Te-
Hepalyy HalvcaH HeNpaBUIBHO.

B cnyyae, eciim MBI MOCTOSIHHO OyJieM BCTpedaTh HOBYHO MOJI-
CTPOKY, MBI 3aITHIIEM B BBIXOJTHOU MOTOK 3840 KOMOB, KOTOPHIM OY-
JIET COOTBETCTBOBATH CTpoka n3 3838 cumBoIioB. be3 ydera 3ameqa-
Hus 1 3TO cocTaBUT yBenuyeHue (aiiia mouru B 1.5 pasa.

LZW peanuszopan B popmarax GIF u TIFF.

XapakTtepucTuku ajaropurma LZW:
Crenenu cxxatus: [Tpumepno 1000, 4, 5/7 (Jlyuee,
cpennee, xyamee ckarue). Cxarue B 1000 pa3 goctu-
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raercsi TOJbKO Ha OJTHOIBETHBIX M300paKEHUSIX pa3Mme-
POM KpaTHBIM TIpuMepHO 7 MO.

Kaacc wm3oOpaxenmii: OpuentupoBan LZW Ha 8-
OuTHBIE N300paXKeHUs, TOCTPOCHHBIE HA KOMIIBIOTEPE.
CxuMaeT 3a cYeT OAMHAKOBBIX MOJENOYEK B TIOTOKE.

CuMMeTpHYHOCTD: [T0oYTH CUMMETpUYCH, IPU YCIOBUH
ONTHMAJILHOM peaM3allii OIEPallii TIOMCKA CTPOKA B
TabIIHIIE.

XapakTepHble ocofeHHocTH: CHUTyalysi, Koraa ajiro-
PUTM YBeNWYHMBAET W300pa’keHHe, BCTpeyaeTcsl KpaiiHe
peaxko. LZW yHuBepcalieH — HUMEHHO €ro BapHaHThI
UCIIOJIB3YIOTCS B OOBIYHBIX apXUBATOPAX.

Anroputm XaddpmaHa

ANrorPUT™M XA®®MAHA C ®UKCUPOBAHHOM TABNULEEN CCITT GROUP 3

Knaccnueckuit anroputm Xaddmana ObLT paccMOTpeH B IEpBOH
yacTH JNaHHOW KHUTH. OH MpakTUYECKH HE MPUMEHSETCS K M300pa-
JKEHUSM B YHCTOM BHJIE, a MCIIOJIE3YETCS KaK OJHUH U3 STAloB KOM-
npeccuu B 60Jiee CI0KHBIX CXeMaXx.

bruskas Mogudukanus anropuTMa HCHOIB3YeTCS TMPH COKATUU
YepHO-0eNbIX M300paxkeHui (onuH Out Ha mukcen). [lonHoe Ha3Ba-
Hue nanHoro anroputMa CCITT Group 3. 310 03Ha4aeT, YTO AaH-
HBI aNTOpUTM OBLT MPEUIOKEH TPEThel IPYNION MO CTaHJapTH3a-
uun Mexaynapoanoro Koucyneranponnoro Komwurera mo Terne-
rpa¢pun u Teneponun (Consultative Committee International Tele-
graph and Telephone). IlocinenoBaTeIbHOCTH MOAPSA UAYIIUX Yep-
HBIX ¥ O€JIBIX TOYEK B HEM 3aMCHSIOTCS YMCIIOM, PABHBIM WX KOJIUYE-
CTBY. A 3TOT PsiJl, y’K€ B CBOIO 04epesib, cxxumaetcs mo Xaddmany ¢
(ukcupoBaHHOW TaONMULEH.
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Onpeodenenue: Habop uaymmx mompsi TOYEK M300pakeHUs Of-
HOTO IIBETa Ha3bIBACTCs cepueli. JImuHa 3Toro Habopa TOYeK Ha3bIBa-
eTCS ONUHOL cepuul.

B tabnuiie, npuBeICHHOM HUXKE, 33]JaHbI JBa BUIa KOJIOB!

o Koowt 3asepuienusi cepuii — 3ananbl ¢ 0 1o 63 ¢ marom 1.

e Cocmasnvie (OononnumeinvHnvle) K0Obl — 3amgaHbl ¢ 64 10 2560
¢ marom 64.

Kaxnas crpoka n300pakeHusT CKUMACTCSI He3aBHCUMO. MBI cuH-
TaeM, 4TO B HaIlleM M300paKCHUH CYIIECTBEHHO Mpeodianaet Oenbril
I[BET, U BCE CTPOKU N300paKCHUSI HAYMHAKOTCS C Oeroi Touku. Ecmu
CTpPOKa HAUYMHAETCA C YEPHOU TOUKH, TO MBI CUMUTAEM, YTO CTPOKa
HauuHaeTcs Oenoil cepuelt ¢ amuHoi 0. Hampumep, mocienoBatens-
HOCTh anuH cepuit 0, 3, 556, 10, ... o3HayaeT, 4TO B 3TOU CTpPOKE
n300paxxeHusl UAyT CHavyana 3 YepHbIX TOYKH, 3aTeM 556 Oelnbix, 3a-
TeM 10 4epHBIX U T.1.

Ha mpakTtuke B Tex ciayd4asix, KOrjia B M300pakeHuH npeodiaanaet
YEPHBIN [BET, Mbl MHBEPTUPYEM H300pakeHUe Tepe]] KoMIpeccuei
Y 3aITUChIBaeM MHQPOPMAIIHIO 00 3TOM B 3aroJIOBOK (aiina.

AJTOPUTM KOMITPECCUH BBITJISIAUT TaK:
for (mo Bcem cTpokam m300paxeHms) {

[IpeoBpasyeM CTPOKY B HaboOp IJIMH Cepui;
for (o Bcem cepmam) {
if (cepusa Bemnas) {
L= nnmHa cepumu;
while(L > 2623) { // 2623=2560+63
L=L-2560;
BanucareBensmKonlisa (2560) ;
}
1f(L > 63) {
L2=MaxcumanesHerCocTtKogMenrmel (L) ;
L=L-L2;
BanucaTreBensmKonlins (L2) ;
}
BanmucarbeBenemKonlna (L) ;
//3TO0 Bcerma KOI 3aBepueHus
}
else {
[Konm aHaJIOTMUHB OeJIoM cepuu,
C TOV pas3HMULEM, UYTO 3alMCHBAOTCSI
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YepHBIe KOIH ]
}
}

// OxOHYaHME CTPOKM M300paxeHMUs

}

ITockonbky depHBIe U Oelble CEpUH YePeTyIOTCs, TO PeabHO KO
TS 6€II0¥ 1 KOJT [T YepHOU cepuu OyayT paboTaTh MOMepeMEHHO.

B TepMuHax perynaspHbIX BbIPAXKEHUN MbI TOJTYUUM JJIS1 KOXKIOU
CTPOKH HaIero u300paxkeHus (0CTaTOuHO TMHHOM, HAaYHHAOMIEH-
cs ¢ OeIIol TOYKH) BEIXOHOW OWTOBBIN IMMOTOK BHA!

((<B-2560>)*[<B-ccT.>]<B-3B.>(<U-2560>)*[<U-ccT.>]<U-38.>)"

[(<B-2560>)*[<b-ccT.>]<b-3B.>]

I'ne ()* — mosTop 0 mmu 6onee pas, ()".— mosTop 1 mmu Gonee
pas, [] — Bximouenue 1 umm 0 pas.

Jns mpuBenenHoro padee mpumepa: 0, 3, 556, 10... anroputm
chopmupyet ciemyromnuii koa: <b-0><Y-3><b-512><b-44><Y-10>,
wi, cornacHo tabnure, 0011010110011001010010110710000100
(pa3HbIc KOIBI B IOTOKE BBIJCICHBI IS YA0OCTBA). ITOT KO 00J1a-
JlaeT CBOMCTBOM MPE(PHUKCHBIX KOJIOB U JIETKO MOXKET OBITh CBEPHYT
00paTHO B MOCJIEN0BATEIHHOCTh AJTUH cepuil. JIeTko moacuuTarh,
YTO JIJISl IPUBEACHHON CTPOKH B 569 OUT MBI TTOTYIHIIN KO TJTHHOM
B 33 OuTa, T.e. CTEIIECHB CHKATHsI COCTaBIISICT MpUMepHO 17 pas.

Ynpaxnenue: Bo CKOIbKO pa3 yBEIMYUTCA pa3Mep
(aiina B xyameMm ciydae? [Touemy? (IIpuBeneHHbIl B
XapaKTepUCTUKAX alTOPUTMa OTBET HE SABISETCS TOJI-
HBIM, TIOCKOJIBKY BO3MOXKHBI OOJIbIIINE 3HAUEHUS XYy.-
el crernenn cxkatus. Haiiaure ux.)

42 Knura “MeToabl cxxaTtnsa aaHHbIX”. ISBN 5-86404-170-X
http://compression.graphicon.ru/



http://compression.graphicon.ru/
http://compression.graphicon.ru/

Memodsbi cxamus AaHHbIX / An2opummMbi c)Xamusi u3obpaxeHui
http://compression.graphicon.ru/

BAKCHMMITEHOE .
COORIFHUE i

W306paskeHue, U1 KOTOPOro Uzobpaxenue, 11t KOTOPOTO Me-
OYEHb BHITOJHO MPUMEHEHHe anro-  HEC BRIMOIHO IPUMCHEHHUEC aJIro-
purma CCITT-3. (bonpume obmac-  PATMA CCITT-3. (Menbe obuac-

TH 3AII0JIHEHBI O(HAM LIBETOM). TeH, 3aIIOJTHEHHBIX OJTHUM LIBETOM.

MHOTr0 KOPOTKHX «YEPHBIX» U «Oe-
JIBIXY CEpUIA).
3aMeTuM, U4TO SAMHCTBEHHOE «CII0KHOEY» BHIPAKEHUE B HAIIIEM
anroput™me: L2=MaxcuManbHeJonKoaoMenbmel (L) — Ha
MpakTHUKe paboTaeT o4eHb nmpocto: L2=(L>>6)*64, roe >> — mobu-
TOBBIH ciBur L BieBO Ha 6 OGUTOB (MOYKHO CAENIATh TO YK€ CaMoe 3a
OJTHY TIOOHUTOBYIO orepaIinto & — jorudeckoe M).

Ynpaxknenue: Jlana cTpoka M300paKCHUs, 3alHCaH-
Has B BUAC JUIHH cepuit — 442, 2, 56, 3, 23, 3, 104, 1,
94, 1, 231, pasmepom 120 Oait ((442+2+..+231)/8).
IloncunTtarh CTENEHD CHKATHUS ATON CTPOKHU aITOPUTMOM
CCITT Group 3.

[IpuBenenHbIe HIKE TAOTUIIBI TOCTPOEHBI C MOMOIIBIO KiTaccHye-
ckoro anroputMa Xaddmana (OTAETBHO ISl JUIMH YEPHBIX U OebIX
cepwuii). 3HaueHMs BEPOSTHOCTEH MOSBICHUS 11 KOHKPETHBIX JIMH
cepuii ObLIM MOTYYEHBI TyTeM aHaTu3a OOJBIIOro KonvecTBa (ak-
CUMMJIBHBIX U300pakeHUH.
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Tabnmira KoI0B 3aBEPIICHUS:

Jlauna Koa 6enoii Kon uepHoii Jlanna Koa 6enoii Kon uepHoii

cepuH MOACTPOKH MOACTPOKH cepuH MOJACTPOKH MOJACTPOKH

0 00110101 0000110111 32 00011011 000001101010
1 00111 010 33 00010010 000001101011
2 0111 11 34 00010011 000011010010
3 1000 10 35 00010100 000011010011
4 1011 011 36 00010101 000011010100
5 1100 0011 37 00010110 000011010101
6 1110 0010 38 00010111 000011010110
7 1111 00011 39 00101000 000011010111
8 10011 000101 40 00101001 000001101100
9 10100 000100 41 00101010 000001101101
10 00111 0000100 42 00101011 000011011010
11 01000 0000101 43 00101100 000011011011
12 001000 0000111 44 00101101 000001010100
13 000011 00000100 45 00000100 000001010101
14 110100 00000111 46 00000101 000001010110
15 110101 000011000 47 00001010 000001010111
16 101010 0000010111 48 00001011 000001100100
17 101011 0000011000 49 01010010 000001100101
18 0100111 0000001000 50 01010011 000001010010
19 0001100 00001100111 51 01010100 000001010011
20 0001000 00001101000 52 01010101 000000100100
21 0010111 00001101100 53 00100100 000000110111
22 0000011 00000110111 54 00100101 000000111000
23 0000100 00000101000 55 01011000 000000100111
24 0101000 00000010111 56 01011001 000000101000
25 0101011 00000011000 57 01011010 000001011000
26 0010011 000011001010 58 01011011 000001011001
27 0100100 000011001011 59 01001010 000000101011
28 0011000 000011001100 60 01001011 000000101100
29 00000010 000011001101 61 00110010 000001011010
30 00000011 000001101000 62 00110011 000001100110
31 00011010 000001101001 63 00110100 000001100111
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Tabmuia cocTaBHBIX KOJOB:

Jlauna Kona 6enoii  Kopa yepHoii Jlauna Koa 6enoii Kon uepHoii
cepuH MOACTPOKH  IOACTPOKH cepuH MOJACTPOKH MOJACTPOKH

64 11011 0000001111 1344 011011010 0000001010011
128 10010 000011001000 1408 011011011 0000001010100
192 01011 000011001001 1472 010011000 0000001010101
256 0110111 000001011011 1536 010011001 0000001011010
320 00110110 000000110011 1600 010011010 0000001011011
384 00110111 000000110100 1664 011000 0000001100100
448 01100100 000000110101 1728 010011011 0000001100101
512 01100101 0000001101100 1792 00000001000 COBIL ¢ Oernoi
576 01101000 0000001101101 1856 00000001100 — /I —
640 01100111 0000001001010 1920 00000001101 — /[ —
704 011001100 0000001001011 1984 000000010010 — /I —
768 011001101 0000001001100 2048 000000010011 — /[ —
832 011010010 0000001001101 2112 000000010100 — /I —
896 011010011 0000001110010 2176 000000010101 — /[ —
960 011010100 0000001110011 2240 000000010110 — /I —
1024 011010101 0000001110100 2304 000000010111 — /=
1088 011010110 0000001110101 2368 000000011100 — /I —
1152 011010111 0000001110110 2432 000000011101 — /=
1216 011011000 0000001110111 2496 000000011110 — /I —
1280 011011001 0000001010010 2560 000000011111 — /=

Eciu B oqHOM cTOJIOIC BCTPETATCA ABa YHUCJa C OAUHAKOBBIM Hpe(i)HKCOM, TO 3TO oreyar-

Otot anroput™ peanuzosad B popmate TIFF.

Xapakrepuctukn aaropurtma CCITT Group 3

CreneHH cKATHs: JIy4ylllas CTPEMUTCS B Ipelene K
213.(3), cpenuas 2, B XyAIIeM cllydae YBEITUIHBACT
(haiin B 5 pas.

Kaacc n3o0paskenuii: /[ByuBeTHbIe YepHO-0€IbIE U30-
OpakeHHs, B KOTOpBIX Mpeo0iafaloT OOJbLINE MpO-
CTpaHCTBA, 3aMOJIHCHHBIE OEJIBIM IBETOM.

CuMMeTpUYHOCTh: brmska k 1.
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XapakTepHble 0coO0eHHOCTH: J[aHHBIN aITOPUTM
Ype3BBIYAIHO TPOCT B peau3aliu, OBICTP U MOXKET
OBITH JIETKO peaIn30BaH anmapaTHo.

JBIG

AnroputMm paspabotan rpymmnoi skcnepToB ISO (Joint Bi-level
Experts Group) cnenuanbHO A CKAaTHS OTHOOUTHBIX YEPHO-OEIBIX
n3o0paxenuit [S5]. Hanmpumep, pakcoB ninm OTCKaHUPOBAHHBIX TOKY-
MEHTOB. B mpuHIUIIE, MOXXET NPUMEHATHCS U K 2-X, U K 4-X OuTo-
BBIM KapTHHKaM. [Ipu 3ToM anroputm pa3OuBacT UX Ha OTACIbHBIE
ourosble miockoctu. JBIG mo3Bossier ynpaBisTh TaKUMHU HapamerT-
pamu, Kak MOpsIOK pa3dueHust u300paxkeHus Ha OUTOBBIC IIOCKO-
CTH, IIUPUHA MOJOC B HM300paK€HHM, YPOBHHM MAacIUTaOHMpPOBAaHUS.
[Tocnenusist BO3SMOXKHOCTB TIO3BOJISIET JIETKO OPHEHTUPOBATHCS B Oase
OonpmMX MO pa3MepaM M300paXeHUH, MpocMaTpUBas cHayala HX
yMeHbIIeHHbIE Konuu. HacTpauBas 3Tv mapamMeTphl, MOKHO HCIIOJb-
30BaTh OMMCAHHBIM BbIIIE 3PPEKT «OrpyOJIEHHOTO H300paskeHUsD»
P MOJYYCHUH HM300paXEHUS MO CETH WIM IO JIIOOOMY IPYromy
KaHally, MPOIYyCKHasi CIOCOOHOCTh KOTOPOTO Majia 10 CPaBHEHUIO C
BO3MOKHOCTSIMH TIporieccopa. PacrmakoBeIBaThCS M300pakeHHE Ha
9KpaHe OyleT MOCTENEeHHO, KaK Obl MEAJICHHO «IpOsBIssich». lpu
3TOM YEJIOBEK HAUMHAET aHAIM3UPOBATh KapTUHKY 3a/10JIT0 1O KOHIA
TpoLecca pa3apX1uBaluy.

Anroput™M mocTpoeH Ha 06a3e Q-koxupoBiuuKa [6], maTeHTOM Ha
koTopblil Biageer IBM. Q-kozep, Tak ke Kak U anroput™ Xaddma-
Ha, UCHOJB3YET JUI Yalle MOABIAIOLINXCS CUMBOJIOB KOPOTKHE Iie-
MOYKH, a AJIs peke MOABIAOIUXCA — AMuHHbIE. OHAKO, B OTIIMYUE
OT HEro, B AJIFOPUTME HCIOJIB3YIOTCS U MOCIEN0BATEIbHOCTH CHM-
BOJIOB.
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Lossless JPEG

OTOT aJirOPUTM pa3paboTaH IPyIMIoi 3KCIEPTOB B 00mactu GhoTo-
rpadpun (Joint Photographic Expert Group). B otnmuuune ot JBIG,
Lossless JPEG opreHTHpOBaH Ha MOJHOLBETHbIC 24-OUTHBIC MIIH 8-
OMTHBIC B TpaJalysIX ceporo m3o0pakeHus O6e3 mamutpel. OH mpea-
craBisieT coboit cnenmanbayto peanm3aruio JPEG 6e3 moteps. Cre-
nenu cxarus: 20, 2, 1. Lossless JPEG pekoMenayeTcst IPUMEHSTh B
TeX TPHIOKEHUAX, TIe He0OXOaUMO MOOUTOBOE COOTBETCTBHE HC-
XOIHOTO M JEKOMITPECCUPOBAHHOTO H300pakeHmid. [lompobOHee 00
anropurme cxatus JPEG oM. crnexyrommii pasmes.

3aknroyeHue

ITormpoOyem Ha 3TOM 3Tame caenaTh HEKOTophle obOobmenus. C
OJTHOW CTOPOHBI, MIPUBEJCHHBIC BBIIIC AITOPUTMBI JJOCTATOYHO YHU-
BEpCANbHBI W TOKPHIBAIOT BCE THITBI W300paXKeHUH, ¢ APYrod — y
HUX, [0 CETOJNHSIIHUM MEpKaM, CIHIIKOM MaJleHbKasl CTENEeHb CiKa-
tus. Mcronb3ysl OMH U3 alrTOpPUTMOB CKaTHA 0€3 MOTepb, MOXKHO
0o0ecIeunTs apXuBaIlUi0 M300paKeHUsT PUMEPHO B ABa pasa. B To
JKe BpeMs JITOPUTMBI CKATHUS C TIOTEPSMH ONIEPUPYIOT ¢ KO PUIIH-
eatamu 10-200 pa3. [ToMrMO BO3MOXKHOCTH MOAM(HKAIMKH H300pa-
JKEHHUsI, OJTHA M3 OCHOBHBIX NMPHYHH TOJ0OHON Pa3HHUIBI 3aKITF0OYACT-
Csl B TOM, YTO TPAJIUIIUOHHBIC aITOPUTMbI OPHEHTHUPOBAHBI Ha Pabo-
Ty ¢ nenoukoii. OHM He YYHUTBHIBAIOT, TAK HA3BIBACMYIO, «KOTEPEHT-
HOCThH ObOJylacTeit» B M300pakeHHIX. Mmest KorepeHTHOCTH obacTeit
3aKIIF0YAeTCs] B MaJOM U3MEHEHUH I[BETa M CTPYKTYPhI Ha HEOOJb-
IIOM y4acTke n300paxkeHus. Bce anroputMel, 0 KOTOPBIX pedb MOM-
JIeT HYDKe, OBUTM CO3/IaHbl MO3JIHEE CHEIHUANBHO JUIs COKATHS Tpadu-
KU ¥ UCTIOJB3YIOT ATY HIIEHO.

CripaBeNIMBOCTH PajiH CIEyeT OTMETUTh, YTO U B KIIACCHYCCKHUX
AITOPUTMAaX MOXHO HCIOJIb30BaTh M0 KorepeHTHocTH. Cymiect-
BYIOT aJITOPUTMBI 00X04a N300paKeHUS TI0 «(PpaKTATHHOW» KPUBOH,
npu paboTe KOTOPBIX OHO TaKXKe BBITSATHBACTCS B IIEMIOYKY; HO 3a
CYET TOTO, YTO KpHBas o0eraet o0sacTu H300paKeHHS 0 CIIOKHOMN
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TPACKTOPHH, YIaCTKA OJHM3KMAX I[BETOB B MOJydYaIOUIEHCS IETIOYKe
YATUHSIOTCS.

Bonpochbl Ana caMokKoHTponsa

1)
2)
3)

4)

5)

6)
7)

Ha kaxkoit xnacc n3obpaxenuit opueHTHpoBaH anroputM RLE?
[IpuBennTe nBa MpUMepa «IUIOXUX» U300paKeHHUH AJIS TIEPBOTO
BapuaHTa ajgroputMa RLE, mis KOTOphIX (aill MakCHMaabHO
YBEJIMYHUTCA B pa3Mepe.

Ha xaxkoii kimacc nzobpaxkenuii opueHTHpoBaH anroputm CCITT
G-3?

[IpuBennTe mpuMep «IIJIOXOTO» W300pakKeHUS ISl aIropuTMa
CCITT G-3, nnsa xotoporo ¢aiti MaKCUMaJIbHO YBEIHYHUTCS B
pasmepe. (IIpuBeacHHBIN B XapaKTePUCTHUKAX aJTOPUTMa OTBET
He SBIIIETCS TOJIHBIM, TIOCKOJIBKY TpeOyeT Oosiee «yMHOI» pea-
JU3AIHAA aJTOPUTMA. )

[IpuBennTe mpuMep «IIJIOXOTO» W300pakKeHUS ISl aIropuTMa
Xaddmana.

CpaBHHTE aNTOPUTMBI CKATUS N300pKCHHUNA 03 ITOTEPb.

B gem 3akmmogaeTcst uaesl KOrepeHTHOCTH 00racTen?

Ecrw Bbl 06Hapy»xvTe oumbkm urin
HEeTO4YHOCTU B JAaHHOM TEKCTe, rpocn:6a
COOOLLUTL O HVX aBTOPaM Mo aapecy:

campression@graphicon.ru

OTBETbI K BOMPOCaM Y YNPaXHEHAAM U UCXOLHbIE
TEKCThI MPOrPaMM Bbl MOXETE HaIT/ Ha

http://compression.graphicon.ru/
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ANropuTMbl apxmBaLuMmu ¢ NOTEepPSAMMU

Mpo6nemMbl anropuTMOB apXx1MBaLMm ¢ NOTEPAMU

IlepBeIMU I apXWBaMKd H300paXEHWH CTaIH MPUMEHSITHCS
MIPUBBIYHBIE ANTOPUTMEIL. 1€, YTO MCIONIB30BANNCH U HCIOIB3YIOTCS
B CHCTEMaX Pe3epBHOTO KOMHPOBAHHS, MPU CO3JaHUH AUCTPHOYTH-
BOB W T.II. DTH JITOPUTMBI apXUBUPOBaIu WHMopMaIrmio 0e3 m3me-
HeHnid. OgHAKO OCHOBHOW TECHICHIMEH B IOCIIEIHES BPEMsI CTaJO
MCIIOJIb30BaHNE HOBBIX KJIaccOB nM300paxeHnid. CTapbie alrOpUTMBI
MepecTanyd yIOBIETBOPATh TPEOOBAHUAM, MPEAbABISIEMBIM K apXH-
Baluu. MHOTHE HM300paXEHUs MPAKTHYECKH HE CIKUMAIHCh, XOTS
«Ha B3I 00Jaay SBHOW M30BITOYHOCTHIO. JTO MPUBETIO K CO3-
JAHUIO HOBOTO THUMA aJlrOPUTMOB — CXKMMAIOLINX C TOTeped WH-
(dopmanuu. Kak npaBuio, cTeneHb CKaThs U, CIeJ0BaTeNbHO, CTe-
MIeHb TIOTEPh KauecTBa B HUX MOXKHO 3a/1aBath. [Ipu sToM mocturaer-
sl KOMIIPOMECC MEXTy pa3MepOM M Ka4eCTBOM H300paKEHHIH.

Onna u3 cepbe3HbIX MPO0JIeM MAIIMHHON rpaduku 3aKioya-
eTcsl B TOM, 4YTO /10 CHX MOP He Haii/leH aJeKBaTHBIA KpUTepHii
OlleHKH TOTeph KayecTBa M300pazkeHMsA. A TepseTcs OHO IOCTO-
STHHO — TIpU OIM(POBKE, MIPH MEPEBOJIE B OTPAHUYCHHYIO TAIUTPY
[[BETOB, TIPY MEPEBOJIE B APYTYIO CUCTEMY IIBETOMPEICTABICHUS IS
nevaTy, 1, 9TO JUIsl HaC OCOOCHHO BaYKHO, TIPH apXUBAIUH C TTOTEPS-
MH. MOXHO MPUBECTH MPUMEP MPOCTOTO KPUTEPHSI: CpeTHEKBaIpa-
THYHOE OTKJIOHEHHME 3HadYeHWU mukcenoB (L, Mepa, min root mean
square — RMS):

ITo mHemy m3006paxkeHue OyneT CHIIBHO MCIIOPYCHO MPH TIOHMIKE-
HUU SIPKOCTU Bcero Ha 5% (IJ1a3 3TOro He 3aMeTHT — Y Pa3HbBIX MO-
HHATOPOB HACTPOMKA SIPKOCTH BaphbUPYETCS ropa3fo CuibHee). B To
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Ke BpeMsi H300paKEHHS CO «CHETOM» — PE3KUM U3MEHEHUEM IIBEeTa
OTJICNTBHBIX TOYEK, CIa0BIMHU MOJOCAMH WU «Myapom» OyIyT NpH-
3HaHBI «IIOYTH HE M3MeHHUBIIMMHUCS» (OOBscHUTE, modemy?). CBoun
HETIPUSTHBIE CTOPOHBI €CTh U Y IPYTHX KPUTEPHEB.

PaccmoTpum, Hanpumep, MaKCUMaIbHOE OTKIIOHEHUE:

d(vy) = max|x, -y,

Ota Mepa, Kak MO>KHO JIOTa/IaThCsl, KpailHe YyBCTBHUTENIbHA K OHe-
HHUIO OTJENBHBIX NMHUKCENOB. T.e. BO BceM M300paKCHUU MOXKET Cy-
IIECTBEHHO W3MEHHUTHCS TOJBKO 3HAUYEHHE OJHOr0o MuKcena (4To
NPaKTUYECKH He3aMEeTHO AJIS Tia3a), OJHAKO COIJIACHO 3TOH Mepe
n300paxenue OyaeT CHIILHO UCTIOPYEHO.

Mepa, KOTOpYIO ceifyac HMCHOJIB3YIOT Ha MPaKTUKE, Ha3bIBAETCS
MEpoi OTHOILEHHs CHrHaja K mymy (peak-to-peak signal-to-noise
ratio — PSNR).

255%-n°

n,n

Z(xl.j—yl.j)z

i=1, j=1

d(xy)=10-log,,

I[aHHaSI MCpa, 10 CYTH, aHaJIOTMYHa CPCAHCKBAAPATUIHOMY OT-
KJIOHCHHIO, OJHAKO ITOJb30BAThHCs el HECKOJBKO y;[06Hee 3a CUCT
J'IOFapI/I(i)MI/I‘-ICCKOFO MaciiTaba mkanel. Ei MMpUCymun TC€ KE€ HEAOC-
TAaTKH, YTO U CPCAHCKBAAPATUIHOMY OTKJIIOHCHHIO.

qume BCCTO NOTCPU Ka4YCCTBA H306pa)l(eHHfI OICHHUBAIOT HAIIA
riaaza. OTIMYHOI CUHMTaeTCs apxuBanud, Ipu KOTOpOfI HCBO3MOXXHO
Ha 1J1a3 pa3JIM4uTh ICPBOHAYAIBHOC U PA3apXUBHUPOBAHHOC H306pa—
KCHUA. XOpOH.ICfI— Korga CkKasaTb, KakKo€ Hu3 I/1306pa)KCHI/If/’I oa-
BCPrajioCh apxuBaliu, MOXKXHO TOJILKO CpaBHHUBAA JIBC HAXOAAUINXCA
PAAOM KapTHUHKH. HpI/I I[aJ'ILHCﬁIHeM YBCJIWYCHUN CTCIICHU CIKATUA,
KaK MIpaBujio, CTAHOBATCA 3aMCTHLIL MOOOYHBIE S(b(l)eKTBI, XapakTep-
HbIC JISI JAHHOTO aJIrOpUTMaA. Ha MPAKTHUKE, AK€ MpPU OTINYHOM
COXpaHCHHUU Ka4deCTBa, B I/I306pa)KGHI/IC MOTYyT OBLITh BHECEHBI pery-
JIAPHBIC CHGLII/I(I)I/ILICCKI/IC N3MCHCHU . HO3TOMy AJITOPUTMBL apXuBa-
Iy € NOTCPAMU HC PCKOMCHAYCTCA UCIOJb30BaTh MPU CIKATHU U30-
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Opa’keHUH, KOTOphIE B MadbHEHIIEM COOMpArOTCS JIMOO IedaTaTh C
BBICOKMM KadeCcTBOM, MO0 00pabaTriBaTh MpOrpaMMaMH PacIio3Ha-
BaHusA 00pa3oB. HenpustHbie 3QdeKThl ¢ TaKUMH H300paKeHUAMH,
KakK Mbl YK€ TOBOPHJIM, MOTYT BO3HHKHYTH JIa)Ke MPH MPOCTOM Mac-
MTAaOMPOBAHUHT U300PAKCHUS.

Anroputm JPEG

JPEG — onuH U3 caMBIX HOBBIX U JOCTAaTOYHO MOIIHBIX aJro-
puTMOB. [IpaKTHUECKH OH SBJISCTCS CTAHIAPTOM Jie-hakTo JuIst ToJ-
HOIBETHBIX m300pakeHmit [1]. Omepupyer aiaroputm oOJIacTIMU
8x8, Ha KOTOPBIX SPKOCTh U I[BET MEHSIOTCS CPAaBHUTENHHO IIABHO.
BceneactBue sToro, mpH pasioXeHHH MAaTPHIBI TakoW 0oOJacTH B
JIBOWHOM psiJI IO KOCHHYcaM (CM. OPMYJIbI HIKE) 3HAUUMBIMH OKa-
3BIBAIOTCS TOJIBKO TIepBhIe KoddumuenTsl. Takum oO0pa3oM, cixaTtre
B JPEG ocymecTBisieTcsl 3a CUYET IUIABHOCTH M3MEHEHHSI I[BETOB B
N300paKCHHH.

Anroput™ pa3paboTaH IpyIIol 3KCIepToB B obnactu (ororpa-
dbun crenuanbHO I CKaTtus 24-OMTHBIX H300paxkeHuit. JPEG —
Joint Photographic Expert Group — moapa3saenenue B pamkax ISO
— MexayHapoJHOl opraHuzanuu o cranaaptusauuud. Hazpanue
anroputMa gutaetcs ['jei'peg]. B memom anropuTM OCHOBaH Ha JWC-
KPETHOM KOCHHYCOHWJAJLHOM TIpeoOpa3oBannu (B HalbHEUIIEM
JKII), mpumMeHseMOM K MaTpHIle H300paKeHUs sl TIOTyJICHUS He-
KOTOPOW HOBOW MAaTpHIlbl KO3(PGHUIMEHTOB. [ moJyueHUs UCXO/-
HOTO M300paKeHUs MIpUMEHsIeTCs oOpaTHOE Mpeodpa3oBaHue.

JKII packnampiBaeT M300pakeHHE MO aMIUIMUTYAaM HEKOTOPBIX
gacToT. Takum obOpa3zoM, Mmpu MpeoOpa30BaHUKM MBI MOIYYaeM Mart-
pHIly, B KOTOPOW MHOTHE KO3 (UIIUEHTHI 1100 OIU3KH, TM00 PaBHBI
Hymo. Kpome Toro, Gmaromaps HECOBEpIIEHCTBY YeEJIOBEYECKOTO
3pEHUs, MOXHO aIllIPOKCHUMHUPOBATh KO3 QHUIMEHTH Ooyiee rpydo
0e3 3aMeTHOU TTOTepr KadecTBa N300paKCHHUS.

Jis  aTOrOo  WCHONIb3yeTCs  KBaHTOBaHWE  KOA((PUIMEHTOB
(quantization). B camoM mpocToM ciiydae — 3TO apHU(PMETHYCCKHUI
MOOWTOBEIN cABUT BHpaBo. llpm 3TOM TIpeoOpa3oBaHUU TePSETCS
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qacThb I/IH(I)OpMaHI/II/I, HO MOXCET OOCTUT'aThCA OoubIasl CTEIEeHb CXKa-
THA.

KAK PABOTAET ANIFOPUTM

Utak, paccMoTpum anroputM mozapodOHee. Ilyctb MBI c:xumaeM
24-6utHOE N300paKECHHUE.

Iar 1.

[lepeBomum m300pakeHre u3 1BeTOBOro mpocrpanctBa RGB, ¢
KOMIIOHEHTaMH, OTBEYAOIINMU 3a kpacHyo (Red), 3enenyto (Green)
u cunioto (Blue) cocraBnsiomue 1BeTa TOYKH, B LIBETOBOE IPO-
ctpanctBo Y CrCb (nHorna HaseiBaoT YUV).

B Hem Y — spkoctHas cocrasmsromas, a Cr, Cb — KOMITOHEHTHI,
OTBEYAIOLIHNE 32 IBET (XpPOMATHUYECKHI KPAacHBIH W XpOMAaTHUECKHUH
CHHHMH). 3a CYeT TOro, YTO YeJOBEUECKUH I71a3 MEHEE UyBCTBUTEIICH
K IBETY, YeM K SIPKOCTH, MOSBIISETCS BO3MOXHOCTb apXHBHPOBATh
maccuBbl uis1 Cr 1 Cb KOMIOHEHT ¢ OONBIIMMHU TOTEPSIMH U, COOT-
BETCTBEHHO, OONBIINMH cTeneHsaMu cxatus. [lomoOHoe mpeobpaso-
BaHHE YK€ JaBHO HMCIOJb3yeTcs B TeleBuaeHun. Ha curnaisl, oTBe-
Yarolye 3a IBET, TaM BhIJEIseTCA Ooee y3Kas 1Mojoca 4yacToT.

VYnpoieHHo niepeBos U3 11BeToBOro npoctpanctsa RGB B 1Bero-
Boe npocTpaHcTBO Y CrCb MOKHO MpenCTaBUTh C MOMOIIbIO MaTpU-
1Bl IIEpExXoJa:

Y 0.299 0.587 0.114 R 0
Cb| = 0.5 -0.4187 -0.0813| * |G|+[128
Cr 0.1687 —0.3313 0.5 B| [128

O6parHoe mpeobOpa3oBaHUE OCYIIECTBIACTCS YMHOXCHHEM BEK-
topa YUV Ha 00paTHYIO MaTpHILY.

R 1 0 1.402 Y 0
G| = [l —-034414 -0.71414| * ||Cb|—|128
B 1 1.772 0 Cr| |128
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lar 2.

PazbuBaeM ucxomgHoe n300pakeHne Ha MATPHUITHl 8X8. DopMupy-
eM m3 Kaxmoit Tpu pabounme matpuisl JKII — mo 8 6ut oTaensHO
IUTST KOKAOW KOMIIOHEHTHI. [Ipu OONBIIMX CTEMEeHSX CXKAaTHA ITOT
[Iar MOXeT BBITIOIHATHCA UyTh cloxkHee. M300pakeHne AeTuTCs 1o
KOMITOHEHTe Y — KaK H B TIepBOM city4ae, a Juist komrnoHeHt Cr u Cb
MaTpHITsl HAOUPAIOTCS Yepe3 CTPOUKy M depe3 croibem. T.e. U3 mc-
XOHON MaTpHIlsl pazMepoM 16x16 momydaeTcss TOJIBKO OjHA pabo-
yag marpuiia JKII. IIpu 3TOM, Kak HETPYIHO 3aMETUTh, Mbl TEPAEM
3/4 none3Ho¥ MH(POPMALIMK O IBETOBBIX COCTABJISAIOIIMX H300pake-
HUS W TIOJTy4aeM cpa3y CaThe B JBa pa3a. MBI MOXKEM IMOCTYINaTh
Tak Omaromapst padore B mpoctpaHctBe YCrCb. Ha pesynbrupyio-
meM RGB m300pakeHnn, kKak mokasajia IpakTHKa, 3TO CKa3bIBACTCS
HECHIIBHO.

lar 3.

B ympomennom Buae JAKII mpu n=8 MOXHO MpeaCcTaBUTh TakK:

1
Yu.v]= Zio 3CGa)x C(j) % )]
i=0j=

e Ci,u) = A(u) x COS(W)

1
—=, for u = 0
A(u) =4+2

1, for u=0

ITIpumensiem JIKII k xaxxmoii pabodeid matpurie. [Ipn 3ToM MBI
MOJy4aeM MaTpUIly, B KOTOPOH KOI((UIMEHTH B JICBOM BEpPXHEM
YIIIy COOTBETCTBYIOT HHM3KOYaCTOTHOH COCTAaBIIAIONICH H300paXke-
HUS, a B TIPaBOM HMKHEM — BBICOKOYAacTOTHOH. [loHsATHE "4acTOTHI
ClIeTyeT M3 PacCMOTPEHHs M300pakeHHs KaK JBYMEpPHOI'O CHTHaia
(aHAIOTMYHO pacCMOTPEHHIO 3BYKa Kak curHaya). [limaBHOE M3MeHe-
HUE IIBETa COOTBETCTBYET HU3KOYACTOTHOM COCTABIISIONIEH, a pe3KHe
CKaUYKH — HU3KOYaCTOTHOM.
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Ilar 4.

IlponzBoauM KBaHTOBaHME. B mpuHIUIle, 3TO MPOCTO ACIICHUE
pabodell MaTpHUIIBl HA MAaTPHUILy KBAHTOBAaHHUS TOAIEeMeHTHO. s ka-
kot kommnoneHTHl (Y, U u V), B obmeM cirydae, 3agacTcsl CBOS
MaTpuIla KkBantoBaHus q[u,v] (nairee MK).

Y[u,v]
Yq[u,v] = IntegerRound | ——
qlu,v]

Ha »ToM m1are ocymecTBiIsieTcs: ypaBieHHE CTENICHBIO CHKAaTus, U
MIPOUCXOMIT caMble Oonbimme moTepu. IloHsaTHO, 9TO, 3amaBas MK c
00bIIMU KO3 (GUIIMSHTAMU, MbI TIOJYYUM OOJIbIIE HYJCH U, Clie-
JIOBAaTEIHHO, OONBIITYIO CTENEHb CHKATHUSI.

B crangapt JPEG Brumrouens! pekomernoBanabie MK, mocTpoeH-
HBIC OIBITHBIM ITyTeM. MaTpuIlsl 11 OONbIICH WIIM MEHBIIICH CTeTIe-
HU CXKaTHs TOJy4aloT MyTeM YMHOXKEHHUS MCXOJIHOW MaTpHIbI Ha
HEKOTOPOE YHCIIO0 gamma.

C xBaHTOBaHMEM CBsi3aHbl U cnenupuieckue 3GdekTsr aaropur-
Ma. [Ipu Gopmnx 3HaYeHUSIX KO3 GUIIMEHTa gamma IOoTepH B HU3-
KHX YacTOTaX MOTYT OBITh HACTOJIBKO BEJIMKH, YTO H300paKeHHE
pacmanetcst Ha kBazaparbl 8x8. IloTepn B BBHICOKHX 4acTOTax MOTYT
NPOSIBUTHCS B TaKk Ha3biBaeMoM «3(ddekre ['mbOca», Korga BOKpyT
KOHTYPOB C PE3KHM MEPEeXO0J0M I[BeTa 00paszyeTcs CBOeOOpa3HbIi
«HIMOY.

lar 5.

ITepeBoaum mMaTpuiry 8x8 B 64-371eMEHTHBIA BEKTOP TIPH ITOMOIIIH
«3UT3ar»-CKaHupoBaHwMs, T.€. 6bepeM aneMeHTsl ¢ maaekcamu (0,0),

(0,1), (1,0), (2,0)...
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Aplagg

Takum 00pa3om, B Hauasie BEKTOPa MBI TIOJTy4aeM KO3 QUIUEHTHI

MaTpulibl, COOTBETCTBYOIIUC HU3KHUM 4aCTOTaM, a B KOHIIC — BBICO-
KHUM.

Hlar 6.

CBepThIBacM BEKTOp C MOMOIIBIO alTOPUTMa TPYIIIOBOTO KOJH-
poBanust. [Ipu 3TOM monmy4yaeM napel Tumna (POoIyCTUTh, YUCIIO), T
«TIPOMYCTUTH» SIBJISETCS CUSTUMKOM MPOIYCKACMBIX HYJIEH, a «JHC-
JI0» — 3HAYCHHE, KOTOPOE HEOOXOJMMO IMOCTAaBUTh B CICAYIOIIYIO
sraeiiky. Tak, Bektop 423 000-20000 1 ... Oymer cBepHYT B TTapbl
(0,42) (0,3) 3,-2) (4,1) ...

Ilar 7.

CBepThiBaeM MOJYYHBIIMECS Tapbl KoaupoBaHueM o Xahdhmany
¢ (DUKCUPOBAHHOW TAOIHUIICH.

[porecc BoccTaHOBIIEHHS N300paXKEHUST B 3TOM allTOPUTME TOJI-
HOCTBHIO CUMMETpUYCH. MeTO/1 TIO3BOJISIET CXKUMAaTh HEKOTOPBIE H30-
Opaxenus B 10-15 pa3 6e3 cepbe3HBIX MMOTEPD.
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1.RGB B 2. Tuckpe- 3. 4. KBanto- 5.3wur3ar
YUV TU3ALMS JIKII BaHUE CKaHUPOBa
HHE

6. 7. Cxatue
RLE mno

Xadppmany

3-7. Onepauuu
KoHBeitepa 3-7 st
> matpun Un V

Kougeiiep onepanuii, ucnojin3yemblii B ajroputme JPEG.

CymiecTBeHHBIMU TTOJIOKATENBHBIMI CTOPOHAMH QJITOPUTMA SIB-
JSETCS TO, YTO:

1) 3amaercs cTeleHb CXKATHA.

2) BpIxogHOE IBETHOE H300paKeHWE MOXKET MMeTh 24 OuTa Ha
TOUKY.

OTpuLaTeNbHBIMA CTOPOHAMH AITOPUTMA ABIISETCS TO, YTO:

1) Ilpu MOBBHIIICHUHN CTEICHU CXKATUA M300paKCHHE pPacIiagacTcs
Ha OTICNbHBIC KBaIpaThl (8x8). DTO CBA3aHO C TEM, UTO IPOWC-
XOIAT OONBIINE TOTEPH B HU3KUX YaCTOTaxX MPH KBAaHTOBAaHWH,
Y BOCCTAHOBHTDH MCXO/HBIE TAHHBIE CTAHOBUTCS HEBO3ZMOJXKHO.

2) Ilposieisercs addext I'n6d6ca — opeosibl [0 TPaHMIIAM PE3KUX
MIEPEX0/I0B LIBETOB.

Kaxk yxe roBopuioch, cranmaptu3oBad JPEG oTHOcHTENnsHO He-
nmaBHo — B 1991 roxy. Ho yke Torma cymecTBOBaJIM ajlTOPUTMBI,
CKMMAIOIIME CHIIbHEE TPY MEHBIINX MOTepAX KadecTra. Jleno B Tom,
YTO JIGUCTBHS Pa3pabOTUUKOB cTaHIapTa ObUTH OrPAaHUYCHBI MOIIIHO-
CTBIO CYIIECTBOBABIIEH HAa TOT MOMEHT TeXHUKH. To ecTh maxe Ha
NEPCOHATBHOM KOMITBIOTEPE QJITOPUTM JIOJDKEH OBUI  paboTaTh
MeHbIIIe MUHYTHI Ha CpelHEM H300pa’keHUH, a ero ammaparHas pea-
JU3aNus TOJDKHA OBITh OTHOCHTENIBHO ITPOCTOM W HemieBoil. Auro-
PUTM OODKEH OBUT OBITh CHMMETPHYHBIM (BpeMs pazapXuBaIldd
MIPUMEPHO PaBHO BPEMEHU apXHUBAIIHN).

BrimonHeHne nocinenHero TpeboBaHUs CAeNaio BO3MOXKHBIM TIO-
SBIICHAE TaKWX YCTPOWCTB, Kak HU(POBBIE (OTOANIaparbl, CHH-
Maroriie 24-6utoBbie Gortorpaduu Ha 8-256 MO ¢uin kapry. Ilo-
TOM 9Ta KapTa BCTAaBIISIETCS B pPa3hbeM Ha BallleM HOYTOYKE U COOT-
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BETCTBYIOIIAsl TMporpaMma MO3BOJSET cuuTaTh H300pakeHus. He
mpaBa Ji¥, eclii Obl aJTOpUTM OBIJT HECHMMETPUYCH, OBIIIO OBl He-
MPHUATHO JOJITO KAaTh, MMOKA aIMapaTr «HIepe3apsSauTCs» — COXMET
U300pakeHHE.

He ouens npustaeiM cBoiictBoM JPEG sBisieTcs Takke TO, 9TO
HEPEIKO TOPU30HTAIBHBIC M BEPTUKAIBHBIE ITOJIOCH Ha JUcIUiee ab-
COJIIOTHO HE BUIHBI U MOTYT MPOSIBUTHCS TOIBKO MPH MEYaTH B BUIE
MyapoBoro y3opa. OH BO3HHKAET NMPH HAJOKEHUH HAKIOHHOTO pac-
Tpa MeYaTd Ha TOPH3OHTAIBHBIE W BEPTHKAIBHBIE MOJIOCH M300pa-
)kenns. M3-3a 3tux crooprnpuzoB JPEG He pekoMeHIyeTcs aKTHBHO
WCIIOJIB30BaTh B monurpadum, 3amaBas BBICOKHE KOA(PGHUITMEHTHI
MaTpulpl KBaHTOBaHWMA. OJHAKO TPU apXWBalud W300pakeHUH,
MpeIHa3HAYeHHBIX I TMPOCMOTpPa YEeIOBEKOM, OH Ha JTAaHHBIH MO-
MEHT HE3aMEHUM.

[lInpoxoe mpumenenune JPEG monroe Bpems caepKHBAJIOCH, IT0-
JKadyH, TUIIH TEM, 9TO OH OTIepUpyeT 24-ONTHBIMH N300paKEHUSIMH.
IToaTomy myst TOrO, 9YTOOBI C MPHEMIIEMBIM Ka4eCTBOM MOCMOTPETH
KapTUHKY Ha OOBIYHOM MOHHUTOpPE B 256-1[BETHOU MajauTpe, TpeOboBa-
JIOCh TIPUMEHEHHE COOTBETCTBYIOIIMX aJTOPUTMOB U, CIIEI0BATEINb-
HO, OTpezAesieHHOe Bpems. B mpuioxeHnsx, OpHeHTUPOBAHHBIX Ha
NPUAUPYUBOTO TMOJB30BATEIS, TAKUX, HAIIPUMED, KaK HTPHI, 110100~
HBIE 33/IEPKKU HempueMieMbl. Kpome Toro, ecin uMerommecs y Bac
n300pakeHus, gonyctuM, B 8-outHom popmare GIF nepesectu B 24-
outHsblii JPEG, a motom o6patHo B GIF mist mpocMoTpa, To motepst
KauecTBa MPOM30HACT MBAXKILI IpH 00OMX IpeoOpa3oBaHUAX. Tem
HE MEHee, BBEIUTPHIII B pa3Mepax apXWBOB 3a4acTyI0 HACTOJIbKO Be-
nuk (B 3-20 pa3), a moTepu KadyecTBa HACTOIBKO MaJIbl, YTO XPaHCHUE
n3zoopakenuii B JPEG oka3biBaercs oueHb 3)HEKTHBHBIM.

Heckonbko c0B HEOOXOUMO CKa3aTh O MOJUQHKANHUAK ITOTO
anroputMma. Xots JPEG u sBisercs crangaprom ISO, dopmar ero
¢aitnoB He ObLT 3adukcupoBaH. [1onb3ysch 3TUM, MPOU3BOIUTEIH
CO3MaI0T CBOM, HECOBMECTHUMBIC MEXIy c000U (opMaThl, U, CIEI0-
BaTENbHO, MOTYT W3MEHUTH ajdroput™m. Tak, BHyTpEeHHHE TaOIHIIBI
anropurMa, pekoMmeHaoBanabie [SO, 3aMeHAIOTCS UMHU Ha CBOM COO-

KHura “MeToabl cxxatusa aaHHbIX”. ISBN 5-86404-170-X 57
http://compression.graphicon.ru/



http://compression.graphicon.ru/
http://compression.graphicon.ru/

Memodsbi cxamus AaHHbIX / An2opummMbi c)Xamusi u3obpaxeHui
http://compression.graphicon.ru/

ctBeHHbIe. Kpome Toro, nerkas Hepaz0eprxa MPUCYTCTBYET P 3a-
JAHUH CTETIeHU MmoTepb. Hampumep, Ipyu TeCTUPOBAHUM BBISICHSETCS,
YTO «OTIMYHOe» KauecTBO, «100%» m «10 GammoB» maioT cymiect-
BEHHO pasnudatontuecs kapTuHku. [Ipu atom, kcratu, «100%» xade-
CTBa HE 03HAYAIOT C)kaTHe Oe3 moTeph. BeTpeyaroTes Takxke BapHaH-
o1 JPEG 15 crieriupuueckux mpriIoKeHHH.

Kak crammapt ISO JPEG HaumHaeT Bce IIMpPE HCIOIB30BATHCS
npu oOMeHe M300pakeHUsIMH B KOMIBIOTEPHBIX ceTsix. [logmepxu-
Baercs anroput™m JPEG B dhopmarax Quick Time, PostScript Level 2,
Tiff 6.0 u, Ha JAaHHBIF MOMEHT, 3aHUMAET BUJIHOE MECTO B CHCTEMAX
MyJIbTUMEINA.

Xapaktepuctuku aaroputma JPEG:
Crenenb cxkatus: 2-200 (3agaeTcst Moab30BATENEM).

Knace wu3oOpaskenmii: IlomHornBetHble 24 OWTHBEIC
M300pKCHHUS WM M300paKEHUS B TPalalHsIX CEeporo
0e3 pe3kux nepexo0B 1BeToB (pororpadun).

CuMMeTpHYHOCTB: |

XapakTepHble 0cO0eHHOCTH: B HEKOTOpHIX citydasx,
ITOPUTM CO3JIa€T «OPEOJ» BOKPYT PE3KUX TOPU30H-
TIGHBIX M BEPTHKAIBHBIX TPAHUI] B H300paKeHHU
(a3ddext I'nd6ca). Kpome Toro, mpu BHICOKOH CTEIEHH
CXKaTHUSl M300paKeHUE pacragaeTcs Ha 0ok 8X8 mHK-
CEJIOB.

®pakTanbHbIA anNropuTm

MOEA METOOA

OpakranpHasi apXHBaIysl OCHOBaHA HA TOM, YTO MBI MIPEJCTABIIS-
eM H300paxkeHHe B 00jIee KOMITAKTHOH (hOopMe — ¢ MOMOIIBI0 KO3(-
(duimeHToB cucteMbl urepupyeMbix (yHkiuit (Iterated Function
System — manmee mo Tekcty kak IFS). [Ipekne, ueM paccMaTpuBaTh
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caM Tmporiecc apxuBanuu, pazdepem, kak IFS crpout m3obpaxkenue,
T.€. TIPOLIECC IEKOMIIPECCHH.

Crporo roops, IFS mpencraBmsier cob6oii HaOOp TpPEXMEpPHBIX
adGUHHBIX MpeoOpa30BaHMid, B HALlEM Cly4yae MEePEeBOJAIINX OJHO
n3o0paxkenne B apyroe. IIpeoOpa3zoBaHHIO MOIBEPTarOTCS TOYKH B
TPEXMEPHOM TPOCTPAHCTBE (X KOOpAWHATA, Y KOOpPAMHATA, Sp-
KOCTb).

Hawnbonee HarnsgHO 3TOT IPOIIECC MPOASMOHCTpHpPOBan bapHcan
B cBoeli kaure «Fractal Image Compression». TaM BBeIeHO TOHATHE
DoToKONMUPOBaIbLHOW MallluHbI, COCTOSIIEN U3 dKpaHa, HA KOTOPOM
n300pakeHa MCXOIHAs KapTUHKA, U CHCTEMBI JIHH3, TPOEIUPYIOIINX
n300pakeHre Ha IPyTroi dKpaH:

e JIMH3BI MOTYT MPOEUUPOBATH YaCTh M300PAKEHUS MPOU3BOJIb-
HOIi (hopMBI B JTT000€ IPYTroe MECTO HOBOTO M300paKEHUSI.

e OOnacTu, B KOTOPbIe IMPOCIUPYIOTCS U300paKCHUS, He Tepe-
ceKaloTCsl.

e JluH3a MOXET MEeHATh SAPKOCTh U yYMeHbIIATh KOHTPACT-
HOCTb.

e JluH3a MOXET 3epKaJbHO OTPAKaTh U MOBOPAYUBATH CBOU
(hparMeHT U300pAKEHUS.

e Jlunza g0J3KHA MACIITAOUPOBATH (TIPUYEM TOJBKO YMCHBIIIAS )
CBOI (pparMeHT H300parkeHU.

/ \nma
Hcxomoe
/ H300paxeHne

<=

- —
—-— Tlonyuaemoe

Hn300paKeHne

PucyHok. MawwuHa bapHcnu
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PaccraBnsst JMH3BI M MEHSS WX XapaKTEPUCTHKH, Mbl MOXEM
VIOPaBJSITh TIOMydaeMbIM H300pakeHneM. OmHa wuTepamus padoThI
MaiuHsl 3aKII09aeTcs B TOM, YTO MO MCXOJHOMY H300pPaKEHHIO C
MIOMOIIBIO TIPOSKTHPOBAHUS CTPOUTCSI HOBOE, IOCIIE Yero HOBoe Oe-
percsi B KayecTBE MCXOJMHOTO. YTBEPXKAAETCs, YTO B IpoIlecce UTe-
panuii Mbl MOMYYHM H300paXKeHHE, KOTOPOE MepecTaHeT W3MEHSTh-
csi. OHO OyJIeT 3aBHCETh TONBKO OT PACIIONIOKEHHS H XapaKTEPUCTHK
JIUH3, ¥ HE OyZIEeT 3aBUCETh OT MCXOTHOW KapTHHKH. DTO M300pake-
HUE HA3bIBACTCS «HENOOBGUIICHOU MOYKOW) UIIA ammpakmopom JaH-
Hoit IFS. CooTBeTcTByIOmas TEOPHUS TapaHTHPYET HAIHYAE POBHO
OJTHOM HEMOJBIKHOW TOUKM st Kaxmoit IFS.

[TockonbKy OTOOpaXkeHHE JIMH3 SIBIISICTCS COKUMAIOIINM, Kaxaas
JMH3a B SIBHOM BHJE 33/1a€T CAMON000OHble 0OIACTH B HAIlEM H30-
OpaxeHnn. braromaps camMomogoOWI0 MBI TOIYYaeM CIIOXKHYIO
CTPYKTYpY M300pakKeHUs MPHU JF0O0OM yBeTHMUeHHU. TakuM o0pa3om,
WHTYUTUBHO TIOHSTHO, YTO CHCTEMa MTEPUPYEMbIX (QYHKIWH 3a1aeT
¢paxkman (HECTPOro — CaMOITOI00OHBII MaTEMAaTHUECCKHUN 00BEKT).

Haubonee n3BecTHbI 1Ba M300paXKEHUS, MOTYYCHHBIX C TOMOIIBIO
IFS: «rpeyronmpauK CepIIMHCKOTO» U «AMTOPOTHUK bapHCIT.

b .0 fhis
TpeyroabHuk Cepnunckoro. 3axaercsi 3 npeodpa3oBaHUsIMU.
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«Tpeyronpark CeprUHCKOTO» 3a7aeTCsl TPEMsI, a «IIallOPOTHHUK
Bapucin» yeTbipbMst aQGUHHBIMU TIpeoOpa3oBaHUsIMH (WM, B Ha-
el TepMUHOJIOTHH, «IHH3aMu»). Kakmoe mpeoOpazoBaHHe KOIH-
pyeTcss OYKBaJIBbHO CUMTAHHBIMH OaliTaMu, B TO BpeMs Kak HM300pa-
JKEHHUE, IIOCTPOSHHOE C WX TTOMOIIbI0, MOXKET 3aHMMAaTh M HECKOJILKO
Mera0air.

ManopoTHuk BapHcnu. 3apgaeTtca 4 npeobpaszoBaHUAMMU.

YnpaxHenue: YKaxuTe B uU300paxkeHuu 4 oOiacTw,
o0BeIMHEHNE KOTOPBIX MOKPHIBAIO OBl BCe M300pake-
HUE, U KaXJas U3 KOTOPBIX ObLIa OBl MOJ00HAa BCEMY
n300pakeHuto (He 3a0bIBaliTe 0 cTe0IC MAOPOTHUKA).

U3 BhIIIECKa3aHHOTO CTAHOBUTCS MOHATHO, KaKk paboTaeT apxuBa-
TOp, W ToyeMy emy TpeOyercsl Tak MHOro BpemeHu. dakTudeckw,
(hpakTalibHas KOMIIPECCHSI — 3TO MOMCK CaMOIMOA00HBIX 00jacTel B
n300paXCHUU U OTIpe/ielieHHe [Tl HAX TTapaMeTpoB aQpUHHBIX Tpe-
00pazoBaHMIA.
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B xynmewm ciydae, eciu He OyZIeT NMPUMEHATHCS ONTHMHU3UPYIO-
WA aITOpUTM, NoTpedyercs mepedop M CpaBHEHHE BCEX BO3MOXK-
HBIX (pparMeHTOB HM300pakeHHs pa3HOro pa3mepa. Jlaxe s He-
O0NBIINX M300paKeHUI MpH ydeTe TUCKPETHOCTH MBI IOJyYHM ac-
TPOHOMHYECKOE YHCIIO TepedupaeMbIX BapuaHToB. [Ipmuem, naxe
pe3Koe Cy)KeHHe KJIacCOB MPeoOpa3oBaHuUi, HapUMep, 3a CYET Mac-
mTabupoBaHKUS TOJBKO B ONPENEIICHHOE KOJIMYECTBO pa3, HE JaeT
3aMETHOTO BBIUTPBINIA BO BpeMeHH. Kpome Toro, mpu 3ToM TepseTcs
KadecTBO n300paxkeHus. [lomamnsromee OONBIIMHCTBO HCCIIEIOBA-
HUI B o0JlacTH (paKTalIbHONW KOMIIPECCUH ceiiuac HampaBJeHbl Ha
YMEHbBIICHHE BPEMEHU apXHUBAILMH, HEOOXOJUMOTO IS MOTy4CHHS
Ka4eCTBEHHOTO N300paskeHHUI.

Jlanee nIpUBOAATCSI OCHOBHBIE ONIPEIETICHUSI U TEOPEMBI, Ha KOTO-
pBIX Oasupyercs (pakTaigbHas KOMIIpeccHs. JTOT marepuan Ooiee
JIETAIbHO U C I0Ka3aTelbCTBaMU paccMarpuBaercs B [3] u B [4].

Onpeodenenue. [lpeobpazoBanue w: R* > R?, NpeACTaBUMOE B
BHJIC

B X a b X e
w()=w = ° +
y) \¢ d) \y) \[f

rae a, b, ¢, d, e, f nelicTBUTENLHEIE YNCA U (x y) € R? nasmi-
BaCTCS 08YMEPHBIM AP OUHHBIM NPEoOPAZ08AHUEM.
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Onpeoenenue. Tpeobpasosanue w: R® — R’, npeacrasumoe B

BUJIC
X a b t X e
wO)=w y|=|c d ul|e|y|+|f
4 r s p)l\z q

rae a, b, c, d, e, f, p, q, 1, s, t, U ICHCTBUTENbHBIC YMCITA U
(x y Z)E R’ mazpBaeTcst TpexMepHbIM adGHHHBIM TpeoGpaso-
BaHKEM.

Onpeoenenue. Tlycts f : X — X — mpeobpa3oBanue B Mpo-
crpanctee X. Touka x, € X Takas, uto f(x,)= X, Ha3pBaeTCS
HEenooBUIICHOL MOYKOU (ammpakmopom) TIpeoOpa3oOBaHHS.

Onpeodenenue. TlpeoOpasosanue f:X —> X B METPUYECKOM

npoctpancTBe (X, d) Ha3bIBAETCS CKUMAONIMM, €CIH CYIIECTBYET
yucno S: 0 <s <1, takoe, 4o

d(f(x),f(y)<s-d(x,y) Vx,yeX

3ameuanue: PopMaaLHO MBI MOKEM HCITOJIB30BATh JIFO00E CXKU-
Marolee oToOpakeHHe Mpu PpaKkTaILHOW KOMIIPECCUH, HO PealbHO
UCTIONIB3YIOTCS JIUINL TPEeXMEpHble apuHHBIE MPeoOpa3oBaHUs C
JIOCTATOYHO CHIIbHBIMH OTPAaHUYCHUSIMH Ha KOO PHUIIUCHTHI.

Teopema. (O cxxumMaloeM npeodpazoBaHNU)

Iycte f: X > X — cxumaromee npeoOpa3oBaHue B MOTHOM
MeTpudeckoM mpoctpancTBe (X, d). Torma cymecTByeT B TOYHOCTH
OJHA HEMOJBIDKHAs TOYKA x, € X OTOr0 MpeobpasoBaHMs, M s

0601 Touku x e X TOCIeqoBaTENbHOCTD { f"(x): n=0,12... }
CXOUTCS K X/ .

Bonee oOmas ¢opmynupoBka 3TOH TeopeMbl rapaHTHPYeT HaM
CXOIUMOCTb.
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Onpeodenenue. Hzobpadcenuem Ha3piBaeTCs QyHKIUS S, onpee-
JICHHAS] Ha CIMHUYHOM KBaJpare W MpHHUMAaromas 3HadeHus ot 0 10

1w S(x,y)el0..1]  Vx,yel0..1]
ITycts TpexmepHoe adduHHOE HpeoOpazoBaHUE W, :R> >R,
3aIKCaHo B BUJIE
X a b 0) (x e
w)=w|y|=lc d Olely|+|f
z 0 0 p z q
M ONpENEeNICHO Ha KOMIIAKTHOM IOAMHOXecTBe [), nexaproBa

kBaapara [0..1]x[0..1] (MBI TONB3yeMcsl OCOOBIM BHIIOM MAaTpPHIIBI
mpeoOpa3oBaHus, 9YTOOBI YMEHBIIUTE Pa3MEPHOCTh 0OJIACTH OIpeIe-
nenust ¢ R® 1o R?). Torma oHO mepeBeleT 4acTh MOBEPXHOCTH S B

o0macte R;, pacIONOKEHHYIO CO CIBHIOM (e,f) ¥ HOBOPOTOM, 3a-

JIaHHBIM MaTpUIEN

a b 0
c d 0
0 0 O

IIpu »sToM, ecnu UWHTEPUIPETUPOBAThL 3HAYCHHUS (DYHKIUU
S(x,y)e [0...1] KaK SAPKOCTb COOTBETCTBYIOIIMX TOYEK, OHA
YMEHBIIUTCS B p pa3 (mpeobpa3oBaHue 005A3aHO OBITh CKUMAIOIINM)
Y U3MEHUTCS Ha CIIBUT ¢.

Onpeodenenue. Koneunasi COBOKYITHOCTh W CXUMAIOIINX TPEX-
MepHBIX adPUHHBIX PeoOpa3oBaHUi W, , ONpe/IeNICHHBIX Ha 00mac-

ax D, , takux, uro w,(D,)=R, u R,NR, =¢ Vi# j, nasbisa-

ercs cucmemotl umepupyemoix gyuxyuii (IFS).

CucreMe urepupyeMbIX (YHKIUA OJHO3HAYHO COIMOCTAaBIISIETCS
HEMOABIKHAS TOYKa — H300paxkeHune. Takum oOpaszoM, mporiecc
KOMIIPECCHUU 3aKII0YaeTCsl B TMOUCKE KO3(D(UIIMEHTOB CHUCTEMBI, a
NpoIIecC JIEKOMITPECCUN — B MPOBEJACHUHM WTEpAIUii CHCTEMBI JI0
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CTA0WIM3AITMN TIOYYCHHOTO HW300paKeHUs (HETIOABMKHOW TOYKHU
IFS). Ha mpaktuke OpiBaeT moctatoyHo 7-16 wmreparuit. Obmactu

R, B nanpHeiimem OymyT HMEHOBATbCS paH208biMU, & OOJNACTH

D, — oomennvimu.

NMOCTPOEHUE ANFTOPUTMA

Kak yxe cTamo O4eBHIHBIM W3 HM3JIO)KEHHOTO BBIIIE, OCHOBHOM
3a/1ayeil MPU KOMIIPECCHH (PPaKTaITBHBIM aJIFOPUTMOM SIBJISICTCS Ha-
XOXKICHUE COOTBETCTBYIOMMX adUHHBIX NpeodpazoBaHuii. B ca-
MOM OOIIIeM CITydae Mbl MOXKEM IIEPEBOJUTH JIOOBIC MO pa3Mepy U
dhopme oOmactu M300paKEHUsS, OJHAKO B 3TOM CIIydae IOJIydaeTCs
ACTPOHOMHYECKOE YHCIIO MepeOupaeMbIX BapHaHTOB pa3HBIX (par-
MEHTOB, KOTOPOE HEBO3MOXKHO 00paboTaTh HAa TEKYIIUl MOMEHT Jia-
JKe Ha CyIepKOMIIbIOTEpE.

B yuebnom eéapuanme ancopumma, n3noxxeHHOM Jajiee, caena-
HBI CJIeIyIOIIE OTPAaHUYCHHS Ha 00IacTH:

1) Bce obnactu seasiomes keadpamamiu co CMOpoOHaAMU, Napa-
JIENIbHBIMU CIMOPOHAM U300padcerus. DTO OTpaHUYEHHE JOCTa-
TOYHO XecTKoe. PaKTHIeCKn MBI coOMpaeMcs anmpoKCUMHUPO-
BaTh BCE MHOT000pa3ue reoMeTpHUECKUX (QUTyp JHIIL KBaJIpa-
TamHu.

2) [Ilpm mepeBome AOMEHHOH OO0JACTH B PAaHTOBYIO YMEHBIIICHUE
pa3MepoB MPOU3ZBOTUTCS POGHO 8 08a pa3d. ITO CYIIECTBEHHO
YIPOIIaeT Kak KOMIIPECCOp, TaK M AEKOMIIpeccop, T.K. 3ajada
MacmTaOUpoBaHusT HeOONMbIMUX 00NacTell SBISETCS HETPHBH-
AJbHOM.

3) Bce moMeHHBIE OJIOKM — KBaApPAThl U UMEIOT QuUKCUPOBAHHDBIL
pasmep. V300pakeHne paBHOMEPHOH CETKOH pa30MBacTCs Ha
HabOp JOMEHHBIX OJIOKOB.

4) JloMeHHbIe 00JIacTH OEpyTCs «uepes mouky» u no X, u no Y, 94ro
cpa3y yMeHbIaeT nepedop B 4 pasa.

5) Ilpm mepeBome AOMEHHOH O0JAcTH B PaHTOBYIO IOBOPOT KyOa
Bozmosker monvko na 0°, 90°, 180° unu 270°. Taxke momyckaer-
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cs 3epKabHOE oTpakeHne. OOIIee 9MCcIo BO3MOXKHBIX Tpeodpa-

30BaHMH (CUHTAs IMycTOe) — 8.
MacmrabupoBaHue (CkKaTrue) Mo BEPTHKAIH (SIPKOCTH) OCYIIe-
CTBIISIETCS 8 huxcupogannoe yucio paz — B 0,75.

OTH OrpaHUveHUsl TO3BOJISIOT:

[TocTpouTh aaropuT™, AJisi KOTOPOTO TpeOyeTcsi CPaBHUTEIHHO
MaJloe YMCIIO OINEepaluil Jaxe Ha JOCTaTOYHO OONBIIUX H30-
OpaKCHUSX.

OdeHb KOMITAKTHO TIPEJICTABUTH JAaHHBIC JJISl 3alMCH B (aii.
Ham tpebyercs Ha kaxknoe ahdunHoe nmpeodpaszoBanue B IFS:

e JBa 4YWCNA JUIS TOrO, 4TOOBI 33]aTh CMEIICHHE JIOMEHHOTO
Ooka. Ecnmi MBI orpaHMYMM BXOJHBIC HM300pa)KEHUS pa3Me-
pom 512x512, To mocrarodHo O6yAeT mo 8 OWT Ha KaKI0e JYmC-
JI0.

e Tpu OWTa IJIs TOTO, YTOOBI 3a7aTh MPEOOpPa3OBaHNEC CHMMET-
PHIH TIPH TIepPEBOJIe JOMEHHOTO OJIOKA B PAHTOBBIH.

e 7-9 Out mns Toro, 9ToOBI 3a4aTh CABUT I10 SIPKOCTH TIPH TIEpe-
BOJIC.

HNudopmaruio o pazmepe OJIOKOB MOKHO XPAaHHTHh B 3ar0JIOBKE

(haiina. Takum 00Opa3oM, Mbl 3aTpaTHid MeHee 4 OaiiT Ha oaHO ad-
¢bunHHOE TIpeoOpa3oBaHue. B 3aBUCHMOCTH OT TOro, KakoB pasmep

66
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0JI0Ka, MOYKHO BBICUHMTATh, CKOJIEKO OJIOKOB OyIeT B M300paKCHUH.

Takum 00pa3oM, MbI MOXEM TOJIYYHUTh OICHKY CTEIICHH KOMITpec-

CHIH.

Hampumep, mis daitna B rpaganusx ceporo 256 museros 512x512
MUKCEJIOB MpH pa3Mepe 0j10ka 8 mukcenoB adGUHHBIX MPeodpa3oBa-
Huit Oynmer 4096 (512/8-512/8). Ha kaxmoe motpebyercs 3.5 Oaiita.
CreroBaTeNIbHO, €CJIM UCXOMHBIN (aitn 3anmman 262144 (512-512)
Oaiit (Oe3 ydera 3aroyioBka), To aiiia ¢ koaddunrentamu Oyaer 3a-
HuMath 14336 Gaiir. Ctenens cxxatus — 18 pas. Ilpu s3ToM MBI He
y4UTBIBaEM, 4TO (aitl ¢ kKo3duiHeHTaMH TOKE MOXKET 00J1a1aTh
W30BITOYHOCTRI0 M apXHUBHPOBATHCSI METOJOM apxuBamuu 0e3 To-
Tepb, Hanpumep LZW.

OTpuriarenbHbIe CTOPOHBI MPEJII0KEHHBIX OTPaHNYCHHN:

1) TIlockonbky Bce 00JacTH SIBISIOTCS KBaJpaTaMH, HEBO3MOXKHO
BOCIIOJIb30BAThCs 10100MEM OOBEKTOB, MO (OopMe JAIEKHX OT
KBaJ[paToB (KOTOpbIE BCTPEYAIOTCS B PEATBHBIX M300paKCHHAX
JIOCTaTOYHO YacTo.)

2) AHaJIOTrMYHO MBI HE CMOXKEM BOCIIOB30BATHCS MOA00HMEM 00B-
€KTOB B HM300pakeHWH, Kod(PPuImeHT mogodus Mexmay KOTo-
PBIMH CHJIBHO OTIIMYAETCS OT 2.

3) AJropuT™M HE CMOXKET BOCIIOJIb30BAaThCs M0J00MEM OOBEKTOB B
M300paKeHHH, YOI MEKIy KOTOpbIMH He kpater 90°.

TakoBa mara 3a CKOPOCTb KOMIIPECCHH U 3a TMPOCTOTY YIMAKOB-
KM KO3 GHUIIUCHTOB B (aii.

CaM anropuT™M YHakOBKH CBOJUTCS K Mepedopy BCeX JTOMEHHBIX
OJIOKOB M TIOJI00PY JUTS KaXKIOTO COOTBETCTBYIOIIETO €My PaHIOBOTO

Oyoka. Hmwke mpuBOAUTCS cXeMa 3TOTO aaTropuTMa.
for (all range blocks) {

min distance = MaximumDistance;
Rjj = image->CopyBlock (i, j);
for (all domain blocks) { // C moBopoTamu M OTp.

current=KoopIomMHaTe TeK. Npeobpa30BaHUA;

D=image->CopyBlock (current) ;

current distance = Rij.L2distance(D);

if (current distance < min distance) {
// Ecnu xosdbmuumeHTH best xyxe:
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min distance = current distance;
best = current;
}
} // Next range block
Save Coefficients to file(best);
} // Next domain block

Kax BuIHO M3 IPUBEIECHHOTO aJTOPUTMA, ISl KaKJO0TO PAaHTOBO-
ro OJIOKa JieaeM ero MpoBepKy O BCEMU BO3MOKHBIMH JIOMEHHBIMHU
OokamMu (B TOM YHCJIE C TPOIICANIAMHU MPeoOpa3oBaHUE CHMMET-
pUH), HaXOOUM BapHWaHT C HAMMEHBINECH Mepoi L, (HauMEHBITUM
CpEIHEKBa[PaTHYHBIM OTKIOHEHHEM) M COXpaHseM KOd(PQHUIINEHTHI
aToro npeodpasoBanus B daitn. Koabduimenrsr — 310 (1) Koopau-
HaThl HaheHHOTO OjoKa, (2) wucio ot 0 mo 7, xapakTepHu3ylomee
nmpeoOpa3oBaHue CUMMETPHUH (IIOBOPOT, OTpaxkeHue Oyoka), u (3)
CABHT TI0 SAPKOCTH JJIsi 3TOW maphl 070KoB. CHBHT 1O SPKOCTH BBI-
YUCIIAETCS KaK:

n n n n
0= S5, -3 |
i=1 j=1 i=1 j=1
e r; — 3HAYCHUs NUKCEJIOB paHrosoro Onoka (R), a d; — 3Ha-
YeHUsI MUKCEeN0B JoMeHHoro 6noka (D). Ilpu sTom Mepa cunTaercs
Kak:

n n
d(R,D)=Y">(0.75r,+q —d,)*.
i=1 j=1
MBI He BBIUMCIIAEM KBaJpaTHOTO KOpHA U3 L, Mephl U He penum
ee Ha #, IOCKOJIbKY JaHHbIe MpeoOpa3oBaHUsT MOHOTOHHBI M HE TO-
MEIIA0T HaM HAWTH 3KCTPEMYM, OJJTHAKO MBI CMOXEM BBINOIHATH HA
JIBE OTIepaly MEHBIIE IS KaKI0ro O1oKa.
[Tocuntaem KonMM4YecTBO onepauuii, HEOOXOJUMBIX HaM JIsl CxKa-
THS N300pakeHns B rpafgauusx ceporo 256 nsetoB 512x512 nukce-
JIOB TIpH pa3mepe 010Ka 8 MHKCETOB:

YacTb NpOrpaMmasl Yucio onepanuii

for (all domain blocks) 4096 (:512/8512/8)
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for (all range blocks) + 492032 (=(512/2-8)* (512/2-8)*8)

symmetry transformation

Boruucnenue g u d(R,D) > 3*64 omeparuii «+»
> 2*64 omepanuii «-»
Hror: > 3% 128.983.236.608 omeparuii «+»

> 2% 128.983.236.608 omepartuii «-»

Takum 06pazoM, HaM yIaIOCh YMEHBITUTL YHCJIO OIepaIuii aj-
TOPUTMa KOMIIPECCHMHU [0 BIIOJHE BBIYHCISAEMBIX (ITyCTh M 32 HE-
CKOJILKO 9acOB) BEJTUIHH.

CXEMA ANIFTOPUTMA JEKOMIMPECCUU U30BPAXEHUN

Jlexommpeccusi anroputMa (QpaKkTaabHOIO CKATHS YPE3BBIYAHO
npocTta. HeoOXoauMo mpoBecTH HECKOJIBKO HTEPAIMN TPEXMEPHBIX
adPuHHBIX npeobpa3zoBaHuil, KO3QOUINEHTH KOTOPHIX OBLIM MOJY-
YEHBI HA ATare KOMIIPECCHUHU.

B kadecTBe HauanbHOrO MOXKET OBITH B3STO A0OCONIOTHO JIFOOOE

n300pakeHue (HarmpuMep, abCONFOTHO YEPHOE), MTOCKOJIBKY COOTBET-
CTBYIOLIUI MaTeMaTUYECKUN anmapar rapaHTUPYeT HaM CXOJUMOCTh
MOCIIEIOBATEIEHOCTH N300paKCHHUI, TTOTYyYaeMbIX B XOJIe UTepaIuil
IFS, x HemomBmwXHOMY H300pakeHUIO (OJHM3KOMY K HUCXOJHOMY).
OOBIYHO /IS 3TOTO IOCTATOYHO 16 UTepanuii.
[IpounTaeM M3 Qanya ko>PIMULUMEHTH BCex OJIOKOB;
CozpmamyM uepHOe M300paxeHMe HYXHOTO pasMepa;
Until (u306paxeHre He CTaHET HENOIBMWXHHM) {

For (every range (R)) {

D=image->CopyBlock (D coord for R);

For (every pixel(i,j) in the block({
Rij = 0'75Dij + ogs

} //Next pixel

} //Next block
}//Until end

ITockosbKy MBI 3anmUChIBATA KO3()QUIHMEHTHI UIs 610KOB R;; (KO-
TOpbIE, KaK MBIl OTOBOPWJIM, B HAaIllEM YaCTHOM CIy4ae SIBISIFOTCS

KBaJJpaTaMu OJMHAKOBOI'O pa3Mepa) nocnedoeameﬂbﬂo, TO IoJIy4da-
€TCsA, YTO MbI IOCJICAOBATCIIbHO 3aIllOJHACM I/I306pa)KCHI/I€ IO KBana-
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paTaM CeTKH pa30MeHUs UCIIONb30BaHuEM adhUHHOTO MpeodpazoBa-
HUSL.

Kak M0XHO MOACYUTaTh, KOJTUYECTBO OMNEpaIlii Ha OJUH MHUKCET
M300pakeHHs B TPAJAIUsIX CEpOro MPH BOCCTAHOBICHWN HEOOBIYaii-
HO Mauto (N omepartuii CIIoKeHuS «+» 1 N oneparnuil YMHOKCHHS «-»,
rae N — KOJHM4YecTBO WTepaiui, T.e. 7-16). bmaromaps stomy, me-
KOMIIpeccHus: n300paxeHnii s (ppakTambHOTO aIropyuTMa MPOXOIUT
OwIcTpee mekommpeccud, Hampumep, mist anropur™ma JPEG. B mpo-
croit peammsaruu JPEG Ha Touky mpuxomautcs 64 omeparuu cioxe-
HUA «+t» 1 64 omepariiy yMHOXKEHUS «-». [Ipu peanm3anun ObICTpOTO
JKII MOXkHO TOJIYyYUTh, 7 CIOKEHUH U 5 YMHOXXEHUH Ha TOYKY, HO
aTo 0e3 yuera maroB RLE, kBaHTOBaHMs U KoaupoBaHus o Xadd-
Many. [Ipu 3TOM anst QpakTaNbHOTO aJropuTMa YMHOMKEHHE IMPO-
WCXOAWT Ha paIiOHAIBHOE YHWCIO, OJHO IJIS KaXIoro Oioka. JTo
03HAYaeT, YTO MBI MOYKEM, BO-TIEPBBIX, HCIIOJNB30BATh IIEJIOUNCIICH-
HYIO PalMOHAIILHYIO0 apu(METHKY, KOTopasi ObicTpee apupMETHKH C
MaBaroed ToUYKoi. Bo-BTOPBIX, MOKHO MCIOJIb30BaTh YMHOXKEHUE
BEKTOpa Ha YUCJIO — 0O0JIee MPOCTYI0 U OBICTPYIO OIEpaITHio, 9acTo
3aKJIaABIBAEMYIO B apXUTEKTYpy mporieccopa (mporeccops! SGI, Intel
MMX, Bektopuble onepamuu Athlon u T.1.). [ mMOMHOIBETHOTO
M300paKeHUSI CUTyallusl KauyeCTBEHHO HE H3MEHSAETCS, MOCKOJIBKY
MepeBo] B APYroe IBETOBOE MPOCTPAHCTBO HMCIOIB3YIOT 00a anro-
puUTMa.

OLEEHKA MOTEPb U CNOCOBbI UX PEFYNUPOBAHUSA

IIpm kpaTkoM H3IOKEHUH YIPOIIECHHOTO BapHaHTa ajlropuTMa
ObUIM TPOMYIICHBI MHOTHE Ba)kKHBIE Bompochl. Hampumep, uto ne-
JaTh, €CIM AITOPUTM HE MOKET 1Moxo0paTh AJs Kakoro-mubo ¢par-
MeHTa n300paxeHus: MoJoOHbIH emy? JlocTaTouHO OYeBHAHOE pe-
HIeHue — pa30uTh 3TOT parMeHT Ha Ooyee MEJKHE, U MOMbITATHCS
MOMCKATh JUIsl HUX. B TO Xe BpeMs HOHATHO, YTO 3Ty HPOLERYpPY
HEJb3s TOBTOPSATH A0 OECKOHEYHOCTH, MHAYe KOJMYECTBO HEO0OXOo-
JUMBIX MpeoOpa3oBaHUi CTaHET TaK BEJIUKO, YTO alTOPUTM Iepe-
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CTaHeT OBITh ATOPUTMOM Kommpeccud. ClieoBaTebHO, MBI JIOTYC-
KaeM MOTePH B KAKOW-TO YaCTH U300paKeHUsI.

Jnist ppakTanbHOTO alrOpUTMa KOMIIPECCHH, KaK M JUIsl JPYTHUX ajl-
TOPUTMOB CXKaTHSl C TOTEPSIMH, OYCHb BAXKHBI MEXaHU3MBI, C TIOMO-
HIBI0 KOTOPBIX MOXKHO OY/ET peryiupoBaTh CTENEHb CXKATHS U CTe-
MeHb moTeph. K HacTosIeMy BpeMeHH pa3pabdoTaH TOCTaTOYHO OOIIb-
110 Habop TaKWX METOJIOB. BO-IIEepBBIX, MOYKHO OTPaHUYUTH KOJIHYE-
cTBO adPuHHBIX MpeoOpa3oBaHUil, 3aBEIOMO OOCCICUHB CTEIEHb
CKaThsl He HIKE (PUKCUPOBAHHOW BENWYMHBI. BO-BTOPBIX, MOXKHO IT0-
TpeOOBaTh, YTOOBI B CHUTYaIlWH, KOTAa pa3HUIA MEXITy oOpadaTbiBac-
MBIM (PparMeHTOM ¥ HAWIYYIIAM €ro MpUOIMKEeHHEeM OyIEeT BBIIIe
OIIPEICIIEHHOT0 TIOPOTrOBOTO 3HAYCHUS, ATOT (hparMeHT APoOMIICs 00s-
3aTeIbHO (TSI HETO 00SI3aTENBLHO 3aBOAMTCS HECKOJBKO «IMH3»). B-
TPETBUX, MOXKHO 3alPETHTh JIPOOUTH (parMeHThl pa3MepoM MEHBIIIE,
JIOIYCTUM, YeThIpeX TOo4YeK. VI3MeHsis OpOoroBbie 3HAUCHHUS U TIPHOPH-
TET 3THX YCIIOBHH, MbI OyJeM O4YeHb THOKO YIIPaBJATh KOIPQUIINCH-
TOM KOMITPECCHUH M300paKCHUsI B AUAIa30HE OT MOOUTOBOTO COOTBET-
CTBUS JTO JTFOOOH CTENEHM CXKATHUA. 3aMETHM, YTO dTa THOKOCThL OymeT
ropaszio BhIlle, YeM Yy ONMKalIlero «KOHKYypeHTa» — alropuTMa
JPEG.

XapakTepucTHKH (PPaKTATBHOIO AJITOPUTMA :
Crenennb c:katusi: 2-2000 (3amaercs monbp30BaTeNeM).

Knace wu3oOpaskenmii: IlomHornBerHble 24 OWTHBEIC
M300pKCHHAS WM M300paKEHUS B TPalalHsIX CEeporo
0e3 pe3kux mepexonoB LBeToB ((ororpadun). XKema-
TETHHO, YTOOBI O0JacTH OOJNbIICH 3HAYMMOCTH (IS
BOCIIPHATHS) OBIIH O0Jiee KOHTPACTHBIMH M PE3KHMH, a
00TacTH MEHBIIEH 3HAYUMOCTH — HEKOHTPACTHBIMH U
Pa3MBITBIMH.

CummerpuyHocTs: 100-100000

XapakTtepHble 0co6eHHOCTH: MoOXeT CBOOOJHO Mac-
mTabupoBaTh M300paKEHUE TPH pa3apXHBaIlUH, YBe-
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TUYuBas ero B 2-4 pa3a 0e€3 MOSBIICHUS «ICCTHHIHOTO
s dexray. [Ipu yBeTHdeHUHN CTEIICHH KOMITPECCHH T10-
SBISIETCST «OJIOUHBIN» 3(PQPeKkT Ha rpaHumax OJIOKOB B
N300paKCHHH.

PekypcuBHbIN (BONTHOBOW) anroputm

AHIIIMIicCKOe Ha3BaHUE PEKypCHBHOTrO cxartms — wavelet. Ha
PYCCKHIA SI3BIK OHO MEPEBOJUTCS KaK BOJTHOBOE CXKAaTHE, KaK CHKaThe
C WCIOJNB30BAaHUEM BCIUIECKOB, a B TIOCJICIHEE BpPEeMs U KaJbKOH
BOHUBIIET-CoKATUE. DTOT BHJ| apXHUBAIMU U3BECTEH JTOBOJHHO JTaBHO U
HANPSMYI0 UCXOJUT U3 UJICH HCIIOJIb30BaHUS KOTEPEHTHOCTH 00Jac-
Tell. OpUCHTHPOBAH AITOPUTM Ha IIBETHBIC M YEPHO-OeIibie M300pa-
JKEHUS ¢ TUIaBHBIMH Tiepexojgamu. WpieaneH uisi KapTUHOK THIA
PEHTTEHOBCKUX CHUMKOB. CTEIEHb CXKATHS 3a/1ae€TCS U BapbUPYyeTCS
B mpeaenax 5-100. [Ipu monbiTke 3a1aTh 0ONBLIINIA KOIGOUIHEHT Ha
Pe3KUX TpaHUIaX, 0COOCHHO MPOXOMANIUX MO JTUATOHAIU, TPOSBIs-
eTCS «JICCTHUYHBIN 3((HEKT» — CTYNECHBKH Pa3HON SIPKOCTH pa3Me-
POM B HECKOJIBKO TTUKCEIIOB.

Wnes anroputMa 3akitoyaeTcs B TOM, YTO MBI COXpaHseM B (paiin
Pa3HUILy — YHCIIO0 MEX]Yy CPSIHUMH 3HAYCHUSIMU COCEAHHUX OJIOKOB
B U300pakeHUH, KOTOpas OOBIYHO MPUHUMAET 3HAYCHUS, OMU3KHUE K
0.

Tak nBa 4mcna ay M dy BCETNIa MOXKHO TPEICTAaBUTh B BUJC
b'=(ayi+ay)/2 u b’ =(ay~ay;1)/2. AHATOTUYHO TIOCIEN0BATEILHOCT
@; MOKeT OBITH OMAPHO MNEPEBEICHA B TI0CIEN0BATEILHOCTD b,

Pazbepem KOHKpPETHBIN MPUMED: ITyCTh MBI CKUMAEM CTPOKY H3 8
3HaueHWH spkocTu TmukcenoB (a;): (220, 211, 212, 218, 217, 214,
210, 202). MsI moJTy9uM CHEIYFOIINE MOCIEA0BATEIIBHOCTH b, u b’
(215.5, 215, 215.5, 206) u (4.5, -3, 1.5, 4). 3ameTuM, 4TO 3HAUCHUS
b’; noctatouno 6musku k 0. [ToBTopuM onepammio, paccMatpuBas b’;
Kak a;. JlaHHOE neficTBUE BRIMOIHICTCS Kak Obl pEKYpPCHBHO, OTKYZa
¥ Ha3BaHMe anroputMma. Mbl nomyuuM u3 (215.5, 215, 215.5, 206):
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(215.25, 210.75) (0.25, 4.75). Ilony4yennbie K03()PHUIUEHTHI, OKPYT-
JIMB JIO TIETIBIX W CXKaB, HAITPUMED, C TOMOIIBI0 anroputMa Xaddma-
Ha ¢ GUKCUPOBAHHBIMH TaOIUIIAMHU, MBI MOXKEM TTIOMECTHTH B (haiii.

3aMeTHM, YTO MBI IPUMEHSIJIH Hallle TIPeoOpa3oBaHue K IEMOYKe
TOJILKO JiBa pa3a. PeaslbHO MBI MOXKEM IO3BOJUTH ceOe MPUMEHEHUE
wavelet- mpeoOpa3oBanus 4-6 pas. bojee TOro, JOMOTHUTEIBHOE
C)KaTHEe MOXKHO TOJYYHTh, UCTONB3Ysl TaOIuIpbl anroputMa Xadd-
MaHa ¢ HEPaBHOMEPHBIM MaroM (T.e. HaM MPHUJIETCS COXPAHITh KOJI
Xaddmana mus Ompkaimmero B TaOnwIe 3HAYEHUS). OTH TPHUEMBI
MO3BOJISFOT JIOCTUYh 3aMETHBIX CTETICHEH COKATHS.

Ynpaxknenue: Mbl BOCCTaHOBWIIM M3 (paiijia LEMOUKY
(215, 211) (0, 5) (5, -3, 2, 4) (cm. mpumep). ITocTpoiite
CTPOKY W3 BOCBMH 3HAYEHHUU SIPKOCTHU IMHUKCEIOB, KOTO-
PYIO BOCCO3/IaCT aJITOPUTM BOJIHOBOTO CXKATHSL.

AnTopuT™M 171 IBYMEPHBIX IaHHBIX pEalU3yeTcs AaHATIOTHYHO.
Eciu y Hac ecTb kBaapar u3 4 TOUEK C APKOCTAMHU ay; ), Aoir1, 25 A2 2i+15
H Ay, 211, TO

o _

bi,j = (a2i,2j F i1 T Ao T a2i+1,2j+1)/4
2

bi,j = (a2i,2j 0 T Dyini T a2i+1,2j+1)/4
3 _

bi,j = (a2i,2j Ty TGy T a2i+1,2j+1)/4

4 _
bi,j = (a2i,2j Ty T D T a2i+1,2j+1)/4

B! B’

HUcxomnoe

KHura “MeToabl cxxatusa aaHHbIX”. ISBN 5-86404-170-X 73
http://compression.graphicon.ru/



http://compression.graphicon.ru/
http://compression.graphicon.ru/

Memodsbi cxamus AaHHbIX / An2opummMbi c)Xamusi u3obpaxeHui
http://compression.graphicon.ru/

n300pakeHne

B? B*

Ucnone3ys 3t dopmyiel, Mbl aiast uzobpaxkenus 512x512 nuk-
CEJIOB MOJIYYHM TIOCIIe MEPBOro npeodpazoBanus 4 MaTpULBl pa3Me-
poM 256x256 31eMEHTOB:

B mepBoii, kak Jerko goragatbes, OyAeT XpaHUTHCS yMEHBILEH-
Has Komus u300paxkeHus. Bo BTopoii — ycpeaHeHHbIe pa3HOCTH Map
3HAUEHUI MUKCEIOB MO TFOPU3OHTAIM. B TpeTbell — ycpeaHeHHbIE
Pa3HOCTH Tap 3HAYCHUI MUKCEJIOB MO BEpTUKaIW. B ueTBepToil —
yCpeOHEHHbIE pa3HOCTH 3HAUYEHUH MUKCEI0B 1o auaroHanu. Ilo ana-
JIOTHH C IByMEPHBIM CIIy4aeM MbI MOKEM MOBTOPUTH Halle mpeodpa-
30BaHUE U MOIYYUTh BMECTO MEPBON MAaTPUIIBl 4 MaTpHUIBI pa3sMeEPOM
128x128. [loBTOopHUB Hame npeoOpa3oBaHUE B TPETHUH pa3, Mbl MOITY-
yuM B utore: 4 matpuubl 64x64, 3 marpuns! 128x128 u 3 mMarpuibl
256x256. Ha npaktuke npu 3amucu B (aiisl, 3HaUCHUAMH, MOTydae-

. 4
MbIMH B mocienHei crpoke (b, ;), O0OBIMHO mpeHeOperaroT (cpasy

MoJIy4yasi BRIMIPBIII IPUMEPHO HA TPETh pasMmepa (aima — 1- 1/4 -
1/16 - 1/64...).
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K mocromHCcTBaM 3TOr0 anropuTtMa MOXHO OTHECTH TO, YTO OH
OYEHB JIETKO MO3BOJIIET PEaTn30BaTh BO3MOXKHOCTH TOCTETICHHOTO
«IIPOSAB—IICHU» M300paKeHUs MPH Nepeaade N300pakeHus 1Mo CeTH.
Kpome Toro, mockoyibky B Hadaje WU300pakeHUsT Mbl (DaKTHUECKU
XpaHUM €r0 YMEHBIICHHYIO KOIHIO, YIPOIIAeTCsl ToKa3 «orpyOieH-
HOT0» H300pa)KEHUSI 110 3aTOJIOBKY.

B otinume ot JPEG u ¢pakTagpHOro ajaroputMa JTaHHBIA METOI
HE omepupyeT O6J0KaMu, HarpuMmep, 8x8 mukcenos. TouHee, MBI or1e-
pupyeMm Oiokamu 2x2, 4x4, 8x8 u 1.1. OgHAKO 32 CYET TOTO, YTO KO-
3 purmenTs! A 3THX 0JOKOB MBI COXpaHsSIeM HE3aBHCHMO, MBI MO-
’KEM TOCTaTOYHO JIETKO M30eXaTh APOOJICHHS N300paKeHHAS HA «MO-
3aMYHBIC)» KBaIPATHI.

XapakTepuCTHKH BOJIHOBOIO AJIrOPUTMA:
Crenenb: 2-200 (3agaercs moab30BaTENEM).

Kaacc n3o6paxkennii: Kak y ¢ppaxransrnoro u JPEG.
CuMMeTpHYHOCTD: ~1.5

XapakTepHble ocodeHHocTH: KpoMe TOro, mpu BBICO-
KOH CTEICHHM CXKaTUs M300pa)KCHME pachajacTcs Ha
OTIENbHBIE OJIOKH.

Anroputm JPEG 2000

Anroputm JPEG-2000 pa3zpabotaH TOH e IpyIIoN 3KCIEPTOB B
obnactu ¢ororpaduu, uro u JPEG. ®opmuporanue JPEG kak mex-
QYHapOIHOIO cTaHnaapra Obulo 3akoH4YeHO B 1992 rony. B 1997 cra-
JIO CHO, YTO HEOOXOIUM HOBBIM, Oojee TMOKHMI M MOIIHBINA CTaH-
JapT, KOTOphIid 1 Obu1 gopaboTan Kk 3ume 2000 roga. OCHOBHBIE OT-
mnuus anroputMa B JPEG 2000 ot anroputrma B JPEG 3akmrouarorcs
B CIIETYIOIIEM:!

1. Jly4ymee kauyecTBO M300pakeHUsl MPH CHIIbHOM CTeNeHH CiKa-
THA. Wy, 4To TO ke camoe, 0oIbIIasi CTeNeHb CXKaTH IIPH TOM
e KauecTBe AJIS BBHICOKMX CTeleHed ckaTus. DakTH4ecku 3To
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03HayaeT 3aMETHOE YMEHBIIeHHE pa3mepoB rpaduku «Web-
KadecTBay, HCIIOIL3YEMOU OOJIBITMHCTBOM CaHTOB.

Ioanep:kka KoAMPOBAHUS OTAEJbHBIX 00JacTell ¢ Jy4lINM
KayecTBOM. M3BeCTHO, YTO OTAEIbHBIE 00JIACTH M300paKEeHUS
KPUTHUYHBI JUTS BOCIIPHATHS YEIOBEKOM (HarpuMmep, riasza Ha ¢o-
Torpaduu), B TO BpeMs KaK KaueCTBOM IPYTUX MOXHO MOXKEPT-
BOBaTh (HampuMep, 3aHUN TUTaH). [Ipn «pydHOID» ONTUMU3AINH
YBEJIMYEHHUE CTENEHH CXKAaTHsl MPOBOAUTCS A0 TEX IOp, MOKa He
OyIeT MoTepsIHO KauyeCTBO B KAKOW-TO BXKHOHM YacTH M300paxe-
Hus. Ceifuac OABIAETCS BO3MOXHOCTE 337aTh KaueCTBO B KPH-
TUYHBIX OOJACTAX, C)KaB OCTaJbHBIE OOJIACTH CHIIbHEE, T.€. MBI
NoJy4aeM erie OOJbINYI0 OKOHYATEIbHYI0 CTEIEeHb CKATHS MPU
CyOBEKTHBHO PaBHOM Ka4ueCTBE N300PaKCHUS.

OcHOBHOM aJropurT™m cxatusi 3amMmeHeH Ha wavelet. ITomumo
YKa3aHHOTO TIOBBIIMIEHHUS CTEIIEHN CXKATHUSA 3TO IO3BOIIIO M30a-
BUTHCS OT 8-MTUKCENBHOIN OJOYHOCTH, BOSHHUKAIOIIEH MIPU MOBBI-
IIEHWH CTereHu cxkaTus. Kpome Toro, 1utaBHOe mNposBIEHHE
M300paKEeHHS TeTeph M3HAYAIBHO 3allokeHo B craHaaptT (Pro-
gressive JPEG, aktuBHO mpuMeHseMblii B MHTepHET, TOSBHIICS
MHoro nio3aHee JPEG).

JlJ1s1 MOBBIIIEHUSI CTEMEeHU CKATHA B AJITOPUTME HCMOJIb3Y-
ercsl apudmernyeckoe cxatue. V3HawarbHO B CTaHAapTe
JPEG Taxxe ObUIO 3aJTI0KEHO apu(pMETHIECKOE CKATHE, OJHAKO
M03HEee OHO OBLIO 3aMEHEHO MeHee 3 (EKTUBHBIM CKATHEM I10
XaddmaHy, TOCKONIBKY apU(PMETHUECKOE CKAaTHE OBLIO 3alllH-
meHo mateHtamu. Celdac CpOK NEHCTBHUS OCHOBHOTO IATCHTA
HCTEK, U MOSIBIJIACH BO3MOXKHOCTD YIYUIIUTh aITOPUTM.
IHoanep:kka cxaTus 6e3 norepb. [loMIMO IPUBBIYHOTO CXKATHS
¢ motepsimu HOBBIM JPEG Temeps OyneT moamepKuBaTh M CxKa-
tHe 6e3 moteph. TakuM 00pa3oM, CTAHOBUTCS BO3MOXHBIM HC-
nosib3oBanue JPEG must cxxaTuss MEIUITMHCKAX HW300paKeHUH, B
noymrpaduu, MIPU COXpaHESHUHU TeKcTa moxa pacno3HaBanue OCR
CHUCTEMaMH U T.[.
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IMonnep:xkka c:kaTus OAHOOMTHBIX (2-I[BETHBIX) H300paiKe-
Huii. s coxpaHeHUs OMHOOMTHBIX H300paKeHUN (PUCYHKH
TYIIbIO, OTCKAaHUPOBAHHBIA TEKCT M T.I.) paHee MOBCEMECTHO
pexomernmoBaics Gopmar GIF, mMOCKONBKY cKaTHE ¢ MCIOIB30-
BanueM JIKII Becbma He3((HEKTUBHO K M300PAKEHUSAM C PE3KH-
Mu niepexonamu neeToB. B JPEG npu cxxatun 1-6utHas kapTuH-
Ka TMIPUBOINIIACEH K 8-OWTHOM, T.€. YBEITMYHBAIACh B 8 pa3, MocCIie
4ero Jienanach MOMbBITKA C)KAMaTh, HEPEIKO MEHee YeM B 8 pas.
Ceitgac moxuo pexkomernoBatsh JPEG 2000 kak yHuBepcaabHBIH
AITOPHUTM.

Ha ypoBHe ¢opmarTa nmoanep:kuBaercsi Ipo3pavyHocTh. [Inas-
HO HakjaapiBaTh (GoH mpu cozmanuu WWW crpaHull Tenepb
MoxxHO Oyzaer He Toabko B GIF, Ho 1 B JPEG 2000. Kpome Toro,
MTOICPYKUBACTCS. HE TOJBKO 1 OWUT Mpo3padyHOCTH (ITHKCEN TIPO-
3padeH/Henpo3paycH), a OTJCIbHBINA KaHajl, YTO TO3BOJIUT 3a]ia-
BaTh TUIABHBIN MEPEX0/ OT HEMPO3PaYHOT0 U300paKeHUs K MpPo-
3payHoMy (OHY.

Kpome Toro, Ha ypoBHE popMaTa MoJep>KUBAIOTCS BKIIIOUCHHE B

n3o0paxenne nHGOPMAIMU O KOTIHPANTE, MOAePKKa YCTOMUHUBOCTH
K OMTOBBIM ONIMOKAM TpH Mepejade U MHPOKOBEIIaHNH, MOXKHO 3a-
NpanMBaTh JJIsl ACKOMIPECCHU WM 00pabOTKH BHEUTHHE CPEJICTBA
(plug-ins), MOXHO BKJIFOYATh B M300pakeHUE €ro OomucaHue, nHHOop-
MAIIHIO JIJIsl TIOUCKA U T.J.

WOEA ANTOPUTMA

bazoBas cxema JPEG-2000 oyeHp moxoka Ha 0a30BYyIO CXeMy

JPEG. OTnuuus 3aK1r04aroTcs B CACAYIOIIEM:

1) Bwmecro muckperHoro kocuHycHoro mnpeoOpazosanus (DCT)
UCIIOJIB3YETCSl TUCKPETHOE BaMiBIeT-peodpazoBanue (DWT).

2) Bwmecrto koaupoBanusa no Xaddmany UCHoIb3yeTcs apugpme-
THUYECKOE CHKaTHeE.

3) B anropuT™ H3HAYaJIbHO 3AJI0KEHO YNPABICHUE KaueCTBOM
oOmacTeil n300paKeHHUI.
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4) He wucnonp3yercsi ABHO mucKpern3arus kommoHeHT U u V
mocie TpeoOpa3oBaHMs BETOBBIX MPOCTPAHCTB, MOCKOIBKY
mpu DWT MoXHO AOCTHYL TOTO Xe pe3yibrara, HO Oojee
aKKypaTHO.

1. CBur
o
SIPKOCTH

2.RGB B 3. 4. KBaHTO- 5. Apudpme-
YUV DWT BaHHE THYECKOE
cKaTHe

Konseiiep onepanuii, ucnoans3yemslii B anropurme JPEG-2000.

PaccMoTpum anroput™ 1o maram.

Hlar 1.

B JPEG-2000 npemxycmotpen cupur sipkoctu (DC level shift) ka-
xnoit komnoneHTsl (RGB) n300paxkenus nepen npeodpa3zoBaHUuEM B
YUV. D10 nenaetcs sl BBIpaBHUBAHUS AMHAMUYECKOTO JUAINa30Ha
(mpubnmxenust Kk 0 TUCTOrpaMMBbl YacTOT), YTO MPHUBOIUT K YBEJIH-
YCHHUIO CTETeHU Ckatus. Dopmyny mpeoOpa3oBaHMs MOXKHO 3allv-
caTh Kak:

I'(an’):[(an’)—st_l

3nauenue crencHu ST miIsg kak kaxaor koMmnoHeHTHI R, G u B
cBOC (OmpeenseTcs Mpu CXaTuu KoMmrpeccopom). Ilpu BoccTaHOB-
JICHUH N300paKeHUS BHITIONHsIETCS 00paTHOE MpeoOpa3oBaHue:

I'(x,y)=1(x,y)+ 25"

lar 2.

IlepeBogum m300pakeHne W3 MBETOBOrO MpocTpancTBa RGB, c
KOMITOHEHTaMH, OTBEYArOIIIMH 32 KpacHyIo (Red), 3enenyro (Green)
u cuHioo (Blue) cocraBnsromye IBeTa TOYKH, B LIBETOBOE IPO-
crpadctBo YUV. Dot mar ananornydeH JPEG (cM. MaTpuIis! mpeo6-
pazoBanus B omucanuu JPEG), 3a TeM HCKIIIOYEHHEM, YTO KpPOMeE
npeoOpa3oBaHus ¢ TOTEPSAMH NPEAYCMOTPEHO Takxke U mpeodpaso-
BaHKe 0e3 morepb. Ero Marpuiia BBITISINT TaK:
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[R+2G +BJ
Y 4
u| = R-G
v B-G

O6parHoe TIpeoOpa3oBaHUE OCYIIECTBIIETCS ¢ TIOMOIIBIO 0OpaT-
HOM MaTpHIIbIL:

lar 3.

Huckpernoe wavelet mpeoOpazoanme (DWT) Takke MOXET
OBITh JIBYX BHJIOB — JIJIsl CIIy4asi COKATUS C TIOTEPSMU U JUTS COKATHS
0e3 motepb. Ero xoadduienTsl 3a1ai0Tcs TabnuiaMu, MPUBEIACH-
HBIMH HWKe. [l cxatus ¢ motepsMu KO3(QQHIUEHTHI BBITJISIAT
Kak:

Koadduiments! npu ynakoBke

i HuskouactoTHbIC BricokouacToTHBIE
ko3 PULUEHTHI /(i) k03 pumentsl Ay(i)
0 1.115087052456994 0.6029490182363579
+1 0.5912717631142470 -0.2668641184428723
+2 -0.05754352622849957 -0.07822326652898785
+3 -0.09127176311424948 0.01686411844287495
+4 0 0.02674875741080976
Hpyruei 0 0

KoadduumenTtsl npu pacnakoBke

i HuskouactoTHbIC BricokouacToTHBIE
ko3 uLMeHTHI g (i) k03 pumentTs! gy (i)
0 0.6029490182363579 1.115087052456994
+1 -0.2668641184428723 0.5912717631142470
+2 -0.07822326652898785 -0.05754352622849957
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+3 0.01686411844287495 -0.09127176311424948
+4 0.02674875741080976 0
Hpyruei 0 0

s cxxarus 6e3 motepb K03 GUIIMEHTHI 3aal0TCs Kak:

[Tpu ynakoBke [Ipu pacnakoBke
i Huzkouac- Bricoko- Huzkouac- Bericoko-
TOTHBIC 4acTOTHBIE TOTHBIE YacTOTHBIC
K03 uLu- KO3 u- ko3puuu-  kKodpPuuu-
eHTHI /1;(i) LUEHTHI eHTHI g1(i) eHTHI gpy(i)
hu(i)
0 6/8 1 1 6/8
| 2/8 -172 12 -2/8
+2 -1/8 0 0 -1/8

Camo npeobOpazoBaHHe B OJJHOMEPHOM CIIydae MPEJCTABISET CO-
Ooli CKaJsIpHOE Mpou3BeaeHUue K03 PUIMeHTOB GUIbTpa HA CTPOKY
npeoOpa3yeMbIX 3HaUCHUH (B HAIlIEM Clydae — Ha CTPOKY HM300pa-
xeHus1). [Ipu 3TOM YeTHbIE BBIXOJSIIUE 3HAYCHHSI (POPMHPYIOTCS C
MIOMOIIBI0 HU3KOYACTOTHOT'O MpeoOpa3oBaHusl, a HEUETHBIE C ITOMO-
IO BEICOKOYACTOTHOTO:

N-1
youtput (2”) = Z xinpul (.]) : hH (.] - 2’”)
Jj=0

N-1
youtput (2n+1)zzxmpm (])hL(]_Zn_l)
=0

ITockonabky OONBITUHCTBO /.(7), KpoMe OKpecTHOCTH i=0, paBHBI
0, TO MOXKHO TIepenrcaTh MPUBEICHHbBIC (POPMYIIBI C MEHBIIIMM KOJIU-
YeCTBOM omnepanuid. JIJIs IpoCTOTH pacCMOTPHM CIy4ail cxkatus 0e3
MOTEPh.
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v, (2n) = -x,2n-1)+2-x,(2n)+6-x, (28n +D)+2-x,2n+2)-x,(2n+3)
yout (2”1 +1) = _#"‘ xin(zn +1)—W

Jlerko MOoKa3aTb, YTO OJAHHYIO 3allMCb MOXXHO 35KBUBAJICHTHO IIC-
pernucatb, YMCHLBIINB CIIC BTPOC KOJINYICCTBO onepaunﬁ YMHOXCHHUA
u ACICHUA (O,Z[HaKO TCIICPb H606XOI[I/IMO 6y):[eT noJgcuuTaTrb CHa4dajia
BCC€ HCUYCTHEIC y) I[06aBI/IM TAKXXC OIICpallu OKPYIJICHUA [O 61u-
JKakIero [EJI0ro, HEC MPCBLIMIAIOIMICTO 3aJdHHOC YUCIIO d, 0003Ha-

qaeMbI€ KaK LaJ:
Vou (20 +1) xin(2n+1)_{ i ( n)+;m( n+ )J

Vo CQn=1+y,  (2n+1)+ 2J
4

yout (2}’1) = 'xin (2}’1) +\\

YnpaxHenue: CaMOCTOSTEIHHO YMEHBIUTE KOJIHYE-
CTBO OIEpaIHid JJIs ciiydasi 0e3 MoTepsb.

PaccmoTpum Ha mpumepe, Kak paboTaeT JaHHOE TpeoOpa3oBaHHE.
s Toro, 4ToObl peoOpazoBaHue MOKHO OBLIO MPUMEHSTDH K Kpaii-
HUM THKCeNIaM W300pa)KeHHs, OHO CHMMETPUYHO IOCTpauBaeTCs B
00e CTOpOHBI Ha HECKOJIBKO MHKCEJIOB, KaK MOKAa3aHO Ha PHCYHKE
HIDKe. B xynmem cinyyae (ckaThe ¢ MOTEpsSMH) HaM HEOOXOIMMO
JOCTPOUTH U300pakeHue Ha 4 THKcena.
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EJTBBABBITIAE/AIBBA

CVIMMeTpVI‘-IHoe pacwiupeHune M306pa)K9HVI$I (ﬂpKOCTVI
AB...E)

no CTPpOKe BnpaBoO U BIrieBO

ITycts MBI Ipeobpasyem cTpoky u3 10 mukcenoB. Pacmmpum ee
3HAYCHUS BIPaBo U BiIeBO 1 npuMeHnM DWT npeobpazoBanme:

n 2 -1/0 1 2 3 456 7 8 9]1011
Xxn 3 211 2 3 7101512 9 10 5|10 9
Yo O|1 0 3 1 11 4 13 2 8 -5

IMonyumsmasicst ctpoka 1, 0, 3, 1, 11, 4, 13, -2, 8, -5 u sBisieTcs
LICTIOYKOM, OJHO3HAYHO 3ajarolield MCXonaHble aaHHbie. COBEpIIMB
aHaAJIOTUYHBIC TpeoOpa3oBaHus ¢ KOIP(DUIUCHTaAMU JI1 PaclaKoB-
KM, TIPUBEJCHHBIMH BBIIIC B TaOJIHIIE, ITOJYyYUM HE0OXoaumbie (Hop-
MYJIBI:

4
x,,(2n)+x,, (2n+ 2)J
2

2n -1 2n+1)+2
x,,u,(2n)=ym,,(zn)_pom( n-D+y, (2n+1)+ J

'xout (2n + 1) = yout (2n + 1) + \‘

Ynpaxnenue: J[okaxkuTe, 4TO BO BCEX CIydasiX OK-
pyriieHus: Mbl OyJeM IoJy4aTh OJIMHAKOBBIE BXOJHYIO
Y BBIXOJHYIO LIEMTOYKH.

Jlerko mpoBepuTh (UCTIONB3YsI TpeoOpa3oBaHKe YIIAKOBKH), YTO
3HAUEHUS Ha KOHIaX CTPOK B V,,; TAKKE CUMMETPHUYHBI OTHOCUTEIb-
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HO #=0 1 9. BoCIT0Ib30BaBITNCEH ATHM CBOMCTBOM, PACIIIUPHUM HAIITy
CTPOKY BIIPaBO H BJIICBO U MIPUMEHUM oOpaTHOE IpeoOpa3oBaHue:

n -2 -110 1 2 3 4 5 6 7 8 9|10 11
Yout ofr 0 3 1 11 4 13 2 8 5|8 -2
Xout 1 2 3 7 101512 9 10 5|10

Kax BuanM, MBI IOTYYHIIA UCXOAHYIO TETIOUKY (X;= Xoyr)-

Ynpaxuenue: [Ilpumennre npsmoe n oopataoe DWT-
nmpeoOpa3oBaHus K memodke u3 10 GaiT:

121, 107, 98, 102, 145, 182, 169, 174, 157, 155.

Jlanee k CTpOKe NMPUMEHSETCS] YepeccTpOvHOe Mpeodpa3oBaHue,
CYTh KOTOPOT'O 3aKJIIOYAETCsl B TOM, YTO BCE YEeTHBIE KOAPPHIIUCHTHI
MEPENKChIBAIOTCS B HAYall0 CTPOKH, a BCe HEUETHbIC — B KOHeIl. B
pe3yibTaTe 3TOro Mpeodpa3oBaHUsl B Hadayie CTPOKU (popMupyercs
«yMEHBIIICHHAS KOs BCEH CTPOKH (HU3KOYACTOTHASI COCTABISIO-
mas), a B KOHIIE CTPOKH — HMHPOpManms 0 KoieOaHUIX 3HaYCHUH
MPOMEKYTOYHBIX TTUKCENOB (BHICOKOYACTOTHAS COCTABJISIONIAS).

You |1 0 3 1 11 4 13 2 8 -5
Y|l 3 1113 8 0 1 4 2 -5

D10 TpeoOpa3oBaHUE MPUMEHSICTCS CHadajga KO BCEM CTPOKaM
M300paKeHHS, a 3aTeM KO BCEM CTOJI0ImaM m300paxeHus. B pe3yib-
Tare M300paKCHHUE NETUTCSA Ha 4 KBajpaHTa (MPUMEPHI CMOTPHUTE B
ONMCaHWU PEKYPCUBHOIO cxkatusi). B mepBoM KkBajpaHTe OyneT
chopMHpOBaHA YMEHBIIICHHAS KOMUSI U300pa)KeHUs, 2 B OCTAIBHBIX
Tpex — BbIcOKo4acToTHas uHpopmanus. [locne dero nmpeodpazosa-
HHE MIOBTOPHO MPUMEHSETCS YK€ TOJIBKO K IEPBOMY KBaJIPaHTy H30-
Opa’KeHHUS I10 TEM K€ MpaBuiIaM (IpeoOpa3oBaHUE BTOPOTO YPOBHS).
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JIisi KOPPEKTHOTO COXpaHEHHs Pe3yNbTaToOB TOJ JaHHbIC 2 U 3
KBaJIPAHTOB BBIIETSAETCS HA OJUH OWUT OOJIBbINE, a MOA JaHHBIE 4-TO
KBaJpaHTa — Ha 2 Outa Oosbmie. T.e. ecim UCXOAHBIC TaHHBIE OBLTH
8-0uTHBIC, TO HA 2 W 3 KBaApaHTHI HY)KHO 9 OuT, a Ha 4-if — 10, He-
3aBUCHMO OT ypoBHs npumeHenus DWT. [pu 3anucu ko3 duiipeH-
TOB B (haiil MOXHO HCIIOJb30BaTh HEPAPXUUCCKYIO0 CTPYKTYpY DWT,
nomenas Ko3(hQGUIUSHTH MPeoOpa3oBaHuil ¢ OOJIBIIEr0 YPOBHSI B
Havajgo (aiya. ITO MO3BOJAET HMOIYUUTh «HU300paKEHUE IS MPEI-
BapUTENLHOTO TPOCMOTPay», IPOYUTAB HEOOINBIION YUaCTOK JaHHBIX
13 Hayana ¢aiiia, a He pacraKkoBbIBas BeCh (aiij, KaK 3TO MPUXOIH-
JIOCh JIeNIaTh MPH COKATHUA M300paKEeHUs MEIHKoM. VepapXudHOCTh
npeoOpa3oBaHus MOXET TaKKe HCIONb30BaThCs ISl IJIaBHOTO
yIydIlleHHUs KauecTBa H300pakeHUsI IIPH Tiepeiade ero 1mo CETH.

Hlar 4.

Tak xe, kak u B anroputMe JPEG, mocime DWT mpumensercs
kBaHTOBaHMe. KoaQHIIMEHThl KBaJIpaHTOB JIEISATCS Ha 3apaHee 3a-
nmaaHoe yucio. [lpu yBeamueHHn 3TOrO YMciia CHIDKAeTCS JUHAMH-
YeCKUH nuamna3oH Ko3(pQHUIMEHTOB, OHU CTAaHOBATCS Ommke K 0, U
MBI TTOJTy4aeM OOJBIIYIO CTETEeHb CXKaThs. Bapbupys »TH 4mcna s
pasHBIX ypOBHEW MpeoOpa30BaHuUs, IJII Pa3HBIX LBETOBBIX KOMIIO-
HEHT ¥ JJIs pa3HbIX KBaJPaHTOB, Mbl OUY€Hb I'MOKO yIIpaBisieM CTere-
HBIO TOTeph B M300pakeHUH. PaccunTaHHBIE B KOMIIPECCOPE OMNTH-
MaJlbHble KOA((QUIMEHTH KBAHTOBAHHS MEPENalOTCs B JICKOMITpEC-
COp /ISl OTHO3HAYHOW PACIIaKOBKH.

Iar 5.
s cxxaTus mosryqaroruxcs MaccuBoB naHHbX B JPEG 2000 wmc-
MOJIb3YETCSl BAPUAHT apu(PMETHUECKOTO CKATHUsl, Ha3bIBaeMblii MQ-

84 KHura “MeTtonbl cxxatusa aaHHbIX”. ISBN 5-86404-170-X
http://compression.graphicon.ru/



http://compression.graphicon.ru/
http://compression.graphicon.ru/

Memodsbi cxamus AaHHbIX / An2opummMbi c)Xamusi u3obpaxeHui
http://compression.graphicon.ru/

Kozep, mpoobpa3 kotoporo (QM-komep) paccMaTpHWBAICS €Ie B
craugapre JPEG, HO peaqbHO HE HCIIOIL30BAJICS M3-32 MATEHTHBIX
orpanudeHui. [logpodHee 06 anropuTMe apuHMETHIESCKOTO CKATHUS
YUTaTE B COOTBETCTBYIOIICH TJIaBe pa3jea.

OBNACTU NOBBILWEHHOIO KAYECTBA

OcHoBHasl 3a71a4a, KOTOPYIO Mbl PEIIaeM — MOBBIIICHHE CTCIICHN
ckatus n3o0pakeHnid. Korja npakTHuecku JOCTUTHYT penell cxka-
THSI M300p2XCHUSI B LIEJIOM U Pa3IM4YHbIC METOBI JAlOT OYCHb He-
OOJIBIION BBIMTPHILI, MBI MOKEM CYIIECTBEHHO (B pa3bl) YBEIHYHUTh
CTENEHb C)KATUS 32 CYET M3MCHEHUs KadeCcTBa Pa3HBIX YYacTKOB
n300paKeHHUsI.

[IpoGmemoit 3TOro momxona SBIASETCS TO, YTO HEOOXOAMMO Ka-
KUM-TO 00pa3oM I0JIy4aTh PACIOJOKEHHE HauOosee Ba)KHBIX IS
YeJoBeKa Y4acTKOB M300paxeHus. Hampumep, TakuM y4acTKOM Ha
¢dororpaduu yenoBeka sBIACTCA JIMIO, a HA JHLe — Tia3a. Ecim
Opy CKaTHU TOPTpeTa ¢ OOJBIIMMH TOTEpPSIMU OYIyT pPa3MBITHI
IpEeIMEThI, HAXOAALIMECS Ha 33JHEM IUTaHe — 3TO Oy/AeT HeCyIIecT-
BeHHO. OJJHaKO, eciH OyIeT Pa3MBbITO JIMIIO WJIH IJ1a3a — 3KCHEePTHAS
OLICHKA CTENCHU MOTeph OyJeT XYyXKe.

N3o6paxenue,
CXKaToe ¢
0OIBIINMU
oTePAMU

/

OGunactu <>
IIOBBIIICHHOTO o

KadycCTBa

INNokanbHoe yny4weHue KayecTBa obnacrein M3obpaxeHus
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PaGoTbl MO aBTOMAaTHYECKOMY BBIJEIICHUIO TAaKUX OOIacTed ak-
TUBHO BeyTcs. B wacTHOCTH, CO3aHBI alrOPUTMBI aBTOMAaTHYIECKO-
ro BBIIENECHUA ULl Ha m3o0paxenusax. [Ipogomkarorca mccnenopa-
HUS METOJIOB BBIZIENIEHUS] HamOosiee 3HAYMMBIX (TIPU aHAIIN3E H30-
Opa’KeHHUS MO3TOM YeJIOBEKa) KOHTYpOB W T.J. OIHAKO OYECBHIHO,
YTO YHHMBEPCAJIBHBIM aNrToOpuT™M B OJrpkaiiiiee BpeMsi co3maH He Oy-
JIET, TOCKOJBKY MJISi 3TOTO TpeOyeTCsl MOCTPOUTH IMOIHYIO CXEMY
BOCTIPUSATHS H300paKEHUI MO3TOM YEJIOBEKa.

Ha cerognst BHojHe peasibHO MPUMEHEHHE ITOJTyaBTOMATHUECKHAX
CHCTEM, B KOTOPBIX KadecTBO obOiactell m3o0pakeHus Oymer 3ama-
BaThCS HMHTEPAKTUBHO. JIaHHBIA IMOAXON YMEHBIIAeT KOJMYECTBO
BO3MOJKHBIX 00JIacTeil MpUMEHEHHsI MOIU(GUIIIPOBAHHOTO alTOPHT-
Ma, HO 10380.Jis1em 00Cmuyb OObULell CINeneru CoHCamuisl.

Takoii MoAX0A JOTUYHO IPUMEHSTD, ECIIU:

1) Jlig mpuioKeHUs TOJDKHA OBITh KpUTHYHA (MaKCHMajIbHA) CTE-
MeHb CXAaTHs, MPUYEM HACTOIBKO, YTO BO3MOXKEH HHIUBUIY-
ANBHBIN MMOAXO0 K KAKIOMY H300paXEeHHIO.

2) HM3oOpakeHHE CXKUMACTCS OIMH pa3, a Pa3kKuMaeTCs MHOXKECT-
BO pas.

B kauecTBe mMpuUMEpPOB MPUIOKECHHUN, YJOBIETBOPSIOUINM STHM
OTPaHWYECHHSIM, MOKHO MPHBECTH MPAKTHYECKH BCE MYJIbTUMEIHM-
Hble IpoaykTel Ha CD-ROM. U gyt CD-ROM »HIMKITONE AWM, W IS
UTP BAXKHO 3alMcaTh Ha JUCK KaKk MOXKHO OoJbllle WH(pOpPMAILUH, a
rpaduka, kaKk mpasmio, 3aauMaeT 10 70% Bcero oOvema aucka. [lpu
STOM TEXHOJIOTHS TPOHU3BOJACTBA JWCKOB TMO3BOJSET CKUMATh Ka-
Jlo€ n300pakeHne NHANBUAYATbHO, MAKCHMaIbHO MOBBIIIAS CTEIIEHb
CKaTus.

HNutepecubiM nipumepoM siBisitorcst WWW-cepBepa. st Hux
TOKE, KaK MPaBUIIO, BHITOTHAIOTCS 002 N3JI0KEHHBIX BBIIIE YCIOBUS.
[Ipu 3TOM COBepIIEHHO HEe 00s3aTeTFHO MHANBUAYAIbHO MOAXOIUTH
K KaXIOMY H300paKEHHUIO, MOCKONbKY 1o cratuctuke 10% wu3o-
Opaxenwnii OyayT 3ampamuBathes 90% pa3. T.e. A KpyHHBIX cIpa-
BOYHBIX WJIH WUTPOBBIX CEPBEPOB MOSBIIIECTCS BO3MOXKHOCTH YMEHB-
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1IaTh BpeMs 3arpy3KH W300paKCHUH M CTETICHb 3arpy»KEHHOCTH Ka-
HAJIOB CBSI3U aJIAIITUBHO.

B JPEG-2000 wucmomn3yeTcss OMHOOMTHOE H300pa’keHHE-Macka,
3a/1afo0ITee MOBBIMICHUE KaYecTBAa B TAHHON 00JIACTH M300paKCHUS.
ITockonpKy 3a KadecTBO objyacTeil y HacC OTBEHar0T KOd(PHUIIHEHTHI
DWT mnpeobpazoBanus Bo 2, 3 1 4 KBagpaHTax, TO Macka Impeodpa-
3yeTcs TakKkuM 00pa3oM, 4TOOBI yKa3bIBaTh Ha BcE KOI(PPHUITUEHTHI,
COOTBETCTBYIOIINE 00JIACTSM TIOBBIIICHUS Ka4eCcTBa:

ele
Q8 . 8
Qe & e

MpeobGpa3oBaHMe Mackn o6nacTu NOBLILWEHUA KavyecTBa
ans o6pabotkn DWT koachdumumeHToB

Otr obnactu oOpabaThIBAIOTCS Aajiee NPYTUMU alrOpUTMaMu (¢
MEHBIITNMH TIOTEPSMHU ), YTO M IMO3BOJISIET JOCTHYh HCKOMOTO OanaHca
1o 00IIIeMy Ka4eCTBY U CTETICHU CYKATHSI.

Xapaktepuctuku ajaroputma JPEG-2000:

Crenenb cxatusi: 2-200 (3agaercss ToOnb30BaTeNEM).
Bo3moxxHO cxxatue 6e3 HoTepb.

Knacc wu3oOpaskenmii: IlomHorBetHsie 24-OWTHBIC
n3o0pakenns. M3o00paxeHus B rpamanusx ceporo 6e3
pe3kux mepexoqoB IBeToB ((ororpadum). 1-OMTHBIC
U300paKCHUS.

CummMmerpuyHocTh: 1-1,5
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XapakTepHble ocobeHHocTH: [103BONISIET yIAIITh BH-
3yaJlbHO HEMPHUATHBIC 3(PQEKThI, MOBBIIIAsA KAYeCTBO B
OTeNbHBIX oOacTAX. [Ipy CHIBHOM CXKATHH MOSBIISICT-
cs1 OJIOYHOCTH W OOJNIBIIME BOJIHBI B BEPTHKAIHHOM H
TOPU30HTAILHOM HalpaBICHUSX.

3aknouyeHue

B 3akmrouenne paccMoTpumM Ta6J'II/II_H>I, B KOTOPBIX CBOJAATCA BO-
CANHO MapaMCTPhbl PA3JIMYHBIX AJITOPUTMOB CIKATHUA H306pa)l(eHHfl,
PACCMOTPCHHBIX HAMU BBIIIC.

Anroput™m Oco0eHHOCTH N300paKEHHUS, 32 CUET KOTOPBIX MTPOUCXOIUAT
cXKaTHE
RLE Iloapsin uaymume onuHakoBble BeTa: 222222 151515
LZW OmuHakoBble moanenoukn: 2 3 15402 3 15 40
Xaddpmana Pa3nast yactora nosiBnenus uBera: 22322432224
CCITT-3 [Ipeobmananue Genoro mBera B M300pakeHNH, OOJIBIITHE
00J1aCTH, 3aITOJIHCHHBIC OJTHUM IIBETOM
PexypcuBnbiii | [InaBHBIC Epexoabl IBETOB U OTCYTCTBUE PE3KUX TPAHUIL
JPEG OTCYTCTBHUE PE3KHX T'PaHMUIL
OpakranpHbli | [logobue Mexay snmeMeHTaMu n300pakeHus
Anroputm K-te1 cxatust | Cummerpuy- Ha uro ITotepu | Pazmep-
HOCTb 11O BpE- OpUCHTHU- HOCTb
MCHHU poBaH
RLE 32,2,0.5 1 3,4-x 6ut- Her 1D
HBbIC
LZW 1000, 4, 5/7 1.2-3 1-8 ouTHBIE Her 1D
Xaddmana 8,1.5,1 1-1.5 8 OuTHBIE Her 1D
88 KHura “MeTtonbl cxxatusa aaHHbIX”. ISBN 5-86404-170-X
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CCITT-3 213(3), 5, ~1 1-O6uTHBIC Her 1D
0.25

JBIG 2-30 pa3 ~1 1-OuTHBIC Her 2D
Lossless JPEG | 2 paza ~1 24-6ur. cep.| Her 2D
Pexypcusnoe | 2-200 pa3 1.5 24-OuTHEIC, Ha 2D
CKaTHe cepble

JPEG 2-200 pa3 ~1 24-6uTHEIE, Ha 2D

cep.
OpakraneHbiil | 2-2000 pa3 1000-10000 | 24-6wur. cep. Ja 2.5D

B npuBenenHON TaONHIC OTYSTIIMBO BUAHBI TCHICHIIUN PA3BUTH

aNTOPUTMOB I'pa(hUKH MMOCIEIHHX JIET:

1)

2)

opueHTanus Ha (OTOpPEAUTHCTUYHBIE M300pakeHus ¢ 16 mu-
JTMOHAMH MBETOB (24 OuTa);

UCIIOJIb30BaHHUE CXKATHS C MOTEPSIMH, BO3ZMOXHOCTD 3a CUET IO0-
TEPh PEryJINPOBATh KAYECTBO CKATHIX H300PKEHHUIA;

3) wucmoigb30BaHME W3OBITOYHOCTH M300paXCHUH B ABYX H3MEpe-
HUSIX;

4) mosIBIICHHE CYIIECTBEHHO HECHMMETPUYHBIX aJITOPUTMOB;

5) yYBETWYHMBAIOMIASCS CTEIICHb CXKATHUS N300paKEHUH.

Bonpochbl Ana caMoKoHTponsa

1)

B ueMm pa3HuIa MEeXAy alroOpuTMaMH ¢ MoTepei HHpOpMAIK 1
0e3 motepu nHOOpPMAITUN?

2) IlpuBegute mpuMepsl Mep MOTEPH WH(POPMAITUN M OMHUIITNTE HX
HEJIOCTATKH.

3) 3acuer "ero cxuMaeT n3odpakenus anroput™ JPEG?

4) B dgewm 3axmodaetcs uaes (ppakTaabHOTO aJrOpUTMa KOMIIPEC-
cun’?

5) B dewm 3akmouaercs uaes peKypCUBHOTO (BOJTHOBOTO) CxKATHS?

6) MOXHO JIM TIPUMEHATH TMPHEM IIEPEBOJIa B IPYroe IBETOBOE

npoctpancTBo anroput™Ma JPEG B mpyrux anropurmax KOM-
TIPECCHH?
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7) CpaBHHUTE PUBEJICHHBIC B 3TOW TJIaBE AITOPUTMBI CXKATHUS H30-
OpaKeHUMH.

Ecrw Bbl 06Hapy»xvTe oumbkm urin
HEeTOYHOCTU B JAaHHOM TEKCTe, rpocn:6a
CO0OLLUTL O HVX aBTOPaM Mo aapecy:

campression@graphicon.ru

OTBETbI K BOMPOCaM U YNPEXHEHAAM U UCXOLHbIE
TEKCThI MPOrPaMM Bbl MOXETE HaIT/ Ha

http://compression.graphicon.ru/
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Pasnuuusa mexay doopmaTom U anroputMom

ﬂOﬂOﬂHumeﬂbHaﬂ anaea

Harmocnenox HECKOJIbKO 3aMe4YaHHH OTHOCHTEILHO Ppa3HHUIbI B
TEPMHHOJIOTUH, IIyTaHUIIBI TIPU CPABHEHUHU PEHTHHIOB aJITOPUTMOB U
T.IL

ITocMoTpHTe Ha KpaTKUil IepeYeHb hopmamos, TOCTATOYHO Yac-
To ucnoyib3dyembix Ha PC, Apple u UNIX maargopmax: ADEX,
Alpha Microsystems BMP, Autologic, AVHRR, Binary Information
File (BIF), Calcomp CCRF, CALS, Core IDC, Cubicomp
PictureMaker, Dr. Halo CUT, Encapsulated PostScript, ER Mapper
Raster, Erdas LAN/GIS, First Publisher ART, GEM VDI Image File,
GIF, GOES, Hitachi Raster Format, PCL, RTL, HP-48sx Graphic
Object (GROB), HSI JPEG, HSI Raw, IFF/ILBM, Img Software Set,
Jovian VI, JPEG/JFIF, Lumena CEL, Macintosh PICT/PICT2,
MacPaint, MTV Ray Tracer Format, OS/2 Bitmap, PCPAINT/Pictor
Page Format, PCX, PDS, Portable BitMap (PBM), QDV, QRT Raw,
RIX, Scodl, Silicon Graphics Image, SPOT Image, Stork, Sun Icon,
Sun Raster, Targa, TIFF, Utah Raster Toolkit Format, VITec, Vivid
Format, Windows Bitmap, WordPerfect Graphic File, XBM, XPM,
XWD.

B ornaBieHu# BBl MOKETE BUICTh CIIMCOK QI2OPUMMO8 KOMIpeC-
cuu. EnuacTBeHHBIM coBnageHueM okaspiBaetcs JPEG, a ato, coria-
CUTECh, HE MOBOJ], YTOOBI IOBCEMECTHO HCIIOJIB30BATh CJIOBA «op-
mamy U «an2opumm KOMApeccuuy KaKk CHHOHUMBI (4TO, YBBI, MOKHO
4acTO HAaOIIOIaTh).

Mexny 3TUMH ABYMS MHOXXK€CTBaMHU HET B3aUMHO OJIHO3HAYHOTO
cootBercTBUs. Tak, paznuumvie moougpuxayuu ancopumma RLE
pearn30BaHbl B OTPOMHOM KOJHMYECTBE popmamos. B ToMm uucie B
TIFF, BMP, PCX. U, eciu B onpeneaeHHom ¢popmarte Kakoii-1u6o
(aiin 3aHMMaeT MHOr0 MecTa, 3TO He 03Ha4aeT, YTO MJIOX COOT-
BETCTBYIOIIUA aJrOPUTM KOMIPECCHU. ITO O3HAYAT, 3a4acCTyIO
JUIIb TO, YTO peanuzayus aieopummd, WCTOIb30BaHHAS B 3TOM
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dopmame, naet onn danHozo u306padicenus TUIOXUE pe3ybTaThl. He
6omee Toro. (CM. mpuMepsI B MPUIIOKEHHUH. )

B 10 ke Bpemsi MHOTHE COBpEMEHHbBIE (hopmampbl TIONICPKUBAIOT
3aMMCh C UCIIOJIb30BAHUEM HECKONBKUX al20pUMMO8 apXueayuu Jh-
00 0e3 ucmonb3oBaHus apxuanuu. Hanpumep, ¢popmam TIFF 6.0
MOJKET COXPAaHATb H300PAKEHHUS C HWCIIONB30BAHUEM ANCOPUINMO8
RLE-PackBits, RLE-CCITT, LZW, Xadhdmana ¢ duxkcupoBaHHOMR
tabnureit, JPEG, a MokeT coxpaHsaTh u300pakeHne 0e3 apXHUBaIUH.
Amnanoruuno gopmamer BMP 1 TGA 103BOJISIOT COXpaHITh (haiiibl
KaK C HCIOJb30BaHUEM aneopumma Kommnpeccuu RLE (pa3HBIX MO-
nubukaiuit!), Tak 1 0€3 UCIOIb30BAHMS OHOM.

Boioa 1: Jlins MHOTHX hopmamos, TOBOPS O pa3Mepe
(aitnoB, HeOOXOAUMO YKa3bIBaTh, WCIOIB30BANCS JIU
aneopumm KOMIIPECCUU M €CITH HCIIONB30BaJICs, TO Ka-
KOH.

MOHO MOMOJHUTH MEPEYCHb CUTYaluil HEKOPPEKTHOTO CpaBHE-
HUs anroput™MoB. [Ipu coxpaneHun aOCONIOTHO YEPHOTO M300pake-
Hust B ¢popmare 1000x1000x256 uBeroB B popmate BMP 6e3 kom-
NPECCHH MBI MOJTydaeM, KaK ¥ MOJIOXKeHO, (ailn pazmepoM 4yTb 00-
nee 1000000 6aiit, a mpu coxpanenuu ¢ komnpeccueit RLE, MoxHO
noiayuuth Qain pasmepom 64 OGaiita. 9T0 ObUT OBl MPEBOCXOIHBIN
pe3yabTraT — cxkatue B 15 000 pa3(!), ecmu Obl K HEMY HMela OTHO-
nieHue Kommpeccus. Jleno B ToM, 4TO JaHHBIA ¢aiin B 64 Oaiita co-
CTOUT TOJIBKO M3 3arojOBKa M300pa)KeHUs, B KOTOPOM yKa3aHbI BCE
ero nanHele. HecMoTpst Ha TO, YTO Takas KOpOTKasl 3amuch M300pa-
JKEHHsl CTalla BO3MOXXHAa MMEHHO Oyarozmaps oCOOCHHOCTH peann3a-
nuu RLE B BMP, emie pa3 noguepkHeM, 4To B JaHHOM cly4ae aieo-
pumm KOMIIPECCUU Oadice He npumensics. U 1o, 4To 11 abCoa0THO
yepHoro uzoopaxenus 4000x4000x256 mb1 nomyyaeM K03HHUIHEHT
okatust 250 Teics4 pa3, cOBceM HE MOBOA Ul MPONOJDKUTENBHBIX
smouuii mo nosony 3¢dextuBHocTn RLE. Kcratm — manubiii pe-
3yJbTaT BO3MOKEH JIMIIbL MPH ONPEAETICHHOM IMOJIOXKECHUHU IIBETOB B
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MaJIATpe W JaJeKo HEe Ha BCEX Mporpammax, KOTOphIE YMEIOT 3alu-
ceiBaTh BMP ¢ apxuBanumeii RLE (omgHako Bce cTaHmapTHBIE CPEACT-
Ba, B T.4. CpeACTBa cUCTeMbl Windows, YUTAIOT TaKOW CXKATHIN (haii
HOPMAJTEHO).

Bcerna mone3Ho MOMHHUTB, YTO Ha pa3Mmep (aiiia 0Ka3bIBalOT Cy-
IIECTBEHHOE BIMSHUE OONBIIOE KOJMYECTBO ITapaMeTpPOB (BaphaHT
peannzanyu aaropruTMa, mapaMeTphl anroputMma (Kak BHYTpPEHHHE,
TaKk W 3ajjaBaeMble TOJh30BATENEM), MOPSAIOK LIBETOB B IMAJUTpPE U
MHOTOE Apyroe). Hanpumep, miis a6COJI0OTHO YePHOTo H300pake-
Hus 1000x1000x256 rpananuii ceporo B popmate JPEG ¢ momoripro
OTHOM TPOTpaMMBI MPH PAINYHBIX MapaMeTpax 6ce20d TONyYacs
(haiin npuMepHO B 7 Kujio0aiT. B To ke Bpemsi, MEHSS OIMIIUU B APY-
roi mporpaMmme, 5 moaydun Qaitisl pazmMepoM oT 4 1o 68 Ko (Bcero-
TO Ha MOPSAOK paszHuibl). [Ipu 3TOM mexommpeccupoBaHHOE H30-
OpaxkeHue 1 BceX (ailyioB ObLIO OJMHAKOBBIM — AOCOIIOMHO Yep-
HBIH KBazipaT (ApkocTh 0 17151 BCeX TOUEK N300PaKESHHUS ).

Jleno B TOM, YTO JIaXke JUIS MPOCTBHIX (POPMATOB 0OOHO U MO dice
uzo0dparicenue 6 0OHOM U MOM dice (hopmame ¢ VCTOTH30BAHUEM
00HO20 U MO020 Jice AI20PpUmMMa APXUBAITUU MOXKHO 3amHcath B (haiii
HeCKONbKUMU KOPPEKMHbIMU CROCOOamu. J171s1 cIOXHBIX (OpMAaTOB
U aIrOPUTMOB apXHUBAIMU BO3HUKAIOT CUTYAIUH, KOT/Ia MHOTHE IIPO-
rpaMMBI COXPaHAIOT W300paXKeHus: pa3HbIMH criocobamu. Takas cu-
Tyanusi, Hampumep, cioxuinace ¢ ¢opmatom TIFF (B cumy ero
Oompmoi rudkoctn). Jonroe Bpemsl MO-pa3HOMY COXPaHSUIM H30-
Opaxxenust B gpopmam JPEG, MOCKOIBKY COOTBETCTBYIOLIAs TpyIma
ISO (Mexnynaponnoit Opranuzanuu no CTangapTH3anyu) MOArO-
TOBHJIA TOJIBKO CTaHAAPT aleopumma, HO HE CTaHIapT gopmama.
Crnemnano Tak OBUIO IS TOTO, YTOOBI HE BBI3BIBATH «BOMHBI (hopmMa-
TOB». AOCONIOTHO MPOTHBOIOJIOKHOE TOJIOKEHHE ceifuac ¢ ¢pak-
TaJIbHOW KOMIpPECCHEH, MOCKONbKY €CTh CTaHgapT «le-(hakro» Ha
coxpaHeHue (paxTanbHbIX K03 UIMEeHTOB B dailn (ctannapt ¢op-
Mama), HO aneopumm WX HaxOoxIeHHus (OBICTPOro HaxOXIeHHs!) sB-
JSeTCA ~ TEXHOJOTMYECKOM  TalHOM  co3jaTened  mporpaMm-
KOMIIpeccopoB. B pe3ynbrare A5 BIONHE CTaHAAPTHON MPOTPaMMBI-
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JIEKOMITPECCopa MOTYT OBITh IMOATOTOBIECHBI (aiiibl ¢ koadduimen-
TaM¥, CYIIECTBEHHO Pa3INYaroIIrecs: Kak Mo pa3Mepy, Tak U 10 Ka-
YECTBY HOJTYYAIOMIETr0Cs N300pakeHNsI.

[IpuBeneHHBIE MTPUMEPHI MOKA3BIBAIOT, YTO BCTPEUAIOTCS CHUTya-
UM, KOTJa aJTOPUTMBI 3aIUCH M300paKeHUs B (Gailll B pasIHIHBIX
nporpammax paznmdaiorcs. OIHAKO TOpas3io dalle MPUYHHON pas-
HUIBI (DailiIoB SBISIOTCS pa3Hble napamempul aieopumma. Kak yxe
TOBOPHJIOCH, MHOTHE aJTOPUTMBI TIO3BOJISIOT B M3BECTHBIX MPEeIax
MEHSTh CBOHM MTapaMeTpPhI, HO HE BCE MPOrPaMMBbI TIO3BOJISIOT 3TO Jie-
JIaTh MOJIb30BATEINIO.

BwiBoa 2: Eciu 6vi He ymeeme TIONB30BAaTHCS IIPO-
rpaMMaMi apXWBallUU WIH HOJb3Yemecs Npocpamma-
MU, 8 KOMOPbIX «OJisL NPOCMOMbL UCNONb308AHULY VO-
PaHo ynpasiieHue napamempamu  aneopumma — He
yousaalimecs, I04eMy I OTIIMYHOTO allTOPUTMa KOM-
MPECCHUH B Pe3yJIbTaTe TONyYaroTcst OonbIne (Haiibl.
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