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BBeaeHue

B Hacrosimiee BpeMsl D3JEKTpOHHAs BBIYUCIUTEIbHAS TEXHHUKA
MPUMEHSIETCSI BO MHOTHX cdepax 4eIoBeUeCKOU aearenbHocTU. Oc-
HOBHOE HMCIIOJIb30BAHUE BBIYMCIUTEIHHON TEXHUKU CBSI3aHO C XpaHe-
HUEM W OpraHu3anueit qoctymna k uadopmanuu. [Ipu 3ToM BO3HUKAET
3ajiaya 0 C)kaTuu AaHHBIX. Llenb cxxatust JaHHBIX — 00ECTIEUUTh KOM-
NAaKTHOE TMPEACTaBICHUE AaHHBIX, BbIPAOATHIBAEMBIX HCTOUYHHKOM,
ISt ©X O0JIee IKOHOMHOT'O XpPaHEHHUsI U TIepelauu 10 KaHajaM CBSI3H.

Bce crocoObl c:kaTvsi MOXKHO pa3/iefuTh Ha JBE KaTeropuu: 00-
paTUMOE U HEeOOpaTUMOE CIKATHE.

OOpatumoe cxkatue, WiM ckathe 0e3 MoTepb, MPUBOJUT K CHHU-
KEHUIO 00BheMa BBIXOJIHOTO MOTOKa MH(popManuu 0e3 U3MEHEHUS €To
WH(POPMATUBHOCTH, T. €. 0€3 morepu WHPOPMAIMOHHOU CTPYKTYPHI.
W3 BBIXOJTHOTO TIOTOKA, MOJIYYEHHOTO MOCJE BBIMOJIHEHHS aJlfOPUTMA
00paTUMOT0 CXKaTHsl, P MOMOIIHM JCKOJAUPOBAHUS TOIy4YaeTCs IO-
TOK, B TOYHOCTH COBNAJAIONIUNA C UCXOIHBIM.

[Tox HEOOpPATUMBIM CXKATHEM, WM CXKATHEM C IOTEPSMH, IOpa-
3yMEBAIOT Takoe MpeoOpa3oBaHUe BXOAHOTO MOTOKA JaHHBIX, MPU KO-
TOPOM BBIXOJHOM MOTOK MPEJCTABIAET U3 ce0s1 OOBEKT, C HEKOTOPOU
TOYKHW 3PEHHUSI TOCTATOYHO MOXOXKHMI MO BHEIIHUM XapaKTEPUCTHUKAM
Ha BXOJHOM MOTOK, OJHAKO OTJIMYAETCS OT HETO OOBEMOM.

Takum oOpa3zoM, cxaTue ¢ MOTEPSIMU COCTOUT U3 JIBYX 3TAIOB:

a) BBIJICJICHUE COXPAHIEMON YacTu UH(GOPMAIIMK C TOMOIIBIO MO-
JIeJH, 3aBUCSIICH OT 1IeJIU CXKATHUS;

0) cxxkaTue 6e3 moTepb.

Takune moaxoawpl W aNrOPUTMBI UCIIONB3YIOTCS JUIS CXKATHA, Ha-
npuUMEp JaHHBIX PacTPOBBIX rpaduueckux (ailyioB, TIe Ha BBIXOC
HY>KHO TPEJICTaBUTh T'PpaPUUYECKYI0 KapTUHKY, OYEHb IMOXOXKYI0 Ha
OpUTHUHAJ, HO HE 0053aTEJIbHO SIBIISIONTYIOCS €0 TOUHOW KOTHUEH.

3aMeTuM, 4TO CXKATHUIO MOTYT TOJIBEPraThCsi HE TOJIBKO CaMH HC-
XOJIHbIE JJAHHBIE, HO U KaKhe-In00 mpeoOpa3oBaHus HaJl HUMH.



MeToabl cxxaTusa 6e3 nortepb

PaccmoTpumM MeTobl cxaTusa 0€3 MOTEph HA OCHOBE CTaTUCTUYE-
CKUX aJITOPUTMOB (KoaupoBaHue no XahpmMany u apupmMeTu4eckoe
KOJIUpOBaHUE), a Takke Ha ocHOBe anroputMa RLE.

B ocHOBE 3THX METOHOB CXKATUS JIEKUT uaed: «Eciau npeacras-
JSTh 4YacTO HCIOJb3YEMbIE 3JIEMEHThI KOPOTKUMHU KOJAMH, a PEIKO
UCIIOJIb3yEMbI€ — JIJIMHHBIMUA KOJIaMH, TO JJIsI XpaHEHUsI OJoKa JaH-
HBIX TpeOyeTCs MEHbIINN 00BEM MAMSITH, YEM €CJIM Obl BCE 3JIEMEHTHI
MPEJCTABIATh KOJIAMU OJUHAKOBOMU JTUHBD.

OnHako XO4eTcsl 3aMETUTh, YTO HU OJAUH KOMITPECCOP HE MOMXKET
cxath Jro0oi (aiin. Ilocie o6pabOTKH JIOOBIM KOMIIPECCOPOM pa3-
Mep 4acTu (ailJIoB YMEHBIIIUTCS, a OCTABIICHCS YaCTH — YBEIUYHUTCS
WJIM OCTAHETCS] HEU3MEHHBIM.

Ymeepowcoenue. INEeMEHT s,, BEPOSITHOCTh MOSIBICHUSI KOTOPOTO

paBHSETCS p(s,), BEITOJIHEE BCETO MPEACTABIIATE —log, p(s,) OUTaMHU.

Ecmu pacnipeneneHue BEpOSITHOCTEM F HEU3MEHHO U BEPOSTHO-
CTH MOSIBJICHUS 3JIEMEHTOB HE3aBHCUMBI, TO CPEAHIONO JUIMHY KOJIOB B
OUTaxX MOXKHO HAWTH KaK

H ==} p(s,)log, p(s,),

ATO 3HAYEHUE TAKXKE HA3BIBAIOT DHTPOIMEN UCTOYHHKA B 3aJ1aH-
HbIi MOMEHT BPEMECHHU.

OOBIYHO BEPOSATHOCTH MOSBICHUS AJIIEMEHTA SIBJISIETCS YCIOBHOM.
Torma nmpu KOAUPOBAHMM OYEPENHOTO IJIEMEHTA s, PACHPEHCICHUE

BCpOHTHOCTCﬁ F IIpUHUMACT OJHO U3 BO3MOXXHBIX 3HAa4YCHUU F, 1 COo-
OTBETCTBEHHO H =H,. CpCI[HIOIO IJIMHY KOJOB B OMTaX MOKHO BEBI-

YUCJIUTH 1O (popmyJie
H ==Y RH ==3 Fp(s)logp,(s),
k ki

r€ P, — BEPOSITHOCTh TOTO, UTO F TMPUHUMAET k -€ 3HAYEHHE, KO-
TOPOMY COOTBETCTBYET HAOOp BEPOATHOCTEW p,(s,) TEHEpaLMH BCEX
BO3MO>KHBIX 3JIEMEHTOB s,.

CraTUCTHYECKHUE AJTOPUTMbI HYKJIAIOTCS B 3HAHUM BEPOSITHO-
CTEH TOSIBIICHUSI CUMBOJIOB, OLIEHKOW, KOTOPOM MOXKET SIBJISATHCA Yac-
TOTA MOSBJICHUS CHMBOJIOB BO BXOJIHBIX JAHHBIX.



C y4eTroM 3TOro CTaTUCTHUYECKHE aJITOPUTMbI MOXHO Pa3/IeivTh
Ha TPH Kjacca:

e HeanantuBHble. OHM HMCHOJB3YIOT (DUKCUPOBAHHBIE, 3a0Jaro-
BPEMEHHO 3aJIaHHbIE BEPOSITHOCTH CUMBOJIOB. Tabmnuiia BeposiTHOCTEN
CHUMBOJIOB HE TIEpeIaeTcs BMecTe ¢ (paitjioM, MOCKOIbKY OHA U3BECTHA
3a0J1arOBPEMEHHO.

e [lonyangantuBHble. /{5 kaxaoro ¢aitna ctpouTcest TabauIa yac-
TOT CUMBOJIOB, U Ha €€ OCHOBE CXXUMaloT (paiiin. Bmecte co cxkarbim
daiinom mepemaeTcs Tabiuiia cuMBOJIOB. KoaupoBaHue mpoucxoguT
3a JIBa ATarna (Ha IepBOM MPOUCXOJUT MOJCUYET YACTOT, a HA BTOPOM —
KOJIUPOBAHUE).

e AnantuBHble. OHM HAYMHAIOT pabOTaTh ¢ (PUKCUPOBAHHOMN Ha-
JaJIbHOM TaOMMIEeH YaCTOT CUMBOJIOB (0OBIYHO BCE CHMBOJIBI CHauasia
PaBHOBEPOSTHBI), U B Ipoliecce pabOThl 3Ta TabjaWIla U3MEHSETCS B
3aBHCHUMOCTH OT CHMBOJIOB, KOTOpBIE BCcTpedaroTcs B daiine. Kogupo-
BaHHE MPOWCXOJINT 3a OJIUH IMPOXO/I.

Anzopumm XaghpmaHa

W cXoaHbIMU TAaHHBIMU aJITOPUTMA SIBJISTIOTCSI:

e annaBuUT A={a,,...,a,}, COCTOSIIUN U3 n CHUMBOJIOB;

® p(a,) — BEPOSITHOCTD MOSBJICHUS KaXKIOr0 CMMBOJa aind)aBuTa B
paccMaTpruBaeMoOM COOOLIEHUHU.

Anroput™m XaddmaHa COCTOUT U3 HECKOJIBKHUX I11aroB.

[IIar 1. BeicTpanBaem Bce CUMBOJIBI TEKYIIETro ajidaBuTa B IO-
pAliKe yObIBaHUSI BEPOSITHOCTEM.

[Iar 2. CtpouM HOBBIA aN(aBUT 4,, KOTOPBIA IOJIY4aeTCs U3

MPEABIYIIErO 3aMEHOM IBYX CUMBOJIOB a, a (C HaMEHBIIIUMH Be-
POSITHOCTSIMU) Ha TICEBJIOCUMBOJ a’, IPUYEM p(a’) = pla, )+p(a, ).

[Iponomxkas >ty npouenypy (mar 1 — mar 2), OygaemM npuxoauTh
KO Bce 0oJiee KOpOTKUM ajdaBuTaM; Mocie n—2 — KPATHOTO CHKATHUS
npujeM K andaBuTy 4, ,, COASPKaBIIEMY YK€ BCEro JBE OYKBHI.

[Iar 3. CumBoiaM mociieaHero ajadaBuTa MOCTaBUM B COOTBETCT-
BHE KOJOBBIC 0003HAUCHUS () U |.



[Iar 4. ITycts K010BBIE 0003HAYEHHUS y>KE TIPUITHCAHBI BCEM CHM-
BojaM angasura 4,. CuMBoOJIaM IpeabIAyllero andasura 4, (rae 4,

UCXOIHBIN andaBUT 4) KOJOBbIE 0003HAUCHUS TTPUITHCHIBAIOTCS
—€CIM ac 4, U ae 4,, TO B anaBuTe 4, OH OyJeT UMETh TE XKE

1

KOJIOBBIE 0003HAYCHHUS, YTO U B aJI(PaBUTE 4, ;
— €CIIM DJIEMEHTEHI a, , a, TIPUHAJJICKAT aN(paBUTy A4, ¥ HE IIPH-
HaJUIeXkKaT angaBuTy A4, (OHU ObUIM 3aMEHEHBI Ha JJIEMEHT da'€ 4,), TO

X KOJOBBIE OOO3HAUCHMS TMOJY4alOTCs M3 KOJOBOrO OOO3HAYECHUS
aJIeMeHTa o« Jo0aBiieHreM udp 0 ¥ 1 B KOHIIE.

BeinosiasieM miar 4, moka BCeM 3JEMEHTaM HMCXOJHOro andaBuTa
A He OyJeT COMOCTaBJICHO KOJI0BO€ 0003HauYeHHE. AJITOPUTM OKOH-
YeH.

Jlerko 3aMeTUTh, UTO KOAUPOBAHUE HEKOTOPOTO aindaBuTa Mo Me-
Tony Xaddmana He ABISIETCS OJHO3HAYHO OMPEACIICHHOU MPOIEHY-
poil. HarmpuMmep, Ha J11000M 3Tane MmocTpoeHUs: Koja MOKHO 3aMEHUTh
uudpy 1 Ha mudpy 0, 1 HA0OOPOT; PU ITOM MOJIyUYaTCs JIBa pa3any-
HBIX KOJIa.

Ilpumep. Jlan andaButr A4={6","¢","s","u","2","s"}, IS KaXKIOTO
CUMBOJIa U3 andaBUTa A 3aJlaHa BEPOSITHOCTh €ro MOSIBJICHUS B TEK-
CTe.

CHUMBOJI e 0 3 M |1 b
BEPOATHOCTh 4 1 2 1 1 1

3akoaupoBaTh andaBUT ¢ MOMOIILIO airopuTMa Xadgmana.

Pemenue

[Ipormecc mepexona k Oojee KOPOTKUM andaBUTaM MOKHO OIIH-
caTh CIIeIyIOIIeH TaOIuIeH.
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B pesynbTaTe KOAUpOBaHUS CTPOKH «ebOM33eeeiD» MOoJIydyaeM I0-
CJIENOBATEILHOCTD JUIMHHOU 4* 1 +2*2+4%4=24 Oura.
[Iprmep OKOHYEH.



HAuHamudeckuu anzopumm XaghgpmaHa

HcX0oMHBIMM TAHHBIMH QJITCOPHTMA SBJISFOTCS:
e anipaBuUT A={a,,..,a,}, COCTOSIIUN U3 n CUMBOJIOB;

® CTpOKA B=bb,b,...b., KOTOPYIO HAJIO 3aKOJHUPOBATh U DJIEMECHTHI
17273 s

KOTOPOU MpUHAJIECKAT AIPaBUTY A.

OcHOBHass ujesd JUHAMUYECKOTO KOJIUPOBAHMS 3aKJIIOYACTCS B
TOM, YTO MOJIECJIMPOBAHUE WMCTOYHUKA (TaOIMIla BEPOSITHOCTH) BHUJIO-
U3MEHSETCS nociie 00pabOTKU OYEPEAHOTO CUUTHIBAEMOTO CHMBOJIA.

PaccMoTpuM BapuaHT JMHAMHYECKOTo anroputMa XaddmaHa,
KOTOPBIN OYEHb JIETKO PEATU3YETCs, U XOTS OH HE SIBISETCS OYECHb
3 PEKTUBHBIM, XOPOIIIO WLIKOCTPUPYET UJCI0 JUHAMUYECKOTO KOJIH-
poBaHusi. OCHOBHOM CTPYKTYpO#l pacCMaTpuBaeMoOro ajiroputMa Oy-
JIEM CUUTATh TaOIHILy pa3Mepa nx3.

AJITOPUTM KOJAUPOBAHUSI COCTOUT U3 HECKOJBKHUX IIaroB.

[Ilar 1. Mannmanu3anusi.

1. CTpouM MHOXECTBO M3 n KOJOB NEPEMEHHOM JJIMHBI HA OCHO-
BE€ Kakoro-HuOyzawb nepeBa Xaddmana u ciydailHbiIM oOpa3zoM (Ha-
pUMep, MO BO3PACTAHUIO) IPUCBOUM 3TU KOJbl CUMBOJIaM aJi)aBUTA.

2. Ctpoum Tabnuiy pasmepa nx3 (CTOJOIBI KOTOPOH XPaHSAT:
HAaMMEHOBaHUE CMMBOJIA, YACTOTY CUMBOJIA B TEKCTE, KOJI CHMBOJIA).

[IIar 2. Paborta amroput™Ma (IIar ABa BBIMOJHSETCS 10 KOHIIAQ
CTPOKH, KOTOPYIO HAaJIO 3aKOAUPOBATH ).

1. CyuTbIBaEM OYEPENTHON CUMBOI b, .

2. B BBIXOIHOM (haill 3anHCBIBaEM KOJ b, .

3. MI3MeHsieM CYETYMK YacTOT BO BTOPOM CTOJIOIIE.

4. YnopsimourBaeM TabJMIly 1O BTOPOMY CTOJIOIy, HO Tepeme-
II[a€M TOJIBKO TIEPBBIM M BTOPOH cTO0IBI. KOMbI B TpeTheM CTOJIOINE
HE MEHSIIOTCHL.

AJITOPUTM OKOHYEH.

Jlerko 3aMeTUTh, 4TO JIEKOJUPOBAHUE CHKATHIX JAHHBIX OCYILECT-
BIISIETCS IIYTEM 3aMEHBI KOJIJa Ha COOTBETCTBYIOIIMK CUMBOIL. [Ipu me-
KOJIMPOBAaHUU HAJO BBINOJHATH T€ KE JIEMCTBUA IO IMOCTPOCHUIO OC-
HOBHOM TaOJIMITBI pa3Mepa nx3, YTO U IIPU KOJIUPOBAHUMU.

Ilpumep. Jlan andaBut 4={"s","0","s","m"} U CTPOKA B ="3010mo0" .

3aKoIMpoOBaTh AUHAMUYECKUM MeToIoM XadPpMaHa CTPOKY B.

Pemenue.



[Iporecc KogupPOBaHMS MOXKHO OMUCATH CICAYIONIECH TaOIUIICH.

CUnThIBaEM CUMBOII «3)

CuuTeIBaeM
«o»

CHMBOJI

Cum- Cuer- | Kon Cum- | Cuer- | Kox

BOJI YUK CUM- BOJI qUK CHUM-
BOJIa BOJIa

3 1 0 3 1 0

i 0 10 0 1 10

0 0 111 I 0 111

T 0 110 T 0 110

BBIBOJIUM B (haiin 0

BBIBOJIUM B (haiin 10

CUuThIBAEM CHMBOJI <O

CuuTtriBacM
«T»

CHMBOJI

Manimanusanys

Cum- | Cuer- | Kox

BOJI YUK CHUM-
BOJIa

3 0 0

I 0 10

0 0 111

T 0 110

CunTeIBacM CHUMBOJ

«»

CuMm- | Cuer- | Kox

BOJI YUK CHUM-
BOJIa

3 1 0

0 1 10

I 1 111

T 0 110

BbIBOIUM B (haiin 111

Cum- Cuer- | Kon Cum- | Cuer- | Kox

BOJI YUK CUM- BOJI YUK CHUM-
BOJIa BOJIA

o 2 0 0 2 0

3 1 10 3 1 10

b 1 111 I 1 111

T 0 110 T 1 110

BBIBOJIUM B (haiin 10

BBIBOJIUM B (haiin 110

CuuTtriBacM CHUMBOJI

«o»

Cum | Cuer- | Kon

BOJI 1708 CUM-
BOJIA

0 3 0

3 1 10

I 1 111

T 1 110

BBIBOJIUM B (haiin 0

[Ipumep OKOHYEH.




AdanmupoeaHHoe apugmMemuy4yeckKoe cxamue

I/ICXOI[HI)IMI/I JaHHBIMHA aJITOPpUTMA SABJIAKOTCS:

e anaBuT A={a,,..,a,}, COCTOSIIUN U3 n CUMBOJIOB;

® CTpOKa B =bb,b,...b,, KOTOPYIO HAAO0 3aKOJAHUPOBATH U 3JICMCHTHI

KOTOPOU MPUHAJIEKAT alN(PaBUTy A.

Apudmernyeckoe KOAUPOBAHUE OCHOBAHO Ha HJIEE MpEACTaBe-

HUS KOJUPYEMOTro TeKCTa B BUJE Apoou. PaccMoTpum mporiecc Koau-
poBaHus (IMOCTPOUM JIpoObL HA UHTEpBaje[0,1)).

AJITOPUTM KOMITPECCUU COCTOUT U3 HECKOJIBKHX IIIaroB.
[MIar 1. Uannunannsaims.
1. BBeneM BCIiOMOTaTelIbHBIE TEPEMEHHBIE: HWXKHSISA T'PAHUIIA,

BEPXHSS_TpaHUIA, HHTEPBAJ, n, a TAKXKe IS KaKJIOr0 dJIEMEHTa al-
(aBuTa a, BBEIEM CUETUHK n, .

2. Ilepes OCHOBHBIM IIArOM AJITOPUTMA OyJIEM CUUTATh, YTO
e HKkHssA Tpanuua=0,0;

® BepXHSA rpanuna=vHTepBan=1,0;

* n=|4;

® n,=1 JUI JIIOOOTO CUMBOJIA q,€ A.

[Iar 2. PabGorta amroput™Ma (IIar ABa BBIMNOJHSETCS 10 KOHIIAQ

CTPOKH, KOTOPYIO HAJI0 3aKOAUPOBATH).

1. ITocTpouTs TabIUIly pacrpenesieHus BEpOSATHOCTEN

CHUMBOJI BGpO}ITHOCTB I/IHTepBaJI BGpXHHH HUWXHAA
FpaHI/II_Ia FpaHI/II_Ia
CHUMBOJIA CHUMBOJIA
n
al a 0, 9 a
n n n
n n n
ai i n n n i—1 + i 1
n n n

10




2. CuuThIBaEM OYEPETHON CUMBOI b, .

3. HTepBan = BepXHsis_IPaHUIA — HIKHSASL TPAHULIA.

4. BepxHssl_TpaHUIla = HWKHSISL TpaHUIla + MUHTEpBalI * BEpXHsIA
rpaHula 111 0YEPETHOTO0 CUMBOJIA.

5. HwxHsis TpaHuIla = HIWKHSS TpaHUIla + UHTEpBAT * HIDKHSA
rpaHuUla IJI1 OYEPETHOI0 CUMBOJIA.

n, =n, +1; n=n+1

[IIar 3. Beigate m1000€ YKCIO, NPUHAJICKAIIEE HUHTEPBATY
[HWKHSISL TpaHULa BEPXHSA TPaHUIIA).

AJITOPUTM OKOHYEH.

Ilpumep. an andaBut 4={"x","p","c","a","$"} U CTpOKA B ="xpacka$".
CumBodn "$" OyaeT 0003HaYaTh KOHEIl KOJAUPYEMOM CTPOKHU.

[Ipon3BecT KOMMPECCUIO aJAalNTUPOBAHHBIM apUDMETHUECKUM
METOIOM.

Pemenue.

Pacnonarate cUMBOJIBI B TaOJIHIIE BEPOATHOCTEM OyneM B anda-
BUTHOM TOPSIJIKE.

[Iporecc KoAUPOBAHKS MOXKHO OMUCATH CIEAYIONIEH TaOIUIICH.

CUM | TabauIla BEepOsITHOCTEN VHTEPBAJ | HUXK- | BEPX-
BOJI HSIS HSISI
rpa- rpa-
HUIIA | HULA
«ay «K» «p» «e» «$» 0 1
K 'o,ij 1 zj 2 z) 3 i) 4 1] 1 ! 2
L5 5°5 5°5 1575 |5’ 5 5
p |, 1} '1,3} 3 i) 4 z) E 1) 1 9 10
L6 166 1676 1676 16 5 30 30
a |, 1) 1,3] 3 z) E gj 6 1] i 9 64
7 1777 777 1777 7 30 30 210
c 0,31 2 i) 4 g) 6 1] 7 1} 1 510 511
L 8 1878 1878 1878 '8’ 210 1680 1680
k|, z) 2 ij 4 g} B §j 8 1) L 4592 | 4594
) 1979 1979 1979 19’ 1680 15120 15120
a | 3) 2 ij E 1) 7 1} E 1) 2 4592 | 45924
L 710 10°10) | [ 10710 10710 10° 15120 15120 151200
$ '0 i} 3 ij 6 EJ 8 mj 10 lj 4 505160 45924
|11 11711 11711 11711 11’ 151200 1663200 | 151200

[
[E—



Crneq0BaTeNbHO, CTPOKY «Kpacka$» MOKHO NPEACTaBUTh YHUCIOM
(505 160 505164 j, Hanpumep 0,30372896. ITpumep OKOHUEH.

= 1663200 1663200

AJITOpUTM apuPMETHUYECKOTO JAEKOJIUPOBAHUS MOXKET OBITH OIH-
CaH CIEIYIOIINM 00pa3oM:

Hcxoaubie JaHHBIC allTOpUTMA; YUCIIO, aldaBuT 4={a,....a,}.

[MIar 1. Mannouanu3anus.

BBeneM BcrioMorarenbHble IEPEMEHHBIC, AaHATTOTMYHBIE paccMart-
PHUBAEMBbIM B IIPOIECCE KOMITPECCHUH.

[Iar 2. Pabota anropurMma.

[Toka cUMBOJ HE paBE€H CUMBOJIy KOHIIA OJIOKa, BBHITIOIHSACTCS
IUKJI.

1. IlocTpouts TabNMITy pactpeaeiacHs BEpOSTHOCTEH

CHUMBOJI BepOHTHOCT b HHT epBaJI BerHHH HNXHAS
IrpaHuIa rpaHuIa
CHMBOJIa CHMBOJIa
n na
al a, O’ 1 a 0
n n n
n na—l n”l n”x n
a, - n’'n on|tp -
n n n n

2. CUMBOJI = HalTH CUMBOJI B UHTEPBAJ KOTOPOTO MOMAa€T YHC-
J10.

3. Bermate cUMBOII.

4. nTepBan = BepXHsis rpaHuiia (CUMBOJIA) — HIDKHSISI TPaHUIIA
(cuMBoOIIa).

5. YUucao = 9yucao — HIKHSS TpaHuIia (CHMBOJIA);

6. Uuciao = 9ucio / uHTepBall.

7. n, =m, +1; n=n+l.

[{1k OKOHYEH. AJITOPUTM OKOHUEH.

Ilpumep. Nano uucno 0,303729 u andaBut 4={"«","p","c","a","$"}.
Havity 3aKkoaupoBaHHyIO CTPOKY B.
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Pemenne
IIpouecc nexoaupoBaHusl MOXKHO ONMCATh CIEAYIONIEH TaOIHUIEH.

YuCJIO0 | TabiMIla BEpOSTHOCTEN WH- HWK- | BEPX | CHM-
TCP- HsA HAA BOJI
BaJl rpa- | rpa-
HHUILIAa HHUILIa
CHUM- CUM-
BOJ1a BOJ1a
WHUILMATIN3aIHs 0 1 |
«an «K» «p» «C» «$»
0,303729 '0 1) 1 2] 2 3) 3 4 '41 1 1 2 K
1’5 1575 1575 1575 |5’ 5 5 5
0,518645 oL 1 gj 3 ij (45 5 1) 1 3 4 p
76 1676 1676 1676 L6’ 6 6 6
OINST 1) | L z) 35) |[5.6) |[s, L o |1 Ja
|7 1777 1777 1777 17 7 7
0,78309 '0 g) 'g i] _i gj _E Zj _1 lj 1 6 7 c
|8 1878 1878 1878 |8’ 8 8 8
0.26472 1\ T z) 2 ij 4 éj 6 §j 8 1} 2 |2 |4 (x
L9 1979 1979 1979 19’ 9 9 9
0.19124 ) T zj 2 5)|[5 lj EAEARNES 1) 2 |0 2 |a
L 10 10°10) | [ 10710 10710 10° 10 10
09562 1T 3) [[36) |[68)|[810) [0y | 1L |10 |1 |8
|11 11711 11711 11711 117 11 11

B pesynapTare pabOThl anroputrMa JIEKOMIIPECCUU TMOTYUHIH
CTpOKy «kpacka$». [Ipumep okoHdeH.
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Anzopumm RLE

JIaHHBIN aITOPUTM YaCcTO MCHOJB3YETCs MPHU CXKATUH U300paxke-
HUU.

Pabora anroputma RLE (koaupoBaHu€e JJIMH MOBTOPEHMIT) OCHO-
BAaHA HA CIEAYIOLIECH UJIEE:

® 1300pa)KCHUE BBITSATUBACTCA B IIEMOYKY OaMTOB IO CTPOKaM
pactpa;

® C)kKaTUE TIPOUCXOAMUT 3a CYET TOr0, UTO B MCXOJHOM HM300pake-
HUM BCTPEYAIOTCS IEMOYKM OJIMHAKOBBIX OalTOB. 3aMeHa TaKuX Iie-
MOYEK Ha Mapbl (CUETUUK MOBTOPEHUMN, 3HAUCHHUE) YMEHBIIIAET U30bI-
TOYHOCTh JAHHBIX.

B dopmare PCX 3T0 peann3oBaHO CIEIYIOMIMM 00pa3oM: B BbI-
XOJHOM MOTOK MUIIETCA JIMOO HEMOCPEJACTBEHHO 3HAUYCHUE MHUKCEIIS
(ecnu B IBYX €ro CTapIiuX pa3psjaax He eIUHUIIbI):

[ XX 3nauenue |

a10o mapa

[ 11 cuemuux | [ umo nosmopsams |,

MpUYEM TOBTOPSEMBIM CUMBOJI MOBTOPSIETCS YKCIIO pa3, Ha €U-
HUILY OOJIBIIYIO CUETUHKA.

OTMeTUM, YTO BO3MOKHBI CHUTYyalldH, KOTJa pa3Mep CKaToro
daiia Oosblie pazMepa UCXOTHOTO U300paKEHUSI.

AJITOPUTM KOJAMPOBAHUS JJIMH TOBTOPEHUM MOXKET OBITh OYECHB
3¢ (eKTUBEeH MpHU CXKATUM JBOWYHBIX JAHHBIX, HAIPUMEpP, YEPHO-
0eNbIX (PUKCUPOBAHHBIX U300pAKECHUI.

B sTtoM ciyuae pabora ajaroputMa OCHOBaHa Ha CIEAYIOIICH
ujee:

® 1300pa)KCHUE BBITATUBAETCS B IIEMOYKY OUT IO CTPOKAM pac-
Tpa;

® BMECTO KOJIMPOBaHUS COOCTBEHHO JAHHBIX KOJUPOBAHUIO TOJI-
BEPraroTCs YKclia, COOTBETCTBYIONIUE JJIMHAM YYaCTKOB, HA KOTOPBIX
JAHHBIE COXPAHAIOT HEM3MEHHOE 3HAUEHUE.

Ilpumep. Jan JIBOUYHBIN BEKTOP JTAHHBIX
X =(0111000011110000000100000001000000010000000111100011110111101111)
JUTMHOU 64 OuTa.

3aK0IMpOBATh METOJIOM JIJINH MIOBTOPEHUM.
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Pemenue.

BrigenuM B BEKTOpE X y4acTKH, Ha KOTOPBIX TAaHHBIC COXPAHSIOT
HEM3MEHHOE 3HaueHWe, W ONPEACIIMM UX IJIUHBL. Pe3ynbTupyromias
MOCJIEIOBATENIBHOCTD JIJIMH YYaCTKOB — IOJIOKUTENIbHBIX IEIbIX YH-
CeJl, COOTBETCTBYIOIIUX MCXOJHOMY BEKTOPY JaHHBIX X, — Oyjaer
UMETh BUI r=(13,4,4,7,17,17,1,7,43,4,1414). Tenepb 3Ty mnocieaoBaTeb-
HOCTh MOJKHO 3aKOJMPOBaTh KAaKUM-THOO CTAaTHCTHYECKUM KOJIOM,
HarpuMmep, kogom Xaddmana. B pesynbrare noayuum

JUIMHA y4yacTtka | 4 1 7 3
KOJI 0 10 110 111

[TockoyibKy Koaupyemasi CTpOKa HauMHAETCS C HyJs, JJIsl OJTHO-
3HAYHOM JEKOJMPOBKU J00aBUM B Hayajao MOJIYYEHHOTO BEKTOpa
cumBon 0. B pesynapTare  MHOJy4YMM  KOJOBOE  CJIOBO
h=(0101110011010110101101011001110100100) IJIUHHONH B 37 OUT, TO €CTb
uH(opmarliys Obljia c)kata MOYTH Ha MOJIOBUHY. [IprMep OKOHYEH.

NpeobpasoBaHue bappoy3a-Yunepa

[Ipeobpazoanue bappoyza-Yumnepa (BWT) npennaznaueHo asis
TOro, 4ToOBl MPeoOpa3oBaTh BXOAHOM OJIOK B Oosiee yIOOHBIN IS
cxatusi BUA. BrnepBbie 3TOT MeTo ObL1 omyOinkoBaH B 1994 rony.
3amMeTuM, 4TO TOJIyYEHHBIN 1ocie mpeoOpazoBaHus 070K d(PPeKTUB-
HEE CKUMATh CIIEIUAIbHO pa3pa00TaHHBIMM JJISl 3TOTO aJITOPUTMaMH.
[TosToMy nydiile paccMaTpuBaTh OMUCHIBAEMBIA AJITOPUTM BMECTE CO
crnenupuiaecKkuMu METoAaMu KOJUPOBaHUS JaHHBIX. B opuruHanbHOM
cTaTbe ObLIa MpeJIoKeHa COBOKYITHOCTh U3 TPEX MyHKTOB:

1) npeodpazoBanne BWT;

2) npeoopazoBanue Move-To-Front (MTF nepemernienue cronku
KHUT) WA KOJAMPOBAHWE PACCTOSHUHN, WM KaKoe-HUOYIb aHaJOTH4-
HOE MpeoOpa3OBaHUE;

3) cTaTUCTUYECKUN KOAEp MJIA CKaTUsl JTaHHBIX, MOJYYEHHBIX B
pe3yJibTaTe MOCJIeA0BATEILHOTO MPUMEHEHUS TIPEIbIAYIINX Mpeoopa-
30BaHUN.
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JI1s IOHMMaHUs MpoLEcca CKaThsl MPU MTOMOIIU METOJI0B, OCHO-
BaHHBIX Ha mpeoOpazoBaHun BWT, paccMOTpUM Kaxblil U3 3TAIoB
noAPOOHO.

lMpeobpa3osaHue bappoy3a-Yunepa

MpsMoe npeobpasoBaHue

OtmeTuM, uTo mnpeodbpazoBanue BWT pabortaer cpasy iaubo co
BCEMH DJIEMEHTAMU BXOJIHOTO MOTOKA, JIMOO C JOCTATOYHO OOJBIINM
OJIOKaM.

[Iponienypy npeobpa3oBaHUsS MOKHO YCJIOBHO pa3feiuTh Ha 4Ye-
TBIPE dTara:

1) BBIAEINUTH OJIOK U3 BXOJHOTO IMOTOKA;

2) copMHupOBaTh MATPHUILy BCEX MEPECTAHOBOK, IMOJTYYCHHBIX B
pe3yabTaTe MUKINYECKOTO CABUTa OJIOKa;

3) oTCOpTUPOBATH BCE MEPECTAHOBKU B COOTBETCTBUHM C JICKCUKO-
rpaUYECKUM TOPSIKOM CUMBOJIOB KaXKJI0H NIEPECTaHOBKH;

4) Ha BBIXOJl MOJAETCS TOCJIEIHUI CTONOEI MaTPHUIlbI U HOMEP
CTPOKH, COOTBETCTBYIOLIUNA OPUTUHAIIBHOMY OJIOKY.

Ilpumep. PaccmoTpuM padoty npeodpazoBanust BWT miist crpoku
CHUMBOJIOB «0€33eMEebe.

[Tocie BBIMOTHEHUSI BTOPOTO 3Tara MojJy4ruM MHOKECTBO LIUKIH-
YECKHUX MePECTaHOBOK.

0e33eMebe
e33eMeNbed
33eMenbede
3eMelbLedes
eMeliLe0e33
Meabedes3e
enpede33eM
JIpe0e33eMe
bebe33eMell
e0e33eMelb

[TomeTuM B 3TOW MaTpUIE UCXOIHYIO CTPOKY U OTCOPTUPYEM BCE
CTPOKH B JIEKCUKOTpahUueCKOM Mopsiake. B pe3ynbpTaTe moaydanm
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0. 0e33emenbe MCXOJIHAs CTPOKa
1. ebe33emMensb
2. e33eMeibeo
3. elbe0e33eM
4, eMeJibe0es3
5. 3eMelibe0e3
6. 33eMelibe0e
7. Ibede33emMe
8. Melbe0e33e
9. brebe33emeln

[Tociie BBIMOMHEHUS YETBEPTOIO ATaIa, B3sB MOCIEAHUNA CTOI0EII,
NOJIyYHM CTPOKY «€bOM33eeei», a HOMEpP UCXOAHOW CTPOKH B OTCOP-
TUPOBAHHOU MaTpUlle paBeH HYJII0. [Iprumep OKOHYEH.

OGpaTHoe npeobpa3oBaHue

Paccmotpum unero obpatHoro mpeoOpazoBanus BWT Ha koH-
KpeTHoM mnpumepe. Ilycth mociie mpsiMoro npeoOpa3oBaHUs Yy Hac
€CTh TOJIBKO CTpOKa «ehOM33eeen», 3JIEeMEHThl KOTOPOl — CUMBOJIBI
MOCJIEHETO CTOJIOIA MATPHIBl 1 HOMEP MCXOAHOW CTPOKH B OTCOP-
TUPOBAHHOM MaTpUIlle, PaBHbIM HYI0. J|OCTaTOYHO OTCOPTHUPOBATH
BCE DJIEMEHTHI CTPOKHU «ebOM33eeei», YTOObI MOIYYUTh MEPBbII CTOJ-
Oel; MaTpulbl UUKINYECKUX MEPECTAaHOBOK OTCOPTHUPOBAHHBIX CJIEBA
HaIlpaBO B COOTBETCTBUU C JIEKCUKOTPA(PUUECKUM MOPSIAKOM CHMBO-
JIOB €€ CTPOK.

HOMEp CTpO- 10 MpeoOpa3oBaHUsl  IOCIHE HOMED
KU npeoOpa3oBaHusi  HOBOM CTPOKHU
0 0...e e0... 1

1 e...b bC... 9

2 e...0 oe... 0

3 e...M MeE... 8

4 e...3 3e... 5

5 3...3 33... 6

6 3...€ e3... 2

7 I...€ ell... 3

8 M...C eM... 4

9 b...J Ib... 7
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CHUMBOJIBI IEPBOTO U MOCIETHEr0 CTONOIOB 00pa3ytoT Mapkl, Mo-
CKOJIbKY CTPOKHM MATPHUIIbl ObUIM MOJYYE€HBI B pe3yJIbTaTe IUKINYE-
CKOT'O CIBHUTa UCXOJHOU CTpoku. OTCOPTUPOBAB 3THU Maphl, MOTYUUM
JIBa M3BECTHBIX CTOJIOIA B JICBOW YaCTH MaTPHUIbl. AHAJIOTUYHO CTOJ-
Oel11 3a CTOJIOLIOM MOKHO BOCCTAaHOBUTH BCIO MATPHILY.

oOe...

e 0e3...e 0e33...¢ 0e33e...e 0e33eM...e
€0...b coe...b c0e3...b c0e33...b cbesse...b
e3...0 e33...0 e33e...0 e33eM...0 e33eMe...0
el...M €lb...M eJbe...M eJbe0...M eJabede. ..M
eM...3 eMe...3 eMell...3 eMeb...3 eMeILE. ..3
3e...3 3€M...3 3eMe...3 3eMell...3 3eMeb...3
33...€ 33€...¢ 33€M...€ 33eMeE...¢€ 33eMell.. .
Jb...€ JbE. .. J6€0. .. JIbeoe...e Ibe0e3. ..
ME...C M€Jl...€ Me€lb...¢ MeJbE. ..€ Mebeo...e
bE...JI b€0...JI beoe...]1 be0e3. . .J1 be0e33.. .o
0e33eMe...e Oe33emell...e  0Oe33eMelne
e¢0e33eM...b cOe33eme...b e0e33eMenb
e33eMel...0 e33eMenb...0  e33emenned
eJIbe0es... M eapebe33...M  enpebde33eM
eMelbeo. . .3 eMeabebe...3  emenbedess
3eMeJbe. . .3 3eMeibed...3  3eMenbe0Oe3
3eMe€b...€ 33eMeIbE...€  33eMeNbede
JIbe0e33...¢e Jbebes3e...e Jbe0e33eMe
Mebeoe. . .e Menabede3...e  Melbebes3e
bebe33e. . .1 bebe33eM... 1 bebe33emeln

Y4YuThiBas KOJIMYECTBO CUMBOJIOB B CTPOKE U MOJYYCHHBIN TOCIIE
npsIMOTro MpeoOpa3oBaHUs HOMEP, MOKHO OJHO3HAYHO OMPEACIIHUTH
JNEKOJMPOBAHHYIO CTPOKY.

OnHako AEKOAMPOBAHHYIO CTPOKY MOYKHO HAWTH, HE OCYIIECTB-
7S IS 3TOTO TIOCUMBOJILHOE BBINTMCHIBAHME CTPOK MaTpPHIIbI Mepe-
CTAaHOBOK, HO MOTpeOyeTcsi BEKTOp OOpaTHOro mnpeodpa3oBaHusd T,
NPEeACTABISAIONINI COO0OM MAacCHMB 4YHCEN, U pa3Mep KOTOPOTrO paBEH
YHUCITy CUMBOJIOB B OJIOKE.

JIns moydeHus: BEKTopa oOpaTHOTO MpeoOpa3oBaHUsl T HYKHO
ONPENIETUTh JTUIIb MOPSAOK ONPENEIEHNUS] CAMBOJIOB IIEPBOTO CTOIOIA
U3 CUMBOJIOB MOCEAHEr0. J[pyrumMu cioBaMu, Mociie TOro Kak HalIu
NEepBbIN CTONOEI] MaTPHUIlbl, HAJIO OTCOPTUPOBATH MATPUILy O HOME-
paM HOBBIX CTPOK.
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HOMEP CTPOKHU HOMEpP HOBOU
CTPOKH

2 e...0 0 Oe...e
0 0...e 1 ¢0...b
6 3...¢ 2 e3...0
7 q...€ 3 ell...M
8 M...C 4 eM...3
4 e...3 5 3e...3
5 3...3 6 33...¢
9 b...JI 7 Jb...¢
3 e...M 8 ME...¢
1 e...b 9 bE...J

[TonydyeHHbIE 3HAYEHUSI HOMEPOB CTPOK U €CTh MCKOMBIA BEKTOP
oOpaTHOTO IpeoOpazoBaHust T ={2,0,6,7,8,4,593,1}. i monydenus aexo-
JTUPOBAHHOM CTPOKHM HAJI0 BBINMKCATh CUMBOJBI U3 UCXOJHOW CTPOKHU
«eprOM33eee» B MOPSJIKE, YKa3aHHOM B BEKTOpE 0OpaTHOro mpeodpa-
30BaHUs 7, HAUMHASI C HOMEPA CTPOKU MOJYUEHHOTO B MPOILIECCE Mpsi-
Moro mnpeooOpazoBanusi BWT. Jlpyrumu crnoBamu, I€KOAUPOBAHUS
CTPOKU MO>KHO 3aIUCaTh:

uageke | T0]=2= | T[2]=6= | T|6]=5= | T[5]=4= | T[4]=8= | T8]=3=
CHUMBOJI | O e 3 3 e M
uanexe | I3]=7= | T[7]=9= | 1[9]=1= | T[1]=0
CHUMBOJI c JI b c

[TpumMep OKOHYEH.

OtMmeTuM, d9YTO TJIaBHasg 3adada mpeoOpaszoBanus bappoy3a-
VYusnepa — JIOBKO EPECTaBUTh CUMBOJIbI, YTOOBI UX MOYKHO OBLJIO JIeT-
KO CKaThb.

lMpeobpasosaHue Move-To-Front

Meron Move-To-Front (MTF) takke u3BecTeH moja Ha3BaHUEM
«TepeMelIeHUe CTONKU KHUM». 1er0 MeToaa Jerko mporLTIIoCTPUPO-
BaTh Ha MpOIIECCE MEpPEMENICHUS KHUT B CTpoke: «M3 cTomku KHUT
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BBITACKHABAIOT HYKHYIO KHUTY U KIIAAyT €€ cBepXy». Ciaeq0oBaTelbHo,
MOXHO OXHUJaTh, YTO HAMOOJIEE€ YACTO MCIOJIb3yEMbI€ KHUTH YEpe3
HEKOTOPOE BPEMSI OKaKYTCsl OJIMKE K BEPXY CTOIKH.

NMpsamoe npeobpasoBaHue

PaccmoTrpum paboty wmertoma MTF Ha mnpumepe CTpoku
«epOM33eeen». Jlerko 3aMeTuTh, 9YTO B CTPOKE HMCHOJIB3YIOTCS TOIBKO
CUMBOJIBI U3 ajidaBUTa M ={e,5,6,1,3,1}. byJleM cunTaTh, YTO HAYaIIb-
eIl criucok MTF coaepxuT cumBobl aipaBUTa M B CICAYIOLIEM
MMOPAOKE {6,e, 3,1, m,b}.

CHUMBOJI criucok MTF BBIXOJ] IPe0Opa3oBaHUs
0e31IMb
€03JIMb
be03IM
Obe3NIM
MOBE3II
3MOBeEI
3MOBeI
€3MOBJT
€3MOBJI
€3MOBJI

H 000 WWwZ ar o
NOO PO bW WV~

Takum oOpasom, mocie npeodpazoBanus Move-To-Front Ha BbI-
XO0JI€ MOJYy4YUM BEKTOp (1,5,2,5,4,0,4,0,0,5). [Ipumep OKOHYEH.

OGpaTHOe npeobpa3oBaHue

O6paTHOoe npeoOpa3oBaHUE AHAIIOTUYHO MPSIMOMY IMpeoOdpa3oBa-
Huto. [Ipousmoctpupyem oOpaTHOe MNpeoOpa3oBaHUE HAa MPUMEPE
BeKTOpa (1,5,2,5,4,0,4,0,0,5), YUATHIBAS, 4TO HadaibHbIM ciucok MTF co-
JEPKUT CTPOKY «OE3JIMbY.

BXO/]1 TpeoOpa3oBaHUs criucok MTF BBIXO/T TPe0Opa3zoBaHus
1 0e371Mb e
5 €03JIMb b
2 be03IM 0
5 Obe3IM M
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MOBE3II
3MOBeEI
3MOBEI
€3MOBJI
€3MOBJI
€3MOBJI

nNnh OO KOS
H 0O 0O 0O W W

[Ipumep OKOHYEH.

HaszHaueHue 3Toro MeToja — yrnpoCTUTh 33/1ady CTATUCTHUYECKO-
My KOJEpYy. DTO CBSI3aHO C TEM, UTO pe3yiabTar npeodopaszoBanus bap-
poy3a-Ywusepa mpeacTaBisieT coO0W MOC/IeI0BATeIbHOCTh CUMBOJIOB,
Cpeau KOTOPBIX YacTO TMOMAJAITCS WAYIIHE MOAPSA OJWHAKOBHIC
CUMBOJIBI.

[IpuBenemM WIUTIOCTpPALMIO MOJIE3HOCTH IpuMeHeHuss Move-To-
Front mpeoOpa3oBanusi. HamoMHuUM, 4TO NMpU KOJAUPOBAHUU CTPOKHU
«epbM33eee» 1o Meroay Xaddmana 6e3 ucrnoib3zoBanus MTF nam
noTpeboBasiocs 24 6uta. PaccMoTpuM Tenepb KOAUPOBAHUE ATOM Ke
CTpOKH MocJie npeodpazoanust MTF.

CUMBOJI 4acToTa BEPOSITHOCTD ko Xadpmana
1 1 % 0 001

5 3 % 0 11

2 1 %0 000

4 2 % 0 01

0 3 % 0 10

B pesynbraTte KOAMPOBAHMS TMOJy4aeM IIOCJIEA0BATEIHLHOCTh
JUTHHON 1*3+3*2+1*3+2%2+3*2=22 Oura.

bonee narnsaHo mone3HocTh npeobpazoBanuss MTF MoxHO pac-
CMOTpPETh Ha CTPOKE «ccccaaaadbonnano6». [IockoabKy BEpOSITHOCTD

1
JTH000T0 CUMBOJIa B CTPOKE paBHSETCS - TO JUIs KOJIPOBAHUS OJTHOTO
cuMBoJia o koay Xaddmana norpedyercs 2 Outa win 32 O6uta Ha
BCIO CTPOKY. Tenepp paccMOTpUM KOAMPOBAHUE IOCIE Mpeodpa3oBa-

Hus MTF. [Ipennonoxum, uro HadanbHbIM criucok MTF «abcmy», To-
raa
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ccccaaaabOgaango006 HCXO/HAsl CTpOKa
2000100020300010 BbIX0J nipeoOpazoBanusi MTF

PaccMoTpum Teneps KoaupoBaHUe MPeoOpa3oBaHHON CTPOKU Me-
TogoM Xaddmana.

CHUMBOIJI 4acToTa BEPOSITHOCTh ko Xaddmana
0 11 1%6 1

2 2 % 6 00

1 2 % 6 011

3 1 % 6 010

B pesynpTaTe KOIMpOBaHMS IIOydYaeM II0CIICIOBATEIIbLHOCTD
mHoN 1*11+2*2+2*3+1%3=24 Oura.

KodupoeaHue paccmosiHul

MpsaMoe npeobpasoBaHue

OTOT MeTo sABIsSIETCA OOHOM U3 anprepHatuB MTF. Paccmorpum
IIPOIECC MPSMOro IpeoOpa3oBaHUs Ha CTPOKE A4 =«ebOM33eeenn, 3a-
MeTHM 4TO andaBuT «0,e,3,71,M,b». Ho mepex TeM kak paccMOTpeTh
Ipolecc KOAUPOBAHUS, U3MEHUM CTPOKY 4. K Hadamy cTpoku mpu-
IIHIIIEM BCE CHMBOJIBI alipaBUTa B JJEKCUKOTrpapuIECKOM IOPSJIKE, a B
KOHEI[ CTPOKHU JI00aBMM CHUMBOJI, 0003HAYAIOMMI KOHEIl 0JI0Ka, MOJy-
YUM A4, =«0e31Mbesr0M33eeendy.

CTpOKa 0e3nmbepOM33eecend
U3BECTHBIC CHMBOJIBI 0€3/IMb..aerenesed

Tenepp 3aiMeMCsa KOOUPOBAHUEM PACCTOSIHUM. bepeM TepBbIi n3
W3BECTHBIX CUMBOJIOB — 3TO «0» M HMIIeM OnrpKaimmmi takoi ke. Ha-
1I1a 3ajJ1a4a — 3aK0JIMPOBATh HOMEP TOM BAKAHTHOM ITO3WIMH, HA KOTO-
PYIO BBITIAJIET 3TOT CUMBOJI. PaccTosiHue (HOMep) HaXxoauM, MOACUH-
ThIBasl YUCJIO TOUYEK, CHMBOJIU3UPYIOIINX HE3AHATHIC MTO3ULIMU B CTPO-
K€ U3BECTHBIX CUMBOJIOB.

CTpOKa oe3ambepOM33ecend
M3BECTHBIC CUMBOJIBI 0e3IMb . .0 ....... $
PACCTOSTHUE 2
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AHaJOTUYHO KOJIMPYEM €Il HECKOJIbKO CUMBOJIOB TI0 OYEPE/IH.

CTpOKa Oe3nMbebOM33eeen$
M3BECTHBIC CHMBOJIBI oesmMbe.0....... $
pPacCTOSTHHE 20

U3BECTHBIE CUMBOJIBI 0e3nMbe.0.3..... $
PACCTOSIHUE 202

M3BECTHBIC CHMBOJIBI o6e3nMbe.0.3....a%
PacCTOSTHHE 2026

M3BECTHBIC CHMBOJIBI o0e3nMbe.OM3.... 0%
PACCTOSIHUE 20261

M3BECTHBIC CHMBOJIBI 0e3aMbe b OM3. ... a9
PacCTOSTHHE 202610

U3BECTHBIE CUMBOJIBI 0e3nMb ebOM3.€e..1a$
PACCTOSTHUE 2026101

W3BECTHBIC CUMBOJIBI 0e31MbebOM3 . € . . 1§
pPacCTOSTHHE 20261013

Koaupys ouepeaHoi CUMBOJI «b», MBI CAEIaIN CChUIKY Ha KOHEII
cTpoku. [Ipu mekoaMpoBaHUM Takas CChUIKA MO3BOJUT MOHSATh, YTO
CUMBOJIbI «b» B CTPOKE 3aKOHYWJIMCH. 3aMETHUM, YTO €CJIU PSIIOM C
paccMaTpUBAaEMbIM M3BECTHBIM CUMBOJIOM OyJIeT HaXOAUTHCS BaKaHT-
Has MO3UIHUs, TO 3TO 3HAYUT, UTO TaM OYyJET CTOATH TAKOH e CUMBOII,
a BMECTO CCBUIKM MOXHO TOCTaBUThH Mpoyepk. PaccraHoBka mpouep-
KOB MO3BOJIUT YMEHBIIUThH KOJIMYECTBO CUMBOJIOB JIJIsI OCJIEIYIOIIETO
CKaTHsI.

CTpOKa 0e3a1MbepOM33ecend
M3BECTHBIC CUMBOJIbI 0e371Mbe bOM 3 . € . . 1I$
pACCTOSIHUE 2026101333

CTpOKa 0e3nMbebpOM33eeen$
M3BECTHBIC CUMBOJIBI 0€31IMBEHLOM 33¢€ . . 13
pacCcTosIHUE 2026101333-2
CTpOKa 0e3nMbebOM33eeen$
W3BECTHBIC CUMBOJIBI 0e31MbebOM 33¢e . 18
pacCTOsSIHUE 2026101333-2-
CTpOKa Oe3nmMbebOM33eeend
M3BECTHBIC CUMBOJIBI 0e31Mbeb0M 33ecelr$
pPACCTOSIHUE 2026101333-2--

B urtore nonyyaem nocieaoBaTelbHOCTbH{2,0,2,6,1,0,1,3,3,3,2}.
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OGpaTHOoe npeobpa3oBaHue

[IpounmrocTpupyem odbpaTHOE MpeoOpa3oBaHUE HA IIPUMEPE BEK-
Topa {2,0,2,6,1,0,1,3,3,3,2} YUUTBIBas, 4TO pa3Mep OJ0Ka paBeH JIECATH, a
andaBuT UMeeT BUJ «0,e,3,71,M,b». ClenoBaTelbHO, YK€ 1O MOMEHTA

JNEKOJAMPOBAaHWUS ~ MBI ~ 3HaeM, 4YTO  CTpOKa  HWMEET  BHJ
«0€31IMb..........5». PaccMoTpuM Ooiiee mopoOHO MPOIECC JIEKO -
pOBaHUS

W3BECTHBIE CUMBOJIBI «OE3TIMB. .0.eee...3»
paccTosiHUE 2,0,2,6,1,0,1,3,3,3,2
W3BECTHBIE CUMBOJIBI «0e371IMbe .0.......$»
paccTosiHue 2,0,2,6,1,0,1,3,3,3,2
W3BECTHBIE CUMBOJIBI «0e3nMbe 0.3 . ....5»
pacCTOsIHUE 2,0,2,6,1,0,1,3,3,3,2
W3BECTHBIE CUMBOJIBI «0e31IMBe .0. 3 . ... Ja5»
paccTosiHUE 2,0,2,6,1,0,1,3,3,3,2
W3BECTHBIE CUMBOJIBI «0e31IMbe .OM 3 . ... 185»
paccTosiHuE 2,0,2,6,1,0,1,3,3,3,2
W3BECTHBIE CUMBOJIBI «0e31Mbe bOM 3 . ... J1S»
pacCTOsIHUE 2,0,2,6,1,0,1,3,3,3,2
W3BECTHBIE CUMBOJIBI «0e31Mbe EOM 3. € .. 1$»
paccTosiHUE 2,0,2,6,1,0,1,3,3,3,2
W3BECTHBIE CUMBOJIBI «0e3nMbe bOM 3 . € . . 1$»
paccTosiHue 2,0,2,6,1,0,1,3,3,3,2
U3BECTHBIC CUMBOJIBI «0e3nMbe bOM 3 . € . . 1$»
pacCTOsIHUE 2,0,2,6,1,0,1,3,3,3,2
W3BECTHBIE CUMBOJIBI «0e37IMbe EOM 3. €. . 1$»
paccTosiHUE 2,0,2,6,1,0,1,3,3,3,2
W3BECTHBIE CUMBOJIBI «0e31Mbe bOM 33 € . . A$»
paccTosiHuE 2,0,2,6,1,0,1,3,3,3,2
W3BECTHBIC CUMBOJIBI «0e31Mbe bOM 3 3 € e e 1$»
pPACCTOSIHUE 2,0,2,6,1,0,1,3,3,3,2

Bosnee HarmsimHO MOJIE3HOCTH MPEeoOpPa30BaHUS MOXKHO MTPOUILITIO-
CTpHUpOBaTh Ha CTPOKE «ccccaaaadOoanano6». IlockonbKy andaBur,
HCIIOJIb3yEMBIN B CTPOKE «aOCa», TO JIETKO 3aMETHTh, YTO ITOCJE KO-
TUPOBAHUS PACCTOSHUHN OyAET MOIyYeH BEKTOP (4,7,0,7,9,6,3,1)

PaccMoTpuM Ternepb KoaupoBaHUE MPeoOpa30BaHHON CTPOKU Me-
TogoM Xaddmana.
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cuMmBo  koja Xaddmana CHUMBOJT ko1 Xadbdmana
7 10 4 011

0 000 6 110

1 001 9 111

3 010

Ecnu ucxonHas crpoka Obuta jyiuHOM 2*16=32 Outa, TO B pe-
3yJbTaTe MPeoOpa3oBaHUs U KOAUPOBAHUS MOITYUYHUM MOCIEI0BATEIb-
HOCTb JUIMHOU 2*2+3*6=22 Oura.

MeToabl cxxatusa ¢ notepen nHdopmauum

YacTo HET HEOOXOAUMOCTH B aOCONIOTHOM TOYHOCTH Iepeaadu
WCXOJIHBIX JAHHBIX MOJTyYaTelto. ITO MOXKET OBITh CBSI3aHO C TEM, UTO
MoTy4YaTe HHQOPMAIMH — OpraHbl YyYBCTB YEJIOBEKA, UCIIOJHUTEIIb-
HbIE MEXaHU3MBI M T. JI. — 00JIaIaf0OT KOHEYHON pa3pelIaroiiei Cro-
COOHOCTBIO, TO €CTh HE 3aMeYar0T HE3HAUUTEIbHOW Pa3HUIIBI MEKIY
abCcoIOMHO MOYHBIM U NPUOSUINCEHHBLIM 3HAYSHUSIMHA BOCIIPOHM3BOIH-
Moro cooOmieHus. I[lopor 4yBCTBUTEIBHOCTH K HCKKCHUSIM TaKKe
MOKET OBITh Pa3IMYHbIM, HO OH BCET/Ia €CTh.

BoIbMMHCTBO METOAOB CXKATHS C ITOTEPSIMH OCHOBAaHO Ha KO-
POBaHMHU HE CaMUX JAHHBIX, a HEKOTOPHIX JMHEUHBIX MpeoOpa3oBa-
HUU OT HUX.

OTMeTuM, 9TO B CMBICJIC YIIAKOBKH METOJBI CXKATHS C ITOTEPSIMHU
oonee 3(pheKTUBHBI, YEM METOJBI CKaThUi 0€3 MOTepb. XOPOIIUM
IPUMEPOM CKaThs HHGPOPMAIUK C TOTEPSIMH SBISIETCS CTaHIApT
CKaTHsl U300paKeHus jpeg.

CmaHdapm cxxamusi JPEG

Ipunmun cxaTus wu3oOpaxkenmid. Ecnu ciyuaiiHo BbIOpath
MUKCEeTb U300paKeHHs, TO ¢ OOJIBIIION BEPOATHOCTHIO ONMKANIINE K
HEMY MUKCEJIbl OyAYT UMETh TOT K€ WA OJIU3KUI I[BET.

Onuiiem ocHoBHbIE 1Iaru anroputma JPEG.

Paccmotpum paboty anroputma cxatusi JPEG nipyu KOIUPOBAHUU
MOJTYTOHOBOTO YEPHO-0€JIOro M300pa)K€HUsI C YUCJIOM Tpajaluil sip-
KOCTH B 256 ypoBHEM (8 TBOMYHBIX Pa3psiiOB).
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Ilar 1. PazoObem n300paxkeHust Ha OJJOKH pa3MepoOM 8x8 MHUKCE-
70B. Eciii 4Kciio CTpOK Uil CTOJIOIIOB HE KPaTHO 8, TO camasi HUKHSSI
CTpOKa M CaMbIil TIpaBbIii CTOJOEI] MOBTOPSIOTCS HYKHOE YHCIIO pas.
Bri0op pa3zmepa 0si0ka oOyciaoBiaeH TeM (akTOM, 4YTO MpHU OOJbIIEeM
pa3Mepe CBOMCTBA MUKCEI0B BHYTPH OJI0Ka OYAYT CUIIBHO pa3inyaTh-
Csl, @ IPU MEHBIIIEM pa3Mmepe YPPEKT OT KOJUPOBAHUS YMEHBIITUTCS.

—>=| |« 8§ muKcenoB

75 S T 231 (224 (224|217 |217 (203 {189 |196
217|203 (189 (203 |224 (217 (224

217|210 (224 {203 |203 (196 (189

203|196 (203 {182 |203 (182 (189

224 (203|217 {196 (175 154 |140

189 (168 |161 (154 (126 |119 (112

8 mukcenoB > |-

154 (126 (105|140 |105 (119 | 84

98 |105|98 (10563 |112 |84

28 |35 (28 |42 |49 |35 |42
154 (154|175 |182 189 |168 |217 [175 49 149 |35 |28 |35 (35 |35 |42
154 |147 (168 |154 |168 168 |196 175 42 |21 |21 |28 |42 |35 142 |28
175 |154 |203 175 |189 182 |196 [182 2135135 |42 142 |28 |28 |14
175 |168 |168 |168 [140 [175 |168 203 56 |70 |77 |84 |91 |28 |28 |21
168 |168 |154 [196 (175 [189 |203 |154 70 1126|133 |147 161 |91 |35 | 14
168 (161 |161 |168 [154 154 |189 [189 126 1203 |189 182 175 |175| 35 | 21
147 |161 (175 182 [189 [175 |217 [175 49 |189 (245|210 |182 | 84 |21 |35
175175203 (175 (189(175(175 (182

Hlar 2. [I[pumMeHnM K KaXI0My U3 OJJOKOB JTUCKPETHOE KOCHHYC-
Hoe nipeoopazoBanue (DCT).

JluckpeTHOe KOCHMHYCHOE MpPeoOpa3oBaHUE OT M300paKeHUs P
BBIUHCIIAEMOE KOJEPOM, MOXXET OBITh 3alMCaHO CICAYIOIIUM 00pa-
30M:

1 U 2y+)jrx 2x+ iz
Gij:—CiCjZprycos(( y16)] jcos(( ) j,

4 x=0 y=0 16
1o
e C, =142’
I, k£>0

B pe3ynprare monydyuM ABYMEPHBINA CIIEKTP G, TAKKE WUMEKOLIUN
pasmep 8xs.
Hexonep JPEG Beruucnsier oopatHoe npeoopazoBanue DCT

liiC,CiGU_ cos 2y+hjz cos (2x+ iz )
4 =0 j=o 16 16

pxy =
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1

rae c, ={ﬁ’

L k>0

k=0

3ameruM, uto mpeoOpazoBanue DCT ynoOHee mnpencTaBisiTh B
BUJIe npousBeaeHust Matpull. [Ipsmoe npeoOpazoBanue OyAeT BbITIIA-
JeTh KaK G=MPM’, OOpPaTHOE — P=M'GM,

1
—, i=0
TAC M, =1, \é§'+l '
—COS[M} i>0
2 16
Ilpumep. Tlycth ONOK HM300paKEHUS HWMEET CICAYIOIIUE 3Haue-

HMU:I.

42 128 [35 [28 [42 [49 [35 [42 | [Tocme BBIIOMHE- |-466 [ 133 [ -160 [-21 [-11 [ 51 [-6 [2
49 |49 |35 |28 [ 35 |35 | 35 | 42 299 | <140 | 174 | 54 | 26 | 52 | 4 12
42 |21 |21 [28 [42 |35 [42 [28 | HHA HPAMOTO IIPC- [126 [40 41 |33 |25 |27 |22 [-12
21 |35 |35 (42 |42 |28 (28 |14 O6pa30BaHI/IH DCT |33 8 -8 34 10 -5 2 3
56 |70 |77 |84 |91 |28 [28 |21 54 |-11 |4 48 |7 6 6 |17
70 |126 [133 [147 161 |91 |35 |14 | IIOJIYUHUM Ta6n1/1uy. 20 -4 1 44 [-18 |0 18 |-24
126 |203 [189 182 [175 [175 [35 |21 20 |-19 |22 |17 |14 |7 9 |20
49 [189 [245 [210 [182 [84 |21 |35 14 5 15 18 |5 5 3 2

(mepen mepeMHOKEHUEM MAaTpPHI] U3 3HAYCHHH SPKOCTH BBIYHTA-
eM uuciio 128, Giaromapst 4eMy 3HAYCHHS CMEIIAIOTCS B JMANa3oH -
128...+127). Jlerko 3amMeTuTh, YTO TMOJYyUYCHHass MaTpuila oOjagaet
CICAYIOIIUM CBOMCTBOM: KO3 (PHUIIUEHTHI ¢ OOJBIIMMHU a0COTIOTHBIMU
3HAYCHUSAMHU KOHIICHTPUPYIOTCS B BEPXHEM JIEBOM yIiIy. MOXHO CKa-
3aTh, YTO B JIEBOM BEPXHEM YINIy pa3MEIIAlOTCsS caMble BaKHBIC JaH-
HbIC, a B IPABOM HIDKHEM — HAUMEHEE Ba)KHBIC.

466 [ 133 [ 160 [ 21 [ 11 [ 51 | 6 | 2 | MMocne mumon- | 42 | 28 | 35 | 28 [ 41 [ 49 [ 35 [ 42
299 | 140 | 174 | 54 [ 26 [ 52 | 4 | 12 | poyus oGparmo- | 49| 49 | 35 | 27 | 35 | 35 |35 [al
126 | 40 | 41 | 33| 25 | 27| 22 | -12 4 | 21 | 21 | 29 | 42 | 35 | 42 | 28
33 8 S [ 34 | 10 | 5 | 2 | 3 | 'O Mpeodpasosa- 13535 |4 | 42 | 20 | 28 | 14
54 | <11 | -4 | 48| 7 % | 17 | Hma DCTunpu- 56 [ 70 | 77 | 84 | 91 | 28 | 28 | 20
20 | 4 1 | 44 | 18 24 | Gamnenms umcna | 70 | 126 | 133 | 147 | 161 | 91 | 35 | 14
20 | <19 | 22 | 17| 14 9 120 | 128  nomyumm | 126 | 203 | 189 | 182 | 175 | 175 | 35 | 21

14 5 15 18 5 8 -2 Ta6JII/IlIy. 49 189 | 245 | 210 | 181 84 21 | 35

Jlerko 3ameTuTh, YTO HA 3TOM IlIAre MOTEPU HE3HAYUTEIbHBIE U
MPOUCXOAAT TOJBKO OT OIPAHUYEHHOCTH TOYHOCTH MAIITMHHBIX BBbI-
yucienuil. [Ipumep okoHYEH.

Ilar 3. KBantoBaHue.

Kaxnoe uucno u3 marpuubl kodpduuuento DCT nenum Ha
CHEHHATBHOE YHUCIIO U3 «TA0JUIbI KBAHTOBAHUSY, & PE3yIbTaT OKPYT-
JeM 10 OJKaumiero Ineoro. JIerko 3aMeTHTh, UYTO 4YeM OOJIBbIIE
4ucja, Ha KOTOpbIe MPOUCXOJIUT JIeJICHUE, TeM OOJIbIIe B pe3yabTare
NefeHusi OyIeT HYyJIEBbIX 3HAUYCHUM, a 3HAYUT, CUJIbHEE CXKaTHE U 3a-
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METHEE MOTEpHU. 3HAUCHUS «TAaOJUIbI KBAHTOBAHUS» SIBIIIOTCS U3MeE-
HAEMBIMM TTApAMETPAMU, KOTOPBIEC, B MPUHIIHUIE, MOKHO MEHATh. Ha-
pUMEP, BBIUUCISAETCS MPOCTask «Tabivila KBAaHTOBAHU C DJIEMEHTA-
MU BUJIA O, =3+(i+j)*R, JIETKO 3aMETUTh, UTO OHU 3aBUCAT OT ITapameTpa

R, KOTOprﬁ 3a1a€TCA 110JIb30BAaTCIICM.

3 5 7 9 [ 11 | 13 | 15| 17
5 7 9 11 | 13 | 15 | 17 | 19
7 9 |11 | 13 | 15| 17 | 19 | 21
9 11 | 13 | 15 | 17 | 19 | 21 | 23
11 | 13 | 15 | 17 | 19 | 21 | 23 | 25
13 (15|17 | 19 | 21 | 23 | 25 | 27
15 (17 |19 | 21 | 23 | 25 | 27 | 29
17 | 19 | 21 | 23 | 25 | 27 | 29 | 31
Ta0auIa KBAaHTOBAHUS TIpU R =2

OZ[HaKO MOKHO BOCIIOJB30BATHCA U KI'OTOBBIMMN)) Ta6J'II/II_II>I KBaH-

TOBaHUI.

16 | 11 | 10 | 16 | 24 40 51 61 17 | 18 | 24 [ 47 [ 99 [ 99 |99 | 99
12 | 12 | 14 | 19 | 26 58 60 55 . 18 [ 21 |26 [ 66 [ 99 [ 99 [ 99 | 99
14 | 13 | 16 | 24 | 40 57 69 56 24 126 | 56 199 199 [99 |99 | 99
14 | 17 [ 22 129 | 51 87 80 62 47 166 199 99 199 [99 |99 | 99
18 | 22 | 37 | 56 | 68 109 | 103 | 77 99 199 199 [99 [ 99 [ 99 |99 | 99
24 | 35 | 55 | 64 | 81 104 | 113 | 92 99 99 199 [ 99 [ 99 [ 99 |99 | 99
49 [ 64 | 78 | 87 | 103 | 121 | 120 | 101 99 199 199 [ 99 {99 |99 |99 | 99
72 192 | 95 | 98 | 112 | 100 | 103 | 99 99 199 199 |99 199 |99 |99 | 99

TaOJIUIA U1 CBETUMOCTH TaOJIMIA U IBETHOCTH

Ecnu kBaHTOBaHME CAENaHO NPaBWIbHO, TO B IOJYUYCHHON Ha
3TOM Imare TabJMIle OCTAHETCS BCETO HECKOJBbKO HEHYJIEBBIX KO-
(ULMEHTOB, KOTOPbIE OYIyT CKOHIEHTPUPOBAHBI B JIEBOM BEPXHEM
yIJIy MaTPHUIIbI.

Ilar 4. [IpeoOpaszyeM MaTpuIly8x8, MOJYYEHHYIO Ha MPEabITy-
IeM I1are, B JUHEUHYIO MOCJIEA0BATEIbHOCTh MIPU MOMOIIM 3UTr3ar-
CKaHUpOBaHMUs, T. €. 6epem annemenTsl ¢ uuaekcamu (0,0), (0,1), (1,0)
(2,0), (1,1), (0,2) u Tak nainee.

(0,5%710,1) [ (05Z35(0,3) | (0,4) | (0,5) | (0,6) | (0,7)
10168 (L (L] (1,3) | (LA [ (1L,5) [ (1L,6) | (1,7)
V2,612 [ (2,2)[(2,3) [ (24 (2,5 (2,6) | (2,7)
GLA13.D[(3,2)[(3.3)[(34) (3,5 (3,60 |(3.7)
(4,00 (4,1)](42)1(4,3) | (44| (4,5 | (4,6)| (4,7)
(5,0)| (5,1)[(5,2)| (5,3) [ (5,4) | (5,5) | (5,6) | (5,7)
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(6,0) | (6,1) | (6,2) | (6,3) | (6,4) | (6,5) | (6,6) | (6,7)
7.0 (7.DH[(7.2) | (7.3) (74 (1.5) | (7.6) | (7.7)

Iar 5. KogupoBanue JMH MOBTOPEHUM JIJISI COKPAIICHUS YUCIIa
HYJIEBBIX KOMIIOHEHT.

Hlar 6. Koguposanue pe3ynbTaTa mara 5 kogom Xaddmana.

Hlar 7. Ha nocineaHem mare 100aBisieTCs 3aroJ0BOK U3 MCHOJIb-
30BaHHbIX napameTpoB JPEG w pe3ynabTar BBIBOAUTCA B CHKATHIN
daits. AIropuT™ 3aKOHYEH.

[lepen Tem Kak MbI 3aBEPIIUM OOCYXKJECHUE aJIrOPUTMA, HEOOXO-
JUMO PacCMOTPETh, KaK U3MEHHUTCS €ro paboTa MpH CKATUU LIBETHOTO
nzo0paxenus. IIpennonoxum, 4to cxxkumaeM 24 OUTOBOE M300paxe-
HUE, TOTJa B PACCMOTPEHHOM aJropuTMe J00aBUTCS JBa Iara:

Hlar 0. [[BeTHOE M300pakeHHE U3 MPOCTPAHCTBA RGB Tpeodpa-
3yeTcst B 11BeTOBOE npocTtpaHcTBO YCrCh (tne Y — sspKoCcTHasE COCTaB-
asromasi, a Cr, Cb — KOMIIOHEHTHI, OTBEUYAOIIHME 3a I[BET XpoMaTHye-
CKMH KpAacCHBIM M XpoMaTH4YeCcKHil cuHuil). [[BeToBOE mpocTpaHCTBO
YCrCb wnorna HazeiBatoT YUV. Tlepexon k YCrCb oOyciioBlieH TeM
($aKToOM, UTO Ij1a3 YyBCTBUTEJIEH K MaJIbiM U3MEHEHUSAM SPKOCTHU THK-
CEJIOB, HO HE I[BETHOCTH, IOATOMY M3 KOMIIOHEHTHI LIBETHOCTH MOXHO
yAaJIUTh 3HAYUTEIBHYIO JOJIK0 MH(DOpMAIUU JJIsl TOCTUXKEHUST BBICO-
KOr'0 CXKaTus 0€3 3aMETHOTO BU3YaJIbHOTO yXYIIIEHHUS KadecTBa 00-
paza. IIpeoOGpa3zoBaHre MOKHO 3a/1aTh C TIOMOILBIO CleAyIomIei dop-
MYJIbI:

Y 0,2990 0,5870 0,1140 R 0
C. |=| 0,5000 —0,4187 —0,0813 |*| G |+| 128 |,

C,) \=0,1687 —0,3313 0,5000 ) (B) (128
a obpaTtHOE MpeoOpa3oBaHKE

R (1 0 1,402 Y) (0

G |=|1-0,34414 —0,71414 |*|| C, |-| 128

B) 1 1772 0 C.) 128

3aTeM IBETHOE M300paKeHHE MOXKET ObITh pa3OUTO HA KPYMHBIC
MUKCENbI (OMyCKaeTCs 1715 MOJTYTOHOBBIX U300paKEHUM U HE JIeNIaeTCs
JUIS KOMIIOHEHTBI PKOCTH). YKpPYITHEHHE MHUKCEJIOB JIEJIaeTCs WU B
COOTHOIIEHUU 2:1 MO TOPU3OHTAIM U BEPTHUKAIM (TaK Ha3bIBAEMOE
ykpynHenue 2h2v) unu B nponopuusax 2:1 no ropuzontanu u 1:1 mo
BepTHUKanu (yKkpynHeHue 2hlv).

JlanpHeWMe 1mard ajiropuTMa aHJIOTHYHBI CIIy4ar0, pacCMOT-
PEHHOMY BBHIIIIE.
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BeuBneTHble meToabl

BbiyucneHnue cpedHux u nosypasHocmel

PaccmoTprum BHaudane OJHOMEPHBIM MacCUB JAHHBIX, COCTOSIIIINI
u3 NasiemeHToB. [Ipudem Oynem cuuTaTh, 4yTO 4MCio N =2¢. Unes an-
TOpUTMA 3aKJII0YACTCS B TOM, YTO OyJIeM COXpaHATh B (paiiia pa3HHITY
— YHCIIO MEXKIY CPEIHUMHU 3HAUYCHHUSIMH COCETHUX OJIOKOB B M300pa-
JKeHUH, KOTopas OObIYHO OJin3ka K Hyar0. Tak, ABa 4ucia a,U a,,,
BCET/la MOXKHO TMPEACTaBUTh B BHUJE 4YUCEN b =(a,+a,,)/2 H
b =(a, —a,;,, )/ 2.

Ilpumep. PaccMOTpUM MAcCHUB YHCEN «, =(1,3,4,6,8,10,14,18). CHavana
BBIUMCIIUM YETHIPE CPEAHUE BEIUYMHBI b =(2,5,9,16) U YETHIPE MOJIY-
pasHoctd b’ =(-1-1-1,-2). B  pe3yibrare mOIy4YUM  BEKTOpP
(2,5,9,16,-1,-1-1,-2). IloBTOpUM paccMarpuBacMyro MPOLEAYPY NpUME-
HUTEJIBHO K YEThIPEM MEPBHIM (KPYIHBIM) KOMIIOHEHTaM HOBOT'O Mac-
cuBa. OHM TIpeoOpa3yloTCs B JIBa CPEAHUX U B ABE MOaypasHocTH. Oc-
TaJIbHBIE YEThIpE KOMIIOHEHTA OCTaBUM 0€3 u3MeHeHU!. B pesynbrare
MOJyYUM MaccuB (3.5,12.5-1.5-3.5-1-1-1,-2). Ilpu cienyromen urepa-
MU MOJIyYUM MAacCHUB YHCEN (8,~4.5,-1.5,-3.5~1~1,~1,-2), KOTOPBIN HA3bI-
BaeTCsl BEHBIIETHBIM MpeoOpa3oBaHWeM Xaapa HCXOIHOTO MacCHBa
JAHHBIX. 3aMETHUM, YTO MO MOJYYEHHOMY BEKTOPY JIETKO BOCCTAHaB-
JIMBAETCS NIEPBOHAYATIbHBIN MaCCHB.

Onepanuu, KOTOpBIE JICKAT B OCHOBE IIpeoOpa3oBaHus Xaapa,
MO>KHO BBIPa3UTh C MOMOIIBIO COOTBETCTBYIOIMIMNX Matpull. Tak, mep-
BYIO UTEPAIMIO MOKHO OMKCATh C TOMOIIBIO MATPULIBI 4,. AHAJIOTHAY-
HO MATPULbl 4, U A, TIPOU3BOJAT COOTBETCTBEHHO BTOPOW WU TPETUH

miar npeoopa3zoBaHusl.
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11
1 11
5 2 000000 Tl 5 000 0 0 — =000 0 0 0
11 22 22
00 - =000 0 o0 L1 oo o0 o0 ~==0000 00
0000 00 % Lo 00000 00100000
11 _
000000 2 2 00 Lo 0 0 0 00010000
Al:l—l A4, = 2 2 4, =
54570 0 0 0 0O 000 0100 0 000 01 000
1 -1
00 - —0000 0000O0T1 00 00 00O0T1 00
1 -1
0000 _—00 00 00O0O0T1 0 00 00O0O0T1 0
0000 00 %;j, 0000O0GO0O0 I 000000 0 1

CrnenoBaTtenbHO, TpeoOpa3oBaHUE MOXKHO 33/1aTh (OPMYJION BHUIA
I, =WI, TI€ 1 — UCXOAHAs CTPOKa, a W = 4,4,4,. OOpaTHOe mpeodpazo-
BaHue Toraa oyner 7/=w'I,. [Ipumep okoHUEH

[Tomy4yeHHBIH BEKTOp MOXHO MCIIOJIb30BATh JJISl CKATHUS C TTIOMO-
b0 KAaKOT'0-JIN0O0 U3 paHee PaCCMOTPEHHBIX CIIOCOOOB.

[lepenecem mpeIoKeHHOE TIpeoOpa3oBaHUe HA ABYMEPHBIN CITy-
yaii. IIpeoOpa3oBanue OyaeM OCYIIECTBIATH JJid OJ0Ka pa3sMepoM
NxN,Tae N=2°. CylecTtByeT MHOro 0000I1IeHu 3TOro mpeodpa3zoBa-
HUS, HO MBI PACCMOTPHM TOJILKO MUPaMUIaIbHOE pa3iokeHue. byaem
BBIYUCIISITE PACCMOTPEHHOE NpeoOpa3oBaHUE, MPUMEHSS HUTEpaluu
MOOYEPETHO K CTpOoKaM U cTosibilam. Ha mepBom 1rare BBIYUCISIOTCS
MOJIyCYMMBI U TIOJTYPa3HOCTH JJIsI BCEX CTPOK (TOJIBKO OJHA UTEpaIus,
a He Bc€ nmpeoOpa3oBaHue). ITO JECUCTBUE MTPOU3BOIUT CPEAHUE B Jie-
BOM MOJIOBUHE MaTPHUIbl U MOJIYPa3HOCTH — B IIPaBOM IOJIOBUMHE. Ha
BTOPOM IIIare BBIYUCISIOTCS TMOJYCYyMMBI M TOJYPa3HOCTH ISl BCEX
CTOJIOIIOB TOJTYUUBIIIEHCS MATPHUIIBI.

Ilpumep. 1lycTh 3a1aHO HaYaJIbHOE M300paKEHUE B BUJE MaTpH-
1Bl pa3Mepa 8xs.

12 |8 12 |16 |12 |20 |10 |14
12 |16 |14 |18 |12 |8 8 12
12 116 |12 |16 |12 |16 |12 |16
8 12 112 |16 |16 |20 |20 |24
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8 16 |12 |16 |12 |20 |10 |14
10 |10 |10 |10 |10 |10 |10 |10
18 |10 |14 |14 |18 |14 |12 |16
14 |14 |14 |14 |16 |16 |16 |16

Torna pe3ynbTarhl IBYX MEPBBIX 1IaroB MUPAMUAATHHOTO MPeoo-
pa3oBaHus OYyT BBITJISAACTH CJICAYIOITUM 00pa3oM.

10 |14 |16 |12 |2 |-2 |4 |2 12 15|13 [11]0 2 1-1]-2
14 |16 |10 |10 |2 |-2 ]2 |-2 12114 |16 |18]-2 |2 |-2|-2
14 |14 |14 |14 |2 |-2|-2|-2 11712 13|11 ]1-2 |-1]-2]-1
10 |14 |18 |22 |2 |-2|-2|-2 14 14 |16 [ 15]2 0 |1 |-1
12 |14 |16 |12 |4 |-2]-4]|-2 2 -1 13 |1 12 0 [-3]0
10 |10 |10 |10 |O |0 [O |O 2 10 [-2]4]10 |0 |0 |O
14 |14 |16 |14 |4 |0 |2 | -2 1 12 |3 |1 ]2 [-1]-2]-1
14 114 |16 |16 [0 |O [0 |O 0 |0 O |-1]2 0 |1 |-1
IIEPBBIM LIAr IS CTPOK BTOPOM 1Iar Jyisi CTOJIOIOB

B pesynbrare mogydaem MaTpHIly, COCTOSIIYIO M3 YETHIPEX IMOJ-
MaTpull. B mepBoil XpaHUTCS yYMEHBIIIEHHAs KOMHUS HWCXOJHOTO HM30-
OpaXeHHUs, a TPU OCTAIBHBIX IOKA3bIBAIOT JETAIM H300paKeHUS.
AHaJIOTUYHOE TUPaMUJAIBHOE MTPEe0Opa30BaHUe MOKHO BBITIOJIHUTH C
NepBOM MOAMATPHUIIEH, B35IB €€ B KAYECTBE UCXOAHOTO U300PaKEHHUSI.

3amMeTuM, 4TO €Clid Ha OCHOBE JAHHOrO MpeoOpa3oBaHus Oynem
CTPOUTH AJTOPUTM CXKATUS C TOTEPSIMHU, TO KOIPDUIIMEHTHI YETBEP-
TOM MOJAMATPHUIIBI MOKHO KBAaHTOBATh JOCTATOYHO Ipy0bo Oe3 cymiecT-
BEHHBIX TMOTEpPh KauecTBa, a KOIPPUIIMEHTH TEPBOM MOIMATPHIIBI
clienyeT KBaHTOBaTh 04eHb caabo. [Ipumep okoHYEH.

Anzopumm JPEG 2000

Anroputm 0611 co3nad B 2000 rogy. AJIrOpuTM MOXKET OBITh UC-
NOJIb30BAaH KAK JJIsl CKaTUSl C MOTEPSMHU, TaK M JUIsl C:kaThsl Oe3 mo-
Tepb. OcHoBHasA cxeMa anroputrma JPEG 2000 oyeHb moxosxa Ha cxe-
My anroputMma JPEG. OgHako ecTb HEKOTOPBIE OTINYUS, KOTOPBIE MO-
3BOJIAIOT JIOCTUTaTh OOJIBILIETO CXKAaTHUSl C MEHBIIMMHU MOTEPSAMH B
KauecTBe n300pakeHust. OTINYMS 3aKIIFOYAOTCS B CIEAYIOLEM:
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® JUCKPETHOE KOCHMHYCHOE MpeoOpa3oBaHHE ObUIO 3aMEHEHO Ha
JTHMCKpeTHOE wavelet -nmpeodpa3zoBaHue;

® BMECTO KOoJupoBaHus 1Mo XaddmaHy ucmonb3yercs apudMeTH-
4eCKOE€ KOJUPOBAHUE.

Onuiiem ocHOBHBIE HIaru anropurma JPEG2000.

Ilar 1. CaBur no sipKOCTH.

CaBur 1o SIPKOCTH OCYIIECTBISAETCA I Ka)KI0W KOMIIOHEHTBI
(RGB) uzo0paxenus nepex npeodpazoBanuem B YUV. D10 nemnaercs
JUISl BBIPABHUBAHMS TMHAMAYECKOTO AUAIAa30Ha, YTO MPUBOJUT K YBeE-
JIMYCHUIO CTENIEHU CHKATHUS.

I'(x,y)=1(x,»)=2"".

3HA4YEHHUE CTEMEHM s 11 KaXJI0W KOMIIOHEHTHI cBoe. IIpu Boc-
CTAHOBJICHUHY M300paKeHUS BBITIOJIHIETCS 0OpaTHOE MpeoOdpa3oBaHue:

I(x,y)=1I'(x,y)+2"".

Iar 2. [Tepexona B 1pyroe nNBeTOBOE MPOCTPAHCTBRO.

N3o0pakeHne nmepeBoaUTCS U3 IIBETOBOTO mpocTtpaHcTBa RGB B
1B€TOBOE MpocTpaHcTBO YUV. DTOT mIar aHaJlOrTMYe€H TOMY, KaKOH
npoBoautcs B anroputme JPEG.

Otnuune MosIBIAETCS, €ClIM paccMaTpuBaTh Ckartee 0e3 MoTepHu
uHpopManuu, Toraa nepexoa B npoctpanctBo YUV OyaeT ocyuiecTt-

BIIATHCS 1O (popmyJie

R+2G+B
4
= R-G )
B-G

~ © ~

a 0OpaTHOE MpeoOpa3OBaHKUE OCYIIECTBISETCS C MOMOIIBIO

R U+G
cle Y_LU+VJ
B V+G

Ilar 3. JluckpetHoe wavelet-npeodpazoBanue (DWT).
Koaddurmentsl npeodbpazoBanus (s CkaTUS ¢ MTOTEPSMH) 3a-
JAIOTCS CISTYIONIUM 00pa3oM:

Kosdhdurments! npu ynakoske | KoadduumeHTsl npu paciakoBKe

HuskouactoTHbie
KO3 UITHCHTHI

h, ()

BricokouacToTHBIE
KO3 HUIHESHTHI

hy (J)

HuzkogacToTHEIC

koodumentsr g, (f)

BricokouacToTHBIE
KOA(HUITHESHTHI

g4 ()

1,115087052456994

0,6029490182363579

0,6029490182363579

1,115087052456994

0,5912717631142470

-0,2668641184428723

-0,2668641184428723

0,5912717631142470
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+2 -0,05754352622849957 | -0,07822326652898785 | -0,07822326652898785 -0,05754352622849957
+3 -0,09127176311424948 | 0,01686411844287495 0,01686411844287495 -0,09127176311424948
+4 0 0,02674875741080976 0,02674875741080976 0

py- 0 0 0 0

rue |

Koygppuyuenmot npeoobpazosanun (01sa crcamusn 6e3 nomepn):

KoaddummenTs! mpu ymakoBke KoadduumenTs! mpu pacmakoBke
HuskouacrotHsie | BeicokowactorHple | HuzkouactotHele | BricokouacToTHBIE

J K02 (ppHULIIEHTHI K02 pHUIIIEHTHI K02 (pPHULIIEHTHI K02 (ppHULIHEHTHI
h,(J) hy, () g.(j) g (/)

0 6 1 1 6
% %

* 2 -1 | -2

% e ! %

+ -1 0 0 -1

+2 A A

Camo npeoOpa3zoBaHKe B OJJHOMEPHOM ClIydae MpPEACTaBISIET CO-
0ol cxayisipHOE mpou3BeacHruE KOAI(DPUIUEHTOB (PUIbTpa Ha CTPOKY
npeoOpazyeMbix 3HaYeHUW x. [Ipu 2TOM 4YeTHbBIE BBIXOJAIIME 3HAYE-
HUST GOPMUPYIOTCS C TIOMOIIbI0 HU3KOYACTOTHOTO MPeoOpa3oBaHusl, a
HEUYETHBIC — C TIOMOIIBI0 BBICOKOYACTOTHOTO:

Han)= 2 xlj)* by (i = 2n),

ons1)= ), -20-1).

Jlnst Toro 4toObl TIpeoOpa3oBaHWE MOXKHO OBLIO MPUMEHSTH K
KpaiHUM THKCeJIaM U300pakKeHHUsl, OHO CHMMETPUYHO JTIOCTPAUBACTCS
B 00€ CTOPOHBI HA HECKOJIBKO MUKCETIOB.

Ilpumep. Paccmotpum, kak padoraet DWT npeobpazoBanue s
cxatus 06e3 morepsk. Ilycts x =(8,2,4,1,6,9,11,3), cleayrOLIKE 1Iaru mpe-
oOpa3oBaHus Jydllle BBITTOIHATE IO CICAYIOIMINM CXeMaM

Y6 (D3 (@) ) (D) () (@) (2 Iﬂ o 0 e o0 o
Afl { ) |
BOIOICIVIGIGIOIC) E
- Yexi(1)
Xext(D) 50 000000300 D0
2 /_U\ 1 (_,3 é\ s 2k % _ﬂ\ 3 \ K K ,' ) /
g >, e e \ AR AR v " R
C AIlBIIC)ID)IE FiIlG)IHI|G ¥ \ / \ i A i \ !
E \.{ S \..‘/ (..) l\../' iy '\./ \../I . l\ ll.'_l_ _;\\ ,‘._l. _l\. ‘.-_l o I.‘ rl_l _;\‘ r.;_l
Y AN Y AN FN /! 4(:_1’ . ,:n . 4(.)" s W S OGS
LY ] % ] i ¥ i (] A\ ] i { rf A
_‘_ '-\ Ll_ _l" Ll _l\ .Ll_ _;_\. |If_J._ — L;_ A | A C | E | G A G
A7 24 3 2\\}!2 SRR ll\"(\’ \a"{ T \F"i \:_)
) L] L L) hl ' I Y [ I I
UL .LI\ L J_ U i _f\. AL 0| AL L _r"J_
\-. ! .-'\ ." "-_ .-{ .-"I 2 l'\ f‘ 2 :I/E‘; 2 E}JI 2 2 l\ il 2
' % ! \ ) ] -
Ly /L) Ly a2y (1) 1|/ B) D F s8]
I AR BT PP I P I P \ 2) . \l/
1 A i D @ @ @) é AN
ERERER OEOOGEEOE
e o 0 o 6 o e 0
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DWT npu ymakoBke DWT npu pacnakoBke

Hcnonp3ys cXeMy YHaKOBKH, MTOJTYYUM

X 8 2 4 1 6 9 11 |3

Ko 4 |2 8 2 4 1 6 9 11 |3 11
mar 1 -4 -4 -4 1 -8

mar 2 6 2 5 9

Y 6 -4 |2 -4 |5 1 9 -8

OOpatHOe MpeoOpa3zoBaHUE MOXKHO MPOUIUTIOCTPUPOBATH C TIO-
MOIIBIO CIICTYIOIICH TaOJIHIIBI

Y 6 -4 |2 -4 |5 1 9 -8

Yo -4 16 -4 |2 -4 |5 9 -8 19 1
mar 1 8 4 6 11 11

mar 2 2 9 3

X 8 2 4 1 6 9 11 |3

[Ipumep OKOHYEH.

Ilpumep. PaccmoTpumM, kak padoraetr DWT npeobpazoBanue s
CKaTHUS C TIOTEPSIMHU.

[lycth x=(82,41,6,9,113), TOrJa aHAJOTHUYHO CIydaro cKaTtus 0e3

notepb npeodpazoBanrne DWT OyaeM BBIIOTHATH C MOMOIIBIO Clie-
ITYIOIINX CXEeM:
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X(U@.OQ/_“

I

e

e
[l

(_\

B (©)®

]

ce oo e e a

DWT npu ynakoBke

IJAC o =-1.586134342059924, S =

—0.052980118572961,

0=0.443506852043971, K =1.230174104914001

DWT npu pacnakoBke

¥ =0.882911075530934,

Paccmotrpum mnpeoOpazoBanue DWT ¢ momoiibio cieayromei

TaOIULIBI
HOMED -4 -3 -2 -1 0 1 2
HIIEMEHTa
X 8 2 4
X 6 1 4 2 8 2 4
mar 1 -14,861 -17,034 -17,034
miar 2 5,6898 9,80489 5,6898
miar 3 -3,3532 -3,3532
miar 4 6,83057 2,86998
mIar 5 5,55252 | -4,125 | 2,33299
Y 5,55252 | -4,125 | 2,33299
HOMEp 3 4 5 6 7 8 9 10
Ie-
MCHTAa
Y 1 6 9 11 3
X 1 6 9 11 3 11 9 6
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mar 1 | -14,861 -17,964 -31,895 -17,964
mar 2 7,73911 13,6415 13,6415
mar 3 | -3,0048 0,91293 -7,8064
uiar 4 6,81134 10,5842
mar 5 | -3,6964 | 5,53689 | 1,12307 | 8,60386 | -9,6032
Y -3,6964 | 5,53689 | 1,12307 | 8,60386 | -9,6032
Oo6parHoe npeoOpazoBanue Toraa Oyaer
HOMED -3 -2 -1 0 1 2 3
QJICMCHTA
Y 5,55252 | -4,125 | 2,33299 | -3,6964
Yo -3,6964 | 2,33299 | -4,125 | 5,55252 | -4,125 |2,33299 |-3,6964
mar | -3,0048 | 2,86998 | -3,3532 | 6,83057 | -3,3532 | 2,86998 | -3,0048
mar 2 5,6898 9,80489 5,6898
mar 3 -17,034 -17,034 14,861
miar 4 8 4
mar 5 2
X 8 2 4
HOMED 4 5 6 7 8 9 10 11
DJIC-
MEHTa
Yy |5,53689 | 1,12307 | 8,60386 | -9,6032
Y, 5,53689 | 1,12307 | 8,60386 | -9,6032 | 8,60386 | 1,12307 | 5,53689 | -3,6964
mar 1 | 6,81134 [ 0,91293 | 10,5842 | -7,8064 | 10,5842 | 0,91293 | 6,81134 | -3,0048
mar 2 7,7391 13,6415 13,6415 7,7391
mar 3 -17,964 -31,895 -17,964
miar 4 6 11 11
mar 5 9
X 6 9 11

[Iprmep OKOHYEH.

Jlariee K CTpoKe MPUMEHSIETCS 4epecCTpOYHOe MpeoOpa3oBaHUE,
TO €CTh BCE 4YETHbIE KOA(D(PUIIMEHTH TEPENUCHIBAIOTCS B HAYallo
CTPOKH, a BCE HEUETHBIC — B KOHEIl. DTO MpeoOpa3oBaHUe MPUMEHSET-
Csl CHavajia KO BCEM CTpOKaM M300pakeHus, a 3aTeM KO BCEM CTOJIO-
aM u3zo0pakeHusi. B pesynbrare mzoOpaxeHue Aeautcs Ha 4 KBa-
paHTa (aHAJOTUYHBIE TE€M, KOTOpPbIE OBLIM PACCMOTPEHBI B METOJIE
npeodpa3zoBaHus Xaapa).

Ilar 4. KBanToBaHuE.
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Koaddurmentsl, monydeHnsie nocie npeodpazopanus DWT, ne-
JATCSL Ha 3apaHee 3aJlaHHOe 4YMCiIo (4eM OOJIblle 3TO YUCIO0, TEM
oombire Ko3()GUIMEHTOB, OMM3KUX K HYJI0, ¥ 3HAYUT OOJBIIE CTE-
MIeHb CXKaTHS U OOJIbIIE MTOTEPH).

Ilar 5. CxxaTtve MOJYyYCeHHBIX JTaHHBIX KaKUM-HHUOYIb CTaTHCTH-
YECKUM aJITOPUTMOM, HapUMep apuhMETHIESCKUM aJITOPUTMOM.

SPIHT

Meron SPIHT Obu1 pa3paboTaH [jisi ONTUMAaJIbHOM MPOTrpeccH-
pyroliel nepegadn n300paxeHui, a TakKe 11 uX cxkatus. OTMETUM,
4TO Ha JIIOOOM 3Tane JeKOJUPOBAHUS KaueCTBO OTOOPakaeMoM B 3TOT
MOMEHT KapTHUHKHU SBJISICTCS HAWIYYIIUM JJis BBEJIECHHOTO O0BeMa
uH(popmaluu o0 JaHHOM oOpase.

Onwumem ocHoBHBIE mary kogepa SPIHT:

lar 1. Manimanu3zanusi.

JInst 3alaHHOTO M300paKEHUSI HAJI0 BBIYUCIUTH €r0 BEUBJIETHOE
npeoOpazoBaHue (BIOpaHHOE MOJIH30BATENIEM ), PA3JIOKUTh €r0 Ha KO-
3QPUIHEHTBI TPeOOpa3OBaHUA ¢, M NPEACTAaBUTh UX B BHJE LIEIBIX

yucen (QukcupoBaHHOM paspsaHocTu. [Ipenmonoxum, uyto Kod3ddu-
IIUCHTHI TIPEJICTABJICHBI B BUE 1IEJIBIX YHUCEN CO 3HAKOM (PMKCHUPOBAH-
HOM pa3psiTHOCTH, HATPUMED m,, IPUYEM CaMblil JIE€BbIA OUT SBJISETCS

3HAKOBBIM, @ B OCTAJIbHBIX m, —1 ABOWYHBIX paspsaax 3amucaH MOAYJIb
sToro uucia. CiegoBareibHo, YUCIa MEHAIOTCS OT — (2™ —1) 4O (2™ —1).
TIprcBOMM NEPEMEHHOI » 3HAYEHHE |log, maxi,_/(‘cy‘)J.

Ilar 2. CopTupoBka.
ITepenats yncno / K0O3GGUIHUEHTOB c,, KOTOPBIE yIOBIETBOPAIOT

HEPAaBEHCTBY 2" <|¢,|<2"'. 3aTeM mepenarh / Hap KOOpAMHAT U / 3Ha-

KOB 3THUX KOA(PPHUIIUEHTOB.

Iar 3. [Tonpagka.
[lepenath (n+1)—sie CaMble CTApIIUE OUTHI BCEX KOADPUIIUECHTOB,

YJIOBJIETBOPSIOIINX HEPABEHCTBY |c,|>2".
Il ar 4. Utepanus.
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YMeHbUTh n Ha 1, eciin HeoOXOAMMO CENaTh elle OAHy uTepa-
uto v nepertu Ha [lar 2.

OOBIYHO TIOCTEAHSS UTEPALIUS COBEPIIACTCS TIPU n =0, HO KOAEP
MOXET OCTAHOBUTHCS W paHbllle. B 3TOM ciydae HauMeHee Ba)KHas
yacTh MH(POpMalMU (HEKOTOphIE MEHEe 3HauMMble OWThI BCEX BEIB-
JETHBIX K03 (dUIIMeHTOB) HE OyaeT mepenaBaTbea. B aTom 3akimtoua-
€TCSl €CTECTBEHHOE OTOpachlBaHHE YacTH HH(OpPMAIMKM B METOHE
SPIHT.

Ilpumep. Tlpennonoxum, 4To BEUBJIETHOE MPeoOpa3oBaHUE U30-
Opa’keHHsI Y€ BBINOJHEHO W MOJYy4YEHHbIe KOA()PUIMEHTHI B BUIE
LEJIBIX YKMCeN pa3psSAHOCTA 16 OTCOPTUPOBAHBI 10 A0COMIOTHON BEJIU-
YUHE U XPAHSITCA B MACCUBE m, IPUYEM BJIEMEHT m(k) COJAEPKHUT KO-

OPIUHATEI (i, /) KO3QHUIMEHTA ¢, TaK, UTO e, |2c, .| IPH BCEX k.

Jleouunoe npeocmaesnenue ynopaooueHnvx KoIppuuuenmos

k 1 2 3 4 S 6 7 8
3HaK S S S S S S S S
cT. Our | 14 1 0 0 0 0 0 0
13 a 1 1 1 0 0 0
12 b e h v | 1 0
11 c f 1 u r W 1
ML 0 d g ] q t X p
out
m(k) 2,3 3.4 3,2 4,4 1,2 1,1 1,3
bynem CUUTATh, 4TO MEPBbI kKod(pputueHt

Cpay =Cp3 =slab...d (FI[G s,a,... 9TO 6I/ITTBI)

PaboTy MeTosa MOXHO OMUCHIBATH C MOMOIIBIO CIAEAYIONIEH Ta0-
JINIBI

HOMEp |n | [ |mepenaya OUTHI KaKoi
uTepa- napbl KOOPJIMHAT | TOMPABKHU npenoaaraeMbii
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1807051 U 3HAKU KO3(- pe3yJbTar
(ULIMEHTOB
1 14 |1 |(23),s ¢y, =51000...0
2 13 |3 |(3.4), (3,2), |a ¢,y =51a00...0
(4,4), s,s,s ¢y, =50100...0
¢y, =50100...0
¢, =50100...0
3 12 |2 | (1,1),(1,3),s,s b,e,h,v ¢,y =slab0...0
¢y =501e0...0
¢y, =50140...0
¢y =s01v0...0
¢,; =s0010...0
c,; =s0010...0

AHAJIOTUYHO BBIIIOJIHSIIOTCS OCTaJIbHBIC MpoXOodbl IUKJIIA 10
JOCTHKCHHNU HY)KHOfI TOYHOCTHU H306pa)KeHI/IH WJIn 0 nepcaavun

BCEeX OUT BceX KO (DUITMEHTOB.

[Ipumep OKOHYEH.
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3apgaum

1. 3akoaupoBaTh, UCIONB3YSI CTATUCTUYECKUUA W JTHUHAMHYECKUN
Mero Xad@maHa, CI0Ba «JIEPEBO», «KEIE30», KKUPITUI.

2. Ucnonb3yst TuHaMU4YecKoe apu(pMeTHIecKoe KOJAUpPOBaHuE, 3a-
KOJIMPOBATH CJIOBA «IEPEBO», «GKEIIE30», KKUPITAYY.

3. Ucnonb3ys BWT u Meton «cTonka KHATY, CAENaTh NPSMOE U

oOpaTHOE MPeoOpa3zoBaHUsl IJISI CIOB «ACPEBO», «KEIE30», «BOEBO-
Tan.

4. Vcnonb3yss BWT u Meton paccTosHuil, cienaTh IpsiMoe U 00-

paTHOE MpeoOpa30BaHUs CIOB «JIUCKYCCHUS», «accaMmOmes», «BOEBO-
Tan.

5. 3amaH BEKTOP x=1{1,0,0.0,0,0,0,,1,L1110,1}, BBIMIOJIHUTB JJIs1 HETO MPe00-
paszoBanue RLE, nocMmorpets, ecth i Bhiroga ot RLE, eciu pe3ylib-

TaT MPeoOpa3oBaHMs WM CaM BEKTOPx CKUMAETCS CTaTUCTUYCCKUM
MetosioM XadPpmana.

6. [IpeanosioxuM, 4T0 HaM U3BECTEH OJIOK JIAHHBIX pa3Mepa 8x8.
211 224 224 197 [217 203 [189 [190
212 217 200 |189 |200 |226 |217 |224
196 |217 |210 |224 203 |203 |196 | 189
200 203 | 196 200 |182 |200 |182 |200
203 226 [203 |217 [196 |175 |154 |140
182 | 189 168 | 189 |154 |170 | 119 |118
175 | 154 126 |105 | 140 |105 |119 |90
154 |98 105 [100 | 105 |100 | 112 |84
BoInoaHuTh U181 HETro npeodpa3oBaHue Xaapa.
[IpeanonoxuM, 4TO HaM U3BECTEH OJIOK pa3Mepa 8x8 MOIYyTOHO-
BOI'0 YEPHO-0€7I0T0 U300pakeHUsI.
231 224 224 217 |217 203 | 189 |196
210 [ 217 203 | 189 [203 |224 |217 |224
196 |217 |210 |224 203 |203 | 196 | 189
210 [203 |196 203 |182 203 |182 |189
203 224 203 217 |[196 |175 |154 |140
182 | 189 168 |161 |154 [126 |119 |112
175 | 154 126 |105 | 140 | 105 |119 |84
154 |98 105 |98 105 |63 112 | 84
BreimosauTs 15 Hero npeodpazosanue JPEG.
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8. [Ipeanonoxum, YTO HaMm U3BECTEH BEKTOP
x = {10,18,20,21,44,24,11,24} . BeimosHUTH U151 Hero npeodpazoBanue DWT
IJIA CKaTus € IOTCPAMU U oe3 IMOTCPb.
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