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AHoTanisi. MeTa BUKOPHCTAHHS IEPETBOPEHD B YIIUIBHEHH] JaHUX — IEPETBOPECHHS [OTOKY BX1THUX MO
0 BHITIAY, IO JO3BOISE BHKOPHCTOBYBATH IpocTimm i edekTuBHimi Mozaeni. PakTUIHO, BOHU
TIePETBOPIOIOTh OJHI BUIHM HAJIMIPHOCTI B iHIMI, IPOCTIIIe MOJEIb0BaHi. JIo TaKHX EPEeTBOPEHb BiTHOCITH
i meperBopenHs BWT (Burrows-Wheeler Transform), sike po3riisiaeTsest B JaHiid poOOTi.

AnnoTtanus. llemb Hcronb30BaHUS NPeoOpa3OBaHUN B CXKATHU JAaHHBIX — MpeoOpa3oBaHUE IOTOKA
BXOJHBIX COOBITHH K BHIY, KOTOPBHIH II03BOJISIET UCIIONB30BAaTh Ooliee MpocThle M Ooiee d(PdeKTHBHBIC
Mozend. DakTUIecKy, OHH MPEBPAIAOT OXHH BUBI H30BITOYHOCTH B APYTHE, MpoIle MoAenupyemsle. o
TakuX IpeoOpasoBaHuil oTHOCAT U mnpeoOpazoBanne BWT (Burrows-Wheeler Transform), kotopoe
paccMaTpuBaeTCs B JaHHOU padore.

Abstract. A purpose of the use of transformations in the compression of information is transformation of
stream of events of entrances to the kind, that allows to use more simple and more effective models.
Actually, they convert one types of surplus in other, simpler designed. Before such transformations take
transformation of BWT (Burrows-Wheeler Transform), which is examined in this work.

Kuarouosi cioBa: neperBopents BWT, yuiinsHeHHS faHUX.
BCTYII

VYuribHeHHsT 300pakeHb 3 BTpaTaMU BKIIOYAE BUKOPHWCTAHHS METOJIB YIIUTbHEHHS Oe3 BTpaT Ha
OCTaHHBOMY €Talli, IKWH i BUKOHY€ BJIACHE YUIUIPHEHHS 1 BiJl SKOTO B 3HAYHIH Mipi 3aJIeKUTh 3arajbHHUN
KoeimieHT ymrinsHeHHs 300paxkeHHs [1]. OgHaK, 3 MOABOIO MeTOAY apH(PMETHYHOTO KOTyBaHHS Ipobiema
reHepamnii koxy Oyna ¢pakTHIHO BHpiMIeHa. 3 THX Iip 3 METOIO MiJBUIICHHS KOe(illieHTy YIIiTbHEHHS OCHOBHA
yBara crajia pUAUIITHCS TIMTaHHAM, OB'SI3aHMM 3 MOJENOBaHHAM. HOBI IiAX0IM ONMUPAIOTHCS HA MapagurmMy
VIIiTbHEHHS 3a JOTOMOTOI0 YHIBEpCAIFHOTO MOJCTIOBAaHHS 1 KOAYBaHHS, 3allpOIIOHOBaHy PiccaneHoM i
Jlenrnonowm [2-4].

B cBiTii koHmenmii yHiBepCcaTbHOTO MOJENIOBAHHS 1 KOJYBaHHS 3aciyTOBYIOTh Ha yBary METOIH
VIIiTbHEHHS 0€3 BTpaT Ha OCHOBI NEpeTBOpPEeHb. MeTa BHKOPHCTaHHS IEPETBOPEHBb B YIIUTBHEHHI MaHUX —
MIEPETBOPEHHS MOTOKY BXIAHHUX MOJIH MO BUTJALY, IIO JO3BOJSIE BUKOPHUCTOBYBATH IMPOCTINI 1 eeKTUBHImII
Mozeni. PaKTUIHO, BOHM NEPETBOPIOIOTH ONHI BHIM HAAMIPHOCTI B iHII, MpoCTile MoaensoBaHi. To0TO,
MIEPETBOPEHHS J03BOJISIE TIPEICTABISATH 00poOMOBaHy iH(QOpMaIlilo B 0coOnuBil Gopmi, ineaabHO BiATIOBIAHIN
JUTS TIOANBINOTO €(eKTUBHOTO KOAYBaHHA. He3BHUHICTh MiAXOMy MOJATaE B HASIBHOCTI (DaKTUYHO ABOX €TAIIiB
MOJICIOBAHHS: MEpmHi eram — I¢ po0oTa IIePeTBOPEHHS, HAlpaBIeHa Ha OTPHMAaHHS «3PYYHOTO»
iH(pOpMaiHHOTO TpeACTaBICHHS, a IPYTUil — Mo0yI0Ba JOTIOMIKHOI MOJIelNi, Ha OCHOBI K01 OyIe 3aK0I0BaHO
JaHe TIpeICTaBICHHS [2].

Jo Takux meperBopeHb BimHocATh meperBopeHHs MTF (Move To Front) Ta meperBopennss BWT
(Burrows-Wheeler Transform) [3]. Oxnak, sxmo MTF nmaBHO BUKOPHUCTOBYETHCS NPH YIIJIHHEHHI SIK B SKOCTI
TIEPETBOPEHHS TaK i B SKOCTI CaMOCTIHOTO METOXMy YIIUIBHEHHS, TO Mo-Iepiie neperBopeHHs BWT moxe
BUKOPHCTOBYBAaTUCh TiJIBKM B SIKOCTI IEPETBOPEHHS, a IMO-IPYre 3a PaxyHOK BHKOPHCTAaHHS IEPETBOPECHHS
BWT cymicHo 3 MTF MoXxHa AOCATHYTH 3HAYHHX KOCQIIEHTIB YIIiITHHEHHS, OCOOJIMBO BHCOKOYACTOTHHX
KOMIIOHEHT 300paxeHHs. [leperBopenns BWT 3acTocoByeThCs Ui IEpETBOPSHHSI JIAHIIOKKOBOI  HaAMIpHOCTI
B HaJIMIPHICTh NOBTOpPeHHS moAid. CrnovYaTtKy BXiITHHUH MOTIK MOAIH HUKIIYHO 3CYBAEThCA HAa OJHY IO3HINIO i
3aMMCY€EThCS i TTOYATKOBHUM BXiIHHUM MOTOKOM CTiJIBKH pa3, CKUTBKHM MOAiH y BXimHOMY moTomi. OTprMaHa
KBaJIpaTHA MAaTpPHUL COPTYETHCS IO PsAAKaxX 3JiBa HampaBo. JloBeAeHO, IO JUIsl BiIHOBJICHHS II0YaTKOBOTO
MMOTOKY TIOMIA JOCTATHHO OCTAHHBOTO CTOBIIISI MATPHIi (TaK 3BaHOTO MPEQiKCHOTO CTOBII) i HOMEpa psaKa
IMOYATKOBOTO IIOTOKY MOMiH micis copTyBaHHA. [IpedikcHuil CTOBIEIb BOJNOMIE€ BEIUKOK HAIAMIpHICTIO
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MOBTOPEHHSI MOiH 1 IOKATBHOIO HAAMIPHICTIO PO3TOIiTY iIMOBIPHOCTI.

OpnHak, BUKOHAHHS 3BOPOTHOTO nepeTBopeHHss BWT BuMarae 3Ha4HHX 3aTpaT IaM sTi, 0COOJUBO MPHU
BEIMKHX 00’e€Max BXimHOTO OJIOKY AaHWX. [lJI MIBHOKOTO 3BOPOTHOTO TMEPETBOPEHHS IOIATKOBO IO BIACHE
JMAHUX TOTPiOHMIA BEKTOpP 3BOPOTHOTO IMEPETBOPEHHS, IO € MAacCHBOM YHCEN, PO3MIp SKOTO PIBHHHA YHUCITY
CUMBOJIIB B Onori. B po0OTi 3ampormoHOBaHO HOBHU alrOpuUTM peaiizarii mpsmoro i 3BopotHoro BWT
MIEPETBOPEHHS, SIKUH IPYHTYEThCS Ha 30epiraHHi B IaM STi JIUIIIE YOTUPHOX CTOBIIIIB TOYATKOBOI MaTPHIL.

PO3POBKA AJI'OPUTMY BUKOHAHHS ITPAMOI'O 1 3BOPOTHOT'O BWT-IEPETBOPEHHS

Je-daxto onmcyBatn BWT crano npuitHATO 3a AOIOMOTOI0 NMPHKJIALy MEPETBOPEHHS PsKa CUMBOJIIB
"abpakangabpa". [lami moTpiOHO 3 psiika JaHUX CTBOPUTH MATPUIO BCIX MOXJIMBHX HOro LMKIIYHHX
nepectaHoBok. [lepimm pskoM Matpuii Oyje o4aTKOBa IMOCIIIOBHICTb, IPYTHUM PSJKOM - BOHA K, 3CYHYTa Ha
OJIH CUMBOJI BJIIBO, 1 T.Z. TakuM YMHOM, OTPUMAEMO MaTPHIIIO, 300paXkeHy Ha puc. 1.
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Puc.1.Matpuist TUKJIIYHUX IEPECTAHOBOK pska "abpakanadpa”

OcCKiJIbKY, JIaHi IOCTYMAloTh 3 (aiiiny mobGaiTHO 1 Ko BioMuii po3mip 6ioka BWT-neperBopenHs, To
HEMa€ CEHCY OYIKyBaTH NMpPUHOMY BChOTO OJIOKY HaJl SKMM BHUKOHYETHCS NEpeTBOpPEHHS. MoxHa chOpMyBaTH
MaTpHII0 LHUKIIYHUX TEePECTaHOBOK Ha erami 4uTaHHs ¢aitny. [IpuitHatuii 6aliT CroYaTKy 3amuCyeThCS B
nopsaky npuitomy B “0” psimok mMatpuui (puc. 1), a HOTIM 3alMCYETHCS B 1HII PSIKKM MaTpUIil B MO3MILIT, SKi
BU3HAYAIOTHCS 32 HACTYITHUM BHPa30M:

Pos:=(rbwt —ja +ia) mod rbwt,

ne tbwt — po3mip 6moky BWT — neperBopeHHs1, ia — HOMep [TOTOYHOTO CTOBIILS, ja — HOMEp psjKa B
SIKMH 3aIUCYETHCS YeProBUi OaMT.

Bingcopryemo Bci psaKM J1aHOT MaTpHIi y BiANOBITHOCTI 3 JIEKCUKOTpagiuHUM TOPSAKOM CHMBOJIIB.
BBaxaTtiMeMo, 1110 OJMH PSIOK ITOBHHEH 3HAXOAWTHCS B MATPUIll BHIIE 3a IHIIMH B TOMY BHUIAJAKY, SIKIIO B
HaWMIBIMIA 3 MO3MLIN, MOYMHAIOYM 3 SKOI PSJIKH BiAPI3HSIOTBCS, B ILOMY PSJIKY 3HaXOJUTHCS CHMBOJ
JeKcuKorpadiyHO MEHIINH, HIXK Yy 1HIIOTO psAKa. [HIMMHU cloBaMu, CIijJ BiICOPTYBaTH CUMBOJIM CHOYATKY IO
TMIEpIIOMY CUMBOJLY, MOTIM PSJIKH, Y SIKUX IEPIIi CHMBOJIHM PiBHI, - O Apyromy i T.4. (puc. 2). Tenep 3anummscs
OCTaHHIM KpPOK - BHUIIMCATH CHMBOJM OCTaHHBOI'O CTOBIILS 1 3amaMm’sTaTd HOMeEp IOYaTKOBOTO DsKa Cepen
BifgcopToBanux. OTxe, "prakpaaaad6",2 - e pesynabTaT, OTPUMaHUN B pe3yJbTaTi mepeTBopeHHs bappoysa -
VYinepa.

PosrsiHeMo mporiec BiJHOBJICHHS MOYAaTKOBOI MaTrpulll. Xail HaMm BIZOMHUH TiJABKH pe3yibTar
NepeTBopeHHs, ToO0TO - '"pmakpaaaa060",2. BimcopTyemMo BCi CHMBOJIM OCTaHHBOrO crToBHUA (puc. 3) y
BIATOBITHOCTI 3 JIeKCUKOTpadiyHUM mopsinkoM. O4eBUIHO, IO B pE3YNIbTaTi TAKOTO COPTYBAHHS MU OTpUMAIIH
MepIInii CTOBIENb MOYaTKOBOI Marpuii. OCKUIBKM OCTaHHIM CTOBHELb BiIOMHH, O0JaMO HOTO B OTPHMaHy
MaTpuio (puc. 4).



METOJIM TA CHCTEMH OITHKO-EJIEKTPOHHOT I IIH®POBOT OBPOBKN 30BPAYKEHD TA CHTHAIIB
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6 Dpaxamalpaa
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Puc. 2 - Marpunst DUKIIIYHUX TIEpEeCTaHOBOK psijika "abpakanadpa' BijcopToBaHa
3J1iBa HANpaBo y BiJIOBIIHOCTI 3 JIEKCUKOTpadiyHUM MOPSIAKOM CHMBOJIL
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Puc. 3. BinmcopToBaHl CMMBONM [IOYAaTKOBOI'O pPsaIKa
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Puc. 4. Ilepum¥ 1 oCTaHHiM CTOBNII MaATPMIl LUMKIIUHMX NEepeCcTaHOBOK
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Tenep camuii yac mpurajgaty, 10 PSIKM MaTpuli Oyiau OTpUMaHi B pe3yJibTaTi LUKIIYHOTO 3CYBY
MOYaTKOBOTO psiika. ToOTO, CHMBOJIM OCTaHHBOTO 1 IEPILIOTO CTOBIILIB YTBOPIOIOTH OAMH 3 OAHUM HapH. | Ham
HIIIO HE MOXeE MEPEIIKOIUTH BiICOPTYBATHU LI TAPH, OCKUJIbKK 00O0B'SI3KOBO ICHYIOThH TaKi psAKH B MaTpUIi, sKi
MOYMHAIOTHCS 3 [IUX Map. | 1ie JonuneMo B MaTpHIIO 1 BIJIOMUI HaM OCTaHHIH cToBIelpb (puc. 5).
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Puc. 5. Iepumit, OpyruM 1 ocTaHHiM cToBNUl MaTpuili
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TakuM YWHOM, JIBa CTOBIIII HaM Bxke Bimomi. Jlerko MOMITHTH, IO BiJICOPTOBaHi Mapw pazoM 3
CHMBOJIAMH OCTaHHBOTO CTOBIIIIS CKJIAJIAlOTh TPIMKH. AHAJIOTIYHO BiTHOBIIOETHCS BCS MATPHUIISL. A Ha ITiJCTaBi

3aMMCAaHOTO Harepes HoMepa MOYaTKOBOTO PSIJIKA B MATPHIII - i caM MOYATKOBHH PAAOK (puc. 6).
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Puc. 6. TIponiec BU3HAYCHHS BCiX CTOBIIIIB MATPHIII

OpHak, TakWi TiOXiJ BHMarae BEJIMKMX 3arparT mam’srti. ICHye MeToJ LIBHIKOTO 3BOPOTHOTO
nepeTBopeHHs. [l MIBHJIKOTO 3BOPOTHOTO INEPETBOPEHHS JOJATKOBO A0 BJACHE JAHMX MOTPIOHWI BEKTOp
3BOPOTHOTO IIEPETBOPEHHS, IO € MACHBOM YHCEN, pPO3MIip SKOTO PiBHHN YMCITy CUMBOJIB B Oyomi. [Topsmox
OTPUMAHHS BEKTOPa 3BOPOTHOT'O IIEPETBOPEHHS MIPOIIOHYETHCA TakuM. [1icist OTpUMaHHS ITOYaTKOBOTO PsAKA -

"pmakpaaaad6",2, "paakpaaaab0" 3amICyeThCS B TPH CTOBIII MAacHBY, SIK ITOKAa3aHO Ha pHC. 7.
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Puc.7. Tpu cTOBMLL
MOYaTKOBOI MaTpPMILL
Jlpyruii croBrens MaTpyIli BiZICOPTYEMO B JIEKCUKOIPAQiqHOMY MOPSIKY 1 JOIHIIIEMO YETBEPTHIl CTOBIICII,
SIKMH Oy7ie MICTHTH HOMep JIaHoTo psiaka (puc. 8). HyimboBuid i nepimii CTOBIELb 3aIMIIAI0TECS HE3MIHHUMU.
BigcopryeMo psiikM MaTpuii MO INEpUIOMY i JPYroMy CTOBILI B JIEKCHUKOrpadiyHOMY HOPSIKY,
HYJIbOBHH CTOBIIEIb MAaTPHUI [TPY [IEOMY 3aJIMIIAETHCS HE3MIHHUM. Pe3ynbraTu HaBeeHo Ha puc. 9.

Puc.

OcraHHIl CTOBNENb YKCET 1 € BEKTOPOM 3BOPOTHOTO IEpPETBOpPeHHs. Termep oTpuMaTH MOYaTKOBHUI
PAIOK 30BciM mpocTo. Hacammepenm Bi3bMEMO €IIEMEHT BEKTOpa 3BOPOTHOTO MEPETBOPEHHSI, BiJMOBIIHHIMA
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Puc.8. Yorumpm crTommli
IOYaTKOBO1 MaTpPMIli

BimcopToBaHl pamOky MaTpuili
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HOMEpY TIOYaTKOBOTO PSIIKa B MaTPHII IUKITIYHUAX TIepecTaHOBOK, T[2]=6. [HakIe kKaxy4u, K MEePIIAA CHUMBOJ
B TIOYaTKOBOMY DPSIIKY CIIiJl Y3ATH IIOCTHHA CHMBOJI 3 HYJBOBOTO CTOBIIS "prakpaaaad6". Ile cimBom "a". Jlami
T[6]=10. Lle necsaTuii CUMBOJ 3 HYJHLOBOTO CTOBIIIA "paakpaaaadco” - “6”. T[10]=4 - “p”, T[4]=8 - “a”, T[8]=3
-“k”, T[3]= 7 - “a”, T[7]= 1 - “a”, T[1]= 5 - “a”, T[5]= 9 - “6”, T[9]= 0 - “p”, T[0]= 2 - “a”. B pe3ynbrari
OTPHMAaEMO CIIOBO “abpakamabpa”, mo i moTpidHoO.

MOJEJIOBAHHA I PE3YJIBTATHA

TecryBanus BWT-nepeTBopeHHsI BUKOHYBAJIOCh 3 METOI0 BH3HAYCHHS CTYNEHS YIIUIBHEHHS JUIs
¢aiiniB pizaux tuni MetogoM MTF, Ta iHIIMMY apXiBaTopamH 0 1 ITicisi BAKOPUCTaHHSM neperBopeHHs BWT,
a TaKoX ISl BUSIBIICHHS ONTHMaJbHOTrO po3Mmipy Onoka misi BWT-neperBopenns. [ust TectyBaHHS Oynu
BuOpaHi Qainm po3mipom 0,1-1 MI'GaiiTn Takux TumiB:

- *doc

- *axt

- *mdb

- *.bmp (300paxkeHHS).
- *pdf

- *exe

Pesynpratn TecTyBaHHS HaBenmeHi B TaOm. 1 Ta Tabm. 2. AHami3 pe3ynpTaTiB HaBeACHHWX B TaOm. 1
MOKa3ye, IO 3aCTOCYBaHHs MocCHinoBHO meperBopeHHS BWT, a motim MTF 3abe3neuye kpamii koedimieHTH
yuiiibHeHHsT B nopiBHsAHHI Tinbkn 3 MTF. Koedinient ymiinepHeHHs 3poctae mpubausHo Ha 30 %. OpHak,
apxiBarop ZIP, xpamie ymiinpHIOE IOYaTKOBI (aiiiy y mopiBHAHHI 3 (aiimamu micis nepetBopeHHs BWT.

3anexHICTh KoedimieHTa YIIITFHEHHS Bil po3Mipy OJIOKY MOKa3ye, IO 3MEHIIEHHS PO3Mipy OJIOKY Bif
512 mo 256 B woTHpH pa3u 301IBIIYE MIBUAKOIIIO IPSMOTO IIEPETBOPEHHS B TOH Yac sIK KOS(ImieHT YIIUTbHEHHS
3MEHIIYeThCs numnie Ha 6 % (Tabm. 2). Tomy npuitHATHIME € po3Mipu 6710KiB Bix 128 mo 256.

3BOpOTHE TEPETBOPEHHS 3a PaXyHOK IOOYIOBH BEKTOpPAa 3BOPOTHOIO IEPETBOPEHHS BUKOHYETHCS
3HAYHO MIBHIIE 1 3aJI€KUTH JIUIIE Big po3mipy daiiry. i daitnis po3mipom go 1 MO 3BOpoTHE mepeTBOPEHHS
BHKOHYEThCS MEHII HiX 3a 10 cek.

Tabmwmus 1.
PesynbraTi TECTYBaHHS IIPOrPaMy YIIUIBHEHHS JAHUX IIPH MaKCUMaJIbHOMY po3Mipi 6ioky BWT —
nepeTBOpeHHs B 512 Gait

VuinsHeHHS
apxiBaropom ZIP
VIIiIbHEHHS METOIOM | YIIIJIBHEHHS  METOJOM | [1o9aTKOBOTO
Tun daitny | do yminenenns, 6aiit | MTF nodarkoBoro | MTF daiiny micnst BWT- | gajiny i aiiny
¢aiimy, 6alT MIEPETBOPCHHS, OalT micias BWT, Gaiir
*.doc 175616 113577 82508 43023
(61020)
*xt 113090 94615 66645 36492
(60324)
*.mdb 774144 470773 353379 166466
(251144)
* pdf 135640 222566 221160 126805
(130847)
*.exe 408576 449540 341603 211498
(279899)
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Tabmmrs 2.
3anexxHICTh KOedilieHTy YITIIbHEHHS BiJl po3Mipy OIOKY

Uac BHUKOHaHHSA
Po3wmip ) ) BWT, cex
610K VUIiIbHEHHSI METOJIOM | YIUINBHEHHS ~ METOJ0M
BWTy Ho eoskmytyyz, 6aiit | MTF mouyatkoBoro | MTF ¢aiiny micns BWT-
Gaiity ¢aiiny, 6alT NepeTBOPEHHS, OalT
512 175616 113577 82508 240
256 175616 113577 87210 60
128 175616 113577 92767 10
64 175616 113577 99871 7
32 175616 113577 110125 6
16 175616 113577 125383 6
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