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AJITOPUTMHA TA METOJH CTUCHEHHSI TH®OPMAIIIT

POSPISHYTO JeAKi afrOpHTMU Ta METOIM CTHCHEHH: iHQOPMAIl, XapaKTepHOK 0COOMBICTIO siKOT
€ HATHLIKOBICTD, 31U Th B TX THIY Ta NpUitAgTo! CHCTEMY KoAyBaHHA. BCTaHOBIICHO, G CTHCHEH-
ts1 inopmalii HIITPOKO BUKOPHCTOBYETHES AK TIPH TX 30epiranHi Ha eNexKTPOHHIX HOCLIX, TaK i npH Te-
penadi kananaMH 38'I3Ky. ICHYe Hekxinbka PI3HUX TEOpill BUDIIEHHN NMPOBIeMIT CTHCHEHHS iHdopmanis.
Onni MAIOTH HANTO CRIBAHY MATEMATHUYHY OCHOBY, inuri Ga3yiOThCA HA BAACTHBOCTSX iH(opManifinoro
NOTOKY, BHACTILOK 4OTO aIFOPHTMIYHA iX peanizaiis € JOCTaTHLO NPOCTolo. 3araioM Oy/Ib-9Kul METON |
ARFOPHTM, U0 PealiizyloTh CTHCHERH [nopMartii, npu3HAteH] M 3HUAEHHS 00CsTy BUXIZHOTO MOTOKY
indopmanii B BiTax.

Kuiouoei croen: cruckiesss indopmanii, reopis indopmarii, kogysanss indopMail, amropumvi |
METOIN CTUCHEHHA 1H(opMaui, Moseni BXiAHOr0 TOTOKY iH(popMauii.

Beryn. 3riggo 3 sussadenssam [ 1], crucHenns ganux (anrin. data compression) — airoput-
vigge repeTsoperHsd indopManii, ske 3iHCHIOETECS IS 3MERITEHIIA i OYaTKOBOTO 0beary (puc.
[). ¥ reopil indopmarii 9acTo TPANSIEOTRCS Taki CHHOHIME ILOTO TEPMIHY: MaKyBAHHI IaHHX;
KOMIIPECIs, 1[0 CTHCKAE KOXYBAHHS, KOXYBAWHs JUKepela. 3B0POTHA IIPOLE/lypa HA3HBACTLCs BiJ-
HOBNEHHAM JaHAX, PO3NAKOBYBAHHAM, TEKOMIIPECICIO TOMIO.

{_ CrarHernaHi MeTonu ‘::._} {——- CaoBHEKORL METOIH T
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Puc. 1. Knacugixayis memoois cnicHenHa ingopmayil
CrucresHs iHGOPMAil ITHPOKO BUKOPUCTOBYETHCS K NpH iX 30epiranui Ha eNeKTPOHHIY
HOCIAX, TaK 1 UpH mepenaui kananaMu 3'a3Ky. OCKLTbKH IIPONYCKHA 3aTHICTh CYMACHMX KaHalB
3B'I3KY € ITle He IOCTAaTHLO BEIHKO0, a IPoledypa Hepeadi 3HAYHOro 00Csry JaHHX € IIe JocTaT-
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HBO JOPOTOI0, TOMY CTHCHEHHS TaHHX — HAA3BHUaiino akTyaisna npobnema. Ilpu mpoMy Ha mepe-
JABATBHIN CTAHINT IPOIeaypa CTHCHEHHS TaHWX 3BOMUTRCS JO KOTYBAHHS BXiAHOL H(OpMalil 3a
CITETTIANBPHIM AITOPHTMOM, & IpUAMAaTbHa CTAHI[A BUKOHYE iX MeKOAyBanHsd 3a THM camnuM ado i
30BCIM 1HIIAM aITOpATMOM [2].

[Ipo6reMa cTucHeRHs HQOPMAL] Ma€ JOCTATHBO JABHIO iCTOPii0, HAbAraTo MaBHILIY, HiXk
icTopig po3BUTKY KOMIIFoTepHOT TexHikn. g npobnema 3a3suHal pyxajacs jiapaneibto 3 npobie-
MOIO KopyBanHsa Ta mudpysanss iHdopmaiii. Tomy y milf poSoTi namo TINBKH KOPOTKHI OrILia
OCHOBHIX 0COBIHBOCTEH CTHCHEHHS 1HQOpMAIil, NPOaHaTi3yeMO OCHOBHL AITOPHTMU 1 METOIH HO-
ro peanizamii (nue. puc. 1). Jleransuin BiToMOCTi 3 BHpiITeHud 1€l IPOOIeMH MOXKHA 3HANTH, Ha-
npEKiIag, y Oararhox mouatkosux poborax P.E. Kpruescexoro [1989], B.JL. Patka [1980].
IH. Witten [1987], J. Rissanen [1981], D.A. Huffman [1952], R.G. Gallager [1978]. D.E. Knuth
[1985], J.S. Vitter [1986] 1 1x.

Jl1s pO3YMIHHS HABENEHOTO HIDKYE, 3a3HAYHMO, MO Haxaxl Oy4eMo posrisaari KOMIPECop
(compressor) sk 1IPOrpamy, 10 IePeTBOPFOE MACHB CHMBOJLB JCAKOTO BXiIHOTO anaBiTy B IHIIHH,
NeIro MeHNHH 3a poamipom [6]. HacTo K MacHB BUKOPHCTOBYETHCA O3CTPYKTYPHHH IBLAKOBUH
(aitn (nomibmmii 1o daiina MS-DOS abo UNIX), a MaCHBOM CHMBOJIB BXIIHOTO angasity € 256
MOMNIMBAX 3HAYCHb Gaiita (afde He 3aBkIn). BiMIoBiIHO, JekoMipecop (decompressor) — mporpa-
Ma, 110 BUKOHYE OJHO3HAYHO 3BOPOTHE jlepeTsoperts. OToK 3 HONANBIIOO aHAJI3Y BHIYMHMO
METOIM 1 ANTOPHTMHE CTHCHEHHS 1HQOpMAL, M0 BTPayaroTh BXLIHY irdopmanito. Hanpuoxnan, me-
Tox cTHCHenH 300paKens JPEG 6azyeThes Ha ICpeTBOPEHHI KOMBOPIB, AKI MPAKTHIHO HEMOJKITH-
BO PO3PI3HUTH TFOACHKHAM OKOM.,

Konysanus impopmauii. [cHye mexineia pisHux Teopill BHPIICHHS POOIEMI CTHCIICHHA
inQopMartii. OJEi MaroTh HANTO CKIAMHY MATEMATHUHy OCHOBY, IHINI 0a3ylOTBCH HA BIACTHBOCTAX
iH(popMAmiHOTe NOTOKY, BHACHIAOK WOTO ANFOPHTMiYHA IX PEANI3ALlls € JOCTATHRO MPOCTON. Sara-
510M GYIIB-SIKHiT METOLT | AFOPATM, THO Peai3yIoTh CTHCHEHHA IR(OPMAN], IPH3HAMCHI U 3HIKEH-
nst oBesry BHKIIHOTO DOTOKY iH(opMarii B GiTax. OCHOBHMME IX TEXHITHIME XAPAKTCPHCTAKAMH €

~ wipa cmucnenna (compress rating) abo BimHOIIEHHS (ratio) o6csriB BXIHOTO 1 BUXIIHOTO
[IOTCKIB;

— WGUOKICHE CMUCHEHHS — 9AC, IO BATPAYACTRCS Ha KOIYBAHHS BXITHOTO HOTOKY 1H(OpMAalil
710 OTPHMAHHA 3 HEOTO [EPEeTBOPEHOI0 BUXIIHOTO MOTOKY;

~ saricmy cmucHenHs — TOKA3HAK, SKuil Xxapakrepn3ye eeKMBHICTE YINUIBHEHHS BUXIIHOTO
[IOTOKY TICIS OBTOPHOTO 3aCTOCYBAHHS IO HEOTO IBOF0 CaMOT0 ab0 IHITIONO alirOPHTMY.

Haitbibli BLIoMUM DIXOIOM 0 BHPIHIEHHs npobieMi CTHCHeHHA H(opMaIil € anroput-
MH KONYBaHHS HoBxun cepit (run length encoding — RLE). Horo smict monarae y 3amini nociino-
BHOCTi CHMBOJIIB, MO HOBTOPIOIOTHCS, HA OJEH Tl caMuif CHMBOI Ta JIWIBHAK TIOBTOPKOBAHOCTL.
ITpo6nema TyT mojsirae B po3poGiieH Al TAKOTo JIeKoAepa, FKui Napap O 3MOLY BIIPI3HUTH ¥ BUXI-
JHOMY TIOTOL 3aKO0BaHy Cepio CHMBOJIB BiJi IHUIEX CHMBOJIB. [i pupimenns nongrae y 10ma-
BAHH] 0 TAKOT TOCHINOBHOCTI CHMBOJIB 3ar0JNOBKIB, 4Ki BHKOPHCTOBYIOTh MepIiuil OIT fK 03HAKY
3aK00BaBOI cepil.

Pospobrennii 3a HaBeJEHHM alITOPHTMOM METOJL € NOCHTH CHEKTUBHEM JULL KOJYBaHHA IPa-
(ivmmx 306pakens y Gopmari "GaiiT Ha mikcens" (Hanpuknaz, Gopmar PCX BHKOPHCTOBYE METOL
xonysamas RLE). Voro memomikamu € HH3BKA afgarrranis 1o 0arateox THIiE Galinis, HaIpPHKIaL,
TEKCTOBMX, & TAKOX PeATbHO MOXHA CTHCKATH TUIBKH HOC/IIOBHOCTI IPOMDKKIB Ha IOYATKY ad3a-
iig. Came ToMy Leif METOJ OTPUMAB TPAKTHYHE 3aCTOCYBAHHA TINbKA Y KOMOIHAMI! 3 BTOPHHIHIM
KOIYBAHHSIM. 30KpeMa, Horo peali30BaHO B aNTOPHTMI KOAyBaHHS (akCiB: CHOHATKY 32 10TIOMO-
roro metony RLE 306paxenns QinuThes Ha JOpHi Ta Gini Kparky, a NOTIM BOHE KOIYIOTBCH METO-
nom Xa(@mena 3a creniansHo miibpanum GIHApHEM IEPEBOM.

[Tporec xoayBarHs (encoding) Mae COpaBy 3 TOTOKOM CHMBOJIB y JEAKOMY aspapiTi, dac-

vy

TOTH NOBTOPIOBAHOCTL SKIX pisHi. Moro 3apiaHBEd nomirac y IIEpPEeTBOPEHEL BXIOHOTO NOTOKY Aa-
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HHX Ha ITOTIK OITIB MIHIMAIBHO! JOBKUHHE. Lle mocsraeTses 3aBisaky sMEHIIEHHIO HAMIHAIIIKOBOCTI
BHUXIJHOTO FIOTOKY JAaHHX IUITXOM BpaxyBaHHS YacTOTW HOSBU CHMBOJIIB Ha Bxo/il. [Ipn wboMy Ko~
BIKHHA OTPUMAHOTr0 Koay 34e0inbIoro € mponopHifiHorw obcarosi iHGopMarii, N0 MIiCTHTBCS ¥
BXIAHOMY TIOTONI. SIKIIO POMOMALT YaCcTOT MOBTOPIOBAHOCT] CHMBOIIB HAEpe BINOMUL, TO MOKHA
Synveary ONTHMATBHAN ANTOPHTM KOJLyBaHHS. SIKINO K PO3TIONIN YacTOT 3a30aleriih HeBIHOMIUH,
TO ICHYIOTE [1BA PISHUK [LIXOMH JO BUPIIIEHHA i€l TPoOIeMH.

Hepomitit miaxin 6a3yeTscs HA TOMY, IO IICHA OEPerisiay BXIIHOTO HOTOKY BHKOPHCTOBY-
ETHCS ANTOPWTMOM KOJYBAHHS HA OCHOBI 310paHO] CTATHCTHKH MOABH CHMBOJIB. 3arajom 1€ 110-
pedye ABOX 1poxXouis haitnoM, mo 3ByKye chepy 3acTOCYBaHHS TAKHX anropuTMis. OKpiM 115070,
¥ BOXIAHUH MTOTIK 3aITHCYETHCS KOIOBA TabIMI, 3a JOMOMOTOIO SIKOT HOTIM JeKoAep 3HificHIoe BIN=
TBOPEHHS BX1THOTO MTOTOKY. ‘

[TpukianoM Takoro MiAXOAY € cTaTHCTH4He KoaysaHHS MerogoM Xaddmena. Llefi amro-
PUTM CTIBCTABISIE BXIIHIM CHMBOJAM, IO HAIXOASTh IOCHLIOBHOCTAMY OiTIiB ONHAKOBOL HOBKHHIL
(manpuxian, 8-Gitopumu Gafitamu), mocmizoBHOCTI 6iTiB 3MiHHOI AOBKUHHA. [JOBXKHHA KOZY Mpo-
nopiifna (3 OKpyrIeHHAM 10 LiJI0T0) ABiiiKoBOMY Jorapudmy Bij Horo 4acToTh, B3ATOMY 3 0bep-
HEHUM 3HaKOM. OCKUIBKH TAKe KOJIYBAHHA € MPEe(IKCHUM, TO BOHO JA€ 3MOTY HOTO JIETKO JTeKOIY-
BATH OJHONPOXIIHUM @IrOPHTMOM. Y MpedikcHoMy KOZyBaHHI Koz OyIbp-AKOro CHMBOIA HE €
iTpedikcoM KOy KOAHOTO IHITOTO CHMBOTIA. 3a3BHYall BiH IPEACTABIACTLCH Y BAIVIALL IBIITKORBOTIO
JEPeBa. B IKOMY CHMBOJIH 3HAXOIATLCS HA NHCTKAX, a pebpa nosnager 0 abo 1. Toxl xon cuvsona
MOACHA 3a0aTH 9K IULEX BiJl KOPEHS JepeBa 1o MICTKA, 10 MICTHTE Hel CHMBOIL.

Jpyruit nifxig BHKOPHCTORYE Tak 3Banmil agantusHuil xonep (adaptive coder), sxuil 3mi-
HIOE aliCOPHTM KOJIYBAHHA 3a€KHO Bl CTPYKTYPH BXILHOIO ITOTOKY JaHuy. Takuml anropuT ¢
OAHONpOXiHEM 1 He notpebye nepeaayl iH(GOPMAaNl IPO BHKOPHCTAHY KOZOBY TabIHUIO B ABHOMY
BUTIAN. 3aMicTh HBOTO JCKONEP, 3YUTYIOHNH 3aKOJOBAHMWN HOTIK, CUHXPOHHO 3 KOJICPOM 3MIHIOE
ANTOPUTM KOJYBAHHS, TOTHHAIOWH 3 EAKOIO I0YaTKOBOTO CHMBONY. ANANTUBHMI ANropHT™M KO-
Ayeapsd 3abezneuye GiapuImil CTyNiHDG CTUCHERHS AHHX, OCKUIBKY BPaXOBYIOTBCA JOKaJIbHI 3MIHU
YACTOT MTOSBH CHMBOJIB.

[puEIagoM TaKoro TAXOAY € IMHAMITHE KOAyBaHHS MeTogoM Xaddmena. Liel anmroputM
37ifiCHIOE TIOCTIHE KOperyBaHHs ABHIKOBOTO AepeBa BLUIOBIHO A0 CTATUCTHYHHX JTOKA3HMKIB
BXIIHOTO MOTOKY, IKi TOCTIHHO 3MIHIOIOThCA. Peanizalis HLOro alropuTMy, AK NPaBHio, 1oTpedyc
SHAYHUX BUTPAT Hacy Ha OalagcyBamps ABUIKOBOTO JepeBa BIAMOBIIHO JIO HOBHX YacTOT [OABH
CUMBOJIIB HA KOXKHOMY KPOII.

Ilepeparamun Metony Xaddmena € fioro J0CTaTHRO BHCOKA LIBHAKO/UA Ta SKICTH CTHCHEHHA
indopmanii. [lelt MeTos NOPIBHAHO 3 1HIMMHE JaBHO BIZOMHH 1, IK Ha CHOTOJHI, IHHPOKO PO3IOBCIO-
JoKenni, ganpukniaz, nporpama compact OC UNIX (nporpamza pealtizanis), a TakoXK CTagIapT KO-
parHa akcis (araparaa peanizaitis). Komysanusa panmx meronom Xaddmena Mae MIiHIMAMLHEY Hal-
THIIKOBICTE 38 VMOBH, IO KOKHEW CHMBOM KOIYETHCS OKPEMOIO HOCILIORHICTIO v andasiti {0, 1}.
Henonixom xoaysana MeTonomM Xahhyena € 3amexHicTs eQeKTHBHOCT] CTHCHEHHS BiJl OMH3LK0C-
T iMOBIpHOCTEH CEMBONIB 10 Big'emunx cremenin 2. [Ipobiaema B TOMY, 10O KOMWEH CHMBOI KOJLY-
€THCS TIUIOIO KibKicTio Oitin. HalGlisin moMiTHO 1e BiobpaxaeThes MpH KOLYBaHHI JIBOCHMBO-
JLHOTO andaBiTy, TPy AKOMY CTHCHEMHS B3arajii HeMOIKIHBE, He3BAKAIOTH Ha BLIMIHHOCTI HMOBI-
pHOCTel TIOABH CHMBOJLIB, aNTOPUTM GakTHUHO "oxpyragc” ix o /2! :

[IpoTe, 11g npofiieMa JacTKOBO BUPIHIYETHCS OJIOKYBAHHAM BXIIHOTO MOTOKY (TOOTO BHE-
CeHHs 0 POSIISILY HOBUX CHMBOJIB Takoro Burany: "ab”, "abc”...., ne a, b, ¢ — cuMBOIN TOHAT-
xoporo andasirTy). OnHax e He Kae 3MOrK NOBHICTIO 030y THCH BTPAT (BOHK TLIBKH 3MEHIIYIOTHCS
[IPOTOPUIHHEO po3MipoBi 67T0KA) i MPH3BOAMTE N0 CTPIMKOTO 3POCTAHAL PO3MIDY JIBIiKOBOrO nepe-
Ba. SKI0, HanpUKIa, CAMBONAME BXiTHOTO andasity € 8-0iroBi Galitn 31 3navenHamu O...255, 10
pH GIOKYBaHI 0 JIBa CHMBOIN OTPHMYeMO andarit (1 Ginapue fepeso) i3 65536 cuMBoNis, & 1pH
GrokyBaHl no Tpu — 16777216. 3a taxux 06CTABHE 3HAYHO 3POCTAIOTE BHMOTH 0 00CATY BHKOPH-
CTOBYBAHOI ITaM'aTi Ta TpuBanocti noOymoBH ABIIIKOBOTO AepeBa. Y BUNANKY BUKOPUCTANHS afar-
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TUBHOTO aITOPUTMY KOXYBaHHS 3pOCTAE 1 TPHBANICTE HOTO OHOBIEHHS, & 3HAYHTH 1 3aransHa TpU-
RAJICTE POTECY CTHCHEHH igdopmargi. BrpaTi K CKNanaioTh y cepeanboMmy 1/20 01T Ha CHMEBON
IpH BLICYTHOCTI OIOKYBaHHs, a 32 HOro HasBHOCTL — 1/41 1/6 6it pys 6510KiB JOBXKHHEM 2 Ta 3 6iTH
zxxnomm{o

Xopolny AKicTh CTUCHEHAA iH(pOopMallii, SKe He 3aICKuTh Bil OAM3LKOCTI 3HAUEHDL HMOBIp-
HoCTel TTOSBHE CHMBOJIB [0 CreneHin 1/2, nae aaropuT™ apH(METHYHOrO KOJyBaHH tHQOpManil.
BigmoBiaHuil METO/ KOXYBaHHA Hac 3MOTY CTHCKATH BXimHe noslromMIeHHs 0e3 BTPAT 3a YMOBH,
[0 BimOMBH PO3IIOILT JacTOT TOSBH HOTO cHMEOTIB. KOHILEHIIIo [IhOT0 METONY OVIIO HaBEJISHO VY
poforax Emaca e B 60-x poxax XX CT. [Tizmime MeTon 6yio YIOCKOHANEHO Ta 3HAYHO MOAUI-
KOBARO. BBAKACTBCH, 1O METON apu(METHIHOro KOAYBaHHs € HalOIIbIl OUTHMATBHIM, H03asK
OCATAETLECA TeOPeTHIHA MEKa CTHCHEHH inopmanii — edrpornii Bxiggoro notoky. Texcr. axui
CTHCHEHO apr()METHIHAM KOLEPOM, PO3TILAIACTLCA AK nesxuil Apifixosuit npi6 3 iTepRany (0, |
PesyipTar CTHCHEHHS MOXKHA OIATH Y BUTTISUI TIOCTIIOBHOCTL ABIHKOBIX AP 13 BOrO Jpoly.

[est METOTY OJATAC B TOMY, IO MOYaTKOBIH TEKCT POSIIANACTLCA AK 3aUC J1LOTO npody,
e Koker Bxigani cumson € "nudporo” 3 Baroo, mo nponopmimd fAmosiprocT! floro ntogsn. [lpu
peajizail 1BOT0 METOJY BUHMKAIOTH Taki npotiieMu: HeoOXINAO BHKOPUCTOBYBATH niticay apud-
METHKY HeoOMeKeHOT TOWHOCTI, pe3ylbTaT KOAyBaHHA Crae BIOMEM TITEKH IICIS OPUIAHENHS
HAZXOKEHHS CHMBOJHB BXIZHONO DOTOKY. OJHAK, nposefieni gocrimkenHs [2-4] nmoxasaii. Imo
MOKHA OpakTrapo Oe3 BrparT 0OMEKHTHCS 1 [TOUHCEIILHOK apu(METHKOK HEeBEIMKOT TOUHOCTI
(16-32 po3psian), a TakeK JTOMOITHCA TTOKPOKOBOT (IHKPEMEHTANBHO1) POOOTH anropHTMY: nngpy

KOZY MOKYTh BHABATHCA TOCHIIOBHO IIPH 3UATYBAHHI BXIZHOTO TOTOKY.

Mogeni sxigHoro moroxy Hdpopmanii [3, 4]. Konygsanss JJaHHX € TUILKHA YaCTHHOXO TPO-
mecy ix crucHents. He Mepur BAKIMBIM € TaK 3BaHC MOJCTIOBAHIA (modelling) camoro mpo1LECy.
Sk yiKe 3a3HAYATOCH BHIIE, d}m@Memtme xoxyBanHs [H(OpMAIil Mae MIHIMATLHY Ha/UIHIIKOBICTE

34 MEBHOT YACTOTH PO3IOALTY CHMBOJIB BXIIHOTO andapity. Ane 3BiaKu Oeperbes el POITIOALL |
o coboro MPENICTABIIAC pxigaui andgasir?

Bizmosini Ha Ll 3aIHTARIES Ja€ MONENDb BXIIHOTO MOTOKY imdopmarnii, gKa IpescTaBise jie-
axnit cnoci6 mependadens PoO3MLOILTY Hmompuocnn [IPH HAIXODKEHHI KOKIOTO HACTYIIHOTO CH-
MBosia. CaMe KOJKHOTO, OCKUIBKH CTATHYHI MOZEN, Y AKX pos»uo,xm HE 3MIHIOCTHCS B IIPOLCCT KO-
ypannd, 3ae0lbIoro He 3abesnedyiors MAKCHMATLHO! AKOCTL CTHCHEHHS 1HpopMaIlii.

3pauHo MiKABIII TAK 3BAHI ANAITHBHI MOIEJ, Ki BpaX0ByOTh MOTOYHAHR KOHTEKCT BX1IHO-
ro noroxy indopmaiii. Taki Mogeni JaiOTh 3MOTY GyIyBaTH LIBUIKI OXHOIPOXITHI AnrOpHTMA
CTHCHEHHS 1H(opMarii, IKi He BIMaraoTh anpmprm\ JHAHE PO BXiNHAH NOTIK uupopmmu i 6y-
IYTOTH pogmmﬁ mmmpnm relt TosBY CHMBOIB 11ig yac podotu. Taxox angmﬂmm Kac "Ioxainb-
HO AANTHBAUX" ANTOPUTMIB, AKi IpH H00YH0BI PO3TIOALTY TIOSBY CHMBOTIE athasITy BLAZHAYUSIOTE
GiNLIIOM0 BATOIO YaCTOTH THX CHMBOJIE, IKi HaMHIIH nizHiwe.

Bizomi pissi migxomd K0 BApiIeHHs miel mpodiemu. HatirpocTimuii 3 Bux — sﬁnpmw CTa-
THOTHEN TIOSBM KOXKIIOTO CHMBOJIA HE3aTeKHO BiJ IHINNX, HATPUKIAL, OPH MOJIEIOBARA] NIOTOKY
nivmTeHAKOM bepHyiii IMOBIPHICTE IOABH TOTOMHOTO CHMBOJIA HE 3ATEKHTE BiJ TOro, iK1 CHMBO-
I TPATUBLINC riepel HuM. [ BAPIAHT — BUKOPHCTAHHA MApKIBCHKOT MOZIENl, KO PO3MOLT
FMOBIpHOCTEH MTOSBH CUMBOJIIB Gy1yeThes 3 yPaXyBanHIM neskol KiNBKOCT] IIONEPeiHiX CHMBOIIIB.
Y MapKIBCbI\OMV JpKepesti [Iepmoro MopsiiKy {MOBIPHICTH TIOABHM NEPILOIO CHMBOTA 3AJICKHTH
TUILKH BT OJHOTO OCTAHHBOI'O OTPUMAHOIO CUMBOTA 1 T.JL. MapkiBchki MOZeNl IOTOKIB JAIOTH
BiALII TOUHY CTPYKTYPY IpKepena imdopmani, ane KUIBKICTS CTAHIB V HUX 1CTOTHO Oinbia, BIAIO-
pinuo Gineimuit o6esr KogoBux TabiHAb, SKI MICTSTE YACTOTH HOABN CHUMBOIIEB, 110 30epiraroThes.
OxpiM IBOTO, NP BUKOPHAC ragHi KonypaHHs MeTonom Xaddmena BOHY MOXKYTh HAaBITL 3MEHIIUTH

CTYTIHD CTHCHEHHS TaHHX, OCKUIBKH AMOBIPHOCTI, 110 JIOPOLKYIOTECH HUMY, 3a3BHYail ripuie Ha-
GITFKAROTHCS cTenensyMu 1/2.

AHai3yIous MoJeli NoToKy iH(popManii 1a ANATITHBH] ATTOPETME CTHCHEHHS iH(QopMAai,

3aC)IyTOBYE YBary HMPOCTHH Ta JIOCTaTHRO eexTUBHEI MeTOJl KOJYBAaHHS JDKEpena 3 HERBIJIOMHUM

10 Bicawe JITY BXKIT Ne 4, 2010



PO3MOIOM YacTOT OsBM cuMBOIiB. [leff MeToa BimoMuil SK cTHCHEHHS IH(OpPMAIL 3a JIO110MO-
rofo "Kyikn Kok [5], sxuit 6yno Brepine BimkpuTo Ta gocuimxeno B Padkom me y 1980 p.,
a [TOTiM TIOBTOPHO BimTBOpeno ¥ 1986 p. bentii, Crefitepom, Tap'suom 1 Beit.

Imes poBoTm MeTomy TuoONArae y CTBOpeHHi andasiTy okepena  iH(oOpMamil

A={a,i=1,m}. Koxep 36epirac cimcox cumponis B={b, € A, j =1, n}, sxulf npeacrasige me-
4Ky TIepecTaHOBKY CHMBOJIB andapiTy. TIpy HAIXOKCHHI HA BXIL CHMBOJA C, IO MAE B LIHOMY
CIIHCKY HOMEP i, KOJep TIPUCBOIOE oMy Homep i. IToTiM KOzxep nepeMillye CHMBOIL ¢ Ha HOUaTOK
crigeKy, 3GIABIIYIONA HA OJIAHEIEO HOMEPH BCIX CHMBOJIB, ILO 3HAXONHIHKCS HEPEL C. Bracrinox
BIKOHAHHS TAKHX il HaiGLIeI "HOIyIIpHi" CHMBONH CKOHIEHTPYIOTHCS Ha IOYATKY CIHCKY 1
MATHMYTh KOPOTIII KOIH, a yCi Il — y KIHI CIHECKY 31 3HAHO HOBIIMME KOJaMH.

[py pearizamii METOLY "KYIIKH KHHKOK' HacTO BHKOPHCTOBYETHCS TaK 3BAHMH MOHOTORHUH
k011 — yHiBepCanbHuil Kof JuKepeia 1HpopMaIiil, I8 AKOTO BiZIOMA TUIBKY BIIOPIIKOBAHICTE IMOBI-
PHOCTE} [TOSIBH CHMBOJIIB. BOAHOYAC FK CaMi HMOBIPHOCTI HEBIIOML.

Ajropurs BOPIBHEBOI0 KOXYyBaHHS Jlevmens-3ina [7]. Yci meTomm Ta MOJEN KOAY-
BapHs 1HQOPMAITT, TPoAHANI30BAN] BUILE, PO3TILIIANT AK pXifHl jagi HoCHiOBHOCTI CAMBOMNIB V
JeAKoMY HecKimgeHoMy andasiti. [IpH [bOMY 3aTHIIALOCH BIAKPATHM N TAHHS PO 3B 530K UBOIO
pxigHOro andaBiTy Kogepa 3 AanHMH, [0 THUISTalTh CTHCHEHHIO, 1 IPeCTaBIeHl ¥ BIIJESIUI 10-
CiZIoRHOCTE Y IHmoMY andasiti, akuil 3a3eKdail cKIagacTees i3 256 ciMBoNiB-0aiTis. 30eb1nbIIO-
Fo sk BXiAHI a(aBiT BHKOPHCTOBYIOTECS cumBosn (Gafity) BXimporo notoxy inpopmarii. Came
tax ppamoe MeTon squashing nporpamu PRPAK, y sxoMy BHKOPHCTAHO CTATHYHE KONYBAHNS M-
tomom Xaddumena, To6T0 Aponpoxigamit amroputy. CTymine crucHens iHQOpPMALl TP LBOMY
BiAHOCHO HEeBEIHUKHIT — 0am3pko 50 % s TekeToBuX (aiiiis.

! 3pauno gxicmiuie CTHCHEHHS iHQOPMAI MOKHA OTPHMATH LIUIIXOM BUILIEHHS 13 BXIIHOTO
TOTOKY TOCTIOBHOCTE!, 110 1I0BTOPIOFOTHCS, MICHS 9Oro 31ICHHTH KOJYRAHHI HOCHIANL Ha i
nocninosuocti. [lelt Meton Hanexuts Jlemmeno ta 3iny i masuBacTbes LZ77-compression (3a po-
oM ny6aixanii). Horo poGoTa mossirae y BHKOHAHH] TakuX JIiff: KOMIIpECOp HOCTIHHO 30epirac nc-
BHY KITBKICTD OCTaHHIX 00poOJIeHIX CHMBOMIB y Aeskomy Oydepl (KU Ha3HBACTBCA KOB3AIOUIM
cnosuukoM — sliding dictionary). Hasesa "koB3arognit” IOB'A3aHa 3 THM. 110 38 MOCTIHHOT JOBHIHN
Gyhepa KOIKHOTO Pasy, KOJTH KOMIIPECOP KOAYE HACTYIIHY HOCTiLOBHICT: CHMBOIB, BIH JIOMHCYE TX
¥ KiHCILp CIIOBHUKA TA BIAKMAAE TAKy caMy KiUIbKICTh CAMBOJIB Ha HOIO TI0YaTKy. ITpn o6pobiensi
BX1HOTO [TOTOKY CHMBOJIH, IO HaHILIK Mi3HilTe, MOTPAIIAIOTE ¥ KiHeun Oyfepa, scyBarody Io-
nepeHi CHMBOIIA Ta BHTICHAIOWH Haliiepul.

Posmipn mporo 6ydepa € pisHuMu B Pi3HHX peanizaniax amroputMy LZ77. 3a3pyvai BITKO-
prcramis Gydepa GLIBIIMK PO3MIPIE 1a€ 3MOTY OTPHMATH LU0 AKICHIUINH Pe3yNbTat CTHCHEHHS
i opMalii. ANTopHTM BHALIE (HUBIXOM IONIVKY B CIOBHMKY) HAHTOBIINH TOYATKOBUIT MIAPAIOK
BXIIHOTO TIOTOKY, IO 36iTacThed 3 0JHAM 13 MAPAIKIB ¥ CTOBHEMKY, 1 Iojae Ha suxiji mapy (length.
distance), ge length — HopxuHa 3HalAEHOI0 Y CIORHUKY nijgpsika, a distance — BLICTaHB Bi HHOTO
J10 BXiZHOTO minpsaka (10610 GakTHdHo iHgexc mapsaaka B Gydepi, BimaTuil Bia #oro posmipy). ¥
BHIAIKY, KO TAKOTO NiIpAKa Ae 3HANICHO, 110 BAXLIHOTO NOTOKY MPOCTO JONAETECA HeproBHil
CHMBOJI BXIJTHOTO IOTOKY.

Y maifniepiit Bepcii amropatmy Jlemierns-3ipa BUKOHYBaBCS HAUTPOCTIMMH JIHIAHR 110~
vk yeiM cnopamkom. Tprsamicts crucHenss ingopmarii 3a Taxoi peanisamnii oyna IIPOITOPTIIAHOIO
10OYTKOR] HOBKUHE BXIIHOTO HOTOKY Ha po3Mip Oydepa, 1o 3HAYHO CIOBLIBHIOBANO poboTy ali-
roputMy. Ase 11oTiM Oyio BHKOpHCTaHO 30anancopane GiHapHe OEpeso ULl TOMYKY B CTOBHHEKY
BiATIOBIHOYO MiOPAKa CHMBOMIB, IO JAJI0 3MOTY HA HOPAIOK 361IbIMTH MBUAKICTE poboTy ai-
COPUTMY.

Taxuy yrHOM, anroputy Jlemmens-3isa [7] meperTBOPIOE OTMH IIOTIK BXIIHUX CHMBOJIB Ha
nBa rapanensHux notokn length Ta distance. OWEBHAHO, MO I HOTOKH € IIOTOKAME CHMBOJIE Y

J

andagitax L ta D, i 10 HHX MOMKHA 3aCTOCYBATH OIUH I3 HABEICHIX BHILE meronis (RILE, xony-
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pamns MetonoM Xaddmena, apuMerHuHe KOTyBanHs). ANTOPHTM pOOOTH IIBOTO METONY HA3HBA-
€ThCS ABOPIBHEBEM KOAYBAHHAM | BBAXKAECTHCA HaHe(CKTHBHIIEM CEPest yCiX, 110 BUKOPHCTOBY-
JOTBCS CHOTOJHI Ha TpakTuii. [lpu peaiszanil HEOro MeTOAY € MpobiemMa Y3TOKEHOCT] BUBEICHHA
060X MOTOKIE Hapux v ojaH (Qaili, ska 3a3BHYail PO3B'3YETHCS HIIIXOM IOYEPrOBOTO 3aMHCy KO-
1B CEMBOJIB 13 000X MOTOKIB.

Cimeiterro aaropurmie LZ78 (LZW, MW, AP, Y). Cepen tiboro cimelicTsa Hacamiepes
saciyropye ywsarm anroputm Jlemmens-3isa-Bemsa ( Lempel-Ziv-Welch compression — LZW,
1LZ78). gKuii BAPISHAETECS BiX IHINUX BHCOKOKO NIBAAKOJIC0 pOGOTH IpU KOLYBaHHI Ta JEKOIY-
panni 6yap-gaxoi iHdopmanii, HeBUOATIHBICTIO 0 maM'aTi Ta IPOCTOI0 ANAapaTHOIO PEeai3alicio.
Hemomix — MeHia epeKTHBHICTh CTHCHEHHA {H(OPMAILi HOPIBHIHO 3 aNropiTMOM JIBOPIBHEBOTO
xomysanus [1, 2].

ITpuamun poboTH 1BOTO ANTOPHTMY IOJIATAE Y BHKOHAHHL Takux fifl. CIOYATKY CTBOPIO-
€T CHOBHEK, 110 36epirac pAIKy TEKCTY i MicTHTS Gu3bKO 2-3-8 THCAY TIPOHYMEPOBAHIX KOMi-
pok. IloTiM 3amuCylOThCSA 0 NEPLINX 256 KOMIPOK PSIKH, IO CKIAJAOTLCS 3 OJHOTO CHMBONA,
HOMep AKOTO 36iracThesi 3 HOMEPOM KOMIPKIL. AJITOPUTM TpPOTILINAC BXiHHHA TOTIK, po30HBAIOTH
HOro Ha TiAPSJIKA, 1 JOAAC HOBL KOMIPKH B KiHEIlb CIIOBHUKA.

[Ticst 3UMTYBaHHs 13 BXITHOTO HOTOKY 110 OJHOMY CHMBOJY, KOXKHOTO pasy BIIOYBAETHCH [IC-
peBipKa, UM € BKE 3UUTAHA NOCTIIOBHICTh CHMBOJIB ¥ CJOBHHKY. BiaciioK ERKOHAHHS TaKix it
OTPUMYEMO PSTIOK S — HalnoBmmit mpedike BXIFHOTO TEKCTY (K110 HOTO PO3TILNATH AK Psaok i),
aKuii BKe € v cnopuuky. Hexalt fioro sHailIero B KOMIpIL 3 HOMEpOM 7. BUBEIEMO YHCTIO /1Y BHXI/-
Ml HOTIK, 3MICTHMO BKA3IBHMK BXITHOTO HOTOKY Ha length(S) CiMBOIIB HANIEPEN Ta AOAMO /10 CIlO-
BHHKA HOBY KOMIPKY, 1110 MICTHTh PAROK S¢, IIE ¢ — 4eproiii CUMBOJ Ha Bxomi (Bigpasy micad S). 3a
1106YI0BAHOIO TIOCIIIOBHICTIO CHMBONIB S HOCIHIMOBHOCTI SC vy CHOBHHKY Hemae. AJITOpUTM mepe-
TBOPIOE HOTIK CHMBOJIB Ha BXOJI Ha IOTIK iHeKciB KOMIpOK clIoBHMKa Ha BEXOI. [Ipu posmipt cio-
BmKa B 4096 KOMipoK MOYKHA TepeasaTy 12 6IT Ha IHNEKC KOKIo] TIOCHIZIOBHOCTL, IO 3HAHAEHO.

[Ipu peanisanii nporo anropuTMy Tpeba BpaxoBYBaTH H Te, Mo Oymb-sgKa KOMIpKa CIOBHUKA,
74 BUHATKOM HaAmepiwx, sKki MICTIThH OIHOCHMBOJIBHI TOCIinoBHOCTI, 30epirac KOTHIO Jegrol 1H-
10T KOMIPKE, 10 KIHI K0T IPHIACAHO OIMH CHMBOJI: BHKOPHCTOBYETRCH TITEPHO-THKPEMEH THITH
cnopHuk. Taxum wnHOM, wiropuT™ LZW mMae paxIimBy RIACTHBICTE Mpeicrocmi: AKIO JedKa
TOCTINOBHICTH CUMBOIIB § MICTHTBCS! B CIIOBHHKY, TO BCI HOTO npediken — TaKoK.

Jlasii, Konep BUKOPUCTOBYE MBI ONEparii 31 CIOBHHKOM: 3MIICHIOE TIOMIYK PAJIKA CHMBOJIB S¢
38 YMOBH, L0 PAKOK S € B CTIOBHUKY (Ta B17J0Ma HOTO HO3HIIS B HEOMY), & ¢ — HaCTYIHHI 34ATaHH
CHMBOJT, BHKOHYE JIONaBAHHA HOBOI KOMIPKH, AKa MICTHTH el PAIIOK. BHACALIOK LEOI0 MOKHa 00i-
HTHCS CTPYKTYPOIO JIGHHK, 110 HA3HBACTHCA (11 — JIEPEBOM TIOCIIZOBHOTO TIOTITEPHOIO TOIIYICY.

TpupanicTe PoOOTH UBOTO WITOPUTMY € TIHHOO 32 JOBKHHOIO BXITHOTO HOTOKY T4 He 3i-
SEXUTE BiI po3Mipy CrOBHHKA. I KOKHOTO CHMBOJE, IO 3HHTYETHCA, piabyBaeThes abo ONMH
ONIYK Y CIOBHAKY, ab0 JIOJABAHHEA ONHICI HOBOT xomipku. Came TOMY Bill € JOCHTh HOTYILIPHUM ¥
arapaTHiK peanizaniaX, HapHKIaL — HPOTOKOI v42bis.

Ockispky Kofep atroputMy LZW nonae no cloBHUKa OTHY KOMIPKY JULSL KOJKHOT PO3ITI3Ha-
HOT TIOCTLIOBHOCT] CHMBOIIB, TO HOTO MOKHA HA3BATH METOIOM 13 (pazo pO3MIMPIOBAHIM COBHM-
oM. KO CIHOBHUK TIEPEHOBHIOETECS, KONEp MOvKe ab0 IPHINHHIHA ftoro sanosacHHs ("3aMOpPO3H-
1" CIOBHHK, SK 1€ BHKOPHCTAHO Y KIACHIHOMY alrOpHIMI LZW), ab0 o9ucTHTH (TIOBHICTIO —
compress, 9aCTKOBO — anropuTM PKZIP shrinking).

Asropary MW (Miller and Wegman), Ha piaminy Bim amroputMy LZW, YTBOPIOE HOBI KO-
MIPKH CIIOBHHKA HUIAXOM CKICIOBAHHA JIBOX pSAKiB, TOOTO BUKOPHCTOBYE (paso-iHKpeMeHTHHH
CcropEuK. PO3MI3HABIIY 32 aHAIOTICIO 3 ANropuTMOM LZW IOCTiOBHICTE cUMBOIIB S Ha BXO/I, BiH
JOfA€ 10 CIOBHHKA HOBY KOMIpKY PS— KOHKATEHAIIlO MIOCTAOBHOCTI CHMBOJIB P (OLIEPEeHBO
PO3MI3HAHOI MOCHIZOBHOCTL) Ta cumponis S (HOBOT)., 3aBAAKH LBOMY BiH, K IIPABHJIO, MIBHIILE
ANAIITYETHES O TEKCTY, aje MO TPOITYCTHTH sk mocaizosrocTi. ToMy BIH CTHCKAE BXITHUIH
noTix indopmariil He Hadararo Kpame 3a anropuT™ LZW, a mexoyn HaBiTh 1 ripiue.
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Ocxinpku anroputm MW ge ¢ mpedikCHEM, TO peasizamis IIf HbOTO CIOBHUKA — CKIAIHe
3aBIABHS; 3a3BHYAl BUKOPHCTOBYETHCS CTPYKTYPa MaHKX {rie JUid HONITEPHOT0 HOYKY (A HBOTO
3araM 4TOBYIOTECS BCl npedikcH Beiel HOCHIZOBHOCTI CHMBOIB 13 CIIOBHHKA), OMHAK JI0 KOMKHOTO
BY3JTa JOJAETHCS MITKA, IO BKA3ye, 41 MICTHTBCA MOAHWH PALOK y CIOBHHKY. [Io TOro 7K MOMYK
CIIOBHHKOM HYACTO BUMATAE TTOBEPHEHHS: AKIO CIOBHUK MICTHTH PALKH abc Ta abcde, asne He Mic-
TuTh psiaka abedef (SKUH TIMBKH-HO 3UMTAHO 3 BXIAHOTO HOBIIOM/ICHHS), TO JOBEOETHCA CIOYATKY
SUETATH yBeCh PAIOK, MO6 IMepecBiYHTHCS, IO B CIORHUKY HOTO HeMae, a MOTIM "TIPOKpYTHTH"
BX1JIHMI TIOTIK Ha3al Ha TPH CHMBOJIA.

Bractusicts mpedikcHOCTi MoXHa [OBEPHYTH, He BTPATHBINH ANANTHRHOCTI aNTOPHIMY
MW, sKI10 IIpd pO3ITi3HABAHHI 4E€ProBol MOCITIIOBHOCTI CUMBOMIE S HiCIIT MOCTIIOBHOCTI P 1ona-
BATH /10 CAOBHHKA HE TUIBKH Camy ITOCTIIOBHICTE CHMBONIB PS§ (K I¢ BUKOPHCTOBYE ANTOPHTM
MW), a muoxnuy AP(P, S)— Bci mpedixca PS, 1io JIoBInl 3a nocnigosricts S. Taxuit anro-
puTM KoayBanHs Mac HasBy AP (all prefixes), sxy 6ymo sigxpuTo CTopepom wie y 1988 p. Anro-
paT™M AP Haponrye CIOBHMK 3HAYHO NIBHANIE, HUK Le pobuts anropuTM MW, a Takox 3azppdail
cTHcKae MoTik indgopMaii kparie Bix HEOIO.

CrocosHo Y-koypamss, sigkpuroro Jerienom bepretefinoM, TO nei METON 10Jae OO CJio-
REVMKA OIUH PANOK HA KOMHHI NPOYATAHAN CAMBON (OAIOHO 1o ayropurtmy AP), no Toro i BIH
Mae pracTHBicTs npedixcrocti (mogibHO go amroputMy LZW), tobto e TITEPHO-1HKPEMEHTHHHA
METOZ 3 MITEPHO-PO3LIMPIOBAHAM CIIOBHIKOM.

BucHOBKH. BUIBINICTS THINE NAaHIX XapaKTEpU3yeThCd HAIIMITKOBICTIO, AKA 3AIEKUTh BiJ
TUITY J[@HEX | TpAHEATO] cicTeMn KonysanHs. CTHCHEHNA i opManii TIHPOKO BEKOPHCTOBYETHCH
SIK TIpH 1X 30epirani Ha eIeKTPOHHAX HOCLY, TaK 1 IpH mepenayl Kauanami 383Ky, lenye qexiin-
Ka pi3umx Teopifl BEpimeHHs npobieMH CTHCHEHHA igdopmamnii. Ol MaroTh HANTO CKAAIHY Ma-
TeMaTHIHY OCHOBY, iHITI 6a3yIOThCS HA BIACTHBOCTSX IH(GOPMAIIHHOIO MOTOKY, BHACIIIOK €OT0
ATTOPUTMIgHA X Peanisanis € JOCTaTHRO MPOCTOI0. 3aranoM OYmb-AKui anrOpHTM T METOX, MO
peaizyIoTh CTHCHEHHA iHpopmail, [IpU3HAYEH] I 3HUKCHHSI 00CATY BRXIIHOTO TIOTOKY iH{OD-
Maiil B 6iTax.
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([Tve06CKLiT 20CYOGPCINGEHHBIT YHILGEPCHIIEHT DE30RACHOCHIH JHCUSHEOCAMETVHOCHIN)

AJITOPUTMBI  METOABI CKATHA HHOOPMALIUN

P ACCHMOTPEHLL HEKOTOPBIC allTOPHTIMBL U METOIBI CHaTHA HH@)OpMaHHIL xapamepﬂoﬁ 0Co-
GEHHOCTRIO KOTOpGﬁ GRASCTCS H3OBITOYHOCTE, 3GBUCHT 01 UX THIIA U HpHHHTOﬁ CHCTEMBI KONUPOB-
%11, YCTAHOBJIEHO, 9T0 CKATHE JAHHBLIX IIHPOKO UCIIONL3YCTCH Kak P HX XPpaHcHEY Ha 3ACKTPOH~
HEIX HOCHTENSX, Tak ¥ IIpH Hepenavuc KapalaMy CBI3H. CYUJ;@CTB}’ET HECKONBKO PA3HBIX T@Opﬁﬁ
peieHnd Hp()6ﬂ€MBI CORaTHS JaHHBIX. Oy UMEOT CIMIIKOM CIIOMNKHYIO MAaTeMaTHIeCKyIO OCHOBY,
Apyruae 62131’113}’@1702 Ha CBOMCTBAX H¥*I(1}OPTV18,HPXOHI~IOYO HIOTOKa, B DE3YIILTATC Yero allropuIMHUYC-
CcKag u¥ peanH3aifs 10CTarouHo Ipocta. B menom Ho00oH MeToN | DITOPHTM, ITO PpeayI3yIOT CiKa~
THS JARHLI, OPeIHA3BaYCHB] NI CHHOKCHNH obbeMa HCXOMHOIO HOTOKA HH(})O})M&L{HH B OuTe.

Kinrouegvie croeq, COKATHAC HAHHBIX, TCOPHA EIH@)OPM&HHH? KOJHPOBKA ;m(bopmamm, aJro-
PUTMBI B METOIBI CIKATHIL IDAaHABIX, MOJCHY BXOOHOTO IIOTOKA I’IH@)O})M&IIHH.

YL Hrytsyuk, Doclor of Sciences (Engineering), Professor, M.B. Nazar, M. O. Polishchuk
(Lviv State University of Vital Activity Safety)

ALGORITHMS AND METHODS OF INFORMATION COMPRESSION

Some algorithms and methods of information compression, which are characterized by sur-
plus. depend on their type and accepted system of encoding. It is set that the information compres-
sion is widely used both for their storage on electronic tfan&zmttms and at the transmission of conec-
tion channels. There are a few different theories of solving the problem of information compression.
One have too difficult mathematical basis, other are based on properties of informative stream, as a
result their algorithmic realization are simply enough. On the whole any method and algorithm,
which realized information compression, are intended for the decline of volume of initial stream of
information in bytes.

Key words: information compression, theory of information, information encoding, algo-
rithms and methods of information compression, model of input stream of information.

, &, +,
0‘}' QQO 0‘0

14 Bicnue JUTY BRI Ne 4, 2010



