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Tema 11. CxxaTne JaHHBIX

[TocTanoBka 3aj1a4u — MOJYIUTH HAOOP JAHHBIX MEbIIero oobemMa, HO ¢ COXpaHeHueM HeoO0-
XoauMoit mH(MOpPMAaIIH.

Cxkarue ¢ norepsiMu. JTO MATEMATUKA — MPUOJINKEHNS U AllPOKCUMAIIIH.

Cxarne 6e3 noTeph. Yerpanenne/cokpariienie nHGOPMATHOHHON H30BITOYHOCTH.

Anropurm rpynnosoro koguposanus (RLE).

Haszsanme aaroputma npoucxomuT ot c¢jaoB Run Length Encoding.

BaiiToBbIii BApUAHT.

W nes: BMecTO 1OC/I€10BATEILHOCTH MOAPST UIYIIAX OJMHAKOBBIX OaliTOB IepeIaBaTh
HA BBIXOJ TOJIBKO JITUHY TI0C/IEI0BATEILHOCTH U OJINH TaKoi 6aiT. Eciu ke BO BXOJTHOM II0-
TOKE HET IMOCTOSTHHBIX MOBTOPSIONINXCY [MEI0YeK, TO KOAMPOBAHKE He IPOU3BOAUTC. Botee
dopMaIbHOE ONMUCAHTE AJATOPUTMA MOYKET BBITJISIETH TaK:

1. Pazobbem BXOJHOI TTOTOK Ha HMENOYKH OANT 10 CJIeLYIONNM KPUTEPUAM:

- JIJIMHA KaXKJI0H MEelMOYKH He IIPeBOCXOoAuT 127 OaiiT;

- [EIIOYKA MEJHKOM COCTOUT M3 OJMHAKOBBIX OaWTOB M HMeeT JIuny Oosbire 1 aubo He
uMeeT B cebe JIBYX OJUHAKOBBIX COCEIHHX OAUTOB.

2. Kazx ol menodke comocTaBuM BBIXOIHONM KO/ 110 CJIEAYIOMIMM IIPABUIAM:

— JIJIsI IOCTOSTHHBIX IEMOYEeK JINHBI BHIXOAHBIM KOIOM SABJSIIOTCS JBa OaiiTa, riae crap-
muii 6ut meporo Oaiita paper 0, a ocrapimecss 7 OUT KOAUPYIOT THUCIO M, BTOPOIl OaiiT
KOJIa paBeH OalTy, COCTAB/IAIONIEMY JIAHHYIO HENOYKY;

— JIJI HEITOCTOSTHHBIX IeIOYeK JITUHBI 72 BBIXOIHBIM KOJIOM ABJSIOTCA 1 + 1 GaiiT, rie
cTapinuit OuT mepBoro OaiiTa papeH 1, a ocTaBiinecs 7 OUT KOAUPYIOT YUCIO N, TaT€e YT
n 0aliT UCXOTHOH IEMOYKHN.

HeTrpynHo oneHUTH HAMIYUNIYIO W HAMXYAILYIO CTENEHb C:KaTus. B TOM ciydae, KOria
daits1 cogepKUT MOBTOPSIONIAECS TPYIIBI 13 127 OMMHAKOBBIX 0a#T, MbI MTOJIyYaeM MaKCH-
MaJsibHOe cxKatue ¢ Kodddurmentom 127/2. Ecau B dailie HeT HE OTHON MOBTOPAIOIIEHCST
IPYIIbI, TO HAa Kaxkaple 127 H6afiT MBI MoJydaeM OJMH JOIIOJHHTEIbHBIN OaiiT, T.e. JIMHA
“cxkaToro” Habopa JAHHBIX yBeauuusaeTcd Ha 1/127 (310 menbmre 1% ).

BurosBsrit BapuaHT.

Ha Bxome nocienoBaTesbHOCTh OUTOB, Ha BBIXOJE OANTOBBIN KO/I.

butht 7 6 543210
0 O pnuHA CTPOKM IHKCEJIOB-HYyJIeHR
0 1 pnmHaA CTPOKM NHKCEJIOB-eIUHUIL
1 ocraBmmeca 7 6UT HENOCPEINCTBEHHO NPHHAAJIEXAT H300paxeHun

Kak BuIHO M3 3TOr0 mpejcTaBieHus, JAJWHA MEMOYKN 3/1eCh OT'PaHuYeHa 3HadeHueMm 64.
DTO OrpaHMYEHNE TO3BOJIAET IMOJYIATh CXKATHE 110 8 pas.

Aaroputm Xaddmena

CemeiicTBO KOJIOB: IIOCHMBOJIBHOE KOJIMPOBaHUE, T.€. TaDJIHIA CUMBOJI $— KO/T
Auropurm Xaddwmena (nrorga ero Haszsiator CCITT kommpoBanmne) cocTouT B COIMO-
CTaBJIEHUHN Ka2KA0OMY CUMBOJIY BXOJIHOI'O ITOTOKa HEKOTOPOT'O KOAOBBIX IEITOYEK HepeMeHHOﬁ
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JUTHHBI TaK, 9TO HAHOOJIee 9acTO BCTPEYAloIInecss CUMBOJIBI KOIUPYIOTCS Hamboee KOpoT-
KUMUY TienoukaMu. st 91Toro crpoutces: bunapHoe jgepeso (aepeBo Xaddmena).

Nnnrocrpanusd: nocrpoenus aepeBa Xaddmena u KOJUPOBAHUSI.

AaropurMm.

1. Cozmaem MHO>KeCTBO CBOOOIHBIX BEPIIIH, COAEPKAIIEE BCE CHMBOJIBI BXOIHOTO aJjida-
BHTA, 38/1a€M KaK 10| BepIIHHe BeC B COOTBETCTBHH € TAOIUIEH KOJHIecTB (4acTora X IanHa
COODTIEHST ).

2. B MHOXKecTBe CBOGOJHBIX BEPIIHH HAXOJUM JIBe BepITHHbl (0603HaunM ux A u B),
AMeEIOIHe HAaMEeHBINEe Beca, CO3JaeM HOBYIO POIUTEIbCKYIO Bepmuuy C, IpHCOeInHIeM
Awu Bk C cupasa u cjieBa, ycranapjubaer Bec C' paBHbIM cyMMe BecoB A u B, UCKJII0YaeM
A u B u3 MHO)ecTBa CBOOOIHBIX BepIuH, J00aBiasgeM C' K MHOXKECTBY CBOOOIHBIX BEPIIHUH.

3. Ecm B MHOKecTBe ¢CBOOOIHBIX BEPITUH O0JI€€ OJHOTO JIEMEHTA, TO MepPefTH K MyHKTY
2, mHaYe eNHCTBEHHBI! OCTABIINICA dJeMEeHT eCTh KOpeHb JepeBa XaddmeHa.

Jlasee, neBbIM pebpaM MOCTPOEHHOTO JIEPEBa CONOCTAB/sIeTCS YuCa0 (), a IpaBbIM ped-
paMm — 1. Temeps, ciyckasich 0T KOPHSI K KOHKPETHOR KOHIIEBOH BEPIIHHE U ITOCJIEI0BATEhb-
HO BBINUCHIBAS HYJIM U €IUHUIBI, COMOCTAB/IEHHBIE IIPOXOUMBIM PEOPaM, MbI IOy 4a€M KO/
CUMBOJI& B 3TOH BeplIUHE.

Ko Xadbdwmena spisiercst npeduKCHBIM, T.€. KOJI JIIOOOIO CHMBOJIa HE COMEPXKUT B Ka-
gecTBe MpedUKCa HIKAKOM APYroil Ko, DTO MO3BOJISeT BBIIABATH HA BBIXO/ HEIIPEPBIBHY O
OC/IeJOBATEIHLHOCTH OUTOB KOJOB, TOCKOJIBKY OHA OYIeT OMHO3HATHO HHTEPIPETHPOBATHCS
P JEKOJUPOBAHUU (CIIYCKOM 10 BeTBH jepeBa Xaddmena).

Teopema. /[aa 6rodroti nocaedosamenvrocmu ¢ 3adaHHbLM HUKCUPOBAHHBIM 4ACTOM-
HbLM pacnpedesenuem cumeoros memod Xapdena daem xodosyro nociedosamesvhcms HAU-
MeHLWET OAUHDL CPedU BCEXT NPePUKCHLLT K0J06.

[IycTh HAM JjaHA HEKOTOpAs BXOJHAsI MOCJEI0BATEIbHOCTh CUMBOJIOB (6alTOB) JIJTHHBL
N M KayKJbli CHMBOJI CO 3HaYeHHeM k uMeeT Bec (KOJIMIeCTBO MOsBJIeHui) wy. [TocTrponm
nepeBo Xaddmena. Bee cuMBOIBI OyIyT KOHIIEBBIME BEPITHHAMHE, U JIJIMHBI UX KOJOB €CTh
JUITMHBI COOTBETCTBYIOIINX BeTBeil OT KOpHs K 3TuM Bepmumunam. Ecan obo3nauutsb [ —
JUIMHA, BETBU OT KOPHS JI0 BEPIIHHBI CUMBOJA k, TO IJIWHA KOMA JJIs MCXOMHOTO HAbOpa

JaHHBIX €CTbh
LHuf = Z wklk .
k

T.e. Lyyy HE OOJIbINIe JITUHBI JII000H APYroil mocaeg0BaTeIbHOCTH, TOJYUYeHHON IMpe-
(PUKCHBIM KOJIMPOBAHUEM.

JlemMma. [Tycmo nexomopuii cnocob npedpurcrozo k00UPoBAHUSL HA YKA3GHHOM HAOO-
pe daem 8uTodHy0 K0d08Y10 N0CACIO8AMEALHOb HauMeHbutel daunb. Toeda cywecmey-
em cnocob koduposarus, darouwut my Hce camyro OAuny x£0dosowl nocaedosamesbHoCmu, U
makot, ¥mo 06e MUHUMGADHBLE TO 6ECY GEPULUHDL AEHCAM, 6 CAMBLL ONUHHBLL 6EMEAT U
uMem 00n020 podumend.

lokazaTeabCcTBO.

Paccvorpum Ko10BOE JiepeBo UCXOHOTO MeToa. [lyerb a u b — jaBa MUHHMAJIBHBIX 10
BECY CHUMBOJIA C BECAMU W,, Wy, JEKAINX B BETBAX ¢ JAWHAMU [, W [, COOTBETCTBEHHO.
[IycTh Takke T W Yy — JBa CHMBOJIA, UMEIOIIHE OTHOIO POIMTENS W JIeXKAIlue B CAMBIX
JJIMHHBIX BETBSAX. 3aMETHM, UTO BHIIOJHEHB HEPABEHCTBA,

Weq S Wy, Wy S Wy, la S l;ra lb S ly-
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[lepecTaBuM MecTaMu CHMBOJIBI @ B & & TaKzKe b U i U IOCMOTPUM KaKOe BJIMSHIE OKa-
JKeT 3Ta HepecTaHOBKA Ha, JJINHY BBIXOIHON KOITOBOI mocjemoBaTebHOCTH. /10 mepecTanoB-
KH BKJIaJI CAMBOJIOB @, b, T, B BBIXOZHYIO KOIOBYIO IOCJIEI0BATEILHOCTD OBLI paBeH L =
Wolo +wply +wyly +wyly,, a nocse nepectanoBky cTas paBeH Lo = wqly, 4+ wply +wyly +wylp.
Paccmorpum pasnoctb

L2 — L1 = wely + wply + wely + wyly — wely — wply — wyly, — wyl, =

= (wa - w1)<la: - la) + (wb - wy)(ly — lb) < 0.

[Tocneanee nepaBeHcTBO O3Ha4aeT, uyro L2 < L1, wiu, B cuiay MuHuMaj bHOCTH L1, 9TO
L2 = L1. Bkiaja Bcex OCTaJbHBIX CHMBOJIOB OCTaJicd Oe3 m3MeHeHus. Taxkum oOpazom,
IEePEeCTPOEHHOE JI€PEBO VAOBIETBOPAET YCJOBHSIM YTBEPXKICHUS M OIPeJIe/seT HCKOMBIi
MeTOJI KOJUPOBAHUSI.

Jlokakem Terepb Teopemy.

[Tycrs T}, — xomupyitorniee jgepeo Xaddmena, a 1, — Koaupyoiiee gepeBo HEKOTOPOro
JIPYTOTO ONTHMAJBHOTO MeTo1a. JlokarkeMm, ITO KOJOBAs MOC/IEI0BATEIbHOCE, TTOIYaeMast
¢ TIOMOIIbIO jiepeBa T, He Kopode KOJI0Boii rocjeosareibHocT Xaddmena. B cury To/1bKoO
YTO JOKA3aAHHOI'O YTBEP:KIEHHUS MOXKHO CUUTATDh, YTO B JiepeBe 1, 1Be BepIIHHBI, OTBEYAIO-
e CUMBOJIAM @ U b ¢ MUHHEMAJIBHBIMH BECAMH W, Wy, KMEIOT OOIIEro POJAMTENsT H PACIIO-
JIO?KEHBI B CAMBIX JUIMHHBIX BeTBsAX. HalloOMHUM, 9T0 TOYHO TaKHUM K€ CBOMCTBOM 00JIa1aeT
o mocTpoennio u gAepeso Xaddmena Tj,. OToxkaecTBUM CUMBOJIBL ¢ U b U yIaJMM COOTBET-
CTBYIOIINE UM BEPITUHBI U3 AepeBbeB 1), u T,, OCTaBUB TOJHKO POJUTENHCKYIO BEPITAHY C
BecoM w, + wy. PaccMoTpuM Tenepb HOBBIE MOy YeHHbIE JiepeBbs 1}, u T, KaK KOIUPYIOue
JIePEBbsl JIJIST MHOYKECTBA CHMBOJIOB, COJEDKAIMX HA OJUH CHMBOJI MeHbIIe (TIOCKOJIBKY
CUMBOJIBI @ U b OTOXKJECTBUJINCH B OJMH HOBBIH “cymMmapHbIil” cumBo). ITUHBI KOTUDY-
IOIMUX TIOC/IeI0BATEIBHOCTEH, MOJIyIAeMbIX 0 0DOMM 3TUM JIEPEBbsM, YMEHBIIUJINCH HA
Wy + Wy OUT TO CPABHEHUIO MJIMHON MCXOMHBIX KOJOBBIX HOCTeI0BaTebHOCTel. [Ipu 3Tom
nepeBo T}, ocraercsa nepeBom XaddMeHa jIsi HOBOTO MHOYKECTBAa CUMBOJIOB, a aepeso 1,
OCTAETCsd JIEPEBOM ONTHMAJILHOIO KOojupoBaHus. [JleificTBUTE/IbHO, ecu OBl JIJId TeKYIIEero
Habopa CHMBOJIOB CYIIECTBOBAJIO JIPYroe KOAUPYIOIIee JIepeBo, Aafoliee MEHbIIYIO JIIUHY,
TO “pa3nenuB’ 0OpaTHO OObeIUHEHHBIA CHMBOJI U J00ABHB B 3TO IE€PEBO BEPIINUHBI a U b,
MBI TIOJIYYIW/IU OBl MEHBIIYIO JIUHY KOJOBOH MOCJIEI0BATEILHOCTH M JIJIsl HCXOHOTO BXOJI-
HOTO TIOTOKA, YTO HEBO3MOYKHO B CIJIy MPEINOJIOKEHHs 00 ONTHMAJIBHOCTH HAYAIBHOTO
cocTosHUs jepera 1.

[loBTOpSAsa 3TN pacCyzKJICHUS U OTOXKJICCTBJISAS CJACIYIONINE IBE BEPIIUHBI ¢ MUHUMAJIb-
HBIMH BecaMu, MBI U Jajee OyaeM OJMHAKOBO YMEHBIIATD JJIMHBI BHIXOIHON KOTUPYIOIEit
MOCIe0BATEILHOCTH, TTOKA B KOAUPYIOIMNUX JE€PEBbIX HE OCTAHETCS IO JIBe KOHIEBBIX Bep-
MIMHBL (OTOK/IECTBISIONMX B cebe B CyMMe BCe HCXOIHBIE CHMBOJBI). [Ipu 3mOM 1epeBo
nepeBo Xaddmena Oyaer JaBaTh KOAUPYIONIYIO MTOCIEI0BATEIBHOCTh B N ONT TaK Kak JIBa
octapiuxcs Koja ectb 0 u 1. OcraBmieecs jiepeBo 1, SBJIAeTCA ONTHMAJIbHBIM M TaKZKe
JIaeT KOJOBYIO IIOCJIEIOBATEIbHOCTD JIJIMHBI 7, IOCKOJIBKY MEHbBIIE MPOCTO OBITH HE MO-
KeT (e IMHCTBEHHBIH BBHIOOD JIJIS OCTABIIUXCS JIBYX CUMBOJIOB Takzke KoJbl 0 u 1). Tak kak
KazKJIbIl pa3 KOJOBBIE IOC/IE0BATE/ILHOCTH YMEHBIIAJUCH HA OJMHAKOBYIO BEJUYUHY, TO
UX MCXOJHBIE JAJUHBI TakKzKe ObLIn omumHaKoBbI. CiieoBaTeIbHO, JepeBo XaddMena TakzxKe
JIaBAJIO KOJMPYIONIYIO MOCAeI0BaATE/IbHOCTh HAaNMEHbIel bl TeopeMa /T0Ka3aHa.

OueBHIHBIM HeJIOCTATKOM MeTona XadpmeHa sBiseTcs HeOOXOAMMOCTh IepeaaBaTh
JIEKOJIMPOBIIUKY TAOJIHILY IaCTOT CHMBOJIOB BMECTE ¢ KOJIUPYIOIIEi 1oc/Ie10BaTe IbHOCTDIO,
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9TO YMeHIIaeT CyMMapHbIii Kodddunuent c:karusg. CymecTByeT a alTHBHBI BapHAHT aJl-
ropurma Xaddmena, KOTopeiil He TpeGyer Tepefadn jepeBa (MM 4aCTOTHOW TaOJIHUIIb)
BMECTE C 3aKOIMPOBAHHBIMU JaHHBIME. VIest 9TOro aJaropuTMa 3aK/II0YaeTcs B aJalTHB-
HOM IIepecTpoeHuun AepeBa C ydeTOM IOCTYIIMBIINX CHUMBOJIOB IIpDU KOJAMPOBaHUU U COOT-
BETCTBYIOIIEM MPeoOpPA30BAHNE JIePeBa IPH 1eKOANPOBaHun. [lycTh MBI HMEEM HEKOTOPOe
nepeBo Xaddwmena. [Iponymepyem BepiuHbI 3TOTO JiepeBa ‘‘cjieBa-HaIpPaBo, CHU3Y-BBEPX ,
T.e. HyMepalus HAUYNHAeTCs C 3JeMeHTOB CaMOr0 HHXKHEr0 YPOBHS JepeBa, HOTOM IIepexo-
AT Ha MPEIBIIYINIi ypoBeHb, U T.1. KopeHb aepeBa MoIydaeT MaKCUMAJIbHBIN HOMEP.

Bymem Ha3bIBaTh 1epeBO YHOPSIOYEHHBIM, €CIU BeCa BEPIINH He YOBIBAIOT B MOPIIKE
LHOCTPOCHHON HYMEpalUu.

Adanmustoe nepecmpoenue depesa. Ilocrponm Hauanbaoe gepeso Xaddmena, canras,
9TO BCE€ CUMBOJIBI UMEIOT BEC 1. TeHepb IIpu NodBJE€HUN HOBOT'O CUMBOJIa MBI JOJI2KHBI T1€-
PECTPOUTH JIEPEBO TaK, YTOOBI COXPAHUTH CBOMCTBO YIOPSAOI€HHOCTH. Bo-IepBbIX, HAJIO
YBEJIUYIUTH BEC COOTBETCTBYIOIIEH KOHIEBOW BEPINMHBI U BCEX POIUTEJIEH IO BETBH, BEIY-
meil K KopHO. Ecam mociae 3Toro mepeBo ocTaercs YIOPSIOYeHHBIM, TO HUYEro OOJIbIIe
JenaTh He Hamo. Kesm ke Bec Kakoii-mnbo BepimuHbl A CTaHOBUTCs OOJIBINE BECa MPaBOro
coceqa (10 HyMepaIun), TO CPean MPABbIX cocelelt (10 HyMepalun) UIneTcs Hoc/Ie THAi,
BEC KOTOPOTO MeHbITle Beca A, u 9Ta BepiimHa (BMecTe CO CBOMMH MOTOMKAMM) OOMEHHBa-
ercsa ¢ A. 3aTeM KOPPEKTUPYIOTCS BeCa IO BETBAM, BeIYIIIM K KOPHIO OT IepecTaBJIeHHBIX
BEpIIUH. YKa3aHHBIA IIPOIECC MPOIOIKAETCS, TOKA TePEeBO He CTAHET YIOPSIOIeHHDIM.

KonupoBanue m aeKogumpoBaHHe MO AJANTUBHOMY BAPHAHTY AITOPUTMA IIPOUCXOIUT
eJITHOOOPA3HO:

1. /lepeBO MHUIUATH3UPYETCST DPABHOMEPHBIM DACIPEIeIeHHe CHMBOJIOB (BCE CHMBOJIBI
HMEIOT KOJTUIeCTBO MOBTOpeHuil 1).

2. IMoayuuTh OvepeTHON CHMBOJ (MM KOJ) W 3aKOAUPOBATH (PACKOAMPOBATEL) €ro B
COOTBETCTBUU C TEKYIIUM COCTOSHHEM jepeBa Xadpmena.

3. HobaBuTh €JMHUILY K BECY BEPIIMHbI, COOTBETCTBYIONIEH TOJBKO YTO LOJLYYEeHHOMY
CHUMBOJIY, U TIEPECTPOUTH JePEBO HA OCHOBE JJisi COXPAHEHUs CBONCTBA YIOPSAI0YEeHHOCTH.

4. Ecin ectb ermie cCUMBOJIBL (KOJBI) BO BXOJHOM IIOTOKE, TO MePeiiTu K MyHKTY 2, nHade
3aKOHYUTDH paboTy.

EcrecTBeHHO, aganTHBHBIA aJITOPUTM HE JTaeT ONTUMAJIBHON KOZOBOM IOCJIEI0BATE hb-
Hoctr. OHAKO MOMEMO OTKAa3a OT Mepegadd TaOJIHIbl 9acTOT OT OH 00JaJaeT CBOHNCTBOM
HACTPONKHU HA TEKYIEe PACHpe/IeeHne JacToT. PaceMoTpuM ciieayonuit nCKyCTBeHHBI,
HO IMOKa3aTe bHbli npuMep. [lycTh BXogHAS MOCIEI0BATENBHOCTh COAEPYKHT JTOCTATOYHO
JUTHHHBIE TIEIMTOYKU OJMHAKOBBIX OafiT, IpM 3TOM B IEJOM paclpe/ie/ieHne YacTOT sBJIs-
eTcs paBHOMEPHBIM. [lJist Takoil moc/emoBaTe ibHOCTH OOBIYHBIN agropuTM Xaddmena He
HPEJIOKUT HUYEro JIVUIIEro 4eM oObIYHbIe BOCBMHOUTHBIE KOJIbI OaiiToB. OaHaKO B aal-
THBHOM BapHaHTe OH HACTPOUTCS HA JIOKAJbHBIE YACTOTHBIE XapaKTePUCTUKU ¥ HA3HATUT
IMOBTOPAIOINKUMCA CUMBOJIaM 60JI€€ KOPOTKHE KOAbI, 4TO MO2KET AaThb BbIMI'DBIII JIJIA cbafma
B T[EJIOM.



