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Frequency Based Chunking
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AHHOTANUA

B nmanHoii pabote npexsaraercs napajuiesbHas BepCcus alropurMa
yIydIIeHus KadectBa geaymumkanui Frequency Based Chunking.
Hcrnonb30BaHMe BBIYMCIICHUS] YaCTOT B HECKOJBKMX ITOTOKAX MO3-
BOJISIET HAMHOTO YJIyYIIMTh CKOPOCTH 3aIiCH B (pailioBoii cucteme,
HOJIepKUBAIOIIEi Takoii moxoa. Tak:ke B paboTe paccMaTpuBaeT-
Cs1 BJIMSIHUE KOJUIM3HUiA, BOSHUKAIOIIMX PH OHOBPEMEHHOM aHAJIH-
3€ YaHKOB.

BBegenne

JenynivKanus JaHHbIX — TOJXO0/ K CKaTHIO JaHHBIX, HAIIPaBJIEHHBIN Ha yCTpa-
HEeHUe MOBTOPSIOLIMXCS KON Ha OIHOM I T'PyIIIe HOCUTEJIEH C LiesbI0 CHUXe-
HMsI HaKJIQJHBIX PAcXOJOB Ha XpaHEHWE W mnepejady MH(pOpMaI, MMPOKO UC-
TMOJIB3YETCS B CUCTEMAaX XPAHEHHS PE3ePBHBIX KOIHIA.

Content-Defined Chunking (CDC) — metox pa3iesieHusi Ha OJIOKU [UIsl TIep-
BUYHON HENYIUIMKAIlMM, B KOTOPOM JaHHblE HCTIONb3YIOTCS IS OIpelesIeHUs
rpaHuLl OyAylnMx YaHKOB. [IJisl yaydIleHus: AeAyIyMKalyy CyIecTBYeT MOAXO0/
Frequency Based Chunking|[|l], KoTOpbIil OCHOBBIBaeTCS Ha aHAJIM3€ YAaCTOT MOJ-
4yaHKOB B 1aHHOM CDC-pa3bueHnn U Mpou3BOIUT ero nu3MespieHune. Takoi noa-
XO[l TIO3BOJISIET 3HAYUTEIBHO YBEIMUUTh KOI(DDUIMEHT AEAyIUIMKALMN, OJHAKO
Ha MOPAJKY 3aMeJJIsIeT CKOPOCTh 3aITUCH.

B npencrasnenHoit pabore npearaercst Mmerox ontuMusanun FBC, ocho-
BaHHbBIIl Ha MapajyieJbHOM BBIYMCJEHMM 4YacTOT. DTOT METOJ WMHTErpUpOBaH B
ChunkFS[2] — mozenbHy0 (ailloByl0 cuUcTeMy, NMpeAHA3HAYEHHYIO AJIsI KOM-
TUIEKCHOT'O QHAJIM3a METOJOB ie Ay TUIMKAIMi. OCHOBHOM 1IeJIbIo paboThI ABJISETCS
uccie0BaHle Bo3MoxHocTH npumeHeHnst FBC B cuctemax pe3epBHOrO KOMUPO-
Banus, B ocooennoctd TATLIN.BACKUP ot kommanun YADRO.

Aaroputm FBC

Sramnsl pabotsl Frequency Based Chunking nipeicTaBieHs! Ha lll. Ckomp3simee
OKHO MPOXOJUT 10 YaHKaM, MOIy4YeHHbIM rocie padotel CDC-anropurma. Ipu
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HAXOXJICHUHU YacTOro MOJYaHKa, OH J00aBjsieTcs B cJioBapb. Ha ocHOBe 4acToT-
HOTO aHaJM3a MPOBOAUTCS JajbHeldIee ApodiieHre: HekoTopsie nucxonabie CDC-
YaHKW Pa3/IeIIAI0TCS Ha HECKOJbKO HOBBIX YaHKOB MEHBINIETO pa3Mepa, KOTOphIe
ObLIM HaliIeHbl HA Tpe/iblIyIieM dtarne. Takum 00pa3oM, BCIIeICTBUE U3MEbue-
HMSI YaHKOB, Mbl HAXO/IUM OOJIbIlIee YMCIIO AyOIMKATOB, YTO MPUBOAMUT K MOBBIIIIE-
HUIO KauecTBa IeAyIUIMKAIINY.

Scrubbing window

o

| |
v Making dictionary

Dictionary

Chunk 1: Freq9

Chunk 2 : Freq 4

Chunk n-1 : Freg 211

Chunk n : Freq 40
v FBC-fragmentation

New chunks FBC-Duplicated chunk

Puc. 1: Dranst anropurma Frequency Based Chunking

Cnenmnduka HHTErpamuu

Panee Gbiia peamu3osana u nuTerpuposana B ChunkFS Gasosas[3] Bepcus an-
ropurMa. [IpoBeieHHBIIT KOMIUIEKCHBIH aHaN3 3ppekTuBHOCTH FBC, BHISBHII psifg
0COOEHHOCTEH alNropuT™Ma:

* M3MeJIbYeHUE YaHKOB MPUBOAUT K BIUIOTh JIO CTOKPATHOMY CHIXEHHIO CKO-
POCTH 3a1ucu

* CHCTEMBI XpPaHEHHSI PE3EPBHBIX KOIMII TPEATIONAraoT peJKue, HO KpyIHbIe
TIEPHOJBI 3aMMCH JaHHBIX
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¢ 3alUCb MOXKET MPOU3BOAUTHCA HE3ABUCUMO OT YTCHUA YKE Pa3MEIICHHBIX
JaHHBIX

* FBC — ckpab6upylomuii airoputM, HO IPK 3TOM TPeOYeTCs CyIECTBEHHOE
yITydIlleHHe TPON3BOANTEILHOCTH 3aITiCh

* YTEHHE MOXET JIETKO BBITIOJIHATHCA MapajlIesIbHO, TaK KaK He SABJIAETCS Je-
CTPYKTHBHOW onepanuen

OnHoit w3 Hanbosee TPyJOeMKHUX orepanuii B anroputme FBC siBisieTcst BbIUmC-
JIEHHE YacTOT, MOSTOMY HanOoJee eCTECTBEHHBIM YITyUIlIEHUEM TIPOU3BOANTEb-
HOCTU ABJIACTCA UX MapaUI€JIbHOE BBIYMCIICHUE, HE NIpEAIoIaraBueeca B Opuru-
HAJILHOIT padoTe.

apanaeasubii nogxon k FBC

AJITOPUTM NPOXOIUT YAHKU CKOJB3SIIUM OKHOM, IIEPUOIMIECKH 100aBIIsS B
CJIOBapb HOBBIE 3aIUCH O HauOoJee YacThIX NMOAYAaHKAX M3 JaHHOTO pa3OUeHMs.
JlaHHble NEeWiCTBUSI MOKHO BBINOJHATH MapaJuIeIbHO, 00eCIeYnB KOHKYPEHTHBIH
JOCTYII K CJIOBApIO YaCThIX YaHKOB, OIHAKO MOA0OHBII TOIX0/ K BHIUMCIICHHUIO Ya-
CTOT Ipe/IBEHIAeT HeJOCTATOK — IIPH NMapaJuIeNIbHOM 3alUCH MOTY T BO3HUKATh KOJI-
J3UH. VICTOYHUKOM KOJIM3H SBJIIETCSA OJHOBPEMEHHOE BOSHUKHOBEHUE HOBOTO
MOAYaHKA B Pa3HBIX MMOTOKAX, 3aTPYyAHAIOLIEe KOPPEKTHOE ONPENENICHAE YACTOTHI
3TOro MopvaHka. [I3-3a 3Toro MoxxeT He MPOU3OITH pa3OMeHHe CaMHX YaHKOB.
OpHaKo BHABUra€TCs NMPEIIONIOKEHNE, YTO KOMIM3UY HECYIIIECTBEHHO BIMSIOT Ha
KauecTBO JeAyIuKanyu. Ecim nogquaHk AefCTBUTENIBHO YaCThId, OH BCTPETUTCS
B Pa3HBIX IOTOKaX HEOIHOKPATHO M OyJeT JoOaBIIeH B CI0Bapb. YaHKH, yke HaXo0-
asiecst B FBC cioBape, NOBTOpHO B Hero He poGaisiiorcst. [Toatomy He OyayT
y4acTBOBaTh B MOIPa30MEHUH TOJIBLKO OTHOCHTEJILHO PEAKKE MOAYAHKH.

Jns pemeHus: 3aga4n HeoOXoaUMO obecneunTb 3(PPEeKTUBHBIN KOHKYPEHT-
HbI JocTy K cioBapio FBC-yankoB. Bt nposeaeH anams 3¢hheKTUBHOCTH pas-
JIMuHBIX peasm3auuii: Mutex<HashMap>, RwLock<HashMap>, DashMap

Hawubonbiyio a¢dekTuBHOCTb MoKazan BapuanT ¢ DashMap, moatomy BoIOOp
OBbUI cIeJTaH MIMEHHO B MOJIb3Y JaHHOH peaan3alii.

aKCIIepI/IMeHTaJIbHOC Hccjaea0oBaHue
Bbrino IMPOBEICHO IKCIICPUMEHTAJIBHOC UCCJICIOBAHNE, HAIIPABJICHHOE Ha OLICH-

KY MPOU3BOAMUTEILHOCTH PEIICHUS U BIMSHUS KOJUTA3HI Ha KAYeCTBO JIeAyIUTHKA-
LIAHN.
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= Mutex %
- RwLock
DashMap \\
. \
Bpewms, c. «

Yucno napannensHo o0pataThiBaeMbiX YaHKOB

Puc. 2: CKopocTh BBIUKCIICHUS YaCTOT JUIsl Pa3HBIX BAPUAHTOB CUHXPOHHU3AINH, Ha (hpar-
mente 20% ot Enron

Ilocmanoeka IKCcnepumernma

HccaepoBarennscknii Bonpoc 1 - Kak BaMseT n3MeHeHre Ynciia HOTOKOB Ha
KayvecTBO JNeAyIUIMKAIKN ?

HccaenoBarenbckunii Bonpoc 2 - Hackonbko 3¢ ek THBHO MapauiesibHOe Bbl-
YHCJIEHNE YaCTOT YaHKOB?

Ins uccnenoBanust ObUTM BRIOpaHbI [Ba jgartaceta: Enron emails (1,4 T6),
aBe Bepcuu siapa Linux B coBokynHocTH (3.4.6 u 3.4.7, 900 M6). Enron emails
COZIEP)KUT MaJloe KOJMYECTBO JIyOJIMKATOB KPYIHOrO pa3Mepa U NpeJHa3HaueH
U151 OTIpeIeJICHH s YTy IleH!s KauecTBa eIy TUIMKalui B CPAaBHEHNH ¢ 0a30BBIMU
CDC anropurmamu. fnpa Linux B cBoI0 ouepes coepkar O0JIbIIoe KOIMIECTBO
IOyOJIMKaTOB 1 JIydIlle BbIIEIAT KOJUTM3HH.

B kavecTBe MeTpHK ObUIM BHIOpAHBI: BpeMsI 3alUCH LIeJIOr0 JaTaceTa B CEKyH-
Jax 1 Ko3(pPUIMEHT eIy IMKAIUK (CYMTAeTCs KaK HavyaJbHbII pa3Mep JaHHbIX,
JeJIeHHBIIl Ha pa3Mep JaHHBIX Tociie 00paboTkn). ViccnenoBamics 3ammycku Ha 1,
2,4, 8 u 16 notokax, B KOTOPBIX BECh AaTaceT 3arpyxajcs B CJIOBaph U BbIYUC-
JISTOCh BpeMs], 3aTpaueHHOE Ha COCTABJICHUE CJI0Bapsi, 1 00beM TaKOTo CIOBApS.
Takwue 3armycku npoBoawch 1o 10 pas, 13 KOTOPHIX BHIOMPAMCh XyIIINe, Cpel-
HUE U JIYYIIHE pe3yabTaThl.

VccnenoBanus MpOBOAUIIUCH B CUCTEME CO CIEAYIOIIMMH XapaKTePUCTUKAMMU:
OC Linux, quctpudyTtie Manjaro 24.1.1, nporeccop Intel® Core™ i7-12650H,
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00beM onepaTuBHOM mamsatu 16 T'ud.

Pe3y/lbmambl IKCREPUMEHMANILHOZ20 uccae008anus

Ha @ HpI/IBC)lCHI)I pe3ym)TaT1)1 BIINAHUSA KOJUII/I3I/IFI Ha Ka4eCTBO )Je)lyHI[I/IKa]_lI/II/I,
1uist matacera Enron emails ciiea u sigep Linux cripasa. C pocTOM 4rciia IIOTOKOB
HaOJMogaeTcs CHIKeHne Ko (puimenTa neIyTUIMKalie 3a cYeT Koyumsuit. [1pu
3TOM 0OJIbIllee CHIKEHHE 3aMETHO Ha jJatacete Enron emails. 9To MOXHO 00b-
SICHUTh MAJIbIM KOJIMYECTBOM [YOJIMKATOB B 3TOM JIaTaceTe M, COOTBETCTBEHHO,
MeHbIIIEH YacTOTOM BCTpPeUH MOqYaHKOB. B maTaceTe ¢ simpamu Linux 6ostee Bepo-
SITHAsA TOCJIeIy0INast IOBTOPHAS BCTpeUa MOJAYaHKa MOXET HUBEJIMPOBATh KOJUIU-
3ut0. OTCI0a MOXKHO CeJaTh BHIBOI, YTO KOJUTM3HMU He OKA3hIBAIOT CYIIECTBEHHO-
TO BIMSHUS Ha KaYeCTBO ACAYIUTUKAIMN: OKOJIO 1-5% Tpy 3amycy HOBBIX YaHKOB.
YT0 3HAUMTETFHO MEHBIIIE BHUTPHIIIA OT uctionb3oBanus FBC: okono 30-40%[@].

MWH, CPEOHEE n MAKC gns Enron MWH, CPEOHEE n MAKC ans
W WiH W CPEOHEE MAKC Kernels

1,50 W WiH W CPEOHEE MAKC
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Puc. 3: Koaddunuent aeaymmkanuy Npyu napauleIbHOM HUCIOJIHEHUU

Pesy/bTaThi OLEHKH BPEMEHH COCTABJICHHS CJIOBAps NpeAcTaBieHsl Ha [, Pas-
HHLIAa MEKAY JIyUYIIUMU U XyALIIMME TOKa3aTeIsIMU He3HAUUTENbHA (HE IPEBbIIAaeT
2%), mo3ToMy Ha rpacuke NpuBeIeHb TOJILKO cpeHue 3HaueHus. [lapasiensHas
peanm3anys moKas3aua CyIeCTBeHHbIN IPUPOCT B CKOPOCTH COCTABJICHHS CJIOBA-
P 9aCTHIX YaHKOB, BILIOTH A0 10 pa3 Ha 16 motokax. OnHaKO, BOZMOXHO, MIPHU-
pocT 3 PeKTUBHOCTH MEXk Iy UCTIONb30BaHNEM 8 M 16 OTOKOB SABIAETCS yKe HE
HACTOJIBKO CYIIECTBEHHBIM, YTOOBI TPATUTh CTOJIBKO PECYpPCOB, KOTOPbIE MOXHO
ObITO OBl MCTIONB30BaTh Ha onTUMK3aumio apyrux yacreit ChunkFS. Hampumep,
Ha ONTHMU3ALIMI0 CKOPOCTH 3aIlFCH YaHKOB B XpaHWimile. bonee Toro, ncrosns3o-
BaHHE 16 MOTOKOB MPUBOAUT K CHIDKEHHIO KO3(hunneHTa qeIyTuIMKaluyd BBULY
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BO3HUKHOBEHMS OOJIBIIETO KOTMYECTBA KOJITH3HIA.

Bpemsi paboTbl anroputma
== Enron == Kernels
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Puc. 4: BpeMH Ha COCTaBJICHUE CJIOBapsA IJiA UCIIOJIb3YEMbBIX JaTaCETOB

HJ’IH CUCTEM XPpAaHEHUA PE3CPBHBIX KONUIA MBI MOXKEM PEKOMEHA0BATH UCTIOJIb-
30BaTh MMapaJUICJIbHYIO pe€aIn3aluio Ha 8 morokax. boiee TOro, J1Jisd CHUKCHHA KO-
JIMYECTBA KOJIJIM3UNA MOKHO MpEeAJIOKUTDh IIPOBOAUTD 3aIIMCh HGpBOfI BEpPCUHU I10-
CJIEJOBATECJIBHO. DTO MOKET YMEHBIINTL KOJIMIYECTBO KOJIJTM3WI U CHU3UTH yxya-
MIEHUE KaYeCTBa ACAYIIMKAINUK OT UCITI0JIb30BAHMA ITapasuiejn3Ma. Tako# mogxox
HE YXYAIIUT NPOU3BOJUTEIILHOCTD PETYIAPHOTO UCIIOJIb30BaHUSA CUCTEMBI, a TOJIb-
KO CKOPOCTb €€ MHUIUAIN3allhU.

3akirouyenne

B pabote npesioxkeH moaxo K pacnapasuieiusanuio anropurma FBC. TTapai-
JIEJIbHOE BBIYMCJIEHUE YAaCTOT IO3BOJIMIIO JOCTUYh CKOPOCTH aIrOPUTMa, CPAaBHU-
Mot ¢ 6a3oBeiMu CDC asroputMamu, IpH NMPaKTUYECKH COXPAHEHUHN YTy YIlIeHHU ST
Ka4yecTBa AeAyIUIMKauy. Takke Ha OCHOBE SKCIEPUMEHTAIBHOTO HCCIIeJOBaHUS
Mpe/iIaraeTcs IBPUCTHYECKOE PEIeHNe Il CTIOIb30BaHU B CUCTEMAX XpaHe-
HUSI pe3epBHBIX Konuil. OHO MO3BOJIAET CHU3UTh KOJINYECTBO KOJUIM3UH IIPU BBI-
YHCJIEHUH YaCTOT 3a CUET MOCJIEI0BATEIbHOH 3aMicy IEPBOi BEPCUM U ITapaJlIeib-
HOMl 3aIiCH NOCJIENYIOLIHX.
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