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AHHOTaums. B ctaTbe paccmoTpeHa npobnema apPeKTMBHOCTU PaboTbl aNTOPUTMOB CxKaTUA AaHHbIX. BbinosHeH aHanm3
3¢ PEKTUBHOCTU CKOPOCTHBIX XapaKTEPUCTUK CKaTuA AaHHbIX darinoBon cuctembl Btrfs agpa Linux. MNpeanoxkeH anro-
PUTM ONTUMM3ALMM BbIGOPA AaHHbIX 418 CXKATUA B PEXMME peanbHOoro BpemeHu. OnMcaHHbIM afifopUTM C A0NYCTUMOM
TOYHOCTbIO AaeT OTBET Ha BOMPOC— HEOBXOAMMO 1M CHUMATb AaHHble. 3TO N03BONAET 3HAUYUTENIbHO COKPATUTb UCMOJb-
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Abstract. The article deals with the problem of the efficiency of data compression algorithms. The analysis
of the effectiveness of the speed characteristics of data compression of the Btrfs file system of the Linux kernel has been
performed. An algorithm for optimizing the choice of data for real-time compression is proposed. The described algorithm
gives the answer with an acceptable accuracy whether it is necessary to compress the data. This can significantly reduce
the use of computing power. The main performance characteristics of the described algorithm are determined.
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BeegeHue. O6bembl UMPPOBbLIX OaHHbIX,
KOTOpble HEOBXOAMMO XPaHUTb, EXKeAHEeBHO pa-
CTYT ¢ 6onbliON cKkopocTbio. CywecTByoLLMe Tex-
HOMOTUWN XPaHEHWUA OAHHbIX y¥XKe B MOJHOW mepe
He Yy4O0BNETBOPAIT 3anpocam noTpebutenei
M HY)KOAQITCA He TONbKO B MOAEPHM3aUUK, HO
M B pa3paboTKke NPUHLMNNANABHO HOBbIX NOAXO-
noB ana obecneyeHun 6onblienn apPeKTUBHOCTHU.
CerofHs ux pa3paboTKa ABNAETCA OAHOM U3 AKTY-
anbHbIX 3a4a4 UT.

CucTeMbl XpPaHEHUA AaHHbIX OT KOMMaHUM
IBM, HP, NetApp pewatoT 3Ty npobnemy uepes
MEXaHU3M CXATUA AaHHbIX B npouecce 3anucu.
TaKyto BO3MOXHOCTb NPefoCTaBAAOT U HEKOTO-
pble coBpemeHHble dannosble cuctembl (NTFS,
Btrfs, ZFS), KoTopble NoAAepPKUBALOTCA B pa3iny-
HbIX ONepaymMoHHbIX cuctemax [1, 2].

Mpu oueHKe adpdeKTUBHOCTU PaboTbl CxKa-
TUA, 3aMUCU U YTEHMA AAHHbIX YYUTbIBAOTCA Xa-
PaKTEPUCTUKUN LLEHTPAZIbHOrO NpoLeccopa u Bpe-
Ms [0CTyna K AucKy. MosTomy ana obecneyeHus
3a/laHHOro ypoOBHA KayecTBa obcayxKmBaHuAa QoS
(ckopocTb/Bpemsa pgocTyna), cTeneHen cxKaTtua
N APYTUX XapaKTePUCTUK MPUXOAUTCA NPUMEHATD
pasfinyHble AaNTOPUTMbl XPaHEHUA U CKATUA OAH-
HbiX B palNOBON CUCTEME M CUCTEMAX XPaHEHUsA
OAHHbIX.

B paboTte BbinosHAeTCcA aHanu3 apdeKTmB-
HOCTW CKOPOCTHbIX XapaKTEPUCTUK NpoLecca CxKa-
TUA OAHHbIX U NpegnaratoTca NyTU pelweHnsa no
onTUMM3aLMKM PaboTbl aIFOPUTMOB CHKaTUA B pe-
KUMe peasbHOro BPEMEHMU.

OCHOBHAA 4acTb. PaccmoTpMm BO3MOXKHO-
CTM onTumusauum paboTbl GannoBOM CUCTEMDI
Btrfs agpa Linux B 4yacTu cKatvma gaHHbIX. Pain-
nosaa cuctema Btrfs, aHanornyHo apyrum, mo-
KeT CKMMaTb AaHHble B bydepe BO Bpemsa 3anu-
c1 MHbOpMaUMM Ha AUCK AMOO meperumaTtb MX
nocne 3anucu. B nocneaHem cnyyae nossasetca
BEPOATHOCTb BO3HMKHOBEHUA owWMbOKKM BMuaa false
negative (He cxkMmaTb cxkumaemoe) [3]. CteneHb
N anroputm cxKatua ¢danna 3aBUCUT OT CTPYKTY-
pbl AQHHbIX: KOHOUTYpPaLUMOHHble ¢ainbl — ner-
KO CHWMMaeMbl, B OTAMYME OT MeAMa JAaHHbIX,
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KOTOpble He MOoAAalTCA AA/NbHEWLWEMY CXKaTuio
lossless anroputmamum 6e3 notepb [4]. MoaTomy
ONA JanbHenWwero uccaenoBaHUA npeanaraeTcs
pasaennTb OaHHble Ha fABe KaTeropuu: «aerko
CKMMaemble» (Hanpumep, HyAn) U «TPYLHO CHM-
Maemble» (Hanpumep, WKUPPOBAHHbIE UK YiKe
cKaTtble dannbl).

Niobble agaHHble nepeg cxatmem pasbu-
BatoTCA Ha 610KM 8—128 KMNobanT, 4TobbLI NpU
obpaueHnn K BanTy B npeaenax CKaToW 4vactu
[JAHHbIX, pacnakoBbiBaTb He Becb ¢ali, a ToNb-
KO COOTBETCTBYHOLLIMIN KOHTeMHep. Takol noaxon
orpaHu4ymBaeT 0H6bEMbI AAHHbIX, KOTOpPble noja-
IOTCA Ha BXOZ anropuTma cC)Katua ana obpabor-
Ku. Hecxkumaemble gaHHble, 6yayT 3anucaHbl HA
OUCK KKAK eCTb», @ C’KUMAeMble — B CXKAaTOM KOH-
TeliHepe.

dannosana cuctema Btrfs ncnonbsyet cnepy-
towme 6ubanoTtekn cxkatua: ZLIB, LZOX1, ZSTD [5].
Karkgaa us atux 6ubanoTek npuMeHseT pasainyHble
aNrOPUTMbI CKaTuAa U TpebyeT pasHOe KONYECTBO
BPEMEHM Ha BbIMOJIHEHUE. YUNTbIBAA TOT GaAKT, YTO
CKaTue NPOUCXOAMUT HEMOCPEACTBEHHO NPU 3anuck,
BpeMSA, KOTOpoe NOTPATUT aNTOPUTM, UTPAET cyLue-
CTBEHHYIO POJb, TaK KaK yYBeAMYMBAETCA BpPeMSA OT-
K/IMKa ONepaLMoOHHON CUCTEMbI MPU 3aNNUCK AaHHbIX
Ha AUCK. ANTOPUTMbI CHKATUA HE rapaHTUPYIOT onpe-
OEeNeHHY0 CKOPOCTb CXKaTWA, W Kak cneacisme —
HarpysKa Ha LEeHTPasibHbIA NPOLECCOP U3MEHAETCA
B 3aBMCMMOCTM OT XapaKTepa BXOAHbIX AAHHbIX. DTU
a/ITOPUTMbl MEHSAOT CBOE NOBEeAEHME B 3aBUCUMMO-
CTW OT K/ItOYa, ONpesenstoLLero « HACKOAbKO CUNbHO
CTapaTbCA CXKaTb AaHHble». B paboTte npeanaraert-
ca abcTparMpoBaTbCs OT KOHKPETHOrO asiropuTtma
CXKaTWA M aHa/ZIM3UPOBATb CTPYKTYPY CHMUMAEMbIX
$aitnoB ¢ Lenbio oNTMMKU3aLMKM 3anycKa aJiropuTma
CKaTua nyTem onpeaeneHns BOSMOXKHOCTU CXHaTUA
OAHHbIX.

3PPeKTMBHOCTD CKOPOCTHbIX XapaKTepu-
CTUK CXKATUA AaHHbIX aHAaNN3MpPYyeTCsa Ha Npumepe
AByx dannos pasmepom 1 merabanT: oauH dann
3aM0/IHEH HYAAMW, APYFOM — CAyYalHbIMK YmC-
Namun. XapaKTePUCTUKU uccnesyembix dalinos
npeactasaeHbl B Tabanue 1. CKaTue AaHHbIX Bbl-
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Tabauya 1. Xapakmepucmuku uccaedyemsix ¢palisios
Table 1. Characteristics of the files under investigation

dopmar KoHTelHepa .
YpoBeHb cxKaTus Coaepkumoe daiina Bpems cxatua (mc)
apxuBa
Xz -9 Zeroes ~50
Xz -9 Random ~700

nonHsaetcA B ¢opmaTe KOHTeliHepa ANA apXMBOB
Xz, ncnonb3ywowero aaroputm cxatma LZMA2.
YpoBeHb C}KaTUA NO3BONAET CHU3UTb pa3mep AaH-
HbIX, HO BPEeMS apXMBaALMWU MOMKET 3HAYUTENIbHO
YBEIMYNBATLCA.

Ha ocHoBe aHanuM3a BpemMeHU cxKatus ¢ali-
NI0B, MOXHO CAeNaTb BblBOA, YTO MOMbITKU C¥XKa-
TVA 3aBe40MO HECKMMAEMbIX AaHHbIX (KaTeropums
«TPYAHO CXMMaembix») Tpebyet B 14 (~700/50)
pa3 6onblie BbIYMCAUTENBHbBIX PECYPCOB KOMIMbIO-
Tepa. 3To no3soauno chopmynmposaTb 3agady
ONTMMM3ALUM AITOPUTMA CKATUA: MO UCXOLHbIM
AAHHbIM ONpesennTb, CTOUT M UX CHUMATb, eLle
[0 Hayana 3anycKka npouecca cKatuda. Mpu atom,
ANA [ocTuKeHuAa apdekTa HeobxoanMmo, 4TOObI
MEXaHU3M onpeaeneHus BO3MOXKHOCTU CXKaTuA
AaHHbIX paboTan 3HaYMTENbHO BbICTPEe, YeM cam
aNroOpPUTM CHKaTUA.

Ona ¢daninosoi cuctembl Btrfs npepgnokeH
W peanusoBaH anropuTtm BbiCTpOro onpepeneHmns
CXKMMAEeMOCTU OAHHbIX, KOTOPbIM BK/AtOYaeT cie-
Aytolme waru:

1. CamnampoBaHue (BblbOpKa) BXOAHOrO
noToKa AaHHbIXx. MeToa yaobeH ana npodunmpo-
BaHMA Ha Habopax AaHHbIX U He TpebyeT 3aTpaT
BpemMeHu. Bbibupatotca AaHHble 610KaMK pasme-
pom 16 6ainT c MHTepBanom 256 6anT.

2. MpoBepKa Ha MOBTOPAKOLWMNCA NaTTepPH
ANA TapaHTUPOBAHHOIO CXKaTUA.

3. lMoacyeT KoNM4yectBa TUMOB CMMBOOB,
KOTOPbIA MO3BOMINT 3apaHee onpenesunTb CTPYK-
TYPY AaHHbIX — OTHOCUTCA OHa K pa3pAaay Jierko
CKMMaeMbIX UAK Tpebylowmx AONOJAHUTENBHOTO
aHanusa.

4. MoacyeT KOAMYECTBA CMMBOJIOB COCTaB-
NALNX OCHOBHY0 Maccy (90 %) o6bema BXOAHbIX
AAHHbIX — onpejeneHne pacnpeaeneHns TMNoB
6aliToB no ructorpamme. Ecam pacnpegeneHue He
ABAAeTcA BAN3KMM K HENMPEPbIBHOMY paBHOMeEp-
HOMY pacnpegeneHuto, a 6anKe K HOpMabHOMY,
TO faHHble C 60NbLLION BEPOATHOCTHIO CMUMAEMBI.

5. B cnyyae, ecnn faHHble CAOXHO OTHe-
CTM K oboum Tunmam pacnpegeneHus, Tpebyert-
CA [AOMNOJHUTENbHbBIA aHaiNM3 — MOACYET YPOBHA

3HTponuu no LLeHHOHY (pacyeT KonuyecTsa 6uT,
HeobxoAMMbI AN KOAUPOBAHMA BXOAHOM noce-
00BaTe/NIbHOCTH).

MpeanoKeHHbIi anropuUTM MHOTOYpPOBHe-
Bbli. OCHOBHOE ero HasHayeHue — Bbl4aTb OTBET
C 4ONYCTMMOM TOYHOCTbIO M KaK MOXHO bbicTpee,
Heobxo4MMO NU CKUMaTb AaHHbIE.

PaccmMoTpMmM npuMeHeHMe anroputma Ha
npumepe BXOAHOTNoO MaccuBa 6alT pasmepom
no 128 kumnobaint. ObpabaTtbiBaTb UX LEJAUKOM
Tpy4o3aTpaTHO, MO3TOMY MNPUMEHsiemM BblIOOpPKY
metogom Systematic sampling (cuctematnue-
CKana BblbOpKa), T. K. OH npeackasyem, yaobeH
ana npodnnMpoBaHMa Ha Habopax AaHHbIX U He
TpebyeT AOMONHUTENbHbIX BblYMCAEHWUIA (3aTpaT
BpemeHu) npu peanmsauuu [6]. Boibupaem 610-
KW OaHHbIX C MHTepBanom 256 6aiT, pasmepom
16 6anT (131 072 / 256 = 512 610K0B, 512 x 16 =
8192 6aMnT BbIGOPKHK).

O6bem BbIGOPKM Ana paboTbl anropmTma
No BXOAHbIM AaHHbIM OMpeaenaeTca caenyowmm
obpasom. KenatenbHo, YTOObI KaXKablM 3N1eMeEHT
nons BcTpeyasica xoTa bbl 5 pas. B cnyyae c Hecku-
MaemMbIMUM AaHHbIMM Ha BXoAe — TuMbl 6aliToB by-
OYyT paBHOMeEpPHO pacnpeaeneHbl. OnpeaenaeTcs
pasmep camnna: 256 x 5 — 1280 6aunrT.

Ona paboTbl Apyrnux aAropuTMoOB, B YaCTHO-
CTW sHTponuu LleHHOHa, Mcnonb3yeTcs MaccuB
CYeTUYMKOB. B KauecTBe 6a30BOro 6710Ka UCNO/b3Y-
eTcs 6anT — 3710 28 = 256 BapuaHTOB Habopa 6uT.
JToT MaccuB bypeT oTobparKeHMem KOHEYHOoro
nona lanya c nopagkom 256.

Ecnn B3aTb BbIGOPKY AaHHbIX, TO Aaxe npwu
MWHUMAa/IbHbIX BbIYUC/IUTENbHbBIX Pecypcax MOXKHO
6bICTPO NPOBEPUTb COCTOUT /N CYETYMK U3 OAMHa-
KOBbIX 6aNTOB (AeneHnem Ha 2) 1 3aTeM NPOoBEpPKO
coBnageHua Yacten (yHKuma memcmp()). Ecnm ya-
CTM COBMaZyT, TO MPOU3BOAMUTCSA PACUET, CKO/IbKO pas
BCTPEYaeTCs Kaxablit 6aiT B BblbOpKe (3TO Aelwe-
BasA onepaumsa, T. K. 6aliT MOXKHO MCMO/Ib30BaTb KakK
agpec B MaCcCUBE CYETYMKOB, YTO NPUBOAUT K NNHEN-
HOW C/IO’KHOCTM MOWUCKA HY»KHOTO cyeTymka O (1)).

Mpn Hannuum KoHeyHoro nonda lanya, Ko-
TOpOE 3amno/IHEHO YHWKa/NbHbIMW 3/1€MEHTAMM,
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M NPU M3BECTHOM YMCNE BXOMKAEHUA KaXKZoro
3NeMeHTa BXOAHble AaHHble aHA/NM3UPYHOTCA No-
cnepoBaTeNbHO TakMM obpasom (B nopsagke yse-
NINYEHUSA BbIYUCAUTENBHOW CAOXKHOCTU MPUMEHSA-
eMbIX aATOPUTMOB):

1. Pacyetr KonuyectBa 3nemeHToB U3 256
BO3MOMHbIX, KOTOpble COZep)KaTca B MaccuBe
(T. €. NPOBEPUTD, CKONIbKO CYETYMKOB MMEET HEe HY-
NeBoe 3HayeHue). [laHHble MOXKHO OTHECTM K pas-
PALY NErKO CXUMaeMbIX NN TPebyoLWwmX 4ONONHK-
TE/NIbHOTO aHa/M3a, eC/In 3HaTb 3TO 3HaYeHue.

Hanpumep, ecam KoAMYeCcTBO YHUKaNbHbIX
CMMBOJIOB NeXUT B UHTepBane 0—64, TO C OYeHb
60/1bLIOM BEPOATHOCTbLIO 3TO TEKCT (MM aHANOTUY-
Hble MO CNOXHOCTU CXKATUA AaHHble). MpeacTaBum,
YTO AaHHble ByayT CXKaTbl C UCMOb30BAaHNEM KOAa
XaddmaHa. NockobKy HabOp BXOAHbIX AAHHbIX CO-
CTOWUT U3 64 31eMEHTOB UM MEHbLLE, TO UX MOXKHO
3aKoAMpoBaThb € ucnosibzosaHuem log,(64) = 6 6uT,
YTO C BbICOKOW YBEPEHHOCTbIO AAaEeT BO3MOXKHOCTb
CXKaTb AaHHble MMHUMYM Ha 25 % (100 — log,(64) x
x 100 / log,(256)). B cnydae ecam Konn4ecTso ane-
MEHTOB /IEXXUT He B 3TOM AMana3oHe Hesb3s Bep-
HyTb OTBeT «JlaHHble CXXMMaembl». Kak cneactsue
— HY)KeH AOMNOJIHUTENbHbIN aHaNuU3.

2. MaccmB CYETYMKOB nNpeacTaBadeTca
B BUAE TMCTOrpammbl, U Ha Ga3e 3TOro nNpoBso-
ANTCA [OMNONHUTENbHbIA aHanM3 — MOWUCK NMUKOB
M onpeaeneHne HaCKObKO 3TU MUKW BblPaXKeHbl.

B KayecTBe anropuMtma peanmsaLnmn Bbinon-
HAOTCA caeaylollee AencTBuA:

a) cYeTUMKM copTupytoTca No ybbiBaHULO,
yTOObI CBECTU K MMHUMYMY C/IOXKHOCTb aHaN13a;

b) pacuet KonMyecTBa CYETYMKOB, CymMMa
3N1eMEHTOB KOTOPbIX NpuBeAeT K NpeogoneHuto
nopora B 90 % oT obuwero Konuyectsa 6anTos
B BbIBOpPKe. B 3aBMCMMOCTM OT «BblpaXKEHHOCTU»
nuMKoB (T. e. oT pa3bpoca ux 3HauyeHun) bygeT ms-
MEHATbCSA KOJIMYECTBO 3/IEMEHTOB, KOTopoe Tpe-
byeTcs ANA NpeososieHnsa nopora.

IMnupuyeckum nytem 6bina BbiABAEHA 3a-
KOHOMEpPHOCTb COOTBETCTBMA YaCTOTbl NOBTOPEHUSA
CMMBOJIa B MHTEPBA/aX C})KUMAEMOCTU JaHHbIX:

—0-64 — paHHble ByayT NIETKO CUMATbLCA;

— 200-256 — rucrtorpamma AeMOHCTpupyeT
pacnpepeneHne 6aM3Koe K paBHOMepHOMy. TaK
KaK JaHHble MMeloT paBHOMEpPHOE pacnpeseneHue,
OHM C 60NbLION BEPOATHOCTbIO HE CYMMAEMbI.

Mpw ncnonb3oBaHMKM Koda XapdpmaHa Ana cxa-
TWA, APKO BbIPAXKEHHbIE NMUKM MOTYT BbITb 3aKOANPOBa-
Hbl Ma/IbiM KONM4YecTBOM HaliT, a ocTasibHasA YacTb AaH-
HbIX OCTaB/IEHA KaK eCTb. ANTOPUTM MOKET COOBLUTD:
«Monpobyw cxKaTb AaHHbIE, «[JaHHbIE HE CKUMAEMbI».
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3. Wcnonb3oBaHMe meTona OUEHKU IHTPO-
nun no LWeHHoHy. Ha AaHHOM 3Tane y)Ke M3BecCT-
HO 4YMCNO 3/1eMeHTOB B BblbopKe (Bcero N 6ainT),
M YMCNO MOBTOPEHUI KarKaoro anemeHTa (bant
c cumBosiom n). CnegosatenbHo, HeobxoAMMmo no-
CYMTATb CPEAHIOD SHTPONUIO BbIBOPKM:

p=n/N, (1)

255
Six)= (b, xlog,(p)) = p,x log,p)+ p,x
xlog,(p,) + ... + p,.. x log (p,,) (2)

Mony4yeHO 3HAYEHWE SHTPONUN B BELLECTBEH-
HOM gmanasoHe 0-8. ImMNMpUYEcKMM nyTem ycCTa-
HOB/IEHO, YTO AaHHble C 3HTPONMEeK, KoTopaa ne-
KUT B amanasoHe 0-5.5, 6yayT ferko cumaembl.
[JaHHble B MHTepBane 5.5—6.5 moxKHO nonpoboBaTb
CXKaTb, ANA nHTepsana 6.5—8 AaHHble He CXKUMaembl.

B pesynbTaTe paboTbl ONMCAHHbIX anropuT-
MOB Ha BbIXO4e BO3BpallLaeTcA 3Ha4YeHWe, KOTo-
poe BblpaaeT, Ha KaKOM M3 3TanoB W MO KaKo-
MY KpPUTEpUIO 6blI0 pelleHo, YTO AaHHble CTOUT
C}MMaATb, 2 B CAy4ae C HEC)KMMAEMbIMWN AAaHHbIMU
npocTto coobuaeT 06 aTom.

Ona  npeanoXeHHOro noaxoda MOXKHO
cbopmynnpoBaTb caegylolme XapakTePUCTUKK
NPOU3BOAUTENBHOCTHU:

— TpebyeT namaTtn ~ 256 x 4 (4 6aiTa nogp,
cyetumk) 1 Kb + 8 Kb (BblbopKka) = 9 KB (BmecTe
C Kogom M nepemeHHbiMu ~11 KB, ¢ 6onee 6bl-
CTpOW copTupoBKoit ~12 KB);

— MOTOKOBaA NPOM3BOAUTENBHOCTb (OT MJo-
X0 CXKMMaeMbIX [0 XOPOLLO CHMMAEMbIX):

a) pna coptupoBok inplace (heap sort):
3500-11 000 MB/c;

b) ans Radix coptuposku (Tpebyet +1 Kb
namaTtn): 6000-11 000 MB/c.

3aKnoyeHue. B pesynbrate NPUKAALHOMO MUC-
cnefoBaHus bbina paspaboTaHa MeToauKa onpeaene-
HUA CXKMMAEMOCTM AAHHbIX 33 CYET AOMNONHUTENBHOIO
aHaNM3a CTPYKTYPbl AaHHbIX. ITO NO3BO/AET YUUTLIBATb
cofeprkaHme $ansioB U Ha ero OCHoBe NPUHUMATL pe-
LUEHME O HEOBXOAMMOCTM WCMO/b30BaHUA aNrOPUTMA
CKaTUA. ANTOPUTM OMpeaeneHna CUMAEMOCTU [aH-
HbIX 3aKoAMpoOBaH 4.1 dalnoBoi cuctembl Btrfs sapa
Linux 1 nossonser onTMMmM3MpoBaTb 3PPEKTUBHOCTb
paboTbl OnepaumoHHON CUCTEMbl MPWU  BbINOJIHEHWUM
onepaumii 3anncy gaHHbIX. CNMCOK M3MEHEHHbIX dait-
/0B OTHOCUTE/IbHO NpeablayLei Bepcn 06HOBNEHUS U
OMNMCaHMe BHECEHHbIX A0paboToK 3adMKCUMPOBaH B pe-
nosutopuu Linux Git [7]. Anroputm npoLuen stan Tectu-
poBaHUsA U BbiNyLLeH B agpe Linux sepcun 4.15 [8].
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