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AHHOTAUA
ABTOp  Bemer  pa3pabOTKy  alIrOpUTMOB
CO3/1aHus MOJHOTEKCTOBOTO HHJEKca
TEKCTOBBIX ~ JOKyMeHTOB. Kak mpaswuio,
MOJOOHBIE  WHAEKCHI  CTPOATCSI B BHIC
WHBEPTUPOBAaHHBIX  (QaifnoB. [lpm  3TOM

MOJTy9EHHBIH MHIEKC TPYIHO OOHOBISTH, T. K.
Uil 10OaBIIEHUS] HOBBIX JAHHBIX B MHIEKC €T0
TpeOyeTcsi TPAaKTUYECKH TEepenucaTb €ro
3aHOBO. CTpyKTypa IaHHBIX, pa3paOoTaHHasd
aBTopoM [1-12] mo3BonseT co3gaBaTek MHAEKC,
KOTOpBIH ~ MOXXET  JITKO W OBICTPO
oOHOBIsATbCA. OHa BecbMa IOJIE3HA IIPH
CO3JIaHUU MHJEKCOB OBICTPO OOHOBIISIOIIMXCS
TEKCTOBBIX JIOKYMEHTOB. B nannoii pabote
ONHMCAaH METOJ, IO3BOJISIIOMINI  YIyYIIUTh
CKOPOCTH OOHOBJICHUS] HHAEKCA.

B cratee paccmaTpmBaeTcs  BOIPOC
MOCTPOCHUSI M OBICTPOTO  OOHOBJICHHS
uHnekca. [Ipu 3ToM 000CHOBBIBAaeTCA TO, YTO
CKOPOCTb TIOMCKA HE OyIeT CHUKEHA.

1. BBenenue

B [4,6,11] aBTropoM Oblma oOmUCaHa CTPYKTYpa
nmanabiX CLB-mHZEKC M anropuTMBbl €€ MOCTPOCHHS.
JlaHel TEOpPETHUYECKHE OLCHKH, [OJTBEPIKAAIOIIUE
spdexkruBHocth  CLB-uHzmekca u  pe3ynbrarhl
sKcrepuMeHToB. B [9] onmcan moaxoj, MO3BOJIUBIIHMA
CYIIECTBEHHO  YJIYYIIUTh  CKOPOCTh  OOHOBJICHHS
UHJIEKCA.

OCHOBHOE JIOCTOMHCTBO pa3pabOTaHHOM CTPYKTYpBI
JAHHBIX SIBJIICTCS BO3MOXHOCTH OBICTPOTO J00aBICHUS
B WHJEKC HOBBIX JAaHHBIX. JTO aKTyaJbHO BO MHOTHX
o0JlacTsX, HampuMep IMpH CO3AaHUHM TEKCTOBOW 0Oasbl
HOBOCTCH WJIM B KOPIIOPAaTHBHBIX CHCTEMaX, TJe
TpeOyercss ObICTpas HOCTYMHOCTH HWH(popMmamuu. Yem
paHblle  BaXKHbIH  JOKYMEHT CTaHEeT JOCTYyIeH
MoJIb30BaTEIsIM B IOWCKE, TeM Jiydine. B wumeane
JOKYMEHT JIOJDKEH OBITh JIOCTYNEH B IOUCKE Cpazy
0CJIe CBOETO CO3JaHusl.

Tpyasl 13" Beepoceniickoii HayuHoili KoHdepeHuHHu
«DJIeKTPOHHbIe OUOIHOTEKH: NMepCHeKTUBHbIE METOAbI M
TEXHOJIOTHHU, JJIeKTPOHHBbIe KoJuleknumw» - RCDL’2011,
Boponex, Poccus, 2011.

WuBeptupoBannbie  ¢aitmer  [22, 25] wm  ux
aHamoru [18, 21], mocTpoeHHBIE MyTeM IPUMEHEHHS
COPTHUPOBKHM JaHHBIX M 3allliCH OTCOPTUPOBAHHBIX
OaHHBIX B (ai, CciaoXKHBI B OOHOBIeHMHU. Jlast
Jn00aBIEHUs] JaHHBIX B MHIEKC TpeOyeTcs MepenucaTh
Bech MHAEKC. Kak mpaBuio, B JOKyMEHTALMH CHCTEM
MOJIHOTEKCTOBOTO ~ MOKMCKAa  YacTO  WCIOJIBb3YIOTCS
TepMHHBI Buaa «ClusHue nHAeKca» i «Mergey, T. K.
JUIS  pelieHus MpoOJieMbl OOHOBJICHHS  HHJIEKCA
CO3JAIOTCSI HECKOJIBKO MHIEGKCOB W WX CIMSHUA
JeNafoTCsl  KaKk MOXHO pexe, T. K. SBISIOTCS
3aTpaTHBIMHU OTIEPALIUSIMU.

MOoOHO cKa3aTh, YTO WHBEPTUPOBAHHBIA (Paiin 3TO
KHpNUY, W U1 J00aBlIE€HHS B HETO 4Yero-To €ro
TpeOyeTcss pa3feluTb OOpaTHO OO TecKa M 3aTeM,
CMEIIaB C HOBBIM IIECKOM, cOOpaTh CHOBa. B oTnmune
ot atoro, B CLB mHmekce 3a cueT anropuTMa co3IaHus
MHJIEKCA OCTAIOTCSl IyCTbIE MECTa, I IOMELICHUS B
HHUX HOBBIX JaHHBIX, MOKHO CPaBHHUTb €ro C I'yOKOH,
KOTOpas MOXKET JICTKO BIIUTATh B ce6>1 HOBBIC JaHHBbIC.

Crnenyer ckaszaTh, 4YTO  BONPOCH  OBICTPOTO
OOHOBJICHMSI ~ WHBEPTUPOBaHHBIX  (ailoB  panee
paccMaTpUBalIMCh  PA3IUYHBIMU  HUCCIEAOBATEISIMH.

WuBepTupoBaHHbIl (aiin mpencraBisieT coboir Habop
samuceit Buma (ID, P), toe ID — wuneHtudukatop

JNIOKyMEHTa, P — NOo3ulMs, HanpuMep HNOPSIKOBBIH
HOMEp, cloBa B  JIOKyMeHTe. Bce  3ammucn,
COOTBETCTBYIOIINE OJTHOMY CIIOBY XpaHATCS

MMOCTIEOBATEIbHO [UII WX OBICTPOTO YTEHHS TIpPHU
noucke. Hampumep, mycTtb HyXHO OOBEAMHHTH JBa
WHJEKCa, OJWH U3 KOTOPBIX OCHOBHOW U HMEET
OonpIION pa3Mep, a BTOPOW MPEACTaBIsICT CO0OM
WHICKC HOBBIX JaHHBIX, HMEET MEHBIIUN pa3Mmep.
PaccmoTpuM najnee HECKOIBKO BapHAHTOB.

B [19] npemiaraercss ansi KaxIoro clioBa U3
BTOPOTO WHAEKCA BHIIIOJHUTH CICOYIOIIee: MPOYNTATh
BCE 3allCH I JTOTO CJOBa B IIEPBOM WHIEKCE,
OOBEIMHAUTD 3alMCH C 3aIHCSIMHA BTOPOTO WHAEKCA H
3amycaTh IIONyYeHHBIE JaHHBIE B TIEPBBIA HHIEKC.
COOTBETCTBEHHO, paccMaTpuBarOTCS BOIPOCHI
YyipaBJICHUA CBOGOZ[H])IM MECTOM, KOTOPOC NOABJIACTCA
B IICPBOM HHJICKCE B PE3YJIbTATE NIEPEMEILICHHS 3aITUCEi
B HOBOE MECTO, T. €. €r0 MOBTOPHBIM HCITOJIH30BAHHUEM.
B kadecTBe  ONTHUMH3ALMU  PSIIOM  aBTOPOB
mpeJyIaraeTcsl IpH CO3JTaHUU WHJIEKCA TOCHe 3armceit
OINpPENCIICHHOTO CJIOBa PE3epPBUPOBATH  CBOOOIHOE
MECTO, YTOOBI OBLTa BO3MOXKHOCTH B OIPEACICHHBIX



clly4asx NOOaBIIATh TyJda HOBbIE JaHHbIe. Hampumep, B
[23] nna  ompeneneHus o0BeMa  pe3ePBHPYEMOrO
CBOOOZHOIO  MECTa NPUMEHSETCS  BEPOSITHOCTEH
HOAXO/.
Crenyer OTMETHTh, HEJOCTaTKH JAHHOTO IOJX0J1a,
a IMEHHO:
1) Mns kaxmgoro cioBa 00paOaThIBalOTCS BCE €ro
3aIicH, ¥ UX 00bEM HUKaK HE OrpaHuyeH, T. €. B

XyIIIeM ciydae Tmpumgercs o0paboTate Bech
HHJIEKC.
2) bompmioe KOJIMYECTBO OIEpalUii  CIyYaiHOTO

JOCTyma K JHUCKy, KOTOpPOE€ JOCTHIaeT 4Yucia

Pa3IUYHBIX CIIOB B HOBBIX IOKYMEHTAX.

B [15, 16] aBTOpHI IpeiaraioT Apyryro CTPyKTYpy
JaHHBIX JUIS HMHBEPTHPOBaHHOrO (aina, rae s
XPaHEeHUs JaHHBIX OIEpUPYIOT OloKamMu pazmepa ao 8

k6. JlaHHbli Toaxox  OOJMamaeT  CIEAYIOMIHUMHU
HEJOCTaTKAMU:
1) Huxax HE KOHTPOJUPYETCS BO3MOKHAas

(hparMeHTaIys HHACKCA, YTO MIPUBOAUT K MAICHUIO
CKOpPOCTH TIOHMCKA.

2) Omstp ke, OONBIIOE YUCIIO OTepanrii CIy4aifHOTO
JOCTYTIA K IUCKY.

Taxue e mpoOIeMbl IPUCYTCTBYET U B [24].

Bo Bcex BhIIIE ONHCAaHHBIX CHOy4asx IpH
OOHOBJICHMM MHAEKCA BO3HHKAET MHOTO OIEpaLuii
Clly4allHOrO JocTyma K JAHCKY. OTO CYLIECTBEHHO
3aMeyIseT co3qaHue uHaekca. B yactHoctu B [19, 20]
JieTIaeTCsl BBIBOJ, YTO CJIMSHHE MHIEKCOB (merge), Kak
MpaBWJIO,  CYIIECTBEHHO  OBICTpee  YaCTHYHOTO
obHoBieHust uHuekca (in-place update). DTo BbI3BaHO
TE€M, 9TO TpPU CIUSHUH WHACKCOB HOCTYH K AHCKY
OCYILIECTBIISICTCS TTOCIICIOBATEIBHO, & TIPH YaCTUIHOM
OOHOBJICHUH TPEBANKPYET CIyIalHBIN TOCTYI K JHCKY.

B [17] paccmaTtpuBaeTcs CMEIIaHHBIA TOJXO,
KOTJla JUI PelKO BCTPEYAIOIIUXCS CIOB MPHMEHSIOTCS
ciustHust  (merge)  HMHAEKCOB, a  JUId  4acTo
BCTPEUAMOLIUXCS ~ CJIOB  TNPHMEHSIOTCS  METOJBI
YaCTHUYHOTO OOHOBJICHHUSI HHAEKCA.

CLB-unnekc HE obnanaer YKa3aHHbIMU
Henocratkamu. Hexkotopsie cBoiictBa CLB unzaekca:

1) 3a cuer o0COOBIX METOJNOB KEIIMPOBAHUS H
OpTraHW3allii CTPYKTYp JAaHHBIX CYIICCTBEHHO
CHIDKAETCS YHCIIO IUCKOBBIX OIIEPAIIHi.

2) Konrponupyetcs [OCJIEN0OBATENbHOE
pacTioyioKeHNe 3amuce Uil OJHOIO ClIoBa Ha
IUCKe, B pe3yibTaTe IIPH TIOMCKE YTEHHE B
OCHOBHOM II0CJIEIOBATEIHHOE.

B pesynbrate CLB-uHAEKC Kak co3/maercs, Tak H
OOHOBIIsIETCST ~ OBICTPO,  CYIIGCTBEHHO  OBICTpee
WMHBEPTUPOBaHHBIX (aitnos. [To ckopoctu noucka CLB-
WHJIEKC HE YCTYyNaeT MHBEPTUPOBAHHBIM (aiiiam.

Onnako, W3 MpUBEACHHBIX B [9] pe3yibTaToB
SKCIIEPUMEHTOB SICHO MPOCMATPHUBAETCS OIpEeIIeHHOE
TOPMOXKEHHE Ha MaJlbIX 00BeMax MaHHEIX, 1o 50 — 100
M6 Tekcta. IlogoOHas mpobiemMa MMeeT MPaKTHIECKH
OUYEBU/IHOE pEIICHHE, OIMCAHHOE Jajee B ITaHHOW
pabore.

2. O0HOBJICHHE MHIEKCA PaHbIIe

Jns  wnmoctpaiuu  mpoOsieMbl  aBTOp  IPUBOAUT

pe3ympTaThl  JKCIIEPUMEHTa 10  CO3JaHHI0 U
OOHOBJIEHHUIO MHJIEKCA.
DKcHepruMeHT 3aKIIF0YAETCS B CO3JIaHHUH

MEPBOHAYAIILHOTO MHJEKCA HA OCHOBAHHU HEKOTOPOTO

MaccuBa JIOKYMEHTOB, W Jayiee N0OaBJICHUE B UHJEKC

JAHHBIX Pa3JIHYHOIO pa3Mepa:

1) Co3manue wWHAEKca IS
JIOKYMEHTOB.

2) JloGaBneHue B MHICKC HEOOIBIIOTO (haiiia.

3) J[o6Gamnenue B uugekc 1,2, 3, ..., 9 MO naHHEIX.

0a30BOro  MaccuBa

4) Jlob6aBnenne B wmHmekc 10, 20, 30, .., 90 M6
JIAHHBIX.

5) Ho6asaenme B nHaekc 100, 200, 300, ..., 900 M6
JIAHHbIX.

6) JHo6asienne B uaaekc 1000, 2000, 3000, ..., 10000
MO6 maHHBIX.

B mpencraBneHHpIX pesyibraTtax BuaHO, uto CLB
uHaekc Oosee 3G GheKTHBCH NMpHU A00aBICHHH B HETO
3HAYUTEJBHOrO KoJu4ecTBa JAaHHbIX (oT 1 I'0) uem
HeOoubioro (1 — 10 M0), 4To CBSI3aHO C HEKOTOPBIMHU
MOCTOAHHBIMU HAaKJIAaJHBIMHU pacxoJaMu IIpUu Ka)KI[OfI
orepanuu 100aBICHUS TaHHBIX B UHIICKC.

Kak mnokasaHo B TpUBEJCHHOW paiiee TaOuIe,
no0aBJICHUE JTAHHBIX HEOOJBIIOTO pa3Mepa 3aHHUMAacT
I - 5 wwmayr. Ilpm pobaBieHWMM [OAaHHBIX B
WHBEPTUPOBAHHBIN (ailsl 3TO MOTIIO OBITh 3aHSAThH YACHI
MIPH JOCTaTOYHO OONBIIOM OO0BEeMe WHAEKca. Tem He
MEHee, XOTeJOCh OBl YCKOPHTH OOHOBJICHHE HHIEKCA
MIPY MaJIbIX 00beMaXx JaHHbIX.

Bpemsi  oOHOBieHHMsT  MHIEKCa  OOYCJIOBJICHO
00bEMOM M3MEHsIEMBIX JaHHBIX (He MeHee 3-x ['0), kak
omucaHo B [9] aror oObeM He 3aBUCHT OT 00beMa
MPOUHICKCUPOBAHHEIX ~ TEKCTOB, a  OOYCIIOBIICH
00BEeMOM  CIOBaps MOPQOIOTHYSCKOrO aHAIH3aTopa.
[Ipn oOHOBICHMM WHIEKCA OOBEM MPOYUTAHHBIX U
3alUCAHHBIX JaHHBIX CKJIAJBIBACTCS W3 KOHCTAHTHOM
gactu (B Tabmure npumepro 3 I'6), u dactu, pasmep
KOTOPOH JIMHEWHO 3aBHUCHT OT OOBEMa WCXOIHBIX
JaHHBIX. B KOHIIEe TaONUIBI BUIHO, YTO MPHU OOJNBLIMX
obbemax JIAHHBIX CyMMapHoe KOJIMYECTBO
MPOYUTAHHBIX M 3alMCAaHHBIX OaliT MpuUMepHO B JBa
pa3a GoJibliie 00beMa UCXOTHBIX JAHHBIX.

Hanee B Tabmuue, pasmep — pa3Mep TeKcTa,
J00aBJIIEMOr0 B MHACKC, 00IIee BpeMs — CyMMapHOe
BpEMsI, COCTAaBIICHHOC W3 BPEMCHHU UYTCHHUS (ailjioB U
BPEMCHM 3allCH WHJICKCA. B TOCIEIHHX IBYX
KOJIOHKaX yKa3aH CyMMAapHBId 00bEM MPOYUTAHHBIX U
3aMMCaHHbBIX KIACTEpPOB (OJIOK JAHHBIX B MHICKCE, CM.
[1-12]). B rabnume: K — K6., M — M6., I' - T6.

Bce obpabaTsiBaeMble (ailiibl mpeACTaBISAIN COOOM
OOBIYHBIH TEKCT, MPEUMYIECTBEHHO XYJ0KECTBEHHAs
JIUTEPATypa, XKYPHAIIbI, CTATHH.

Wudopmanus 06 sxcriepumeHTe:

1) Cymmapusiii o0beM TekcToB: 143 I'6.

2) Bcero noxymenton 1 602 952.

3) Bcero cnos: 21 075 541 239

4) CroB, He BXOISIIHNX B CIIOBAPH MOP(OIOTUIECKOTO
anamu3zatopa: 1 067 190 218 (6%).



5) PaznuuHbIX CIIOB, HE BXOASAIIMX B CJIOBaph
Mopdosorudeckoro ananuzatopa: 32 161 992.

6) CyMmmapHOe BpeMs CO3MaHHS ¢ OOHOBIICHHS
uHaekca: 9 4. 46 muH.

7) Pasmep ocHoBHoro kema: 1 I'0 (T. e. orpaHu4eHue
Ha 00BbEM JaHHBIX, KOTOPHIC B MPOIECCE CO3TAHUS
WHJCKCA XPAHSTCS B ONCPATUBHOMN ITAMSTH).

8) MaxkcumanbHOE KOJIMYECTBO ONEPATUBHON MAMSITH,
KOoTOpoe ObUIo 3ameiicTBoBaHo: 924 MO. Pesynbrar

BBI30Ba (hyHKIHN GetProcessMemorylnfo:
PeakPagefileUsage = 924 Mo,
PeakWorkingSetSize = 911 MO.
Pazmep O6mee | Bpems | Urenne | 3ammch
BpeMs, | 3amHC | KJlacTep | KiIacTepo
4IM.C. | UM OB B
WHJIEK
ca
03:16:0 | 01:18:
85.2T 6 04 79T 594T
14K 00:48 00:43 | 33T 45M
1.IM 01:48 01:43 | 33T 321.5M
22M 02:09 02:04 | 33T 4642 M
3.1 M 02:25 02:19 | 33T 5822 M
4.0M 02:32 02:26 | 33T 679.7M
50M 02:42 02:37 | 33T 746.1 M
63 M 02:45 02:39 | 33T 820.0 M
73 M 03:00 02:54 | 33T 864.1 M
82 M 02:56 02:50 | 33T 899.7M
92M 03:07 03:01 | 33T 956.6 M
10.0 M 03:10 03:04 | 33T 1003.6 M
10.0 M 03:10 03:05 | 33T 999.3 M
20.0M 03:33 03:26 | 33T 13T
304 M 03:44 03:36 | 33T 14T
402 M 04:03 03:55 | 33T ler
506 M 04:06 03:57 | 33T 1.7T
602M 04:03 03:54 | 33T 1.7T
703 M 04:07 03:57 | 33T 1.7T
80.5M 04:19 04:09 | 33T 1.8T
90.0 M 04:21 04:10 | 33T 1.8T
100.1 M | 04:28 04:15 | 33T 1.8T
2004 M | 05:37 05:10 | 34T 23T
300.1M | 06:12 05:37 | 35T 25T
400.6 M | 07:40 06:56 | 3.6T 26T
500.5M | 08:03 07:11 | 39T 28T
602.7M | 08:24 07:24 | 3.7T 29T
702.8 M | 08:50 07:43 | 38T 31T
800.6 M | 09:11 07:56 | 39T 32T
902.7M | 09:31 08:10 | 39T 33T
10T 10:01 08:31 | 40T 34T
20T 13:29 10:41 | 46T 46T
29T 18:03 13:47 | 51T 58T
39T 20:53 15:18 | 55T 6.8T
49T 23:44 16:47 | 59T 76T
59T 27:28 1925 | 64T 88T
68T 30:53 21:13 | 68T 97T
78T 34:32 23:31 | 7.6T 109T
88T 37:18 25:08 | 78T 11.7T
9.8T 42:26 28:45 | 85T 129T

Tabi. 1. Co3ganue 1 0OHOBIIEHVE HHAEKCA.

PesynpraTs!
KOH(UTypaIHH:

Iponeccop: Intel(R) Core(TM) 17 CPU 920 @
2.67GHz. OnepartuBHas namstsb: 12 I'0.

Kectkmit nuck: Seagate Barracuda 7200.11, 7200
RPM, xom 32 M6., o6bem 2 I'6, ST32000641AS.

OC: Microsoft Windows 2008 Enterprise x64
Edition with Service Pack 2.

®aiinoBas cucrema: NTFS.

Jpyrue pe3ynabTaThl SKCIEPHUMEHTOB CO3JAHUS U
OOHOBIJICHHSI MHJCKCA HA Pa3IMYHBIX KOH(UTypaimsax
(BxiIrOUas Oostee cinadble, HapuMep, Ha ocHoBe Celeron
D ¢ 1 TI6 RAM) mpeacraBieHbl Ha caiite
http://www.veretennikov.org.

TIOJTy4EHbI Ha cienyrouiei

3. Peumienne nmpoodsemMbl ObICTPOro 00HOBJIE-
HHUSl HHAEKCA NMPU MAJbIX 00beMaX HOBBIX
AAHHBIX

3.1 IIpomexyTOUHBII UHIEKC

Pewenre mpoOiembl 3akirOyaeTcsi B CO3JIAHUU
HEKOTOPOTO MIPOMEXYTOUYHOTO HHJIEKCa JUIst
HeOONBIINX JaHHBIX. TakuM o00pa3oM, MBI HMeeM
OCHOBHOH HHJIEKC, CTPYKTypa KOTOPOTO OIMCaHa B
[4,6,9,11], U mOPOMEXYTOUHBI WHIEKC, CTPYKTypa
KOTOPOTO OIKCaHa aajiee.

Ipu mnoucke Mbl BHa4yajge OyAeM HCKaThb B
OCHOBHOM HMHJIEKCE, 3aTEM B IPOMEKYTOHUHOM.

TpebOoBaHMsI K IPOMEXKYTOYHOMY HH/ICKCY:

1) beicTpasg 3ammuck JaHHBIX B IPOMEXYTOUHBII

UHJIEKC.

2) Bpems moucka B TPOMEXKYTOYHOM HHJIEKCE
JIOJDKHO OBITH OTPaHUYEHO 3a/1aBaeMbIM
NapaMeTPOM.

3) CymMapHBIi pa3Mep JaHHBIX, COXpaHSEMbIX B
MIPOMEXYTOYHOM HHIEKCE, OTPAaHMYCH 3aJaHHBIM
TapamMeTpOM.

3.2 CTpyKTypa OCHOBHOI'0 HHJIEKCA

Kaxk ommcano B [1-12] mpu cozmanuu CLB-unzmekca
UCTONB3yeTcst  Mopdosiornueckuil  aHamusaTop. B
KauecTBa IMPHMEPOB HCIIOJIb3YyEMbIX aHAIN3aTOPOB
MOKHO npuBectH [13,14].

JUIss KaXxJoro C0Ba, U3BECTHOTO aHAIU3aTOPY OH
BO3BpAIlacT OJHY WJIU HECKOJIBKO 0a30BBIX (opM.
CnoBa, BXOSIIME B COCTaB JaHHOTO aHAIU3aTopa
cocraBmaoT 80-90% oT oOmero KoOJMYECTBa CIIOB
TecToB. KonmaecTBo opM CIIOB B aHAIH3aTOpE — OKOJIO
200 000, o00o03HaYMM KOIHYECTBO 0a30BBEIX (HOpM
FormsCount.

Ilox w3BEeCTHBIMH CIIOBaMH MBI OyaeM MOHHMATh
ClIOBa, BXOJAIIME B CJIOBaph MOP(HOIOTHIECKOTO
aHaJIM3aTopa, a II0J HEW3BECTHHIMHM — T€ CJIOBa,
KOTOpBIE HE BXOZST B 3TOT CJIOBapb. V3BecTHBIE ClloBa
MOTYT UMETh HECKOJIBKO 0a30BbIX (popM. HemsBecTHbIC
CJIOBa BCErJa MMEIOT OIMHY 0a30By0 (opmy — camo
CIIOBO. Takum obpazom, KQXKIOMY CIIOBY
cormocraBisieTcsi Habop ero 0a3oBeIX (opMm (mamee



mpocTo Gopm).

B ocHOBHOM wmHIEKCE M KaXAOTO BXOXKICHHA
CJIOBA B KaXJIOM JIOKYMEHTE JUIS KaXKJOW ero 0a3oBoi
(hOpPMBI COXPAHSIFOTCS 3aITUCH C TIOJISIMU
1) ID noxymeHra.

2) Tlo3umus B JOKyMEHTE (HampuMep, HOMEp CJIoBa
M0 TOpPSIKY WIM OTCTynl B OaliTaXx OT Hayaia
¢aiina).

3.3 CTpykTypa NpoMe:KyTOUHOI0 HH/IEKCa

IIycte M — HEKOTOpBII apaMeTp.

1) Ecnmm o0beM naHHBIX MEHbIIE YyeM M, TO JaHHBIS
JO0AaBJISIIOTCS B IPOMEXXYTOYHBIH HHJIEKC.

2) Ecmu oObeM naHHBIX Oosblie WM paBeH M, ToO
BHa4YaJIC MOAHHBIC W3 TMPOMEKYTOYHOI'O HHIACKCA
NIEPEeHOCATCS. B OCHOBHOW MHIEKC, 3aTeM B
OCHOBHOH MH/IEKC JT0OABIISIFOTCS] HOBBIE JaHHBIE.
O6bem MIPOMEXKYTOYHOTO UHIEKCa  Oyzer

(uKcupoBaH, U OrpaHWYeH HEeKUM mapamerpom S. [pu

9TOM, UMEET CMBICI BBIYUCIATE M B 3aBUCHMOCTH OT S

W TEKymero o0beMa [aHHBIX B IIPOMEKYTOUYHOM

uHaekce, Hampumep, M = (S — <Obvem OanHbvix 6

npomexcymounom unoexce>)/2. Ilpeanonaraercs, 4To

S mpumepno paBHo 500 M6 ~ 1 T'6.

[IpoMeXyTOUHBI HHIEKC JODKEH OOHOBIATHCA
CYIIECTBEHHO ObICTpee, YeM OCHOBHOW, HO IpPU 3TOM
MOUCK B HEM JO/DKEH OBITh TaKKe OBICTPBIA. ITO
MOJKHO CJIeNlaTh, C YYE€TOM TOTO, YTO MPOMEXYTOUHBIH
WHJIEKC UMEET OIPaHNYEHHBIA 00BEM.

Beenem mnapamerp GroupDataSize. Pazmep 3Toro
mapameTpa, MoxxeT OwiTh, Hampumep 500 K6 — 2 MO.
Bribepem taxcke mapamerp GroupSize, Hanpumep 500.
Paznenum Bce FormsCount 6a30BbIX ()OPM Ha TPYTIIIBI
mo GroupSize ¢opm B Kaxmoi. COOTBETCTBEHHO,
nonyuuMm GroupsCount = FormsCount | GroupSize
rpymn.  Jlanee co3gamuMm  daitn  pasmepom S =
HeaderSize + GroupDataSized GroupsCount Oaiir.
I'ne HeaderSize Hexkuii 3arojioBOK, pa3MepoM,
HanpuMep, 64 K. Byznem cumrarh, 4ro maHHBIN (aiin
paszieneH Ha HECKOJIbKO o0nacTeil: BHavaie 3arojioBOK
¢aiina, 3arem  GroupsCount obiacteil pa3mMepom
GroupDataSize Gaiir.

WNudopmarus 0 BXOXKICHUSIX CIIOB u3
ONpeNeeHHOW Tpymmbel  Oy#eT TOMeIaThCsl B
COOTBETCTBYIOIIYIO OOJIACTH MOJYYCHHOTO HHIEKCA.
JImst  kaxxaoro BXOXKIEHHS cjoBa B (aiie MbI
MOMEIIaeM B TPOMEXKYTOYHBIH WHIEGKC 3alucCh C
IIOJISIMU .

1) ID noxymeHra.

2) Ilo3unus B TOKyMEHTE.

3) ID 6a30Boii GpopMBI.

T. e. 3anuch B IIPOMENKYTOUHOM HHJEKCE SIBIISETCS
3allMChI0 B OCHOBHOM HHIEKCE C H00aBiIeHHBIM D
6a30Boit popMBI.

Ilpu 3TOM, AJI JAHHOW 3amMCH ONPENENISIEM HOMED
rpynmel myTeMm paeneHuss ID  6a3oBoil  ¢opmbl Ha
GroupSize, v 3a1ICh JOOABIAETCS B COOTBETCTBYIOIIYIO
JIAHHOM rpyre o0nacThb ¢aiina.

Ecnu obnacth onpeneneHHO TpyNIbl MOJHOCTHIO

3alojHsAeTCA, TO BCE JaHHBIE M3 OSTOH 001acTH
NIEPEHOCUM B OCHOBHOW MHEKC, a 00J1aCTh OUHUILAEM.

Takum oOpazom, aill MPOMEKyTOUHOrO HHIEKCa
BCEI/Ia UMEET MOCTOSIHHBIN pa3Mmep. MmeeT cmbica ero
co3maTh 3apaHee TpeOyeMOro pasMmepa, 3allOJHUB
HYJISIMH, 4TOOBI M30€XaTh BO3MOXKHOH (parMeHTalun
Ha ypoBHe (ailyIoBOH CHCTEMBI.

3.4 Ilonck B MPOMEKYTOYHOM HHEKCE

1) Tlo ID 06a30Boii (hopMBI OIpeneNnseM HOMeEp ee
rpymmsl (mytem nenenus ID va GroupSize).

2) UYuraeM [IaHHBIE ONPENEICHHOW HA MPEABIIYIIEM
miare TPYNNbL, YYWUTBHIBas TOJBKO 3allUCH C
TpedyeMbiM /D 6a30B0ii (OPMBL.
3ameTuM, 4TO MOWUCK HMHGpOpPMALMKU s JF0OOH

6a30Boi popMBI B ITPOMEKYTOUHOM HMHAEKCE Tpedyer

He Oonee uem ureHust GroupDataSize GaliT ¢ AuCKa.

3.5 KemmpoBanne mnpu 3anucH [JAaHHBIX B
NMPOMEKYTOYHOM MHIEKca
EcrectBeHHO OCYIIECTBIIATD 3aIHCh B

MIPOMEXYTOUHBII HHIEKC C KCIOJIb30BAaHUEM Kellla.
Hdnst xaxpoit rpymnmbl co3uaercs Oydep, U 3amuch B
00JIaCTh JIaHHBIX TPYMIIBI OCYIIECTBISETCS TOJIBKO MPH
3anojHeHuu 3toro Oydepa. KemmpoBaHue Ha ypoBHe
ONEPaMOHHOW CUCTEMBbI OTKJIIOYAETCA B TOM CTEIEHH,
B KOTOPOH 3TO BO3MOKHO (B 4aCTHOCTH, IIpH paboTe B
Microsoft Windows mpu Bbei3oBe ¢yHkuuu CreateFile

Uit OTKpeiTHst  (aila mpumensercs  ¢uiar
FILE FLAG NO BUFFERING).
3.6 Pe3yabTaThl 3KCIIEPUMEHTOB

Janee mpuBeneHbl pe3ylabTaThl AKCIHEPHMEHTA,

KOTOpBIN OBUT NPOBEJCH Ha TOH ke KOH(UTypaluuu 4ro
yKa3zaHa B pasfene 2, ¢ TeMH Xe IMapaMeTpaMu Hu
UCXOJHBIMU JaHHBIMH, HO NpHU 0OpabOTKE JaHHBIX O
CJIOBAaX, BXOMAIIMX B CIOBapb MOpP(OIOrHYECKOTO
aHaIU3aTOPA UCIONB30BANICA IPOMEKYTOUHBIN HHIEKC.

Jns cioB, He BXOASIIMX B CJIOBaph aHaIM3aTopa
MIPOMEXYTOUHBIII HMHAEKC HE WCIOIB30BAICS, UYTO H
00yCJIOBIMBAET HAJIWYME HEHYJEBBIX 3HAYCHHH B
KOJIOHKaxX «YTeHHe KiacTtepoB», «3amuch KIacTEpPOB)
JUTST MalTbIX 00BEMOB MaHHBIX (T. €. mopsaka 10 — 20

CTpOK, Ha4YMHAS co 2-#). [Ipumenenne
MIPOMEKYTOUHOTO HMHJEKCA JUIsi CJIOB, HE BXOISIIHX B
CIIOBapb ~ aHanmu3aropa  TpeOyeT  OmIpe/esIeHHOM

JOpabOTKH, HO HE COCTABIISIET TPYAHOCTH.
Wudopmanus 06 sxcriepumeHTe:

1) CymmapHoe Bpemsi CcO3JaHHsi ¥ OOHOBJIEHUS
uHIekca: 8 4. 46 MUH.

2) VYcraHOBIECHHEIH pa3Mep ocHOBHOrO kema: 1 I'6 (T.
€. Takoe JKe, Kak ©0e3  HCIOJh30BAHUSA
MIPOMEKYTOYHOTO WHAEKCA).

3) MaxkcuManbHOe KOJUIECTBO ONEPATUBHOMN MaMSTH,
KOTOpoe OBIIO 3aJeHCTBOBAHO: TaKoe K€, Kak 0e3
HCIOJB30BAHUS POMEKYTOYHOTO HHICKCA.



Pazmep O6mee Bpemsi, | Bpems 3anucu | Utenue 3anuch Yrenwue (mpom. 3anuch (IpoM.
q:M:C HHJCKCA KJIACTEPOB | KJIACTEPOB | WHICKC) HWHJIEKC)
85.2T 03:14:29 01:16:44 79T 59.3T 18.2M 49.8 M
14K 00:14 00:08 456.0 M 72.0 K 96.0 K 81.5K
1.1M 00:23 00:18 456.0 M 4.8 M 1455K 847.5K
22M 00:32 00:26 4583 M 104 M 408.5 K 1.6 M
3.1 M 00:37 00:32 456.0 M 11.1M 412.0K 2.1 M
4.0 M 00:38 00:32 456.0 M 13.6 M 420.5K 2.7M
5.0M 00:40 00:34 4571 M 163 M 426.5K 32M
63 M 00:42 00:36 4584 M 211 M 4275K 39M
73 M 00:45 00:39 456.6 M 21.9M 452.0K 45M
82 M 00:47 00:41 4604 M 27.6 M 456.5K 50 M
92 M 00:48 00:43 4577 M 26.6 M 458.0K 5.6 M
10.0M 00:53 00:47 461.6 M 303 M 4595 K 6.0M
10.0M 00:48 00:42 4572 M 270 M 460.5 K 6.0M
20.0M 01:05 00:59 4584 M 41.5M 4595 K 11.5M
304M 01:15 01:07 463.2M 51.6 M 483.0K 173 M
402 M 01:30 01:22 4729M 749 M 24 M 229M
50.6 M 01:39 01:30 4747 M 782 M 24 M 28.8 M
602 M 01:47 01:37 4903 M 111.2M 72M 344 M
703 M 01:55 01:45 508.7M 129.7M 129M 401 M
80.5 M 02:26 02:15 5813 M 231.9M 253 M 459 M
90.0 M 02:42 02:30 6179 M 258.6 M 349M 514M
100.1 M 03:03 02:50 666.7M 300.5 M 43.5M 57.0M
2004 M 05:04 04:37 9383 M 6243 M 783 M 107.0 M
300.1 M 06:48 06:13 14T 1.1r 147.0M 1457 M
400.6 M 08:03 07:18 1.8T 15T 175.6 M 152.6 M
500.5 M 08:17 07:23 21T 1.8T 187.5M 1604 M
602.7M 08:47 07:46 22T 20T 186.4M 1889 M
702.8 M 08:53 07:45 26T 23T 176.2M 148.1 M
805.1 M 09:18 08:02 27T 25T 166.8 M 170.6 M
902.7M 09:23 08:01 30T 28T 146.6 M 1113 M
1002.8 M 09:25 07:55 31T 28T 934 M 101.2M
20T 12:57 10:05 42T 45T 105.0 M 409 M
29T 16:19 12:04 47T 56T 371 M 51.9M
39T 19:15 13:43 52T 66T 46.5M 64.4 M
49T 22:03 15:17 56T 75T 38.1 M 51.8M
59T 25:48 17:45 6.1T 8.6 471 M 453 M
68T 29:04 19:31 65T 95T 52.7M 457 M
78T 32:12 21:21 73T 10.7T 413 M 463 M
88T 35:18 23:10 75T 115T 422 M 46.7 M
98T 40:07 26:36 82T 12.8T 58.4 M 48.4 M

Tab6:. 2. Co3nanue 1 OOHOBJICHUE HHJCKCA C UCIIOJIb30BAHUEM IIPOMEKYTOYHOI'O HHJICKCA.

3.7 CpaBHeHuHe pe3yJIbTATOB IKCIEPHMEHTOB.

[Janee Ha rpadukax TOHKasi JIMHHUS COOTBETCTBYET
OOHOBIICHHIO HHJEKca 6e3 MIPUMEHEHHUS
MIPOMEXYTOUYHOTO HHIEKca, Ooiee ToJCTas JIMHWA,
pacmonararpomascs MpPerMYIIECTBEHHO HIDKE TOHKOU
JUHAW, COOTBETCTBYET OOHOBICHUIO HWHAEKCA C
MIPUMEHEHUEM TPOMEXYTOYHOTO HHICKCA.

I'padukn mOCTpOeHBI Ha OCHOBaHMM TaONHUI,
WCKIIOYasi TEPBYI0  CTPOKY, COOTBETCTBYIOIIYIO
NepBOHAYAIEHOMY CO3JaHHUIO HHJIEKCA.

Ha mimkHei#t ocu kaxmoro rpaduka Kaxaoe AeJIcHue
COOTBETCTBYET OJTHOI CTPOKE TaOJIHIIBL.

Ha nepBom rpaguke otobpaskeHo obiiee BpeMs Is
KaXaoro oOHOBICHHs WHJCKca. [IpumepHO mepBeie 20

NOPLUUH JAHHBIX C IPUMEHEHHEM IIPOMEKYTOYHOIO
WHAEKCcAa J00aBISIOTCS OBICTpee, a Jajee CKOPOCTh
OOHOBJICHHS MHJICKCA MPUMEPHO OJJMHAKOBA.

0:50:24
0:43:12
0:36:00 /
0:28:48 //

0:21:36
0:14:24 /
I

0:07:12

0:00:00
1 7 13 19 25 31 37
Puc 1. Bpems oOHOBICHHS HHIEKCA.




Ha Bropom rpaduke mokazano oOmiee BpeMs
OOHOBIICHHA WHAEKCA MJIS TEPBBIX JBYX JIECSATKOB
MOPILUH.
0:07:12

0:05:46 //
0:04:19 /
0:02:53

0:01:26

0:0000 +—+—r++ T T T T T T T T T T T

1 7 13 19
Puc 2. Bpems oOHOBiIEHHS HHIEKCA (MaJIble
00bEMBI HOBBIX JIaHHBIX).

Ha Ttperbem rpaduke 1O BEpPTHKAIBHOH OCH
otoOpakaeTcss CyMMapHBIH 00BEM 3alHCaHHBIX W
MPOYHUTAHHBIX MJaHHBIX (B [0) mnpu mobamieHun
KOHKPETHOM TOPINHY JaHHBIX B HHJIEKC.

25
20 /
15 /
10 /

: i
—

O FTTTTTTTTT T T T T T T T T T T T T T T T T T T T T I TTI T I T

1 7 13 19 25 31 37

Puc 3. OOparienue k TUCKY pH 0OOHOBIICHUT
MHJIEKCA.
Ha wmaneix O6'I)eMaX JAaHHbIX MbI BHUJIUM U3
rpaguKoB M TaOJMIl yCKOpeHHE 10 5 pa3, a o0beM
MIPOYMTAHHBIX/3aIMCaHHBIX JaHHBIX MeHbIe 10 10 pas.

3.8 KomMeHTapuii Npo MHBePTUPOBaHHBbIE (AlIbI.

JlaHHBIM TOAXON M CIMSHHA HWHBEPTHPOBAHHBIX
(GalinoB NMPUHIMIHAIBHO PA3JIMYHBL, T. K. HOCIECIHUE
OCYILECTBIISIIOTCS. NP JOCTHIKEHHH BCEX CIIMBAEMBIX
WHIEKCOB  Oompmoro oObeMa, HHAue  CIHMSHUE
BBIPDOXKJAETCSI B  Iepe3aluchiBaHHE OOJIBILET0 M3
UHEKCOB. ONMMCAaHHBIN K€ «IIPOMEKYTOUHBIA MHIIEKCH
npeaHa3Ha4YeH sl XpaHeHUs TaHHBIX Maynoro o0bema.
OTO B KaKOM-TO CMBICIE IPOCTO HEKOTOPBIA KEIl JUIs
OJTHOTO OOJIBIIOTO «OCHOBHOTO MHIIEKCaY.

3.9 JlonosiHATEIbHbIE PACXOABI P MOUCKE

B mpuBeseHHBIX  3KCIIEPUMEHTAaX  Mapamerp
GroupDataSize pasen 1 M6. Takum o6pazom,
JIOTIOJTHUTENBHO ISl Kaxaol ©0a3oBod (OpMBI TIpH
noucke Tpedyercs mpouutarh He Oojee 1 MO. (mpu
CKOPOCTH TIOCJIEIOBATEIBHOIO 4TeHUsl npumepHO 70
Mo6/cek. Ha ucnoab3dyembix HDD). GroupSize pasen
500, cymmapHBIii pa3Mep HPOMEXYTOYHOIO HHIEKCA

npumepHo 530 M6.

IIpn HEOOXOIUMOCTH Ui TONyYeHHs OONbIIeH
ckopoctu noucka GroupDataSize MOXHO yMEHBIIIUTb,
B TOM 4YHUCJIC 3a CYCT YMCHBIICHUA MapaMeTpa
GroupSize. ABTOpOM OBUTH ITPOBENICHBI SKCIIEPUMEHTBI
¢ GroupSize = 150, GroupDataSize = 128 Ko,
CYMMapHbIH 00beM 00BEM MPOMEXYTOUHOI'O HHJEKCa
npumepHo 230 MO. CymecTBeHHOTO CHH)KEHHSA
CKOpOCTH OOHOBJIGHHS HHIEKCAa HE OOHapYXKEHO.
Menbmee 3HaueHue GroupDataSize obecrieunBaeT
MEHBIINE JOTIOTHNATEIBHBIE PACXO/BI IPH TOHMCKE.

Omnako mpu  ymenbimieanu  GroupDataSize
mpuxoguTcs yMeHpmatb U GroupSize,  4TOOBI
CYMMapHbIi pa3Mep NPOMEXYTOYHOIO HHAEKCa ObLI
nocratoueH. CyMMapHbIi pa3Mep HpPOMEXKYTOYHOTO

HHACKCa BJIMACT Ha TO, IpPU KaAKUX o0BeMax
WHACKCUPYEMbBIX HOBBIX JaHHBIX OH 6y)_'leT
HUCII0JIb30BaThCA. B paccMaTpruBacMOoOM ClIydac

CKOpPOCTh OOHOBJICHUS HMHJCKCA CYNIECTBEHHO IallacT
mpu obbemax 50-100 MO Tekcra, HpOMEXYTOYHBIH
nanekc 100-200 M6 g Takux 00bEMOB TOCTATOYEH.

Ho, ymensmenue GroupSize BeeT K YBEIHUCHHIO
GroupsCount, 94TO ONpPENCIIICT KOJIMYECTBO IHUCKOBBIX
oreparyii pu J00ABICHUH JAHHBIX B IPOMEXYTOUHBIH
uHaeKc. [IpenMyIecTBo MpPOMEKYTOYHOTO HHIEKCA B
MaJIOM  KOJMYECTBE JUCKOBBIX  ONEpaluil  Impu
OOHOBJICHHMHU, TOpsiAKa 1 ThIC., MO CPABHCHUIO C
MuHMMYM 50 — 200 ThIC. A7 OCHOBHOTO MHIEKCA
(3aBUCHT OT KoJMUECTBa 0a30BBIX (POPM CIIOB, 0OBEMaA
J00ABIISIEMBIX TAHHBIX U Pa3IMYHBIX HACTPOCK).

Tem He MecHee, Oollee BaXHO YMCHBIIHUTH
GroupDataSize, dT00Bl IONOJHHUTENBHBIE  PACXOJBI
[P TIOMCKE ObUTM MUHHUMAJIBHBI, NPU JIOCTATOYHOM
CKOpPOCTH OOHOBJIEHHMS WHIAEKCcAa. 3a CYeT 3TOro
JIOTIOJTHUTE/IBHBIC PAcXOIbl IMPH IMOMCKE TOCTATOYHO
MaJIbl, YTOOBI KX MOXKHO OBLJIO BOOOIIE HE YYUTHIBATh.

4. 3akiaouenue

B cratee ommcaHo pemieHne 3amaud  OBICTPOTO
OOHOBJICHHS TTOJHOTEKCTOBOTO HHJAEKCA, KaK I
OoyipIINX, Tak M A MaldbIX OOBEMOB MCXOIHBIX
JaHHBIX. [Ipy 3TOM CKOPOCTB MOMCKA HE CHU)KACTCS.
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Full-text Index for Frequency Updatable
Libraries

© A.B. Veretennikov

A new data structure for fast indexing of large
volumes of texts and a software system based on this
structure are introduced. The latter is more effective for
inserting data into indexes than other known data
structures, and is comparable with them in the data
retrieval. A new approach for inserting small amount of
new data is given.



