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A Large-scale N-gram Search System Using Inverted Files
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Recently, a search system has been proposed for large-scale n-gram data. The
system uses tries for indexing n-gram data because of its retrieval performance.
However, the disk usage and the construction cost of the trie index are very
large. In contrast, inverted files could be easily constructed but require ran-
dom access to secondary storage in retrieval. Therefore, this paper reports the
actual performance of inverted files for large-scale n-gram data.
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Table 1 Word segmentation of documents in D

ID Document Segmented words (separated by ‘/’)
1 FHIIMTHD <S> /P /I /HM/)T/)HD ) </S>
2 FHIIETH <S> /FH#H/F/ B/ T/ DB/ </S>

3 BERMITHD | <S>/ BH /M) T/ BB ) </S>

®2 I bLEZORREMNCEEE

Table 2 An inverted index using segmented words

1D Term DocID 1D Term DocID 1D Term DocID
1 </S> | 1,2,3 4 T 1,2,3 7 AN 3
2 <S> 1,2, 3 5 IF3 1,2, 3 8 B 2
3 »H5 1, 2,3 6 e 1, 2,3 9 Ei 1
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3 CGHEA D LhBons 2-gram 7%
Table 3 2-gram data extracted from documents in D
ID TermID Term Frequency ID TermID Term Frequency
1 2,6 <S> F# 3 6 5,8 [ 1
2 3,1 b5 </S> | 3 7 5,9 ] 1
3 4,3 T bHd 3 8 7,4 AME T |1
4 6, 5 A 13 3 8,4 BT 1
5 5,7 [EQRAN 1 10 9,4 i T 1
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b TIEE S,
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(i) Dictionary lookup: 7 IV & L THR 6N FE%Z TermID ICZ5HA§ 5,

: RylEEZ &0 n-gram OENAE 2 IKERT K D T 5.

(iii) N-gram lookup D BRIER G| & D ARIARIOLEIC 7 7 2 A LT n-gram ZH{H7 3,

(iv) Decode s PP LI NRBED n-gram 21857 5,
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WBED Y A M Ee—Y 95 2812k, AL n-gram "NDT7 7 AR BT 5 2 LT

&5, KL, VA ORI NGRS ZIRDETHE, n-gram ZHHF LB T7 405 Y

VI RBHT IR TH S, DIT, 1B T 5T — 9 XR—ADMERT,

e N-gram database : KHFi n-gram 77— OKMETH D, F5{LI N7 n-gram H3H
JERENE IR S LT B,

e Inverted index : WRIEZH[TH Y, N-gram database 28T % n-gram DIEHAHLIE
23, TermID AN Y A b & LTHMI LT3, £72, TermID 226 Y A + OBAIRALE
/D HDT— 7 VBKRBICKEHI TV,

e Term dictionary: HEIFEDFETH D, TermlID & DAL EEB T 27012, &
513822 5 TermID ~OZEHIZIE S 7 VESI), TermID 7» & 585 [FHNDZHIC 13 HAT
BT —7NEFEHML TV,

3.2 E¥5E n-gram &5 DERH

RERINC X 2R AT LB WT, T4 ATNDI VY LT 72 ADFET 2RI,

MRFER E %2 n-gram 3T 4 A7 LICRHTEL TR I ETH S, ZDhdD, FVFLTY

2 2% HlET 51213, n-gram 7 —% OELEIERF 2 Z2H T 2 085035 5, L2 L, n-gram O

(ii) Index lookup
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Fig.1 An n-gram search system using an inverted index

BlifE 2 28809 2 7217 ClE, —H8D 7 2V ITH§ 2 E{LSRATH D, Il vF v IH
DBAIEDINIRNZ 72 2 L0 ) RED S 5

Z 2T, AWATIE, n-gram 7—F OREICER L, HERIIOERMICK2 T4 2277
72 ADREN RSN, ThbE, @FEOWMERGA DoclD DY R F 2 IRET 2 DITH
L, n-gram DY A MERETEEIICEH Lz, ZOEHEIZLD, FFED l-gram 2 &L
n-gram DY A MIRTEE =7 v 2 L7 7R ADBWHEE R YD, SV L7 7 ADMEK
FRIRICHIR S N5, DI, BRI NIRERL O Z L 2EWET - RX—R L3l d 5,

BT — 8 R—2ADHHLEREIET 4 A7 HHBOMAKTH D, IR CERBES AT
LTlE, BGRICHBIT 2 RIGEVS Wi, EENELRTFIEL RS, —T, bRl
FETHE S 5 n-gram DY, WRET—F X—AD 7T+ A7 HHEIZ, KERT LT
BEMEEICZ oD, £/, WET—F XR—AlE n-gram T—F ZEATVE70, KR
AT LEERDT 4 A 7 HIHRIE SHERETNE 5. MRELT, EFHNET 4+ A 7R
T, Y=V NT 7R ERLET S ngram MRS A T LEWETE S,

BRIE T — ¥ R— 22 X % n-gram B> 27 LA DWEZE 2 12R°T, BEFIEIZOWT
%, 125 Index lookup & N-gram lookup ZH{ D & Z, #7L { Database lookup % fil
AT MBI > TWw 5,

e Database lookup : Rilif%Z & n-gram # 7 — I RXR— A0 HIH T 5,
$7, 21281 % Inverted database &, ¥ 112317 % Inverted Index & N-gram database
ERE LT —FR—RICh>T0 5,

e Inverted database : HRERIIZEFAL THRoNET—F¥RXR—ATH D, n-gram DY

A b TermID BN ES LT 5, 72, TermlID 2206 ) A M DR EZE 5 72
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B2 HET—% X—RICL % n-gram RS AT L
Fig.2 An n-gram search system using an inverted database

DDT—TNVBRBIIHEMIN TN S,
Z LT, MERT LEET—5 X—2AOQHEEZHENDS, ERORIFECLOBRING Y
IO TH S, BERINICLIMBS AT LTI, TAATIANDT VI LT 72 A%H
T 5 7@, n-gram OBMNEIEZ > —P T2 EERAL T2, —J, BET—F -2
IZX MBI AT LT, REDKIFEZEGTL ngram ICNT 53— Y v L7 72 AD
TR 7z, EHEEOEGFEE AT n-gram ZEF L, BHEORLET7IALI IV I %
W BT, XDV BVWTA AT VR A THERZFEITTE S,

4. RERIC K M

41 RBRTE

KB n-gram 77— 7 IR T 2 EERLE L CIBE T — 9 X—2AD0ERE%2 M7 % 7«
®, 64-bit Linux BECHE S 2 7 L2 M8 L, BERRZHE L2, FRICH w2 —
R AE, Google DIEK L7z n-gram ¥—2%Y TH Y, l-gram 2>5 7-gram ¥ TEAF 32 &
fFD n-gram IZ X DHLS LT 2, HEEL 72REIBIGIRM T O 3fHTH D, Z2heho
TAAVHARERR4DEH IR S,
(a) Uncompressed : ff5fb L TWix\» n-gram 7 — & 10§ 2 EER |
(b) Compressed : fi5{lL 7% n-gram 7 — % IZX T 2 BEEMRE|
(c) Extended : fFEfl L 72 n-gram 7 — Z IS A IRET — ¥ X— R
MR OWE TIF, 3 —/8AH 5 1-gram, 3-gram, 5-gram % fE{EAIC 1,000 £H3>8H
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R4 KB n-gram BRT A7 LD 74 A 7R (kB)
Table 4 Disk usage of large-scale n-gram search systems (kB)

Term Dic  Inverted Idx  N-gram DB Inverted DB Total
(a) Uncompressed 76,818 29,757,579 109,221,364 0 139,055,762
(b) Compressed 148,126 26,969,347 29,033,897 0 56,151,370
(c) Extended 148,126 0 0 150,720,315 150,720,463

x5 WRIH OV - drakfil - Rk (1)
Table 5 Average, median and maximum search time (s)
l-gram 3-gram 5-gram
Ave Med Max Ave Med Max Ave Med Max

(a) hdd 5.016 0.268 471.830 | 3.855 0.983  229.582 | 2.394 0.830 45.784
(b) hdd | 2.467 0.179 128.178 | 3.272  0.868 132.045 | 2.156 0.761  36.814
(b') ssd | 0.547  0.012 142.863 | 0.699  0.148 31.212 | 0.577  0.162 14.262
(c) hdd 0.040  0.029 0.398 | 0.167  0.094 3.547 | 0.219  0.097 4.852

L, 7Y ELTHWV,

FERRIC BB D T REE, Core 2 Quad 2.83 GHz, 8 GB RAM, 1.5 TB HDDx2
(RAID0), 256 GB SSD TH b, HERKIE L PEET — & X— 2 OfEEEIT 2 120 24 I
MIINTHKT Lz, 2LC, $RXTOF—% % HDD B L 7R IE TSR 2 511 L 72
#%, Compressed (ZDV>Tld SSD KA L 7 REETOMRIFM S FHMIL 72, Z4ug, 7+
AT NDT YT NT 7w AR O R ML Ry 71272 ) T WIRERT ST 5 SSD
DEMERERET 2 2 EDHNTH 3,

4.2 ERER

FEBIC B W CHHEN S 7 SR IR R O - H Ml - il - KA R 5 ISR T. fEfick D
Fa AZHAREBZ ST 3 (b) IKowTiE, ALF—%% SSD RIciEL 7 (b))
2 & BRI LI TORL TV 2, FEBFHER LD, ngram 7—% OFfF5(L, SSD OFIA,
HRIESR T DB & > THRERRHZEMHTE 2 2 L2005,

b HEIENE%2 S (a) & (b) DT, n-gram 77— DfF5{bick b, 74
A7 HHE%E 40 BRREICHIK L 22, FIRRRR %2 49-90 RfREICHMHETE 52 2 L2030
5. Fi, (b) & (b)) OLEETIX, HDD %5 SSD N EBATT 2 72 1) TR LS
2127 %I ETHMHEINTE D, FVF LT 7RAIHE E VI SSD OFRBERNT WS,
ZLT, (b) & (c) HERIc kD, WERIOEMICL 275 L7 7 X ZADHKIIHRE
R OMEMFICRKRECEHNT 2 2 L0vbh» 5, T4 AVHHED (b) O 3fFEICHRS LW
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Fig.3 Dependencies between the number of results and the search time for unigram queries

IRKENEH B HDD, (c) DFBERRHIE (b) LHARTHR 1/I0UTTHD, (b)) LD
W2 n-gram RS AT L ERHS>TWE, 512, (¢) 12 HDD ETEWkREZ T2 L)
WWEEFE T 5720, SSD ZAT 2 (b) KOBEBIGEMATE 2 L) FrzRo,
RIZ, TARZT 72 ZADMMFRICHT 2HEBHER L LT, lgram 27 LY & BHKIC
DWTC, 7TV —ET % n-gram O, WERIHZHEHICE 7277 7 2B 3 1
AT, EEERL (a) & () KX 2ERERERIEMO T Z 7Tld, 72873
n-gram O & b 72> THRRRFIAKE CELL T3, —7, BETFT—FX—2 (c)
12k BFEBHERZRIARD 2S5 7T, 7T VIC—3T 5 n-gram DRI & b7 ) R
R DB LA NS A MZ s NT 0B, Z2LT, T4 A7 T 7 AP RRIEZ KSR
LT 2ERNDBFAEL 2070, KET =Y R=AICBI B T4 A7 T 7 AWENTH 5
ZEDbP D, kB, —Hor ) BB CHERETUEI N TV LIDIE, HELT—F03
FURAZF vy a2t LTAEY Llce—FEnhTwukI et Eions,
B 7 ) (5-gram) ORI T 2FHED 7T 7 %K 4 1IZRT. 3 LWL 728
(@) & b)) oEEDPIRESCARD, HRHTUWEI NG 72 Bk 25k EDE:
3H2b0D, FEROHEAPRINTNS, ZOFEHIE, BHAZED < — 2% n-gram 15
TE74N8) Y IPRBRRZEAET 222K TELEDIL, THRIT7 7 ADEHED
MR G- 2 2 BOREIZRL T35,

BB, BETFT—FN—2 L b 74 %5 olizR6 ICRT. T4 A 7HHES L0
RIIREERIN F S A R DRIETHZ I LIZASHTHY, BETFT—FIN—RIF 54K
FlE D EGIHEEE - HEHTEZ 2 Lb2 5, —7, BMRREDOWTIE, WMBENRIEL S
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Inverted indices Inverted database
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Fig.4 Dependencies between the number of results and the search time for 5-gram queries

R6 MKET—F =R L b7 ARG DL

Table 6 Differences between an inverted database and a trie index

BT —5 <=2 R 74 R

a—/%RA l-gram »5 7-gram ¥ CfY 32 f&ffF | 7-gram OAKY 5.7 &

T4 AZE | 150GB 490 GB

SR LR ] 1GB DX €Y T 24 LN 4GB DAEVT 457 HU k

TR IRE ] 5-gram ® AND MR TV 0.22% | RO l-gram L—HT 274V FEA—F%
(HBUZIE 2 PR L T b [ FREE) 0-3fi&t 7 =) O 0.05 %

TEREEEBELTH, VALVFA—FE2EL7IVIZOWT, b 74 R DfHIMKET —
FR—2 L D EHEICHRETETWS, LaL, FIAKINI, REEOHBNER MO
Wl AND BRERAR EICB VT, HED P54 2R LT TR s 2w e n» ) RiGH
bH5.

Pl lEoFfERsE Lo s L, RERLIC X ZHRES AT LW R SSD 23%6%)T
HDZER, KB n-gram 7— % DR Y AT HITE W THERS| O R R 2 K
IBCEMfTE s 2 Lbd s, £z, BET—FVRXR—RAICL2MRIEEETHD, FIA4%K
gl E R TH MR DOEZIIRE S Vv, I 518, MHKETHRRS AT LZ2HBETE S
VIR ERFO70, BN AY AT LOREHCHHEL TE Y, BETFT—F -2, #
MOMBL AT LELT, HE50IEFTARIOHMBZHNE LTOEITHE LR 2,

5. b D IC

AFETlE, WIERL % n-gram 7—F ICHEH T 2 H5EE2HHAL, T4 XAI~NDIF VT LT
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2R ADMEIC 2B 2L BB, £, TAAITI7RRACKER VR Y 7 2EMT 2
FHE LT, BEF—IXN—ABEHTHEI 2R L Z2LT, FIA4RIEOHBIC
X0, BETF—FN— 212k 3 KB n-gram F— Y DR AT LADBEMNTH B Z L%
w7z,

SHOBEE LTI, FI4RIOPED THBRSNT w3 0h 58S OMEZ @Rk
B2 EITIMAT, WFAPHMARED Y I AL VIRBTE ZNMAZRMT 5 2 EBEITFS
ns.
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