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Efficient evaluation method of complex queries in n-gram indexing
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In the redundant n-gram method proposed for query processing in n-gram indexing, re-
trieval is accelerated by dividing the processing into two steps — one is finding the potential
documents that have all the n-grams in the query word, and the other is checking the prox-
imity constraints among the n-grams — and by reducing the unnecessary proximity check.
This paper extends this method to complex queries with AND, OR, ANDNOT operators. In
addition, we solectlvely convert complex queries with both AND and OR. operators to the
OR normal form according to the number of child nodes in these operators. The results of
experiments using five years of newspapers showed that the extensions worked quite well.
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£ 1 BMRECAT S RERM (cold start)

Table 1 Response time of single word queries(cold start)
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® 2 H-BREB/OTTIRHBEH (warm start)

Table 2 Response time of single word queries(warm start)

XS | ek JiE n-gram WRTHE n-gram X | BBk JLE n-gram B RITE n-gram
1 1.274 | 1.272 (—0.2%) | 1.274 (£0.0%) 1 0.595 | 0.595 (£0.0%) | 0.596 (+0.2%)
2 0.087 | 0.086 (—~1.1%) | 0.086 (—1.1%) 2 0.013 | 0.013 (£0.0%) | 0.013 (£0.0%)
3 0.507 | 0.507 (£0.0%) | 0.508 (+0.2%) 3 0.120 | 0.119 (—0.8%) | 0.119 (—0.8%)
4 0.480 | 0.492 (+2.5%) | 0.486 (+1.3%) 4 0.087 | 0.062 (—28.7%) | 0.067 (—23.0%)
5 0.636 | 0.573 (=9.9%) | 0.539 (—15.3%) 5 0.078 | 0.051 (—34.6%) | 0.048 (—38.5%)
6 0.632 | 0.684 (+8.2%) | 0.857 (+4.0%) 6 0.079 | 0.050 (—~36.7%) | 0.048 (—39.2%)
7 0.745 | 0.636 (~14.6%) | 0.593 (~20.4%) 7 0.062 | 0.028 (—54.8%) | 0.026 (—58.1%)
8 0.699 | 0.656 (—6.2%) | 0.639 (~8.6%) 8 0.061 | 0.021 (—65.6%) | 0.022 (~63.9%)
9 0.661 | 0.643 (—2.7%) | 0.567 (—14.2%) 9 0.034 | 0.021 (—38.2%) | 0.018 (—47.1%)
10 0.655 | 0.678 (+3.5%) | 0.634 (—3.3%) 10 0.044 | 0.020 (—54.5%) | 0.018 (—59.1%)

(%) | 0.638 | 0.623 (—2.4%) | 0.598 (—6.3%) (FH) | 0117 | 0.098 (—16.2%) | 0.098 (—16.2%)

(#3') | 0.644 | 0.623 (—3.3%) | 0.588 (—8.7%) (F5') | 0.063 | 0.036 (—42.9%) | 0.035 (~44.4%)
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729 932 B) TH 5, FBliziX bi-gram K3 &AWV,

B 4 Xix 869.0 MB & &2 oi,

51.2 RERKH

BREMEL LT, BT 5y " EEBLE, &
NOBMBEMIL, HANTBEL TOIREV AT LD
uZhb, REEERDRIE D 1 DY, 2oOTIC
RTBIRSEEZRZT X S BRI,

AND &# 3 XFULOBRRFEEAIRIEL 1o
Eie 2 XFLU EOBEE AND S LEEL O,
BBEEEN 2,3,4, 5 DbD% 108, # 40 @
% : AND(HBH8, WRES, BE, EX)

OR &£# 3 XFUEOBREBEDRILS 1 oF
e 2 XFULOBREKEY ORBALELD, K
BB 2, 3,4, 5 ObO% 10 8, 340 @
#1 : OR(FIR, HAEMR, PBX)

ANDNOT &# 3 XFULORKEE DR LD
1 o8&t 2 XFUEORFKESE ANDNOT fé
L7zbo 30 A
# : ANDNOT (i, 7 4+ 27 L 1)

BAEH1 1 3XFL 3 XFULOREFRE PR L
b 1 DS LREEE AND BALE LD, BHE
N 2,3D0b0% 10/, 4DHLD 8, 50
b 2 M8, & 30 fE*

Bl AND(L > 7P zy b, #)

BASH2 3 XEUEOBREEESRILEDL 198
LRETELY AND, OR TRAL LD 30 fExx
#i : AND(OR(BHHE, K 7 1),0R(BH, A))

5.1.3 5 {48 &

FHEFRRE & UC, MERE RS RRR M2 3E
Lz, NBRERBIERESEFORERRE L
DEBREEEOEHTH Y, RRFEOFE Y b
TLIEHEE RO, RERFBIX, SUN Ultra30
(CPU:UltraSPARC 1I 296 MHz) % AL . 5177
AT —FNANTF 4 AT BN TCHELE., BBy
ANPREL A Y RIREAAENR TV cold start
GfEL . F—FBHE Yy Y2 SN TWS warm start
ST OVTHELE ¥, FRFEEMCOVWT 5 H
TOREL ., BXEL B/AMEE RV 3 BloOEHE
RO, EHEFEYy T LICEHER- T,

T e b, REEK 4,5 0b0% 10 HAKT A LHT
Eippote,
N EISRRERET 6 BE otk
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® 3 AND &HOFHERER
Table 3 Evaluation results of AND queries

£ 5 OR &HEOFERR
Table 5 Evaluation results of OR queries

& AR E%S AR
B | ArEREER 234.8 | 1404 (—40.2%) Bt | ArERZEEK 2842.2 | 2757.0 (—3.0%)
W (cold) 0.695 | 0.661 (—4.9%) IR (cold) 0.904 0.896  (—0.9%)
F | R (warm) | 0.047 | 0.028° (—40.4%) R | HREA (warm) 0.169 0.168  (—0.6%)
o | ArERRZEESK 193.3 90.0 (—48.8%) & | ERAEEK 1596.7 | 1382.4 (—13.4%)
HBRFER (cold) 0.667 | 0.639 (—4.2%) HREERH (cold) 0.761 0.740 (—2.8%)
B | BREE (warm) | 0.037 | 0.021 (—43.2%) B | BERM (warm) 0.108 | 0.097 (—10.2%)

£ 4 AND &fHCRIT HIRFERBHE L LERAERO B
Table 4 Number of quéry terms vs. number of the
proximity checks in AND queries

BRER | & E
2 37.3,| 19.9 (—46.8%)
3 418.8 | 214.5  (-48.8%)
‘4 209.3 | 106.9 (—48.9%)
5 107.9°| 54.6 (—49.4%)

52 Al EFER

5.2.1 AND &4

TXTIR, B-REBEOAEAFRE LT (2.2 8T
bHHAL ) REFJBOXE,ISOERLARVI ST n-
gram %419 {3 REkE & R ITE n-gram HED ">
DHFEITOVWT, AND HETOLBFHELE U CEE
RO H>OFTNT YV X AFERLES 40/ E
DRz, FEREEE 3 IR (ZhUk,
BREBEIIETRHEA) ., ERREATALT Y XA,
VBRI T AT Y XBDRETH Y . FHROIELA
O¥FITEAI I B R E FT,

39D, NMEBREREINBLL, HEEFALT Y X
AR TH BT LWRbind, BB S cold: warm
EBIBPBAL TODH, IR warm CifrERE
BI¥oORBD» & RBRECTCH DD, cold Tixdi v/
ELBroT3, ThITE—RRFETH RO
ThHY . MEREEROBIRT 4 27T 7 & ZOH
BT EEC IRV B EET 3 18,

N-gram BT L 2WBE RS &, KL VKR
DF RO EREEROSRERE, Shix, ZRY
KB EREICERNTS n-gram ERLVOT
BRHETEC T B BB N OBRENRD IR &
EZzbhd, bbb, REBLAVOBRBRERDS
We | AND LV OBRB LD T BT, ER
BEREWTE BTREREE SN S ThH B,

BHIZ, MRITR n-gram HICBIL T, BRFEEHKL
NEREEROBREE~ T (F4), ERCZ. B
REREVNEE AND SRR 3 BECEN BB
RTHDHHRENMES B0 T, MEREERDHIR
KRB ARDETFREND, UL, Ra4DdDbh5

# 6 OR &ACBIT HRFEIFEY & A BEREER OB
Table 6 Number of query terms vs. number of the
proximity checks in OR queries

HRIRFRIL AR LR
2 125.8 | 124.6 (—1.0%)
3 1495.6 | 1389.7 (—7.1%)
4 3441.9 | 3062.8 - (—11.0%)
5 1323.6 | 952.6 (—28.0%)

o, HIRRIIRBEBECIRE L AL BER S —F
Thol, Zhik, BEBENEL RBIELRBLERN
BLLR20T, 2—PRIBYT 5 XBROZVHRE
TEBIRL | BRBEOCFRIP R BEMTH
B, TORR, MBEEPEL LB LR THER
EORER 2 UFREBRHEL | MEBHRESYIRX
N Kol B2z ON, EE, 2 TFEREFED
BB, BEFEE 2 OBAD 20% BBRRBEK 5 0B
BITIX 28% WML Tz,

5.2.2 OR & #

OR SfhicxtT 2BEREEE 5 IRT, 22T
b TR Y XA LY | ALEREERHHIR X
h, BEBERERIRTWS, =L, AND &4
LT B L EBORIBIANEN, ZTOEENELTE
DL, MEBEREZEHECEDRIN AND & OR C
BR5M5THD, AND RETFTIX, £RES-
WO BEECE L HEF SN 2 CEB DA TR, SBRBED
BB B TBRESEBTRRD T, EE
BBENDZ EREN, —F OR BREFTIX, &8
BREOREMICERT CICAEL mREEOVThNT
BYULEBLHUW SN EHACBWTORIBERE S S
BTE 28, ZhitBY T 201 BEEOBRBETL L &
HERLXBIHBL TV ABARRONB=D, &
BIN3Z BP0 Ths, R, kB
B35, AND OBAL iR, SBOFBPEHEMN
R&EDpoiz,

B RAE n-gram W25, BRETHLMERE
ESOBRE R 6 ITRT, T2 TCIHREERIC ST T
PBRERBOBIBRENEL RoTEY , BRI —K
LTW5, ZHiX, OR &M Cik, REBENEVE
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" &7 ANDNOT &MOFHMERE
Table 7 Evaluation results of ANDNOT queries

HEAR LR
B | MERERRK 5894.0 | 3809.4 (—35.4%)
BRI (cold) 0.745 | 0.693 (~7.0%)
K | RFEEH (warm) 0.204 | 0.163 (—20.1%)
% | ArEREEK 5870.6 | 3632.3 = (—38.1%)
BRI (cold) 0.752 | 0.682 (~9.2%)
B | B (warm) | 0.198 0.149  (—24.7%)

BT L ERBEICHY T A XEHCReHEI I &<
HEH B BiC e —PIIRBHE LB T& 59, AND
SUELITERY, 2 TERBHEOREITEDL RN,
LizRoT, REBERERZVZ ERZOE EMBERE
EE OB < hb EBLOhD, KR, 2 X
FREFOFEIL., BEFBR 2 OB 20%., BR
X5 DBAW 18% T, IHE—EBThHoT,

5.2.3 ANDNOT &4

ANDNOT &Rz 2B RER TIORT, &
TChH, MEREERERAL . RERBLEREN
TBY, #KE7AT Y XAOBFHESERTE L, &
MR OMBMAIX, OR &ML D b AND SRV,
Zhix ANDNOT HEFiX AND BEFO—RBLIR
ZBTERTE, MERENERTE IHANENE
HE&\EZIBNRD,

5.2.4 BAEFEH1

T ECOFMRERPD , EEEMHITBWTHHE—
BREARICHBITE n-gram EOF P RFEREINE
., BYHTHBZ R bhotr, T, BESEHD
T CIE®RBITE n-gram BOZEHVS,

9, BASM 1 BT 2 IMENEE R, BEE
H1IEEERD 1 CFREHFT, RS D n-gram
BRI THoRDiX TE] THY, BEEIT 195 T
Hote, £ T, OR BEB~OLHRBEYL 1 (B#
#iThi\v>), 200, 500, 1000, 2000 L E{LE¥ B &
LU, B BTE n-gram BICHT3HERREEZE 8
iR,

EHBEOFEEFD L HETAT Y XATHE,
BEEXE < 7512 ol CALBERZEREST —Reric il
MEBH0D0 1000 BLETRBALL TV, Zhik,
BB&MS OR BB ERIh D L, ROBRKE
2 OR - AND HEFOANTO TFIRALETD L 51T
7% (BZE AND(AY> 7Py b #K) LWV IRE
%% OR(AND(A > 27 Py b HRIZ),AND(A > 2
Yy b, D), ) IZRB), EDH, OR+ AND
BERETOMBREAKOSGESAR I, BEREEHR
BOTBLOEBXbND, —F: RERFHIIREL
EhiITHARLTWS, Zhix, NEREEFRORD X

SEOCEE May. 1999

]

b . OR EHHB~OELNEIC B 5RO BER
BMOPAHLEIDN D, 22— FOEH b IXRBERE
OEFREBEROT, (DR L LS EOFEZEL T
3) 1 SUEREEN OR BRI EREhRVnE oK
ERBMEIX 200 LTI 5008 L,

EAT T Y XA EDHBTIE, £ COERBEIZ
U CLEREER - SRR L blohal, 1 X%
RWEFEN AND HEFOF/— R LR 3BAT LR
TAEY XEBEHCHBZ ERBRBTE, BB,
BEATNAT Y XLOBE, HREZRRY., MERE
FEELEHMEL L blokE RoTWS, ZhiX,
BB BLRL 72 X e, OR EWEHICERT 5 L EN
REBEESRBEEEPICEREHBT 28, AT
U XATCH BOREFEICHT 2 RBOLRICALER
EREBINZDOTCHNERERZLHE KT 10T
H5,

5.2.5 BEEH2

BASM 2 Tk, MEHOBRERLEZDL DR OR
BPEATEY, ZOF /N8t 2 Lok e 2 @S
L3, LichioT, OR BEEERREI 1, 2, 5, 10,
20, 50, 100, 200, 500, 1000, 2000 & ZEiLS¥k,
R ER 9 ITTT,

ERREOREL, 4B TTRLZEY OBANE
Bl&hic, $hbb, #R7 A Y XL TR, BRIER 1
OBREIY S 2 PR Ui FRBRAER - B
BB/ EL, OR EBHEB~OEEREHTHHZ LR
bhs, UL, BIES 1000 BLETIEHA b I Rk
FIEHE AL TRBY ., BASRMH 2R TE I REX
5~ 500 BETHAHZ EREEL W, 28, 1000 Ak
THRERREHA S TV DIIRREMETIZ 1 3XF
BHRFERBE > CORBEM (HIZIT AND(OR(#
Nk, K F 2),0R&H, R))) Thotk, =EL., B
DO¥HEGM: AND(OR(R X X, %, B),OR(F—7
v, BLERE, v a— b)) Tk TR OBEBER 28 &
Bz, OR BEBCERL HBRRBITHHT
Hote, L oT, 1 UFRFEFEE OR EMEB~D
RSN b HMITIRANT 5L Y b, FRITREL
EREC XD FENEREEL OIS,

BEALIREOBT AL Y X2 5B 5 L, BHE
R 1, 2 DBRAERNTIX, SBEOFREETH B,
BB R~ & 5, BRREN 1, 2 CRABEBHE
BIEHRZOT, HMETAT Y XEBEFHTH DL L
Wtz B TE D, EHMBRER 1, 2 ORBAITIE
RBBILL TWB DI, BIED OR WETFOEET
1%, 5% btz targetDocld BAECHR/DADBERECHD
BN, OR OF /7 — Rt L CTAERE ML 5 Bk
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£ 8 BAZH 1 OFMEMR

Table 8 Evaluation results of MIX1 queries

N-gram F51Z 81 2 B AMREMEOBIRA 70 LB vk

ArERZE R BRI (cold) REEM (warm)

LRSS AR xR SRR A& LR
1| 163.8 | 128.0 (—21.9%) | 1.166 | 1.050 (—9.9%) | 0.271 | 0.138 (—49.1%)
. 200 | 164.5 | 128.1 (—22.1%) | 1.172 | 1.059 (—9.6%) | 0.278 | 0.145 (—47.8%)
500 | 220.7 | 133.8 (—39.4%) 1.385 | 1.277 (—7.8%) | 0.492 | 0.368 (—25.2%)
1000 | 257.2 | 111.6 (—56.6%) | 1.446 | 1.383 (—4.4%) | 0.551 | 0.470 (—14.7%)

2000 | 259.2 | 111.7 (—56.9%) 1.804 | 1.737 (—8.7%) | 0.922 | 0.836 (—9.3%)
£ 9 BAEH2OFMMER
Table 9 Evaluation results of MIX2 queries
B RERR HRFRFE (cold) BRREM (warm)

R HA HEER A YRR E-% LR
1| 8454.6 | 4069.0 (+17.8%) | 1.284 | 1.310 (+2.0%) | 0.286 | 0.302 (+5.6%)
2 | 3534.4 | 40445 (+14.4%) | 1.286 | 1.310 (+1.9%) | 0.289 | 0.303  (+4.8%)
5 | 31491 | 28372 (—9.9%) | 1.252 | 1.235 (—1.4%) | 0.206 | 0.284 (~4.1%)
10 | 1850.9 | 1443.0 (—22.0%) | 1.226 | 1.191 (—2.9%) | 0.293 | 0.270 (-—7.8%)
20| 1811.7 | 13658 (—24.6%) | 1.246 | 1.208 (—3.5%) | 0.318 | 0.201 (—8.5%)
50 | 1783.5 | 1836.5 (—25.1%) | 1.246 | 1.201  (—3.6%) | 0.319 | 0.289 (—9.4%)
100 | 15004 | 10517 (—29.9%) | 1.234 | 1.187 (—3.8%) | 0.313 | 0.283  (—9.6%)
200 | 15004 | 1051.7 (-29.9%) | 1.236 | 1.187 (—3.8%) | 0.314 | 0.283 (~9.9%)
500 | 15004 | 10517 (—29.9%) .| 1.235 | 1.188 (-3.8%) | 0.314 | 0.283 (-9.9%)
1000 | 1575.9 | 1165.8 (—26.0%) | 1.245 | 1.200 (~3.8%) | 0.325 | 0.205  (~9.2%)
2000 | 1252.3 | 71565 (—42.9%) | 1.314 | 1.266 (—3.7%) | 0.395 | 0.361 (—8.6%)

ZRECHT I S5Ica—F 4 7S Tna 2 LIZRRE
Bd3. T74bb, OR BEF~OEHRETDT OR
# AND OF /—FiZH 256 . AND B8R V=

YALTEMET 5L, OR OF / —FIiCALET B
FBCOVWTIRE 2D AF v 7 (3) L AT v (6) D 2
HFCABBRERTDRLTLE>DOTH D, ORER
FOB/MERIXBORBEOEELHATIIE, 0
B ERETE B L BbhD,

BAKIE]L., 20RERETE L. BRBEL L
T 5 ~ 200 BEOLBH/NSREZEATON
BTHDBEEZLL D Tk, ZORKHEATHIIT,
BRRRERIIEE ~ETHh A L BPHRTEE, Zhid
R A—FRBECHEVREROILER N & %
BHRLTBY ., MEVAT AL > THELWEMT
b5,

5.3 # ®

IHETOFEERIC LY, FRXCTRELEE
EHONBFE— RERMBREOEKLE T/ —F
BIZIST = OR HEMRB~ DL — HSRFER O M
AP THHZ L PR TE T, ZO/BTIX, LD
2T b BEfFD n-gram R3 AT O EE{LFEL
ORI DVWTEET S,

BEOEE/LFED 1 SHIXCFEERSEC T
EPRABTELVOb0THS VIO, g 13) IR
ERTWALI, n BT 5 HELBRFEO L

5BRBEFEOR BRI BRAHFMEDO LD RDT, &
AOCHASDEETH D, EL, BBRFEEER
VR BV TRAET A BRESERTS
LOEHELEERBTALOROTC, XFRBITET T
ERE L LB RITIIIERERRE Ry — AWK
L., B boBRIhE<rLBELbN S,

2 D BOEBLFHRIERSORIBEDOTRTD
% D10 EREEN OB AL RE O/NEL L RROE
BT MAEOEHRTHY N0, KAERCEALL
RECHLEMEBE AL TWAY, LER-T, BifiE
TOFHER RITRRFILEZEMN L H1AEDYETRAD
HETHY., MEOHMESDERESTHBEZ LT T
CHBENILLEIZLBTEL), <L, #
RFEHIIAEY LONBERY/NESTEHLOROT,
HBID 77 A VHEEDERLR (BT cold start ST
D) BEILSPROK/NCFET BT U ThH, BRAERH
PEALSEIZ IRV EEZLRS,

3 2B OBELFHRIBEASHEBRT 2B 2 0OBR
R AT HNBERIEOK R TH B %), AR
RUEFHRI, BROBRBEOREFICL>THESR
NABMRERIA L THEREEZEKTHLOTH SO
T, Hx OBRBEFEOLBEFEITEEFEL RV, B,
5.2.1 ~5.2.3 BiOFMERIZ X V., 2 BEOKRKEEL

* ERALKERT 7 A AVOBEITRX 13) KEEh TV,
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BRICH L CHEFT LT ) XAREPTHDIZ L 23w
BTELE,

PERTEE LS., BBFEBRIEFOEER/LPE
EBLFETH LR HARDETRLEX BN D,

6. H Y IC

ARI T, n-gram KIHOLDDEELEMAEORE
2B PREERRL -, BANRE 23R n-gram
BERLTHY ., BORETBLBICE S MBREL T
& HPE VITDORVE & CREFEEEMRT 5. A
X Tk, AND, OR, ANDNOT HEFOUET A=
VAREREL, fEREOLRVWTIAT Y X LEHR
KU, E5IZ, AND, OR BANFRALZIBASL
TR L Tk, ORBRIERIC ML L BB DT/ —F
DRITRL TRIMIC OR MW ERT 5 L5
FieRR LUk, FMEFE 5 S0 AVTEHMEL -
R, REFHBOADENBR T,

LS%IL, RFHBEOT L XL TRE VD ~ORE,
BIOAFRCBEL LRI O 7 7 A MEBEORR2E
ATV,
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(ERR 10 48 12 A 20 BZA)
(FRL 1148 3 A 27 Bi%)

(HUYEEEE HE BlE)
| M R (E2B)

1985 EHR KR TR T 56
F. 1987 SERIKFERER TR/
FRER T EERELRRET. B
£ (#R) U a— Atk 1EEBRR -7 —
FR— R EOMFRBASRBICHEE.
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wE  E Bx X

1983 F RN K FH R LW ERD 1985 4 H AEFHPFH: L
FRERK. 1085 FRKFRFEE HPEE BFEHAER ¥ RAE
FRF AR FERE LR (BR) A A7 v 7 A4k, 1989 & (¥)

Yyl AR, 1994 4EY a—
VAT AHZ (BR) AH.

ET. R4 (BK) U a— Atk ATH
B8 - SCEALHE - BRSO

T EE.




