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N.M-gram: Improving Space Efficiency by Using N-gram with Hash Values

MiK10 HIRABAYASHIt and KOUICHIROU ETO tt

N-gram is a major method to construct inverted index for full-text search system. Although N-gram has
advantages of language neutrality and perfect recall ratio, it has shortage that the inverted index becomes
large because tokens extracted from documents are enormous. In this paper; we describe V. M-gram method,
which improves space efficiency of N-gram. N.M-gram uses hash values of succeeding tokens instead of off-
set data in each document. N.M-gram can improve spacc efficiency without losing advantages of language

neutrality and perfect recall ratio.
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Table 4 Space Efficiency of 2.2-gram and N-gram
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Fig.4 Graph of Size of Inverted Indexes
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Table 5 Comparison of Variants of N.M-gram

Fiik 1.0-gam | ll-gram | 1.2-gram | 13-gram | I-gram | 2.0-gram | 2.1-gram | 2.2-gram | 23-gram | 2-gram
Btz DR 8,661 8,661 8,661 8,661 8,661 560,149 | 560,149 | 560,149 560,149 | 560,149
LO— R 256t | 207MB | 242MB | 41.8MB | 653MB | 460MB | 68.1MB | 789MB | 97.8MB | 1198MB | 91.9MB
F A Lk 0.02MB- | 002MB | 002MB | 0.02MB | 0.02MB | 30MB | 3.06MB | 306 MB | 3.06MB | 3.06 MB
A Zlsdt 206MB | 241MB | 417MB | 653MB | 459MB | 650MB | 758MB | 947MB | 1168MB | 889MB
M B+AOYAX | 89MB | 91MB | 224MB | 39.1MB | 352MB | 303MB | 325MB | 508MB | 692MB | 659MB
14 B+RODIESH 0.430° 0.376 0.536 0.597 0.765 0.444 0.412 0.519 0.577 “:| 0.716
Lo 37 8 38 B 528 63 % 64 1 136 ¥ 144 5 1641 | 1828 | 1138
LN 3.0-gram | 3.l-gram | 3.2-gram | 3.3-gram 3-gram 40-gram | 4.l-gram’ | 42-gram | 43-gram 4-gram
Rz 0K 3,604,461 | 3,604,461 | 3,604,461 | 3,604461 | 3,604,461 | 8393111 | 8393,111 | 8393111 | 8393111 | 8393111
La-RIAZAit | 1186MB | 133.6MB | 153.1MB | 1749MB | 141.3MB | 191.5MB | 2088MB | 2289MB | 250.6 MB | 213.6 MB
F—Y it 289MB | 289MB | 289MB | 289MB | 289MB | 87.7MB | 877MB | 877MB | 877MB | 87.7MB
1 TGl 89.7MB | 1047MB | 1243MB | 1460MB | 1124MB | 103.8MB | 12I.1MB | 141.2MB | 1629MB | 1260 MB
JERE B+ADOY X | 658MB | 776MB | 982MB | 119.1MB | 1084MB | 1184MB | 1412MB | 1626 MB | 1848MB | 167.4 MB
I3 B+ADIEHH 0.555 0.581 0.640 0.680 0.767 0.618 0.676 0.710 0.7373 0.783
R L638 B | 16808 | 1688 | L7798 | 1,639% | 78398 | 78528 | 8009% | 80638 | 8062 B
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Fig.5 Graph of Size of Inverted Indexes of N.M-gram’
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Table 6  Ranking of Virtual Space Efficiency

e AFRMIER | KOAtET) | Ul
1.1-gram 12,658 2 0.158
1.2-grim 7.692 3 X 0.390
1.0-gram 6329 1 X 0.155
1.3-gram 5.891 4 XF 0679
2.1-gram 5.309 3L 0.565
2.2-gram 4.524 405 0.884
2.3-gram 4.156 5 LE 1.203
2.0-gram 3.802 2 30F 0.526
3.1-gram 2962 4 ¥ 1.350
3.2-gram 2.929 5 XF 1.707
3.3-gram 2.897 6 ¥ 2,071
3.0-gram 2.620 3 CF 1.145
4.3-gram 2177 7 F 3214
4.2-gram 2.121 6 XF 2828
4.1-gram 2,035 5 WEF 2.456
4.0-gram 1.942 4 0¥ 2,059

- N R Y TR E5
Table 7 Ranking of Search Performance

Jik LENS T 2 Thil]
4.1-gram | 064 IUR | 78528
4.2-gram [ 065 IUB 8,009 ¥
40-gram | 067 TUB | 7839 B
43gam | 067 IUB | 8063 B
3l-gram | 072 UM 1,680 ¥

dgam | 0.3 U | 8062 B
30.gram | 075 208 | 1,638 B
32.gram | 075 1U% | 1,688 B
33-gam | 076 IUB | 1,798
3gam | 099 SUB | 1,639 B

2.1-gram | 214 IUF 144 B
22-gram | 2.59 U 164 B
23-gram | 2.73 U 182 ®
2.0-gram | 2.76 1 136 B
2-gram 548 2B 173 B
1.1-gram 587 2B 8
1.0-gram 9.75.3 U kYR
l2gnm | 1109 208 | 58
1.3-gram | 1236 3§ 63 ¥
lgam | 3314 208 | 64
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