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N.M-gram: A Method of Full-text Search by N-gram Index with Hash Values

Mikio HIRABAYASHIT and KOUICHIROU ETOftt

When constructing inverted index for full-text search system, using N-gram is very popular
for tokenizing text data of target documents. Although the method has many advantages like
language neutrality and perfect recall ratio, it has also shortage that the index file becomes
large. The tokens extracted from documents tend to be enormous. The system needs to
record each offset of tokens into the index file because the offset is used for checking adja-
cency of tokens. The index file tends to be large because of the offset. In this paper, we
describe N.M-gram method, which improves space efficiency of N-gram. The method uses
hash values of succeeding tokens instead of offset in each document. The method can improve
space efficiency without losing advantages of N-gram.
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Fig.1 The structure of the inverted index of N-gram.
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Fig.2 The structure of the inverted index of N.M-gram.
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Table 1 An example of records organized by tokens.

goojo

00 |0x00, 0x00, 0x00, 0x01, 0x02, 0x99, 0xF6, 0x00

00 |0x00, 0x00, 0x00, 0x01, 0x02, 0x8F, 0x02, 0x8F, 0x6D, 0x00
00 |0x00, 0x00, 0x00, 0x01, 0x02, 0x88, 0x66, 0xB1, 0x1D, 0x00
00 |0x00, 0x00, 0x00, 0x01, 0x01, 0x42, 0x77, 0x00

00 |0x00, 0x00, 0x00, 0x01, 0x01, 0xF2, 0x48, 0x00

N.M-gramO0 0000000 N-gram OO00000000O00O0 33

02 0000000000000
Table 2 The testing environment for the performance
measurement.

ooooo 1.70 GHz0 Pentium MO
ooooo 1G 0000PC-27000
0000000 | 30GBOATA-1000 4200 rpm /9.5 mm[J

oS Linux 2.4.310ext2 000000000
ooooo GLIBC 2.3.30 QDBM 1.8.600 ZLIB 1.2.3

00 |0x00, 0x00, 0x00, 0x01, 0x01, 0x20, 0x84, 0x00
00 |0x00, 0x00, 0x00, 0x01, 0x01, 0x1D, 0xFF, 0x00
0 |0x00, 0x00, 0x00, 0x01, 0x01, OxFF, OxFF, 0x00
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Fig.3 The algorithm of search.
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0 3 2.2-gram 00 N-gram 000
Table 3 The comparison between 2.2-gram and N-gram.

0o 2.2-gram | 2-gram 3-gram 4-gram
ooooo 560,149 | 560,149 | 3,596,486 | 8,370,344
goooobooo (91.72MB|91.92MB [ 140.83 MB|212.95 MB
0oooooo 3.06 MB | 3.06 MB | 28.82MB | 87.42 MB
opooooao 88.65 MB|88.86 MB [112.01 MB|125.53 MB
00 B+0OOODOO |60.44 MB |65.85 MB|108.08 MB [166.91 MB

00 B+OOOOO| 0.659 0.716 0.767 0.783

pooo 158 O 165 0 1,551 0 7,510 O

AT D20 A ZLMB)

20-gram  2-gram  3-gram  4-gram
04 22gram 00 N-gram 00000000000 O0OO
Fig.4 The inverted index size of 2.2-gram and N-gram.
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Table 4 The entropy of each token of N-gram and N.M-
gram.

oo 000000 |00oooo
2-gram |11.46 000 | 996.90 MB | 723.56 MB | 0.725
2.1-gram | 4.06 000 799.13MB | 475.89 MB | 0.595
2.2-gram | 6.94 000 |1008.45MB | 655.45 MB | 0.649
2.3-gram | 8.59 000 |1237.40 MB | 853.84 MB | 0.690
3-gram |11.83 000 |1336.31 MB | 1141.09 MB | 0.853
3.1-gram | 3.60 000 |[1132.43MB | 883.42MB | 0.780
3.2-gram | 6.22 000 |1347.44MB | 1090.23 MB | 0.809
3.3-gram | 7.74 000 |1575.97MB | 1316.71 MB | 0.835

00 B+O |000O
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22-gram i
23-gram [
3-gram [
31-gram
32-gram [

33-gram &

05 N-gram 0000 N.M-gram 00000000000
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Fig.5 The entropy of each token of N-gram and N.M-
gram.
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Table 5 The comparison of the search performance.

oo 4000000 ooooono
2-gram 82.3 000 59.3 000
2.1-gram 31.3000 248000
2.2-gram 323000 27.7000
2.3-gram 36.8000 30.3000
3-gram 26.7000 22,5000
3.1-gram 57000 155000
3.2-gram 6.0000 17.8 000
3.3-gram 6.5000 20.8000

2-gram

21-gram

22-gram

23-gram

3-gram

3.1-gram

3.2-gram

33-gram

06 OOOOODOO
Fig.6 The comparison of the search performance.
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Table 6 The frequency of search word length.
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100 1189 | 0.031 0.031
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500 5197 | 0.135 0.750
600 3474 | 0.090 0.841
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800 1443 | 0.037 0.942
900 913 0.023 0.965
w000 591 0.015 0.981
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Fig.7 The length ratio of search word.
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Table 7 The precision of each search word length.
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