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Chinese and Japanese Word Segmentation Using
Word-level and Character-level Information

TETSUJI NAKAGAWA®TTT and YUJI MATSUMOTO/

In this paper, we propose a hybrid method for Chinese and Japanese word segmentation,
which combines a Markov model-based method and a character tagging method. While word-
based Markov models have difficulties in handling unknown words, character-based tagging
methods perform worse in handling known words compared with other methods. To compen-
sate the weaknesses of these approaches, we propose a combined method of those two. By
handling part-of-speech tags and position-of-character tags equally, word-level hypotheses and
character-level hypotheses are treated uniformly, and known words and unknown words are
processed simultaneously. Experiments of word segmentation are conducted on multiple Chi-
nese and Japanese corpora, showing that the proposed method achieves higher performance
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than most of previous methods.
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Fig.1 Example of a lattice representing possible hypotheses.
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Table 1 The ‘B, I, E, S’ tag set.
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Fig.2 Example of the character tagging method.
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Fig.3 Example of the proposed method.
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Fig.4 Algorithm for calculating \;.
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Table 2 Statistical information of corpora.

0o0o | oooooo GGG ooo 0oooo | 0ooo
ooo (Doo/ooo0) oooo oo 00O

AS 5,806,611 11,985 ( 11,727/ 258) 146,212 | 0.0215 | (64)

CTB 250,841 39,922 ( 32,706/ 7,216) 19,730 | 0.1808 | (64)
HK 239,852 34,955 ( 32,463/ 2,492) 23,747 | 0.0713 | (64)

PK 1,121,017 17,194 ( 16,005/ 1,189) 55,226 | 0.0692 | (64)

EDR 2,452,801 | 2,652,156 (2,600,051/52,105) 82,410 | 0.0196 15
KY 198,514 31,302 ( 29,926/ 1,376) | 1,870,461 0.0440 42

RWCP 840,879 93,155 ( 93,085/  70) 315,602 | 0.0008 69
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Table 3 Calculated values of \;.

oooo A1 Az A3 A4
AS 0.037  0.178 0.257  0.528
CTB 0.044 0.219 0.251 0.486
HK 0.048 0.251 0.313 0.388
PK 0.055  0.207 0.242  0.495
EDR 0.047 0.085 0.116  0.752
KY 0.080 0.126  0.237  0.556
RWCP 0.073  0.105 0.252  0.571
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Table 4 Performance of Chinese word segmentation.

oooo R P F Rinown  Runknown | Prknown  Punknown
oooo 0.973 0.970 0.972 0.979 0.717 0.974 0.804
Bakeoff-1 0.966 0.956 0.961 0.980 0.364 0.961 0.584

AS Bakeoff-2 0.961 0.958 0.959 0.966 0.729 0.967 0.614
Bakeoff-3 0.944 0.945 0.945 0.952 0.574 0.957 0.490
0ooooo 0.917 0.912 0.915 0.938 0.000 0.914 0.000
ooooooo 0.961 0.959 0.960 0.966 0.744 0.968 0.610
0oooo 0.877 0.872 0.874 0.927 0.647 0.919 0.655
Bakeoff-1 0.886 0.875 0.881 0.927 0.705 0.913 0.701

CTB Bakeoff-2 0.892 0.856 0.874 0.947 0.644 N/A N/A
Bakeoff-3 0.867 0.797 0.831 0.963 0.431 0.834 0.551
ooooo 0.800 0.663 0.725 0.963 0.063 0.736 0.084
0000000 0.832 0.836 0.834 0.872 0.650 0.913 0.552
0000 0.951 0.948 0.950 0.969 0.715 0.965 0.718
Bakeoff-1 0.947 0.934 0.940 0.972 0.625 N/A N/A

HK Bakeoff-2 0.940 0.908 0.924 0.980 0.415 0.922 0.627
Bakeoff-3 0.917 0.915 0.916 0.936 0.670 0.953 0.537
ooooo 0.908 0.830 0.867 0.974 0.037 0.867 0.052
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ooono 0.957 0.951 0.954 0.970 0.774 0.961 0.811
Bakeoff-1 0.962 0.940 0.951 0.979 0.724 0.943 0.904
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0ooooo 0.930 0.883 0.906 0.973 0.347 0.896 0.579
ooooooo 0.932 0.931 0.931 0.943 0.786 0.958 0.639
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Table 5 Performance of Japanese word segmentation.
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Table 6 Performance for different probabilistic models.
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Table 7 Effect of character-level features.

oDooo F(Rinown/Runknown) 0ooo F(Rinown / Runknown)
00 bigram | OO trigram | 00O bigram 0000000000 | 0000000000
AS 0.967 0.967 0.972 AS 0.969 0.972
(0.976,/0.616) | (0.976/0.624) | (0.979/0.717) (0.977/0.671) (0.979/0.717)
CTB 0.868 0.868 0.874 CTB 0.854 0.874
(0.924/0.636) | (0.923/0.644) | (0.927/0.647) (0.904/0.593) (0.927/0.647)
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Table 8 Effect of unsupervised learning.
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Fig.5 Generated unknown word candidates in a word-based approach and a
character-based approach.
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Fig.6 Examples of correctly identified unknown words.
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