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Automatic Sentence Alignment for Monolingual Corpora

TsuroMU HIRAO," JUN SUZUKI,t HIDEKI ISOZAKI
and EISAKU MAEDAt

Monolingual aligned corpora are valuable for natural language processing. In order to gener-
ate text, we can learn various kinds of knowledge from such corpora. For instance, summary
sentences aligned with sentences from original documents are useful for the study of auto-
matic summarization. However, conventional methods are not suitable for one-to-many or
many-to-one correspondence. Moreover, the similarity measure for alignment is not optimal.
In this paper, we propose an automatic alignment method for these monolingual corpora.
First, we transform a sentence into the set of paths in its dependency structure. Next, we
calculate similarity between the paths based on ESK (Extended String Subsequence Kernel)
which consider both sequential patterns and semantic labels. By using these procedures, we
can derive a one-to-many or many-to-one correspondence among sentences. Experimental
results using TSC (Text Summarization Challenge) corpora, which align summary sentences
with original sentences, showed that our method obtained 0.95-0.97 F-measure for single doc-
ument summarization data and 0.72-0.83 F-measure for multiple document summarization
data.
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Fig.1 An example of dependency tree.
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Fig.2 Extended String Subsequence Kernel.
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Table 3 Description of abstracts and extracts.

oo oo oo/o00

05 Short 268 (0.304) 217 (0.246) 1.24

Long 462 (0.524) 366  (0.415) 1.26

Al Qo Shert | 11,048 (0.324) 6964  (0.201) 1.59
Long | 19,152  (0.561) 13,639  (0.400) 1.40

05 Short 258 (0.293) 206 (0.234) 1.25
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Ggp  Short | 11,337 (0.332) 6,844 (0.201)  1.66
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Table 2 Description of TSC data.
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Table 4 The distribution of aligned original sentences

corresponding to one summary sentence.

1 2 300
Short | 167 / (0.770) 49 / (0.226) 1 / (0.005)
Long | 283/ (0.773) 73/ (0.199) 10 / (0.027)
Short | 157 / (0.762) 46 / (0.223) 3 / (0.015)
Long | 299 / (0.817) 59 / (0.161) 11 / (0.022)
Short | 198 / (0.846) 34 / (0.145) 2 / (0.009)
Long | 359 / (0.890) 39 / (0.097) 5 / (0.012)
Short | 295 / (0.833) 45 / (0.127) 14 / (0.040)
Long | 530 / (0.869) 65/ (0.107) 15 / (0.025)
Short | 156 / (0.667) 58 / (0.248) 20 / (0.085)
Long | 312 / (0.698) 104 / (0.233) 31 / (0.069)
Short | 191 / (0.705) 62 / (0.229) 18 / (0.066)
Long | 392/ (0.797) 76 / (0.154) 24 / (0.048)
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Table 5 The distribution of aligned summary sentences

corresponding to one source sentence.

1 2 300

Short | 268 / (1.000) 0 0

Long | 458 / (0.994) 2 / (0.006) 0

Short | 258 / (1.000) 0 0

Long | 440 / (1.000) 0 0

Short | 272 / (1.000) 0 0
0
0
2
0
1

Al

A2

Long | 450 / (1.000) 0
Short | 406 / (0.974)

. 11 / (0.026)

Long | 660/ (0.964) 22 / (0.032) / (0.004)
Short | 317 / (0.975) 8 / (0.025)

B2 Long | 550/ (0.945) 31 / (0.053) / (0.002)
Short | 364/ (0.989) 4/ (0.011) 0

B3 Long | 583/ (0.965) 16/ (0.025) 5/ (0.010)
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Table 6 Evaluation results w/o DTP (single documents).

ESK WSK
(d=2) (d=3) (d=4) (d=2) (d=3) (d=4) BOW  2-gram 3-gram TREE
Al | 0.951 0.941 0.907 0.957 0.958 0.955 0.906 0.952 0.948 0.386
Short A2 | 0.938 0.928 0.901 0.943 0.948 0.954 0.916 0.945 0.950 0.322
A3 | 0.927 0.922 0.906 0.949 0.944 0.951 0.875 0.926 0.926 0.436
Al | 0.951 0.949 0.935 0.959 0.956 0.959 0.916 0.961 0.959 0.418
Long A2 | 0.961 0.968 0.958 0.973 0.972 0.972 0.940 0.966 0.972 0.476
A3 | 0.961 0.967 0.966 0.961 0.964 0.966 0.926 0.961 0.962 0.547
07 DTPOOOOODOOOOOOOOOOOOOODOODOOOOO
Table 7 Evaluation results with DTP (single documents).
DTP(ESK) DTP(WSK) DTP DTP DTP
(d=2) (d=3) (d=4) (d=2) (d=3) (d=4) (BOW) (2-gram) (3-gram)

Al | 0.966 0.960 0.958 0.957 0.950 0.946 0.955 0.952 0.952

Short A2 | 0.973 0.970 0.966 0.955 0.955 0.943 0.959 0.957 0.956

A3 [ 0.952 0955 0.955 0.960 0.961 0.960 0.964 0.962 0.960

Al | 0947 0.951 0.956 0.956 0.955 0.950 0.960 0.951 0.949

Long A2 | 0975 0975 0.976 0.974 0.973 0.958 0.972 0.973 0.975

A3 | 0.965 0.965 0.961 0.968 0.969 0.966 0.962 0.960 0.960
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Table 8 Effectiveness of DTP (single documents).
ESK WSK

(d=2)  (d=3)  (d=4)  (d=2)  (d=3)  (d=a) BOW  2-gram  3-gram
Al +0.015 +0.019 +0.051 +0 —0.008 —0.009 +0.049 +0 +0.008
Short A2 +0.035 +0.042 +0.065 +0.012 +0.007 —0.011 +0.043 +0.012 +0.006
A3 +0.025 +0.033 +0.049 +0.011 +0.017 +0.009 +0.089 +0.036 +0.034
Al —0.004 +0.002 +0.021 —0.003 —0.001 —0.009 +0.044 —0.010 —0.010
Long A2 +0.014 +0.007 +0.018 +0.001 +0.001 —0.014 +0.032 +0.007 +0.003
A3 +0.004 —0.002 —0.005 +0.007 +0.005 +0 +0.036 —0.001 —0.002
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Table 9 Evaluation results w/o DTP (multiple documents).

ESK WSK
(d=2) (d=3) (d=4) (d=2) (d=3) (d=4) BOW 2-gram 3-gram TREE
B1 | 0.609 0.580 0.520 0.547 0.504 0.402 0.576 0.644 0.638 0.127
Short B2 | 0.608 0.622 0.616 0.660 0.660 0.622 0.590 0.668 0.680 0.161
B3 | 0.674 0.683 0.667 0.712 0.697 0.633 0.654 0.733 0.729 0.158
B1 | 0.674 0.670 0.602 0.627 0.588 0.485 0.655 0.714 0.711 0.223
Long B2 | 0.717 0.742 0.740 0.769 0.767 0.740 0.690 0.751 0.761 0.236
B3| 0.775 0.793 0.793 0.821 0.820 0.803 0.768 0.805 0.817 0.280
010 DTPOOO0OOOOODOOODOOOOOOOOOOOOOOOO
Table 10 Evaluation results with DTP (multiple documents).
DTP(ESK) DTP(WSK) DTP DTP DTP
(d=2) (d=3) (d=4) (d=2) (d=3) (d=4) (BOW) (2-gram) (3-gram)
B1 | 0.741 0.731 0.695 0.725 0.714 0.719 0.719 0.725 0.728
Short B2 | 0.721 0.697 0.697 0.735 0.725 0.733 0.710 0.720 0.721
B3 | 0.776 0.786 0.766 0.776 0.782 0.776 0.748 0.768 0.760
B1 | 0.793 0.788 0.795 0.792 0.789 0.787 0.784 0.797 0.797
Long B2 | 0.805 0.801 0.783 0.794 0.792 0.798 0.797 0.797 0.794
B3| 0.838 0.817 0.838 0.848 0.840 0.838 0.828 0.835 0.830
011 DTPOUOO0OOOOOOOODOOOOOOOOOOODOOOOOCODO
Table 11 Effectiveness of DTP (multiple documents).
ESK WSK
(d=2)  (d=3)  (d=4)  (d=2)  (d=3)  (d=4) BOW  2Zgram = S-gram
B1 +0.132 +0.151 +0.175 +0.178 +0.210 +0.317 +0.143 +0.081 +0.096
Short B2 +0.113 +0.075 +0.081 +0.075 +0.065 +0.111 +0.120 +0.052 +0.041
B3 +0.102 +0.103 +0.099 +0.064 +0.085 +0.143 +0.094 +0.035 +0.031
B1 +0.119 +0.118 +0.193 +0.165 +0.201 +0.302 +0.129 +0.083 +0.086
Long B2 +0.088 +0.059 +0.043 +0.025 +0.025 +0.058 +0.107 +0.046 +0.033
B3 +0.063 +0.024 +0.045 +0.027 +0.020 +0.035 +0.060 +0.030 +0.013
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