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ABSTRACT

This paper reports the evaluation results of our textual en-
tailment system at NTCIR-9 RITE task. We participated
in the Japanese Binary-Class (BC) subtask. In our system,
the meaning of a text is represented as a set of dependency
triples consisting of two words and their relation. Compar-
ing two sets of dependency triples with respect to conceptual
and character-based similarity, a subsumption score is cal-
culated and used to identify textual entailment. This paper
provides a description of our algorithm, the evaluation re-
sults and discussion on the results.
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1. INTRODUCTION

The meaning of a sentence can typically be considered as
a set of facts expressed in it. In this view, textual entailment
between two texts can be seen as a subsumption relation be-
tween sets of facts expressed in them. In a sentence, facts
are often expressed by pairs of words, or bunsetsu segments
in Japanese, one of which depends on the other. We intro-
duce a notion of a dependency triple that consists of two
dependent words and their relation type, which is often rep-
resented by postpositional particles in the sentences. There-
fore, sentence meaning is modeled as a set of dependency
triples, and textual entailment as identifying how much of
dependency triples in f2 are subsumed in #;. By taking this
approach, we can deal nicely with word dependency as well
as word transposition and adnominal clauses.

In order to determine to what extent a triple is subsumed
in a text, we need to compare two triples. We define sim-
ilarity measures between two triples considering both con-
ceptual and character-based aspects. With these measures,
a subsumption score is calculated, and textual entailment
is identified depending on whether the subsumption score
is greater than a threshold value predetermined through an
experiment with the training data.

2. ALGORITHM

2.1 Overview

Processing flow of our system is illustrated in Figure 1.
When a text pair (¢1,t2) is given, we first conduct linguistic
analysis of each text. Then we extract dependency triples
from each text, and obtain two sets of dependency triples
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Figure 1: Processing Flow

corresponding to t; and f2. Comparing these sets, we calcu-
late a subsumption score, and identify whether #; entails 2
or not based on this score.

2.2 Linguistic Processing

First, we conduct the morphological analysis using MeCab
[1] and the dependency analysis using CaboCha [2] for in-
put Japanese texts ¢; and t2. Then, referring to the EDR
Japanese word dictionary [3], concept IDs are attached to
the head word of each bunsetsu segment in ¢; and t».

2.3 Extracting Dependency Triples

In this phase, a set of dependency triples is created from
each text. A dependency triple (w1, p, w2) consists of two
words w1 and w2, where w: depends on ws, and the rela-
tion type p between w; and ws. For each pair of depen-
dent words contained in the dependency analysis result of
a text, we create a dependency triple, in which the relation
type is typically identified with a postpositional particle of
the dependent word. Exceptions are adnominal clauses and
binding particles such as “wa” and “mo”; in these contexts,
appropriate case particles are inferred using heuristic rules.

For various reasons, similar facts are not necessarily ex-
pressed by the same dependency structure in different texts.
Therefore, we need to expand the set of dependency triples
in order to enable more flexible matching and achieve higher
recall. We apply the expansion rules shown in Table 1 to
the triple set for ¢;.

— 400 —



Proceedings of NTCIR-9 Workshop Meeting, December 6-9, 2011, Tokyo, Japan

Table 1: Rules for Expanding a Triple Set
Condition Added Triple
(w1, p, w2) where p is a coordinating
particle (CP) such as “to” and “ya”
(w1, p1,w2), (w2, p2, ws) where p1 is
either a CP or adnominal particle “no”
(w1, p1,w2), (w2, p2, ws) where p; is
neither a CP nor “no”

(w2, p, w1)

(w17p2, ’ll)'a)

(w1, p1,ws)

2.4 Calculating Subsumption Score

In order to identify how much of dependency triples in
to are subsumed in t;, we search for the most similar #;
triple to each ¢» triple, and calculate a subsumption score
by averaging the similarity values. Assume the set of depen-
dency triples created from #1 is {u1,ua,..., un}, and the set
created from t2 is {v1,v2,...,Um}. Then the subsumption
score is calculated as follows:

m

. 1 .
subsumption score = — Z(lrg%xn(szm(uz, v;)))

Jj=1

where sim(u;,v;) is a similarity value between two triples

u; and vj.
The similarity value between triples u; = (w1, p, w2) and
v; = (wi,p’,wh) is calculated as a product sim(wi,w?) -

sim(p,p’) - sim(wz,ws). In our experiment, the similarity
between words w and w' is calculated by three methods.
The first method calculates the conceptual similarity based
on the EDR concept classification dictionary. We use a vari-
ation of the path length based method [4], which considers
the proportion between depths of concepts of both words
and the most specific concept that subsumes them. The sec-
ond method calculates the surface character-based similar-
ity, that is, the ratio of the number of characters commonly
contained in w and w’ divided by the number of characters
in w’. The third method is a conjunction of the first and the
second methods, that adopts the maximum value of them.
The similarity between the relation types p and p’ is 1 if
p = p’, and «a otherwise, where « is a constant between 0
and 1.

2.5 Identifying Textual Entailment

We conclude that t; entails ¢2 if the calculated subsump-
tion score is greater than a threshold value predetermined
through a preliminary experiment using the training data.
Figure 2 shows an example of the relationship between thresh-
old value and accuracy taken from the preliminary experi-
ment results. In this example, we only consider the concep-
tual similarity between words in calculation. In this case,
we determine the threshold value as 0.3, which maximize
accuracy to 0.580.

2.6 Example

In this section, I illustrate our algorithm with the follow-
ing simple example from the training data.

t1: 7S 7Sy 3 duEEy SREE I 5T 5,
(Bearded seals live in the Arctic and Subarctic Circle.)

t2: POy PSR TR S,

(Bearded seals live in the Arctic Ocean.)

30

25

20 1 JAY

# 15 A -

10 \‘: / £
5 ’ VV V'K\ -

0 ——T—T 7777 T T T T T T

a 01 02 03 04 05 06 07 08B 09

Subsumption Score

Figure 2: Plot of Threshold and Accuracy

The dependency triples extracted from each text and the
most similar pairs are shown in Figure 3.

tl t2
(FOdbes7H 5w 0, 8T 5)

Bearded seals live 1.0

dHiEm, ©, BitEE) T,

ArcticCircle  Subarctic Circle (T THSL AL £ 8T D)
Bearded seals live
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Arctic Ocean live
Subarctic Circle live
B, (L, E8T3 gl
Arctic Circle live (0.667)

Figure 3: Subsumption of Dependency Triples

Underlined triples in the figure are obtained by the ex-
pansion rules in Table 1. The conceptual similarity between
the Arctic Circle and the Arctic Ocean is 0.464, and the
character-based similarity between them is 0.667 (two com-
mon characters out of three). Therefore, the subsumption
score between ¢ and t2 is (1.0 + 0.464)/2 = 0.732 if we use
the conceptual similarity, and (0.1 + 0.667)/2 = 0.833 if we
use the character-based similarity.

3. EXPERIMENT

3.1 Formal Run Results

For the formal run, we submitted three runs, which are
summarized in Table 2.

Table 2: Submitted Runs

Similarity Calculation
Run ID Concept A Cher TRop| Threshold
SITLP-JA-BC-01 vV 0.30
SITLP-JA-BC-02 Vv Vv 0.25
SITLDP-JA-BC-03 Y v |V 0.30

Three runs differ in the method to calculate similarity
between dependency triples, which we explained in Section
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Table 3: Result of Submitted Runs

SITLP-JA-BC-01 énsw‘; Total SITLP-JA-BC-02 ?nswe;l Total SITLP-JA-BC-03 {?nsw‘; Total
System Y 181 | 173 354 System Y 163 | 157 320 System Y 168 | 171 339
Y N 69 | 77| 146 Y N 87 | 93| 180 Y N 82| 79| 161
Total 250 | 250 500 Total 250 | 250 500 Total 250 | 250 500
Accuracy = 0.516 Accuracy = 0.512 Accuracy = 0.494
-2.4. Concept” and “Char me.an-thz?,t the conceptual SlII.illaI— Table 4: Reasons for Entailment Misrecognition
ity and the character-based similarity are used respectively.
In SITLP-JA-BC-03, the maximum of two similarity values Reason _ Count
is used in calculation. In SITLP-JA-BC-01, the similarity Small but essein.tlal difference 19
and difference of the relation type is not considered, that is, Non-monotonicity 10
o = 1. In the other runs, « is set to 0.5. Similar compound nouns 8
The results of the formal runs are shown in Table 3. The Negation 7
highest accuracy is 0.516 in STTLP-JA-BC-01. Different case structures 5
Complement clause 4
3.2 Post-Submission Experiment Superfluous matching 3
‘We conducted an additional experiment to see whether a Others 6

more appropriate threshold value exists. This experiment is
similar to the preliminary one explained in Section 2.5 ex-
cept that it uses the formal run data. Figure 4 shows the re-
lationship between threshold value and accuracy taken from
the experiment result. The similarity calculation method
used here is the same as one in Figure 2.
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Figure 4: Plot of Threshold and Accuracy

The threshold value that maximize the accuracy is 0.2,
and in that case, the accuracy is 0.526.

4. DISCUSSION

Figures 2 and 4 show us that the subsumption score cal-
culated by our algorithm is inadequate to deal with various
patterns of textual entailment occur in the training and the
formal run data. In this section, we analyze the reasons
for the mismatch between our subsumption score and the
correct answer.

First, we analyze cases in which the subsumption score is
high but the correct answer is N, that is, £; does not entail
t2. From the training and the formal run data, we extract
62 cases in which the score is higher than 0.9 and the answer
is N, and classify reasons for the mismatch (see Table 4).

“Non-monotonicity” means that t; is obtained from t2 by
adding some words (in our words, ¢ subsumes t2), but ¢
does not entail to. The following text pair is an example.

t1: B o E» DI AT FeTES (CEEfifidi.,

(The Tokyo Olympics were broadcasted overseas by satellite

for the first time in Olympic.)

t2: FEA U E LS I TEEPEINIC. (The Tokyo

Olympics were broadcasted by satellite for the first t

ime.)

Phrases such as “for the first time” are called to cre-
ate downward-monotone contexts, and the natural logic ap-

proach deals with this type of inference [5].

Second, we analyze cases in which the subsumption score
is low but the correct answer is Y. From the training and the
formal run data, we extracted 69 cases in which the score is
lower than 0.2 and the answer is Y, and classify reasons for

the mismatch (see Table 5).

Table 5: Reasons for Recognition Failure

Reason Count
Commonsense reasoning 22
Paraphrase (between noun and predicate) 17
Paraphrase (others) 16
Different syntactic structures 12
Parenthesis in apposition 9
Quotation 8
Numerical reasoning 4
More than one sentences 3
Others 10

Here, more than one reason is possibly attached to each
case. The following is an example of paraphrase between a

noun phrase and a verb phrase.

t1:E0 vy EhEE T BI85,
(Water near Morocco is a good fishing area.)

t2: E0ya AR EN LLEn5.
(You can easily catch fish near Morocco.)
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In order to deal with this type of reasoning as well as
commonsense reasoning, we need to use other lexical and
commonsense knowledge resources.

5. CONCLUSION

In this paper, we reported the evaluation results of our
textual entailment system at NTCIR-9 RITE task. We de-
scribed our algorithm and the evaluation results, and dis-
cussed on the reasons for the mismatch between the calcu-
lated score and the correct answer.
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