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Abstract We computed linguistic information at the lex-
ical, syntactic, and semantic levels for Recognizing Infer-
ence in Text (RITE) tasks for both traditional and simplified
Chinese in NTCIR-9 and NTCIR-10. Techniques for syn-
tactic parsing, named-entity recognition, and near synonym
recognition were employed, and features like counts of com-
mon words, statement lengths, negation words, and antonyms
were considered to judge the entailment relationships of two
statements, while we explored both heuristics-based func-
tions and machine-learning approaches. The reported sys-
tems showed their robustness by simultaneously achieving
second positions in the binary-classification subtasks for both
simplified and traditional Chinese in NTCIR-10 RITE-2. We
conducted more experiments with the test data of NTCIR-
9 RITE, with good results. We also extended our work to
search for better configurations of our classifiers and inves-
tigated contributions of individual features. This extended
work showed interesting results and should encourage fur-
ther discussions.
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1 Introduction

Recognizing textual entailment' (RTE) (Dagan et al. 2006)
has become a major research topic in natural language
processing (NLP) in the past decade (Watanabe et al. 2013a).
Given a pair of statements, fext (T') and hypothesis (H), the
most basic format of an RTE task is to determine whether H
is true when T is true; namely, whether or not 7" entails H. A
more challenging format is to determine whether 7" and H are
contradictory statements (Dagan et al. 2009). More recently
in PASCAL RTE-6,> NTCIR-10 RITE-2,> and NTCIR-11
RITE-VAL,* researchers investigated and evaluated meth-
ods for identifying statements in a collection, e.g., a corpus
like Wikipedia, which are relevant to a given statement 7,
where relevancy includes both entailment, paraphrase, and
contradiction.

The RTE tasks are relevant and applicable to many
NLP applications, including knowledge management (Tsujii
2012). If a statement entails another in a collection of state-
ments, then one may not need to consider both statements to
produce a concise summary of the collection, so recogniz-
ing entailments is useful for automatic text summarization
(Lloret et al. 2008; Tatar et al. 2009). Similar reasons apply
to how recognizing entailment can be applied to question
answering systems (de Salvo et al. 2005). When a question
entails another, the recorded answer to the previous ques-
tion may be useful for answering the new question. RTE
can also be useful for judging the correctness of students’
descriptive answers in assessment tasks. It is rare for stu-

! The pronunciations and translations of all Chinese strings mentioned
in this paper are provided in the Appendix.

2 http://www.nist.gov/tac/2010/RTE/.
3 http://www.cl.ecei.tohoku.ac.jp/rite2.

4 https://sites.google.com/site/ntcirl Iriteval/.
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dents to respond to questions with statements that are exactly
the same as the instructors’ standard answers. It is also not
practical to expect instructors to list all possible ways which
students may answer a question. In such cases, recognizing
paraphrase relationships between students’ and instructors’
answers becomes instrumental (Nielsen et al. 2009). We have
also applied RTE techniques to enable computers to take
reading comprehension tests that are designed for middle
school students (Huang et al. 2013).

Dagan et al. (2009) provided an overview of the app-
roaches for RTE. Treating RTE as a classification task is
an obvious option, where different systems consider vari-
ous factors to make the final decisions. Due to the availabil-
ity of the training data in RTE activities, machine learning-
based approaches are common. Researchers design methods
to utilize different levels of linguistic, including syntactic and
semantic, information provided in the given statement pairs
to judge their relationships. Transformation-based methods
offer interesting alternatives for the RTE tasks. If a state-
ment can be transformed into another via either syntactic
rewriting (Bar-Haim et al. 2008; Stern et al. 2011; Shibata
et al. 2013) or logical inference procedures (Chambers et al.
2007; Takesue and Ninomiya 2013; Wang et al. 2013; Watan-
abe et al. 2013b), then the statements may be highly related.
In addition to using the information conveyed by the given
statements, external information like common sense knowl-
edge and ontology about problem domains can strengthen
the basis on which entailment decisions are made (de Salvo
et al. 2005; Stern et al. 2010).

The first corresponding event of PASCAL RTE for
Japanese and Chinese took place in NTCIR-9, and was named
RITE as the acronym for “Recognizing Inference in Text”
(Shima et al. 2012). NTCIR-10 continued to host RITE-2 for
Japanese and Chinese, and had, respectively, ten and nine
teams participating in the traditional and simplified Chinese
subtasks (Watamabe et al. 2013). All of these participants
considered different combinations of linguistic information
as features to determine the entailment relationships of state-
ment pairs. Most of them employed support vector machines
as the classifiers.

There were different subtasks in NTCIR-9 RITE and
NTCIR-10 RITE-2. The binary classification (BC) subtask
required participants to judge whether or not 7' entails H.
In this paper, we will focus only on the BC subtasks in the
NTCIR RITE tasks, as we believe that the BC subtask is the
most fundamental subtask of them all.

In NTCIR-10 RITE-2, the best performing team in the
BC subtask for traditional Chinese (CT) adopted a voting
mechanism (Shih et al. 2013). The best performing team in
the BC subtask for simplified Chinese (CS) employed an
alignment-based strategy (Wang et al. 2013). We (Huang and
Liu 2013) trained heuristic functions to achieve second best
performance in the BC subtasks for both CT and CS. The
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best team outperformed us in the BC subtask for CT by only
0.7 % in the F1 measure. Chang et al. (2013) embraced deci-
sion trees as the classifier but did not achieve an impressive
performance.

For obvious reasons, all participating systems in NTCIR-
10 RITE-2 used some forms of linguistic features to make
decisions. As may be expected, different systems consid-
ered different sets of features and applied them in different
ways. We computed lexical, syntactic, and semantics infor-
mation about the statement pairs to judge their entailment
relationships. The linguistic features were computed with
public tools and machine-readable dictionaries, including
the Extended HowNet® (Chen et al. 2010). Preprocessing
steps for the statements included conversion between sim-
plified and traditional Chinese, Chinese segmentation, and
converting formats of Chinese numbers. We employed such
linguistic information as (1) words that were shared by both
statements; (2) synonyms, antonyms, and negation words;
(3) information about the named entities of the statement
pairs; and (4) similarity between parse trees and dependency
structures, etc.

The performance of our approaches was sufficiently robust
that we achieved the second best scores in both CT and
CS subtasks. Since each participating team could submit
running results of three different configurations, we actu-
ally experimented with our models that we built by training
heuristic functions and support vector machines (SVMs). Our
best results were achieved by the trained heuristic functions,
achieving second position in the BC subtasks for both CT and
CS. Our SVM-based models achieved the third best score in
the BC subtask for CT, but dropped to 12th position in BC
subtask for CS.

We have extended our work after participation in NTCIR-
10 RITE-2. We ran grid searches of larger scales to find the
best combinations of parameters and features for the clas-
sification models. In general, conducting the grid searches
helped us build better models. However, the experimental
results also provide interesting and seemingly perplexing
material for further discussion in the paper. We also tested our
systems with the test data for the BC subtasks of NTCIR-9
RITE, and found that we were able to achieve better perfor-
mance than the best performer in NTCIR-9 RITE tasks.

We explain the preprocessing of the text material and
extraction of their linguistic features in Sect. 2, examine the
constructions of the heuristics-based and machine learning-
based classifiers in Sect. 3, present and discuss the exper-
imental results in Sect. 4, review and deliberate on some
additional observations in Sect. 5, and wrap up this paper in
Sect. 6.

> http://ehownet.iis.sinica.edu.tw/.
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2 Major system components

In this section, we describe components of our running sys-
tems, including the preprocessing steps and the extraction of
fundamental linguistic features.

2.1 Preprocessing

In this subsection, we explain the preprocessing steps:
traditional-to-simplified Chinese conversion, numeric format
conversion, and Chinese segmentation.

2.1.1 Traditional-to-simplified Chinese conversion

We relied on Stanford NLP tools® to do Chinese segmentation
and named-entity recognition. As those tools were designed
to perform better for simplified Chinese, we had to convert
traditional Chinese into simplified Chinese. We converted
words between their traditional and simplified forms of Chi-
nese with an automatic procedure which relied on a tool in
Microsoft Word. We did not design or invent a conversion dic-
tionary of our own, and the quality of conversion depended
solely on Microsoft Word.

There are two major methods for converting between tra-
ditional and simplified Chinese text. The simpler option is
just to do character-to-character conversion, e.g., changing
“BRRBAOLERERL (o “URRADLRREE” A
more sophisticated and better conversion is to do word-
to-word conversion, changing this sample statement to
“it ALK #449 L Z /R € 2. This latter conversion includes
the simplified Chinese words, i.e., “it # A", “34#4, and
“BLE” that are used in the training of the Stanford tools, so is
more likely to lead to better system performance. Microsoft
Word offers the second type of conversion as much as it
can, and we understand that Microsoft Word might not con-
vert all traditional Chinese words perfectly to their simplified
counterparts, e.g., the result of converting “T ¥ 47 7k £ ig
“Tll AR AKE”, “T A HARKF” i a preferred conversion.
However, Microsoft Word is a good and accessible current
choice.

2.1.2 Numeric format conversion

There are multiple ways for people to write numbers in Eng-
lishtext, e.g., sixteen vs. 16. In Chinese, there are at least three
ways to write numbers in text, e.g., “3”, “=”, and “4” for the
number “3”. There are also specific characters to express spe-
cific numbers, e.g., “t” and “#” for 20 and 30, respectively.
In addition, there are simplified ways to express relatively

6 http://nlp.stanford.edu/software/index.shtml.

7 The pronunciations and translations of all Chinese strings mentioned
in this paper are provided in the Appendix.

small numbers, e.g., “=-+ =" for 32 but “+ =" for 12. In the
latter case, “—-+ =" is more formal but is rarely used.

To streamline our handling of numbers in Chinese state-
ments, we employed regular expressions to capture specific
strings and convert them to Arabic numerals. The conver-
sions need special care for some extraordinary instances.

For instance, one may not want to convert “EAHBLE to
“30 9 82 5” or convert “ FE—RZ="to “H 1 R 3",

2.1.3 Chinese string segmentation

We employed the Stanford Word Segmenter® (Chang et al.
2008) to segment Chinese character strings into word tokens.
Unlike most alphabetical languages in which words are sep-
arated by spaces, Chinese text strings do not have delimiters
between words. In fact, Chinese text did not use punctuation
marks until modern times. In the field of natural language
processing, converting a Chinese string into a sequence of
Chinese words is called segmentation (or tokenization) of
Chinese.

A major challenge of Chinese segmentation is that dif-
ferent segmentations of a given Chinese string can represent
very different meanings of the original string. We can seg-
ment the string “# % £ 48 % 0 % in two different ways:
(R A, A, D) or (FIRAY, 7, A,
“% 0 4> }. Adopting the former segmentation, the transla-
tion of the original Chinese string is “how many more years
can one do research”. Adopting the latter will lead to “how
many more years can the graduate student survive”. To most
native speakers of Chinese, the former segmentation is much
more natural, but the latter is not unacceptable. In the 2012
Bakeoff for Chinese segmentation, the best performing sys-
tem reached an F1 measure slightly shy of 95 % (Duan et al.
2012).

2.2 Lexical semantics

2.2.1 Lexical resources and computation for Chinese
synonyms

The number of words shared by statement pairs is the most
commonly used feature to judge entailment. Identifying
words that are shared literally is a direct way to compute
word overlaps. Indeed, in previous RTE and RITE events,
organizers provided baseline systems which calculated char-
acter overlaps to determine entailment (Bar-Haim et al. 2006;
Stern et al. 2011).

In practice, people may express the same or very similar
ideas with synonyms and near synonyms, so their identifi-
cation is also very important. The following statements are

8 http://nlp.stanford.edu/software/segmenter.shtml.
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very close in meaning though they do not use exactly the
same words.

(1) Tamara is reluctant to raise this question.
(2) Tamara hesitates to ask this question.

Translating this pair into Chinese will also show the impor-
tance of identifying synonyms.

(3) Tamara #7»#REE—FAREH B
(4) Tamara ¥ 73 B 5 — FRRAMAFER

The literature has seen abundant ways to compute syn-
onyms for English, particularly those that computed the sim-
ilarity between words based on WordNet? (Budanitsky and
Hirst 2006). In contrast, we have yet to find a good way to
compute synonyms for Chinese.

To compute synonyms for a given word, we rely on both
existing lexicons and computing methods. We acquired a
dictionary for synonyms and antonyms'? from the Ministry
of Education (MOE) of Taiwan. This MOE dictionary lists
16,005 synonyms and 8625 antonyms.

We could employ the extended HowNet!'! (E-HowNet),
which can be considered as an extended WordNet for Man-
darin Chinese, to look up synonyms of Chinese words. E-
HowNet contains 88,079 traditional Chinese words in the
2012 version, and can provide synonyms of Chinese words,
so we could use the list of synonyms directly. We will find 38
synonymous words'?> which carry the concept of “hesitate”
in E-HowNet. In this particular case, we would be able to tell
that “£%%” in statement (3) and “# &” in statement (4) are
synonymous with the list in E-HowNet. However, ‘34 in
statement (3) does not belong to the synonym list'? of % #”
in statement (4). “#= #” is similar to “raise” in English. One
can raise a question or a concern, so “raise” alone does not
necessarily relate to asking questions.

We could also use the definitions for words in E-HowNet
to estimate the relatedness between two Chinese words by
their taxonomical relations and semantic relations (Chuang
etal.2012; Chen 2013; Huang and Liu 2013). In this work, we
converted the definition of a word into a “definition tree”, e.g.,
Fig. 1, according to the taxonomy in E-HowNet. Each node

9 http://wordnet.princeton.edu/.

10 http://dict.revised. moe.edu.tw/.

1 http://ehownet.iis.sinica.edu.tw/.

120 =z f, mEH, HL, BAREB, HD, W, BART, IMERH,
wRMN, B, R, R, B, BEBG, B BRRR BR
WA R ERAL, FERE, BRRA, R, BRF A, BE, Yo, P,
Somi R AT, Yeui R, BEE, BRAA, BMART, BHAR, BARK, H,
RS, W, BT, 4R,

13 vpRl, 4T4R, 478, 1o B, %, B, £, HH @R, B, M3, BE,
RN, Rlde, RI3E, R, 4RPD, IR0, FR], RE, B, BE, 3R, 8,
MR, K, BGh, HE, EH, W, %3, %, W
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domain patient result
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mine| ¥z original| &

Fig. 1 A definition tree for ‘“/5 2" (metallurgy)

represents a primitive unit, a function word, or a semantic
role. Considering each internal node in a definition tree as a
root, we built a collection of subtrees of the definition tree.
In Fig. 1, there are 15 nodes.

The DICE coefficient'* between the collections of sub-
trees of two definition trees is used to measure the degree of
relatedness of two definitions. Given two collections, e.g., X
and Y, the DICE coefficient is defined in Eq. (1), where | X|
is the number of elements in X.

2|1 XNY]|
DICEX, V)= —— (D
[X]+ Y]
Due to the definition, a DICE coefficient must fall in the range
of [0, 1]. Two definitions will be considered anonymous if
their DICE coefficient is larger than a threshold, for which
we chose to use 0.88 based on a small-scale experiment.

Computing Chinese synonyms only with information in
dictionaries is an imperfect method. Chinese text contains
out-of-vocabulary (OOV) words a lot more frequently than
English text. For these OOV words, dictionary-based meth-
ods cannot always help.

2.2.2 Chinese antonyms and negation words

We consider two ways to express opposite meanings. The
first is antonyms, e.g., “good” vs. “bad”; and the second is
through negation words, e.g., “good” and “not good”.

We relied on the lists of antonyms provided by the MOE
dictionary (cf. Sect. 2.2.1). Since there are only 8625 words

14 http://en.wikipedia.org/wiki/S%C3%B8rensen%E2%80%93Dice_
coefficient.


http://wordnet.princeton.edu/
http://dict.revised.moe.edu.tw/
http://ehownet.iis.sinica.edu.tw/
http://en.wikipedia.org/wiki/S%C3%B8rensen%E2%80%93Dice_coefficient
http://en.wikipedia.org/wiki/S%C3%B8rensen%E2%80%93Dice_coefficient

Chinese textual entailment in NTCIR RITE evaluation tasks

315

in the antonym lists in the dictionary, we can handle only a
very small number of antonyms at this moment.

We created a list of negation words based on our own
judgment. This list of negation words include “#&”, “k&”,
“FR, “JE” and ““%A”. Note that we consider “&”, “K”, “R’,
and “FF” to be negation words only when they are individual
words after segmentation. Hence, we will handle words like
“3t k> correctly. This list allows us to find that statements (5)
and (6) (used in NTCIR-10 RITE-2) have opposite meanings.

(5) T BlE#HY 2 K Atk f s
(6) THEAMREIY 2 KAk THE

We could also handle other negation words like “#&/%”,
“RAHE”, “FAT”, and “HAE”. However, this heuristic list is as
yet unable to handle all possible Chinese negation words cor-
rectly. A more complex word like, “#& T & 3F” would need
special attention in our system. A direct application of our
heuristic list will treat this word as two negations, but this
word is not really related to negation.

2.2.3 Named entity and verb recognition

Among parts of speech in almost all languages, nouns and
verbs are the essential parts for understanding the core mean-
ings of sentences. Information about named entities such as
persons, locations, organizations, and time are crucial for
inferring relationships between statements. A software tool
for named entity recognition (NER) not only annotates words
in a sentence as nouns but also subcategorizes them as per-
sons, locations, organization names and time specifications.
Although current technologies for NER do not offer per-
fect performance, being able to carry out NER even par-
tially paves a way to handle typical questions regarding the
five Ws (What, When, Where, Why, Who). We employed
S-MSRSeg, which is a tool for named entities recognition
developed by Microsoft Research (Gao et al. 2005).

Verbs provide information about the actions or states that
a given sentence describes. Recognizing verbs for a sentence
pair is thus useful. We employed the Stanford parser (Levy
and Manning 2003) to do the tagging of parts of speech.
Although it is possible to consider sub-categorization of
verbs, we did not do so in the current study.

2.3 Syntactic features

We parsed the Chinese statements with the Stanford parser
(Levy and Manning 2003) to obtain the parse trees and the
part-of-speech (POS) tags for words. A parse tree of a sen-
tence reveals important information about the meaning of
the sentence. At this moment, we used the parsing results
to do two types of comparisons. The first was to compare
the similarity between the parse trees of 7 and H with the

same method (the DICE coefficient) that we used to compare
the definition trees of different senses as explained in Sect.
2.1.1. We also compared the collections of POS tags of two
sentences, particularly the tags for verbs.

Based on our experience, the Stanford parser works better
for simplified Chinese than for traditional Chinese. Hence,
we converted statements of traditional Chinese into simpli-
fied Chinese before the parsing step in our procedures (cf.
Sect. 2.1.1).

We noticed that the Stanford parser did not always pro-
duce the best or even correct parse trees for the given state-
ments. The parser ranked candidate parse trees with proba-
bilistic models, and produced the trees with leading scores.
Although we could request more than one parse tree for a
given statement, we chose to use only the top-ranked tree for
computational efficiency of our systems.

2.4 Semantic features

It is preferable to employ higher level information about
statement pairs to judge their entailment relationships. After
considering information available at the lexical and syntactic
levels, semantic features immediately came to mind. How-
ever, there are multiple ways to define and represent sen-
tential semantics. Frame semantics is a conceivable choice
(Fillmore 1976; Burchardt et al. 2009), for instance. In this
work, we explored an application of dependency structures
(Chang et al. 2009).

Linguists consider the context of words a very important
factor to define meaning. “You shall know a word by the
company it keeps” (Firth 1957) or similar arguments (e.g.,
Firth 1935; Harris 1954) are commonly cited in courses on
linguistics. “One sense per discourse, one sense per collo-
cation” (Yarowsky 1995) appears in the literature in com-
putational linguistics very frequently. For this reason, using
vector space models to capture contextual information has
become one of the standard approaches in both natural lan-
guage processing and information retrieval.

In our work, we explored an application of dependency
structures to capturing the contextual information in a sen-
tence. There are different ways to apply the dependency struc-
tures for inferring entailment relationships, and we note that
Day et al. also employed the tree-edit distances of depen-
dency structures in NTCIR-10 RITE-2 (Day et al. 2013).

We illustrate our methods with a short English exam-
ple, “We consider dependency structures for inferring tex-
tual entailment”, to make the example more easily under-
standable to non-Chinese speakers. We list the typed and
collapsed dependencies of this statement below. A depen-
dency relation is expressed in the format of relation-name
(governor, dependent), where both governor and dependent
are words appended with their positions in the sentence.

@ Springer
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Table 1 Matrix form for

. We Consider Dependency Structures Inferring Textual Entailment
encoding dependency structures
We 0 1 0 0 0 0 0
Consider 0 0 0 0 0 0 0
Dependency 0 0 0 1 0 0 0
Structures 0 1 0 0 0 0 0
Inferring 0 1 0 0 0 0 0
Textual 0 0 0 0 0 0 1
Entailment 0 0 0 0 1 0 0
nsubj(consider-2, We-1) XR=RUR*UR’UR*UR’ )

root(ROOT-0, consider-2)
amod(structures-4, dependency-3)
dobj(consider-2, structures-4)
prepc_for(consider-2, inferring-6)
amod(entailment-8, textual-7)
dobj(inferring-6, entailment-8)

We can ignore the root node and build a matrix to encode the
direct relationships between words, as shown in Table 1. The
column headings show the governors, and the row headings
show the dependents. A cell will be 1 if there is a relation-
ship from the dependent to the governor. Hence, ignoring
the relation name, the cell (We, consider) is 1 because of
nsub(consider-2, We-1). Notice that the matrix is not sym-
metric because of the functions of words in different rela-
tionships.

The matrix, denoted by R, encodes the holistic relation-
ships between words in a statement, and can be considered a
way to represent the context of words in a given statement.
There are many similar applications of such matrices in com-
puter science, e.g., for modeling connectivity between web
pages (Page et al. 1998) and for modeling traffic networks
(Liu and Pai 2006).

As R encodes only the direct relationships between words,
we can compute the powers of R to explore the indirect rela-
tionships between the words. For example, a “1” in the second
power of R, R, shows that there is a one-step indirect rela-
tionship between two words. If we compute the second power
of the matrix in Table 1, we will find that the cell with “depen-
dency” as the row heading and with “consider” in the column
heading is 1—suggesting the idea of “consider dependency”
in the statement. When we compute higher powers of R, we
will find fewer “1”’s in the matrices because there are fewer
word pairs with very remote indirect relationships.

Based on such observations, we explored the possibility of
encoding the sentential context with the union of the powers
of R for a statement. In the reported experiments in this paper,
we chose to compute the XR matrix, defined in Eq. (2), for
a given statement. A cell in XR will be 1 if the cell at the
corresponding positions in any of the first five powers of R
is 1.

@ Springer

3 Classification methods

Although machine learning-based algorithms are the most
conceivable method for classification problems including the
recognition of textual entailment (Dagan et al. 2009), the size
of training data available at NTCIR-10 RITE-2 was not large
enough to make us feel comfortable to just take this intu-
itive avenue. Hence, in addition to applying support vector
machines, we also tried to come up with our own parameter-
ized heuristic functions to make classification decisions. The
parameters would be tuned with the training data, so, tech-
nically, we can still consider our first approach as a machine
learning-based method.

3.1 Trained heuristic functions

We explain the individual factors that we considered in our
heuristic function in the following subsections.

3.1.1 Word overlap

Character overlap was used in the baseline systems in previ-
ous RTE (Bar-Haim et al. 2006) and RITE evaluations (Stern
etal. 2011). Perhaps, for this reason, word overlap may be the
most common feature used by participating teams in these
events.

Since our goal is to judge whether T entails H, we would
like to know the portion of words in H that also appear in
T. In addition, we consider word overlap rather than char-
acter overlap. The difference is important because Chinese
words are consisted of Chinese characters. Some words may
contain just one character, but most others contain multiple
characters. Hence, we must segment the given statements to
compute their word overlap. The word overlap between T and
H isdefined in Eq. (3), where W (T') and W (H), respectively,
denote the bags of words of 7" and H after the segmentation
step (cf. Sect. 2.1.3). We borrow the symbol for set intersec-
tion, N, to indicate the common part of two bags of words.
We represent the size of a bag of words by surrounding the
notation for the bag with vertical bars, e.g., |[W(T)]|.
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W({T)NW(H
W()L(T,H):'——(——)———i—ﬁ 3)
W (H)|
Assume that we segment the statements in sentences (5) and
(6) to obtain (7) and (8), respectively. Their word overlap will

be 6/7, and their character overlap will be 14/16.

(7)) THRFE A# BH Y2K A% & THEA
8) THF A# HIF Y2K £#k xR TEE

3.1.2 Missing named entities

The intuition is: if some named entities in A are missing in
T, then it may be less likely for T to entail H. Hence, we
measured the missing named entities (MNE) in (4), where
count(7', H) is the number of named entities that appear
in H but not in 7. Namely, let NE(7") and NE(H ), respec-
tively, denote the collections of named entities in 7 and H.
count(7',H) is then defined as NE(H)\(NE(T) N NE(H)).

MNE(T, H) = a x count(T, H) “)

The value of « would be selected with a training procedure.
3.1.3 Imbalanced negations

The following statement pair appeared in the development
set of NTCIR-10 RITE-2.

9) 2ZHR#—HRWELT S ERE —RIFRRABOHF
(10) xER#H_HRWERL TS FRE MM RAAAHOHUT

These statements convey opposite meanings because of the
negation word “JF”. Hence, we consider a penalty term for
imbalanced negations, IN(7",H) in Eq. (5), based on the num-
ber of negation words (cf. Sect. 2.2.2) for both T and H,
where INEG(T')| and [INEG(H)| are the number of negation
words in T'and H, respectively.

IN(T. H) = [ﬁ, INEG(T)| # INEG(H)| 5)

0, otherwise

The value of g would be selected with a training procedure.
3.1.4 Occurrence of antonyms

As an extension of the consideration of negation words, the
occurrence of antonyms, in 7', of some words, in H, indicate
that the statement pairs are unlikely to entail one another.
Hence, we considered the following factor in our heuristic
function.

y, {tis an antonym of &
[t e W(T),he WH)}#0 (6)
1, otherwise

OA(T, H) =

The value of y was in therange of [1, 2] and would be selected
with a training procedure.

3.1.5 An integrated heuristic decision function

Putting Egs. (3), (4), (5), and (6) together, we have the fol-
lowing score function for whether T entails H.
WOL(T, H) — MNE(T, H) — IN(T, H)

s(T,H) = OA(T. ) @)

Relying on intuitive hunches, we subtract or divide the scores
for negative factors, and we admit that the arrangements were
not scientific and not normative.

In some cases, the order of named entities influences the
entailment relationships. The following statement pair shows
an extreme example.

(11) 6% & o ZEp ik 28.6 %
(12) FEL T EEHAK 28.6%

The word overlap of them is perfect, but they express almost
opposite information. For such observations, we also con-
sidered the order of named entities (ONE) in our heuristics
when s(7T',H) is large enough.

We define a penalty term for the order of named entities
in (8).

[N,sazH)zx

ONE(T, H) = . 8)
1, otherwise
The value of 7 is the number of pairs of named entities in T’
and H that have different orders. In sentences (11) and (12),
the named entities “& %> and “EF . have different orders,
so T will be one in this instance. The values of §, which is in
the range of [1, 2], and A would be selected with the training
data.

Integrating Eqgs. (7) and (8), we obtain the following
heuristic decision function that we used in the NTCIR-10
RITE-2 task. If score(T, H) exceeds a chosen threshold, E,
we will determine that T entails H.

_ s(T, H)
Score(T, H) = ONE(T. 1) 9)

3.1.6 A brief critical review

In the previous subsections, we introduced individual terms
for the final version of the heuristic decision function in
Eq. (9). We tried to justify the influences of each individ-
ual term by isolated observations, so each individual term
may look reasonable. Unfortunately, real-world statements
can be complex, and may demand deeper understanding of
the statement pairs to determine whether or not their entail-
ment relationships hold.
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Table 2 List of candidate features for machine learning-based classifiers

D Type Definition ID Type Definition

Fl Num W F2 Num | {h|h € NE(H), h ¢ NE(T)} |

F3 Num 7 defined in Sect. 3.1.5 F4 Num | {t € ANT(h)|t € W(T),h € W(H)} |

F5 Bool 1, if INEG(T)| = [NEG(H)|; 0, else F6 Num [W(T)| and |W (H)]|

F7 Bool L if [W(T)| > |[W(H)|; 0, else F8 Num DICE coefficient between the subtrees of the
parse trees of 7 and H

F9 Num W F10 Num INE(T)| and |NE(H)|

Fl1 Num [NEG(T)| and [NEG(H)| FI12 Num %

F13 Num l{r € SYN(W)|t € W(T), h € W(H)}| Fl4 Num AESYNUL SR T he M

F15 Num R F16 Num 2R

F17 Num [VERB(T)| and [VERB(H)|

Consider the following statement pair which appeared in
the NTCIR-10 RITE-2 development set.

(13) 6% v ZEPE Ak 28.6 %
(14) FEH EH o Rk FTE 28.6 %

We have a pair of antonyms, i.e., “th @ and “# 7. We also
observe that a pair of named entities have reversed order in
the statement pair, i.e., “6 % and “6P &£”. The existence of
antonyms and the reversed order of a named entities pair are
considered negative factors against the holding of entailment
relationships in the previous subsections, when we discussed
them separately. However, in this case, when both negative
factors occur, they cancel each other out, and this statement
pair can be considered as a pair of paraphrased statements.
As a consequence, our heuristic function would fail to work
for them.

Despite such practical challenges, Eq. (9) is indeed the
decision function that we employed to achieve the second
positions in the BC subtasks for both TC and SC in NTCIR-
10 RITE-2. We will provide details about its performance
shortly.

3.1.7 Machine learning methods
We considered more features when we ran experiments that

employed techniques of support vector machines, decision
trees, and linearly weighted models.

3.1.8 The candidate features
We considered 17 candidate features that are listed in Table
2, where we use X to denote a sentence and x to denote a

word in X in the following definitions.

1. “Num” and “Bool”, respectively, denote “numeric” and
“Boolean” in the Type column.
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2. W(X): the collection of words of a sentence X (after
segmentation).

3. SN T: the collection of elements that appear in both
collection S and collection T'.

4. |S|: the number of elements in the collection S.

5. NE(X): the collection of named entities in a sentence X.

6. ANT(x): the collection of antonyms of a word x.

7. NEG(X): the collection of negation words in a sen-
tence X.

8. SYN(x): the collection of synonyms or near synonyms
of x.

9. VERB(X): the collection of POS tags of the verbs in X
(cf. Sect. 2.3).

10. XR(X): the XR matrix of X (cf. Sect. 2.4).

Many of the features listed in Table 2 are derivations of those
basic features that we discussed in Sects. 2.2, 2.3, and 2.4.
Others were selected due to similar rationalities, so we do
not repeat the same reasoning, and explain their derivations
only briefly below.

F1: This is the word overlap discussed in Sect. 3.1.1.

F2: This is the count(7', H) in Sect. 3.1.2.

F3: This feature is defined in Sect. 3.1.5.

F4: This feature is similar to the word overlap that we
discussed in Sect. 3.1.1, except that we consider the
antonyms here.

F5: This feature measures whether 7 and H have the
same number of negation words (cf. Sect. 3.1.3).

F6: We consider the number of words in 7 and H. These
are typical features for all RITE and RTE systems
(Shima et al. 2012).

F7. We examine whether T is longer than H. This is also
a typical feature for RITE and RTE systems (Shima
et al. 2012).

F8: Thisis Eq. (1) (cf. Sect. 2.2.1).

F9: This feature calculates the overlap of named entities
that we discussed in Sect. 2.
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F10: These features record the quantities of named entities
in T and H (cf. Sect. 2).

F11: These features record the quantities of negation
words in T and H (cf. Sect. 2.2.2).

F12: This feature calculates the overlap of negation words
in T and H (cf. Sect. 2.2.2).

F13: This feature records the overlap of synonyms in T
and H (cf. Sect. 2.2.1).

F14: This feature records the proportion of synonyms in
H (cf. Sect. 2.2.1).

F15: Mimicking the principle of calculating word over-
laps, this feature records the proportion of common
verbs in T and H (cf. Sect. 2.2.3).

F16: This feature was discussed in Sect. 2.4.

F17: Analogous to the principle of computing word counts
in T and H (F6), these features record the number of
verbsin T and H.

Notice that we would consider counts for both 7 and H
when we adopted F6, F10, F11, and F17. These counts are
numeric features for the statements, and we thought it would
be unreasonable to consider just the count for an individual
statement in the statement pairs.

3.1.9 The classifiers: SVMs, decision trees, and linearly
weighted models

We employed the 1ibSVM library for SVMs (Chang and Lin
2011) and Weka for decision trees and linearly weighted
functions for classification (Witten et al. 2011).

We used the radial basis function as the kernel function
in libSVM, and tuned the parameters with standard methods
recommended by Chang and Lin (2011). The values of the
features were also normalized as recommended.

We utilized the packages for learning decision trees and
linearly weighted models with the default settings in Weka,
and did not attempt to change the parameters of the packages.

When using the linearly weighted functions to judge the
entailment relationship of a statement pair, we computed the
score of the statement pair with a linearly weighted func-
tion. This function considered the features that are listed in
Table 2. A statement pair whose score was larger than 0.5
was considered to have an entailment relationship. We let
the learning package find the coefficients that would opti-
mize the classification results. In essence, this procedure of
using linearly weighted functions is quite similar to our using
heuristic functions in Sect. 3.1.

4 Empirical evaluations

We applied the aforementioned features and classification
methods to participate in the BC subtask of the NTCIR-10

RITE-2 task, and achieved the second positions for both tra-
ditional Chinese (T'C) and simplified Chinese (SC). Since the
winning teams of the TC and SC tracks were different, we
have good reason to believe that our system is relatively more
robust in its performance.

In this long section, we provide information about the
data sources in Sect. 4.1, and explain the methods for typical
RITE evaluations in Sect. 4.2. The results of our participa-
tion in NTCIR-10 are reported in Sect. 4.3. Due to time con-
straints, we did not choose the parameters for our heuristic
functions (cf. Sect. 3.1) systematically when we participated
in the evaluation tasks. We have extended our work after-
wards, and the results are presented in Sects. 4.4 through
4.7. The purpose of conducting these new experiments was
to check how different approaches and different data sets
influenced the observed results. Some additional discussions
about the results are provided in Sect. 5.

4.1 Data sources

By participating in the NTCIR-10 RITE-2 task, we obtained
a development data set for training purposes and a test data
set for formal runs. We could also download the test data
set for NTCIR-9 RITE. Table 3 shows the statistics of the
provided data for RITE tasks.

The development data set contains pairs of statements that
are annotated with the correct answers as to whether or not
the first statement entails the second. We list a positive pair
(with a “Y” label) and a negative pair (with an “N” label)
below. In Table 3, we show the number of “Y” pairs and “N”
pairs.

<pair id="2" label="Y">
<t1>F 5oy XA A4 1997 R R FRL PR - </t1>
<t2>1997 £ FHE ¥ BH</t2>

</pair>

<pair id="3" label="N">
<EL>—AR—FRIBRFERG > RFXFERABEHE - </t1>
<t2>0% #7745 A N 1991 f</t2>

</pair>

4.2 Evaluation metrics

We use the evaluation metrics adopted by the NTCIR-10
RITE-2 tasks. They are standard definitions of accuracy, pre-
cision rate, recall rate, and the F1 measure (Watanabe et al.
2013a).

Accuracy is the proportion of the correct classifications
among all predicted classifications. Y-precision is the pro-
portion of true Y pairs among all pairs that are classified as
Y. Y-recall is the proportion of true Y pairs among all pairs
that are actually Y. N-precision is the proportion of true N
pairs among all pairs that are classified as N. N-recall is the
proportion of true N pairs among all pairs that are actually N.
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Table 3 Quantities of statement

pairs in the RITE and RITE-2 Category NTCIR-9 RITE test NTCIR-10 RITE-2 NTCIR-10 RITE-2 test
data sets. development
Language TC SC TC SC TC SC
Y pairs 450 263 716 528 479 422
N pairs 450 144 605 286 402 359
Total 900 407 1321 814 881 781

Table 4 Parameters for the heuristic decision functions

E o B y A ) Accuracy %
TC 057 028 024 20 085 20 7290
SC 056  0.25 024 20 085 20  71.25

The F1 measure is defined as the division of the product of
2, precision, and recall over the sum of precision and recall.
MacroF1 is the average of the F1 measures of the Y category
and the N category.

4.3 NTCIR-10 RITE-2 evaluation task

Table 4 shows the parameters that we used for our heuristic
functions to participate in NTCIR-10 RITE-2. The meanings
of E,«, B, v, A, and § were explained in Sect. 3.1. We chose
the values of these parameters based on observed results of
some experiments that we conducted with the development
set. A statement pair, 7 and H, whose score(T',H ), defined in
Eq. (9), exceeded the value of E would be considered to have
the entailment relationship. The aim at our training stage was
to optimize accuracy.

At the time when we submitted our results, we wanted
to study the effects of considering synonyms in computing
word overlap. Hence, we submitted two runs of classifica-
tions that were obtained by two procedures that differed
only in whether synonyms were considered as overlapped
words. The formal run that was obtained when we considered
synonyms was MIG-2, and the formal run that intentionally
ignored synonyms was MIG-1.

When we had to submit the results for formal runs, we
had just begun to try machine learning-based models. At
that moment, we only tried SVMs and decision trees with
a specific set of features. We employed F1, F2, F6, F7, F8,
F10, F11, F12, F13, and F14 for TC (cf. Table 2), and FI,
F2, F6, F7, F8, F9, and F10 for SC. Using the 10-fold cross-
validation on the development set with SVM models, we
observed 71.46 % in accuracy for TC and 75.55 % for SC,
and we submitted a run with these configurations. The results
obtained with such SVM models were coded MIG-3.

Table 5 lists the results of MIG-1, MIG-2, and MIG-3,
along with the results of the best performing team, IASL-2
(Shih et al. 2013), for TC. Table 6 lists the results of MIG-1,
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MIG-2, and MIG-3, along with the results of the best per-
forming team, bcNLP-3 (Wang et al. 2013), for SC. We do not
show percentage signs in Tables 5 and 6 and all the remaining
tables to save space.

The performance values of IASL-2 and MIG-2 are really
close to each other in Table 5. In contrast, although MIG-
2 achieved the second best performance for SC, there were
big gaps between the performance values of bcNLP-3 and
MIG-2 in Table 6.

The MacroF1 values in Tables 5 and 6 indicate that consid-
ering synonyms in calculating word overlap helped MIG-2
to perform better than MIG-1 in the evaluation of both TC
and SC.

Many may be disappointed that using SVM-based models
did not achieve the best performance. None of the leading
teams, including IASL-2, bcNLP-3, and MIG-2, used SVM.
The best performing systems that used SVMs are MIG-3 in
Table 5 for TC and CYUT-3 (Wu et al. 2013) in Table 6 for
SC. Both achieved third place. IMTKU-1 (Day et al. 2013)
used SVM-based models as well, and performed similarly
with MIG-3 in TC subtasks. We suspect that the relatively
small size of the available data for training, listed in Table 3,
may have contributed to this phenomenon. We will discuss
this issue further in Sect. 5.2.

4.4 More experiments for the heuristic functions

We relied on limited experimental results to select the combi-
nations of the parameters for the heuristic function, and chose
to use the combination listed in Table 4. After NTCIR-10, we
had the opportunity to run a more exhaustive grid search for
the parameters.

Using the settings in Table 4 as seeds, we chose a range for
each of the parameters, and ran experiments on all possible
combinations of the parameters with the development set
of NTCIR-10 RITE-2. The ranges and increments for all
parameters are listed in Table 7. Notice that the ranges contain
the values which we listed in Table 4. Although the selections
of the ranges and increments remained arbitrary, the searched
region was quite large, and we had to conduct more than 317
million experiments to search the region for both TC and for
SC. Hence we ran the experiments more than 634 million
times with the development set.
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Table 5 Partial results of BC

subtask for TC in NTCIR-10 Rank  Team-ID MacroF1 Acc. Y-F1 Y-Prec.  Y-Rec.  N-Fl N-Prec.  N-Rec.
RITE-2
1 TIASL-2 67.14 67.76  71.66  68.64 74.95 62.63 66.48 59.20
2 MIG-2 67.07 67.54 7099  69.03 73.07 63.14  65.51 60.95
3 MIG-3 66.99 67.54 7123  68.74 73.90 62.76  65.85 59.95
4 IMTKU-1 65.99 66.29  69.16  68.80 69.52 62.83  63.22 62.44
6 MIG-1 65.42 65.61 67.94  68.88 67.01 62.91 61.93 63.93
Table 6 Partial results of BC
subtask for SC in NTCIR-10 Rank  Team-ID MacroF1 Acc. Y-F1 Y-Prec.  Y-Rec. N-Fl N-Prec.  N-Rec.
RITE-2 1 bcNLP-3 73.84 74.65 78.43 72.58 85.31 69.25 78.25 62.12
2 MIG-2 68.09 68.50 71.72 69.64 73.93 64.45 66.97 62.12
3 CYUT-3 67.86 68.12 70.74 70.16 71.33 64.98 65.63 64.35
6 MIG-1 65.71 6581 67.56 69.33 65.88  63.87 62.11 65.74
12 MIG-3 57.19 63.64 7380  60.42 9479 4059  81.51 27.02
Table 7 Ranges and increments for the grid search Table 9 Best combinations of parameters for SC
Parameter Range Increment Configuration E o B y A ) Accuracy
ID
E [0.40, 0.70] 0.01
o [0.05, 0.35] 0.01 C7 040 0.17 0.10 1.1 085 1.0 74.69
B [0.05, 0.35] 0.01 C8 040 0.18 007 1.1 085 1.0 7482
y [1.00.2.00] 0.10 9 040 018 009 1.1 085 10 7494
N [0.55. 0.90] 0.05 C10 040 020 007 11 085 10 7506
5 [1.00.2.00] 0.10 Cl1 041 020 006 10 085 10 7518
C12 056 025 024 20 08 20 7125
Table 8 Best combinations of parameters for TC
Configuration  E a B 4 A 8 Accuracy submitted our classification results for formal runs, MIG-1
ID . . .
did not consider synonyms for counting word overlap, but
Cl 054 0.1 027 18 0.85 19 73.05 MIG-2 did. We did not consider synonyms in experiments to
2 056 008 025 1.0 0.85 1.8 73.13 obtain the results in Table 10, and considered synonyms to
C3 056 008 025 17 085 18 7320 obtain Table 11.
C4 056 009 025 10 085 18 7328 Comparing the MacroF1 values in Table 10 with that of
cs 056 009 025 17 085 1.8 7335 MIG-1 in Table 5, we find that using any of the five new
c6 057 028 024 20 085 20 7290 settings would help us achieve better MacroF1 scores, but

Within the region described in Table 7, we found some
combinations of these parameters that would help us achieve
higher accuracies than those listed in Table 4. Table 8 lists
such new settings for TC, and Table 9 lists such new settings
for SC. If we had used an exhaustive search for the parame-
ters, we would have used the combinations in Tables 8 and
9 to participate in NTCIR-10 RITE-2, rather than using the
combinations listed in Table 4. Note that we intentionally
repeated the settings listed in Table 4 in Table 8, i.e., C6,
and in Table 9, i.e., C12, to facilitate comparison between
results.

We used the settings in Table 8§ to run experiments on
the TC test set of NTCIR-10 RITE-2. Recall that when we

only marginally. Comparing the MacroF1 values in Table 11
with that of MIG-2 in Table 5, we see that using three of
the five new settings would help us improve the MacroF1
scores. Using two of these new settings, i.e., C2 and C4,
would actually help us achieve the best MacroF1 in formal
runs. Nevertheless, we note that the improvements were not
very significant.

We used the settings in Table 9 to run experiments on the
SC test set of NTCIR-10 RITE-2. Tables 12 and 13, respec-
tively, list the results of not considering and considering syn-
onyms. Although the new settings achieved better accuracies
for the development data than the settings listed in Table 4,
they would not provide better performances for the test data.

Considering synonyms in computing word overlaps would
lead to better performance for TC subtasks in NTCIR-10
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Table 10 Using settings in Table 8 but no synonyms for TC in NTCIR-
10 RITE-2

ID MacroF1 Acc. Y-Prec. Y.-Rec. N-Prec. N-Rec.
Cl 65.79 66.29 6791 72.03  64.08 59.45
c2 65.73 66.29 67.70  72.65 64.31 58.71
C3 65.55 65.95 68.01 70.56  63.28 60.45
C4 65.75 66.29 67.77 7244  64.23 58.96
C5 65.56 6595 68.08 7035 6321 60.70
C6 MIG-1) 65.42 65.61 6888 67.01 6193 63.93

Table 11 Using settings in Table 8 and synonyms for TC in NTCIR-10
RITE-2

ID MacroF1 Acc. Y-Prec. Y.-Rec. N-Prec. N-Rec.
Cl1 66.79 67.76 67.63  78.08  67.99 55.47
c2 67.46 68.56 6791 7996  69.72 54.98
C3 67.12 67.99 68.07 7745 67.86 56.72
C4 67.25 68.33 67.79  79.54  69.28 54.98
C5 66.92 67.76 6796 77.04 67.46 56.72
C6 MIG-2) 67.07 67.54 69.03 73.07 6551 60.95

Table 12 Using settings in Table 9 but no synonyms for SC in NTCIR-
10 RITE-2

ID MacroF1 Acc. Y-Prec. Y.-Rec. N-Prec. N-Rec.
C7 62.05 66.33 62.80 9242 80.00 35.65
C8 61.98 66.33 62.76  92.65 80.38  35.38
C9 62.24 66.45 6290 9242 80.12 35093
C10 62.67 66.71 63.15 92.18 80.00 36.77
Cl1 63.94 67.35 6394 90.76 7857  39.83
C12 (MIG-1) 65.71 65.81 69.33  65.88  62.11 65.74

Table 13 Using settings in Table 9 and synonyms for SC in NTCIR-10
RITE-2

ID MacroF1 Acc. Y-Prec. Y.-Rec. N-Prec. N-Rec.
C7 59.35 6492 6142 9431 8195 3036
C8 59.05 64.66 61.27 94.08 8120  30.08
C9 59.44 6492 6146 94.08 8148 30.64
C10 60.10 6530 61.78 93.84 8143 3175
Cl1 61.68 66.33 62.60 93.60 82.00 34.26
C12 MIG-2) 68.09 68.50 69.64 7393 6697 62.12

RITE-2. The corresponding MacroF1 values in Table 11 are
better than those in Table 10. In contrast, considering syn-
onyms did not lead to consistent improvements in MacroF1
scores for SC subtasks in NTCIR-10 RITE-2. The corre-
sponding MacroF1 scores in Table 13 are not necessarily
higher than those in Table 12.
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4.5 More experiments for the machine learning-based
models

In Sect. 4.3, we reported results of using an SVM model with
a set of features that were chosen based on some small-scale
experiments. Since the size of the training data is not large
and we have listed only 17 candidate features in Table 2, it
is not infeasible for us to use all possible combinations of
the 17 features with a classification model to pinpoint the
combination that produces the best classification results for
the training data. The number of experiments is 2!7, which
is 131,072.

We actually executed just such a brute-force search for
SVMs, decision trees, and linearly weighted functions with
the TC and SC development set of NTCIR-10 RITE-2. Tables
14 and 15 list the selected sets of features along with the
accuracies observed in the 10-fold cross-validation learning
processes, where SVM, DT, and LM, respectively, denote
SVMs, decision trees, and linearly weighted models. Recall
that, in Sect. 4.3, the selected feature set for SVMs led to
71.46 % in accuracy for TC and 75.55 % for SC at training
time, both of which are not very different from their coun-
terparts in Tables 14 and 15.

Comparing Tables 14 and 15, we can see that the best
combination of features varies with the language and the
nature of the classifiers.

Having identified the best features for different classifiers
with the development dataset, we ran the classifiers, which
were based on linear models, on the test dataset of NTCIR-
10 RITE-2. Tables 16 and 17 list the results for TC and SC,
respectively. A comparison between the MacroF1 scores in
Table 16 and the MacroF1 of MIG-3 in Table 5 shows that
none of the classifiers that used the new feature sets outper-
formed the SVM model which we used in the TC subtask in
the NTCIR-10 RITE-2. On the contrary, the MacroF1 scores
in Table 17 are significantly better than the MacroF1 of the
MIG-3 in Table 6. Nevertheless, even after such improve-
ments, these new results would not be good enough to be
listed among the top 5 results for the SC subtask in NTCIR-
10 RITE-2.

4.6 Evaluations with NTCIR-9 RITE test data

We reused the classification models that we trained with the
NTCIR-10 RITE-2 development dataset to predict the entail-
ment of the test data for NTCIR-9 RITE. According to Shima
et al. (2012), the best accuracy scores achieved by software
for the TC and SC were 66.11 and 77.64 %, respectively.
We used our heuristic functions with the settings listed
in Table 8 to predict the entailment relationships of the TC
test dataset of NTCIR-9 RITE. Again, we ran two sets of
experiments, differing in whether or not synonyms were used
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Table 14 Feature selection with

the TC development set of Model ID Feature ID Accuracy

NTCIR-10 RITE-2

c 0 SVM-1 F1, F2, F3, F4, F5, Fo, F8, F9, F12, F14 71.99

SVM-2 F1, F2, F4, F5, F6, F8, F9, F11, F12, F14 71.84
DT-3 F1, F2, F3, F5, F7, F8, F12, F13, F15 71.78
DT-4 F1, F2, F3, F5, F7, F8, F10, F13, F15 71.74
LM-5 F1, F3, F4, F5, F6, F7, F8, F9, F10, F11, F12, F13, F14, F15, F16, F17 72.98
LM-6 F1, F3, F4, F5, F6, F7, F8, F9, F10, F11, F12, F13, F15, F16, F17 72.75

Table 15 Feature selection with

the SC development set of Model ID Feature ID Accuracy

NTCIR-10 RITE-2
SVM-7 F1, F2, F5, F6, F7, F9, F13, F16 75.80
SVM-8 F1, F2, F3, F5, F6, F7, F16 75.80
DT-9 F1, F2, F5, F7, F11, F12 76.44
DT-10 F1, F2, F4, F5, F7, F8, F11, F12 76.40
LM-11 F1, F2, F3, F4, F5, F7, F8, F9, F10, F12, F13, F15, F16, F17 77.40
LM-12 F1, F3, F4, F5, F7, F8, F9, F10, F11, F12, F13, F14, F15, F16, F17 77.27

Table 16 Results of using LM and the best feature sets for TC test set
of NTCIR-10 RITE-2

Table 19 Using settings in Table 8 and synonyms for TC in NTCIR-9
RITE

Model ID  MacroFl Acc. Y-Prec. Y.-Rec. N-Prec. N-Rec. ID  MacroFl  Acc. Y-Prec.  Y.-Rec. N-Prec. N-Rec.
LM-5 64.60 64.81 67.94  66.81 61.22 62.44 Cl 7153 72.11  67.18 86.44 81.00 57.78
LM-6 64.10 64.36 67.30 67.01 60.89 61.19 C2 7194 72.56  67.41 87.33 82.02 57.78
C3 7241 72.89  68.13 86.00 81.02 59.78
C4 7207 72.67  67.53 87.33 82.08 58.00
Table 17 Results of using LM and the best feature sets for SC test set C5 7254 73.00 68.25 86.00 81.08 60.00
of NTCIR-10 RITE-2 c6  73.00 7322 69.68 8222 7832 6422

Model ID MacroF1 Acc.  Y-Prec. Y.-Rec. N-Prec. N-Rec.
LM-11 62.16 65.94 62.87 90.28 76.57 37.33
LM-12 62.05 65.81 62.81 90.05 76.14 37.33

Table 20 Using settings in Table 8 but no synonyms for SCin NTCIR-9
RITE

Table 18 Using settings in Table 8 but no synonyms for TC in NTCIR-9
RITE

ID  MacroFl Acc. Y-Prec.  Y.-Rec. N-Prec. N-Rec.
Cl  73.18 73.44  69.57 83.33 79.22 63.56
c2 7329 73.56  69.63 83.56 79.44 63.56
C3 7359 73.78  70.34 82.22 78.61 65.33
C4 7352 73.78  69.89 83.56 79.56 64.00
C5 73.82 74.00 70.61 82.22 78.72 65.78
C6 73.83 73.89 7181 78.67 76.41 69.11

in computing word overlap, and the results are listed in Tables
18 and 19.

The data in Tables 18 and 19 show that our accuracy scores
were better than the best score achieved by the systems which
participated in the TC evaluation task of NTCIR-9. However,

ID MacroF1  Acc. Y-Prec. Y.-Rec. N-Prec. N-Rec.
Cc7 67.69 75.18 73.82 95.44 82.09 38.19
C8 67.69 75.18 73.82 95.44 82.09 38.19
c9 67.69 75.18 73.82 95.44 82.09 38.19
Cl10 68.11 75.43 74.04 95.44 82.35 38.89
Cll  68.11 75.43 74.04 95.44 82.35 38.89
Cl2  67.66 71.01  76.36 79.85 59.85 54.86

we also observed that considering synonyms in TC experi-
ments for NTCIR-9 actually decreased the performance of
our systems.

We also used our heuristic functions with the settings listed
in Table 9 to predict the entailment relationships of the SC
test dataset of NTCIR-9 RITE. Analogously, we ran two sets
of experiments, differing in whether or not synonyms were
used in computing word overlap, and the results are listed in
Tables 20 and 21.
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Table 21 Using settings in Table 8 and synonyms for SC in NTCIR-9
RITE

ID MacroF1  Acc. Y-Prec. Y.-Rec. N-Prec. N-Rec.
C7 65.96 7494  72.80 97.72 88.89 72.80
C8 65.96 7494 72.80 97.72 88.89 72.80
C9 65.96 7494  72.80 97.72 88.89 72.80
Cl10 6641 75.18  73.01 97.72 89.09 73.01
Cll 6641 75.18  73.01 97.72 89.09 73.01
Cl2 67.57 71.74 7552 83.27 62.39 75.52

Table22 Results of using the best feature sets for TC test set of NTCIR-
9 RITE

Model ID MacroF1 Acc.  Y-Prec. Y.-Rec. N-Prec. N-Rec.
LM-5 71.50 71.89 67.75 83.56 78.55 60.22
LM-6 72.48 72.89 68.39 85.11 80.29 60.67

Table 23 Results of using the best feature sets for SC test set of NTCIR-
9 RITE

Model ID MacroF1 Acc.  Y-Prec. Y.-Rec. N-Prec. N-Rec.
LM-11 71.58 77.64 7590 95.82 85.33 44.44
LM-12 72.36 78.13 76.36 95.82 85.71 45.83

The statistics in Tables 20 and 21 show that our accuracy
scores were not as good as the best score achieved by the
systems which participated in the SC subtask of NTCIR-
9 RITE. Similar to what we observed in Tables 18 and 19,
considering synonyms in SC experiments for NTCIR-9 RITE
brought down the performance of our systems.

We used the linear model-based classifier with the best fea-
ture sets (cf. Tables 14, 15 in Sect. 4.5) to predict the entail-
ment relationships for the test dataset of NTCIR-9 RITE.
Tables 22 and 23 show the results for TC and SC, respec-
tively. Once again, the accuracies for TC were better than the
best performing team which actually participated in NTCIR-
9 RITE. Moreover, the accuracy achieved by LM-12 was
also slightly better than the best accuracy for SC in NTCIR-
9 RITE.

4.7 Effects of syntactic and semantic information

In order to study the effects of considering parse trees (F8 in
Table 2) and the dependency structures (F16 in Table 2), we
intentionally removed F8 and F16 from LM-5 and LM-6 in
Table 14 and LM-11 and LM-12 in Table 15. We used LM-
5A, LM-6A, LM-11A, and LM-12A to denote these new set-
tings. Table 24 lists the MacroF1 and accuracy scores when
we used LM-5A, LM-6A, LM-11A, and LM-12A with lin-
early weighted models to predict entailment.

Although we hoped that considering higher level linguis-
tic information could make a significant contribution to the
scores, the data does not support our hypothesis decisively.
Most of the time, considering F8 and F16 made the clas-
sification results only relatively and marginally better for
simplified Chinese. The effects of considering F8 and F16
were quite arbitrary for test data of traditional Chinese, as
indicated by the left side of Table 24.

5 Additional discussions

In this section, we discuss some issues that involve observa-
tions obtained in multiple experiments. More specifically, we
discuss the implication that was suggested by the experiments
reported in Sect. 4. Although one might expect that some
approaches should have achieved better performance than
others, such expectations might not be realized in the current
study. We investigate the issues and elaborate on possible
reasons for the gap between the actual results and expected
outcomes in this section.

5.1 Y-precision, Y-recall, N-precision, and N-recall

Although we have focused mostly on the effects of using dif-
ferent methods and features on the achieved MacroF1 and
accuracy scores, the values of the Y-precision, Y-recall, N-
precision, and N-recall are informative for the design of algo-
rithms.

It should be noted that, when handling the statement pairs
of simplified Chinese, our methods had high values in Y-

Table 24 Effects of considering syntactic and semantic information indecisive

Traditional Chinese Simplified Chinese

RITE.Test RITE-2.Test RITE.Test RITE-2.Test

MacroF1 Acc. MacroF1 Acc. MacroF1 Acc. MacroF1 Acc.
LM-5 71.50 71.89 64.60 64.81 LM-11 71.58 77.64 62.16 65.94
LM-5A 71.70 72.00 64.51 64.81 LM-11A 70.95 77.15 62.31 65.81
LM-6 72.48 72.89 64.10 64.36 LM-12 72.36 78.13 62.05 65.81
LM-6A 71.32 71.67 64.34 64.70 LM-12A 69.25 75.68 62.03 65.56
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Z?::al:nf:- Wi?g?;;i&i;;:sg?:cs Teams Simplified Chinese Traditional Chinese

both SC and TC subtasks in Ranks MacroF1 Acc. Ranks MacroF1 Acc.

NTCIR-10 RITE-2
JUNLP 24 48.49 48.66 16 48.72 48.81
TIASL 10,18 60.45 63.25 1,14 67.14 67.76
MIG 2,6,12 68.09 68.50 2,3,6 67.07 67.54
CYUT 3,79 67.86 68.12 12,13,15 55.16 55.16
Yuntech 14,15,16 53.52 59.54 8,9,10 62.31 62.54
IMTKU 13,17,23 54.28 62.74 4,7,17 65.99 66.29
WHUTE 8,11 61.65 66.58 5 65.55 66.29

recall and N-precision and low values in N-recall in Sects.
4.4 and 4.5. After using the training methods, our meth-
ods showed a tendency to grant entailed relationships to
statement pairs. We suspect that this phenomenon may have
resulted from the imbalanced portions of Y-pairs and N-pairs
in the development set (cf. Table 3).

5.2 Performance of SVM-based systems

Indeed, it is not surprising that the quality of training data
influenced the performances of the trained models. The
amount of data available for training may have also affected
the performances of teams which adopted supported vector
machines (SVMs) as their classifiers. Table 25 shows some
statistics of the performance of all of the teams which partic-
ipated in the BC subtask for both simplified and traditional
Chinese in NTCIR-10 RITE-2. Since each team could sub-
mit up to three runs of their systems, a team would have
as many results as the runs they submitted. The “MacroF1”
and “Acc.” columns show the highest MacroF1 and accuracy
achieved by the teams.

Among the seven teams, only IASL (Shih et al. 2013)
did not use SVMs, and MIG (Huang and Liu 2013) used
SVMs in one of their three runs. The other five teams used
SVMs as their classifiers, and only CYUT (Wu et al. 2013)
achieved better performance in simplified Chinese than in
traditional Chinese. Although MIG’s best performance in
simplified Chinese is better than its best performance in tradi-
tional Chinese, as shown in Table 25, MIG’s performance in
simplified Chinese is actually poorer than its performance in
traditional Chinese when MIG used an SVM-based classifier
(cf. MIG-3 in Tables 5, 6).

5.3 Effects of specific features on experiments with real test
data

Comparing the experimental results discussed in Sects. 4.3,
4.4, and 4.5, we found that, overall, using systematic ways to
search for parameters and features offered us more chances
to achieve better performance than relying on results of intu-
itively selected experiments to build an inference system.

We have also attempted to compare many experimental
results that were influenced by whether or not we considered
synonyms in computing word overlap in Sect. 4. The follow-
ing statement pair of NTCIR-10 RITE-2 provides an example
of the need to consider synonyms. One needs to recognize
the synonymous relationship between “¥% 77 and “¥&%” to
correctly handle this pair.

(15) REH LA RAGTE - HES DI
(16) REH B RES RA N E

Nevertheless, experimental results showed that considering
synonyms only helped improve our performance in the TC
experiments in NTCIR-10 RITE-2. Similar results were not
observed in other experiments that we reported in Sects. 4.4
and 4.6. This may have resulted because the test data did
not include many instances that really needed synonyms to
make correct judgments and may have also been caused by
imperfect judgment of synonymous relationships between
Chinese words, which remains a very challenging problem
for Chinese.

The entailment relationships between a statement pair may
hold for a wide variety of reasons and their combinations,
and the organizers of evaluation tasks try to cover as many
different types of entailment relationships as possible in the
datasets (Dagan et al. 2009; Shima et al. 2012; Watanabe
et al. 2013a). As a consequence, the overall performance
might not be improved instantly due to the consideration of
just one specific factor. Researchers have studied the correla-
tion between datasets and performance of systems (Lin et al.
2015). Hence, it may not be easy to single out and justify the
extract contribution of a specific feature with real test data.

The same phenomenon occurred again when we tried to
examine the effects of considering syntactic and semantic
information to judge entailment relationships with experi-
ments reported in Sect. 4.7.

5.4 World knowledge and subjective judgments

In the real world, we may not be able to judge whether
one statement entails another solely by linguistic information
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(Vanderwende et al. 2006; Dagan et al. 2009). This is particu-
larly true when world knowledge, connotation and subjective
judgments are involved. Following are some statement pairs
that were used in NTCIR-10 RITE-2.

Knowledge about the conversion between “>k” (meter) and
% K (centimeter) is required to judge whether (17) entails
(18).

SN

(17) MERFRIEEE
(18) M#ERFHRIEE A

ChEF9 B 3 K
@ 50~90 % K

SN

The standard answer to the statement pair (19) and (20) is
yes, probably because the annotator believed that something
that is “& %" (highest) must also be “%” (high). However,
this may not be always true, just like the best performer in a
contest might not really achieve very high scores.

(19) o3 5% % 25 %
(20) B3 %

E e

6 Concluding remarks

The main goal of this paper is not to provide a comprehen-
sive survey of studies on textual entailment. Rather, we pro-
vide empirical experience obtained from experiments with
real test data in NTCIR-9 RITE and NTCIR-10 RITE-2. For
additional survey articles that we have not discussed, read-
ers might want to refer to Androutsopoulos and Malakasiotis
(2010), Watanabe et al. (2012).

In this paper, we presented the linguistic features and the
computational models which we used to achieve second posi-
tions in the BC subtask for both simplified and traditional
Chinese in NTCIR-10 RITE-2. Significantly extended inves-

@ Springer

tigations were carried out, reported, and analyzed to share
our empirical experience in textual entailment based on the
real data used in NTCIR-9 RITE and NTCIR-10 RITE-2.
More experiments, including experiments on English test
data used in PASCAL RTE-1 and RTE-2, are available in
Huang (2013).

Based on the experience and discussions reported in this
paper, we believe that more work on true natural language
understanding is needed to achieve better performance in tex-
tual entailment recognition. For future work, we are explor-
ing the possibility of applying techniques of textual entail-
ment for answering questions in reading comprehension tests
that are designed for language learners (Huang et al. 2013).
When computers can do the reading comprehension tests rea-
sonably well, they might also explain the answers to students
and serve as a learning companion.

Acknowledgements This research was supported in part by the
student travel fund of the Department of Computer Science of
National Chengchi University and in part by funding from the Grants
of 100-2221-E-004-014, 101-2221-E-004-018, 102-2420-H-001-006-
MY?2, and 103-2918-1-004-001 of the Ministry of Science and Tech-
nology of Taiwan. Access to the digital library services of the Harvard
Library was granted to the second author during his visit to Harvard
University.

Appendix

We provide information about the Chinese text included in
this paper. The section column indicates the sections where
the Chinese text appears. The Chinese column shows the
mentioned Chinese text. The Pronunciation column shows
the pronunciations of the Chinese texts in Hanyu pinyin. The
Translation/Interpretation column provides a way to inter-
pret the Chinese text in this paper.
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Section | Chinese Pronunciation Translation/Interpretation
2.1.1 TR ALy % E /& | diand nao3 ruan3 ti3 del pin3 The quality of computer
k3 zhi2 hen3 zhong4 yao4 software is important.
WA R R B B 4R | diand nao3 ruan3 ti3 del pin3 The quality of computer
% zhi2 hen3 zhong4 yao4 software is important.
it E AR B E | ji4 suand jil ruan3 jiand del zhi2 | The quality of computer
RER liang4 hen3 zhong4 yao4 software is important.
it E ji4 suan4 jil computer
w4 ruan3 jian4 software
il zhi2 liang4 quality
I ¥ HsurkE gongl ye4 ji4 shu4 shui3 zhun3 competence levels of
industrial technologies
T FERAKKE gongl ye4 ji4 shu4 shui3 zhun3 competence levels of
industrial technologies
Tl ARKF gongl ye4 ji4 shu4 shui3 ping2 competence levels of
industrial technologies
2.1.2 = sanl three
% sanl three
+ nian4 twenty
H sa4 thirty
=+= sanl shi2 er4 thirty two
= shi2 er4 twelve
—+= yil shi2 er4 twelve
A E chaol jiu3 wan3 wu3 work from 9AM to 5PM
2905 chaol jiu3 wan3 wu3 an incorrect way to write 3
NN
HE-R= ju3 yil fan3 sanl providing more examples
after being given an example
E1IR3 ju3yil fan3 sanl an incorrect way to write & 1
&3
2.13 HRAGER % | yan2 jiu4 shengl mingd hai2 This string can carry two
3 you3 duol shao3 nian2 different meanings,
depending on how the Chinese
string is segmented. The first
meaning is “the number of
years remaining for
research”, and the second is
“the remaining life spans of
graduate students”.
B 5 yan2 jiu4 shengl ming4 life for doing research
BAH hai2 you3 remaining
%0 duol shao3 nian2 number of years
R yan2 jiu4 shengl graduate students
o ming4 Life
2.2.1 Tamara ¥ 742 4 3§ | Tamara dui4 yu2 ti2 chul zhe4 Tamara is reluctant to raise
— PR B yil wen4 ti2 gan3 dao4 you2 yu4 | this question.
Tamara #7#>34) F]iE | Tamara duid yu2 xun2 wen4 zhe4 | Tamara hesitates to ask this
— AR R R yil wen4 ti2 xian3 del chi2 yi2 question.
#b chun3 hua4 refine
T gongl industrial
5 tu3 shi2 stone
] jinl shu3 metal
A da4 big
Xy wu2 shenl wu4 inanimate
oE kuang4 mine
B yuan2 original
hHe ye3 jinl metallurgy
% you2 yu4 reluctant
BB chi2 yi2 hesitate
F ) ti2 chul raise
34 P xun2 wen4d ask
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Section | Chinese Pronunciation Translation/Interpretation

222 E:S wu2 not (a character for negation)
ES weid not (a character for negation)
R bu4 not (a character for negation)
El3 feil not (a character for negation)
BAH mei2 you3 not (a word for negation)
T3 AABAEY | qianl xil nian2 wei2 jil su2 The problems of year 2000
2Ka#kT4#4 |chengl Y 2K wei2jil huo4 were commonly called Y2K

qianl xil chong2 crisis or thousand-year bugs.
T AAMIEIEY | qianl xil nian2 wei2 jil bingd The problems of year 2000
2KEa#ET#E | feil Y 2K wei2jil huo4 gianl | were not called Y2K crisis or
xil chong2 thousand-year bugs.
&k wu2  fa3 cannot
RAE wei4 neng2 cannot
FAT bu4 xing2 cannot
A bu4 neng2 cannot
&2 I wu2 ke3 houd feil cannot be blamed

3.1.1 FT#E A# 5 | qianl xil nian2  wei2 jil  su2 The problems of year 2000
# Y2K j&# |chengl Y 2K wei2jil were commonly called Y2K
* THE& huo4 qianl xil chong2 crisis or thousand-year bugs.
Fi#4% A# I | qianl xil nian2 wei2 jil bing4 | The problems of year 2000
JE Y2K &# |[feil Y2K wei2jil huod were not called Y2K crisis or
* THE& qianl xil chong2 thousand-year bugs.

3.1.3 EE R A | ruod wangd bao3 lu4 erd shi4 shi4 | Saint John Paul II was the
BE+ % F k% — | sidbai3 wu3 shi2 duol nian2 lai2 | first non-Italian Pope in more
frik & AF ey % | did yil weid feil yi4 dad 1i4 ji2 than 450 years.

F del jiao4 zongl
ZEE Akt 2w | ruod wangd bao3 lu4 er4 shi4 shi4 | Saint John Paul II was the
BE+ % F k% — | sidbai3 wu3 shi2 duol nian2 lai2 | first Italian Pope in more than
f & AF 2 E | did yil weid yid da4 1i4 ji2 del 450 years.

jiao4 zongl

3.1.5 $# o2 | tai2 wanl chul kou3 zhi4 yind Exports from Taiwan to

% 28.6% du4 cheng?2 zhang3 28.6% India grew 28.6%.
ERE 2 E S | yind dud chul kou3 zhi4 tai2 Exports from India to
% 28.6% wanl cheng2 zhang3 28.6% Taiwan grew 28.6%.
54 tai2 wanl Taiwan

Ep B yin4 du4 India

3.1.6 S o ZEPE AR | tai2 wanl chul kou3 zhi4 yind Exports from Taiwan to
% 28.6% du4 cheng? zhang3 28.6% India grew 28.6%.

EpEH &g | yind dud cong? tai2 wanl jind The growth rate of imports

K FTiE 28.6% kou3 cheng2 zhang3 lu4 ke3 da2 | from Taiwan to India can
28.6% reach 28.6%.

Ho chul kou3 export

#o jin4 kou3 Import

5% tai2 wanl Taiwan

Ep R yin4 du4 India

4.1 H#huy) EMEAsA L | xiangl gang3 del zhu3 quan2 he2 | The sovereignty and land of
A 1997 3t B & | ling3 tu3 shi4 zai4 1997 you2 Hong Kong was returned from
B PR yingl guo2 guil huan2 gei3 Britain to China in 1997.

zhongl guo2 del
1997 =& # =& ¥ | 1997 nian2 xiangl gang3 hui2 Hong Kong became part of
guil zongl guo2 China in 1997.
— A — AT | yil jiu3 jiu3 yil nian2 pol sil When the Gulf War stopped
B $4 285 S | wanl zhand zhengl jie2 shud in 1991, Yashin took the
X ERAFEH | shi2>ya3 xinl youd daid zhel jial | family back to Jordan.
p=A ren2 yi2 jul yuel dan4
AT B F A | pol sil wanl zhand zhengl fal The Gulf War broke out
1991 4 shengl yu2 1991 nian2 in 1991.

5.3 & tingl li4 ability to hear
bt o tingl jue2 hearing perception
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ERES B 3E 3 K zhi2 jing4 neng2 gou4 dao4 da2

3 mi3

Section | Chinese Pronunciation Translation/Interpretation

A S 4 A 1R | zaod shengl dui4 dongd wud ye3 | Environmental noise impacts

AEHE > F1&K% | you3 hen3 da4 del ying3 animals’ hearing as well,

L] xiang3 - jiang4 dil dong4 wu4 reducing their hearing ability.
tingl 1i4

A S e I8 % | zaod shengl dui4 dongd wud del | Environmental noise has a

HBAGHE tingl jue2 you3 hen3 da4 del great influence on animals’
ying3 xiang3 hearing ability.

FT3 M 45 RIEE A | al nuod er3 ted dad hual cao3 The diameter of Rafflesia

arnoldii can reach 3 meters.

MRS RILE A | al nuod er3 ted dad hual cao3 The diameter of Rafflesia

18 50~90 % 5k zhi2 jing4 50~90 1i2 mi3 arnoldii is between 50 and 90
centimeters.

5.4 e H i ¥k s | lud rong2 zil bu3 yao4 xiao4 zui4 | The medical effects of velvet
gaol antler are the highest.

)% 38 lu4 rong2 yao4 xiao4 gao4 The medical effects of velvet

antler are high.
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