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DESCRIPTION

TEXTUAL ENTAILMENT RECOGNITION APPARATUS, TEXTUAL
ENTAILMENT RECOGNITION METHOD, AND COMPUTER-READABLE
RECORDING MEDIUM

Technical Field

[0001] The present invention relates to a textual entailment recognition apparatus
and a textual entailment recognition method for determining whether a specific text
entails another text, and a computer-readable recording medium having recorded

thereon a program for implementing the aforementioned apparatus and method.

Background Art

[0002] Inrecent years, attention has been placed on textual entailment recognition in
order to achieve sophistication of the large number of applications for handling natural
languages, such as retrieval of natural sentences having meaning. The textual
entailment recognition refers to a task of determining, when a text T and a text H are
given, whether "the text H can be inferred from the text T

[0008] For example, when "text T: Company N has profits of ¥50 billion" and "text H:

Company N is in the black" are given, the text H can be inferred from the text T and it

is determined that the text T entails the text F. The reason is that "profits of ¥50
billion" is considered to be sufficient to mean "in the black".

[0004] For example, Non-Patent Document 1 discloses an example of a conventional
textual entailment recognition system. The textual entailment recognition system

disclosed in Non-Patent Document 1 first parses each of the text T and the text H, and
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creates, for each of the texts, a tree structure in which a verb is a root (top node) and
wozrds included in an argument (subject, object, etc.) of the verb are child nodes or
grandchild nodes.

[0005] Next, the entailment determination system disclosed in Non-Patent
Document 1 carries out word replacement and syntactic paraphrasing on the text T,
and tries to create, in a subtree of the text T, a tree structure that matches the tree
structure of the text H. Then, the entailment determination system determines that
the text T entails the text H if the aforementioned tree structure can be created in the
subtree of the text T.

[0006] Further, with the entailment determination system disclosed in Non-Patent
Document 1, it is also possible to perform approximate matching determination when
the matching determination is performed on the tree st;*ucture, in addition to
matching determination as to whether there is a perfect match. Specifically, after
creating the above-described tree structure, the entailment determination system
creates data called a VAS (Verb-Argument Structure) from the created tree structure.
[0007] VASis a kind of so-called predicate-argument structure, and is composed of a
verb serving as a root of a tree structure and a word set separately created for each
argument type. For example, in Non-Patent Document 1, the VAS "< kill, {object:
Casey, Sheehan), (other: Irag)>" is generated from the sentence "Casey Sheechan was
killed in Iraqg". Non-Patent Document 1 also discloses a method for creating a word
set, from the entirety of child nodes and grandchild nodes if the root is the verb "be",
without differentiating between the argument types.

[0008] Then, the entailment determination system disclosed in Non-Patent
Document 1 determines the percentage of word coverage between the word sets of the

same argument for two VASs that were created from the text T and the text H.
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Subsequently, the entailment determination system determines that the argument
contents of the two VASs match if the aforementioned percentage of word coverage is
greater than or equal to a predetermined coverage, and furthermore determines that
the original tree structures of the two VASs also match if the degree of matching
arguments is greater than or equal o a fixed rate. Thus, in the case of generating
VASs, not only perfect matching but also approximate matching between the character

strings of the arguments of verbs can also be determined.

Citation lﬁs‘?

Non-Patent Document

[0009] Non-Patent Document 1: Asher Stern et al., "Rule Chaining and Approximate
Match in textual inference”, Text Analysis Conference 2010, (Online Proceedings),

http/Aerww.aist.govitac/publications/2010/participant. papers /BIU . proceedings pdf

Disclosure of the Invention

Problem to be Solved by the Invention

[0010] As described above, the above entailment determination system disclosed in
Non-Patent Document 1 can determine whether one of two natural sentences of
interest entails the other, and therefore conceivably allows for retrieval of natural
sentences, for example.

[0011] However, the entailment determination system disclosed in Non-Patent
Document 1 has a problem in that entaﬂment determination cannot be performed if
the argument structures of the predicates arve different. The veason for this is that
this entaﬂinent determination system tries to perform collation between the texts

assuming that the argument structures of the predicates are the same.
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[0012] For example, assume that "text T: Company A withdrew from the personal
computer business" and "text H: Personal computers from Company A will
disappear "exist. The above-described entailment determination system disclosed
in Non-Patent Document 1 extracts, as VASs, "withdraw (subject: Company A,
object: personal computer, business)" from the text T and "disappear (subject:
Company A, from, personal computers)" from the text H.
[0018] In the case where such VASs are extracted, "withdraw" and "disappear” are
different verbs. Consequently, in the above-described entailment determination
system disclosed in Non-Patent Document 1, the text T is not determined to entail
the text H, even though it does.
[0014] Furthermore, in the entailment determination system, even if all verbs are
viewed as being equal in the aforementioned case, the subject of "disappear” is
different from the subject and object of "withdraw", and therefore, the text T is not
determined to entail the text H in this case as well.
[0015] Object of the Invention

Embodiments of the present invention seek to solve the above-mentioned
problems and to provide a textual entailment recognition apparatus, a textual
entaillment recognition method, and a computer-readable recording medium that
can allow for entailment determination of a plurality of texts that are to undergo

determination, even if the argument structures of the predicates are different.

Means for Solving the Problem
[0016] According to an aspect of the present invention, there is provided a textual
entailment determination apparatus for determining whether a first text entails a

second text, comprising:
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a vector generation unit that acquires a predicate-argument structure of
each of the first text and the second text, and generates, for each of the first text and
the second text, a vector having a character string as a component, for each
predicate-argument structure by using a word other than a word indicating a type of
argument of a predicate in the predicate-argument structure;

a combination identification unit that generates vectors from each of the
vector generated for each predicate-argument structure for the first text and the
vector generated for each predicate-argument structure for the second text by
converting the character strings that are components of the vectors into numbers,
calculates similarity of the two generated vectors, and identifies combinations of the
predicate-argument structures of the first text and the predicate-argument
structures of the second text based on the calculated similarity; and

an entaiiment determination unit that obtains, for each of the identified
combinations, as a feature amount, either the degree of word coverage or the degree
of word matching for only words serving as the arguments between the
predicate-argument structures of the first text and the predicate-argument
structures of the second text based on a word other than a word indicating a type of
argument of a predicate in the predicate-argument structure and determines
whether the first text entails the second text based on the obtained feature amounts.
[0017] According to another aspect of the present invention, there is provided a
textual entailment determination method for determining whether a first text

entails a second text, comprising the steps of:
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(a) by a computer, acquiring a predicate-argument structure of each of the
first text and the second text and generating, for each of the first text and the second
text, a vector having a character string as a component, for each predicate-argument
structure by using a word other than a word indicating the type of argument of a
predicate in the predicate-argument structure ;

(b) by the computer, generating vectors from each of the vector generated for
each predicate-argument structure for the first text and the vector generated for
each predicate-argument structure for the second text by converting the character
string that are components of the vectors into numbers, calculating similarity of the
two generated vectors, and identifying combinations of the predicate-argument
structures of the first text and the predicate-argument structures of the second text

based on the calculated similarity; and
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(¢) by the computer, obtaining, for each of the identified combinations, as a
feature amount, either the degree of word coverage or the degree of word matching
for only words serving as the arguments between the predicate-argument structures
of the first text and the predicate-argument structures of the second text based on a
word other than a word indicating a type of argument of a predicate in the
predicate-argument structure and determining whether the first text entails the
second text based on the obtained feature amounts.

[0018] According to another aspect of the present invention, there is provided a
program for determining whether a first text entails a second text by a computer, the
program for causing the computer to execute the steps of:

(a) acquiring a predicate-argument structure of each of the first text and the
second text, and generating, for each of the first text and the second text, a vector
having a character string as a component, for each predicate-argument structure by
using a word other than a word indicating the type of argument of a predicate in the

predicate-argument structure;
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(b) generating vectors from each of the vector generated for each
predicate-argument structure for the first text and the vector generated for each
predicate-argument structure for the second text by converting the character string
that are components of the vectors into numbers, calculating similarity of the two
generated vectors, and identifying combinations of the predicate-argument
structures of the first text and the predicate-argument structures of the second text
based on the calculated similarity; and

(c) obtaining, for each of the identified combinations, as a feature amount,
either the degree of word coverage or the degree of word matching for only words
serving as the arguments between the predicate-argument structures of the first
text and the predicate-argument structures of the second text based on a word other
than a word indicating a type of argument of a predicate in the predicate-argument
structure and determining whether the first text entails the second text based on the

obtained feature amounts.

Effects of the Invention

[0019] As described above, according to embodiments of the present invention, it is
possible to allow for entailment determination of a plurality of texts that are to
undergo determination, even if the argument structures of the predicates are

different.
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Brief Description of the Drawings
[0020] FIG. 11is a block diagram showing a configuration of an entailment
determination apparatus according to an embodiment of the present mvention.

FIG. 2 is a flowchart illustrating an operation of an entailment determination
apparatus according to an embodiment of the present invention.

FIG. 31s a diagram showing an example of predicate-argument structures
extracted from texts.

FIG. 4 1s a diagram showing vectors generated from the predicate-argument
structures shown in FIG. 8.

FIG. 5 is a diagram illustrating an example of combination identification
processing executed in the present embodiment.

FIG. 6 is a diagram illustrating an example of entailment determination
processing executed in the present embodiment.

FIG. 7 is a block diagram showing an example of a computer for implementing
an entailment determination apparatus according to an embodiment of the present

invention.

Description of Exmnbodiment
[0021]  Embodiment

Hereinafter, an entailment determination apparatus, an entailment
determination method, and a program according to an embodiment of the present
mvention will be described with reference to FIGS. 1 to 7.
[0022] Configuration of Apparatus

First, a configuration of an entailment determination apparatus according to
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an embodiment of the present invention will be described with reference to FIG. 1.
FIG. 1 is a block diagram showing a configuration of an entailment determination
apparatus according to an embodiment of the present invention.

10023} The entailment determination apparatus 2 shown in FIG. 1 according to the
present embodiment is an apparatus for determining whether a first text entails a
second text. Asshown in FIG. 1, the entailment determination apparatus 2 includes
a vector generation unit 21, a combination identification unit 22, and an entailment
determination unit 23. |

[0024] Of these, the vector generation unit 21 first acquires the respective
predicate-argument structures of the first text and the second text. Then, the vector
generation unit 21 generates, for each of the first text and the second text, a vector for
each predicate-argument structure, by using words other than a word indicating the
type of argument of a predicate in the predicate-argument structure.

[0025] The combination identification unit 22 compares the vector generated for each
predicate-argument structure for the first text with the vector generated for each
predicate-argument structure for the second text, and identifies combinations of the
predicate-argument structures of the fivst text and the predicate-argument structures
of the second text based on a result of the comparison.

[0026] The entailment determination unit 23 calculates a feature amount for each of
the identified combinations, and determines whether the first text entails the second
text based on the calculated feature amounts.

[0027] Thus, with the entailment determination apparatus 2, combinations of
predicate-argument structures that are to undergo determination ave identified from
the result of a comparison of vectors that disregards argument structures, and

entailment between the texts is determined based on the identified combinations.
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Accordingly, with the entailment determination apparatus 2, it is possible to carry out
entailment determination for a plurality of texts that are to undergo determination,
even if the argument structures of the predicates are different.

[0028] Next, the configuration of the entailment determination apparatus 2 in the
present embodiment will be described in further detail,  First, in the present
embodiment, the entailment determination apparatus 2 is an apparatus that operates
by program control, and is implemented by executing a program described below on a
computer.

[0029] Further, in the present embodiment, a "predicate-argument structure”
includes at least a predicate (verb) inchuded in a text, a word serving as the argument
of the predicate, and a word (abel) indicating the type of argument (see FIG. 3
described below). Accordingly, in the present embodiment, "word(s) other than a word
indicating the type of argument of a predicate in the predicate-argument structure”
means the predicate (verb) and the word serving as the argument.

[0030] As shown in FIG. 1, in the present enbodiment, an input apparatus 1, a
storage apparatus 3 that stores various data vsed in the entailment determination
apparatus 2, and an output apparatus 4 for outputting results are connected to the
entailment determination apparatus 2. The entailment determination apparatus 2
constructs an entailment determination system, together with the input apparatus 1,
the storage apparatus 3, and the output apparatus 4.

[0031] The input apparatus 1 inputs two texts, namely, a first text and a second text,
that are to undergo entailment determination performed by the entailment
determination apparatus 2, into the entailment determination apparatus 2. Note
that in the following description, the fivst text may be referred to as "text T" or simply

as "T", and the second text may be referred to as "text H" or simply as "H".
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[0032] In the present embodiment, the text T and the text H that are to undergo
entailment determination may be texts of arbitrary units that are defined by a given
method. Examples of the text T a;zd the text H that are to undergo entailment
determination include some or all of a text constituting a text file, a text created by
linking character strings included in an arbitrary subtree obtained through parsing,
and a text created by linking character strings in a predicate-argument structure.
[0033] The output apparatus 4 outputs a result of entailment determination
performed by the entailment determination apparatus 2 for the text T and the text H
input from the input apparatus 1. Specific examples of the output apparatus 4
include a display apparatus and a printer,

[0034] The storage apparatus 3 includes a word collation rule storage unit 30 and a
predicate-argument structure collation rule storage unit 31. In the present
embodiment, the entailment determination apparatus 2 can use information stored in
the storage apparatus 3, and therefore can achieve an improvement in entailment
determination accuracy as compared fo the case where the storage apparatus 3 is not
cormected thereto.

[0035] The word collation rule storage unit 30 stores an entailment rule Gword
collation rule) that can be established between words, such as synonyms, hyponyms,
meronyms, and derivations. Examples of the word collation rule include "Nippon
Electric Company, Limited — NEC", "run — move", "Tokyo — Japan”, and
"manufacturer — manufacture”.

[0036] The predicate-argument structure collation rule storage unit 31 stores an
argument relation (predicate-argument structure collation rule) between the
predicate-argument structures that are to be collated during entailment determination.

Examples of the predicate-argument structure collation rule include "withdraw
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(subject: X, object: Y) — disappear (subject: Y of X), and "kill (ohject: X — die (subject:
X

[0037] In the present embodiment, the entailment determination apparatus 2
includes a predicate-argument structure analysis unit 20, in addition to the vector
generation unit 21, the combination identification vmit 22, and the entailment
determination unit 23 described above. The predicate-argument structure analysis
unit 20 parses the texts input by the input apparatus 1, and extracts a
predicate-argument structure from each of the texts based on a result of the parsing,
Further, the predicate-argument structure analysis unit 20 outputs the extracted
predicate-argument structures to the vector generation unit 21.

[0088] In the present embodiment, as described above, the vector generation unit 21
extracts words other than a word indicating the type of argument of a predicate in the
predicate-argument structure, i.e., a predicate, a word serving as an argument of the
predicate, and uses these words to generate vectors. Also, the vector generation unit
21 generates a vector for each predicate-argument structure of each text, i.e., for each
of the predicate-argument structures in the case where each text includes a plurality of

predicate-argument structures. The vector generation unit 21 outputs the generated

vectors to the combination identification unit 22.

[0039] In the present embodiment, the combination identification unit 22 can read a
collation rule from each of the word collation rule storage unit 30 and the
predicate-argument structure collation rule storage unit 31, and identify a
combination by referring to the collation rules. Furthermore, the combination
identification umnit 22 outputs the identified combination to the entailment
determination unit 23.

[0040] Also, in the present embodiment, the combination identification unit 22
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calculates a similarity between the vector generated for each predicate-argument
structure for the text T and the vector generated for each predicate-argument
structure for the text H. Tizen, the combination identification unit 22 identifies
combinations of the predicate-argument structures of the text T and the
predicate-argument structure of the text H based on the calculated similarities.

[0041] Specifically, assume, for example, that the text T includes only a single
predicate-argument structure, In this case, the combimation identification unit 22
identifies, for each predicate-argument structure of the text H, a combination of the
predicate-argument structure and the single predicate-argument structure of the text
T. Inother words, in this case, the number of combinations corresponding to the
number of the predicate-argument structures of the text H is identified.

[0042] On the other hand, assume that the text T includes a plurality of
predicate-argument structures. In this case, the combination identification unit 22
calculates a similarity for all possible pairs of the vectors generated from the
predicate-argument structures of the text H and the vectors generated from the
predicate-argument structures of the textT.  Then, the combination identification
unit 22 specifies any pairs having a similarity greater than or equal to a threshold
value or the pair having the highest similarity, and identifies the two
predicate-argument structures from which the specified pair is created.

{0043} In the present embodiment, the entailment determination unit 23 calculates a
feature amount based on words other than a word indicating the type of argument of a
predicate in the predicate-argument structure (a predicate and the word serving asits
argument). Examples of the feature amount inchude the degree of word coverage and
the degree of word matching for only words serving as arguments between the

predicate-argument structure of the text T and the predicate-argument structure of
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the text H.
[0044] For example, the entailment determination unit 23 can set a threshold value
for the feature amount, and determine that the text T entails the text H if the feature
amount is greater than or equal to the set threshold value. Furthermore, in the
present embodiment, the entailment determination unit 23 can also perform the
determination using the structural feature of the predicate-argument structure, in
addition to the feature amount.
[0045] Thereafter, the entailment determination unit 23 outputs the result of the
entailment determination to the cutput apparatus 4. Note that in the present
embodiment, there is no particular limitation with respect to the determination
criteria used in the entailment determination, and any determination criteria that
have been conventionally used for entailment determination can be used.
[0046] Operation of Apparatus

Next, an operation of the entailment determination apparatus 2 according to
an embodiment of the present invention will be described with reference to FIG. 2.
FIG. 2 is a flowchart illustrating an operation of an entailment determination
apparatus according to the embodiment of the present invention. In the following
description, reference is made to FIG. 1 where necessary, Also, in the present
embodiment, an entailment determination method is performed by operating the
entailment determination apparatus 2. Therefore, the following description of the
operation of the entailment determination apparatus 2 substitutes for a description of
the entailment determination method in the present emboditnent.
[0047] Processing for Extracting Predicate-Argument Structure

First, as shown in FIG. 2, the predicate-argument structure analysis urnit 20

receives inputs of the text T and the text H from the input apparatus 1, and extracts
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predicate-argument structures from the text T and text H received as inputs (step S1).
[0048] Here, a specific example of the predicate-argument structures will be
described with reference to ¥FIG. 3. FIG. 31is a diagram showing an example of
predicate-argument structures extracted from texts. In the example shown in FIG. 3;
the text T and the text H are illustrated, and the text T is composed of two texts,
namely, a text T1 and a text T2. Upon input of the texts T1 and T2 and the text H
shown in FIG. 8, the entailment determination apparatus 2 determines whether the
text T'1 entails the text H, and whether the text T2 entails the text H.

[0049] Also, in the example of FIG. 3, the predicate-argument structure analysis unit
20 extracts, as a predicate-argument structure, "approve {subject: general meeting of
shareholders, object: Mr. B, goal’ the president of Company A (Tokyo)" from the text
"T'1: Mr. B was approved as the president of Company A (Tokyo) by the general
meeting of shareholders”, since the predicate is "approve”.

[0050] Furthermore, the predicate-argument structure analysis unit 20 extracts, as
predicate-argument structures, "be inaugurated (subject: M. B, goal: the president of
Company A" and "live {subject: Mr. B, place: Tokyo)" from the text "T2: Mr. B who lives
Tokyo was inaugurated as the president of Company A" since the predicates are "be
maugurated" and "live".

{00511  Also, the predicate-argument structure analysis unit 20 extracts, as
predicate-argument structures, "become (subject: Mr. B, goal: the president of
Company A located in Tokyo)" and "be located (subject: Comparny A, place: Tokyo)" from
the text "H! Mr. B became the president of Company A located in Tokyo", since the
predicates are "become™ and "be located”.

[0052] Note that in the example shown in FIG. 3, a correct answer is given when it is

determined that T1 entails H, but T2 does not entail H. This is because the
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information "Company A is located in Tokyo" cannot be read from T2.
[0053] Processing for Generating Predicate-Argument Structure Vector

Next, the vector generation unit 21 acquires the predicate-argument structure
of each of the texts extracted in step 81, and, for each of the texts, creates a vector
(hereinafter, referred to as a "predicate-argument structure vector”), for each
predicate-argument structure, whose components are a predicate and a word serving
as an argument of the predicate in the predicate-argument structure (step S2).
[0054] FIG. 4 shows vectors generated from the predicate-argument structures
shown in FIG. 8. Asshown in FIG. 4, the vector generation unit 21 uses only content
words such as a predicate and a word sexving as an srgument of the predicate to
generate a predicate-argument structure vector. In the present embodiment, it is
sufficient that a predicate-argument structure vector includes, as its components, &
word other than a word indicating the type of argument of the predicate in a
predicate-argument structure.
[0055]  Specifically, as shown in FIG. 4, the vector generation unit 21 generates,
(approve, stockholder, general meeting, M. B, Company A, Tokyo, president) as a
predicate-argument structure vector, from the predicate-argument structure "approve
(subject: general meeting of shareholders, object: Mr. B, goal: the president of Company
A (Tokyo))", which was extracted from T1.,
[0056]  Also, the vector generation unit 21 generates (be inaugurated, Mr. B,
Company A, president) and (live, Mr. B, Tokyo) from "be inaugurated (subject: Mr. B,
goal: the president of Company A)" and "live (subject: Mr. B, place: Tokyo)", which were
extracted from T2.
[0057] Furthermore, the vector generation unit 21 generates (become, Mr. B, Tokyo,

Company A, president) and (be located, Company A, Tokyo) from "become (subject: M.



10

15

25

16

B, goal: the president of Company A located in Tokyo)" and "be located (subject:
Company A, place: Tokyo)", which were extracted from H.
[0058] In the present embodiment, the vector generation unit 21 can also add, for
example, any information that can be acquired from an argument structure
(hereinafter, referred to as "structural information”) ,such as " predicate_type of
argument,_word" ,to the predicate-argument structure vector. In this case, the vector
generation unit 21 can generate, for example, a vector such as {approve, stockholder,
general meeting, Mr. B, Company A, ’Ibi«:yo, president, predicate: approve,
approve_subject_stockholder, approve_subject_general meeting, approve_object, Mr.
B,...).
[0059] Processing for Identifying Combination of Predicate-Argument Structures
Next, the combination identification unit 22 calculates a similaxity of the
vector obtained from each of the predicate-argument structures of the the text T1 and
the text T2 with respect to each of the vectors obtained from the predicate-argument
structure of the text H, and identifies combinations of the predicate-argument
structures based on the similarities (step 88), For example, the combination
identification unit 22 specifies a pair of vectors having a similarity greater than or
equal to the threshold value, or the pair of vectors having the highest similarity, and
identifies the two predicate-argument structures from which the specified pair is
created.
[0060] T calculate a similarity, two predicate-argument structure vectors that are to
be calculated are converted into a vector whose number of dimensions takes a value
obtained by subtracting the number of common character strings from a total value of
the number of character strings of both vectors. At this time, a component in which a

character string exists is set as "1" and a component in which a character string does
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not exist is set as "0".
[0061] For instance, an example will be given for (live, Mr. B, Tokyo) of the text T2
and (become, Mx. B, Tokyo, Company A, be located, president) of the text . In this
case, the number of dimensionsis 7 =3+ 6~2). Further, the former is converted
into (1, 1, 1,0, 0, 0, 0, and the latter is converted into (0, 1,1,1,1, 1, ). Also, a
Weig‘ht value estimated in a certain manner may be added to the components of each
of the converted vectors.
00621 Here, a specific example of the processing of step S3 will be described with
reference to FIG. 5. FIG. 5 is a diagram illustrating an exemple of cornbination
identification processing executed in the present embodiment. In the example in FIG.
5, the threshold value of similarity is set to 0.5, and a cosine similarity sim is
calculated using Expression 1 helow. In Expression 1 below,' x and y vepresent two
converted vectors that are to be caleulated. Furthermore, in Expression 1 below, (x-y)
represents the inner product of a vector x and a vectory, | x| represents the length of
the vector x, and |y | represents the length of the vector v.
[0063] Expression 1

sim = &x-y)/ (x| [y ])
[0064] As shown in FIG. 5, first, assume that T'1 and H are to undergo entailment
determination. Since T1includes only one predicate-argument structure, a
combination of the predicate-argument structure of T'1 and "be located (subject:
Company A, place: Tokyo)" of H, and a combination of the same predicate-argument
structure of T1 and "become (subject: Mr. B, goal: the president of Company A located
in Tokyo)" of H are automatically identified.
[0065] On the other hand, assuming that T2 and H are to undergo entailment

determination, a similarity is calculated for all possible vector pairs. From
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Expression 1 above, the similarity between the predicate-argument structure vectors
"be located (subject: Company A, place: Tokyo)" of H and "live (subject: Mr. B, place:
Tokyo)" of T2 is caleulated to be 0.333. Also, the similarity between the
predicate-argument structure vectors "be located (subject: Company A, place: Tokyo)"
of H and "be inaugurated (subject: Mx. B, goal: the president of Company A of T2 is
calculated to be 0.289.

[0066] Although both similarities do not exceed the threshold value in this case, "live
(subject: M. B, place: Tokyo)", which has the maximum similarity, is identified as the
predicate-argument structure that is to undergo determination for "be located (subject:
Company A, place: Tokyo)" of H.

[0067] Likewise, for "become (subject: Mr. B, goal: the president of Company A
located in Tokyo)" of H, the similarity of the predicate-argument structure vector with
respect to "be inaugurated (subject: Mr. B, goal: the president of Company A)"of T2 is
calculated to be 0.617, and the similarity of predicate-argument structure vector with
respect to "live (subject: Mr. B, place: Tokyo)" is calculated tobe 0.471. In this case,
the latter similarity falls below the threshold value, and therefore only "be inaugurated
(subject: Mr. B, goal: the president of Company A)" having the maximum similarity is
identified as the predicate-argument structure that is to undergo determination.
[0068] Also, in the present embodiment, the combination identification unit 22 can
refer to the word collation rule stored in the word collation rule storage unit 30, and
caleulate the similarity while regarding the two words defined in the word collation
rule as matching.

[0069] For example, in the case where a verb and a noun having a derivation relation
are predetermined in the word collation rule, the combination identification umit 22

can calculate the similarity while regarding the verb and the noun as matching words.
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As a result, it is possible to more appropriately identify a predicate-argument structure
that is to undergo determination, without being limited to the predicate-argument
structures,

[0070] Furthermore, in the present embodiment, if the structural information
described in the description of step S2 is added to the predicate-argument structure
vector, the combination identification unit 22 refers to the predicate-argument
structure collation rule stored in the predicate-argument structure collation rule
storage umit 31.  Then, in this case, the combination identification unit 22 calculates
the similarity while regarding the respective arguments of the two predicate-argument
structures defined in the predicate-argument structure collation rule as matching
words. Alternatively, in this case, the combination identification unit 22 can refer to
the word collation rule when determining the matching between the arguments.
[0071] Instep S8, the combination identification unit 22 can execute normalization
processing in accordance with the amount of information included in each of the
argument structure vectors during the similarity calculation, in order to identify a
predicate-argument structure that does not include redundant information.

Examples of the saxnount of the information included in the predicate-argument
strueture vector include the number of non-0 {zero) components of the vectors and the
weight of the components. Furthermore, éxamples of the similarities calculated after
execution of normalization processing include a cosine similarity and a jaccard
coefficient.

[00721 For example, a consideration will be given to the predicate-argument
structure "announce (subject: president, purpose: that Mr. B becomes the chairman)".
In this case, the predicate-argument structure "become (subject: Mr. B, goal:

chairman)” is inherent in the "purpose” of the predicate-argument structure.
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Therefore, when attempting to identify the predicate-argument structure that is to
undergo determination for the predicate-argument structure "become (subject: Mr. B,
goal: president)" using the number of common words as the similarity, the similarity
with the former predicate-argument structure is three words, and the similarity with
the latter predicate-argument structure that is inherent in the former is two words.
Ag a result, if the number of common words is used as the similarity, the former tends
to be selected as the predicate-argument structure that is to undergo determination.
[0073] However, since the former predicate-argument structure includes the word
"president” even though it does not mean that Mx. B is the president, there is the
possibility that, depending on the determination criteria of the entailment
determination unit 23 described below, the erroneous entailment determination that
"become (subject: Mr. B, goal: president)” entails the former predicate-argument
structure may result..

[0074] Therefore, for example, it is possible to perform normalization by dividing the
number of common words of each of the predicate-argument structure vectors by the
larger of the respective numbers of words of the two predicate-argument structure
vectors. In this case, the similarity of the former predicate-argument structure is 0.6
(= 3/5) and the similarity of the latter predicate-argument structure is 0.66 (= 2/3), so
that the latter tends to be selected as the predicate-argument structure that is to
undergo determination.

[0075] As such, when the above-described normalization processing is executed
during the similarity calculation, the predicate-argument structure that does not
include redundant information tends to be selected.  Accordingly, the possibility of an
erroneous entailment determination can be reduced.

[0076] Entailment Determination Processing
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Finally, the entailment determination unit 28 obtains the feature amount for
each of the combinations of the predicate-argument structures on the H side and the
predicate-argument structures on the T side that are to undergo determination, which
were identified by the combination identification unit 22 in step S8, and determines
whether T entails H based on the feature amounts (step S4).  Also, in the present
embodiment, the entailment determination unit 23 calculates the entailment score
between T and H, for example, based on the obtamed feature amounts, and
determines that T entails H if the entailment score is greater than or equal to a given
value.

{0077} Specifically, the entailment determination unit 23 obtains, as the feai:ure
amount, the degree of word coverage, or the degree of word matching for only the word
serving as the argument between predicate-argument structures, based on words
other than a word indicating the type of argument of a predicate in the
predicate-argument structure (a predicate and a word serving as the argument of the
predicate). Furthermore, as with the combination identification unit 22, the
entailment determination unit 23 can use one or both of the word collation rule and
the predicate-argument structure collation rule to obtain the feature amount.

[0078] Here, a specific example of the processing in step S4 will be described with
reference to FIG. 6. FIG. 6 is a diagram showing an example of entailment
determination processing executed in the present embodiment. In the example in
FIG. 6, the degree of word coverage (percentage of coverage) between
predicate-argument structures is obtained as the feature amount. Specifically, when
"a" represents the number of matching components of the predicate-argument
structure vector of H and the predicate-argument structure vector of T1 or T2, and b

represents the total number of components of the predicate-argument structure vector
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of H in the identified comhination, the percentage of coverage can be calculated using
HExpression 2 below.
[0079] Expression 2

Percentage of coverage = a/b
[0080] Furthermore, in the example in FIG, 6, an average value of the feature
amounts calculated between T1 or T2 and H is calculated and this average value is
used as the entailment score. Then, if the entailment score is g1'¢ater than or equal to
0.50, it is &etermined that T'1 or T2 entails H.
[0081] As shown in FIG. 6, in entailment determination of T'1 and H, the percentage
of coverage between "be located (subject: Company A, place: Tokyo)" of H and "approve
{subject: general meeting of shareholders, object: Mr. B, goal: the president of Company
A(Tokyo)" of T'1 is 0.66 (= 2/3) from Expression 2 above.
[0082] The percentage of coverage between "become {(subject: Mr. B, goal: the
president of Company A located in Tokyo)" of H and "approve (subject: general meeting
of shareholders, object: Mr. B, goal: the president of Company A (Tokyo))" of T'1 is 0.66
(=4/6) from Expression 2 above,
[0083] Therefore, the entailment score between T1 and H is 0.66 (= (0.66 + 0.66)/2).
Consequently, the entailment score is greater than or equal to 0.50, which is the
threshold value, and therefore the entailment determination unit 23 determines that
"T'1 entails H".
[0084] On the other hand, in the entaibment determination between T2 and H, the
percentage of coverage between "be located (subject: Company A, place: Tokyo)” of H
and "live (subject: Mr. B, place: Tokyo)" of T2 is 0.83 = (1/3) from Expression 2 above.
[0085] Also, the percentage of coverage between "become (subject: Mr. B, goal: the

president of Company A located in Tokyo)" of H and "be inaugurated (subject: Mr. B,
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goal: the president of Company A)" of T2 is 0.5 (= 8/6) from Expression 2 above,

[0086] ‘Therefore, the entailment score between T2 and H is 0.415 (= (0.33 + 0.5)/2).
Consequently, the entailment score is smaller than or equal to 0.50, which is the
threshold value, the entailment determination unit 23 determines that "T2 does nat
entail H".

[0087] Furthermore, in the present embodiment, the entailment determination unit
23 can add a weight to the feature amount when determining the feature amount,
based on data obtained through machine learning.  Specifically, in the case where a
large number of combinations of two texts that can be determined to be entailing have
been learned through machine learning, the entailment determination unit 23 can
correct the calculated feature amount based on the learned data.  Specific examples of
machine learning include a decision tree, a perceptron, and a support vector machine.
[0088] In the example in FIG. 6 described above, the entailment determination unit
23 performs entailment determination for each of the combinations using the feature
amount determined from a predicate included in the predicate-argument structure
and a word serving as an argument, buf the present embodiment is not imited to the
above example.

[0089] In the present embodiment, the entailment determination unit 23 can
determine whether T entails H using a structural feature of the predicate-argument
structure of each text, in addition to the above-described feature amount. Here,
examples of the structural feature include the presence or absence of information
added to a predicate-argument structure, such as "negation” and "modality (e.g,,
inference, possibility)" and the type of argument of the predicate.

[0090] Specifically, assuming that "was approved" of T1 were "was not approved”,

"negation” is added to the predicate-argument structure as information. In this case,
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assuming that "negation” is not added to the H side, the entailment determination
unit 23 can determine that T does not entail H based on the fact that "negation" is
added to the T side even if the percentage of coverage is high.

[0091] Thus, in the present embodiment, in addition to the feature amount
determined from a predicate and a word serving as an argument of the predicate, a
structural feature of the predicate-argument structure is used in entailment
determination, and therefore it is possible to perform accurate entailment
determination even if it is difficult to perform entailment determination using only one
of them.

[0002] Furthermore, in the case where the structural feature éf the
predicate-argument structure is used in addition to the feature amount, the
entailment determination unit 23 can perform entailment determination with
preference to one of the feature amount and the structural feature in accordance with
the structural similarity between the predicate-argument structure of T and the
predicate-argument structure of H.  Here, the "structural similarity" is specified, for
example, based on the degree of similarity between predicates, or based on the degree
of similarity between the types of arguments included in the predicate-argument
structures.

[0093] For example, assuming that "be (subject: Mr, A, goal: assembly member for
Tokyo)" and "be elected (subject: Mr. A, object: assembly member, place: Tokyo)" are to
be compared, in this case, the structural similarity between the two
predicate-argument structures is low, and therefore the structural feature of the
predicate-argument structure is not effective in entailment determination.
Accordingly, the entailment determination wmit 23 performs entailment determination

with preference to the feature amount.
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[0094] On the other hand, for example, assuming that "persuade (subject: Mr. A,
object: Mr. B)" and "describe (subject: Mx. B, object: Mr. A)" are to be compared, in this
case, the structural similarity between the two predicate-argument structures is high,
and therefore, the structural feature of the predicate-argument structure is effective in
entailment determination. Further, in this example, it is highy bikely that it will be
determined that T entails H if determination is performed using only the
above-described feature amount. However, actually, T does not entail H since none of
the structural features such as a combination of the type of argument and a word
serving as an argument does not mach. Accordingly, in this example, the entailment
determination unit 23 performs entailment determination with preference to the
structural feature.
[0095] Effects of Embodiment

Here, a consideration will be given to a case where entailment determination
is performed simply using the percentage of coverage of word sets in the texts as the
entailment score. Referring to the example in FIG. 3, T1 and T2 both include four
words (Company A, Mr, B, Tokyo, president) of the six content words of H.
Accordingly, the percentage of coverage of word sets in these texts with respect to H
are both (.66 (= 4/6). This means that it is impossible to differentiate between
entailment and non-entailment.
[0096] In contrast, in the present embodiment, combinations of the
predicate-argument structures that are to undergo determination are identified from
the result of a comparison of the vectors that disregards argument structures, and
entailment between the texts is determined based on the identified cornbinations.
Therefore, as described in relation to step S6 using FIG. 6, it is determined that T1

entails H, and T2 does not entail H.  According to the present embodiment, it is
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possible to perform entailment determination even if the argument structures of the
predicates are different,
{00971 Program

The program according to the present embodiment may be any program that
causes a computer to execute steps S1 to 84 shown in FIG. 2. The entailment
determination apparatus 2 and the entailment determination method according to the
present embodiment can be implemented by installing the program in a computer and
executing the program. In this case, the CPU (Central Processing Unit) of the
computer functions as the predicate-argument structure analysis unit 20, the vector
generation unit 21, and the combination identification unit 22, and the entailment
determination unit 23 and executes the processing. Furthey, in the present
embodiment, a storage apparatus such as a hard digk provided in the computer may
function as the storage apparatus 3.
[0098] Here, a description will be given of a computer for implementing the
entailment determination apparatus 2 according to the presént embodiment by
executing a program with reference to FIG. 7. FIG. 7 is a block diagram showing an
example of a computer for implementing an entailment determination apparatus
according to an embodiment of the present invention.
[0099] As shown in FIG. 7, the computer 110 includes a CPU 111, a main memory
112, a storage apparatus 113, an input interface 114, a display controller 115, a data
reader/writer 116, and a communication interface 117. These components are
connected to one another via a bus 121 so as to be capable of data communication.
[0100] The CPU 111 performs various calculations by expanding, in the main
memory 112, a program (code) according to the present embodiment that is stored in

the storage apparatus 118, and executing the program in a predetermined sequence.
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The main memory 112 is typically a volatile storage apparatus such as a DRAM
(Dynamic Random Access Memory). The program according to the present
embodiment is provided in a state in which it is stored in a computer-readable
recording medium 120. Note that the program according to the present embodiment
may be distributed over the Internet connected via the communication interface 117.
[0101] Specific examples of the storage apparatus 113 include a semiconductor
memory such as a flash memory, in addition to a hard disk. The input interface 114
mediates the data transmission between the CPU 111 and an input device 118 such as
a keyboard and a mouse. The display controller 115 is connected to a display
apparatus 119, and controls display on the display apparatus 119. The data
readerfwriter 116 mediates the data transmission between the CPU 111 and the
recording medium 120, reads the program from the recording medium 120, and writes
a result of processing performed in the computer 110 into the recording medium 120.
The communication interface 117 mediates the data transmission between the CPU
111 and another computer.
[0102] Specific examples of the recording medium 120 include general-purpose
semiconductor storage devices such as a CF (Compact Flash (registered trademark))
and an SD (Secure Digital), magnetic storage media such as a Flexible Disk, and
optical storage media such as a CD-ROM (Compact Disk Read Only Memory).
[0103] Although the above-described embodiment can be represented partially or
entirely by (Supplementary note 1) to (Supplementary note 24) described below, the
present invention is not limited to the following description.
[0104] (Supplementary note 1)

A textual entailment recognition apparatus for determining whether a first

text entails a second text, comprising:
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a vector generation unit that acquires a predicate-argument structure of each
of the first text and the second text, and generates, for each of the first text and the
second text, a vector for each predicate-argument structure by using a word other than
a word indicating a type of argument of a predicate in the predicate-argument
structure;

a combination identification unit that compares the vector generated for each
predicate-argument structure for the first text and the vector generated for each
predicate-argument structure for the second text, and identifies combinations of the
predicate-argument structures of the first text and the predicaté'argument structure
of the second text based on a result of the comparison; and

an entailment determination unit that obtains a feature amount for each of
the identified combinations, and determines whether the first text entails the second
text based on the obtained feature amounts.

[01056] (Supplementary note 2}

The textual entailment recognition apparatus according to Supplementary
note 1,

wherein the predicate-argument structure includes a predicate included in the
first text or the second text, a word serving as an argument of the predicate, and a
word indicating the type of argument, and

the vector generation unit uses the predicate and the word serving as the
argument of the predicate to generate the vector.

[0106] (Supplementary note 3)

The textual entailment recoguition apparatus according to Supplementary

note 1or 2,

wherein the combination identification unit calculates a similarity between
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the vector generated for each predicate-argument structure for the first text and the
vector generated for each predicate-argument structure for the second text, and
identifies combinations of the predicate-argument structures of the first text and the
predicate-argument structure of second text based on the calculated similarities.
[0107] (Supplementary note 4)

The textual entailment recognition apparatus éccording to Supplementary
note 3,

wherein the combination identification unit performs normalization
processing during calculation of the similarity, in accordance with an amount of
information of the vector.
[0108] (Supplementary note 5)

The textual entailment recognition apparatus according to any one of
Supplementary notes 1 to 4, |

wherein the entailment determination unit obtains, for each of the
combinations, one of a degree of word coverage and a degree of word matching for only
the word serving as the argument between the predicate-argument structure of the
first text and the predicate-argument structure of the second text, as the feature
amount, based on a word other than a word indicating the type of argument of a
predicate in the predicate-argument structure.
[0109] (Supplementary note 6)

The textual entailment recognition apparatus according to Supplementary
note b,

wherein the entailment determination unit uses, in addition to the feature
amount, a structural feature of the predicate-argument structure to determine

whether the first text entails the second text.
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[011(}} (Supplementary note 7)

The textual entailment recognition apparatus according to Supplementary
note 6,

wherein the entailment determination unit performs determination with
preference to one of the feature amount and the structural feature of the
predicate-argument structure, in accordance with a structural similarity between the
predicate-argument, structure of the first text and the predicate-argument structure of
the second text.
[0111] (Supplementary note 8)

The textual entailment recognition apparatus according to any one of
Supplementary notes 5to 7,

wherein the entailment determination unit adds a weight to the feature
amount based on data obtained through machine learning, when obtaining the feature
amouut,
[0112] (Supplementary note 9)

A textual entailment recognition method for determining whether a first text
entails a second text, comprising the steps oft |

(a) acquiring a predicate-argument structure of each of the first text and the
second text, and generating, for each of the first text and the second text, a vector for
each predicate-argument structure by using a word other than a word indicating the
type of argument of a predicate in the predicate-argument structure;

(b} comparing the vector generated for each predicate-argument structure for
the first text and the vector generated for each predicate-argument étmcture for the
second text, and identifying combinations of the predicate-argument structures of the

first text and the predicate-argument structure of the second text based on a result of
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the comparison: and

(¢) obtaining a feature amount for each of the identified combinations, and
determining whether the first text entails the second text based on the cbtained
feature amounts.
[0118] (Supplementary note 10)

The textual entailment recognition method according to Supplementary note

wherein the predicate-argument structure includes a predicate included in the
first text or the second text, a word serving as an argument of the predicate, and a
word indicating the type of argument, and, in the step (a), the predicate and the word
serving as the argument of the predicate are used to generate the vector.
[0114] (Supplementary note 11)

The textual entailment recognition method according to Supplementary note
Yor 10,

wherein, in the step (b), a similarity between the vector generated for each
predicate-argument structure for the first text and the vector generated for each
predicate-argument structure for the second text is calculated, and combinations of the
predicaterargument structures of the first text and the predicate-argument structure
of second text based on the calculated similarities is identified.
[0115]  (Supplementary note 12)

The textual entailment recognition method according to Supplementary note
11,

wherein, in the step (b), normalization processing is performed during
calculation of the similarity, in accordance with an amount of information of the vector.

[0116] (Supplementary note 13)
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The textual entailment recognition method according to any one of
Supplementary notes 9to 12,

wherein, in the step (¢}, for each of the combinations, one of a degree of word
coverage and a degree of word matching for only the word serving as the argument
between the predicate-argument structure of the first text and the predicate-argument
structure of the second text 1s ohtained, as the feature amount, based on a word other
than a word indicating the type of argument of a predicate in the predicate-argument
structure.
f0117] (Supplementary note 14)

The textual entailment recognition method according to Supplementary note
13,

wherein, in the step (¢), in addition o the feature amount, a structural feature
of the predicate-argument structure is used to determine whether the first text entails
the second text.
[0118] (Supplementary note 15)

The textual entailment recognition method according to Supplementary note
14,

wherein, in the step (¢), determination is performed with preference to one of
the feature amount and the structural feature of the predicate-argument structure, in
accordance with a structural similarity between the predicate-argument structure of
the first text and the predicate-argument structure of the second text.
[0119] (Supplementary note 16)

The textual entailment recognition method according to any one of
Supplementary notes 13 to 15,

wherein, in the step (c), a weight is added to the feature amount based on data
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obtained through machine learning, when obtaining the feature amount.
[0120] (Supplementary note 17)

A computer-readable recording medium having recorded thereon a program
for determining whether a first text entails a second text by a computer, the program
including an instruction for causing the computer to execute the steps of:

(a) acquiring a predicate-argument structure of each of the first text and the
second text, and generating, for each of the first text and the second text, a vector for
each predicate-argument structure by using a word other than a word indicating the
type of argument of a predicate in the predicate-argument structure;

(b) comparing the vector generated for each predicate-argument structure for
the first text and the vector generated for each predicaterargument structure for the
second text, and identifying combinations of the predicate-argument structures of the
first text and the predicate-argument structure of the second text based on a result of
the comparison; and

(c) obtaining a feature amount for each of the identified combinations, and
determining whether the first text entails the second text based on the obtained
feature amounts.

[0121] (Supplementary note 18)

The computer-readable recording medium according to Supplementary note
17,

wherein the predicate-argument structure includes a predicate included in the
first text or the second text, a word serving as an argument of the predicate, and a
word indicating the type of argument, and, in the step (2, the predicate and the word
serving as the argument of the predicate are used to generate the vector.

[0122] (Supplementary note 19)
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The computer-readable recording medium according to Supplementary note
17 or 18,

wherein, in the step (b), a similarity between the vector generated for each
predicate-argument structure for the first text and the vector generated for each
predicate-argument structure for the second text is caleulated, and combinations of the
predicate-argument structures of the first text and the predicate-argument structure
of second text based on the calculated similarities is identified.
[0123] (Supplementary note 20)

The computer-readable recording medium according to Supplementary note
19,

wherein, in the step (b), normalization processing is performed during
calculation of the similarity, in accordance with an amount of information of the vector.
[0124] (Supplementary note 21)

The computer-readable recording medium according to any one of
Supplementary notes 17 to 20,

wherein, in the step (¢), for each of the combinations, one of a degree of word
coverage and a degree of word matching for only the word serving as the argument
between the predicate-argument structure of the first text and the predicate-argument
structure of the second text is obtained, as the feature amount, based on a word other
than a word indicating the type of argument of a predicate in the predicate-argument
structure.
[0125] (Supplementary note 22)

The computer-readable recording medium according to Supplemgn‘caxy note
21,

wherein, in the step (¢), in addition to the feature amount, a structural feature
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of the predicate-argument structure is used to determine whether the first text entails
the second text.
[0126] (Supplementary note 29)

The computer-readable recording medium according to Supplementary note
22,

wherein, in the step (¢), determination is performed with preference to one of
the feature amount and the structural feature of the predicate-argument structure, in
accordance with a structural similarity between the predicate-argument structure of
the fivst text and the predicate-argument structure of the second text.
[0127] (Supplementary note 24)

The computer-readable recording medium according to any one of
Supplementary notes 21 to 23,

wherein, in the step (¢), a weight is added to the feature amount based on data
obtained through machine learning, when obtaining the feature amount.
[0128] Although the present invention has been described above with reference to
embodiments, the invention is not hmited to the above-described embodiments.
Various modifications that can be understood by a person skilled in the art may be
made to the configuration and the details of the present invention within the scope of
the invention.
[0129] This application claims priority to Japanese Patent Application No.
2011-230773 filed on October 20, 2011, the disclosure of which is incorporated in its

entirety herein by reference.

Industrial Applicability

[0130] As described above, according to the present invention, it is possible to
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implement entailment determination of a plurality of texts that are to undergo
determination, even if the argument structures of the predicates are different.
Accordingly, the present invention is useful in applications such as semantic retrieval

of natural sentences in information retrieval systems. The present invention is also
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useful in applications such as opinion clustering in text mining.

Descriptions of Reference Numerals

fo181] 1 Input apparatus
2 Entailment determination apparatus
3 Storage apparatus |
4 Output apparatus
20 Predicate-argument structure analysis unit
21 Vector generation unit
22 Combination identification unit
23 Entailment determination unit
30 Word collation rule storage unit
31 Predicate-argument structure collation rule storage unit
110 Computer
111 CPU
112 Main memory
113 Storage apparatus
114 Input interface
115 Display controlier
116 Data readerfwriter
117 Communication interface
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Input device
Display apparatus
Recording medium

Bus
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CLAIMS
1. A textual entailment determination apparatus for determining
whether a first text entails a second text, comprising:
a vector generation unit that acquires a predicate-argument

structure of each of the first text and the second text, and generates, for

each of the first text and the second text, a vector having a character string

as a component, for each prédicate'argument structure by using a word
other than a word indicating a type of argument of a i)redicate in the
predicate;argument structure;

a combination identification unit that generates vectors from each of
the vector generated for each predicate-argument structure for the first text
and the vector generated for each predicate-argument structure for the
secc;nd text by converting the character strings that are components of the
vectors into numbers, calculates similarity of the two generated vectors, and
identifies combinations of the predicate-argument structures of the first text
and the predicate-argument structures of the second text based on the
calculated similarity; and

an entailment determination unit that obtains, for each of the
identified combinations, as a feature amount, either the degree of word
coverage or the degree of word matching for only words serving as the
arguments between the predicate-argument structures of the first text and
the predicate-argument structures of the second text based on- a word other
than a word indicating a type. of argument of a predicate in the
predicate-argument structure and determines whether the first text entails

the second text based on the obtained feature amounts.
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2. The textual entailment recognition apparatus according to claim 1,
wherein the predicate-argument structure includes a predicate
included in the first text or the second text, a word serving as an argument
of the predicate, and a word indicating the type of argument, and
the vector generation unit uses the predicate and the word serving

as the argument of the predicate to generate the vector.
3. The textual entailment recognition apparatus according to claim 1 or

wherein the combination identification unit performs normalization
processing during calculation of the similarity, in accordance with an

amount of information of the vector.

4. The textual entailment recognition apparafcus according to any one
of claims 1 to 3,

wherein the entailment determination unit uses, in addition to the
feature amount, a structural featu:rel of the predicate-argument structure to

determine whether the first text entails the second text.

5. The textual entailment recognition apparatus according to claim 4,
wherein the entailment determination unit performs determination

with preference to one of the feature amount and the structural feature of

the predicate-argument structure, in accordance with a structural similarity

between the predicate-argument structure of the first text and the
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predicate-argument structure of the second text.

6. The textual entailment recognition apparatus according to any one
of claims 1 to 5,

wherein the entailment determination unit adds a weight to the
feature amount based on data obtained through machine learning, when

obtaining the feature amount.

7. A textual entailment determination method for determining whether
a first text entails a second text, compris;ng the steps of:

(a) by a computer, acquiring a predicate-argument structure of each
of the first text and the second text and generating, for each of the first text
and the second text, a vector having a character string as a component, for
each predicate-argument structure by using a word other than a word
indicating the type of argument of a predicate in the predicate-argument
structure;

(b) by the computer, generating vectors from each of the vector
generated for each predicate-argument structure for the first text and the
vector generated for each predicate-argument structure for <‘che second text
by converting the character string that are components éf the vectors into
numbers, calculating similarity of the two generated vectors, and identifying
combinations of the predi;:ate*argum.ent structures of the first text and the
predicate-argument structures of the second text based on the calculated
similarity; and

(¢) by the computer, obtaining, for each of the identified
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combinations, as a feature amount, either the degree of word coverage or the
degree of word matching for only words serving as the arguments between
the predicateﬁrgument structures of the first text and the
predicate-argument structures of the second text based on a word other
than a word indicating a type of argument of a predicate iﬁ the
predicate-argument struéture and determining whether the first text entails

the second text based on the obtained feature amounts.

8. The textual entailment recognition method according to claim 7,

wherein the predicate-argument structure includes a predicate
included in the first text or the second text, a word serving as an argument
- of the predicate, and a word indicating the type of argument, and, in the
step (a), the predicate and the word serving as the argument of the

predicate are used to generate the vector.

9. The textual entailment recognition method according to claim 7 or 8,
wherein, in the step (b), normalization processing is performed
during calculation of the similarity, in accordance with an amount of

information of the vector.

10. The textual entailment recognition method according to any one of
claims 7 to 9,

wherein, in the step (¢), in addition to the feature amount, a
structural feature of the predicateargument structure is used to determine

whether the first text entails the second text.
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11. The textual entailment recognition method according to claim 10,

wherein, in the step (¢), determination is performed with preference -
to one of the feature amount and the structural feature of the
predicate-argument structure, in accordance with a structural similarity
between the predicate-argument structure of the first text a;ﬁd the

predicate-argument structure of the second text.

12. The textual entailment recognition method according to any one of
claims 7 to 11,

wherein, in the step (0, a weight is added to the feature amount
based on data obtained through machine learning, when bbtaining the

feature amount.

13. A program for determining whether a first text entails a second text
by a computer, the program for causing the computer to exécute the steps of:

(a) acquiring a predicate-argument structure of each of the first text
and the second text and generating, for each of the first text and the second
text, a vector having a character string as a component, for each
predicate-argument structure by using a word other than a word indicating
the type of argument of a predicate in the predicate-argument structure;

(b) generating vectors from each of the vector generated for each
predicate-argument structure for the first text and the vector generated for
each predicate-argument structure for the second text by converting the

character string that are components of the vectors into numbers,
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calculating similarity of the two generated vectors, and identifying
combinations of the predicate-argument structures of the first text and the
predicate-argument structures of the second text based on the calculated
similarity; and

(c) obtaining, for each of the identified combinations, as a feature
amount, either the degree of word coverage or the degree of word matching
for only words serving as the arguments between the predicate-argument
structures of the first text and the predicate-argument structures of the
second text based on a word other than a word indicating a type of
argument of a predicate in the predicate-argument structure and
determining whether the first text entails the second text based on the

obtained feature amounts.

14. The program according to claim 13,

~wherein the predicate-argument structure includes a predicate
included in the first text or the second text, a word serving as an argument
of the predicate, and a word indicating the type of argument, and, in the
step (a), the predicate and the word serving as the argument of the

predicate are used to generate the vector.

15. The program according to claim 13 or 14,
~ wherein, in the step (b), normalization processing is performed
during calculation of the similarity, in accordance with an amount of

information of the vector.
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16. The program according to any one of claims 13 to 15,
wherein, in the step (¢), in addition to the feature amount, a

structural feature of the predicate-argument structure is used to determine

whether the first text entails the second ﬁext.

17. The program according to claim 16,

wherein, in the step (), determination is performed with preference
to one of the feature amount and the structural feature of the
predicate-argument structure, in accordance with a structural similarity
bétween the predicate-argument structure of the first text and the

predicate-argument structure of the second text.

18. The program according to any one of claims 18 to 17,
wherein, in the step (c), a weight is added to the feature amount
based on data obtained through machine learning, when obtaining the

feature amount.



