1 DESCRIPTION TEXTUAL ENTAILMENT RECOGNITION APPARATUS, TEXTUAL
ENTAILMENT RECOGNITION METHOD, AND COMPUTER-READABLE 5RECORDING MEDIUM
Thchnical Field [0001] The present invention relates tq a textual entailment recognition apparatus and
a textual entailment recognition method for determining whether a specific text 10 entails another text,
and a computer-readable recording medium having recorded thereon a program for implementing the
aforementioned apparatus and method. BackgidkSdRIPTIQZ] In recent years, attention has been
placed on textual entailment recognition in 15 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 CERXEUferRTrdiMENSR ECQIR0B] N ev@iPARA TR MHREsTT AL ompany N
has profits of 50 billion" and "text H: 20 Company N is in the black" are given, the text H can be

inferred from the EXTRHAMRNERECOGNITIONDEREH I MaID hoMeRU AETR FRa3ABIsthat "profits
of Y50 billion" is considered to be sufficient to mean "in the black”. [0004] For example, Non-Patent

Documert 1 discloses an example of a coEeQURBINGINEBNTANMenNt recognition system. The textual
entailment recognition system 25 disclosed in Non-Patent Document 1 first parses each of the text T
and the text H, and

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

10 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
16 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".

[0003] For example, when "text T: Company N has profits of ¥50 billion" and "text H:
20  Company Nis 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 . 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

25 disclosed in Non-Patent Document 1 first parses each of the text T and the text H, and



2 creates, for each of the texts, a tree structure in which a verb is a root (top node) and words 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-Pa&ent 5 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 ErentasisfthedelbFtidhexaforeroestinnedrtraewhittiurecchis berasedigrodbeastbtree of
the text T. 10 [0006] Further, with the entailment determination system disclosed in Non-Patent
Document 1,widedalsopdss bieato perdorenisppiidmeitcnaiching thetesshinasichildheddbemmatching
determination is performed on the tree structure, in addition to matching determination as to whether
there is a pergeshaedibhn&decifically, after creating the above-described tree structure, the entailment
determination system 15 creates data called a VAS (Verb-Argument Structure) from the created tree

structure. [00RTDYIA N s, kindepit sitneatictkpradicaitoargunen dsicisid ¢n M iPgemposed of a verb
serving as a root of a tree structure and a word set separately created for each argument type. For
example;in Nimebasentl Racdsseni vihbrvfiscembill {aldjegtitba@ataynSphenany, (athertdiad)>" is
generated from the sentence "Casey Sheehan was 20 killed in Iraq". Non-Patent Document 1 also

discloses a meifieddotceaatiag a aarbieat dffahs e et eteoivhitunotdes anddiandehildaodes if the
root is the verb "be", without differentiating between the argument types. [0008] Then, the entailment

determinatiorisystem distiosed IH.Ndrhélattnt dDesiment detaiainines thetperdeniagenel word
coverage between the word sets of the 25 same argument for two VASs that were created from the

text T and thelexéx T3:SuliseHuenthitifelenidimenthdeterdinationsystens deiesmings ihatihe
argument contents of the two VASs match if the aforementioned percentage of word coverage is
greater than gugguabiola peedgtermined coverage, and furthermore determines that the original tree
structures of the two VASs also match if the degree of matching 5 arguments is greater than or equal

to a fixeg ratgoddls, Fulie-sasa R tecosialingMASEraghativnigdesh MatthinwibWalse apptoximate

matching between the character strings of the arguments of verbs can also be determined. Citation

List 10 Non-AzsentbecumeRt1R0kiine B Roaypert an shetRiapstamiRueGhaiaing

andAppro3dmate Match in textual inference”, 'lbxt Analysis Conference 2010, (Online Proceedings),

http://www.nigh@mdterinpialisaiionsiZ0h0Aritpant RARG HBELPIREeRINASIANN to

matching determination as to whether there is a perfect match. Specifically; after
creating the above-described tree structure, the entailment determination system
15  creates data called a VAS (Verb-Argument Structure) from the created tree structure.
[0007] VAS is 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 Sheehan was
20 killed in Irag". 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

25  same argument for two VASs that were created from the text T and the text H.



15 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 20 sentences, for example. [0011] However, the entailment determination system disclosed
in Non-Patent Document 1 has a problem in that entailment determination cannot be performed if the
argument striethseguehitte fredivaibsareddifferemtafidheseasondar thisnissttiatitthe ergaitneant
determination system tries to perform collation between the texts 25 assuming that the argument
structures of thatpredicifies tare WS samech 4f [ 1Fhrem @xamptepassnmgdbit/dek tovEampany A
withdrew from the personal computer business" and "text H: Personal computers from Company A will
disappear” existafralahovecdest tibegheoidimenicdeterapinaiianslistdmrdisctobadimiNontRatent
Document 1 extracts, as VASSs, "withdraw (subject: Company A, object: personal 5 computer,

business)" frahe hégiext Trengti'disappadithsubie SASonipamaichiidthe perseaal aaypuigys)” from the

text H. [0013] In the case where such VASs are extracted, "withdraw" and "disappear” are different
verbs. Conseapgenmilynin ihgrabieveldesoritp bhiailivedtrdeterfinadjon Systase disgineedieNon-Patent
Document 1, the text T is not determined to entail the 10 text H, even though it does.

VASs, not only perfect matching but also approximate matching between the character

strings of the arguments of verbs can also be determined.

Citation List

10 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/Awrww.nist.govitac/publications/2010/participant papers /BIU proceedings.pdf

15  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

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

25  assuming that the argument structures of the predicates are the same.



[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 determineqlto entail the text H in this case as well. 15
[0015] Object of the Invention An example of the object of the present invention is to solve the
above-mentioned problems and to provide a textual entailment recognition apparatus, a textual
entailment relf8dRitioRanethothloabsucoipatétaedBdbieesyrding thddionfronatisapeatiovafor
entailment determination of a plurality of texts that are to undergo 20 determination, even if the
argument stroctupeseobilreneal made et liFersmaMenmsiforsFotvnGahgp ArpBleml[0B26pdacording to
an aspect of the present invention for achieving the foregoing  object, there is provided an entailment
determinatiorsapparfiusstovdetesonibatpatilinetitatetefinsitetive staitsra dechisddoxiNimcliaient 5  a
vector generation unit that acquires a predicate-argument structure of each of the first text and the

second text, BodurasrdtesitoteasVaith &dirdidenty dsubibet Séommanea, ajetigeforasch
predicate-argument structure by using a word other than a word indicating a type of argument of a
predicat® in ttepreticdeshregas énib strel oeut & ambiibnaiien (debjifitationpmiythafroompares the
vector generated for each predicate-argument structure for the first text and the vector generated for
each predicatessrguientsitacs)irééan the ®ecdhd text, and identifies combinations of the
predicate-argument structures of the first text and the predicate-argument structure 10 of the second
text based oriG)i8bulfroflibessemimisenslaVASs asmeahtadmdrsdeidnminatioh" disitpheadlzeins a
feature amount for each of the identified combinations, and determines whether the first text entails the
second text hiiffecansiubabtalord:igrne, anthortsovdRidifdd@madmeiriglitccamiaspeat of the
present invention for achieving the 15 foregoing object, there is provided an entailment determination
method for detemminiigelvbetieNofirBatext EnkailaensdcdnettexktTinchdide ¢he steptoamtail e
acquiring a predicate-argument structure of each of the first text and the second text, and generating,
for eacht ©f thizfit $1 texératitbtipgh sedomd text, a vector for each predicate-argument structure by using a
word other than a word indicating the

[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.

15 [0015] Object of the Invention

An example of the object of the present invention is to solve the

abovermentioned problems and to provide a textual entailment recognition apparatus,
a textual entailment recognition method, and a computer-readable recording medium
that can allow for entailment determination of a plurality of texts that are to undergo

20  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 for achieving the foregoing
object, there is provided an entailment determination apparatus for determining

25  whether a first text entails a second text, including®



20 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 structure for the second text, andddentifying combinations of the
predicate-argument structures of the first text and the predicate-argument structure of the second text
based on a result of 25 the comparison; and 6 (c) obtaining a feature amount for each of the identified
combinations, and detentintagnenativaruhg finst exherdadgihdisetoartenchhseddnithe eithined
feature amounts. [0018] Furthermore, according to an aspect of the present invention for achieving the
5 foregoing otijéle, finefréeis prolitie deauhipstorné genéttatescimdeagineé dherfidsawmy arddhied thereon
a program for determining whether a first text entails a second text by a computer, the program
including an isestrudtiertfancatrsifiy trels pneditetargxarens shectershyfusing(ayacduitheg than
predicate-argument structure of each of the first text and the 10 second text, and generating, for each

of the first text enctthedsetonrbtexte almgoeniorted chpprddistt endigupredicstenatgreneytusing a word
other than a word indicating the type of argument of a predicate in the predicate-argument structure;

(b) comparingtthetvweetor generated for each predicate-argument structure for the first text and the
vector generated for each predicate-argument structure for the 15 second text, and identifying
combinations of the predichiradiguident:Staicturesitthhe dirsptendsdhd thelpredivatd-at urnarit
structure of the second text based on a result of the comparison; and (c) obtaining a feature
amount for eackdifatesicantifint tombinafionidcaindideseraniditiy whetremtve fikst fexeadtails the
second text based on the obtained 20 feature amounts. Effects of the Invention
predicate-argument structure for the second text, and identifies combinations of the
predicate-argument structures of the first text and the predicate-argument structure
10 ofthe 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.
[0017] Also, according to an aspect of the present invention for achieving the
15  foregoing ohject, there is provided an entailment determination method for
determining whether a first text entails a second text, including 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
20  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 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

25  the comparison; and



[0019] As described above, according to the present invention, it is possible to allow for entailment
determination of a plurality of texts that are to undergo determination, 25 even if the argument
structures of the predicates are different. 7 Brief Desgription of the Drawings [0020] FIG. 1 is a block
diagram showing a configuration of an entailment determination apparatus according to an
embodiment of the present invention. 5FIG. 2 is a flowchart illustrating an operation of an entailment
determination appardtisltatanngiaarembodinbntafihd resimttifiedrnborbinatifg sds a diagram
showing an example of predicate-argument structures extracted from texts. FIG. 4 is a diagram
showing vectdesegaiahasediictm:tbecfiedicatccatgiimignt sbOostd tettrbassd@arihn HEnRd FIG. 5is a
diagram illustrating an example of combination identification processing executed in the present
embodiment.featuréGnioisndsdiagram illustrating an example of entailment determination processing
executed in the present embodiment. 15FIG. 7 is a block diagram showing an example of a computer
for implemenidiy gin éntaiimantoietermidaiipto appanatetsoficho fding 1o mverbadimaritiefitietheesent
invention. Description of Embodiment 20 [0021] Embodiment Hereinafter, an entailment
determinatiorfoapparatubjeat) tntedlineubddter mivatinnerethddbrne@ptogramndicoohdingdo an
embodiment of the present invention will be described with reference to FIGS. 1to 7.
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
10  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 structure for the
15  second text, and identifying combinations of the predicate-argument structures of the
first text and the predicate-argument structure of the second text basedon 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

20  feature amounts,

Effects of the Invention
[0019] As described above, according to the present invention, it is possible to allow
for entailment determination of a plurality of texts that are to undergo determination,

25  even if the argument structures of the predicates are different.



[0022] Configuration of Apparatus 25First, a configuration of an entailment determination apparatus
according to 8 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. [0023] The entailment determination apparatus 2 shown in FIG.
1 according to the 5 present embodiment is an apparatus for determining whether a first text entails a
second text. As shown 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 ReiefiDgenetidivof thi Dlafirigcquires the respective 10 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 decanil t&XG al ieatbloid diaghapiedicaiapagontanisitivetofansntisingewords other than a
word indicating the type of argument of a predicate in the predicate-argument structure. [0025] The

combination idetatifidaticionajiR2cospaedinetvesiehdwideraiat fotheanhsbhipraedisaterargument
structure for the first text with the vector generated for each predicate-argument structure for the

second t&xt, and iderFfigszemifinetbag dhibe-piediaatepargunest sirustuipsel i diisiiexioand the
predicate-argument structures of the second text based on a result of the comparison. [0026] The

entailment deippaipaiioacunidag ealoviattm difeaty e ampuaider @aehw@i20 the identified
combinations, and determines whether the first text entails the second text based on the calculated

feature amounts. [00ZTLT Bus awlitipthenatieimentdetenphaionainaemiusdneambinatians of

predicate-argument structures that are to undergo determination are identified from the result of a
comparison afxtestess thahdissggards argument structures, and 25 entailment between the texts is
determined based on the identified combinations. 9

FIG. 4 is a diagram showing vectors generated from the predicate-argument
10 structures shown in FIG. 3.
FIG. 5 1s 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.
15 FIG. 7 18 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 Embodiment
20 [0021] Embodiment
Hereinafter, an entailment determination apparatus, an entailment
determination method, and a program according to an embodiment of the present
invention will be described with reference to FIGS. 1to 7.
[0022] Configuration of Apparatus

25 First, a configuration of an entailment determination apparatus according to



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 configyration of the entailment determination apparatus
2 in the 5 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 dy exotiinga ¢ tlgs predesdribestbeloliae deripiderifo o he TTG.the present
embodiment, a "predicate-argument structure” 10 includes at least a predicate (verb) included in a

text, a word sEF@NY ias Bleckrglament ehthapredicaenantich whsd dabehpdicriipathetiqpe of

argument (see FIG. 3 described below). Accordingly, in the present embodiment, "word(s) other than a

word indicatingihedypesotadiupeniotairedicate Nt peesitait-argoment structure” means the
predicate (verb) and the word serving as the argument. 15 [0030] As shown in FIG. 1, in the present

embodiment, [aodsbutiapparaiiia dntalstoradaAnpaiue A that siotes VARSI daiaxBag ih the
entailment determination apparatus 2, and an output apparatus 4 for outputting results are connected

to the enfailmerkeetesntiatinadRpaniatipdathefeniaienh BlorRUIRECNRIPRIAI AL ROAStruCts an
entailment determination system, together with the input apparatus 1, 20 the storage apparatus 3, and

the output appaiaitS«kt[00&L§HRen P RIEPpaaius talacts tueiaxisaiameliyasatitst dextlandsa
second text, that are to undergo entailment determination performed by the entailment determination

apparatus 2, intedhe eateilmpnt eteminadiohiappRieilendiia@dhatiipthefollowingarseription, the
first text may be referred to as "text T" or simply 25 as "T", and the second text may be referred to as
"text H" or simptyasindtion Q4@A382] 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 foezekt Dammddheaiexittdhgbaseataonndaran entaimaiteiaiesmnisgiian.include some or all
of a text constituting a text file, a text created by 5 linking character strings included in an arbitrary

subtreeigbtaipestibsevafbRaisatARtadest e Hed R¥1ipKINthehaBaRfSHiNgHhEhathe vector

predicate-argument structure. [00331 The output apparatus 4 outputs a result of entailment

determination;pesfariatibi H1e.entalneTheiRHINAloR-aPRAaIHE thinidhadark] aReddas fsxt H
input from the input apparatus 1. Specific examples of the output apparatus 4 10 include a display
apparatus anghapftigiate-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
15  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 first 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
20  theidentified 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 are identified from

the result of a comparison of vectors that disregards argument structures, and

25  entailment between the texts is determined based on the identified comhbinations.



[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 storedg’n the storage apparatus 3, and therefore can
achieve an improvement in entailment 15 determination accuracy as compared to the case where the
storage apparatus 3 is not connected thereto. [0035] The word collation rule storage unit 30 stores an
entailment ruldcpomtthglyllatitn thdenthdihoar Qetestablisiadbptwelen Xdtds pssgiblasosyneonyots,
hyponyms, meronyms, and derivations. Examples of the word collation rule include "Nippon 20 Electric
Company, LirtedlMNEGR" détomieaniayéy ATokyailapdtexiantidmanytashdeeecatantfaatior”. [0036]
The predicate-argument structure collation rule storage unit 31 stores an argument relation
(predicate-arguareifitstroepuna oo stack s )ob ehy perdibeter edicdiffeargtiment structures that are to be
collated during entailment determination. 25 Examples of the predicate-argument structure collation
rule include "WidaglaviNest (gubjeafighratijecst e erdishnpaadésubigatittofpparands ‘Kith (dhject: X) die
(subject: [0037] In the present embodiment, the entailment determination apparatus 2 includes a
predicateiargprasnitsimibtidienanalydidbu @bl dd ditiohcodite Ve cides, ge tesgiieseunit 21, the
combination identification unit 22, and the entailment determination unit 23 described above. The

predicate-argeimienti it ile analysieunide2a-pansenthepienistipRidynthppapituaphar afus dteand
extracts a predicate-argument structure from each of the texts based on a result of the parsing.

Further, the preginatexargomesl| strdidtunephombraiscdbiite28cotipgts thayptiatiegiliigdicaie argument
structures to the vector generation unit 21.

computer.

[0029] Further, in the present embodiment, a "predicate-argument structure”

10 includes at least a predicate (verb) included in a text, a word serving as the argument
of the predicate, and a word (Iabel) 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.

156 [0030] Asshown in FIG. 1, in the present embodiment, an input apparatus 1, a
storage apparatus 3 that stores various data used 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,

20  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, info the entailment determination apparatus 2. Note

that in the following description, the first text may be referred to as "text T" or simply

25  as"I™ and the second text may be referred to as "text H" or simply as "H".



[0038] 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 15 21 generj'ffs 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 plycaay] oflpredigateargumientistoe! fFeseXiTe ¥edtEH-aeReHRA URE Bhadipgts the
generated vectors to the combination identification unit 22. [0039] In the present embodiment, the

combination igentifisatipdctniindd-Gam ieag BeAS-eolbationirtieyfiameach afdiememisallatiamrule

storage unit 30 and the predicate-argument structure collation rule storage unit 31, and identify a

combination byeigielring:igtt-cofationdk gSailifeROIE tHae sarbnadienidentifieatian unit 22

outputs the identified combination to the entailment determination unit 23. 25 [0040] Also, in the
present embaitaaninthsonohidatiemidenslicatannindithd calctiaiqia simdpsbabatwgen the

vector generated for each predicate-argument structure for the text T and the vector generated for

each preglicaigniigy aenh slevetuedonifadexiad hesitihe combirainniidentificaionuniimz. identifies

combinations of the predicate-argument structures of the text T and the 5 predicate-argument structure

of the text H hagkgiex: e saltiatRksniRitiRs10041dSpacicaliy: Rssimmdier @xasnple, that the text

T includes only a single predicate-argument structure. In this case, the combination identification unit

22 identifies, fopgsichibkesticpia-appument atbuehin hthaltiotddtaAleambnataniahtim

predicate-argument structure and the single predicate-argument structure of the text 10 T. In other

words, in thisasante Hrfbenelitambidatiansi seHasRppSacirZng: fhenber Phi@the text H

predicate-argument structures of the text H is identified. [0042] On the other hand, assume that the
text T includesmp.lEHithefiRfRdigpiRnargikmenbptyalERSIRAE ISreRs SuitheicarphinRation identification

unit 22 calculates a similarity for all possible pairs of the vectors generated from the 15

predicatgyarghiriant staishe s ohibeciexd ii ansthwvectors generated from the predicate-argument
structures of the text T. Then, the combination identification unit 22 specifies any pairs having a

similarity gredigrsi)anae @etabio-3 5arashe i valig.on heRabaying-He highsstsimiariyend

identifies the two predicate-argument structures from which the specified pair is created. 20 [0043] In

the present epiaagisashtotha-ntalnentsiaLniRAaD hit23 GalsyrtesfRauEgamount based on

words other than a word indicating the type of argument of a predicate in the predicate-argument

structure (a pegeligalmend the eschAeR NGRS ABHMEM-FXaMRIR%.S! IhRfaalkEs amRuNkInclude

the degree of word coverage and the degree of word matching for only words serving as arguments

between the 2R:nidicRlERAURE"Y, SHUGERRi NG xR0 d Hepredisalathoumanhripycture of

15  determination accuracy as compared to the case where the storage apparatus 3 is not
connected thereto.
[0035] The word collation rule storage unit 30 stores an entailment rule (word
collation rule) that can be established between words, such as synonyms, hyponyms,
meronyms, and derivations. Examples of the word collation rule include "Nippon

20 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.

25  Examples of the predicate-argument structure collation rule include "withdraw



13 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 5 present embodiment, the entailment
determination unit 23 can also perform the determinafién using the structural feature of the
predicate-argument structure, in addition to the feature amount. [0045] Thereafter, the entailment
determinationipi-22 QUERHS: s Iesultghine euRlmeptAgierminalian s he: ytouhARpARRILS 4. Note
that in the present 10 embodiment, there'is no particular limitation with respect to the determination
criteria used igythe entailment determination, and any determination criteria that have been
conventionally used for entailment determination can be used. [0046] Operation ofApparatus Next, an

operation of th,gafaiment delemaaiisanaa a2 aRsaIing: R AN SIAGHImANL of the present

invention will be described with reference to FIG. 2. FIG. 2 is a flowchart illustrating an operation of an

entailment defgiipaoy ARRARLIS ARGIEN IR INe SIBad IRRLT 1 RIRBRIIAUEVUAN, I the

following description, reference is made to FIG. 1 where necessary. Also, In present embodiment,

an entailpentdaisyninaten Metiaddmpaiinimad huapspinibeZ Q. nialnaiLdgisymination

apparatus 2. Therefore, the following description of the operation of t [

e entailment determination

apparatus 2 sybstifstes ot M@é@f@é@ﬂw&aﬁ&@wﬂ%@ﬁﬂ@é{@%&%ﬂ%@ﬁ%ﬂ@%@g@gown .

embodiment. [0047] Processing for Extracting Predicate-Argument Structure

FIG. 2, the pregieaieraldumentsEGII G ARANS'SYI 40 GRalRE S VERd MRUIR R fhe text T and the text H
tracts

from the input apparatus 1, and extra
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
10 predicaterargument structures to the vector generation unit 21.
[0038] 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, Le., a predicate, a word serving as an argument of the
predicate, and uses these words to generate vectors. Also, the vector generation unit
15 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 phurality 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
20  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 unit 22 outputs the identified combination to the entailment
determination unit 23.

25 [0040] Also, in the present embodiment, the combination identification unit 22



14 predicate-argument structures from the text T and text H received as inputs (step Si). [0048] Here,
a specific example of the predicate-argument structures will be described with reference to FIG. 3.
FIG. 3 is a diagram showing an example of predicate-argument structures extracted from texts. In the
example shown in FIG. 3, 5 the text T and the text H Lte illustrated, and the text T is composed of two
texts, namely, a text Ti and a text T2. Upon input of the texts Ti and T2 and the text H shown in FIG. 3,

the entailmenigaiBfpinaianiapppiRiNee20aie atnasaanaiher he daxh Drediaits-thedmsd, and
whether the text T2 entails the text H. [0049] Also, in the example of FIG. 3, the predicate-argument

structure anajygigHii 42 A exHACisn SR Pregit atemrad RPN Pt cadPRIgUSSHbject: general
meeting of shareholders, object: Mr. B, goal: the president of CompanyA (Tokyo)" from the text "Ti: Mr.

B was approvggesitRgiaside Bf Compamidedbokaliby s aansahrnasimmigishasgholders”,

since the predicate is "approve". [0050] Furthermore, the predicate-argument structure analysis unit 20

extracts, as lepigdisata-AraiHD prb Bl aresmbat Bawekiaie drigidjest M Bigoal: the president of
CompanyA)" and "live (subject: Mr. B, place: Tokyo)" from the text "T2: Mr. B who lives Tokyo was

inauguraged asdhRaesidentaftcanrany A tsinesirERRdicatasaaqladnpuamiaieskand "live".

[0051] Also, the predicate-argument structure analysis unit 20 extracts, as 20 predicate-argument

structures, "bgxpiTie (SpiEREINT Bugealiihediapidetefkompanyiclagatemip 4 ekm” and "be

located (subject: Company A, place: Tokyo)" from the text "H: Mr. B became the president of Company

Alocated in Takyelsinea e R edisalen.art, RREARE, AlskiRe,ReaieddeniRERLNalRthat in the

example shown in FIG. 3, a correct answer is given when it is 25 determined that T1 entails H, but T2

does not ental skt Fis fsteeRYsedad S AIREAIRRAGANPAMS Auif KCaeskiBiHikYA ssamnot be read
from T2. [0053] Processing for Generating Predicate-Argument Structure Vector
predicate-argument structure and the single predicate-argument structure of the text
10 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
15 predicate-argument structures of the text H and the vectors generated from the
predicate-argument structures of the text T, 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.
20 [0043] Inthe 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 as its
argument). Examples of the feature amount include the degree of word coverage and

the degree of word matching for only words serving as arguments between the

25 predicate-argument structure of the text T and the predicate-argument structure of



Next, the vector generation unit 21 acquires the predicate-argument structure of each of the texts
extracted in step Si, and, for each of the texts, creates a vector 5 (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 th §redi_cate in the predicate-argument structure
(step 52). [0054] FIG. 4 shows vectors generated from the predicate-argument structures shown in
FIG. 3. As shewetdatRIG. 4, the vector generation unit 21 uses only content 10 words such as a
predicate and a word serving as an argument of the predicate to generate a predicate-argument

structure vectondql thepresanbRIpedimaniniis dtfieienhthal iy edicatesar g ymeshsiduelus vector
includes, as its components, a word other than a word indicating the type of argument of the predicate

in a predicatefargiieathst vatbiet 1500k SpreiibalYhassh aveniRikithede il vEetor fBRRAEALION UNIt
21 generates, (approve, stockholder, general meeting, Mr. B, Company A, 'lbkyo, president) as a

predicate-argameniis getaieMesia brfmalhe e dittHercsBOlNea sl UTtiFcheaRRRY en(shibject: general
meeting of shareholders, object: Mr. B, goal: the president of Company A (lbliyo))", which was

extracted; fropréieA0dR0RE1 A, the sasidhesnasationynilohlgenesaias (ke iRarguiated, Mr. B,
Company A, president) and (live, Mr. B, 'Ibkyo) from "be inaugurated (subject: Mr. B, goal: the

president of GempamytibnarsndVRe(sthiach Ve BuRlagehd Peualcawhichiwene: exiipaied tom T2.

[0057] Furthermore, the vector generation unit 21 generates (become, Mt B, 'Ibkyo, 25 Company A,

president) angd{beidpcatesh feoripamndurttokyo) from "become (subject: Mr. 16 B, goal: the president
of Company A located in 'lbkyo)" and "be located (subject: Company A, place: Ibkyo)", which were

extracted frorfpblPOFBLIaheIeseRt TR IRERLIHA MEE IRhHOBUHRRLIMNE 2GR AIRe add, for

example, any information that can be acquired from an argument structure 5 (hereinafter, referred to

as "structuraldnfarmaifiotesuan Ason REBME NS AR S5 ANt Mekdthie ther paicaig-argument
structure vector. In this case, the vector generation unit 21 can generate, for example, a vector such

as (appiove, siapkiRidel, genemRloetineuldF 1B it-empanArediiey @ PResidenmisgisate: approve,
approve_subject_stockholder, approve_subject_general meeting, approve object Mr. 10B,...).
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
15  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
20 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 embodiment.
[0047] Processing for Extracting Predicate-Argument Structure

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

25 receives inputs of the text T and the text H from the input apparatus 1, and extracts



[0059] Processing for Identifying Combination of Predicate-Argument Structures Next, the
combination identification unit 22 calculates a similarity of the vector obtained from each of the
predicate-argument structures of the the text Ti and the text T2 with respect to each of the vectors
obtained from the predicate-argument 15 structure of Igfe text H, and identifies combinations of the
predicate-argument structures based on the similarities (step S3). For example, the combination

identification pridzsaapesiiesatainefuestormhaisng:a TaiaividrateiibdaLmpaualdeheihreshold
value, or the pair of vectors having the highest similarity, and identifies the two predicate-argument

structures frofooBichHiees RegliefRHisHROE R e dROBOLIR-GalcH R R-RIRRKAKHIY HvO

predicate-argument structure vectors that are to be calculated are converted into a vector whose

number of diraeasides tRihsaaaiie apined bFsghi achngihenunRbenR semmeniehdracter strings
from a total value of the number of character strings of both vectors. At this time, a component in

which a 25 cha@REtersHiBaeXist Sifsahas ckrargd fompeasnt In vwhiekatadeehsHirpHees 17
not exist is set as "0". [0061] For instance, an example will be given for (live, Mr. B, Tokyo) of the text

T2 and (BBecothe M BarBkye tsxemRaaYsbeiegaied, ireaidentkebihsded & thbiustsase, the

number of dimensions is 7 (= 3 + 6- 2). Further, the former is converted 5into (1, 1, 1, 0, 0, 0, 0), and

the latter is conwgsgthinéQi(@1 hnll, dlicds 12l). Bisg Ayeighthvaig eptinatetinacaitaisg@nner may
be added to the components of each of the converted vectors. [0062] Here, a specific example of the

processing ofsHeRS3 Wik, deserbathwith deferatcatoisp oo Adsctdiagsarhdiusiating an

example of combination 10 identification processing executed in the present embodiment. In the

example in FigxHTihentaiRsiieldexalde-Ridsimibarty theedio HanmatkaieogiRergimilarity sim is

[0049] Also, in the example of FIG. 3, the predicate-argument structure analysis unit
10 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
15  predicate-argument structures, "be inaugurated (subject: Mr. 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
20 predicate-argument structures, "become (subject: Mr. B, goal: the president of
Company A located lin Tokyo)" and "be located (subject: Company 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

25  determined that T1 entails H, but T2 does not entail H. This is because the



calculated using Expression 1 below. In Expression 1 below, x and y represent two converted vectors
that are to be calculated. Furthermore, in Expression 1 below, (X y) represents the inner product of a
vector x and a vector y, | x | represents the length of 15 the vector x, and | y | represents the length of
the vector y. [0063] Expression 1 sim=(xy)/(1x11YI) [0064] As shown in FIG. 5, first, assume that Ti and
H are to undergo entailment determination. Since Ti includes only one predicate-argument structure, a

20 combinatigtahibeaiedealeaaton B ek sLEIskob Tiantht be leadtediisubject: Company A, place:

illikyo)" of H, and a combination of the same predicate-argument structure of Ti and "become (subject:

Mr. B, goal: thgnpstsiteni-atiagBpaEui sttty efit areRterialisatiwidentified.  [0065]

On the other hand, assuming that T2 and H are to undergo entailment 25 determination, a similarity is

calculated for all possialer vaRIQERBI SelRMioA SIEX I EASIRNb ARR YRt SiFaaiN hR MBRIMIRS

predicate-argument structure vectors "be located (subject: Company A, place: Tokyo)" of H and "live

(subject: Mr. & dalacef thlkyals ekikddeeHciiaiesh tohe §333chIspilbesta) basitvcbatwash:the

predicate-argument structure vectors "be located (subject: Company A, place: Tokyo)" 5 of H and "be

inauguraged (Giebieskinddr. Bfaeal (R esidenh af-fempany Auaidevstaiouipiagdn be 0.289. [0066]

Although both similarities do not exceed the threshold value in this case, "live (subject: Mr. B, place:

Tokyo)", whighhs-faemaxifsmsinpilaitybddensitiod antba R aJieaiR-REuaeNksidsiiepat is to

undergo determination for "be located (subject: 10 Company A, place: Tokyo)" of H. [0067] Likewise,

for "become (gibjestzMhcBt 6081: e Brasidanheff-apasvAlasatedtimdaky Qtepfds) the similarity of

the predicate-argument structure vector with respect to "be inaugurated (subject: Mr. B, goal: the

president of GaupERNYHE afshéis GalewaiethioRedbh (RO g B SR RIR Qdical8-argument

structure vector with 15 respect to "live (subject: Mr. B, place: Tokyo)" is calculated to be 0.471. In this

case, the lattgr ity dalis balowdhiamthrestold valRandhrisioss anly Shednauanratedsublect

Mr. B, goal: the president of Company A)" having the maximum similarity is identified as the

predicaigrargyment sl el 46 iRaldsioHnderar reirrmnalian ARARRL A eete Hhemeagen embodiment,

the combination identification unit 22 can
generate a predicate-argument structure vector. In the present embodiment, it is

sufficient that a predicate-argument structure vector includes, as its components, a
word other than a word indicating the type of argument of the predicate in a
predicate-argument structure.

15 [0055] Specifically; as shown in FIG. 4, the vector generation unit 21 generates,
(approve, stockholder, general meeting, Mr. 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,

20 [0056] Also, the vector generation unit 21 generates (be inaugurated, Mr. B,
Company A, president) and (live, Mr. B, Tokyo) from "be inaugurated (subject: Mz, 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,

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



20 refer to the word collation rule stored in the word collation rule storage unit 30, and calculate 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 unit™22 25 can calculate the similarity while regarding
the verb and the noun as matching words. 19 As a result, it is possible to more appropriately identify a
predicate-argBnaeal: sHulpitskedhial ds Corapaaygoldeitsiindolgoithdubbiiogditnisedjtotthe
predicate-argument structures. [0070] Furthermore, in the present embodiment, if the structural

information 5@tesgHBgdipihe ORssHD evhaflsienSekisaatsdbadmitie predicate-argument structure

vector, the combination identification unit 22 refers to the predicate-argument structure collation rule

stored in the pEsitatRateyrrersisudivisneatiating valesigragetni 3dit Pheanialfoiadddey the
combination identification unit 22 calculates the similarity while regarding the respective arguments of

the two predigatenplgumnenh i slticHiks dafinrcir the preclicate atgumentseitsctuee collation rule as
matching words. Alternatively, in this case, the combination identification unit 22 can refer to the word

collation gule (MbrAAEtes Rifine:ihe matehingbalwebmiheOysentss [QRédidtstepsSs the
combination identification unit 22 can execute normalization processing in accordance with the amount

of informationigeided weacheflibeddissss nenhatnicitiavaetonsterine hessiaiatiy ealgation, in
order to identify a predicate-argument structure that does not include redundant information. Examples

of the amounggfdhaiiarmationdnciugdadip, toe aradisaleraraurentistivGiuremestandhblilderthe
number of non-0 (zero) components of the vectors and the weight of the components. Furthermore,
examples of the\sililadtigsaler BlethaiiRhy A, Tokyo, president, predicate: approve,
approve_subject_stockholder, approve_subject,_general meeting, approve_object_Mr.
10 B..).
[0059] | Processing for Identifying Combination of Predicate-Argument Structures
Next, the combination identification unit 22 calculates a similarity 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
15 structure of the text H, and identifies combinations of the predicate-argument
structures based on the similarities (step S3). 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
20  created.
[0060] To 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

25  character string exists is set as "1" and a component in which a character string does



20 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 chairmang". In this case, the predicate-argument structure
"become (subject: Mr. B, goal: 25 chairman)” is inher At in the "purpose” of the predicate-argument
structure. 20 Therefore, when attempting to identify the predicate-argument structure that is to
undergo detegipationforthergredicate-argument structure "become (subject: Mr. B, goat president)”
using the number of common words as the similarity the similarity with the former predicate-argument

structure is thiggsY7Oras: aRdhe. Similad ¥R i, aesPIERIRLe Mg TR BTG daetis inherent

in the former is two words. As a result, if the number of common words iIs used as the similarity the

former tends 4, e, 8RR HIRTANR RyS ISR RARGUIBRI AHEIUSE Atz o RS RIgOretegpiation.

[0073] However, since the former predicate-argument structure inciudes the word “president” even

though it doeg RetREAN HIRk-Mf aRvisisdyasiden ders)s the kR pogaialibnthal Aapending on the
determination criteria of the entailment determination unit 23 described below, the erroneous
entailmest defgringtionghalg Ry camekeURiest MbRegoaREr@IdenD' entallp thenfgrmer
predicate-argument structure may result.. [0074] Therefore, for example, it'is possible to perform
normalizatiorpy iy ing: Wb AUTR ST BHGSMMAT KIS AR a L PIsHIFAIR:ALLIBRY structure
vectors by the larger of the respective numbers of words of the two predicate-argument structure
vectors. In thisrease,ihe sipilaply,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 UigopR disalRs MBI sttahiE Ak BiteRlHpdetag, delemiBaian.{B0dlae such

when the above-described normalization processing is executed during the similarity calculation, the

predicate-argupenh SIfAGHEe Kateees Rok Ingae] s narmalign depds igidg saiected

Accordingly, the possibility of an erroneous entailment determination cah be reduced. 25 [0076]
Entailmegt Deiermination Bfg&%gﬁﬁ%%xecuted 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 below. In Expression 1 below,- x and y represent two
converted vectors that are to be calculated. Furthermore, in Expression 1 below, (x-y)
represents the inner product of a vector x and a vector y; | x| represents the length of
15  the vector x, and |y| represents the length of the vector y.
[0063] Expression 1
sim = &-y)/ (x| |y ])
[0064] As shown in FIG. 5, first, assume that T1 and H are to undergo entailment
determination. Since T1 includes only one predicate-argument structure, a
20  combination of the predicate-argument structure of Tl 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

256  determination, a similarity is calculated for all possible vector pairs. From



21 Finally, the entailment determination unit 23 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 S3, and determines 5 whéther T entails H based on the feature amounts
(step S4). Also, in the present embodiment, the entailment determination unit 23 calculates the

entailment sceig habieenaband die tnexamplrchassdlupikaiohicned iealy ramaiecaid

determines that T entails H if the entailment score is greater than or equal to a given value. 10 [0077]

Specifically, the el enfiseie DaRpbeR Mnildd oliaing: asHhateaaabe B dsaree of word

coverage, or the degree of word matching for only the word serving as the argument between

predicate-arggsRoa Sif TSty egicoBaed &bworgssothalsiaReamalsrid satiradhadype of argument of a
predicate in the predicate-argument structure (a predicate and a word serving as the argument of the

15 predicate)y iditesrmesanasiinifecornhinalion ideruficatippantddphs aniinremseiermination

unit 23 can use one or both of the word collation rule and the predicate-argument structure collation

rule to obfaindig faature amabnta{0Q (&lijierene - Resific exappleRhing LresssiNA)INLSEDP;S4 Will be

described with reference to FIG. 6. FIG. 6 is a diagram showing an example of entailment 20
determination-freeessing exaewed 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 amoul&ERecHigadieNHRR BmIBRIASS BisHhE AP EROTITGIRHING ARBTRONEHES &, ge

predicate-argument structure vector of' H and the predicate-argument structure vector of Ti or T2, and

b 25 feprese'@%ﬁ&ﬂmﬂ'E{El@@é?@oﬁ%)@%@l?ﬁstﬂ‘i‘eQfl%ﬁiﬁ%@iﬁnaéﬂﬁﬂ%%%ﬁféﬁfﬁi&@@@ﬂlgz of Hin

the identified combination, the percentage of coverage can be calculated using Expression 2 below.

[0079] ExpressioncaBencriage ai-cansage Sp al@080]feuwthermers M- RramRl@ihEle. 6, an
average value of the feature amounts calculated between Ti or T2 and H is calculated and this

average yalugsised, as Mieentaippnisgore. Then, if the entailment score is greater than or equal to
0.50, it is determined that Ti or T2 entails H. [0081] As shown in FIG. 6, in entailment determination of

Tiand H, the[ﬁﬁ@ﬁ”@ﬂ@e@v@s&fﬁ?@éé&ﬁ@@%ﬁ%@: e focaisr isubiestaGamPea fuRiace: Ibkyo)” of

H and "approve (subject: general meeting of shareholders, object: Mr. B, goal: the president of

Company A (Lekndbky Qe (Fhe/Shilom: F ¥ PIRs RN ZABMSument structure vector with

respect to "be inaugurated (subject: My, B, goal: the president of Company A)"of T2 is
calculated to be 0.617, and the similarity of predicate-argument structure vector with
15  respect to "live (subject: Mr. B, place: Tokyo)" is calculated to be 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
20  refer to the word collation rule stored in the word collation rule storage unit 30, and
calculate 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 unit 22

25  can calculate the similarity while regarding the verb and the noun as matching words.



[0082] The percentage of coverage between "become (subject: Mr. B, goal: the president of Company
A located in 'Ibkyo)" of H and "approve (subject: general meeting 15 of shareholders, object: Mr. B,
goal: the president of Company A elbkyop" of Ti is 0.66 (=4/6) from Expression 2 above. [0083]
Therefore, the entailment score between Ti and H is 3%6 (= (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 deA%fH‘i’éﬁﬁiﬁf‘iH@‘bééﬂ?é%m@?éé M%@@@l&ﬁ%@%&&@&t}w@ﬁf handipthe
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from Expresrg%g;%%ysa%}o%e. %%%%%é%%%#é%%%%ﬁ?ﬂ%%&%%ﬁ%ﬁggggnﬂ%&gcﬁ%&e&éﬁ%ﬂct: Mr. B,

goal: the 25 p&rﬁg&%%é)f Company A located in rlbkyo)" of H and "be inaugurated (subject: Mr. B, 23
goal: the president of CompanyA)" of T2 is 0.5 (= 3/6) from Expression 2 above. [0086] Therefore, the
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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 S3, the combination identification unit 22 can execute normalization
processing in accordance with the amount of information included in each of the
16  argument structure vectors during the similarity calculation, in order to identify a
predicate-argument structure that does not include redundant information.
Examples of the amount of the information included in the predicate-argument
structure 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
20  execution of normalization processing include a cosine similarity and a jaccard
coefficient.
[0072] 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:

25  chairman)" is inherent in the "purpose” of the predicate-argument structure.



20 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 "wasZ4bproved" of Ti were "was not approved", 25
"negation” is added to the predicate-argument structure as information. In this case, 24 assuming that
"negation” is tonhe Hhsider j ninati | ermi at T does
not entail H bgz%ggg??he fact that " néﬁ%ﬁr@%@gg&elg%gﬁ%&g%%%ﬁ eg%}céﬂr#ggsﬁ)f coverage

's high. 100911 Rhkis.nheAiRaRshamad phent.d e addiliande s dratisamount 3 detriped from a

predicate and a word serving as an argument e predicate, a structural feature o
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between the two predicate-argument structures is low, an refore the s ural feature of the

predicate-arg é}BgHHC%%ﬁ {ﬁ(ﬂ% e-ftf%%g "ﬂ e tailr@le@;glet rm'@lation. cc rﬂ;n ly;, the entailment

determinationbﬁgn% 23 performs en al{lll}nen ;%errnr%%%ﬁoﬁ W%ﬁsp%re?gggﬁ%}?g the '?%g?l%éa amount.
10 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
15  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
20  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.

25 [0076] Entailment Determination Processing



25 [0094] On the other hand, for example, assuming that "persuade (subject: Mr. A, object: Mr. B)" and
"describe (subject: Mr. 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 5 entailmé¥it determination. Further, in this example, it is
highy likely that it will be determined that T entails H if determination is performed using only the
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10 [0077] Specifically, the entailment determination unit 23 obtains, as the foature
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

15  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 F1IG. 6. FIG. 6 is a diagram showing an example of entailment

20  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

25  represents the fotal number of components of the predicate-argument structure vector



The program according to the present embodiment may be any program that 5 causes a computer to
execute steps Si to S4 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. Ir2this case, the CPU (Central Processing Unit) of
the computer functions as the predicate-argument structure analysis unit 20, the vector 10 generation

unit 21, and thia%om&iga ionﬁﬂe&ific%ﬂon unit 22, and the ent?ilment deter ina%%ﬁs%nﬁﬂ. and
executes the% B4 d Eorner g%?gge EREBEd gﬁﬁ é}%‘fglf%%eé SratS&UEh B %nard disk
provided in thg computer. function as the storage apparatus 3. [0098] Here, a description will be
given of a co ﬁﬁfgfpsf}?ﬁ%rg%y%nting the 15 entailment determination apparatus 2 according to the
present embﬂ tg:%(gexecutin a program with reference to FIG. 7. FIG. 7 is a block diagram
showing an e ﬁ%ﬂa "EoHButer for implementing an entailment determination apparatus according

to an embodiment ofEe resent ipvention. [0099] As shown in FIG. 7, the computer 110 includes a
CPU 111, a main memor %aﬁ?, 8%?5%8(%” aratus 113, an input interface 114, a display controller
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(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

15 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

20 "T'1entails H".

[0084] On the other hand, in the entailment determination between T2 and H, the

percentage of coverage between "be located (subject: Company A, place: Tokyo)" of H

and "live (subject: Mx. B, place: Tokyo)" of T2 is 0.33 = (1/3) from Expression 2 above,

[0085] Also, the percentage of coverage between "become (subject: Mr. B, goal: the

25  president of Company A located in Tokyo)" of H and "be inaugurated (subject: Mr. B,



10 apparatus 119, and controls display on the display apparatus 119. The data reader/writer 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 communicafeh interface 117 mediates the data transmission
between the CPU 15 111 and another computer. [0102] Specific examples of the recording medium

120 include gepergl; @Q&&%WWAPW@Q%sdfyi@egfé}*ﬁlalﬁmgséﬁa@I%%E.'ash (registered

trademark)) and an SD (Secur ), magnetic storage media such as a Flexible Disk, and optical

storage mediggieh a%,8,(H:-R QM {eamaant Risk Bard QrbeMamang 028 [ALAgls3thesgh)the

above-described embodiment can be represented partially or entirely by (Supplementary note 1) to

(S“pp'eme”t@é/n@&’«%%&ﬂ AasCuRRaRRIaNGhE RIgRanbiyeRiansArtdmEgdyitaadeliewing

description. [0104] (Supplementary note 1) A textual entailment recognition apparatus for
determining "t’%&‘i e @ik peEhaiRln # RRERSHIA TP gL at BV BRI P8 BRANRR unit that
acquires a predicate-argument structure of each of the first text and the second text, and generates,
for each gf the, first fext 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

Sstructure; a ohinasonidentificalionynikhal cHBRRIES RS NECIRE SRRARHEEATEAGNN unit

predicate-argument structure for the first text and the vector generated for each predicate-argument

suucture for e Sl andd4anan LOMMNRNNS.A de RISAIGE iR BRI AIBigH,Tes of the

first text and the predicate-argument structure 10 of the second text based on a result of the
comparison; gad. 4 on data obtained through machine learnming. Specifically, in the case where a

large number of combinations of two texts that can be determined to be entailing have
10  been learned through machine learning, the entailment determination unit 23 can
correct the caleulated feature amount based on the learned data. Specific examples of
machine learning include a decision tree, a perceptron, and a support vector machine.
[0088] Inthe example in FIG. 6 described above, the entailment determination unit
23 performs entailment determination for each of the combinations using the feature
15  amount determined from a predicate included in the predicate-argument structure
and a word serving as an argument, but the present embodiment is not limited 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
20  structure of each te:s?t, 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 T'1 were "was not approved”,

25  "negation" is added to the predicate-argument structure as information. In this case,



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.
[0105] (Supplementary note 2) 15The textual entailment recognition apparatus according to
Supplementary note 1, wherein the predicate-argumé)r“’iit 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 argumgaly ang AAPeVeGIsBGERRURIMMMLYRE FHLRAIR! eiCHE AR I WOrsh SRAYIRY as the

argument of the predicate to generate the vector. [0106] (Supplementary note 3) The textual

entailment recogniion ARRRMAISASH RGO BHBRISIENARL Dok kedh & BaWHRISIR A gOMbination

identification unit calculates a similarity between 29 the vector generated for each predicate-argument

structure for thefirstext m&@%&@%&%@%é@ﬁﬁ%x@%@ﬂéﬁrgUme”t structure for the

second text, and identifies combinations of the predicate-argument structures of the first text and the

predicate-argeit STGUEE eSERRasiEHHRaRRR AN IR SIIRHU RS RL07
(Supplementary note 4)

5  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.

10 [0092] Furthermore, in the case where the structural feature of the
predicaterargument 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

15  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: M, A, goal: assembly member for

20  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 unit 23 performs entailment determination

256 with preference to the feature amount.



The textual entailment recognition apparatus according to Supplementary note 3, wherein the
combination identification unit performs normalization processing during calculation of the similarity, in
accordance with an amount of 10 information of the vector. [0108] (Supplementary note 5) The
textual entailment recognition apparatus according té2&ny one of Supplementary notes 1 to 4, wherein
the entailment determination unit obtains, for each of the 15 combinations, one of a degree of word

coverage andghsiRorem ShaaiiPRIFNG/BLAAMINE MBI RANING RS dsA WimeR: Retueen the

predicate-argument structure of the first text and the predicate-argtiment structure of the second text,

as the featurggmpu, Eﬁsﬁﬁdﬂa&m&(&w&m@%@ﬁqUﬁamga%etmeca QSRR

predicate in the predicate-argument structure. 20 [0109] (Supplementary note 6) The textual

entailment recogn %%%%Bﬂ?éﬂ&ﬂ%%@ﬁ%&éﬂ%@%’ﬁ%&i@%aﬁgmé%@ siniRdhe SRtiment
determination unit uses, in addition to the feature amount; a structuraf feature of the
predicate-arguRefh SR I ARG HNEC Y BRRE HHOG: MRl 16t SRS INR REEQ0EHE M ve in
5  entailment determination. Further, in this example, it is highy likely 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

10 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

15  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 0.66 (= 4/6). 'This means that it is impossible to differentiate between
entailment and non-entailment.

20 [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 combinations.

Therefore, as described in relation to step S6 using FIG. 6, it is determined that T1

25  entails H, and T2 does not entail H. According to the present embodiment, it is



30 [0110] (Supplementary note 7) The textual entailment recognition apparatus according to
Supplementary note 6, wherein the entailment determination unit performs determination with 5
preference to one of the feature amount and the structural feature of the predicate-argument structure,
in accordance with a structural similarity between theZ$redicate-argument structure of the first text and
the predicate-argument structure of the second text. [0111] (Supplementary note 8) 10The textual
entailment rego0niion 3RS ASARISIRULL AN ERR AL AHPRIGID AN DMER ol s of chgherein the
entailment determination unit adds a weight to the feature amount based on data obtained through
machine IearBM&&%W&%g the feature amount 15 [0112] (Supplementary note 9) A textual
entailment recognition method for determining whether a first text entails a second text, comprising the
steps of; (@bgﬂquﬁ%g@rﬂredicate-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 20 each predicate-argument

stucture by using & wagsalise R RIS ndiea e B SLAUmTL of Ay AlERle e

predicate-argument structure; comparing the vector generated for'each predicate-argument

stuotureor e S ANGG Veslarsnpraled fansacl RiEciarico ameat ffe fr he

second text, an INng combinations of the preclicate-argument structures of the 25 first text and

the prediCateH%@ﬁ%%@%ﬁﬁ%%ﬁa%ﬁwﬁﬁ?ﬁ@e%ﬂﬁ@r?@d@%ﬂﬁﬁ%ﬁ%ﬂfmethod 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
10 generation unit 21, and the combination identification unit 22, and the entailment
determination unit 23 and executes the processing. Further, in the present
embodiment, a storage apparatus such as a hard disk provided in the computer may
function as the storage apparatus 3.
[0098] Here, a description will be given of a computer for implementing the
15  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
20 112, 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

25  the storage apparatus 113, and executing the program in a predetermined sequence.



31 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. 5
[0113] (Supplementary note 10) The textual entailment recognition method according to
Supplementary note 9, wherein the predicate-argumetit structure includes a predicate included in the
first text or the second text, a word serving as an argument of the predicate, and a 10 word indicating

the type of argiyment, and, in the.step (a), the recgi te and the word serving as t ment of the
predicate are%%%gi%%g}ﬁg}gg E%?b% F 1%}’]0 é@gﬁ%}r}ﬁa et%}?y%r&%uﬁ}m&%st%x ualentailment

recognition n@hod accgrdin to, Su entaty nate 9 or 10, 15wherein, in the step (b), a similarity

between the Vetior gecnergt% &CEQag(:gh per][ejzagllc':Y te?afh}geu%%ﬁaé?rﬁ%‘fﬂ]@?&r{t%e iRt TeX tand the vector

generated for_each,predicate-ar ent structure for the second,text is calculated, and combinations of
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the predicate-argumerﬁnstlr%jgfﬁreseof%% Firettext ano éspsreg?ca]t%?a?(g)ﬁl ent st of second text

based on ther%%b%'&’ilﬁl{[ge (rjngl L%.Il%rliﬁ? Isﬁg)gen%ﬁtftdﬁhe program according to the present embodiment

5 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 mput device 118 such as
a keyboard and a mouse. The display controller 115 is connected to a display

10  apparatus 119, and controls display on the display apparatus 119. The data
reader/writer 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

15 111 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 Digk, and
optical storage media such as a CD-ROM (Compact Disk Read Only Memory).

20  [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

25 text entails a second text, comprising:



20 [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. 25 [0116]
(Supplementary note 13) 32 The textual entailmét recognition method according to any one of
Supplementary notes 9 to 12, wherein, in the step (c), for each of the combinations, one of a

degree of word coverage, acde0KeR ahWOrlMAKEog Joromb e i srnaAs g argymen:

between the predicate-argument structure of th xt and the predicate-argument structure of the

second text i%@%%& BRI 08 &%gy?&de%ﬁhejﬂmsm indicaing the type

of argument o cate in the predicate-argumenit structure. [0117] (Supplementary note 14) 10The

textual entail it ' i t
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(c), in addition to edture amount, a's feature ument structure i1s used to

determi irst: ' 15) Th |
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determingtio%%gﬂgfmed with preference to one of the feature amount and the structural feature of
the predicate-argument structure, in

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

10  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.

[0105] (Supplementary note 2)
15 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

20 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 recognition apparatus according to Supplementary

note 1 or 2,

25 wherein the combination identification unit calculates a similarity between



20 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, 25wherein, in
the step (c), a weight is added to the feature amount Bdsed on data 33 obtained through machine
learning, when obtaining the feature amount [0120] (Supplementary note 17) A computer-readable

recording el YINg sEOIdsd esenna PIOOIAMIOL detarmiahREL ity gptals o

second text by a computer, tnhe program oS In Instruction causing the computer to execute

the st f - 4 - : : K c
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predicate-argument structure for the first text and the tor %ﬁi C {@9{'&% -argument
Ciructure for SIS LR e L ree of he
first text §nd @?Wd{?te-%%%n{ent sg&c&yre of the second text based on a result of the comparison;

and _15(c obt Ining a edttire amount for each of the iqlentified combinations, and determining whether
e skt el g A PRI RIS SIS MO U o
note 3,
wherein the combination identification unit performs normalization
processing during calculation of the similarity, in accordance with an amount of
10 information of the vector.
[0108] (Supplementary note 5)
The textual entailment recognition apparatus according to any one of
Supplementary notes 1to 4,
wherein the entailment determination unit obtains, for each of the
15  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.
20 [0109] (Supplementary note 6)
The textual entailment recognition apparatus according to Supplementary
note 5,
wherein the entailment determination unit uses, in addition to the feature

amount, a structural feature of the predicate-argument structure to determine

25  whether the first text entails the second text.



2017, 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. 25 [0122] (Supplementadnote 19) 34 The computer-readable
recording medium according to Supplementary note 17 or 18, wherein, in the step (b), a similarity

between the \[gﬁ@' g@}g@}g&&% %Péggicate-argument structure for the first text and the vector

generated for eac! cate-argument structure for the second text is calculated, and combinations

ext based on e ChIG RS STL e o oL e Db socone

computer-re le recording medium according to Supplementary note 1019, wherein, in the step
(b), normalization processing is performed during calculation of the similaiity in accordance with an

amount of informatioqv?f%%%l\{%%t8&%@%%%@9@3&5@&9?&& infgt%e The rg%ri/ng%e]atrﬁreadable

recording medium according to any one o upplementary rnotes %ereln, in the step

(c), for e%ChO?JrQlErSHEQ ?&“@ﬁ%’@ﬁh%’}%a?bﬁ?«eda?%%%oiwge%%%’86&%%1%@%%9 gt of word matching for

only the word'serving as the argument between the predicate-argument structure of the first text and

the prediCate&%’ﬁféﬁ?e%ﬁ%é%?s?ﬁ%%l%e%%g?h%é%%cg%ﬁﬂgdgtﬁ%a%%aﬁeﬁw %Bﬁ%fe%ﬂ%ﬁ on a

word other 2G'than a wo Icating the type of argument of a predicate In the predicate-argument
structure. predicate-argument structure of the first text and the predicate-argument structure of
the second text.
[0111] (Supplementary note 8)
10 The textual entailment recognition apparatus according to any one of

Supplementary notes 5 to 7,
wherein the entailment determination unit adds a weight to the feature
amount based on data obtained through machine learning, when obtaining the feature
amount.
15 [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
20  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 structure for the
second text, and identifying combinations of the predicate-argument structures of the

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



[0125] (Supplementary note 22) The computer-readable recording medium according to
Supplementary note 21, 35 of the predicate-argument structure is used to determine whether the first
text entails the second text. [0126] (Supplementary note 23) The computer-readable recording medium
according to Supplementary note 522, wherein, iBthe step (c), determination is performed with
preference to one of the feature amount and the structural feature of the predicate-argument structure,
in accordanc%h\gigg sﬂ&%%rgﬁaimilarity between the predicate-argument structure of the first text and
the predicate-argurlﬁﬁgnt structure of the second text. 10 [0127] (Supplementary note 24) The
computer-readable r 'ng g ilfé’r'l %rﬁl ntary notes 21 1 3,
wherein, in the step (C ,Sagic/velg %% a%@e% o the gg%rj}%ééagrﬁfc?&r% asltg ?ncﬁg}% 0 tlalrﬁsé through
machine 'e?rﬁg%%%%’;hnemcﬁf’bh%' '@Stﬁ*fee@?s%%r %r“&%ﬂg%h%%é%@l@%%%&i‘&ﬁ%h%@?@a’i'ﬁé’&"e”“f’” has
been described above with reference to embodiments, the invention is'not limited to the
above-descri%aadm%mbodir%%gts. 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 inve ion.[ é(?l %}Thi)grﬁl%%clicationcézﬁsns priority to Japanese Patent Application No.
2011-230773 Tiled on"Octbbe %ﬁ the'disclosure of which is incorporated in its entirety herein by

reference. Industrial A—}@‘%I !t%%?l'zl!aty entailment recognition method according to Supplementary note

9,
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

10 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
9or 10,

15 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
predicate-argument structures of the first text and the predicate-argument structure
of second text based on the calculated similarities is identified.

20 10115] (Supplementary note 12)

The textual entallment 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,

25 [0116] (Supplementary note 13)



25[0130] As described above, according to the present invention, it is possible to 36 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 inf@#nation retrieval systems. The present invention
is also 5 useful in applications such as opinion clustering in text mining. Descriptions of Reference

Numerals [01311 1 Input apparatus ..2 Entailment determination apparatus 10
[ e aRRs en%amlment reoegn:tttgon met"rTc?é accorpd?_ng 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 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.
[0117] (Supplementary note 14)
10 The textual entailment recognition method according to Supplementary note
13,
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 text.
15 [0118] (Supplementary note 15)
The textual entailment recognition method according to Supplementary note
14,
wherein, in the step (c), determination is performed with preference to one of
the feature amount and the structural feature of the predicate-argument structure, in
20 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,

25 wherein, in the step (¢), a weight is added to the feature amount based on data



3 Storage apparatus 4 Output apparatus 20 Predicate-argument structure analysis unit 21 Vector
generation unit

33

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

5  including an instruction for causing the computer to execute 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;

10 (b} comparing 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 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

15 (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
featuré amounts.

[0121] (Supplementary note 18)
The computer-readable recording medium according to Supplementary note

20 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 (a), the predicate and the word
serving as the argument of the predicate are used to generate the vector.

25 [0122] (Supplementary note 19)



22 Combination identification unit 15 23 Entailment determination unit 30 Word collation rule storage
unit 31 Predicate-argument structure collation rule storage unit

34

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
5  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
10 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
15  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
20  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 Supplementaxy note
21,

25 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 23)

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 first 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 imited to the above-described embodiments.
Various modifications that can be understood by a person gkilied 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

usefid in applications such as opinion clustering in text mining.

Descriptions of Reference Numerals

[o181] 1 Input apparatus
2 Entailment determination apparatus
3 Storage apparatus |
4 Output apparatus
20 Predicate-argument structure analysis unit
21 Vector generation umt
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 IDisplay controller

116 Data reader/writer

117 Communication interface



118Input device 119Display apparatus 120Recording medium 121Bus 38 CLAIMS 1. A textual
entailment recognition apparatus for determining whether a first text entails a second text, comprising:
a vector generation unit that acquires a predicate-argument structure of each 5 of the first text and the
second text, and generates, for each of the first text azg’w.cf*l 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 ddéh 10 hipdiciter@ gument 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 strligture$idithe tirgideatiand the predicate-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 15 fite ideRutieglingmbédadions, and determines whether the first text entails the
second text based on the obtained feature amounts. 2. The textual entailment recognition apparatus
according to claim 1, WwiereinBhe predicate-argument structure includes a predicate included in the

5



20 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. 39 wherein the combination identification
unit calculates a similarity between the vector generatgg 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 5
predicate-argument structure of second text baseddaidizalculated similarities. 4. The textual
entailment recognition apparatus according to claim 3, wherein the combination identification unit
performs norralizatiof Froived sinkgidudng reateardipnapbiragimibardstermistogdnhadevichfartamount of
10 information of the vector. 5. The textual entailment recognition apparatus according to any one of
claims 1 to 4, iskeeshaihe eeteiident,dotopmmation unit obtains, for each of the 15 combinations, one
of a degree of word coverage and a degree of word matching for only the Word servmg as the
argument between the pestiic geaenajionentit throtang wfeh e firsdiexteomdd sticatanargleneint
structure of the second text, as the feature amount, based on a word other than a word indicating the
type of a@um@ﬁt&:@ffac?ptrmmrd itherreqoratifeate sad gement s uiotuzact 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
10  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 the second text based on a result of the comparison; and
an entajhneﬁt determination unit that obtains a feature amount for each of
15  theidentified combinations, and determines whether the first text entails the second

text based on the obtained feature amounts.

2. The textual entailment recognition apparatus according to claim 1,
wherein the predicate-argument structure includes a predicate included in the
20  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.

25 8. The textual entaillment recognition apparatus according to claim 1 or 2,



6. The textual entailment recognition apparatus according to claim 5, 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. 40 7. The
textual entailment recognition apparatus according toglaim 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 5 predicatkeaciutherbsthictdiencttms ficstimxvaitcdheilredie asimdagimnbeivateacture of
the second text. 8. The textual entailment recognition apparatus according to any one of claims 5to 7,
10wherein théhentathmegdseteatfoatachumitdidge aweighhtethefemnt dor tebustttoateddbiheata
obtained through machine learning, when obtaining the feature amount. 9. A textual entailment
recognition medttod goneletedfirngclybetdmntofasgtextisomsdisaisctonsktort] tompnising the steps
of (a) acquiring a predicate-argument structure of each of the first text and the second text, and
generating, fodeadfesfcthetirsttiens afidhtheraticancaextnrvestondorenchthediisatedhegaihent
structure by using a word other than a word indicating the type of argument of a predicate in the

predicatérargpradich giracgures 20¢uctunp afiswdand wediorsgdner dteddbrudaicd pradizeteargument
structure for the first text and the vector generated for each predicate-argument 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 25(c)
obtaining a fedture arffhuntfondactizohthetidenifiateoappaetionscanding to claim 3,

wherein the combination identification unit performs normalization

processing during caleulation of the similarity, in accordance with an amount of

10  iformation of the vector.

5. The textual entailment recognition apparatus according to any one of claims 1
to 4,
wherein the entailment determination unit obtains, for each of the
15  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.
20
6. The textual entailment recognition apparatus according to claim 5,
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.

25



41 determining whether the first text entails the second text based on the obtained feature amounts.
10.A computer-readable recording medium having recorded thereon a program 5 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) ggauiring 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 10 type
of argument of'a preditaetixtnal pradibarntreengeitiostagtaretus actoydoeiserinigntbe vector
generated for each predicate-argument structure for the first text and the vector generated for each
predicate-argument strietueinfthalatsdoomt teterandidentifyitigedorbindetasohdion with
predicate-argument structures of the first text and the predicate-argument structure of the second text
based on a reputtfefenBaite compthisbatarsamout) aotstaheistracteaed feadmewndther each of the
identified combinations, and determining whether the first text entails the second text based on the
obtained featupeedinaigrasgument stiructure, in accordance with-a structural similarity between the

5  predicate-argument structure of the first text and the predicate-argument structure of

the second text.
8. The textual entailment recognition apparatus according to any one of claims B
to 7,

10 wherein the entailment determination unit adds a weight to the feature

amount based on data obtained through machine learning, when obtaining the feature

amount.

9. A textual entailment recognition method for determining whether a first text

15 entails a second text, comprising 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;

20 (b) comparing 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 1dentifying 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

25 (¢} obtaining a feature amount for each of the identified combinations, and



10

15

41

determining whether the first text entails the second text based on the obtained

feature amounts.

10. 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 eausing the computer to execute the steps of:

() 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 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

(¢) 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.



