DESCRIPTION Title of Invention IMPLICATION DETERMINING DEVICE, IMPLICATION
DETERMINING METHOD AND IMPLICATION DETERMINING PROGRAM 5 Technical Field [0001]
The present invention relates to an implication determining device, an implication determining method,
and an 10 implication determining program that determines whether a given sentence to be
determined implies a given hypothesis. Background Art [0002] 15Implication determination is to
determine whether a given sentence to be determined T implies a given hypothesis H (a task) . The
sentence to be determined T implies the hypo#mwEsisHingans that a human who reads the sentence to
be determined-T can.infer the hypothesis H as a fact. Assume that the hypothesis H of 20 "Prime
minister K Jég%/?sit%% gﬁllyeedlg%a(%s of America" and the sentence to be determined T of "Prime
minister K HAE visitt \WHit& ToUZET thrdl givien ‘As ahje et Rt - WhRIchNh B BmBRéEb N determination is

performedyinrthis-cases atmman shoeadsthe sentence feberdaiermined T can infer the hypothesis
H as 25 a fact, and therefore, it is determined that the sentence to be determined T implies the

hypothesis H.
Technical Field

F0001]
The present inventicon relates to an implication
determining device, an implication determining method, and an
10  implicationdetermining programthat determines whether a given

sentence to be determined impiies a given hypothesis.

Background Art
[0002]
15 Implication determination is to determine whether a given
sentence to be determined T implies a given hypothesis H (a task).
The sentence to be determined T implies the hypothesis H means
that a human who reads the sentence to be determined T can infer
the hypothesis H as a fact. Assume that the hypothesis H of
20  “Prime minister K has visited United States of America” and the
sentence to be determined T of “Prime minister K has visited
White House” are given as objects with which the implication
determination 1s performed. In this case, a human who reads
the sentence to be determined T can infer the hypothesis H as
25 a fact, and therefore, it is determined that the sentence to
be determined T implies the hypothesis H.
[0003]
A typical method of the implication determination is
disclosed in Non Patent Literature 1. The method disclosed in
30 Non Patent Literature 1 calculates a ratio of a word or a set
of dependency included in the hypothesis H in common in the
sentence T (hereinafter, described as a common ratic). When
the calculated common ratio is equal to or more than a threshold

value of the degree of similarity (a reference wvalue} that



[0003] A typical method of the implication determination is disclosed in Non Patent Literature 1.
The method disclosed in 30 Non Patent Literature 1 calculates a ratio of a word or a set of
dependency included in the hypothesis H in common in the sentence T (hereinafter, described as a
common ratio). When the calculated common ratio is equal to or more than a threshold value of the
degree of similarity (a reference value) that serves as a reference, it is determined that the sentence T
implies the hypothesis H. Also, Non Patent Literature 1 discloses, as a system of the implication
determinatien;a:sysiemsin yétielh arwerd usediwher the-eommon:iatio is calculatedhds expanded to a

range of a thesaurus and a system in which a ativeNform f a sentence or_modality is determined.
[0004] iEﬁﬁrﬁ&? Ptgl%éant ?é%t%l?es Sdisﬁc]osgks(i %%bnte%%e%t%e@%l %el(\;/:l%é ta r(gtr?éves related
sentencessiMiarinetD topic. T hevsdrtened rétfievalteviceadisclosett incPatent Literature 1 determines

whether sentenegs areJelated basadiondhe similarity af topig ncluded in each-sentence. Also, the
sentence retrieval device disclosed in Patent Literature 1 determines whether the sentences are initial

related dodGmBhRE TS BF folfdviing TRfed dotumerits BASEd DR date’ 8 Whidh e4h TBiated
documentisganduncefionrepéried s@008hce dNotenthdt Patentildtedatuee 2 idiscioses a
communicgg% assistance device for a smooth conversation. The device 20 disclosed in Patent
Literature 2 compares an utterance to be determined with an earlier utterance, and determines an
element included ihthé 2@fier ttetarice-blieict indfided fhithe ittePdnce f5°HE BBf&Pmined as new

informationctae bewaaresspecific, the devicerdisclesed in Ratent L igrature:-2 compares 25ra linguistic

struqigre of & iecnten%gén th(_}epfii:rg}1 @Qgggg%iuétgﬁddg% Qifg:rst lﬁn%l’ﬁ e g%eaker ng a @nguistic
structre of & 2éhitence fn the 'S&dond language, an extracts new fnformation that rgpresents a

content newily eittefedrin thelsértenteds the sebenddanduayes T erextradtetenbwdsforntation
the similarity of tepic included in each sentence. Also, the
sentence retrieval device disclcosed in Patent Literature 1
determines whether the sentences are initial related documents
15 or following related documents based on a date on which each
related document is announced or reported.
[0005]
Note that Patent Literature 2 discloses a communication
assistance device for a smooth conversation. The device
20 disclosed in Patent Literature 2 compares an utterance to be
determined with an earlier utterance, and determines an element
included in the earlier utterance but not included in the
utterance to be determined as new information. To be mcre
specific, the device disclosed in Patent Literature 2 compares
25 a linguistic structure of a sentence in the first language
uttered by a first language speaker and a linguistic structure
of a sentence in the second language, and extracis new
information that represents a content newly uttered in the
sentence in the second language. The extracted new information
30 is preferentially output to the other party cof conversation.
Citation List
Patent Literature
[0008]
PLT 1: Japanese Patent Application Laid-Open Nc. 2004-145753



30 is preferentially output to the other party of conversation. Citation List Patent Literature [0006] PLT
1: Japanese Patent Application Laid-Open No. 2004-145753 (paragraph 0044) PLT 2: Japanese
Patent Application Laid-Open No. 2008-83993 (paragraphs 0050 and 0053) Non Patent Literature
5[0007] NPL 1: Adrian Iftene, "Textual Entailment”, October 2009., PH. D. Thesis, TR 09-02, [online],
[searched on October 4, 2010], Internet <http://profs.info.ualc.ro/-tr/tr09-02.pdf> 10 Summary of
Invention [0008] Hereinafter, a device that performs the implication determination and outputs a
determinatigra resuitapitl beéCdescribed as an implication determining device. Also, when 15 there is a

set of corr %&t@"zswefgété’n%% %p%%fﬁ%rﬁsﬁtp%lai@%pcgf%ﬁs'iQQQ—%;%HE"& e thyl impliegthe
hypothesis), a ratio of original correct answers included in the output results among the results
determined 23 cH¥rerP afiswers by aAd Btibut from the implication determining device is described as a
"relevanceg@ ratio” « Also; amengthe set of correct answers, a ratio of correct answers determined as
correcg anj\%gﬁljy and output from the implication determining device is described as a "recall ratio".
That i, the "relevance ratio" is an index to measure accuracy of an output from the implication
determiningfdeviceidrian Iftene, “Textual Entailment”, October 2009., PH.

D. Thesis, TR 09-02, [online]l, [searched on October 4, 20107,
Internet <http://profs.info.uaic.ro/~tr/tri9-02.pdf>

10 Summary of Invention
[0C08]

Hereinafter, a device that performs the implication
determination and outputs a determination result will be
described as an implication determining device. Also, when

15 there is a set of correct answers (to be specific, a set of a
hypothesis and & sentence that inplies the hypothesis), a ratio
of original correct answers included in the cutput results among
the results determined as correct answers by and output from
the implicaticn determining device is described as a “relevance

20 ratic”. Alsc, among the set of correct answers, a ratio of
correct answers determined as correct answers by and output from
the implication determining device is described as a “recall
ratio”. That is, the “relevance ratioc” is an index to measure
accuracy of an ocutput from the implication determining device,

25 and the “recall ratio” is an index to measure comprehensiveness
of an output from the implication determining device.

[0COS]

The typical implicaticn determining method disclosed in
Non Patent Literature 1 has a problem of low implication

30 determination perfcormance. To prevent erroneous
determination {(that is, to enhance the relevance ratio),
typically, it is necessary to set a high reference value.
However, when the reference value 1s set to be high, omission

of determination occurs in large numbers, and this leads to a



25 and the "recall ratio" is an index to measure comprehensiveness of an output from the implication
determining device. [0009] The typical implication determining method disclosed in Non Patent
Literature 1 has a problem of low implication 30 determination performance. To prevent erroneous
determination (that is, to enhance the relevance ratio), typically, it is necessary to set a high reference
value. However, when the reference value is set to be high, omission of determination occurs in large
numbers, and this leads to a decrease in the recall ratio. There is diversity in expression of sentence.

Therefore,ever-a senfence dohea-datermined thatrimplies a hypothesis may notmesessarily have a
high common ratiq. 5{}0010] A|S£) the sentence retrieval de\gce dis Ioged in Pa&en%LiEerature 1
o) F ce Theretd & & 2

determines whether documents aré refated based o?let%%e e((j(;raeect))fb Simi arl?yri'r)“ej"tr\}veent opics of the

documents.Hdwevera aB sometioeiof calculatiig tiecdsgree ol gimifarity, 21 0ha dypicailynwall-known
method is merely used. Also, even if the related documents are arranged by date, this simply makes
the context of the documents clear, and the degree of similarity between the related documents is not
changsed. 'IEr%)lje%re even if the device disclosed in Patent Literature 1 is used, it is 15 difficult to
improve the implicatien detérminatior pefarmantevi0Xid v i c d herefore sani object:aof ¢he present

e e Sl g gl g rploton 2 sl o e
Solution totPfobiemree of similarity between topics of the documents.
However, as a method of calculating the degree of similarity,
10 a typically well-known method is merely used. Also, even if
the related documents are arranged by date, this simply makes
the context of the documents clear, and the degree of similarity
between the related documents is not changed. Therefore, even
if the device disclosed in Patent Literature 1 is used, it is
15 difficult to improve the implication determinaticn
performance.
[60117
Therefore, an object of the present invention is to
previde an implication determining device, an implication
20 determining method, and an implication determining program
capable of improving the implication determination

performance.

Solution to Problem
25 [0o012]

An implication determining device according to the
present inventicn is provided with a new fact determination
means configured to determine whether a given hypothesis is a
new fact indicating a first revealed fact in a hypothesis

30  implied sentence implying the hypothesis based on a specific
expression written in the hypothesis implied sentence, and an
implication determination means configured to determine
whether the given hypothesis is implied in a sentence to be

determined that 1s a sentence tc be determined whether the



25[0012] An implication determining device according to the present invention is provided with a
new fact determination means configured to determine whether a given hypothesis is a new fact
indicating a first revealed fact in a hypothesis 30 implied sentence implying the hypothesis based on a
specific expression written in the hypothesis implied sentence, and an implication determination
means configured to determine whether the given hypothesis is implied in a sentence to be
determined that is a sentence to be determined whether the hypothesis is included, and when it is
determined {fai the given hiypothesis s the.new fact in thedypethesisdmplied:-sentepee,dhe

implication determination.means compares a.date_and time of occurrence.of the sentence to be
orermined S0 e nhd & G S oL rotto e PSR Ne o s 1B the
hypothesis: addideteimimesarhsthe e thelseritdnce 1 be Yetarniinad implics tie giventhypethesis.

[0013] An implication.dsteunining methed aceewling tg thg dO0presentdnvention determings whethgr a
given hypothesis is a new fact indicatigg]a first revealed fact in a hypothesis implied sentence that is a

sentefce iIMPIingtHEAVPTRESS Hsed 6n'a BRERE bRpt8sstort GritenSRHHE hypothesiSimplied
sentence, ahd, Whenitris determined that ¢he given hypothesis 1hds thernew facttin the:hypothesis

implied senteng mg%rgga%% gt%tse @}?l%ti_%a f.oce [rence &fL %he sentence to be determined that is a

sentence to be determine er the given hypothesis’isincluded and a date and time of
occurrencd Bf the! hypothesis implied sentence implying the hypothesis, and determines 20 whether

the sentence to berdeterpined:-implies dke givenypethesis, {8014 - o r Ar implication determining
program accordienlgﬁtoitrtlle resegt_igggntion, causes a com uter to execute a new fact 25 dete_rmination
proceds todetsmine Wiether 8 biven RyPotesis'ls amsw factindicating BHirdtievearked fact in a
hypothesis:npliggicsentence-thiat isza sefitence implydagd the Hypothesis babew onreespecific expression
written in the, by pothesis.implied sqnience; and arsimplication determination process i determine
basedon a specific expressionwritten in the hypothesis implied
sentence, and, when it is determined that the given hypothesis
15 is the new fact in the hypothesis implied sentence, compares
a date and time of cccurrence of the sentence to be determined
that is a sentence to be determined whether the given hypothesis
is included and a date and time of cccurrence of the hypothesis
implied sentence implying the hypothesis, and determines
20  whether the sentence to be determined implies the given
hypothesis.
(G014}
An implication determining program according to the
present invention causes a computer to execute a new fact
25 determination process to determine whether a given hypothesis
is a new fact indicating a first revealed fact in a hypothesis
implied sentence that is a sentence implying the hypothesis
basedon a specific expressionwritten in the hypothesis implied
sentence, and an implication determination process to determine
30 whether the given hypothesis is implied in a sentence to be
determined that is a sentence to be determined whether the given
hypothesis 1s included, and, when it is determined that the
given hypothesis is the new fact in the hypothesis implied

sentence, in the implication determination process, a date and



30 whether the given hypothesis is implied in a sentence to be determined that is a sentence to be
determined whether the given hypothesis is included, and, when it is determined that the given
hypothesis is the new fact in the hypothesis implied sentence, in the implication determination process,
a date and time of occurrence of the sentence to be determined and a date and time of occurrence of
the hypothesis implied sentence implying the hypothesis are compared, and whether the sentence to
be determined implies the given hypothesis is determined. 5 Advantageous Effects of Invention [0015]
According ta the pfesentinvention,diietimplicatiar determinatod pesforhance nan hedmproved. 10

Brief Descri gor;&g r in(ggé 9%@:] 1G, Jf]l ggpiﬁ 3 ock diagram, illustrating an example of  an
implication%§eterm§ﬁ%1g\geviceglln af#sgy exoemp ary 15em o?jlsrﬁéqn%&g%é%S?lesseenrgce?nr}goediment. [FIG.
2] It depicts&floWerat ifuStiatig &% dperatios oRerinthlicatidridstehnining Yeied rithe first

exemplary:embediment- il 6= 3] 1hgepicts anexplaratery, diagram ditustrating-an.2Q example of
inforn15ation stored in a storage device.
Rdvantagecus Effects of Invention
[0015]
According to the present invention, the implication
determination performance can be improved.
10
Brief Description of Drawings
f001l6]
[FIG. 1] It depicts a block diagram illustrating an example of
an implication determining device in a first exemplary
15 embodiment of the present embodiment.
[FIG. 2] It depicts a flowchart illustrating an operation of
the implication determining device in the first exemplary
embodiment .
[FIG. 3] It depicts an explanatory diagram illustrating an
20 example of information stored in a storage device,
[FIG. 4] It depicts an explanatory diagram illustrating an
example of informaticn stored in a storage device.
[FIG. 5] Tt depicts a block diagram illustrating an example of
an implication determining device in a second exemplary
25 embcdiment of the present invention.
[FIG. 6] It depicts a flowchart illustrating an operation of
the implicaticn determining device in the second exemplary
embodiment.
[FIG. 7] It depicts an explanatory diagram illustrating an
30  example of information stored in a storage device.
[FIG. 8] It depicts a block diagram illustrating an example of
an implication determining device in a third exemplary
embodiment of the present invention.

[FIG. 9] It depicts a flowchart i1llustrating an operation of



[FIG. 4] It depicts an explanatory diagram illustrating an example of information stored in a storage
device. [FIG. 5] It depicts a block diagram illustrating an example of an implication determining device
in a second exemplary 25 embodiment of the present invention. [FIG. 6] It depicts a flowchart
illustrating an operation of the implication determining device in the second exemplary embodiment.
[FIG. 7] It depicts an explanatory diagram illustrating an 30 example of information stored in a storage
device. [FIG. 8] It depicts a block diagram illustrating an example of an implication determining device
in a third exemplany eakadiment of therpresent ineention. {FIG.193 Itdepictsaxkowchart/illustrating an
operation of M edim%;%tion determining device in the third exemplary embodiment. [FIG. 101 It
depicts an explanatory diagram illustrating an example of information stored in a storage device.

5[FIG. 11] ifdépictd@h &xplaiaofdiagfarfifiustrafing Mfofhaticitstotdd ihca Sforage device.

example of information stored in a storage device.
5 [FIG. 11} It depicts an sexplanatory diagram illustrating
information stored in a storage device.
[FIG. 12] It depicts an explanatory diagram illustrating an
example of information stored in a storage device.
[FIG. 13] It depicts an explanatory diagram illustrating an
10  example cf information stored in the storage device.
[FIG. 14] It depicts a block diagram illustrating an example
of aminimum configuration of an implicaticn determining device

according te the present invention.

15  Description of Embodiments
[0017]

Hereinafter, exemplary embodiments of the present
embodiment will be described with reference to the drawings.
(0018}

20 Exemplary embodiment 1

FIG. 1 is a block diagram illustrating an example of an
implication determining device in a first exemplary embodiment
of the present inventicon. The implication determining device
in the present exemplary embodiment is provided with a data

25 processing device 1 that operates by program control and a
storage device Z that stores information.
[0019]

The data processing device 1 includes a new fact

determination means 10 and an implication determination means
30 11.
(00207

The new fact determination means 10 determines, in a

sentence that implies a given hypothesis (hereinafter,

described as a hypothesis implied sentence), whether the



[FIG. 12] It depicts an explanatory diagram illustrating an example of information stored in a storage
device. [FIG. 13] It depicts an explanatory diagram illustrating an 10 example of information stored in
the storage device. [FIG. 14] It depicts a block diagram illustrating an example of a minimum
configuration of an implicationdeterminingdevice according to the present invention. 15 Description of
Embodiments [0017] Hereinafter, exemplary embodiments of the present embodiment will be
described with reference to the drawings. [0018] 20 Exemplary embodiment 1 FIG. 1 is a block
diagram illustrating:an exampie of as imphcatiohedetérminingrdevice:in:a first @xemplary embodiment
of the present jnvention, The Jmplicafion determining. deyice.indhe present exeplary embodiment is
provided with a data 25 | rocessing device 1 that opera %y program control and & storage device 2
that storesVinfciniatioh. 40028 cd o fTHe s prodessing devicec intiddeb a Hew tactetermination
means 10a0d-an implication determination means 3011. [0020] The new fact determination means 10
deterrg|ne%,0|{r)lza%L :
The implication determination means 11 determines
whether a sentence that is to be determined whether it includes
a hypothesis (hereinafter, described as a sentence to be
determined) implies a given hypothesis. Then, the implication
10 determination means 11 determines that the sentence to be
determined does not imply the given hypothesis when it is
determined that the given hypothesis is a new fact in the
hypothesis implied sentence and whan a date and time of
occurrence ¢f the sentence to be determined is clder than a date
15  and time of occurrence of the hypothesis implied sentence. Here,
the date and time of occurrence means a date and time at which
a deocument (sentence) occurs such as a date and time at which
a document (sentence) is createdor issued. Hereinafter, adate
and time of occurrence of a sentence to be determined and a date
20  and time of occurrence cof a hypothesis implied sentence may be
respectively described as a date and time of a sentence to be
determined and a date and time of a hypothesis implied sentence.
[0022]
Further, the implication determination means 11 may
25 determine whether the sentence to be determined implies the
hypothesis using the degree of implication that indicates the
degree of implicaticn of the sentence to be determined implying
the hypothesis {hereinafter, described as the degree of
implication between the hypothesis and the sentence to be
30 determined). At this time, the implication determination
means 11 may use the degree of similarity in descripticon between
the hypothesis and the sentence to be determined as the degree

of implication, for example. To be specific, when the date and

time of cccurrence of the sentence to be determined is older



sentence that implies a given hypothesis (hereinafter, described as a hypothesis implied sentence),
whether the hypothesis is a first revealed fact (new fact) based on a specific expression written in the
hypothesis implied sentence. Note that a method of determining a new fact will be described below.
5[0021] The implication determination means 11 determines whether a sentence that is to be
determined whether it includes a hypothesis (hereinafter, described as a sentence to be determined)
implies a given hypothesis. Then, the implication 10 determination means 11 determines that the

sentence terhgdetrrmined does Ratimply thegiver hypothesisiwhenibis-deiesmingsithagithe given
hypothesis is g new fatc:thinghe hggothesjcshimplied senﬁencet nd when tahdate a ,tim% of occurrence of
the sentence t6 be determined 1§ older thalt adaté 15 and time ot dtcurrénde's thce:ahy]p%?hesis implied

sentence. #Here rtherddte andnivae of ddcureencermeans acdate ahd tinve ahwhﬁfkgacd@cmﬁent
(Se”tence)i%ocﬂéét'%ﬁsb%9@:@@%@%@%@%&3@%@%@%@ (sentance) is preated o issued.

Hereinafter, a date and time of occurrence of a sentence to be determined and a date 20 and time of

occurrenc® df EhiIotHESE implisd SBftend8 FRy B réSHechitey ddSibed s 8 atd 5Rd time of a
sentence torhmdeiermiredandla date ahd time-ef a hypatbesisimplied-seiience: 40022 Eprther, the

implication determination means 11 may 25 determine whether the sentence to be determined implies
the hypothes?s firsnl%gltﬁg %Ilea?ee %Fi%&%:%%bﬁ?ﬁa?ﬁ%?c%tes the ﬁe%%?eé% 5?1%1|§1icatl%n of the sentence

to be detefrfinedianlyingthedspotissis therefraffe? Cdesaribed s the Hegreesdfsmplitation between
the hypothesis-and ite sepiencedohe 30 determined) Al this,time,dhe implication detepmination

means 11 may use the deiree of similarity in description between the hypothesis and the sentence to

be determih8ad e degicd Simpicafon: foFexampts 76 b&Epethid: wher fHe A58 &% time of
occurrence Df thessentehcedo beddetermineddsalder, and the like. Note that a

method of calculating the degree of implication will be
described below.
(00237
15 The storage device 2 includes a document to be determined
storage unit 20, a hypothesis storage unit 21, a hypothesis
implied document storage unit 22, a new fact determination
result storage unit 23, a degree of implication storage unit
24, and an implication determination result storage unit 25.
20 The document to be determined storage unit 20, the hypothesis
storage unit 21, the hypothesis implied document storage unit
22, the new fact determination result storage unit 23, the
degree of implication storage unit 24, and the implication
determination result storage unit 25 are respectively realized
25 by a magnetic disc and the like.
[G024]

The document to be determined storage unit 20 stores a
set of documents including a sentence to be determined., To be
specific, the document to be determined storage unit 20 stores

30 a sentence to be determined and a date and time of the sentence
to be determined in associaticon with sach other. The sentence
to be determined is stored in the document to be determined
storage unit 20 by a user and the like in advance.

[0025]



than the date and time of occurrence of the hypothesis implied sentence that implies the given
hypothesis, the implication determination means 11 may grant a penalty to the degree of implication
between the given hypothesis and the sentence to 5 be determined. Further, when the degree of
implication after grant of the penalty falls below a predetermined reference value, the implication
determination means 11 may determine that the sentence to be determined does not imply the
hypothesis. The degree of implication is calculated with a word written in the 10 hypothesis and in the
sentence to be det@rminggoartthe idegree of @setdfidépendensysnscommorh @ndshedike: Note that a

method of ¢alculating the degre implication wil escyi ow. [/ ] he.storage device 2
includes a%%%%ﬁek%éﬁ] be eté?m%éy;l%?égg %k%%%%ép%gtgeggs& gg}ggé%%n%itg gl,seg%%%othesis

implied doglifehY BEFTaGE LRitP2, @ Kdw Fact defemtinalibh Féstitstoradé anit 230 hltkykée of
implication; stosage &iit 24+ ardran-isplisatien determipation resultsiorage Yal 25,20 The document
to be determined storage unit 20, the hypothesis storage unit 21, the hypothesis implied document
storage u . the n ﬂ%f’"’a%cfaetermination result storage unit 23, the degree of implication storage
unit 24, anfdGthedinplication determination result storage unit 25 are respectively realized 25 by a

magnetic disc andithe Iike [0024) s s ;Thedacument to e determined stprage ynit 20,s1ares a set of

documents including a séntence to be determined. To be specific, the document to be determined
storage urfit 2% Stotés 30 E&tERce- frbe detétniing A8 adaté Rl tife bt fie Sentence to be
determined ypasseciaton with each othem Fhetsentence iodie detessinesrissioredrina the document to
be determined starage unit 20 b ser.and.the.like in advance. [0025 The hypaothesis storage
_ unitdgé Storss th%Jpégfhéésﬁlseto%&g %é?%%nsedl. I&Po]té 6fﬁlat he I3n/|%rolt egs%sds 8%%&%? 2 %may store one
hypothesissbpapurality bivbypdtkeses. helhypsbthesis4s stored dn ethelhypothesis storagé unit 21 by

the user aRddhgypothesis implied sentence in association with each other.
The hypothesis implied document stcorage unit 22 stiores a
sentence that has been known to imply a specific hypothesis
15 (hypothesis implied sentence} in advance. Note that this
hypothesis implied sentence is stored in the hypothesis implied
document steorage unit 22 by the user and the like in advance.
Also, a document that includes at least one hypothesis implied
sentence corresponds to each hypothesis.
20 L0027}
The new fact determination result storage unit 23 stores
a result of determination by the new fact determination means
10. To be specific, the new fact determination result storage
unit 23 stores a result of determination of whether a given
25  hypothesis is a first revealed fact in a hypothesis implied
sentence.
[00z28]
The degree of implication storage unit 24 stores ths
degree of implication between a hypothesis and a sentence to
36 be determined.
[0029]
The implication determination result storage unit 25
stores a result of determination by the implication

determinaticon means 11. To be specific, the implication

10



5 like in advance. [0026] The hypothesis implied document storage unit 22 stores a set of documents
including a sentence that implies a hypothesis (that is, a hypothesis implied sentence). To be 10
specific, the hypothesis implied document storage unit 22 stores the hypothesis implied sentence and
a date and time of the hypothesis implied sentence in association with each other. The hypothesis
implied document storage unit 22 stores a sentence that has been known to imply a specific
hypothesis 15(hypothesis implied sentence) in advance. Note that this hypothesis implied sentence is
stored in thie hypethesisiimplied dotument stogageunit 22-bysthensser anddbe like é#if advance. Also, a

document inqtngludes a4 least ongdupeinesis mplisr seqignce coUspANds Ip egeh hyothesis.
20[0027] The new fact determ%g%?gn result storage ur%t 23 storés § resu ?%g ge%e@r%r%ation by the
new fact detefiriiratictvineahs 405 To be specific, the new fact determination result storage unit 23
stores a regyitf pf getermination of whether a given 25 hypothesis is a first revealed fact in a hypothesis

implieéi sentence. 02%!/ The de%ree of implication stora%e unit Z%Sto,res :'![_he degree of
implication betweeh & Hyp&tH&sis Aa'E §8hBAce 18 IBHE Geterniiiéd 108267 1+ Thelitiplication
determinatiert sesultrstorage uaik 25 Stbres a resultiofdétermination dy thesmmplicationtdetermination

means1165%ngggcg@cHFhwﬂﬁm@HO% program {implication determining
program} . For example, the programis stcred in a storage unit
(not illustrated) of the data processing device 1, and the CPU
10 reads the preogram and may operate as the new fact determination
means 10 and the implication determination means 11 according
to the program. Alternatively, the new fact determination
means 10 and the implication determination means 11 may
respectively realized by dedicated hardware.
15 [0031]
Next, an operation of the implication determining device
of the present exemplary embodiment will be described. FIG.
2 is a flowchart illustrating an operation of the implication
determining device in the first exemplary embodiment. Also,
20 FIGS. 3 and 4 are explanatery diagrams illustrating an example
of information stored in the storage device 2. In the
description below, the document to be determined storage unit
20, the hypothesis storage unit 21, and the hypothesis implied
document storage unit 22 store data exemplarily illustrated in
25 FIiG. 3.
(00327
The hypothesis storage unit 21 stcres, as exemplarily
illustrated in FIG. 3{a), a hypothesis ID item, a hypothesis
item, adocument ID item, and a sentence ID item. The hypothesgis
30  storage unit Z1 stores an identifier cof a hypothesis
(hereinafter, hypothesis ID} as the hypothesis ID item, and
stores a content of a hypothesis as the hypothesis item. Alsc,
the hypothesis storage unit 21 stores an identifier of a

document that implies a hypothesis as the document ID item, and

11



determination result storage unit 25 stores a result of determination of whether a sentence to be
determined implies a given hypothesis. [0030] 5The new fact determination means 10 and the
implication determination means 11 are realized by a CPU of a computer that operates according to a
program (implication determining program). For example, the program is stored in a storage unit (not
illustrated) of the data processing device 1, and the CPU 10 reads the program and may operate as
the new fact determination means 10 and the implication determination means 11 according to the
program. Altespatively, thearew fact fletermination areanstH:and:the inplicationdeiersination means

11 may respectively reagzed byf dicated hardware, 15[0031] . . Next, an operation of the
impIicationagef[;gprre]inTQ'negn &vics o %elgse%'ent Eedl;%e%nffﬁ%llr;é/gesmck;:(}‘L w%jé%{lv)\jﬁ aleo éscrigbeed. FIG.2isa
flowchart ifhgstraiing sropératics of #iecitnplic adppcdetieaminibg devidetinithe first exemplary

embodimentAls6,/AQHGS: 3and 4 are.explanatary diagramsdliusirating aneexample of information
stored in the storage device 2. In the description below, the document to be determined storage unit

20, th hyp@tﬂéglé storage unit 21, and the hypothesis implied document storage unit 22 store data
exemplarily illustratéa:im 2bE1G.3.16032) 1 1 e héchypothesis storage uniti2l 3forespas exemplarily

lustrated 1.FICy 3(3). 2 ypothesisd Pl bypathesisiiam, a dogument I ite. dia sentence

ID item. The hypothesis 30 Storage unit 21 stores an identi f a hypothesis (herelnaﬁgr’, hypothesis
ID) as the hypoticsiclitemt afid stotes a édrmentBE a-hyPbthlis asSthe 1Rpothesis fert Also, the

hypothesis sterage Rit 21/stores an identifier of axdecument thatimplies:a hypothesis as the

dOCTBenugéggBmgg%ijofeadocumentthatincludeseasentencethatimplies
a hypothesis as the document ID item, and stores a sentence ID
of a sentence that implies a hypothesis as the sentence ID itenm,
Also, the hypothesis implied document storage unit 22 stores
a date and time of occurrence of a dotument as the date and time
i5 item, and stores a content of a hypothesis implied sentence as

the sentence content item. The correspondence relation
between a hypothesis and a sentence that implies the hypothesis
is determined with the document ID and the sentence ID stored
in the hypothesis storage unit 21 and in the hypothesis implied
20 document storage unit 22. The example illustrated in FIGS. 3(a)
and 3{b) indicates that a sentence identified by the “document
ID=1" and the “"sentence ID= 1" stored in the hypothesis implied
document storage unit 22 implies a hypothesis identified by the
“hypothesis ID = 1” stored in the hypothesis storage unit 21.

25 (00347

The document to be determined storage unit 20 stores, as
exemplarily illustrated in FIG. 3{c), a document ID item, a
sentence ID item, a date and time item, and a sentence content
item. The document to be determined storage unit 20 stores a
30 document ID of a document including a sentence to be determined
as the document ID item, and stores a sentence ID of a sentence
to be determined as the sentence ID item. Alsc, the document
tec be determined storage unit 20 stores an issue date and time

of a document as the date and time item, and stores a content
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stores an identifier of a sentence that implies a hypothesis as the sentence ID item. In the description
below, the identifier of a sentence is described as a sentence ID and the identifier of a document is
described as a document ID. 5[0033] The hypothesis implied document storage unit 22 stores, as
exemplarily illustrated in FIG. 3(b), a document ID item, a sentence ID item, a date and time item, and
a sentence content item. The hypothesis implied document storage unit 22 stores 10 a document ID of
a document that includes a sentence that implies a hypothesis as the document ID item, and stores a
sentence ib¥oka sentencedhatimplies-a hypathesisaas thressentenes ti2: iteon Adsa, the &ypothesis

mplied dogument siorage unit 22 sores a.datend fime of aseurrence of a documen,gs the date and
time 15 item, and stores a content of a ypothesis | pilled sentence as the sentence content item. The

correspondéressaiatiaon befwkerca hypothdsisdrid-l sénaheaunatimplidsatitehgiothasis is

determined withsthe document |D:and thesentenceDsstored,in the hypothesissforage unit 21 and in
the hypothesis implied 2Q document storage unit 22. The example illustrated in FIGS. 3(a) and 3(b)
indicates (HAPR SEhEeHRRTfEH 55 HE Bo0TRERE 5= dnd 6 SBoNCATHL 1b Stdted in the
hypothesis. mipligtedocumentIsteragetunit 221 indjlies & hypothesis identified by the "hypothesis ID = 1"
stored in the hypethesis storage unit 21. 25[0034] The document to be determined storage unit 20
stores, as exemplarily illustrated in FIG. 3(c), a document ID item, a sentence ID item, a date and time
item, and a senterfce’onteritiferi 2Fhe 86¢unBreoie dbtefhireRFstorage Gt 208igres a 30

document}Rof lpedocumeptinekiging asentenee to be-detarminedct in a hypothesis
10 implied sentence (that is, a new fact) using a specific
expression included in the hypothesis implied sentence {step
51 in FIG. 2). To be specific, the new fact determination means
10 determines whether the hypothesis is a new fact with respect
to the hypothesis implied sentence stored in the hypothesis
15  implied document storage unit 22 with a cluse of expressions
exemplarily illustrated in the following (1) to (5;}.
[0C36]
Note that, in the description below, a hypothesis H used
for description of (1), (2), and (3} is “a mountain pass where
20  the suspect QQRR was arrested is a place to which he went
frequently by car when he was young”, and a hypothesis H used
for description of (4) and (5) 1s “QQRR was arrested”. Note
that Q0 represents a family name and RR represents a first name.
[0037]
25 Further, in the description below, a hypothesis implied
sentence T H used for the description of (1) te (4) is “one week
has passed on 2Z29%9th since the twelve employees were hit by a
passenger car, and were killed or injured in the head office
and the factory of M (XX ward, Z city, YY town, W prefecture).
30 It has been fcound cut that the suspect QQRR (42) arrested on
suspicicn of attempted murder deposed that the mountain pass
where he was arrested by making an emergency call to the police
on nhis own 1s “a place of memories to which he went frequently

by car when he was young” by an interview with an investigation
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as the document ID item, and stores a sentence ID of a sentence to be determined as the sentence ID
item. Also, the document to be determined storage unit 20 stores an issue date and time of a
document as the date and time item, and stores a content of a sentence to be determined as the
sentence content item. Hereinafter, in the present exemplary embodiment, a case will be exemplarily
described, in which the document to be determined storage unit 20, the hypothesis storage unit 21,
and the 5 hypothesis implied document storage unit 22 respectively store information illustrated in FIG.

3. [0035] heakikstathenew fact-determinationsmeans k0 determinesamhether a hypothesis is a first

revealed fact in a hypothesis 10 i p(li t?ls‘entgnce (that is, a new fact) using a.specific.expression
included in {6 AUOTAESIS IMBld saritence (St SIIRFIG 2). T6 Beshedicl e nai fact

determinatibre: meatis<kO-d€teRRinesawhethes thiedhypothesis is a new fact with respect to the
hypothesis[ mglgapl sentence stored in the hypothesis 15 implied document storage unit 22 with a clue
of expressions exemplarily illustrated in the following (1) to (5%. [0036] “Note that, in the description
below? a hypothesistH usedfor dBSETFHGEST (113(2) 2ard B3 18 65 iriouhtaif Fadsiilinérz®20 the
suspect QQRR wagcartesied is apiace=o whichdeasemt frequentlyby=cas den be wasatoung”, and a
hypothesis H used. for description of (4) and (5) is,"QQRR was arrested’. Note that QQ represents a
family name 3%8 aRtI'-\‘ii ?eﬁareg’éj[r)mutg%eﬁr%( nérrﬁ%éf%&%% Fﬁﬁﬁgsr{f in thlendgglc(?ip 'roBl below, a hypothesis
implied [0039]

In the above-described example, the expression of “by an

10  interviewwith an investigation headquarters” in the hypothesis
implied sentence T H would be the expression that indicates a
source of information. Therefore, the new fact determination
means 10 determines that the hypothesis H is a new fact in the
hypothesis implied sentence T H. Other than the above,

15 expressions such as “by an interview with officials” and “has
announced” can be used as the expression that indicates a source
of information. The new fact determinaticon means 10 may
determine that the hypothesis H is a new fact in the hypothesis
implied sentence T H when such an expression is included.

20 Further, in a case where the hypothesis implied sentence is an
English sentence, when expressions such as “according to”,
“gald”, “told”, “reported”, “announced” and the like are
included in the hypothesis implied sentence, these expressions
may be used as the expression that indicates a source of

25 information.

[0040]

Ag described above, the new fact determination means 10
determines that a hypothesis H is a new fact, which is implied
in a hypothesis implied sentence T H that includes a

30 predetermined character string that indicates a source of
information. Note that, regarding the predetermined character
string used for the determination, expressions that can be
considered to indicate a scurce of information may just be set

in advance.
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sentence T H used for the description of (1) to (4) is "one week has passed on 29th since the twelve
employees were hit by a passenger car, and were killed or injured in the head office and the factory of
M (XX ward, Z city, YY town, W prefecture). 30 It has been found out that the suspect QQRR (42)
arrested on suspicion of attempted murder deposed that the mountain pass where he was arrested by
making an emergency call to the police on his own is "a place of memories to which he went frequently
by car when he was young" by an interview with an investigation headquarters”, and a hypothesis
implied sentenge JTH used for the description of (5) is "one week has passed on 29th since the suspect

QQORR was arrestgg.')'. [993%5&12 éte is d_etee%niggd gh%t a h sl e%is H js anew fact uk[%g pothesis

implied sentence if "an expressmr}]: Thatindicates & soufce of information exists”in H. [0039]

in a hypothesis implied sentence T H 1f “the degree of
similarity between the hypothesis H and a headline (title) is
5 high (the degree of similarity is equal to or more than a
threshold value ssat in advance)” of a document that includes
the T H.
[0042]
The degree of similarity between the hypothesis H and the
10 headline is calculated by a method similar tc the method of
calculating the degree of implication described below. For
example, assume that the headline (heading) of the hypothessis
implied sentence T H in the above-described example is “the
suspect QORR deposing “the mountain pass where arrested is & -
15 place of memories”. What happened to the ex “street racer”?”.
Nine words t of “Q0”, “RR”, “suspect”, “arrest”, “mountain pass”,
“young”, “car”, “go frequently”, and “place” are selected as
independent words from amcong words obtained as a result of a
morphological analysis of the hypothesis H. Similarly, words
20 t are selected from the hypothesis implied sentence T H.
The words included in the hypothesis implied sentence T H
from among the nine words included in the hypothesis H are six
words of “QQ”, “RR”, “suspect”, “arrest”, “mountain pass”, and
“place”. Therefore, in a case where all of the degrees of
25 impertance of the words t (hereinafter, weight (t)) are one,
the degree of similarity between the H and the headline is
calculated to be 0.67 (= 6/8), Here, when a reference value
(hereinafter, described as a hypothesis determination
reference value) at the time of determining a hypothesis is set
30 to be 0.5, the degree of similarity in this example is larger
than the hypothesis determination reference value. Therefore,
it is determined that the hypothesis H is a new fact in the T _H.
[0043]

Note that the hypothesis determination reference value

15



In the above-described example, the expression of "by an 10 interview with an investigation
headquarters" in the hypothesis implied sentence TH would be the expression that indicates a source
of information. Therefore, the new fact determination means 10 determines that the hypothesis H is a
new fact in the hypothesis implied sentence TH. Other than the above, 15 expressions such as "by an
interview with officials” and "has announced" can be used as the expression that indicates a source of
information. The new fact determination means 10 may determine that the hypothesis H is a new fact
in the hypatkesis-implietd senjence 1d when sueh an expression isincuded h20-utilernia a case
where the hypothesis implied sentence.is an English sentence, when expressions such as "according
to", "said",q' ol%ﬁ,cﬁ%ep%ﬁeége'gﬁﬁoﬁﬁ elcf"eadng ﬁ%let ke are inc ij: eaj:9 i(%d?hkgyhﬁ%th%sé?srirﬁgﬁﬁed sentence,
these expregsiohsifiay beasedrastheadxpréssiorf that sedicdtes a soupéedf 25infdrtnation. [0040]

As describegahoves thengw fact determination meaps 10 determines that adwpothesisH is a new
fact, which is implied in a hggothesisjm lied sentence T_H that includ%% 30 predetermined character

stringthat iNdiCates’d SEUFEE of Tritoriiation - Note Tat” Fegartitty the predetermihéd ehalscter string
used for tHesdeteimmationpexpressions that-¢en Hecconsitered 1o #dlnateha sourcerof infermation may

just be set o advance. 00411 2) is detesmined that ahypothesi s  new factjn a pypothesis
| o 11 snd & hoadh

implied sentence T_H if "the degree of similarity between the hypothesis H an eadline (title) is 5

high (the degPeé b siksildtititis Eepal e AvTe thafathrRShoRMvaInE 36t it alifahe&)? ot a document
that includeg dhe:Hd. {9@42]Ehe: degraa-ehsimilatibnhbebyeanthechypathesis Hang.thes o+

10 determinationmeans 10 determines that the hypothesis H implied
in the hypothesis implied sentence T H is a new fact.
[0044]

(3} It is determined that a hypothesis H is a new fact

in a hypothesis implied sentence T H if “a direct expression
15  that expresses a new fact exists” in the T H.
[0045]

In the above~described example, an expression of “found
out” in the hypothesis implied sentence T H corresponds to the
direct expressicn that indicates a new fact. Therefore, the

20 new fact determination means 10 determines that the hypothesis
H is a new fact in the hypothesis implied sentence T H. Other
than the above, an expression such as “became clear” can be the
direct expression that indicates a new fact. In this way, the
new fact determination means 10 determines that a hypothesis

25 Hisanewfact, whichis implied ina hypothesis implied sentence
T H that includes a predetermined direct expression that
indicates a new fact. ©Note that, regarding the predetermined
expression used for the determination, an expression that can
be considered to indicate a new fact may be set in advance.

30 [0046]

(4) It is determined that a hypothesis H is a new fact
in a hypothesis implied sentence T _H if “a time expression that
expresses a past exists” in the T H.

[0047]



10 headline is calculated by a method similar to the method of calculating the degree of implication
described below. For example, assume that the headline (heading) of the hypothesis implied sentence
T_H in the above-described example is "the suspect QQRR deposing "the mountain pass where
arrested is a 15 place of memories”. What happened to the ex "street racer"?". Nine words t of"QQ",
"RR", "suspect", "arrest”, "mountain pass"”, "young", "car", "go frequently”, and "place" are selected as
independent words from among words obtained as a result of a morphological analysis of the
hypothesis H. Simitarly; words 20-t-are seteicted: fronnihel Bypoihesis tnpliegi sentemce HHl. The

words include%ig tggvrgpothe'sei (igrgg!:;%'gentencg TH fror'%%éns?n the -n%gords included in the

hypothesiswﬁeare six words of , "s&gpecl%'e,_'%}/r%g , MOUNtain péLss : 5 &ESS--. Therefore,

in a case Whétevall-ofdhe @lelghees6f125 hrpartaricecol theavords b {isereimafter, ngeight (t)) are one, the
degree of similsisbetween the H anddhecheadiing is calculated 0. 067, (5,6/9).Here.when a

reference value (hereinafter, described as a hypothesis determination reference v_ah@ at the time of
determining & hySSREER TS Set 30 T0 B0 8, tHe'dégrel of simil&rity iR ik &5hiptésstfger than the

hypothesisdeteemimationieference value. Therefore, it is determined that the hypothesis H is a new
fact in the 'ﬂ' L%q43] Note that the hypothesis determination reference value is set by the user and
the like in advance. Also, the headline of each hypothesis implied sentence is created by the user and
the like in advance @hdRiS 2t Exaniple stefatrintthe Hypothasis fglictkaocmiéntstoraye unit 22 as

a different dtepy S:AI59, hesdegree of sipilarity, betwern thechypethesis, H and, theheadling is not
1’%\/‘r:}en the degree of similarity between the headline

limited to th -d ibed thod. In thi ,
Ml asledol S dt st e e Gt Ml b A A e e L

determinatil@rwre?elceihc@aleﬁtm}ithetlfemnfanea@@leﬂé}nmaatioﬁemeamsi11@ dsterminkes thatthe _
hypothesis. bimplied in, the, bypathesis implied, sgatepce J; kL is & pewdact, [004dl . 5 (3) Itis

determined that a hypothesis H is a new fact in a hypothesis implied sentence T_H if "a direct

expression 18 th&texiressay=s néwlfact Bt it the- THt [poasfase, & pattern

described in a regular expression may be used. An expression

15 of “¥d + (weekiyear}” corresponds toc the pattern described in
a regular expression, for example. Here, ¥d represents a
numerical value, + represents one or more repetition, and
(week|year) represents either week or year. In the
above-described example, the hypothesis implied sentence T H

20 includes the expression of “one week” that accords with this
pattern, and therefore, the new fact determination means 10
determines that the hypothesis H ig not a new fact in the
hypothesis implied sentence T H.

[0049]

25 Note that a methcd cf determining whether ths time
expression that expresses a past ig included is not limited to
the above-described method. In this way, the new fact
cdetermination means 10 determines that a hypothesis H is not
a new fact, which is implied in a hypothesis implied sentence

30 T H that includes a predetermined time expression that
expresses a past.

[0050]
(5) It is determined that & hypothesis H is not a new fact

in & hypothesis implied sentence T H 1if “a hypothesis iswritten
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In the above-described example, an expression of "found out" in the hypothesis implied sentence T_H
corresponds to the direct expression that indicates a new fact. Therefore, the 20 new fact
determination means 10 determines that the hypothesis H is a new fact in the hypothesis implied
sentence TH. Other than the above, an expression such as "became clear” can be the direct
expression that indicates a new fact. In this way, the new fact determination means 10 determines that
a hypothesis 25 H isa new fact, which is implied ina hypothesis implied sentence TN that includes a
predetermineddireict expressionsthas indicates arnevihéact. Nate that, regarding the predetermined
expressiorl Hse Kor the determination, an expression that can be considered to indicate a new fact
may be set in advance. 30[0046] (4) It is determined that a hypothesis H is a new fact in a
hypothesis impliedi§eiftence T H #114 tife expressith tifdt eXptesses a pastexisi® i iie TH. [0047]

In the abOM%'Q@;%@LFﬁ}QelQ;ﬁX@@p@@m%@%%@@@fﬁogﬂ&ﬁ%&@@s%ﬁ%@@i%oim&ﬂmﬁeBYDOthESiS
implied sentence T.H would be the time expression that expresses a past. Therefore, the new fact

deterrhinafidh T&aRs 10 detémiineSthats (e hypBifesis Hi fsthota hERFREEIN the h§pdtesis implied
sentence ©th4@048Jut aFerexample;avkenvbeme paiteres:okthefexpression thatexpresses a past

are prepaeg. i adhanse and yhen the hypethesis 10 e sentenca L Faceprds i any one o

the patterns, the new fact determination means 10 may determine that the time expression that
expresses’d fastBxista it tie Rgpsthesis hpiéd sentence TH. Further, in this case, a pattern
described jmagzegular expression may be used. An expression 150f "Yd + (weeklyear)" corresponds to

tWae%ﬂen1descn%%gy%e above-described example, the hypethesis H of “QQRR

was arrested” ig written in a portion of “the suspect QQRR (42}
arrested on suspicion of attempted murder ..” in the hypothesis
implied sentence T Has an insertion paragraph. Therefore, the
new fact determination means 10 determines that the hypothesis
15 H is not a new fact in the hypothesis implied sentence T H.
[0053]
The new fact determination means 10 may determine that
the hypothesis H is written as an insertion paragraph when a
paragraph that accords with the hypothesis H is written in the
20  hypothesis implied sentence T H. However, a method of
determining the insertion paragraph by the new fact
determination means 10 is not limited to the method of
determining whether the contents accord with each cther. The
new fact determination means 10 may determine whether a
25 hypothesis H is an insertion paragraph in a hypothesis implied
sentence T_H by whether an indeclinable word and a declinable
word incliuded in the hypothesis H is connected in attributive
modification relation in the hypothesis implied sentence T _H,
for example. The new fact determination means 10 may use
30 Marrested QQRR” as the insertion paragraph, which is a paragraph
obtained by replacing the indeclinable word and the declinable
word in the hypothesis H of “QQRR was arrested” in the
above-described example. In this way, when the hypothesis

implied sentence T H includes an eguivalent content of the
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a regular expression, for example. Here, Yd represents a numerical value, + represents one or more
repetition, and (weeklyear) represents either week or year. In the above-described example, the
hypothesis implied sentence T_H 20 includes the expression of "one week" that accords with this
pattern, and therefore, the new fact determination means 10 determines that the hypothesis H is not a
new fact in the hypothesis implied sentence T_H. [0049] 25Note that a method of determining whether
the time expression that expresses a past is included is not limited to the above-described method. In
this way, the sewifact determinadioromeans L determines:that-a bypethesis Hyis sohadrew fact, which

is implied in a hypothesis im Jiie sentence 30. T H that incl Qﬁs redetermined ti xpression that
expresses% p{agéﬁe [db%‘f)] 228 5)gﬁ isde e?%%nle%th%?g%@p%t e%&llesgﬁ iShot a nge%lva ac(:?[C %eg hypothesis
implied sehtaree!l® H i "8 hijpothesistiserittdi® @S -an insertion paragraph in the TH. [0051]

Here, "written;'scorresponds not only to a case where the description of the hypothesis H and the

descrg)tion included 5 in the hypothesis implied sentence TH fully accords with each other, but also to

a case where conteft<l6FHE HHGHE ard 8xftemely BIR5E 5 each BherCoRfdnts B fhe
descriptiorts &reiequivalest to eachiether) [0052] 40in-thesabeave-deseribed example, the hypothesis H
Of%yQRRdeterminationnmans 10 may determine whether a hypothesis H is

a new fact in the hypothesis implied sentence T H in accordance

with the expression.

10 [0055]

Note that, if there isaplurality of clues fordetermining
whether a new fact, an order of priority may be given to these
clues in advance. When there are the above-described clues of
{1y to (5), the order of priority is given in order of (5), (3},

15 (ly, (4}, and (2}, and the new fact determination means 10 may
perferm a determination process in this order. Alsc, if a
hypothesis does not accord with any one of the cluss, ths new
fact determination means 10 may determine that the hypothesis
H is not a new fact in a hypothesis implied sentence T H.

20 [0056]

The new fact determination means 10 stcres a
determination result in the new fact determination result
storage unit 23. FIG. 4{a) is an explanatory diagram
illustrating an example of the determination result stored in

25 the new fact determination result storage unit 23. The example
illustrated in FIG. 4{a) is a result of a determination process
executed by the new fact defterminaticn means 10 with respect
fo the state exemplarily illustrated in 10 FIG. 3. The example
illustrated in FIG. 4(a) indicates that a hypothesis implied

320 sentence with respect to the hypothesis ID = 1 stored in the
hypothesis storage unit 21 is a sentence identified by the
document ID = 1 and the sentence ID =1 in the hypothesis implied
document storage unit 22.

[CG57]
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was arrested" is written in a portion of "the suspect QQRR (42) arrested on suspicion of attempted
murder in the hypothesis implied sentence T_H as an insertion paragraph. Therefore, the new fact
determination means 10 determines that the hypothesis 15 H is not a new fact in the hypothesis
implied sentence TH. [0053] The new fact determination means 10 may determine that the
hypothesis H is written as an insertion paragraph when a paragraph that accords with the hypothesis
H is written in the 20 hypothesis implied sentence TH. However, a method of determining the insertion
paragraph by the nmewHfactdeterniination meangckxisaiot imited 160 dkie methed of determining whether
the content%agﬁ%r ;with each other. The new %tzdeie@ll&at on means 10 may determine whether a

25 hypothé"sg is"an insettion para%rg&e Pnta pothesis implied Sentence T by whether an

indeclinabldwold aad aeddclinablelwertl hefudeelin ths hwpothesisif ig connecteddnaitiibutive

modificatiqn,eelagign in the.hypothesis)implied sentence TH, for,exarple. The,peywfagt.determination
means 10 may use 30 "arrested QQRR" as the insertion Earagraph, which is a paragraph obtained by

replacing 8 iRABCIFADbIEPRORF ARG the deehTable Word iR e FYiSothEiR H 6F *G JRR W4s arrested”
in the above-desetibed eXamplé cdndhis may, avhen the bypethesisimpliedrsentence Tzt icludes an

equivalent.Gontent.of fne, deseripfion %%%hfsecﬁgt%t1%_&“8e‘.’ﬁ%i@@Q:“ooéftggtr[‘%’gzg%?égggﬁ e fact

determination means 10 determines that t ypothesis H is not a new fact. :
above, whefshypdthesisimplietl senteheeT FRiRees A preteterfiinéd ekpiassfonithé new fact

determinatign mears:l:maydetermine-whethernarhypothesis His:a sewdachintherhypothesis implied
Sentfgce E‘d‘e_alr!zril, ?%E%rg%]get\%ietah 1:[1@% S)égreessiisonf D]-OLOQSQL the hypotheslis implied
sentence identified by the document ID = 1 and the sentence ID
= 1 is a new fact (determination result = 1),
[0058]
Next, when it i1s determined that a hypothesis is a new
15 fact in a hypothesis implied sentence, and a date and time of
cccurrence of a sentence to be determined is clder than a date
and time of occurrence of the hypothesis implied sentence, the
implicationdeterminationmeans 11 determines that the sentence
to be determined does nct imply the hypothesis. Note that, in
20 this case, the implication determination means 11 may grant a
penalty to the degree of implication betweaen the hypothesis and
the sentence tc be determined (step $2 in FIG. 2).
(005973
First, an operation will be described, in which the
25 implicaticn determinaticon means 11 determines that a sentence
to be determined does not imply a hypothesis in step 52.
[0C06C]
FIG. 4(c) 1s an explanatory diagram illustrating an
example of a determination result stored in the implication
30 determination result storage unit 25. The determination
result illustrated in FIG. 4(c) indicates a result of a
determination process performed by the implication
determination means 11 based on the determination result

exemplarily illustrated in FIG. 4 (a). Referring to the new fact
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Note that, if there isa plurality of clues for determining whether a new fact, an order of priority may be
given to these clues in advance. When there are the above-described clues of (1) to (5), the order of
priority is given in order of (5), (3), 15 (1), (4), and (2), and the new fact determination means 10 may
perform a determination process in this order. Also, if a hypothesis does not accord with any one of the
clues, the new fact determination means 10 may determine that the hypothesis H is not a new fact in a
hypothesis implied sentence TH. 20[0056] The new fact determination means 10 stores a
determinatien tesultindhe neyetact determination:resultestorape wiit238<klG .4a) isram explanatory
diagram illgg'g_gting an ex&mple of tbje dﬁg%mirgjation sult storegﬂn 25 th?rpexw {acsttdoe}%rénination

result storage anit ﬁpﬁme eefajfﬁplé ifustrated in FiG. él)kllsy;aj?esﬁtséfsa determination process

executed By:théaevy fact detsrminaten areans: L10Akith Tespeertd thelstatecexemplaiissiflgstrated in 10
FIG. 3. Thegxample dlustrated-in:HG, (@) indicales that ahypethesisrimplied 30,sentgnce with

respect to the hypothesis ID = 1 stored in the hypothesis storage unit 21 is a sentence identified by the

document 1B 241 the sentencé i 211 infthEHylothdsts implieddse et Starige it 22. [0057]
To be spedificutherhypathesisémplied sehtenceddentified by ithe o6 cunent tBrrd=and thessentence ID

= Linthe %ﬁ%‘%&ﬁﬁ%@ﬂ%‘p{iﬁ% ocyment.storage; Uit 22 E‘f%%[d&}"’\é%h%%{]fi@ﬁ‘@ gfghe clues (1) and

(3). There enewfact 5 determination means 10 determines that the hypothesis H is a new fact.
Therefore k@ W fat detdiAfindtiorrmeans 10°58ts Infarmatidnlthat indicates it is the new fact to a
determinatjgm gasult item in the new fact determination result storage unit 23. The example illustrated

in FIG, 4(a) indicates a hypathesis 10 identified by the.hypothesis ID = 1 in the hypothesis implied
sentefice identifiegj%ﬁﬁg%%gun‘?eéalbe:afén t‘f%/% Senteri@ I E 954 rlﬁbe(?/vcfg té()%fév}%cflnation result
= 1). [0058]d¥ext, Whed ivis determinmeddhat Bhypothesis isreneentence ID = 1 stored

in the document to be determined storage unit 20 is “March 01,
20107 . Therefore, the date and time of the sentence to be
determined is older than the date and time of the hypothesis
15 implied sentence. Therefore, the implication determination
means 11 determines that the sentence to be determined
identified by the document ID = 10 and the sentence ID = 1 does
not imply the hypothesis identified by the hypothesis ID = 1,
and stores 0 in the determination result in the implication
20 determination resulf storage unit 25, Here, the determination
result is 0 means that the sentence to be determined does not
imply the hypothesis.
[0062]
Next, an operation will be described, in which the
25 implication determination means 11 grants a penalty to the
degree cof implication between the hypothesis and the sentence
to be determined in step SZ. Note that, in a case where the
degree of implication is used, the degree of implication between
the hypothesis and the sentence to be determined is calculated
30 in advance and stored in the degree of implication storage unit
24. FIG. 4(b) is anexplanatorydiagramillustrating an example
of the degree of implication stored in the degree of implication
storage unit 24. In the example illustrated in FIG. 4(b), the

hypothesis implied sentence with respect to the hypothesis ID
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15 fact in a hypothesis implied sentence, and a date and time of occurrence of a sentence to be
determined is older than a date and time of occurrence of the hypothesis implied sentence, the
implication determination means 11 determines that the sentence to be determined does not imply the
hypothesis. Note that, in 20 this case, the implication determination means 11 may grant a penalty to
the degree of implication between the hypothesis and the sentence to be determined (step 52 in FIG.
2). [0059] First, an operation will be described, in which the 25 implication determination means 11
determines that=s: sentence ta be dejermined tees hot #gply @nhypathesis in:steprb2:0e60] FIG.

4(c) is an explanatpry diagram illustrating an example of a?get rmination result stored. in.the
implicationl 8%% e%nefrgia?%n %seult%otgﬁlarg%n&ni ?5. T?]Le% erﬁﬁat?oenn%%ﬁﬁﬁllu's rated in FIG. 4(c)
indicates & fessiily b4 detsrmibatidn processpercrmed bydkelimplicatonsdetermibatiohafeans 11

based on the-determinationsresult exgmpladlyilivstratedin HIG: Afa). Refering 1o the hew fact
determination result storage unit 23, it has been determined that a hypothesis identified 1l})r%/pthe
[

hypotesid iy 2 1'Efbtéd 1t fyhotedis S6tade unitP 1 is a Hehffact ita fyPStHhe ifplied
sentence ideitifiech by the tdocuinentd® 1 anchihie:s isentenciellD =el dAlsory téferting tathe hypothesis
implied do Hq:éeg storage unit 22, a date and time of occurrence of the hypothesis implied sentence
identified by the document ID - 1 and the sentence ID = 1 is "April 01, 2010". [0061] 10Meanwhile, a
date and time of a'Stfénce fote defefrhlied ffertifed By the doRbmeRnY ID=M B titheSentence ID=

1 stored instheidgeument te.Dedetarrained sterageniniti20 isnMarch 84+ 201Q". dherefore, the date
and i5ne ogr%he Sentenée‘}o gf %%tegnined,i%gl er Fgag ,tge date and time of the ht){go hesis 15 implied
sentehce. Theféfbrd: The mplicatfor d&tarmination Mehns 11 dstsriiRes That e Sehterde to be
determineddderitifiedryy tHeeddeyment X = 1@ and e sentence 1Bz ladoes adtimply thg hypothesis
identified by the-bypothesis:ID = 1 and, stores 0dn the detgrmination resuitinthe implicagon

means 11 determines that a sentence to be determined does not

imply a hypothesis 1if the degree of implication after the

15 decrease is less than a reference value. A second method is
a method of increasing the reference value by a certain value
or by a certain ratic. In this case, the implication
determination means 11 determines that a sentence to be
determined does not imply & hypothesis i1f the degree of

20 implication is less than the increased reference value. Also,
these methods may be performed simultaneously. That is, an
example of the first method of granting a penalty to the degree
of implication includes a method of decreasing a value of the
degree of implicaticn. Also, an example of the second method

25 includes a method of increasing a value of the predetermined
reference value. Further, anexample of a thirdmethod includes
a methed of decreasing the value of the degree of implication
and increasing the value of the reference value.

[0064]

30 A determination process of granting a penalty using the
second methed will be described with reference to FIGS. 4{a)
toc4{c). Referringtothenew fact determination result storage
unit 23 exemplarily illustrated in ¥IG. 4({(a), it has been
determined that a hypothesis identified by the hypothesis ID
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20 determination result storage unit 25. Here, the determination result is 0 means that the sentence to
be determined does not imply the hypothesis. [0062] Next, an operation will be described, in which the
25 implication determination means 11 grants a penalty to the degree of implication between the
hypothesis and the sentence to be determined in step S2. Note that, in a case where the degree of
implication is used, the degree of implication between the hypothesis and the sentence to be
determined is calculated 30 in advance and stored in the degree of implication storage unit 24. FIG. 4
(b) is an explanatory dibgram:ilestratingrare examplecafathe degiee aflimpicatiomstafed in the degree
of implication.starage.unit 24. In g i@xample ilustrated i B, 40, the-hiypoinesls implied sentence
with respect to the hypothesis ID - 1 stored in the hypothesis storage unit 21 is a sentence identified by

the documenhe T A il thetSehidpreanpnty ik thel hypothésisiiplied Gocunment stofddgeunit 22, and

indicates thatthe.degreeofimplication hetween the hypothesisand the 5 hypethesis impljed sentence
is 0.56. Note that a method of calculating the degree of implication will be described below. [0063]
Hereigafte‘?’, gl?ﬁgth%%doftdl%%ti%%l & Lﬁ%r:]%gﬁ? ?o%h%s e‘zs’grif—:'m (?rlrr%%liégﬁéneﬁlé:ﬁvé“eéneg %Jyf)e%)ﬁ]\%sis and a
sentence toyoee 16 détermnined Wilk be destribethA figstrhethod IS method:of ‘decreasingthe degree

of implicatiom by-a cegtain yalue.or byiacertain ratip- Inthiscase. the.implication. determination means
11 determines that a sentence to be determined does not imply a h%pothesus if the degree of
implication-&ft&thé 15 de¥re46e98 FeERM AN reféfeABE Vallfe SATeRBAE metfod B4 Aféthod of
increasingithetefergncenvalite by acetlairevalie of yta carainiratio. ki this caserthe dplication

det Wina%r;g]eans 11 determines that a sentence to be determined does not imply a hypothesis if
the degree of 20 implication is less than the increased reference value. Also, these methods may be
performed dif@ftaneously. That is, an example of the first method of granting a penalty to the degree

of implication incluglgs:a,method of decreasing an@lue of the Q%gi%%@ﬁmiféﬂogtél@g@n example
of the second method 25 includes a method of increasing a value of the predetermined reference

value. Furthet Fart ex&RpIEORE tHird methist-hefitds d'metfod 6 decreadifig ¥ vafiedf the degree
of implicationpdnd-incteasingtthearaltiesohthecrefereheeivaiue.[0064] I3QA deteymination jprocess of

gEH%@gEﬁH?QQHXU&K@t@EQ sentence to be determined identified by the
document ID = 10 and the sentence ID = 1 is 0.56. When the
reference value is 0.5 and the certain value to be increased
is 0.2, the reference value becomes 0.7. The degree of
implication between the hypothesis identified by the hypothesis
20 ID = 1 and the zentence to be determined identified by ithe
document ID = 10 and the sentence ID=1 13 0.56, and is smaller
than 0.7 made by 0.2 and the reference value of 0.5. Therefore,
the implication determination means 11 determines that the
sentence to be determined does not imply the hypethesis, and
25 stores a determination result 0 in the implication
determination result storage unit 25.
[0066]
Here, a method of calculating the degree of implication
will be described. The degree of implication can be calculated
30 as aratioof a word in common included in both of the hypothesis
and the sentence to be determined, or of a set of dependency
in common. To be specific, the degree of implication is
calculated with a fcollowing formula.
[0067]
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second method will be described with reference to FIGS. 4(a) to 4(c). Referring to the new fact
determination result storage unit 23 exemplarily illustrated in FIG. 4(a), it has been determined that a
hypothesis identified by the hypothesis ID = 1 stored in the hypothesis storage unit 21 is a new fact
(determination result = 1) in a hypothesis implied sentence identified by the document ID= 1 and the
sentence ID = 1. Also, referring to the hypothesis implied document storage unit 22, 5 a date and time
of the hypothesis implied sentence identified by the document ID = 1 and the sentence ID =1 is "April

01, 2010".JMganwhile; @ daterangHime of asentencestoe deterninedidentified by the document ID=
10 and the ?ce ID= 1 stored in the document to be determined storage unit 20 is "March 01,
102010". [6%%%3 Further, referring to the degree of implication storage unit 24 exemplarily
illustrated in FIG. 4(bY¥ctheettee of fnplication tetwaes ie lypbthesisidentifiod Hyahe hypothesis

151D = 1 and. the. sentence fo e determined identitied by the document IR - 10 and he sentence ID =

1is 0.56. When the reference value is 0.5 and the certain value to be increased is 0.2, the reference

valuebecdigs 0% TR dBgré&-8f impIviatis s Befivedn the AyFETHESTS itentfiedBylthe?fpothesis 20
ID = 1 andvthegentence todpe determinedchidledtiied:by the decumentiDs= B and the-demntence ID- 1 is
0.56, and its,osd%@wer than 0.7 made by 0.2 and the reference value of 0.5. Therefore, the implication
determination means 11 determines that the sentence to be determined does not imply the hypothesis,
and 25 stores a detBfmitratidrirasuit 04 the fmplicatiortGetefmimatiorerésimostbagesuninds. [0066]

Here, a method-efgaleidating the degreerof implisgtiommuitbedeseribed. The degree of fpplication
cantiﬁ caﬁ%ulated BOrﬁs a ratjo of a chrd in common included in both of tge hégothess and the
sentetce b Bfetmiried, 'of f St of d8hEndBnEss i &sthiion: T8 bé SFedific theHetiee of

implicatioreisccdloelated wathca follolvingiédremaned using morphological analysis
software. When the mecrphological analysis software is used,
a sentence is divided into words, and a part of speech is given
to each of the words. At this time, it is possible to employ
15 only independent words such as a noun, a verb, an adjective,
and an adjective verbk as the word t instead of employing all
parts of speech.
[0070]
For example, if a hypothesis H is "Awas arrested in Tokyo”,
20 “A”, “Tokyo”, and “arrest” are extracted by the morphological
analysis, and these words becomes a set of the words t included
in the hypothesis H. Note that, as the morphological analysis
software, ChaSen is available, for example. Note that ChaSen
is introduced in Reference Literature 1 below.
25 [0071]
<Reference Literature 1> “ChaSen -- Morphological analyzer”,
2007, Nara Institute of Science and Technology, [online],
[searched on October 18, 2010], Internet
<http://chasen-legacy.sourceforge.ip/>
30 (00721
A simplest method is a method of setting 1 to all of the
degrees of importance weight (t) of the words t. 1In this case,
Sim (H, T) means a ratio of words 1in common included in the

hypothesis H and in the sentence fto be determined T. Also,
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[0067] Sim (H, T) = EtcHOT weight (t)/EtcH weight (t) [0068] Here, H represents a hypothesis and T
represents a sentence to be determined. Also, tcH represents a word 5 included in H, tcHnT
represents a word common to H and T, and weight (t) represents the degree of importance of a word t.
[0069] The word t may just be extracted from the hypothesis and the sentence to be determined
by a morphological analysis. To 10 be specific, the word t may be extracted from the hypothesis and
the sentence to be determined using morphological analysis software. When the morphological
analysis saftwate:=is used asedntence-isidivided intoi wards; @anthalpart offspeechisrgiver to each of

the Words.vé.t f’js ime, it is sible t onIJhS IX %e e den;lwgr snsuch as.anpoun, a verb, an
adjective, an gn a Jé%qt‘l’{/%r\%grstc) z;%gt %%\%ﬁd t inste% o#nem%g)’/‘ing all pg:rtseofn s%%%e%ﬁ. [%%70] For
example, if @ HypotHesis His M ANWES Grrested in TeRFE'T 201A AT dlylo "2 BAd Tafrestrape extracted by

the morphglogical ansdysisand thesepyords\becpres a st of the words tincluded in thechypothesis
Chasen i AL I RTer et REiio 1 alow! S510071] Liblaronte LG afre - Chasen -
Morpholodical analyzei'c 2007 tNara: mstitute lod SeiehcerantdUTlechnology, [online], [searched on
October 1%%07@, Internet <http://chasen-legacy.sourceforge.jp/>
Here, a method of calculating the degree of implication
between the hypothesis H identified by the hypothesis ID = 1
10 stored in the hyppthesis storage unit 21 and the sentence to
be determined T ldentified by the document ID = 10 and the
sentence ID = 1 stored in the document to be determined storage
unit 20 exemplarily illustrated in FIG. 3 will be described.
When independent words are selected from among the words
15 extracted from the hypothesis H by the morphological analysis,
a set of the word s t included in the hypothesis H is “QQ”, “RR”,
go
frequently”, and “place”. The words t are extracted from the

ALY

“suspect”, “arrest”, “mountain pass’”, “young”, “car”,

sentence to be determined T in a similar manner. Among the nine
20  words included in the hypothesis H, words also included in the
sentence to be determined T are five words of “mountain pass”,
“young”, “car”, “go frequently”, and “place”. Here, when all
of the weights (t) are 1, the degree of similarity is calculated
tcbe 5/9=0.56. Notethat the degree of implication calculated
25 with respect to the state exemplarily illustrated in FIG. 3 is
stored in the degree of implication storage unit 24 exemplarily
illustrated in FIG, 4(b).
[0074]
Note that the above-described method of calculating the
30 degree of implication is an example of calculating the degree
of implication between a hypothesis and a sentence to be
determined, and is ncot limited to the above-described system.
For example, as Sim (H, T), the degree of similarity in cosine

cor Jaccard coefficient may be used.
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30[0072] A simplest method is a method of setting 1 to all of the degrees of importance weight (t)
of the words t. In this case, Sim (H, T) means a ratio of words in common included in the hypothesis H
and in the sentence to be determined T. Also, another method is a method of using the number of
documents in which the word t appears. In this case, when the number of document in which the word
t appears is df (t) and the number of all documents is | DI, the degree of importance of the word 5 tis
calculated with weight (t) = log (IDI/df (t)). Note that log is a logarithm to the base 2 or 10. [0073]
Here, a méthod=gf calculating the degree of implication between the hypothesis H identified by the

hypothesis ID - 1 21_&(i§50re(czlj i%g]gnlg;ép (ﬁi s&orggg&mgglta sentence to;he determined T
identified by the documeént 1D = 10 anﬁj%e §‘entencle ID=1 sto?\ega%?theqéogurhen?togbe determined
storage urfie2@'exairptariiy flustatedia TG Badill be déseribed "WhensAdépeéndeht words are

selected fromy,among theqwordsrls extacted from the bypethesis i dythedmermhelagicalanalysis, a
set of the word s t i%cluded in thegg/ o§hesis IS Q(? "RR", "suspect", "arrest”, "mountain pass”,
Il‘gl

. RR
"youn%“, "Egre, "‘Zﬁjor equgﬂﬁy's,?ﬁ EEC AR W d A8 B attéd Tfom The SERtERES o be
determined:T #nzesiaiilap mariner Benoig: the. nireo20avarde Ircluded in the HypothesisEHg words also

included in:the sentence.to.he determined, T are five words.of 'mountain pass”, "young.,ear”, "go

frequently”, and "place”. Here, when all of the weights (t) are 1, the degree of similarity is calculated to
be 5/9=0.56-Ndte 1Rat thé degrée bErfslicaion ealduizted 25%with respect iFthetatefexemplarily
illustrated dx F¥o 43 is-stored in the degree of implication storage unit 24 exemplarily illustrated in FIG.
4(b)15307 ]Olggtbe that the above-described method of calculating the 30 degree of implication is an
example o calcu}ating the degree of implication between a hypothesis and a sentence to be
determined, and ig hetlimited tosthé abovesdgsbribedsystem. For exanmpléaas Sinp(HETR the degree

of similaritydg cosingor Jaceard.caefficientmay-ne used-f8073ls 2 system to

automatically classify data intoc two categories, and software
that incorporates the classifier therein is widely known. When

15 the software that incorporates the classifier is used, a user
prepares, in advance, (1) a word vector c¢f the data classified
into the two categories in advance and (il1) a word vector of
unclassifieddata. Acharacteristicvectorisavector inwhich
a word included in data is treated in dimensions of vector, and

20 a value cf each dimension represents the degree of importance
of the word or the existence of the word (0/1) in the data.
[0077]

The scftware that incorporates the classifier is

configured from two parts of a learning process and a

25 c¢lassifving process. Filrst, in the learning process, tThe
classifier is created with the word vector of the data
classified in advance as input data. At this time, a
clagsification criteria is usually decided in the classifier,
which indicates a possibility of a document mecre likely to

30 belong to one of the categories when what types of words are
included. WNext, in the classifying process, unclassified data
is classified into any one of the two categories using the
classifier created in the learning process.

[0078]
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Also, a method using a word as t when Sim (H, T) is calculated has been described in the above
description. However, a set of dependency of words may be used instead of 5 the word. The set of
dependency represents a set of two words in a relation of dependency. For example, when the
hypothesis H is "A was arrested in Tokyo", "A-arrest” and "Tokyo - arrest" are a set of t included in the
hypothesis H as the set of dependency. 10[0076] Also, a classifier may be used for the calculation
of the degree of implication. The classifier is a system to automatically classify data into two
categories, and softwaiedhat incerporatesdhe classifiertbereis isawislely: krown aWhenikirthe software
that incorpgra%sethe cIassif%er. ig X}_Jesggia user prep rgsbien ag\éanceg élg a vi/ord % %tog gf trée data

e resent 1 on, d .. S S ma
classified info the two ca?egorles in‘advanée and (iij a word véctor of unclassified data .

characteristi¢ 96ctof i8 avecstonmewhichral worgkintkeided ih@da is ereatadiinsdimensibng:ef vector, and

20 a value-Qf each dimansion representsithe degree ofimpoytance ftbeword-orithe existence of the
word (0/1) in the data. [0077] The software that incorporates the classifier is configured from two

[ : e I £
parts of a AP ngFRTHRESE Ent%a 285 Fa Bty ingptdcésE BvdiOhtRE fearning Brocess: the classifier is
created with thea werd &vectariaf the tflata stassified: incatdvancerassinput datea: /i thisrtimeca

classification gitetia,is usuplly deeidedin e dassifier, which Indicates a possiplibeer 2 document
more likely to 30 belong to one of the categories when what types of words are mclydedl.1 ext, in the
classifying‘prbtedsy bhelassifieddata i3 d@assifiédliffo Bhy bAE of fHetvd catdgeriesusing the

classifier cseategrindhe dearning:process 904 8L To-applydhe sefiwara that incorperates the classifier
10 will be similar to the above~-described process.
ro0793
Note that the sum of respective word vectors of the
hypothesis and the sentence to be determined may Jjust be the
word vectoer of the set of the hypothesis and the sentence to
15 Dbe determined. As a result of using the classifier, when the
data is classified into the category of “implies”, the
determinaticn result of the data is 1, and when the data is
classified into the category of “does not imply”, the
determination result of the data is 0, and the respective
20  determination results are stored in the degree of implication
storage unit 24.
[C080C]
Note that, as examples of the software that incorpeorates
the classifier, SVM-Light that incorporates a support vector
25 machine (8VM) and C4.5 that incorpcrates a decision tree are
known. Note that SVM-Light is introduced in Reference
Literature 2 below. Also, C4.5 is downloadable from a web page

shown in Reference Literature 3 below.

[0081]
30 <Reference Literature 2> Thorsten Joachims, “Support Vector
Machine”, ARugust 14, 2008, [online], [searched on October 18,

2010], Internet <http://svmlight.joachims.org/>
<Reference Literature 3> “Ross Quinlan”, [online], [Searched
on Cctober 18, 20101, Internet
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to the present invention, data to be classified is made to be a set of a hypothesis and a sentence to be
determined, and the two categories may be "the sentence to be determined implies 5 the hypothesis or
does not imply the hypothesis". That is, if (i) a word vector of a set of the hypothesis and the sentence
to be determined classified into two categories in advance and (i) a word vector of a set of the
unclassified hypothesis and sentence to be determined are prepared, the detailed process 10 will be
similar to the above-described process. [0079] Note that the sum of respective word vectors of the

hypothesiscand the' sentence 1e bedletermingd amayjust be the word vector of the set of the hypothesis
and the se to 15 be determined. As a result of using the classifier, when the data is classified

into the capegory Jof "implies”, the determination result of the data is 1, and when the data is classified
into the category df£ddes not implysithe eeterminatiom tedult dfithemlats 50, antkthelrespective 20

determinafign, resulis.are stered.jn the-degreeofmplicaiiqn.storage, unig 2440080}, ; o Note that, as

examples of the software that incorporates the classifier, SVM-Light that incorporates a support vector
25 machiné{SVMY aAd 04, ?)rth}éi’i?ﬁ%}r‘&ﬁéf%@alc%cﬁé@ﬁttré@HF‘@I%‘?G{NEaﬂ%tép Beat SOMELight is
introducediin Refergnaekitarature 2 belaws Alsoe €45 TS downleadabie freonspaneld page shown in
Reference Literature 3 below LOOSll 30 %Ref%renc therature 2> Th rsten Joachlmls Support Vector

Machine",gf&ﬁ)gﬂ%% ii[f’ 5008, ][Enllne] searc ctosber 133 Eéi(ﬁ Insterne?

<http://svrilightjoddtimsigrgdsation determination means 11 compares a date

and time of occurrence of a sentence to be determined T and a

10 date and time of cccurrence of the hypothesis implied sentence
T H when it is determined that the given hypothesis H is a new
fact in the hypothesis implied sentence T H, and determines
whether the sentence to be determined T implies the given
hypothesis H.

15 f0083]

To be specific, when the date and time of occurrence of
the sentence to be determined T is older than the date and time
cf occurrence of the hypothesis implied sentence T H, the
implicaticndeterminationmeans 11 determines that the sentence

20  to be determined T does not imply the given hypothesis H. With
such a configuraticn, the implication determination
performance can be improved. To be specific, the relevance
ratio can be improved without lowering the recall ratio.
[0084]

25 That is, the new fact determination means 10 determines
whether the hypothesis H is a new fact in the hypothesis implied
sentence T H in advance. When it 1s determined that the
hypothesis is a new fact, and the date of the sentence to be
determined T 1s older than that of the hypothesis implied

30 sentence T_H, the implication determinationmeans 11 determines
that the sentence to be determined T does not imply the
hypothesis H. Therefore, the implication determination
performance can be improved.

[0085]
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<Reference Literature 3> "Ross Quinlan”, [online], [Searched on October 18, 2010], Internet
<http://www.ruleguest.com/Personal/> [0082] As described above, according to the present
exemplary embodiment, the new fact determination means 10 determines 5 whether a given
hypothesis H is first revealed fact (new fact) in a hypothesis implied sentence T_H based on a specific
expression written in the hypothesis implied sentence TH. Then, the implication determination means
11 compares a date and time of occurrence of a sentence to be determined T and a 10 date and time

of occurrence of the-hypathesis-implied sentence, [ bhwhen jtdsidetermiped that-the given:hypothesis
H is a new fact in the hypothesis implied sentence TH, and determines whether the sentence to be

determined EMpHES e Jiver AYpofHesy 15100831 9B 1E Shedific>HIrEH-fetatAnd time of
occurrence of thie sentence te: beygetemames T Olded than the: date anditirae ofcacdurence of the

hypothesis-implied senienge T, H, the Implication @%tg@é’ﬁaé@ﬁc@?%‘sblel_ glermings.that the
sentence 20 to bé determined T does not imply the given hypothesis H. Wit sucrh a configuration, the

implication‘detérriip@ation perfofinaice ean bebripreved To e 8pbéific the Felegaice ratio can be
improved witheutlewedng the:recall ratio.{0084]2aHat is; 4he pewsfactdeterpingtion means 10
determines wf‘ﬂgthe{ the h{gowfsis Htis a nev%/gnac in ttple h%%othesis implied sent ncte TH in advance.
When it is Getetmined that tha hYpothesis 1§ a new tadt, ahd the Gt of fhe Sentéhée ta-Be determined
T is older thah!thattof the éwypothesisimptied 130 seritence TnH] Hwe implication deterirication means 11

determines[ that ghe sentence to be determined T does not imply the hypothesis H. Therefore, the

implication determination performance can be improved. .
10 For example, & typical method disclosed in Non FPatent

Literature 1 performs a determination process using only the
degree of implication (that is, the degree of implication stored
in the degree of implication storage unit 24). In this case,
referring to a content of the degree of implication storage unit
15 24 exemplarily illustrated in FIG. 4(b), the degree of
similarity between the hypothesis identified by the hypothesis
ID = 1 and the sentence to be determined identified by the
document ID = 10 and the sentence ID = 1 is 0.56. Here, when
the reference value 1s 0.5, the typical method disclosed in Non
20 Patent Literature 1 determines that the sentence to be
determined implies the hypothesis. However, this sentence to
be determined does not imply the hypothesis, and therefore, the
determination is incorrect. Meanwhile, according to the
present exemplary embodiment, the implication determination
25 means 11 performs determination using the determination result
by the new fact determination means 10, and therefore, can
determine that the sentence to be determined does not imply the
hypothesis.
[0087]
30 Exemplary embodiment 2
FIG. 5 is a block diagram illustrating an example of an
implicationdetermining device in a second exemplary embodiment
of the present invention. Note that a similar configuration

to the first exemplary embodiment will be provided with the same
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[0085] This is because, if the hypothesis H is a new fact in the hypothesis implied sentence T_H,
the sentence to be determined T older than the hypothesis implied sentence T_H does not imply the
hypothesis H. Therefore, the sentence to be determined T 5 that does not imply the hypothesis H can
be accurately determined (that is, the relevance ratio can be improved) without uniformly setting the
high reference value (that is, without lowering the recall ratio) unlike a typical method. [0086] 10For
example, a typical method disclosed in Non Patent Literature 1 performs a determination process
using onlythe degree-of implications@hatis, the degred of dnphication stered irtthesdegrae-of

implication, storage "%%324)% In this case, re&erringéo a content of theeg%gree of ir;pglication storage unit

t
1524 exer:hmp}f)arﬂy Mustrate eiﬁ iolen ﬁﬁb%?theegelgree of slefarﬁf %gtweenefﬁ%ﬂ?yp&ﬁesis identified by

the hypothesizapizardndithersaritdncsitoid determiriet ideatfict by theldodument 1D 10 and the

sentence 1Dz 448 858+ Here.gxhen the referencevalue is 3 cthe-typical method disglesed in Non 20
Patent Literature 1 determines that the sentence to be determined implies the hypothesis. However,

this sentence 10 BE detefmined does not imply the hypothesis, and therefore, the determination is
incorrect. N1éaAwhile, according to the present exemplary embodiment, the implication determination

25 means 11 performs ql%tggngwg ian ro“ﬂ thgeq;elt%réni@agglr&ﬁqjsélgsbyathgeq\gv%gaé:& determination

means 10, and therefore, can determine that the sentence to be determined does not imply the
hypothesis!$66871 BoEisHpi&y embodiferitsr L 1 CEIG o5 isaTieek aiagiah Mastrating an example
of an impligation deternining devigeinrasecond-exemplany embodimenhof the preseatigyention. Note
that ?Qsimi!% conEi urglgon t% the ‘f\irrs_ exem EIa r en}%oa i_mer_1t will besprloC\}/i%ed vv_it t_he same reference
numerals a$ F1G. % and &gscn%%on i§ it egc. imp %gf?oﬁnagférmmmg WRvic85n the present
exemplaryiembaodiatehtis providediwith acdataprocessingdevice 1 thatropgeratgssbyprogtam control
and a storage device 2 Al SIoFgs IfOrMAatioR e refore, description is omitted.
[0089]
The new hypothesis determination means 12 identifies a
15  hypothesis that is not implied in any sentence o be determined.
To be specific, based on the determination result by the
implication determinaticn means 11, the new hypothesis
determination means 12 determines that a hypothesis, which has
no sentence to be determined that implies the hypothesis, is
20 ahypothesis that is not implied in any sentence to be determined
among a set of documents to be determined. The new hypothesis
determination means 12 may, for example, identify a hypothesis
that does nct have the determination result of “17 from among
the hypotheses stored in the implication determination result
25 storage unit 25 by the implication determination means 11 as
the hypothesis that is not implied in any sentence to be
determined.
[0090]
The storage device 2 includes a document to be determined
30 storage unit 20, a hypothesis storage unit 21, a hypothesis
implied document storage unit 22, a new fact determination
result storage unit 23, a degree ¢f implication storage unit 24,
an implication determination result storage unit 25, and a new

hypothesis storage unit 26. Among these units, details of the
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[0088] The data processing device 1 includes a new fact determination means 10, an implication
determination means 11, and a new hypothesis determination means 12. Among these means, 10
details of the new fact determination means 10 and the implication determination means 11 are similar
to the first exemplary embodiment, and therefore, description is omitted. [0089] The new hypothesis
determination means 12 identifies a 15 hypothesis that is not implied in any sentence to be
determined. To be specific, based on the determination result by the implication determination means
11, the newdypothesis detesmirationmeans 12 detemnines that @, hypothesigonhiel has no sentence

to be determined that implies, th thesis, is.20 a.?%pf)t esi atnl n t'nt“lglie i@gg sentence to
be determFr?e%réar%gnana%e?éf’d%ﬁ%r%%%%?t@qﬁeé deter mé{“}. Q?haegr%leiway%o%hes@d%etem%ination means
12 may, fof exafiipte, igentify athypolisesia tedt does 1ot hate e da@emitbtiondésulf BE"1" from

among thesbypathesas gtered inthedmplieationdetermination result 25 storage ual 254y the
implication determination means 11 as the hypothesis that is not imﬁgzd in any %ent;nce to be

determinedS[oBEBI TAE 5itahE Hellce 2 TrdHTes A documartto™d dateinifed 30 stoFade unit 20, a
hypothesis:starade: ugit 24p adypethesis mipliéd: decument sterage pnit 22, a mewnfact determination
result storatg)%gﬁ]i} 23,a degree of implication storage unit 24, an implication determination result
storage unit 25, and a new hypothesis storage unit 26. Among these units, details of the document to
be determined stofatfe E}ﬁfﬁzé,i/ﬂfétﬁ’ﬁpﬁﬁeﬁé%?@r%@e%h?l, thé hypsthesidiipliedsdoctiment

storage unit-22, the newfaghdetesminationdesult storageunit 23athe degreeof émplication storage
unit 24, and the implication 5 determination result stor unit.25 are similar to the first exemplary
% <:Cii @erdnt%ne%;% 5 e 1 w%%pgn%eﬁlt%%.lﬁ)(%%‘%erm a%lon mneans *E tﬁle

embodiment, and therefore, escription e new hypothesis Storage unit 26
stores a hypothésip thiatds deterimined aotitolle iplietinghysentencetode of the

hypothesis and may store a hypothesis ID. The new hypothesis
storage unit 26 is realized by a magnetic disc and the like,
for example.

15 [0092]

The new fact determination means 10, the implication
determination means 11, and the new hypothesis determination
means 12 are realized by a CPU of a computer that operates
according to a program {implication determining program).

20 Alternatively, the new fact determination means 10, the
implication determination means 11, and the new hypothesis
determination means 12 may be respectively realized by
dedicated hardware.

[0083]

25 Next, an operation of the implication determining device
of the present exemplary embodiment will be described. FIG.
6 is a flowchart illustrating an operation of the implication
determining device in the second exemplary embodiment. Also,
FIG. 7 is an explanatory diagram illustrating an example of

30 information stored in the storage device 2. Note that processes
in which the new fact determination means 10 determines whether
a hypothesis is a new fact and the implication determination
means 11 determines whether a sentence to be determined implies

the hypothesis are similar to the processes of steps S1 to 52
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10 determined by the new hypothesis determination means 12. The new hypothesis storage unit 26
may store a content of the hypothesis and may store a hypothesis ID. The new hypothesis storage unit
26 is realized by a magnetic disc and the like, for example. 15[0092] The new fact determination
means 10, the implication determination means 11, and the new hypothesis determination means 12
are realized by a CPU of a computer that operates according to a program (implication determining
program). 20 Alternatively, the new fact determination means 10, the implication determination means
11, and themewz Bypathesisdetérmindtior: mednsd2imayde réspectivety:realized by dedicated
hardware. [[%% ].25Next, an operation of the implication determining device of the present exemplary
embodiment wil %Je described. FIG. 6 is a flowchart illustrating an operation of the implication

determining devicé ir¢ the sdcarritdxemplaly erbodimeh A2 FFGL 7 §$ 4R BxplamatbR? diagram
illustratingap exanple; of30Haformation stered i dhe steragesdeviee 2= Naterthatpreeesses in which

j[he ne%vx{ fact determingtgﬁg means 10 deterggr%%srwgleghfgg hg oérglesif? isda {legvmfggg d@rl% the
|mpI|c t|or118e?‘e?|%13 0) I’(ﬁggﬁéﬂii Béﬁt@ﬁn nes Wﬁlefher a sgntence 1%0 %e 8e?erm|ne |m[51|es
result by the implication determinaticn means 11 (step 383 in
FIG. 6).
[0095]
FIG. 7 is an explanatory diagram illustrating an example
10 of acontent of the new hypothesis storage unit 26. Ahypothesis
identified by the hypothesis ID =1 is stored in the implication
determination result storage unit 25 exemplarily illustrated
in FIG. 4(c). However, no data of the determination result =
lexists. Therefore, no sentence tobe determined exists, which
15 implies the hypothesis identified by the hypothesis ID = 1.
Therefore, the new hypothesis determinationmeans 12 determines
that the hypothesis identified by the hypothesis ID = 1 is not
implied in any sentence to be determined, and stores the
hypothesis ID = 1 in the new hypothesis storage unit 26 as
20 exemplarily illustrated in FIG. 7.
[0096]

As described above, according to the present exemplary
embodiment, whether a hypothesis is written in a set of
documents to be determined c¢an be determined in addition to the

25 effect in the first exemplary embodiment. The reason is that
the new hypothesis determination means 12 determines, by
referring to the result by the implication determination means
11, that a hypothesis that i1s not implied in any sentence to
be determined 1s not writtern in a set of documenits to be

30 determined. That is, it is because when there is a hypothesis
that is determined by the implication determination means 11
such that no sentence to be determined that implies the
hypothesis exists, the new hypothesis determination means 12

determines that the hypothesis is not implied in any sentence
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the hypothesis are similar to the processes of steps 31 to 32 in FIG. 2, and therefore, description is
omitted. [0094] The new hypothesis determination means 12 determines that a hypothesis that is
not implied in any sentence is not written 5 in a set of documents to be determined based on the
determination result by the implication determination means 11 (step S3 in FIG. 6). [0095] FIG. 7 is an
explanatory diagram illustrating an example 10 of a content of the new hypothesis storage unit 26. A
hypothesis identified by the hypothesis ID= 1 is stored in the implication determination result storage
unit 25 exermpplasisidustratedds FIG. 4(c). However, no data of the determination result = 1 exists.
Therefore, [nggeﬁtence to be determined exists, which 15 implies the hypothesis identified by the
hypothesis'ID = 1. Therefore, the new hypothesis determination means 12 determines that the
hypothesis identifi€d bylthe hypolresis (B - dfisanctEintplidd e angiseatencectd be detewmined, and

stores the fypothesis-lP-- 4ip-ihe newypothesis sterageunitzh.as 20exemplarly fllusirgted in FIG.

7. [0096] As described above, according to the present exemplary embodiment, whether a hypothesis

is written i ASsett dhhments (655 Gl itedEar b8 dbterhlifedirfaddifios toiHel 21y

embodiment. UST is a task to summarize a content of description
cf a set of documents A c¢n cecndition that a content of a
previously written set of deocuments B is well known. If each
sentence included in the set of documents A is made to be a
10  hypothesis and a sentence in the set of documents B is made to
be a sentence to be determined, the implication determining
device according to the present exemplary embodiment can
determine a sentence that is included in the set of documents
A and is not written in the set of documents B. A sentence
15 determined in this way may be made to be the candidate sentence
of a summary.
[0098]
Exemplary embodiment 3
FIG. 8 is a bleck diagram illustrating an example of an
20 implication determining device in a third exemplary embodiment
of the present invention. Note that a similar configuration
to the first exemplary embediment will be provided with the same
reference numerals as FIG. 1, and description is omitted. The .
implication determining device in the present exemplary
25 embodiment i1s provided with a data processing device 1 that
cperates by program contrel and a storage device 2 that stores
information.
[0099]
The storage device 2 includes a document tc be determined
30 storage unit 20, a hypethesis storage unit 21, a hypothesis
implied document storage unit 22, a new fact determinaticn
result storage unit 23, a degree of implication storage unit
24, and an implication determination result storage unit 25.

A Detall of the storage device Z issimilar to the first exemplary
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25 effect in the first exemplary embodiment. The reason is that the new hypothesis determination
means 12 determines, by referring to the result by the implication determination means 11, that a
hypothesis that is not implied in any sentence to be determined is not written in a set of documents to
be 30 determined. That is, it is because when there is a hypothesis that is determined by the
implication determination means 11 such that no sentence to be determined that implies the
hypothesis exists, the new hypothesis determination means 12 determines that the hypothesis is not

implied in apy.santence, ta:be; detesmined: J009H s - » ikurther, selegtian eka candidate sentence of a
summary ipozlrbldgdate summarization task (UST) becomes possible by using 5 the implication
determining device in the present exemplary embodiment. UST is a task to summarize a content of
description of a set béddetmmentscA onsconditiberthata content oflaprevioasly faitten set of

documents;B,is well known, 1f each sentence ingluded.in the set of documents Ads made fo be a 10

hypothesis and a sentence in the set of documents B is made to be a sentence to be determined, the
implicatiorP#ététmirin Bevicé dctiordifig e Preseht exetipias embodimaitesh detéfmine a
sentence thakissnctustediin she et iof dosuwments Adane issiotayritten instheset ofdogurpents B. A
sentence 15 determined in tréj.fs wa Ima%. be made to Qelthe candidat(i sen%eoncghof a.summary. [0098]

T : : )
Exemplaryl@r% odiment 3 EF gisa JE:{lzr}j|§ngar%1rr7hs|Ilustr§lt1fneg an 1”&aranjf)le 6f an 20 w%ﬁﬁcatlon

determinirgpdeiide: irva thied xamplary @b ddiment of the presentinvention.sNotelthaed similar
configuratipp-ta the first exemplary embodiment will be provided with the same reference numerals as
FIG. 1, and description is omitted. The implication determining device in the present exemplary 25

embbdiment is provided With @64t roREdsing detie  fHat operatds By Ht6gram tonfofand a
storage dewicet2 that storesdntoemationned that implies a hypothesis as a

hypothesis implied sentence based on the determination result
by the implication determination means 11, and notifies the new
fact determination means 10 of a content thereof. To be

15 specific, when the implication determination means 11
determines that a sentence to be determined implies a given
hypothesis, the hypothesis implied sentence adding means 13
adds the sentence to be determined as a hypothesis implied
sentence. At this time, the hypothesis implied sentence adding

20 means 13 may store a content of the sentence to be determined
that i1s determined to imply the hypothesis in the hypothesis
storage unit 21 and in the hypothesis implied document storage
unit 22.

[0102]

25 The new fact determination means 10, the implication
determination means 11, and the hypothesis implied sentence
adding means 13 are realized by a CPU of a computer that operates
according to a program (implication determining program).
Alternatively, the new fact determination means 10, the

30 implication determination means 11, and the hypothesis implied
sentence adding means 13 may be respectively realized by
dedicated hardware.

(01033

Next, an operation of the implication determining device
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[0099] The storage device 2 includes a document to be determined 30 storage unit 20, a hypothesis
storage unit 21, a hypothesis implied document storage unit 22, a new fact determination result
storage unit 23, a degree of implication storage unit 24, and an implication determination result storage
unit 25. A Detail of the storage device 2 is similar to the first exemplary embodiment, and therefore,
description is omitted. [0100] The data processing device 1 includes a new fact determination means
10, an implication determination means 11, 5 and a hypothesis implied sentence adding means 13.
Among these meansg,rdefails of thenpew factgeiermination meanssk0 and #he iraplicationzdetermination
means 11 agre girgil%atowthﬁ: &lf;[%t gxg(i@(%?]% ggnnbodagmegt, anadtt{lgre@p es%ri tif;?ci% g}mitted. [0101]
10The hypotﬁesis impfﬁea sentence adding means 13 Adds a Sentence to be determined that implies a
hypothesisigs atypoiiesislipnplicd dentehee based orttredetammination tesuittby tie implication
determinatior:means 14, and potifies the newfact determination means:1Q, of acantent thereof. To be

15 specific, when_the implication determination means 11 determines that a sentence to be

determined ImpliéS ATverP Ry SShESR, the hjfothetisififliddserterce atdiny meahstFadds the
sentence to:decdetermined asa dypothesissimplied seatencen At this imenthe Bypathesis implied

sentence %%dé g Qrgg%a%% may st content fyée sentence to e determined that is
determined to I%méy the hypot?es?s.i% ?ﬁ%%?/pot Sejéé storagenur‘ﬁt Zl gﬁd Tt eglgl])?pothesis implied
document Sttage @hit 22. (G102 PEThE W Rt detekminkiohmeans 16hehenifriplieation

determinatiommeans kls and thechypothesis implied-sentence adding.means A3 areealized by a
CPU, gf a qompyter that operates accprding o a pregram (implication determining program).

description of the operation, a content exemplarily illustrated
in FIG. 10 as an initial state is written in the hypothesis
storage unit 21 (see FIG. 10(a)), in the hypothesis implied
document storage unit 22 (see FIG. 10(b}), and in the document

15 to be determined storage unit 20 (see FIG. 10(c)). To be
specific, the present embodiment differs from the first
exemplary embodiment in the following points: the hypothesis
storage unit 21 stores a hypothesis identifiedby the hypothesis
ID = 2, and the document to be determined storage unit 20 stores

20 a sentence identified by the document ID = 11 and the sentence
ID = 1 and a sentence identified by the document ID = 12 and
the sentence ID = 1.
[0104]

As a result of the processes to step S2, a content

25 exemplarily illustrated in FIG. 11 is stored in the new fact
determination result storage unit 23 (see FIG. 11{a)} and the
degree of implication storage unit 24 (see FIG. 11(b)). As
exemplarily illustrated in FIG. 11l{a), it is determined that
the hypothesis identified by the hypothesis ID = 2 is not a new

30 fact in the hypothesis implied sentence identified by the
document ID = 1 and the sentence ID = 1 (determination result
= 0). This is because the hypothesis implied sentence
identified by the document ID = 1 and the sentence ID = 1 accords

with the condition of the clue (5) described in the first
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Alternatively, the new fact determination means 10, the 30 implication determination means 11, and
the hypothesis implied sentence adding means 13 may be respectively realized by dedicated
hardware. [0103] Next, an operation of the implication determining device of the present exemplary
embodiment will be described. FIG. 9 is a flowchart illustrating an operation of the implication
determining device in the third exemplary embodiment. Also, FIGS. 10 to 13 are explanatory diagrams
illustrating an example 5 of information stored in the storage device 2. Note that the processes in
which the sgwrfpctdsterminationsneans 10 determines whether a hypothesis is a new fact and the
implicationgg(itggrx]ination means 11 determines whether a sentence to be determined implies the
hypothesis are similar 10 to the processes of steps S1 and S2 in FIG. 2. However, in the description of
the operation, a cantent.exérnpitily testrated P EIG 210 a8 dpcinitiab staid ¢s rigtehlia $ié hypothesis

storage uniti2l (segiRl% 0(aheimthedimothesis implied doeument storage Hait 22{see &1G. 10(b)),
and in the document 15to be determined storage unit 20 (see FIG. 10(¢)). To be specific, the present

: : (c)
embodimerf différS oM Bk firdt e smpRRy 8misbhént HAHR%oBRIRG POTES: thethypdthesis
storage unit2il stores arhypothesiidentifiechiy the: hypothesisdD+ 2 mndithe dldcymemt to be

determined Slorage unith20 t%:%g?ﬁ@%ﬁes%%ﬁ%%%%dee%@d by the dacument IR 7 41,and the sentence

ID = 1 and a sentence iden e document ID = 12 and the sentence ID = 1. [0104] As a result

y
of the prodes & ¢6 s B2 eflcohtarit 25 ekefplarty fustrated FtEGU 1 s stbredf-thechew fact
determinatior rasultestoragernit 23(ses:Elz 1Hl{a) rand thedegree afimplcation starage unit 24 (see

FIC O s exemplary lluetrated In FIG- 2(3), 15 detemiped Dt the fypeihegts denified by
storage unit 24 in advance. In the example illustrated in FIG.
11{b), the degrees of implicationarel.0and 0.467, respectively.
Here, when the reference value is set to be 0.5, both of the
degrees of implication are egual To or more than the reference

15 value, and therefore, both of the sentences to be determined
will be determined %o imply the hypothesis. Determination
results are stored in the implication determination result
storage unit 25 as sentences to be determined that imply the
hypothesis, as exemplarily illustrated in FIG. 1l{c}.

20 [0106]

Following step S2, the hypothesis implied sentence adding
means 13 adds the sentence to be determined that implies the
hypcthesis as a hypothesis implied sentence pbased on the
determination result by the implication determinaticnmeans 11,

25 and notifies the new fact determination means 10 of a content
thereof (step $4 in FIG. 9). At this time, the hypothesis
implied sentence adding means 13 may store a content of the
sentence to be determined in the hypothesis storage unit 21 and
in the hypothesis implied document storage unit 22.

30 [0107]

For example, when the implication determination means 11
determines thalt a sentence to be determined having the degree
of implication between The hypothesis and tThe sentence to he

determined of 0.7 or more is a hypothesis implied sentence, the
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30 fact in the hypothesis implied sentence identified by the document ID - 1 and the sentence ID =1
(determination result - 0). This is because the hypothesis implied sentence identified by the document
ID= | and the sentence ID = 1 accords with the condition of the clue (5) described in the first
exemplary embodiment. [0105] Also, the degrees of implication between the hypothesis identified
by the hypothesis ID = 2 and the two sentences to 5 be determined (the sentence identified by the
document ID = 11 and the sentence ID = 1 and the sentence identified by the document ID= 12 and
the sentenced D=nb)ssteredin theddeeument toheddeterminedsstorage ynit 20hare eatcsiated using the

method described in the first exemplary embodiment,.and the calculated 10 df:ﬁ;rees of implication are
stored in ?ﬁg dgare&egec%ﬁ}r:nnﬁ)lﬁrégﬁl(e;nlg%?égl%%f?Ztiyintta%é\e/aége?lﬁ?ﬁét e?%g)mf)le [ ugtrr}éjtealk}ﬁp FIG. 11(b),
the degreéssfimplicalien=art #0°ahd D16 re8pedivaly sHere, wiven: thetrefarentelvdluéris set to be

0.5, both ofthe degraes-afiimplication are;squakiowordpgresthan the reference 45 yalue, and therefore,
both of the sentences to be determined will he determined to im%the hypothesis. Determination

result? are’ stored in'the implicaHGT detéfinAtER Fesuir Stordga urit 25 &8 Sehténddd e determined
that imply tleshygpbthesisyas exemptarily ithdstrated i EGEn11{0).20[0106] t he Bellowingstep S2, the
hypothesis- pmpli te. dding.me t . . rmj implies the
hypothesig g)t?? aﬁ%é&%gqgﬁ%%édggg n@%ﬁ%&%ﬁ%ﬁ% rgegt%e%%%r?épﬁ%r? ﬁrg;ﬂ%%%é%aﬁ%%}ication
determinafihimeafs IS 25 BAY Mo ifi€sThe Mepfact detetmindton means 10 8f aCoért thereof

(step S4 inFIGn8).rAtdbistirae sthedypathesisdmplied sentence-dging means 134nay store a

content of the sentence, to be determined in the hypothesis storage unit. 21 and in the hypothesis
impltlfe% do%ﬁ%%n%%té%btéluaﬁllt v .agﬁ[oiﬁ?flp ag%p%%x%\?‘i%lesf%ﬁwge%efﬁeli?npﬁizc%tio% deterfination
means 11 dletdérinasihat arsentende tshe detetmimed h&ving the degree of implication between the
hypothesis{ and ghe sentence to be determined of 0.7 or more is a hypothesis implied sentence, the

In step 54, when the hypothesis implied sentence is added
(YES at step S5 in FIG. 9), step S1 and the following processes

15 to determine whether a hypothesis is a new fact are repeated.
Meanwhile, when the hypothesis implied sentence is not added
(NO a2t step S85H}, The process is terminated.

[0109]
A result obtained by executing steps 81 and 82 again using

20 the changed hypothesis storage unit 21 and hypothesis implied
document storage unit 22 exemplarily 1llustrated in FIG. 12 is
illustrated in FIG. 13. A difference from the first time is
that it is determined that the hypcthesis identified by the
hypothesis ID = 2 1s a new fact in the document ID = 11 and the

25 sentence ID = 1. This is because the hypothesis implied
sentence identified by the document ID = 11 and the sentence
ID = 1 accords with the condition of the clue (1} described in
the first exemplary embodiment.

[0110]

30 As described above, according to the present exemplary
embodiment, implied sentence retrieval performance can be
improved in addition to the effect in the first exemplary
embodiment. The reascn is that the hypothesis implied sentence

adding means 13 notifies the new fact determination means 10
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hypothesis implied sentence adding means 13 stores the sentence to be determined identified by the
document ID = 11 and the sentence ID = 1 and having the degree of implication of 1.0 in the
hypothesis implied document storage unit 22 according to 5 FIG. 11(b). Further, the hypothesis
implied sentence adding means 13 stores a content of the document ID= 11 and the sentence ID=1
that implies the hypothesis identified by the hypothesis ID = 2 in the hypothesis storage unit 21. As a
result, a content of the hypothesis implied document storage unit 22 is changed 10from an initial state
exemplarilyllusteated i E4G <18 0 Astate-exempladlytilustratedda FGm12J0108] implRstep S4,
when the hfpot esis i@é’sl«,i?% sentence is addecda(t\_{ilé§1 at ste r85 in FIG. 9), step Silland the following

G r :
processes 5 to Uetermine whether a h%/%%ﬂﬂless isa new fac aj"r%are;l)géltecﬁ 5f\}lﬂiesanwh“lefé‘s, When the

hypothesis iRplidtESeritehte 1s- Aot a88éE NS -at SteptSE)s the processss agrdrinated: [D169] A result

obtained byexecuiing steps Sk and S2-againusing 20ithe-changeddynathesis storage.uait 21 and
hypothesis im%lied document storaﬂ{%(fe unit 22 exemplarily illustrated in FIG. 12 is illustrated in FIG. 13.

A différend@frifn e iECtiETs tHa ii§ eferfingd thatife RG5dthesisiGemtfRai heshy pothesis
ID = 2 is aimewvi fact i ¢he dacumentdDng Idcandsthe’2 % dentente: |2 enk.érhis is-betatise the

hypothesis, implied sentegge id é{g{? y the document IR = 11.a %the sentence ID - 1 accords with
the condition of the c%ue EL des(,a}é:)? e ?r?l tﬁe first gxemp aryeélm%o%irrient. [0110] 30As described
above, acd&HHg] to the present exemplary embodiment, implied sentence retrieval performance can

be improved in addiiond dhe effectipdhe first exemplary-embediment.chhe reason is that the
hypqtpesis implied sqnignce adding means 13 natifles the hew fact determinatign means 10
initial state. In the first process, it is determined that the
sentence to be determined identified by the document ID = 12
and the sentence ID = 1 implies the hypothesis identified by
the hypothesis ID =2, However, this is essentially incorrect.
15 Even if such an error occurs, as a result of the first process,
the sentence to be determined identified by the document ID =
11l and the sentence ID = 1 becomes a hypothesis implied sentence.
Therefore, by executing the second process, 1t can be corrected
such that the sentence to be determined identified by the
20  document ID = 12 and the sentence ID = 1 does not imply the
hypothesis identified by the hypothesis ID = 2.
(0112}
Next, a minimum configuration of the present invention
will be described. FIG. 14 is a block diagram illustrating a
25 minimum configuration of the implication determining device
according to the present invention. The implication
determining device according to the present inventicn is
provided with a new fact determination means 81 (for example,
a new fact determination means 10) that determines whether a
30 given hypothesis {(for example, a hypothesis H) is a new fact
that indicates a first revealed fact in a hypothesis implied
sentence (for example, a hypothesis implied sentence T H} that
implies the given hypothesis based on a specific expression

written in the hypothesis implied sentence {for example, the
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of the sentence to be determined that is determined to imply the hypothesis by the implication
determination means 11 as a hypothesis implied sentence. That is, it is because when the implication
determination means 11 determines that a sentence 5 to be determined implies a given hypothesis,
the hypothesis implied sentence adding means 13 adds the sentence to be determined as a
hypothesis implied sentence. [0111] For example, assuming that a content exemplarily 10 illustrated in
FIG. 10 is stored in the storage device 2 as an initial state. In the first process, it is determined that the

sentence tolhe-determined identified y theodeevenhlDerk2-and dhe sentencesIB= Lrimplies the
hypothesis identified by the hypothesis ID = 2. However, this is essentially incorrect. 15 Even if such
an error ocec}ﬁargp;sea %}s& (&s t%%at‘llcréf) f)lrlc%gets%}?%ﬁél %é:ﬁt%rﬁ(%et%rbse %e%r%?n%go €i%eenj?ﬁﬁ%laeosi/ the
document¥bethtand therseptercel D¢ becoaresiahypdthesissinilied sentence: tRherefore, by

executing the SecopdNrReess; i@ﬁaefp;tcege&tg@%@hé@atc%éea@!@%&@;b@ad%w identified
by the 20 document ID - 12 and the sentence ID = 1 does not imply the hypothesis identified by the

hypotResis b FE 19885 ThenBXD &ffmam Ehigttatidiorthe Hredert et will be described.
FIG. 14 is addlack diagram illustrating a 25 minimum configuration of the implication determining
device according lg, e presentipuention. The mplication deteymining deyice ageording to the present
invention is provided wit 5 riew fact aetermlnatlon means 8 - (for example, a new fact determination
means 10yt teterarindd whethe? ac307giveh Hypblissis (fésexdrpesd hipethesis H& a new fact

that indicatgs- first sevealgd factdn adwpothesis implied-sentence: far examplena hypothesis implied
sentence :LH) that im(lro]lies the given h¥pothesis based on a specificgfpression written i%the

hypothesi mpifed SetiteRte (6 PlBSthe” CItEs (5107 (B)) HHd an fhplic&isn’ Getetmination
means 82 ¢for example iar impli€dtion détermigatibre mesns ki)that determiveswhetiterea sentence

to be deteﬁ@i%(ﬁ?ﬁ}f?&ﬂgﬁé Septencs to-be datermined T),that is A sgatence tohe determined

whether 5 it includes the hypothesis implies the given hypothesis. [0113] he implication

determinatiér? in€ais82 whéh &t isaletedhinctithgt iHe §iven hypothesis IStHEAEE SR the
hypothesis;inaplieg-serience compares @ date dpdime Ot d implies the given

15 hypothesis.
(01147
With such a configuration, the implication determination
performance can be improved.
(01157
20 To be specific, the implication determination means 82
may determine, when a date and time of cccurrence of a sentence
to be determined.is older than a date and time of occurrence
of a hypethesis implied sentence that implies a given hypothesis,
that the sentence to be determined does not imply the hypothesis,
25 Further, the implication determinaticn means 82 may, when the
date and fTime of ccgcurrence of the sentence to be determined
is older than the date and time of occurrence of the hypothesis
implied sentence that implies the given hypothesis, grant a
penalty to the degree of implication that indicates the degree
30 of implication of the sentence to be determined implying the
hypothesis, compare a predetermined reference value and the
degree of implication after grant of the penalty, and determine
whether the sentence to be determined implies the given

hypothesis.
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10 occurrence of the sentence to be determined (for example, the date and time in FIG. 3(c)) and a
date and time of occurrence of the hypothesis implied sentence that implies the hypothesis (for
example, the date and time in FIG. 3(b)), and determines whether the sentence to be determined
implies the given 15 hypothesis. [0114] With such a configuration, the implication determination
performance can be improved. [0115] 20To be specific, the implication determination means 82 may
determine, when a date and time of occurrence of a sentence to be determined is older than a date
and time of ptewrtence of a hypothesis implied sentence that implies a given hypothesis, that the

sentence to be detﬂmined doesC not i per thlhé/%%th%sis. %g Further, the irgglication getermination
e

means 82 may, when the %gtaeranalfir%e 0 occurrenc% of fhe geenfedﬁczs,ecff)lg etérmmed i< older than

the date amthtinélofeocctirmeiceosf theskypotsesis impliedsentencecthat impliesithecgivehehypothesis,
grant a pe@@IMWDQPde:gjsg of implication thatindicates the degree 30 of implication of the sentence
y

to be determined implying the hypothesis, compare a predetermined reference value and the degree
of imﬁicatib%%fyelr grant of the penalty, and determine whether the sentence to be determined implies
the given hypothesis0146]y noAdsol apaut ot thelwhaleiefrihe abevertdesearbet:exermaplary
embodiments,Bey b desarined ke, but 8oL imiied do. e foloing sypplemenianpnotes. S01.17)
(Supplementaﬁ/ note 1) An implication determining device comprising: a new fact detérmination
means cofifRjured ta Eetirafiie Wivethelr ayitetr Ajpthésislis @ ne@rfateitididatitica filst¥evealed fact

in a hypothesis implieshsentence ipplying 19fpe hypethesis based an-a speeific: gxpressign written in
the }%/Goothesis imﬁplied senten%e' and an implication determination means c,onfiggure,d to determine

whether theh Givay Ry Pofhests Rifplledh A serterde fo 6& Qétermyat that 1§ Sehteridito be
determined whethersthe hypothesisssnictnded, wherein, wheghication determination

means configured to determine whether the given hypothesis is
implied in a sentence to be determined that is a sentence to
be determined whether the hypothesis is included, wherein, when
15 it is determined that the given hypothesis is the new fact in
the hypothesis implied sentence, the implication determination
means compares a date and time of occurrence of the sentence
to be determined and a date and time of occurrence of the
hypothesis implied sentence implying the hypothesis, and
20 determines whether the sentence to be determined implies the
given hypothesis.
[0118]
{Supplementary note 2) The implication determining device
according to supplementary note 1, wherein, when the date and
25 time of occurrence of the sentence to be determined is older
than the date and time of occurrence of the hypothesis implied
sentence implying the given hypothesis, the implication
determination means determines that the sentence to be
determined does not imply the hypothesis.
30 [0119]
(Supplementary note 3) The implicaticn determining device
according to supplementary note 1, wherein, when the date and
time of cccurrence of the sentence to be determined is older

than the date and time of occurrence of the hypothesis implied
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15 it is determined that the given hypothesis is the new fact in the hypothesis implied sentence, the
implication determination means compares a date and time of occurrence of the sentence to be
determined and a date and time of occurrence of the hypothesis implied sentence implying the
hypothesis, and 20 determines whether the sentence to be determined implies the given hypothesis.
[0118] (Supplementary note 2) The implication determining device according to supplementary note 1,
wherein, when the date and 25 time of occurrence of the sentence to be determined is older than the

date and tigeekocetrenceofithe hiypothesisrimplied seatence inmdying.tie given dypothesis, the

implicationddeéerminag%q(r)rr]}e?présagl%ter eicneg thatsthg sgg{eréceot? bten%etgémingg o{l)ofes not imply the
hypothesis.% ‘ﬁfﬂb’]’ (Supplementary Rote f?)ﬁﬁhe |mpI|ca1t1|on determlning%rewce according to

supplemernitarylicte T wvhereini whiehrthe date and tinde of occuprehceof the séntehee to be
determined is.elder-than, the date angdstime afaccurrence of the fiypothesis implied septence implying

the given hypothesis, the implication determination means decreases a value of the degree of

implicatiorfindfthtifig the YYFEEBF FEPHCATON 0T Hid EBfRntE 1o Be deteRmBRAGHHRING the
hypothesisrarninereasSess aivajue ©f @apredelerminad referencenvalue sersdecreases the value of the

degree of %@‘%%%%&%%%”%@ﬁ%g% thealye, Qfﬁ%%rféeﬁg%%é’é'k‘%ﬁom 5‘&%}%@%@?&5‘99 value
and the degree of implication, and determines whether the sentence to be etermlneoglmplles the
given hypdcthesisrio[0220PIsugpiéni&ntaryhole 3) The imphcdtioh dateffiimity déviee according to

supplementfas:nate3:vhersin wheprtbe date and figa-gkaccurrence of the sentence to be
dete;rﬁined@a%léﬁr than the date and time of occurrence of the hypothesis implied 15 sentence
: .

implying th hypothesis, the implication determination means decreases the degree of
implication(Pypaceaarmvalug onbyea éertdim ratiopahd chetermines thatthe Sentedee tabe determined

does not imply thg given Bypoiesiswhen e degree of implication ig less than theseference value.
time of occurrence of the sentence to be determined is older
than the date and time of occurrence of the hypothesis implied
15 sentence implying the given hypothesis, the implication
determination means decreases the degree of implication by a
certain value or by a certain ratio, and determines that the
sentence to be determined does not imply the given hypothesis
when the degree of implication is less than the reference value.
20 (01211
(Supplementary note 3} The implication determining device
according to supplementary note 3, wherein, when the date and
time of occurrence of the sentence to be determined is older
than the date and time of occurrence of the hypothesis implied
25 sentence implying the given hypothesis, the implication
determination means increases the predetermined reference
value by a certain value or by a certain ratic, and determines
that the sentence to be determined dces not imply the given
hypothesis when the degree of implicaticn is less than the
30 reference value.
[0122]
(Supplementary note 6) The implication determining device
according to any one of supplementary notes 1 to 5, comprising

a new hypothesis determination means configured to identify a
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20[0121] (Supplementary note 5) The implication determining device according to supplementary note
3, wherein, when the date and time of occurrence of the sentence to be determined is older than the
date and time of occurrence of the hypothesis implied 25 sentence implying the given hypothesis, the
implication determination means increases the predetermined reference value by a certain value or by
a certain ratio, and determines that the sentence to be determined does not imply the given hypothesis
when the degree of implication is less than the 30reference value. [0122] (Supplementary note 6) The
implicatiomgetetmining device aecordingitd aryl dne of gupplermentarynbtesi4 te by comprising a new
hypothesi?mggt%qﬁination means configured to identify a hypothesis that is not implied in any sentence
to be determined. [0123] (Supplementary note 7) The implication determining device according to
anyone of sBpplehsartafaiotes A® 6 cofiprisinge b ifiienlivls determinbeithat agkehchypothesis is

implied in g septenceda-begstesmined, ahpwothesis implied sentence agding meansicenfigured to
add the sentence to be determined as a hypothesijs implied serf;[ence. [0124] 1 Su(g)plementary note
8) AnImpliEatiBn detéfmfHiig ﬁﬁ%"'tﬁ&ﬁicwriyb isTng- A rmini - WhEther Sgi pothdsis is a new

fact indicgeia@adirstarewehle@milmfartg/qboth_ésjfsam@iiesliserimm_e d?hhtsi_srasemmrwédmpjying the _
hypothesig based o a-SpReCHic expregsign writtendn the Aypothesis implied 15 sentence; and when it

is determined that the given hypothesis is the new fact in the hypothesis implied sentence, comparing
a date and\ifne ‘Gfotedréncd oftheSs&rteAES o be determined that is a sentence to be determined
whether theogiven hypothesis is included and a date and time of occurrence of the hypothesis

10 (Supplementary note 8) An implication determining method
comprising: determining whether a given hypothesis is a new fact
indicating a first revealed fact in a hypothesis implied
sentence that is a sentence implying the hypothesis based on
a specific expression written in the hypothesis implied

15 sentence; and when it is determined that the given hypothesis
ig the new fact in the hypothesis implied sentence, comparing
a date and time of occurrence of the sentence to be determined
that 1s a sentence to be determined whether the given hypothesis
is included and a date and time of occurrence of the hypothesis

20  implied sentence implying the hypothesis, and determining
whether the sentence to be determined implies the given
hypothesis,

[0125]
{Supplementary note 9) The implication determining method

25 according to supplementary note 8, wherein, when the date and
time of occurrence of the sentence fo be determined is older
than the date and time of occurrence of the hypothesis implied
sentence implying the given hypothesis, it is determined that
the sentence to be determined does not imply the hypothesis.

30 [0126]

(Supplementary note 10) The implication determining method
according to supplementary nete 8, wherein, when the date and
time of occurrence of the sentence to be determined is older

than the date and time of occurrence of the hypothesis implied
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- 20 implied sentence implying the hypothesis, and determining whether the sentence to be determined
implies the given hypothesis. [0125] (Supplementary note 9) The implication determining method 25
according to supplementary note 8, wherein, when the date and time of occurrence of the sentence to
be determined is older than the date and time of occurrence of the hypothesis implied sentence
implying the given hypothesis, it is determined that the sentence to be determined does not imply the
hypothesis. 30[0126] (Supplementary note 10)The implication determining method according to
supplementary: sate=8.iwhereimwher the date and dime:ef eccurrence.ef the sertenegtebe
determined js oldeﬂ%aanct{]g date(%rjd tlcn;?% offgg%uréence of tQ% hygg%hegsal{ndphedfS%t;lltgnce implying

the given r?y”poltﬁlgss, 4 value of the 8%greego mplicggcj):r?lendlcatlng el%iaégreenolpimp ication of the

sentence e daterniineddnssiyingthe ey potidsis isudebredsaddr e valaelef dgpredeteatined

reference yalue isingreased, o2 the-valye,of the degres etimplicationds:decreasedsand the value of
the reference value is increased, the reference value and the degree of implication are compared, and

whethier the'Sefifenice b FetéifEdimplies thegivelt nypSRiesRs GeeAtings. [RL27f

10(Supplemernitary meté<ldd Anamplication determiring prograne causing @camputendo exdcute: a new

fact determinatigrypiogess 19 detorune whelbera given fynaihesisls aneiy adndigating a fist
revealed fact in a hypothesis implied sentence that Is a sentence implying the hypothesis based on a
specific 15-@xprasSRrewitash tHEHOthESIS imblied sBtePEacard ahinfliEa#6H Betérmination

process tofggtermine whether the given hypothesis is implied in a sentence to be determined that is a

sentepce t be di:ermined whether tfé\elzl%iven h%g%thesis_is included, wherein, when it is determined
that the giverrBB Hypothesleisthe hew fattin tHE hypothests ifplicd Tantdnte® i e Ihplication
determinatien piocess cadatecand timexgfoccarrence of the seftercattorze: detenmined and a date

and time of oceurience.of thehypothesis implied,septence Jmplying the-hynothesis are,compared, and
whether the sentence to be 25 determined implies the given hy[iothess is determined. [0128]
a first revealed fact in a hypothesis implied sentence that is

a sentence implying the hypothesis based on a specific

15 expression written in the hypothesis implied sentence; and an.
implication determination process to determine whether the
given hypothesis is implied in a sentence to be determined that
is a sentence to be determined whether the given hypothesis is
included, wherein, when 1t is determined that the given

20 hypothesis is the new fact in the hypothesis implied sentence,
in the implication determination process, a date and time of
occurrence of the sentence to be determined and a date and time
of occurrence of the hypothesis implied sentence implying the
hypothesis are compared, and whether the sentence to be

25 determined implies the given hypothesis is determined.
(01287
(Supplementary note 12) The implication determining program
according to supplementary note 11, wherein, when the date and
time of occurrence of the sentence to be determined is older

30  than the date and time of cccurrence of the hypothesis implied
sentence implying the given hypothesis, the computer is caused
to determine, in the implication determination process, that
the sentence to be determined does not imply the hypothesis.
[0129]
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(Supplementary note 12) The implication determining program according to supplementary note 11,
wherein, when the date and time of occurrence of the sentence to be determined is older 30 than the
date and time of occurrence of the hypothesis implied sentence implying the given hypothesis, the
computer is caused to determine, in the implication determination process, that the sentence to be
determined does not imply the hypothesis. [0129] (Supplementary note 13) The implication
determining program according to supplementary note 11, wherein, when the date and time of

occurrence ofifhe sepignee {0 he determingdis glderithan the, daterandrtimeof gceurenge of the
hypothesis im Iiec(i,S senten‘ceima{;%/in%the%ivenhggothesis the computer is caused, in the implication
determinaﬁ‘&r?%?o i 16 decrdase iy Ve ol th d&dTéewgﬁﬁ%ﬁgatiaﬁ%ibgﬁna&EI}:@ dEfee of

implication_tdfrrthecsférmmertoebxe:dete?rrtihed fmplyigcthethypothesis ermmcbai.se gm&ue of a
predetermined refgrence. 10 value,grdo gegrease fhe value-of the degree of implication and to

increase the value of the reference value, to compare the reference value and the degree of
implication® AHEb e terminE- WHethSr e’ s8nteireo5e- detéhfineeriniplies the §veadfpothesis.

15[0130] in As«lesgribedabovea, therpresentinvention has beencdeseribeswith seferenee to the
exemplary diments and examples. However, the, present inyention is not limited to the
above-des%%gggeex%%nﬁﬁgr?/ eon%(b&g?%%e%?aa%%ioe&a%nnpﬁg% 3h6LId20 b%egﬁc?eersfjo%od by those skilled in
the art that varcusinbdificafions emayeye: matie todthe eoffiquration and detdilsiofthe present invention

within the geope githepresent inventions {01314 The present patent application claims a-priority based
25 on Japanese Patent Application No. 2010-236548 filed on October 21, 2010 and the entire content

of whith is"Reréby ifcorpBrate - St Apit 4B F[0139] SEERE fmplicatithldeteiminihg device of
the presentiaventionrearche aset forrefinementdf @ seareh cesult i degurmenttetrieval system and
for selectiqn, of 3 cpndidate sentenge of a summan,ina dogument,summary system. .
determine whether the sentence to be determined implies the
given hypothesis.
15 {01307
As described above, the present invention has been
described with reference to the exemplary embodiments and
examples. However, the present invention is not limited to the
above-described exemplary embodiment and examples. It should
20  be understood by those skilled in the art that various
modifications may be made to the configuration and details of
the present invention within the scope of the present invention.
[0131]
The present patent application claims a priority based
25 on Japanese Patent Application No. 2010-236548 filed on October

21, 2010 and the entire content of which is hereby incorporated.

Industrial Applicability
[0132]

30 The implication determining device of the present
invention can be used for refinement of a search result in a
document retrieval system and for selection éf a candidate

sentence of a summary in a document summary system.
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Reference Signs List [0133] 1 Data processing device 10 New fact determination means 511
Implication determination means 12 New hypothesis determination means 13 Hypothesis implied
sentence adding means 2 Storage device 20 Document to be determined storage unit 1021
Hypothesis storage unit 22 Hypothesis implied document storage unit 23 New fact determination result
storage unit 24 Degree of implication storage unit 25 Implication determination result storage
unit 1526 New hypothesis storage unit

Reference Signs List

[0133]

1 Data processing device
10 New fact determination means

5 11 Implication determination means
12 New hypothesis determination means
13 Hypothesis implied sentence adding means
Z Storage device
20 Document to be determined storage unit

10 21 Hypothesis storage unit
22 Hypothesis implied document storage unit
23 New fact determinaticn resulft storage unit
24 Degree of implication storage unit
25 Implicaticn determination result storage unit

15 26 New hypothesis storage unit
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CLAIMS [Claim 1] An implication determining device comprising: a new fact determination means
configured to determine 5 whether a given hypothesis is a new fact indicating a first revealed fact in a
hypothesis implied sentence implying the hypothesis based on a specific expression written in the
hypothesis implied sentence; and an implication determination means configured to 10 determine
whether the given hypothesis is implied in a sentence to be determined that is a sentence to be
determined whether the hypothesis is included, wherein, when it is determined that the given
hypothesis is the new fact in the hypothesis impliedsentence, the 15 implication determination means
compareseﬁﬂate an time of occurrence of the sentence to be determined and a date and time of
occurrence of the ydothess implied sentence implying the hypothesis, and determines whether the
sentence to be defermiradlingpliesothe G Hypothesis 20 [Glaipe2pr i s The implication determining

device according tg claim &, whegeip.when ihe date.and ime-gfraccurence of dhe sentence to be

determined |s older than the date and time of occurrence
> whether a given hypothesis i1s a new fact indicating a first

revealed fact in a hypothesis implied sentence implying the
hypothesis based on a specific expression written in the
hypothesis implied sentence; and

an implication determination means configured to

10  determine whether the given hypothesis is implied in a sentence
to ke determined that 1s a sentence to be determined whether
the hypethesis is included,

wherein, when it is determined that the given hypothesis
is the new fact in the hypothesis implied sentence, the

15 implication determination means compares a date and time of
occurrence of the sentence to be determined and a date and time
of occurrence of the hypothesis implied sentence implying the
hypcthesis, and determines whether the sentence toc be
determined implies the given hypothesis.

20 |
[Claim 2]

The implication determining device according to claim 1,
wherein, when the date and time of occurrence of the sentence
to be determined is older than the date and time of occurrence

25 of the hypothesis implied sentence implying the given
hypothesis, the implication determination means determines
that the sentence to be determined does not imply the

hypothesis.

3C [Claim 23]
The implicaticn determining device according to claim 1,
wherein, when the date and time of occurrence of the sentence
to be determined is older than the date and ftime of ogourrence

of the hypothesis implied sentence implying the given
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25 of the hypothesis implied sentence implying the given hypothesis, the implication determination
means determines that the sentence to be determined does not imply the hypothesis. 30[Claim 3]
The implication determining device according to claim 1, wherein, when the date and time of
occurrence of the sentence to be determined is older than the date and time of occurrence of the
hypothesis implied sentence implying the given hypothesis, the implication determination means
decreases a value of the degree of implication indicating the degree of implication of the sentence to
be determineddmiphing thechypathesis o tricreaskes: a valie0f isopredetermined: referenceb value, or

decreases\;Q%y Iuefof tp degree of implication and.increases the value of the reference value,
compares the re%‘eroenpg vgaluge%ﬁg %gr%eér%%goﬁr%%ﬁggtioln?%a%Ce]t'gr%ni}rél)}e}se whether the %s/entence to
be determired ifpiied e givehHypdiids A9 [Craikr4lde t eTHE irplicatibhxdeterntihing device

according £g,6laim S yhesein; whenthe date-and time of ocguugnce. of the-sentencs 19.be determined
is older than the date and time of occ%gsnce 15 of the hypothesis implied sentence implying the given
i

hypotResis’ & fnplidafiGir GeRTmihatioh Weats décrdasedihe Wedtee SHimplicdtion bs & certain
value or by acesaferatiohand determines that the sertence ta bedeteroniped dees net imply the

given hypathiesis e the,deates obinplicaion s Jess inan20 heeleranceqalug [olaip 81 The

implication determining device according to claim 3, wherein, e and time of occurrence of
the sentente<5 e asteFRiHetlisDIdér than A Batel asditirerot seeufréfce 6F e hypothesis
implied senigneeH@plying the given hypothesis, the implication determination means increases the
predetermined reference value by a certain value or by a certain ratio, and determines that the

sentence to be determined does
[Claim 4]

The implicatiecn determining device according to claim 3,
wherein, when the date and time of occurrence of the sentence
to be determined is older than the date and time of cccurrence

15 of the hypothesis implied sentence implying the given
hypothesis, the implication determination means decreases the
degree of implication by a certain value or by a certain ratio,
and determines that the sentence to be determined does not imply
the given hypothesis when the degree of implicaticn is less than

20 the reference value.

[Claim 5]
The implication determining device according to claim 3,
wherein, when the date and time of occurrence of the sentence
25 to be determined is clder than the date and time of occurrence
of the hypothesis implied sentence implying the given
hypothesis, the implication determination means increases the
predetermined reference value by a certain value or by a certain
ratio, and determines that the sentence tc be determined dces
30 not imply the given hypothesis when the degree of implication

is less than the reference value.

[Claim €]

The implication determining device according to any one
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30 not imply the given hypothesis when the degree of implication is less than the reference value.
[Claim 6] The implication determining device according to any one of claims 1 to 5, comprising a new
hypothesis determination means configured to identify a hypothesis that is not implied in any sentence
to be determined. 5[Claim 7] The implication determining device according to any one of claims 1
to 6, comprising, when it is determined that a given hypothesis is implied in a sentence to be
determined, a hypothesis implied sentence adding means configured to add the 10 sentence to be
determinedasc hypathésisamplied septeneenClainm 8An ymplicatiohsdetemaining:method
oplitod s R S o et s e e S it
hypothesis implied sentence that is a sentence implying the ﬁypot esis based on a Specific expression
written in the Hypothesid pasldiserténée Eenwhés it is determined that the given hypothesis is the

5 [Claim 7]

The implication determining device according to any one
of claims 1 to 6, comprising, when it is determined that a given
hypothesis 1is implied in a sentence to be determined, a
hypothesis implied sentence adding means configured to add the

10 sentence to be determined as a hypothesis implied sentence.

[Claim 8]
An implication determining method comprising:
determining whether a given hypothesis is a new fact
15 indicating a first revealed fact in a hypothesis implied
sentence that is a sentence implying the hypothesis based on
a specific expression written in the hypothesis implied
sentence; and
when it is determined that the given hypothesis is the
20 new fact in the hypothesis implied sentence, comparing a date
and time of occurrence of the sentence to be determined that
is a sentence to be determined whether the given hypothesis is
included and a date and time of occurrence of the hypothesis
implied sentence implying the hypothesis, and determining
25 whether the sentence to be determined implies the given

hypothesis.

[Claim 9]
An implication determining program causing a computer to
30 execute:
a new fact determination process to determine whether a
given hypothesis is a new fact indicating a first revealed fact
in a hypothesis implied sentence that is a sentence implying

the hypothesis based on a speclific expression written in the
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20 new fact in the hypothesis implied sentence, comparing a date and time of occurrence of the
sentence to be determined that is a sentence to be determined whether the given hypothesis is
included and a date and time of occurrence of the hypothesis implied sentence implying the
hypothesis, and determining 25 whether the sentence to be determined implies the given hypothesis.
[Claim 9] An implication determining program causing a computer to 30execute: a new fact
determination process to determine whether a given hypothesis is a new fact indicating a first revealed

fact in a hypetbesisimpliedsentence dhatds @esenteace implying the hypothesis based on a specific

expression written in the liypothesis irgglied sentche' and anim Ii%at'on determination process
to d . %n ﬁ%p.lca%lon termlnﬁ &oh %rocess T %ermlna .
o determine whether given hypothesis’is implied in a‘sentéence to be determined that is a sentence

to be detewhimeewhéther thievgiven Brinfpotisesis issincludéded iwhersinnwhendt isdete@rmined that
the given hypathesis isythe new factdn the hypothesis implied sentenceiniihe implication,

determination process, a date and time of occurrence of the sentence to be determined and a date

and tithe T0Y6R3CEFrERhcd Df tHE hiFGtHesis implied sentence implying the hypothesis are compared,
and whether the sgnteneerio be:determihediimpliesithe giver hyphthesis isdetermined i s

is the new fact in the hypothesis implied sentence, in the
implication determination process, a date and time of
occurrence of the sentence to be determined and a date and time
10 of occurrence of the hypothesis implied sentence implying the
hypothesis are compared, and whether the sentence to be

determined implies the gilven hypothesis is determined.
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