14 March 2005 1 DESCRI PTION I nformati on Processing Apparatus, |Information
Processi ng Method and Recordi ng Medium Technical Field This invention -,
relates to an information processing apparatus, an infornid Msch 20cessing
met hod and a recording nmedium and nore particularly to the information
processi ng apparatus, the information processing nethod and the recording
medi um which permts, e.g., a calculation of anal ogousness between words
with respect to. nmany words even if ailarge scale dictionary is not

provi ded, and can convert set of words into arrangenent of words (word
train) which constitutes suitabl gymeapipgioxen if conplicated grammatical -
rule, etc. i's not provided. Background Art Anal ogousness (simlarity) in
poi nt of neani ng between words is used in various use purposes in the
natural |anguage processing technol ogy. Nanely, for exanple, as a technique
of transl|lation processing, there is a nmethod in which a |arge nunber  of

bi | i nglaformating PracessingeAppatatys.ahifopnatian dyocpsdng Methad and digearding
illustrative sentence which is nbst anal ogous to an i nput sentence from

such Dediagwal illustrative sentences to nodify -the bilingual illustrative
sentence thus 14 March 2005 2 searched to generate the translation
sentence in which the input sentence is translated. |In such a nethod, the
anal ogousness between the input sentence and the bilingual illustrative

sent en js.calcul.ated on the basis of the anal ogousness bet ween respective
- &%chmcaﬁ?le d 9 P

- This invention relates to an information processing apparatus, an information
processing method and a recording medium, and more particularly to the information
processing apparatus, the information processing method and the recording medium
ﬁfhich permits, e.g., a calculation of analogousness between words with respect to.
many words even if a large scale dictionary is not provided, and can convert set of

~ words into arrangement of words (word train) which constitutes suitable meaning even

if complicated grammatical rule, etc. is not provided.

. Backgroﬁnd Art
'Amnalogousness (similarity) in point of meaning between wordsf is used in
| various use purposes in the natural language processing technology.
Namely, for example, as a technique of translation processing, there is amethod
~in which a large -num.ber of bilingual illustrative sentences are prepared in advance io '
search an illustrative sentence which is most analogous to an input_sél_l'tence from sﬁch

bilingual illustrative sentences to modify the bilingual illustrative sentence thus



words constituting such input sentence and words constituting the bilingual
illustrative sentence corresponding to those words (word anal ogousness) .
As ‘a nethod of cal culating the word anal ogousness, there At M35 net-hod-
using thesaurus in the formof tree or network and/or a nethod using
co-occurrence information in the sentence of words. In the nethod using

t hesaurus, e.g., in thesaurus, the nunber of arcs constituting the shortest
pat h connecting nodes correspondi ng tozrespective two words in which the
word anal ogousness is calculated is determ ned. An inverse nunber of the
nunber setrchicddoigenerde Hif tranglation senksnge dmwhagld thinmput senienerdisttrans]ated. t he
met hod using co-occurrence information, with respect to a | arge nunber of
sent en§gssuchOa nithod) thiecenalogousmdss etwenahdsinpppsaitenge iandtthessiliagahences
are registered: Thus, the word anal ogousness is determ ned on the basis of

stat | SRk AR LIS baIRAoA bR The SRGDOPOREMEAISRSS BEQIIBH e Pective

(statistical quantit S easy to co-occur especti ve

in which the word anal ogousness attenpts to be cal cul at . It ..s to.be
ot on Pt coprtitarBeSueH HRRa e Rdl Bor R spastitn Fstentiignal iltsttive
anal ogousness using the thesaurus, the detail is described, e.g., inDII,
Vol . Jgemtenpe cormsposlingdo tho3e Baads (woad agalegoudnesjancel | ati on of use
initiative anbiguity of nodification destination of English prepositional

phrase” Bul lAgtd metiiodibeeilcahitinglthe Moo char16foEsndsBf thiep@biedltndoimufkedasd on
Society, and with respect to the nmethod of calculating the word

2T ORERSHUEI SRRl Ko bl i SoCha
O Dh R I6E s%Racs o MG et g of e Associ at on for
In the .met_hod using thesaurus, e.g., in thesaurus, the number of arcs
.constituting the shortest path conﬁecting nodes corresponding to respective two words
in which the word aﬁalogousncss is calculated is determined. An inverse number of the
number of arcs is caused to be the word analogoﬁsness. In addition, in the method
using co-occurrenée information, with respect to a large number of sentences, co-
occurrence information of words appearing in those sentences are registered. Thus, the -
- word analogousness is determined on the basis of statistical quantity obtained from
such co-occurrence information (statistical quantity: of words easy to co-occur with
respective two words in which the word analogousness attempts to be calculated).
It is to be noted that, with respect to the method of calculating the word
analogousnesé using the thcsa_ﬁrus, the detail is described, e.g., in D-II, Vol. J77-D-II,
No. 3, pp. 557-565, 1994, Jin lida “Cancellation of use initiative ambiguity of

modification destination of English prepositional phrase” Bulletin of Electronic



Meanwhil e, in the nmethod using the thesaurus or the co-occurrence
Information, wth respect to words which are not registered in the L
thesaurus or words in which co- the occurrence informati ol Megchios

regi stered (hereinafter referred to as unregistered words as occasi on nay
demand), the word anal ogousness cannot be cal cul ated. Accordingly, in the
case where an attenpt is nade to realize abundant linguistic ability in

t he | anguage. processing system which Xarries out | anguage processing by
usi ng thesaurus or co-occurrence information; it is necessary to carry out

| ear ni RYFRIARSNTChmAniASAt GNEUSetPlandedit R eeprihe inéModofeaRidating the
dictionary in which the thesaurus or the co0-occurrence information are

regi stered.. od N I £S5 .d k. J.sqdesirab to
carry SdanaRiEhe bl SAHPAEARRETIR PR REEL i SRR LR P E oo
for learning so that abuyndant . |anguage ability can be realized. To,realize
this, ﬂiakgﬂmﬂl%r unclasgiigatienfrom Rrpdigats-argupreat S%C%?%é&?%‘?e@@%r ds,
t he word anal ogousness between those unregi stered words and | earned words,
and it of Amhsd meeting ed the Associdtairefdrh€oanaitationsinkEagruistics) ppt. r268:275,
anal ogousness) between a word train including unregistered words and a word
train Ebg@i&%g fromthe | earned grammatical rule. 14 March 2005 4 On the
other hand, e.g., in Naoki Fukui, "Devel opnment of mininmum nodel oriented to

o o R B SR oo e 5L 505t ARG
described that an operatjon that the hunan being arranges sets of plural .
wor ds Withgigspedite veprdswhich are apbragistgred ihthgrthpparus Orverdsdpiwbichiit al - ¢ )
or psychol ogical operation in the |anguage ability of the human being, and -
el uci dheiauruofenich énforatmitsareafotirbgisterpd Y hexelinafit eradefénrad 1o as unsegistdred as an
I nportant research theme in the theoretical

words as occasion may demand), the word analogousness cannot be calculated.

Accordingly, in the case where an attempt is made to realize abundant linguistic ability
in the language processing system which carries out language processing by using
thesaurus or co-occurrence information, it is necessary to carry out learning by using‘.
-a vast amount of learning samples to generate a dictionary in which the thesaurus or
the co-occurrence information are registered.
However, in the language pfocessing system, it is desirable to carry out flexible
and efficient learning only by lesser number of samples for learning so that abundan‘t
' language ability can be realized. To realize this, it is required to calculate, also Wifh
réspect to unregistered words, the word analogousness between 'those-unregi'stered_
 words and learned words, and it is also required to calculate the analogousness (word
train analogousness) between a word train including unregistered words and a word

train obtained from the learned grammatical rule.



| i ngui stic science. In addition, the realization of function to generate an
arrangenent of words similar to an arrangement that the human bei ng
carries out is desired also in the -devel opnent of the sydt¢dardt 20&al i zi ng
(simulating) (the entirety or a portion of) the |anguage function of the
human bei ng. However, under present situations, at the initial stage of -

| earning in the | anguage processing system i.e., the stage where | earning
of grammatical rule is insufficient, Or words to be processed are not

given as a sanple for learning, it is_inposgible to calculate the d
anal ogousne&in thie bapdd e aimnNagki Eykub ni&ve?frm,nt jof mIniRYm; 1@833{- to

obtain a suitable arrangenent of words (word train). In addition, in the
case whdegted toeeaplinhibratinorglifdanguagyy brarnamsifectuiee Sriepcamfdangasge 0 e
can be only outputted, representation ability of the | anguage of the

syste i ! et Sitlicaeddriiédhheghni que
in whi %@gﬂgg%xgﬁﬁ%réglgﬁer%W&g?gg_%ﬁﬁﬁg,rgg%t rébilsteréd in the
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(hereinafter referred to as registered words as occasi on_may denmand) is
cal cul canformity withugrammyg isfthaoiogt afamentadprsperchalpgicah ApsEyiRhdR She s
"permitted to be carried out to allow |earned grammar to have nore

gener dhhgmagdiabiligs of ahefhihan! lma/iﬁgl iaad ¢lucidatiomiftihe mechanisentdfothad
circunstances, this invention has been nmade and contenplates permtting a

cal cul icgrﬁggicﬁlh AR SO URARSS BRUNARIAM dSeich MHORRDGE Uhe ResRAXaLOT O

ieV)en [ scal e ctionary I's not "provided, and permtting conversion
of set.of .ords.into word train which takes a suitable neaning even if the

conpl ilinguigtic science.

In addition, the realization of function to generate an arrangement of words
similar to an arrangement that the human being carries out is desired also in the
development of the system of realizing (simulating) (the entirety or a portion of) the
language function of the human bf;ing.

However, under present situations, at the initial stage of learning in tﬁe language

'- processing system, i.e., the stage where learning of grammatical rule is insufficient, or

~words to be processed are not given as a sample for learning, it is impossible to

calculate the word analogousness and the word train aﬁalog_ousness. Thus, itis difficult

' to-obtain a suitable arrangement of words (word train). In addition, in the case where

the word trains obtained by an insufficient grammatical rule can be op]y outputted,
representation ability of the language of the system would 56 restricted.

From above facts, there is required a technique in which, also with respect to

words which are not registered in the dictionary obtained by learning, the word



granmatical rule, etc. is not provided. In accordance with a first aspect
of the present invention, there is provided an information processing
apparatus for determ ning anal ogousness between an inputted word and a
regi stered word which is a word registered in a dictionary, the infornmation
processi ng apparatus conprising: input neans for inputting a wotdMareng0s
with a concept notation function which i® a function for representing a
matter that the word indicates;, and word, anal ogousness_cal cu] ati ng_neans
for cal ARRMISONGNEws PehvestbJbusgistssedniverds and: Mords degistared el thetdisdananye

word and,the regi ster word on the basis of the concept tation

Fonct | oIS HERREEd ihas JeSRGToH MORGH g ctscamonsay 8rpalilatgd and
represe ' r ' i n f r..that rd. indj cates

| accordibdhgiof 3o bR B0iiee B tRoBBls it Rbuhited B b, eptleibiio
provi de ' %ﬁﬁﬁﬂ] RERSS anhafiat us for determ ning anal ogousness
betmeenq%%ﬁfﬁﬁg%ﬁg mn?%ﬁgnd a nggste?% "word which is a word registered
in a dictionary, the information processing apparatus conprising: input
means for inputting a word along with a concept notation function which is
a functDoolosore ofthedaseantiong a matter that the word indicates; and 14 March
2005 6 word _anal ogousness cal cul ating nmeans for cal cul ating word

anal ogousnesdmiiewholi hetahevarratnigonssheiseurnstanees thigdnventtbrhes be¢an made and
regi stered word on the basis gncept. notation function mhﬁgein t he

f _the t
concept SRBICHRPIAIESIRETHUIENZ a§aﬁm,!ﬁtm9 fhe pnalesepsness Grbveshwords vathsrsspeet

- probabilg, ttﬂa;rglf %}orrcli? Uil % Ia%grg]é: 48 ‘'dictionary is not provided, and permitting conversion

of set of words into word train which takes a suitable meaning even if the complicated-
grammatical rule, etc. is not provided.

In accordance with a first aspect of the present invention, there is provided an
information .processing apparatus for determining analogousness between an inputted
word and a registered word which is a word registered in a dictionary, the information
processing apparatus comprising:

input means for inputting a word along with a concept notation function which is a
function for representing a matter that the word indicates; and

word analogousness calculating means for calculating word analogousness which
is the analogousness between the word and the registered word on the basis of the
concept notation function, .

wherein the concept notation function is the function which represents information
obtained from the matter that the word indicates.

In accordance with a second aspect of the present invention, there 1s provided
an information processing apparatus for determining analogousness between an inputted
word and a registered word which is a word registered in a dictionary, the information
processing apparatus comprising:

input means for inputting a word along with a concept notation function which is a

function for representing a matter that the word indicates; and



In accordance with a third aspect of the present invention, there is
provided an information processing apparatus for determ ni ng anal ogousness
between an inputted word and a registered word which is a word regi stered
in a dictionary, the information processing apparatus conprising: input
means for inputting a word along with a concept notation functiBﬁ he3P05s
a function for representing a matter thé&t the word indicates: and word

anal ogousness cal cul ati ng nmeans faor cal cul ati ng word anal ogousness whi ch
i s the anal ogsoshasalogayspssncelpulafipedneans tocal@yating ward isalpgomsness whishs

of the congcept .notation, functign, whereip the word anal ogouspess .
cal cul ath H§S RIQSQUSNES heBeenh e, SyQrd. i o egintsted Romosn e buds Pfaite
t he regic%ég%&%&gﬁ&ﬁﬂmiﬁﬁtbasi s of Bhattacharyya distance or Kull back

€ CO

di ver gentc we ept notation functions of the word and the

regi steer ed V‘%Hereirpﬂﬁ%%mmﬁ ir?.%xg:rtifoﬁ% taﬁar@ﬁﬁﬁﬁfsy @énsk EASE BE faodri'screte

I nvention, there I's provi mat | o processi ng appar at us

determ fp'rBBalﬁli anailsnRssipetivgen an inputted word and a registered word
which is a word registered in a dictionary, the informati on processing

appar at us corpraciondancienwith anteind afpecti oipthict pregerdt  invedtia,othgravis pravided aapt
notation function which is a function for representing a matter that the
wor d i ndnfumagionapepogssieg Appatey dae sietarmininga analgemamess fhetween cu anpuited

wor d anal ogouspess which is the apal ogousness between.the word and the,
rogi st engert @i ageeitEed 49 Wi & CUTdsEeRatnGh ﬂ?fWﬁﬂemﬂcmeﬁl%e
| nput neans i&puts ch[ld set which is a set of words along wiwth the 14 March
2005 7 Processigapparatus comprising:

input means for inputting a word along with a concept notation function which is a
finction for representing a matter that the word indicates: and

word analogousness calculating means for calculating word analogousness which
is the analogousness between the word and the registered word on the basis of the concept
notation function,

wherein the word analogousness calculating means calculates the word
analogousness between the word and the registered word on the basis of Bhattacharyya
distance or Kullback divergence between the concept notation functions of the word and
the registered word.

In accordance with a fourth aspect of the present invention, there is provided an
information processing apparatus for determining analogousness between an inputted
word and a registered word which is a word registered in a dictionary, the information
processing apparatus comprising:

input means for inputting a word along with a concept notation function which is a
function for representing a matter that the word indicates; and

word analogousness calculating means for calculating word analogousness which
is the analogousness between the word and the registered word on the basis of the
concept notation function,

wherein the input means inputs word set which is a set of words along with the



concept notation function for respective words, and wherein the dictionary
stores set of registered word trains in which a plurality of the

regi stered words are arranged along wth the concept notation for
respective regi stered words, the information processing apparatus further
conprising: word train generating neans for generating word traffMach#ih
words constituting the word set are arrénged; word train anal ogousness
cal cul ati ng neans .for_calculating word train _anal ogousness. which is the
anal ogo FSMESR! BRIAHAR AUREIORATITesPEGH Calgr %@nﬂe‘gﬁgﬁe& dee napy gioses st

e BB BB SRR o B SeSRA, AL e BRtBf
correqugﬂflﬁge {iﬁ?‘%ﬁ?% §§’B%Hﬁ}té§?%%§egfﬁé&%\%wgﬂgt means for outputting the

word trainin rds cons Set are arranged in a

pr edet er m ”e%@hﬂ%hnﬁﬂoh??oé&%%fﬁ?ﬁgﬂg? g@g%rtqoghmﬁqgﬁnogousness. In

accordance with a fifth aspect there is provided

an i nf or mat iwordirgiegssiengingeibatk fargatetfing wordtramainoghichnesslsteinstiartingn
i nputted word and a registered word which is a word registered in a

di ct i ondhg warteet akeerremigedn processi ng met hod conprising the steps of:

I nputting the word ajong with a concept_ notation function which is a .
function for Wekhr Baiht apjogovsnessr celerlatinge erEs | foni cealeulatingy werd  train

and 1 he PBPESEReE WY o A< HElosuisGC bathen Tupgit TAGH a0d I et vord
R e R e e S
cCCor SoR, iy o \ SRl SR AO Bl PGS iRE Y 9
i nf or matrkgikctive words; and

output means for outputting the word train in which words constituting the word
set are arranged in a predetermined order on the basis of the word train analogousness.

In accordance with a fifth aspect of the present invention, there is provided an
information processing method for determining analogousness between an inputted word
and a registered word which is a word registered in a dictionary, the information
processing method comprising the steps of:

inputting the word along with a concept notation function which is a function for
representing a matter that the word indicates; and of calculating word analogousness
which is the analogousness between the word and the registered word on the basis of the
concept notation finction,

wherein the concept notation function is the function which represents information
obtained from the matter that the word indicates.

In accordance with a sixth aspect of the present invention, there is provided a
recording medium on which a program for allowing a computer to carry out information
processing for determining analogousness between an inputted word and a registered
word which is a word registered in a dictionary is recorded, wherein the program

comprising the steps of:



processing for determ ning anal ogousness between an inputted word and a
registered word which is a word registered in a dictionary is recorded,
wherein the program conprising the steps of: 14 March 2005 8 inputting
word along with concept notation function which is function for
representing matter that the word indicates; and cal cul ati ng wot4March 2005
anal ogousness which is the anal ogousness8between the word and the

regi stered word on the basis of the concept notation function, wherein the
concept not at inpritting cvowsh aleng hwith upendeph nethidon riaweder nwhichfisr fmction for

obtai ned fromthe natter tstﬁat tae rd indjcates. In accordance with a
sevent h &Ppeentigg m%@rgbfé HEvQr \)@‘Xﬁ?’@ﬁr, ere is provided An information

Bnat ogousnce sl ntiie SR R hER GRS N REY 0 ERRs Plnveef B ol

appar at ﬁ?ﬁﬁ%’?f&éd%dw&@%?ﬂs ?&% %rﬂtﬁgﬁﬂﬁnf c erating concept

notatio on whichi unction representi ng tter that

regi stered WopHendih B Ecncdpt Hofafibh ThREtRh %srth_@ futdiontivhidhorRprésehRdhfothtion

and correspondence providing nmeans for allowi ng the registered word and the
concept oisthaieddrorhube matter thdtlthe espéddnditates.hat regi stered word to

correspond to each other, wherein the concept notation function is the
function for Hhepccosdandenyithiardeyentt dspactodf thi pecsent omventioputhefe srprowitadrAn
means for sensing stinmulus given from the matter that the word indicates.
~I'n accor@AEBaiionn RrosegRie ARRATAteY i‘q&@t}?ﬁe%ntprleﬁ%‘ht Htﬁ’ﬂoﬂfﬁé(r asedd for
provi dedcaﬁ‘gulating analogousness with respect to inputted word, the information
processing apparatus comprising:

function generating means for generating concept notation function which is
function for representing matter that registered word which is word registered into
the dictionary indicates; and

correspondence providing means for allowing the registered word and the
concept notation function with respect to that registered word to correspond to each
other,

wherein the concept notation function is the function for representing
information obtained from output from sensor means for sensing stimulus given from
the matter that the word indicates.

In accordance with a eighth aspect of the present invention, there is provided An
information processing apparatus adapted to prepare dictionery used for calculating
analogousness with respect to inputted word the information processing apparatus
comprising:

function generating means for generating concept notation function which is
function for representing matter that registéred word which is word registered into the
dictionary indicates: and

correspondence providing means for allowing the registered word and the concept

notation function with respect to that registered word to correspond to each other,



I nformati on processing apparatus adapted to prepare dictionery used for

cal cul ating anal ogousness with respect to inputted word the information
processi ng apparatus conprising: function generating neans for generating
concept notation function which is function for representing matter that
regi stered word which is word registered into the dictionary itdMesheX05
and correspondence providing neans for a®lowing the registered word and the
concept notation function with respect to that registered word to
correspond t owhersin dhbezgncept Matattor? Gosctdon vk er probalility deosyty fwottionoor a
function_is a prqobability density function or a discrete probability

di st ri bulipengts prehabelity dlﬁmﬂmmmt h a ninth aspect of the present

i nvention, there is. provided An_ infor | on processi hod for .

or epar i ng a APAGCSRAAERNER & Bt 2PReRt ALitG PreRal SLRIHTS Aheigris HoTidsdh AR
word, t ' t] essi h rigsi . S : .
gener at ir]ﬁgdr%{ag{ggé&ﬂg &FF%EYQ%C i %%%nc%&o%%&cﬁ?@ ii Q%H%?P%gnslﬁ%%fa rfg%r 8%18%][3’;[1%113 a
matter Lha [ e I1c by, d AREiEh TR H{gd) s

di ctionary |%%S%§%e%?e%lnglpwgléﬁﬁm@ rcll(gltt‘lt1 zmr%egl é@ép@%&%@ﬁﬁ t h‘éé@@ﬁ%‘élétthe
not at i onstépenstti on for the registered word to correspond to each other,
wherein the concept notation function is the function for representing

i nformati on genesatingda Conceps utopatiorf fumetien rveluich ne éimsctionr for eepresentstg awhatter
given fromthe matter that  the word indicates. In accordance with a tenth
aspect dhatheegisteredrwordrivhichiis a wardgegisteseg o ithredichonaycadiviaies; ardli um on

which a pr Ogrzﬁfgv&i?lrg tﬁé lrgélwstn_ fed word 2 alf{[de%etc%n%éalgtr I%ot%%llgni fgtrigr? %ci)rotrfle registered
word to correspond to each other,

wherein the concept notation function is the function for representing information
obtained from output from sensor means for sensing stimulus given from the matter that
the word indicates.

In accordance with a tenth aspect of the present invention, there is provided A
recording medium on which a program for allowing a computer to carry out information
processing which prepares a dictionary used for calculating analogousness for an inputted
word, wherein the program comprising the steps of:

generating a concept notation function which is a function for representing a matter
that a registered word which is a word registered into the dictionary indicates; and

allowing the registered word and the concept notation function for the registered
word to correspond to each other,

wherein the concept notation function is the function for representing information
obtained from output from sensor means for sensing stimulus given from the matter that
the word indicates.

In an example embodiment, in dictionary, the registered word may be stored along
with concept notation function with respect to that the registered word.

In an example embodiment, there may be further provided dictionary memory

means in which dictionary is stored.



processi ng which prepares a dictionary used for cal cul ati ng anal ogousness
for an inputted word, wherein the program conprising the steps of.
generating a concept notation function which is a function for representing
a matter that a registered word which is a word registered into the
dictionary indicates; and allowing the registered word and t hel4daedpi005
notation function for the registered w®ad to correspond to each other,
wherein the concept notation function is the function for representing .

i nf ormati on Hir edbneeptinatationtfpoction onay deso funetzon foorepresenting snformmation
given fromthe matter that the word indicates. In an exanpl e enbodi nent,

i n di ct idnaingd from malesthat seprddndicates. be stored along with concept

notation functjon with respect to that .the registered rd. Ip an exanpl e
embodi ment , tch‘ljé’F‘*é’Vr?&yﬁb% OGEEPLe ROTRISR; ﬁ@&t’@mcm%’niﬁeyan%P?n %aﬁ'é’r?%n‘xmgch
dictionary is . stored. 1 rch 2005 .9a The concegpt notation funct.i on
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i ndi cat attéﬂhﬁf)?(rﬁfd' d;gatgé?ncept notation function may be a function for
representing I nformati on obtained from out put of sensor means for sensing

stinmulus givey 44 @ effbddibntVahe deRdbCAicRns iy B 8X@RES BIRBAV RN
the sensor means nay be a device for converting 1ight or sound into
el ect ri dight gradouridointd ededtsiorsighsienel WeassE Ngaipaatige CaingoAtdroaccedaasion.
I n thi's enmbodi ment, the concept notation function may be a function for
r epr eserseinsor. phr dhist embuatiniendd thy waineept, notativat fenctidmamayp e anflinctives fary
t he sensor neans.

- representing parameter obtained by observing matter that word indicates by the sensor

means.

The concept notation function may be a probability density function or discrete
probability distribution function.

In an example embodiment, the word analogousness calculating means is
permitted to calculate word analogousness between the word and the registered word on the
basis of Bhattacharyya distance or Kullback divergence between concept notation functions
of that word and the registered word.

In an example embodiment, in word set which is set of words is inputted along
with concept notation functions with respect to respective words. Dictionary is permitted
to store set of the registered word train in which plural registered words are arranged along
with concept notation functions with respect to respective registered words. In this
embodiment, the information processing apparatus may further comprise word train
generating means for generating word train in which words constituting word set are
arranged, word train analogousness calculating means for calculating word train
analogousness which is analogousness between word train and registered word train from
word analogousness between respective words constituting word train and registered
words constituting registered word train corresponding to such words, and output means
for outputting word train in which words constituting word set are arranged in a

predetermined order on the basis of word train analogousness.



The concept notation function nay be a probability density function or
discrete probability distribution function. In an exanpl e enbodi nent, the
wor d anal ogousness cal cul ating neans is pernitted to cal cul ate word

anal ogousness between the word and the regi stered word on the basis of
Bhat t acharyya di stance or Kul | back divergence between concept nthkMaich005
functions of that word and the regi stefed word. In an exanpl e enbodi nent,
in word set which is set of words is inputted along w th concept notation
functions wi tln thespeample embyshmente ofothes prevent | Bivention sdgsstibieds agword is

f j d d. in. | ' | l. ' d. d
ot o R e AORE AR RBETR! MAGAtiAT BHORGY MRS RIRCHRR FOmePIs TR Gt Fo.
i st ds.; 4. n-thi nbodi t, the inf ti i . t
e OB 0 TS gL G R AR
in whi chy, s EI?&P%{}& tfé%is@e&%g Pl cﬁ]c%l t@{if(ﬁf‘gﬁg b ‘9@ 8f W&l Bncept notation
anal 0golisness cal culati g neans for calcul ating word trafn - anal ogousness

whi ch i suaGad 90 UsNeemPRI MEBHdiRrfls t rai n and registered word train from
wor d anal ogousness between respective words constituting word train and

registered wida exangilé euibotlimeayithe eoadeptaictatiord fimation wap drda figndtivrstorh
words, and output nmeans for outputting word train in which words

const i t Leprasenimgdniamadion chtaimeddommatterghatdtbeovondiadicatater on the basi s

of word train anal ogousness. 14 March_ 2005 9b In the exanppl e, enbodi nents

of the pr eseNurieto bR CPIGERE mataaon BmgBer My hsu@r dunelihdon kepresshBBgt

wor d | neHRaLoS Phifincd i Swatb Gt eor Sedriant semie SuhHveh i ten

t he wor ﬂlﬁ%fh%dfcgﬂ’jSSter ed word is calculated on the basis of the concept
notation functiron, 1Th the exanpl e enbodi nents.

In an example embodiment, the sensor means may be a device for converting
light or sound into electric signal, touch sensor, temperature sensor or acceleration
sensor, and the concept notation function may be a function for representing parameter
obtained by observing matter that word indicates by the sensor means.

The concept notation function may be a probability densify function or discrete
probability distribution function.

In the example embodiments of the present invention described above, a concept
notation function which is a function for representing matter that a registered word which
1s a word registered into dictionary indicates is generated. Thus, correspondence
between the registered word and the concept notation function with respect to that

registered word is provided, in the example embodiments.

Brief Description of the Drawings

FIG. 1 i1s a block diagram showing an example of configuration of an
embodiment of an optimum word train output apparatus according to the present
invention.

FIG. 2 is a block diagram showing an example of configuration of optimum

word train output section 4 of FIG. 1.



In an exanpl e enbodi nent, the concept notation function may be a function
for representing information obtained frommatter that the word indicates.
Further, the concept notation function may be a function fléMarehg@d%nting

i nformation obtai ned from output of sensor neans for sensing stinulus given
frommatter that word indicates. In an exanpl e enbodi nent, the sensor.
nmeans nmay be a device for converting i ght or sound into electric signal,
"touch sensor, tenperature sensor or aé@eleration sensor, and the concept

not ati on funct | may g function for representin ranet er obtai ned by
obser vi ng n&ﬁggaﬁﬁﬂd%‘@‘ﬁw&t%%’éd@dﬂ r¥@ﬂg@rwﬂggﬁgl.n”‘$ﬁgoemc%8fe$
notation function nay be a probability density function or discrete

pr obabiih iatrggikitetedi ward trairf datatbase.23 of FHe. 2xanpl e enbodi ments of the
present invention described above, a concept notation function which is a

function forFIRRf RSEflbivefaielc @k pldiaingari egtistahesondirdinkéabh processimy d
registered into dictionary indicates is genherated. Thus, correspondence

bet weep, t.he j ' . i function with respect
o tnathd EablRhah S R, bdifirPE RIS 2 dsples T 0P el ot
Description of the Drawings FIG I _.is_ a bl ock di agram show ng an .ex | e of
configurati 1CeP ] Stré??é@oéﬁﬁ?ﬁla%filﬂﬁbklﬂ?ﬂﬁ% aBraPamsienin lnngﬂl%( us
according to the present invention. FIG 2 is a block diagramshow ng an -
exanpl ewofdimmifsional atiremtionf opti nrum word train output section 4 of FIG 1.
14 March 2005 10 FIGS. 3A and 3B illustrate a word dictionary and a word

train dicti gne.) $klfrdfes the outline of Gaussian distribution represented by concept
- notation function.

FIG. 7 is a block diagram showing an example of configuration of an
embodiment of a learning appa_lfé.tus according to the present invention.

FIG. 8 is a .ﬂowchart for explaining learning processing by the learning
apparatus of FIG. 7.

FIGS. 9A to 9C are figures for explaining recording media according to the
present invention.

FIG. 10 is a block diagram showing an exampie of configuration of a computer

101 of FIG. 9.

Best Mode for Carrying Out the Invention
FIG. 1 shows an example of the configuration of an embodiment of an optimum
word train output apparatus according to the present invention.

In this optimum word train output apparatus, a word train suitably representing



in a‘registered word train data base 23 of FIG 2. FIG 4 is a flowhart

for explaining an optinumword train search processing that.a opti rrum"word,

train search section 22 of FIG 2 carries out. . FIG 5 iﬂ‘ﬂl’)’!ﬁf@’hgﬁa
Gaussi an distribution in feature paraneter space indicating

t wo- di nensi onal direction. FIG 6 illustrates the outline of Gaussian

di stribution represented by concept notation function. FIG 7 is a block
di agram showi ng an exanple of configurhtion of an enbodiment of a |earning
apparatus according to the present invention. FIG 8 is a flowhart for
expl ai i myatteainiontpyiteal dsanngetbyf tderds e@rardnget) agmmstidtitiag ofheFivdrd 7trafd GS.
9A to 9C are figures for explaining recording nedia according to the

presentinﬂf&é@i‘ﬁtgitﬁe-mgt&& 10 is a bl ock diagram showi ng an exanpl e of
configuration~of a conputer 101 of FIG 9. Best Mde for Carrying Qut the

| nvention FI 1.shows an ex le.of .the.confiqurali of. an enfodi nent of
an” opt i mum  NBRELE S PeaD B EAOR gois ad4red 38 et s cEisP e S 7 BH i on.
In this optimumword train output apparatus, a word train suitably

t epr es Practhepl matterbaing @ovbjerct, omthag matter (hexsimafier refemred éo anfemaikdd
(word set) constituting the word train indicating the matter. Nanely, a
Sensor nafedr asrbcbasiis)naﬂ@jﬂﬁ'@ﬁahﬂ%ﬁﬁﬂ&puﬁﬂhic@Hilst&l 18508 Fo a Pprd-préceMRin sdvtivgt | cal
matter being as object, fromthat matter (hereinafter referred to as

remar ked I the embodiment of FIG. 1, the sensor section 1 is composed of video camera as

~device for converting light into an electric signal, microphone as a device for
converting sound into an électric signal, touch sensor, temperature sensor and
acceleration sensor, etc. Accordingly, in the sensor section 1, the color, sﬁape, size,
position, direction and speed (velocity), etc. of the remarked matter are sensed.
In the pre-processing section 2, the output from the sensor section 1. is
processed and feature parameter (feature vector) is extracted from that output.
Namely, in the pre-processing section 2, by the sensor section 1, feature parameters
for the information obtained by observing the remarked matier are determined
(Accordingly, parameters indicating features of remarked matter such as color, sh‘ape,
size, position direction and speed (velocity), etc. of the remarked mattér). Such feature
parameters are delivered to a word set output section 3.
The word set output section 3 is composed of N number of discriminators 11,
* to 11, and a selector 12, and serves to oﬁtput set of words constituting the word train
which represents the remarked matter observed by the sensor section 1.

Namely, the discriminator 11y discriminates its remarked matter, on the basis



matter as occasion may demand) to output the sensed result to a
.pre-processing section 2. In the enbodinent of FIG 1, the sensor section
1 is conposed of video canera as device for converting | i4Marghd@5an

el ectric signal, mcrophone as a device for converting sound into an

el ectric signal, touch sensor, tenperature sensor and acceleration sensor,
etc. Accordingly, in the sensor sectif 1, the col or, shape, size,
position, direction and speed (vel oci %), etc. of the remarked matter are
sensed. In the pre-processing section 2, th ut put gron1 he sensor. section
1o o g egdwis BHATTCLSE QA5 HABY e (mATKes A1k, Gy PALSTBZECABREIP 1 om
that output. Nanmely, in the pre-processing section 2, by the sensor

sect i oatcl, tof eatput dtspdisgnptiaationfwsulthSpieniftrablyt ithe discriminatdsyl hpstoresng
the remarked matter are determ ned (Accordingly, paraneters indicating

f eat ur g cPim iR RHCIBh ST for diOtGfninANEP thatteF tASE a REfhin Qbrdi#FNCtion
and speed (velocity), etc. 'of the remarked nmatter). Such feature paraneters

are delivere ; .sef. . ' ion 3.
e coneetiny RALE rdisfihPhiiGEFbpERuts, BYGeiE e fearbid Pitariel

and serves to output set of words congtit ting the wor_d'trrai n whi ch ,

r epr esHRIE the Prerassasingracelden obsEurther, hetHecminalor skl PyIPULS, fathey
the discrimnator 11,, discrimnates its remarked matter, on the basis 14
Mar ch 0680t 12, odl culatiohassuit of discaineinationdfuactien £ (lereinadtaranfekediioas t er,
by pattern recognition, etc. to output its discrimnation result.

Speci fhigRbion valieasb&@kidh Iﬁﬂy@'éni'ajfﬂg,skﬁf f£6tatidn$ed seundticeation 6 word AN -
z;;_\(#rfpd'el_)‘ for discrimnating natter that a certain word #N represents to

cal cul i ' | mgnat:i f UNGL ) f N:Dy.: usi ure p r
el o) Bifek, Joaiet MURCHRARRGH S el NibthifAhed M BRLTE, PRRATERET
(e o diabiina o foistan o the disctioh (Gsiif of B Mater Tkt e e Wl

-

represents.

When the selector 12 receives the discrimination results from the respective
discriminatbrs 11,, to 11, it selects, e.g., discrimination result in which function
values of the discrimination functions f; to fy are a predetermined value from those

~ discriminationresults. Namely, here, the larger the function value of the discrimination

function fiy becomes, the higher the certainty that remarked matter is represented by

- .
: ): ]

word #N be_comes_. Thus, the selector 12 selects the discrimination result or results in
which function value-_is a predetermined value or more as the discrimination result
suitable for representing the remarked matter.

Here, it is considered that in the case where remarked matter is, e.g., a large red
sphere, the function values of discrimination functions for discriminating words which

respectively represent three matters “large”, “red” and “sphere” among the



function value as occasion may demand).,, text notation and sound notation of
word #N indicating matter discrinminated by the discrinination function fN,
*and.the discrinmnation function fN as the discrimnation?4¥aggh2096 a

matter that the word #N represents. Wen the selector 12 receives the
discrimnation results fromthe respective discrimnators 111, to 11N, it
selects, e.qg., discrimnation result in which function values of the

di scrimnation functions f, to fN areld predeterm ned value fromthose
discrimnation results. Nanely, here, the larger the function value of the

discri Hisf‘,ﬁ?nhmnohtmﬁbu@ﬁs f N, d,g aresll prbgetbihesd vilees @rtrabrd YAdduatinglypr ked

matter 1s represente by “wor d” #N becomes. Thus, the selector 12 selects

LP g dglt ﬁf {]ﬂ is 85&(7 aq? Qléé gélg!:ttor 2 éﬁ?lg ltﬁ%ﬁl dﬂiscrm'n?a{hcgry ?%dl&rhféaée‘l'&:tb Qn thls

nore-a scrlmnatlon result sul
representing the remarked matt ' |s consi dered t t he, case
wher e ebedimgnivdt sassymed ghaf p “T&]Ee Onsrﬁﬁ %aret?ﬁée?ﬁaﬁYFEW i}?ﬂi‘fes of
di scrimnation functions for di scri mi natl ng words which respectively

- repr esghrtsdléetee 1@antthisswayar ge”, "red" and "sphere" anong the 14 March 2005
13 discrimnation functions fl to fN are all predeterm ned val ues or nore.

Accor di ngl yWhéfﬁ‘ tﬁ@ééle%ﬁﬁ %El&%gﬁﬁlﬁ%ﬁmﬁﬁlmﬁﬁﬁ edulisceotgandhgail on

results are selecte diment, it is assunmed that plura

di | | hi
e RO e BeS BT A s sl B R ophi e 11
corresponding to respectlve wor ds whi ch represené the r markcil ter as
descr isséertad @leralidisgripinadionnesulis é fBPRYIMYE WL (tﬁ% ’é’é‘tﬁ

optimumword train output section 4. Here, at the discrimnator 11N,
di scri m nat Here,f unctheondishrinsindtdror1ly, discrimination function fiy used for

' discrimiﬁating the matter that word #N represents is obtained by carrying out Jearning
by using the feature parameters obtained by observing an individual practical matter
. that word #N represents. Accordingly, feature parameters consisting of the individual
practical matters that the word #N representé. are expressed representatively.

On the other hand, when the function which represents a matter is assumed to
be a concept notation .function, the d-iscrimination function f reprcsentatively
expresses the feature parameters obtained from practical respective matters that the

“word #N represents as described above. Accordingly, the. discrimination function f
can be grasped as a sort of the éoncept notation function. It is to be noted that the
discrimination function fy can be only grasped also as concept notation function.
Accordingly, functions except for discrimination function fyy may be used as the
concept notation function. .

Moreover, in the following description, a word w'is assumed to be used by

ts to an* J



“discrimnating the matter that word #N represents is obtained by carrying
.out learning by using the feature paraneters obtained by observing an
i ndi vidual practical matter that word #N represents. Accdf dangyt ¥00% eature
paranmeters consisting of the individual practical matters that the word #N
represents are expressed representatively. On the other hand, when the
“function which represents a matter is_assuned to be a concept notation
function, the discrimnation functi on 1N representatively expresses the
feature parameters obtajned from practical respective nmatters that the
wor d #@ﬁaﬁm@mdgsqsb%b@ﬂ%woaw dag@@dai ngl y, the. discrimination
function fN can be grasped as a sort of the concept -notation function. It
is to be notwd=(haP,(he discrimifajion function fN can be only grasped
al so as concept notation function. Accordingly, functions except for

di scrifj il dRsd gqlg,mmaie%s%ﬂﬁ@&eﬁgu%?gp%eﬁﬁﬁg maa@eméwﬂ@h%og-y :

Moreover, 1n the oW ng descri ption, W is assuned to be use

14 Margh. 2005 14 def.inition as describ [ n = (L
P P ingigaed s pdFaidh 50F GrRGsEnane; ward dfe Sy, GPRAS foufiE dha &
representing word (text notation), P indicates a notation for representing
wor d bipdieatas amatatien Aex eapresontingmatier thaf wardindicaiss 4eonsept Hotation).
representing matter that word indicates (concept notation). As the sound
not ati on P, Astthe goaad notaticre R, there alaathd used aprsbabslihmasieHstuch asidad

‘Mar kov Mbdel ), etc. obtained by carrying out. |learning by using. the sound

pat t erdyides MVagRdw Médéi@,ua@. Mmﬁﬁcwcﬁrmggoﬂts;eﬂmﬁgtvyceﬂngfme_s@aﬁ@pl e.

1 addition; as the contept notation C, t may be Uséd the

d scr iprgtpear}:li \%ﬂiéhu rtlgzgtiu(r)@s fsc':u\lun vio(fge iwshetlpg %9RF §9 &)rgﬂbﬁﬁéeod] fo'fn&eﬁﬂﬁl'e. In

addition, as the concept notation C, there may be used the discrimination function fy

which is the concept notation function.

Tt is to be noted that, with respect to learning method for génerating thé
probability model using as the sound notation P, the detail thereof is described in, e.g.,
Keinosuke Fukunaga, “Statistical Pattern Recognition”, Academic Prgss, 1990;

- Lawence Rabiner, Biing-Hwang Juang (translated by Ken Furui); and “Foundation of
Sound Recognition (1st and 2nd volumes)”, NTT Advance Technology Kabushiki
Kaisha, 1995, etc.

The selector 12 supplies each of the plural discriminaﬁon results with respect
to the remarked matter to the optimum word train output section 4 as set in the form
of word defined by the formula (1).

Namely, when it is now assumed that plural words which suitably represent the

remarked matter are expressed as w,, w,, -, the selector 12 supplies the set of these



It i*s to be noted that, with respect to |earning nethod for generating the
probability nodel using as the sound notation P, the detail thereof is
‘described in, e.g., Keinosuke Fukunaga, "Statistical PatféMarce2efmition",
Academ ¢ Press, 1990; . Lawence Rabiner, Biing-Hwang Juang (transl ated by
Ken Furui); and "Foundation of Sound Recognition (1st and 2nd vol unes)",
NTT Advance Technol ogy Kabushi ki Kai sha, 1995, etc. The selector 12
supplies each of the plural discrimndtion results with respect to the
remar ked matter to the opti numword train output section 4 as set in the

form Pfufﬁ?%r@@fwlpﬁg, bytd iR dystimuhewol) tralareitput ydution 4. i s now assumed
- that pfural words whi'ch suitably represent the remarked matter are

expressed g (W dilesl SELASNO! w2 SR &) WNSs 8&fingd ob gk ald HREY

2005 15 pl YoXhe optim/mword train output section 4.
Here, set of plural ds w' w2, - (word set) Wis defined as indicated by
t he ffﬁﬂ‘b%%f‘?réﬁnhlﬂr\@s'(Z). W= {w, w2, ...} ... (2) Mreover, an
arrangenment of plural words wi, w2, .. (word train) s is defined as .

i.ndi cat ed byWthéwfpwhowng fornul &£2Y3). .s =(wl,w2,:..) ... (3) Further,
the set of plural word trains sl, s2, --- (word train set) Sis defined as

0 PN g acepiia el 81 org i 41 e oo
as indicated by the following formula (3).
5 <[ wi, W, -] -(3)
Further, the set of plural word trains s,, s,, - (word train set) S is defined as
indicated by the following formula (4).
S = {55} - )

- Tt is.to be noted that the word set W is set of plural words w, , w, ,-- and the
arrangement of these plural words w;, w,, is not meaningful (word set consisting of
the same words is considered to be the same set even if the arrangement of those
words is different). On the other hand, the word train is an arrangement of plural
words w;, w,,~, and an arrangement of those words w,, w,,- is meaningful (even the

“word train consisting of the same words is considered to be different word train if thg
“arrangement of those words is different). |
When the optimum word train output section 4 receives set the word W of -
plural words w,, w,, - which suitably rei)resent the remarked matter from the word set’
output section 3 (selector 12), it constitutes the word train (or sentence) as an

‘arrangement of words which suitably represent the remarked matter (hercinafter



arrangenent of these plural words wl, w2,.-. is not neaningful (word set
.consisting of the same words is considered to be the same set even if the
arrangenent of those words is different). On the other h&h#areth20Gkord
train is an arrangenent of plural words wl, w2,..., and an arrangenent of
those words wl, w2,.-. is nmeaningful (even the word train consisting of
the same words is considered to be different word train if the arrangenent
of those words is different). Wen thelﬁopti mum word train output section 4
receives set the word Wof plural words wl, w2, .. which suitabI%( .

r epr eseeferrerbto amhan Rptimmveerd ralm ahecersion demangs) fem seqsds sonstipigct or
12), it constitutes the word train (or sentence) as an arrangenent of

wor ds i wBrdsét] ahil yutputsdsent the remarked matter (hereinafter 14 March
2005 16 referred to as an optimumword train as occasi on demands) from

of the cont 190y atRgN s RLSPIRTIhELoATHARIcR of the CpfimnsoPuaf GHATE, ©

of the configuration o train outp section G 1.
The word set Wga]?]ﬁn he word set output section 3 (FIG 1) (hereinafter

ref er r SCHOP AT G rhut word set as occasi on demands) is inputted to a word
train generating section 21. The word train generating section 21

gener at es alTheowordesatuVatiom the wordiset watpihaeetion SeflBiG.ed) (berginaligrut
word train as occasion demands) sl, s2 ... constituted by using all of

pl ural reYeresl wlas Wi, inphbevaidngttar oceiséon ddntanda} isumputtgdito i mebrdstrain
occasi on demands) constituting.an input word set Wto output sets of all

R T
M nu @WH&W@WOﬁS%FW(ﬂEaﬂQ regerreé toas 1Bput wosd hafh a3 ELaBin demandsﬁ

S1» S, -~ constituted by using all of plural words w,, w, -- (hereinafter referred to as an

input word as occasion demands) constituting an input word set W to output sets of

all word trains S (hereinafter referred to as an input word train set as occasion
demands) to an optimum word train search section 22. Here, in the case where word

set that the- word set output section 3 outputs consists of M number of words, M! kinds

of word trains are generated at the word train generating section 21 (! indicates a
factorial).

The optimum word train search section 22 searches, by making reference to 2.
registered word train data base 23, the optimum word train from iﬂput word trains s,
s,, - constituting the input word train set S from the word train generating section 21,
and. outpuf the searched optimum word train.

- Namely, the optimum word train search section 22 is composed of a word

analogousness calculating section 31, a word train analogousness calculating section



of word trains are generated at the word train generating section 21 (!
indicates a factorial). The optinumword train search section 22 searches,
*by making reference to a registered word train data basel28targth20@pt i num

“word train frominput. word trains sl, s2, .. constituting the input word
train set S fromthe word train generating section 21, and. output the.
searched optimumword train. Nanmely, the optimumword train search section
22 is conposed of a word anal ogousnesg7cal cul ating section 31, a word train
anal ogousness cal cul ati ng section 14 March 2005 17 32 and a sel ecting

‘secti 0@23;315(1 g{g@;se;ﬁhges%cﬁen oA GHHakPresol ChlE@ARE SVith Qeé;ﬁﬁﬁ@@%%ﬁbéthﬁé tHenput .

word train , ._. constituting the Input word train set the word
train ,anal ogoysness for respective rd.trai [.St b t.he. .

regi st é‘?l%@ V&’Fg IS F1gder & C§3§tétu¥'§g( g‘@tugr"gér(\i/\ggdﬁt gg{ﬁ’) h{éowsbgfjeté?l,n from
the input word trains s" s2, .., the input word train_ in which maxi qum word

train analaggussesssforrespeciiveaverd trainsusgistered intthe regighed pkerdHalnbgdidsness
between word trains is) is obtained, and outputs the selected input word

train pgsé 9 (pntistered word tiaim) 10.seheclirbicthlel imput werdwmdnss\akbggqube asput
cal cul ating section 31 calcul'ates, on the basis of concept notation

functi %rdttpﬁgvlﬁr\ghi%ﬁ%&gﬁng@ﬂe\%npﬁﬁwgﬂalﬁgﬁgsﬁéﬁﬁﬂh@["ﬁf&feﬂté'vﬁRfﬁsﬁl fHe i ?g

t he i nput wo raln-s, a word corresp I'ng to e I nput word w,,

word pgsitioned in the sanme, order asg.the iqoput r e Woiy)...constd t Ukl t he
Feqt st Biaterdhs aneiogohnesR Fentiesbivot atsis iy Sl At niiRS A L 8L C
word train analogousness cal culating section 32. In this case, word wu

means imgnd wochtrain ag thetaptimum yosd €5adh from t he | eading portion of -the )

word train si.
Specifically, the word analogousness calculating section 31 calculates, on the

basis of concept notation function, the word analogousness between each input word
w;; constituting the input .word train s, and a word corresponding to the inﬁut word w;;
(a word positioned in the same order as the input word w;) constitutin‘g"the.r_egist'ered' :
word train, aricf outputs the calculated word analogousness to the word tréin |
analogousness calculating section 32.
In this case, word w; means word located at the j-th position from the leading
portion of the word train s;. o ._ . )
The word train analogousness calculating section 32 calculates, on the basis of “
the word analogousness between each word constituting the input word train s, and
words constituting the registered word train corresponding to that word, the word train
“analogousness between the input word train s; and the registered word train, an'd'
outputs the calculated word train aﬁalogousness to the selecting section 33,

The selecting section 33 selects the input word train in which the word train



The word train anal ogousness cal cul ati ng section 32 cal cul ates, on the
Jbasis -of the word anal ogousness between each word constituting the input
word train s, and words constituting the registered word14Msreh 2005
corresponding to that word, the word trai n anal ogousness between the i nput
word train s; and the registered word train, and outputs the cal cul ated
word train anal ogousness to the sel ectigﬂg section 33. The selecting section
33 selects the input word train in whi the word train 14 March 2005 18
anal ogousness with respect to registered word train is caused to- be Xi mum
of the analpgouswasg withrespest tosregistgrrd woud itrgn i sausagbiogbe maximwn of theng
outputs the selected input word train. The registered word train data base
23 st or gpud wexddraiins s{,69ar yonastitusingoingut naird tradi sef Spand catputh dhsélactelG

3, for exanple. Nanmely, in the word dictionary, as shown in FIG 3A

regi st ey Ahe registered in such a formtext notation, sound
“notati g{ﬁlﬁtw@nﬁgbt notation are caused to correspond thereto as defined

in the formu D... In the wrd train.dictionar .here_are the i.st.ered
word trains #ﬁe&ﬂ‘éléwrﬁrwpé trajn, t&tbé‘rsgag\ﬁgqrﬁ agy%fdcéﬁﬁgaa{yoa% a?ﬂé@%bﬁ} in
a formof arrangenents to give a certain neaning (registered word train).
It is tdiclienany asishown in Fl‘gs3nf§tf exaorls alNamely ciguine wordglistionar yugs §hovwa n
dictionary in which the registered word trains are registered in the

regi st emddGVaAl rtagiit&”red&&cﬁdbaﬁaeg?s&crdﬁaimhyh aiformudenaftign somyd nathtionar e .
registered in the registered word train data base 23, it is possible to

prepar eaﬂaes&@élégﬂ%%twﬁaféﬁlgegxo%drﬁéggbﬁa théR b 89icetiRkadn twerfaﬁnhw'g ered .

iny the word tionary on asi s corresponding rule. The processing

g{;s f: ? ie l}‘ég{ﬂen%ngrw)trr%nt (ri%tlj?)ngy},ptll'lteres %L 'R8 r%gxosfterléldewo%d Wedins 18w HiEh plural

registered words are caused to be arranged in a form of arrangements to give a certain
meaning (registered word train).

It is to be noted that it is not necessarily required to store word train dictionary
in which the registered word trains are regisiered in the registered word train data base
23. Namely, if rules of grammar, etc. are registered in the registered word train data
base 23, it is poséible to prepare registered word frain by arranging the registered
words registered in the word dictionary on the basis of corresponding rule.

The processing of the optimum word train output section 4 of FIG. 2 will now
be described.

When the word train generating section 21 receives the input word set W from
the word set output section 3 (FIG' 1), it generates input word trains s;, s,, -

-constituted of plural input words w,, w,,~ constituting the input word set W, and

outputs the set of the selected word train (input word-t_rain set) S to the optimum word



- When“the word train generating section 21 receives the input word set W
from the word set output section 3 (FIG 1), it generates input word trains
s1, s2, . .constituted of plural input words w, w2, cond#iMarchag0% he

i nput word set W and outputs the set of the selected word train (input-
word train set) Sto the opti mum word 14 March 2005 19 train search section
22. When the optimumword train search section 22 receives the input word
train set Sfromthe word train generbBing section 21, it carries out
optimumword train search processing to search optimumword train from

i nput wWedifl seapdinsecdion23Z . constituting input word train set S while
maki ng reference to the registered word train data base 23 to output the

sear ched Opt WHiR ¢ mcﬂ) h{mﬁ‘iﬂ“wo%‘i‘{% Y sedenl fadiioa gﬂ%e*&\é:éé&%'zﬁiﬁﬁh%&d%aﬁ' G

4, in the op rain searc processin Irst at step S1,

the word an sness calculatln seCJon ects a certain rdtraln
S ae 5Rb 3 Bioa Kb R TAIL LSRN SRR T sRRties o Opahud Wed
processing procedure proceeds to step S2. At the step S2, the word

anal ogsesrds proedssingato sgaxdbc optinmgn weird drainafroet tiapnt N@gidstremdsmzd
train as the remarked registered word train fromthe dictionary of

regi st @oAdtinAfiEh {pat WdtditPaik 88€S wiile ARLiNEt ot GiceIo the régistdpas wordftrain
concept notation function, the word anal ogousness between respective words

const | itld Basd 58 SOMORE o QIFCALELBithyAWoldiEatpr d among the 1 emar ked

e
regi stered wor raintcorresp on e respective words. Narrely, when

cal cul at i on ToATabndsdagk et dRete EPsicrashor fCs, WLk sBlERmar % |
2, these words w1 and w2_ can be expressed by the followi ng formulas from ™+
t he f osearnch grocessing, first of all, at step S{) the word analogousness calculating section
31 selects a certain word train Si as the remarked word train from the input word train |
- set S. The processing procedure proceeds to step S2. At the step S2, the word
analogousness calculating section 31 selects a certain registered word train as the
remarked registered word train from the dictionary of registered word train data base
23, apd calculates, on the basis of concept rnotation fanction,; the word anélogm'zsness
between respective words constituting the remarked word train s; and the word among
the remarked registered word train corresponding to the respective words. | )
. Namely, when words of remarked word train and registered word train caused - )
-to undergo calculation of word analogousness are respectively expressed as w_1 and
- w_2, these words w_1 and w_2 can be expressed by the following formulas from the
formula (1). |
w 1= (_1LP 1,C_1)

w 2=(1_2,P 2C2) - (5)



wl=(L1 P1, C1) w2 =(L2 P2 C2) (5 14 March 2005 20 In the
above formul a, 1 1, PI, C1 respectlvely I ndi cate the text notation,
‘sound notation and concept notion of the word w 1. Sinil d#March2005 P 2, C
.2 respectively indicate text notation, sound notation and concept notation
~of the word w2. As the concept not ation function used as the concept

- notation, e.g., Gaussian probability distribution function can be used.
Now, when Gaussian probability di stridution function in vvhi ch nean vector
is x and a covariance matrix is Eis expressed as N (X, , the concept
not at i dnshe-aboaedoonzlafLt hePf by Gullarespycidesly vadicaip ﬂ&é@éﬂ rb;latlﬁ@, $bwi ng
formula. C 1= N (xi, EI) C2 = N (x2, E2) ... (6) In the above formula, xl

and E, ﬂo@é@@ﬁhh&@oﬁc&jﬁﬂh(ﬁ@dlﬁﬁf eherpardwal LeSanidadychv3y PaRc€ 2mespéotively
feature paraneters obtained fromthe individual pr act ical matters that word

w L. r?@%@%ﬁ’%ﬁ% élg'tfﬂldlfj‘rsoﬁgd;fl%tft% Ehd coRRESt A¥Gli¥n! JTd ‘%@ﬁi # 2nmean val ue

and a re'x o ure pararret rs o tal ne fromth‘e I ndi vi dual

practical m ers that the word w, 2 re ﬁ}? |stto be not dthat in
thi's enbodi Fdhihe gancept votalion fony eﬁqncempgf% e TR

input word is equal to the discrimnation function for discrimnati n t hat
the i npuobatility distiitnttiomifanction e de fisedt Now f whemn Slausgiage probabilidy 11N
of FIG 1 has is thus represented by a Gaussian probability distribution

functi gistribatidn filiRtidain \(ﬂhdﬁ tieafNELGtOE is Qv and ancevarbnéx niatrishic is
prescri be Gaussi an

) - expressed as N (%, X ), the concept notations C_1 and C_2 of the formula (5) can be
- expressed by the following formula.

C 1=N(x, %)

C_2=N(x, %) - (6)

'In the above formula, x, and 2, respectiVely indicates a mean value and a covariance
matrix of feature parameters obtained from the individual practical matters that word
- w_1 represents. Similarly, x, and X, respectively indicates a. mean value and a
covariance matrix of feature parameters obtained from the individual practical matters -
that the word w_2 represents.

It is to be noted that, in this embodiment, as described above, the concept -
notation function of input word is equal to the discrimination function for
‘discriminating that the input word, and the discrimination function fy that
discriminator _11‘N of FIG. 1 has is thus represented by a Gaussian probability
distribution function.

Here, the mean value x, and the covariance matrix X, which prescribe Gaussian



L 14 March 2005 21 probability distribution function N (x" B) as the

di scrinmnation function for discrinnating matter that the word w 1 of.
‘remarked word train represents are determ ned by carryingléMartle2®efi ng by
using feature paraneters obtained fromthe individual practical-mtters
that the word w1 represents. In addition, the nean value x2 and the
covariance matrix E2 which prescribe the Gaussian probability distribution
function N (x2, B2) as concept notati @ function with respect to the matter
that the word w 2 of registered word train represents are al so determ ned
by car gi‘étﬁ%iﬁw disieutiond fhycticn My ()@f'gltB{)? apartRlissdmihitdom efidotion foe

I ndi vi dual prdctical matters that the word w 2 represents. In the case
wher e i ro L | Stri |, 0 ' i S, e n t
ot at | ONCT R RRNe dk thEHORE °F o8 Ribbihd SdfErHal? rtpRschBISRP |
and w2 can ,be _calculated by, .e.qg., the followi ng fornula (7) by.usi

Bhat t aéﬁ@fWﬁe@ii%yt %xaéngfoqfﬁsa@uagsbhﬁsmgsfqa Wt %ﬂgl%mr@é'aé&dy f}f@n&ﬁ?ﬁept
notation functions. In the above fornula, In(x) represents natural

| ogar i imdividfuak pradtica] miatteas tet ¢he mtardiw of repres@itat ndditippathi mican valug
Gaussi an distribution, the nmean vector is also taken into consideration in

gener ak. ah P tRESvARIAT0R Matrdt BSWhigh :;Jﬁé‘édrﬂib the PaisSiandprdvhbaigntistritaitisen
rel ati v shapes of Gaussi an dfstribdations with a 14 rch 2005 22 respect

to twor ol N ! BS) S83BntBHl Sofalion RIRAOR QRN 2sfEY IoPthe tatteP thilomd! at €
- word w_2 of registered word train represents are also determined by carrying out
learning by using feature parameters obtained from the individual practical matters
that the word w_2 represents.
In the case where Gaussian probability distribution function is used as the
c’oncépt notation function, word analogousness R, (w_1, w_2) between two words.
w_1 and w_2 can be calculated by, e.g., the following formula (7) by using
Bhattacharyya distance of the Gaussian distributions as respective concept notation

. functions. .

Ti4 3 N |

1 2
R(w_1,w_2)=—1"
T B

In the above formula, In(x) represents natural logarithm of x.
Here, in a calculation of the Bhattacharyya distance of Gaussian distribution,
the mean vector is also taken into consideration in general. In this example, since

attention is paid to difference between relative shapes of Gaussian distributions with



wher e reI ative positions of two Gaussian distributions are di sregar ded,
i.e., in the case where conparison is made in the state where only

paral | el displacenent of two Gaussian distributions is pé#Maree2005
(Accordingly, rotation, contraction and expansion are excluded), whether
or not shapes of the two Gaussian distributions resenble), the fornula (7)
Is formula using only the covari ance trix. Nanely, in accordance with the
formula (7), the word anal ogousness R*(w 1, N K 2) between two words w -1
and w2 is determ ned_in dependency upon whether or . not the relative shapes
of t heTdspest taiwg Words (i iescase Wastethe sampstsensis S HPd «tt inghhentticer s
that each of words w1 and w2 respectively represent resenble each It is
to be wdiege relative positicaisud tofo Gimessian disaribliignsisreatisragarded, 1,e. yin2he case
determined by the fornula (7) becones larger according as the relative
shapes Eﬁﬂs&h 13 rm@&@ iRNhe Wthie (GRPE i Cpatrh!nelr afsgmerﬁ@n%f qgron 1

and w resenb he anal ogousness i n point of ning of words w1

and w 2, becone tive
vor ds GESERBLs RS méw%i%ﬁﬁ%&#‘&%wQﬁtaq&méﬁﬁ?réfﬁﬁhé‘ﬁ?%?@@%%
registered word train corresponding. to that word is calcul ated., Then, the
pr ocesaierRrgiuded vrhethperetshepes obthedavo Paussip disteibations geseanble), the
cal cul ating section 31 judges whether or not calculation of word

anal ogforendaq7ais foremdbapifPonly theredvadianet mdbirixe al | regi stered word
trains being as remarked registered word train. In the case where |t S

j udged at t Ranwd19 Flrﬁ%édi‘éénéélﬁltﬁ‘lhé%ﬁﬁul?ﬂo@ #e wéRl Aib 85 bhess

¢ ?al ogousness at “t he step S2 1s not carr out wth al[“regi stere 'Word
1

o e B 85 SRS S AR AR e P ARG Slibucr o .
with re éitered vvordtraln \;\@lch I S _not,_vyet caLI)sedto be remark%
regi sti evistative shapasafihe ddavssipn disdribafions of feature parameters obtained

from matters that each of words w_1 and w_2 respectively represent resemble each

+

other or not.
It is to be noted that the value of the word analogousness R, (w_1, w_2)
. determined by the formula (7) becomes larger according as the relative shapes of
Gaussian djstributions. with respect to the respective words w_1 and w_2 resemble,
i.e., the analogousness in point of meaning of words w_1 and w_2 becomes higher.
At step S2, word analogousness between respective words constituting the:
remarked word train and a word of the remarked registered word train corresponding
to that word is calculated. Then, the processing procedure proceeds to step S3. The
word analogousness calculating section 31 judges whether or not calculation of word
analogousness at the step S2 is carried out while all regis_tered word trains being as

remarked registered word train. In the case where it is judged at the siep S3 that the



regrstered word train. Moreover, in the case where it is judged at the step .

S3 that the calculation of word anal ogousness at the step S2 is carried

‘out with all registered word trains being as the renmarked4Magcls2@d®d word

train, the processing procedure proceeds to step S4, at which it is judged
whet her or not there is the input word train which is not yet caused to be
remarked word train of input word train set. In the case where it is judged
at the step S4 that there is input worgs train which is not yet caused to be
the remarked word train of the input word train set, the processing

d . r:af- . . o . X 10
proce %gcdslg{%g{é;bj %@%@gg@@%@t}%aﬁ helst ﬁz fshit REASES SUNGifd all hegitered

and step word. train which is not yet

caused to pe the remarked word, train.bei as n r r word. trakn
on-t he WiRibira b el A the tequirkifldpgistetedon B Sl el R SR deid e .,
is no input word train which is not yet caused to be the remarked word

trai n atturheto thastepS2dThemiasimdlar proeessingisippeatad svithesgistered word tidp, j ed
out the calculation of word anal ogousness between all input word trains
const i tydhichds ndp et BRisedt th&idheﬁi@irk%ﬂde%iswfedswoah&hin beingas newaeniatked

regi stered word frains registered in the registered word train data base

23, th | cedure proceeds to step S5. In the word train 14
Sopstand ol ol

Mar ch ogousness cal cul ating section 32, there is the
Const i tuti ndMPREYGTpth HicrBePars L dt NtEd Aeiestpace, el egheition of, o
trains. Nanely, the word anal ogousness determ ned in the anal ogousness
cal cul atdrdgnadegousnessat the slep Slds edrnied one with all registered sy ggdsainsdeing
calculating section 32. In the word train anal ogousness cal cul ating
sect i 0fs e réhaflifl Rofle®d whiPiRin the iProcedingypascdure proceeds to step 54,
- at which it is judged whether or not there is the input word train which is not yet
caused to be remarked word train of input word train set. In the case where it is judged
at the step S4 that there is input word train which is not yet caused to be the remarked
~ word train of the input word train set, the processing procedure returns to the step S1
to repeat the processing at the step S2 and steps subsequent thereto with the input
word train which is not yet caused to be the remarked word train being as a hew
-semarked word train.

On the other hand, in the case where it is judged at the step S4 that there isno
input word train which is not yet caused to be the remarked word train of the input
word train set, i.e., in the case wherc there is carried out the calculation of word

. analogousness between é]l input word trains constituting input word train set and
‘words constituting respective registered word trains registered in the r‘egistéréd word

train data base 23, the processing procedure proceeds to step S5. In the word train |

i
5

5;“.,_,,/"



R

word train anal ogousness between respective word trains constituting the
Jnput word train set and respective registered word train by using word
“anal ogousness fromthe word anal ogousness cal cul ati ng sed#iMarci3200Nanel vy,
a certain input word train constituting the input word train set is
assuned to be s, and a certain registered word train is assuned to be s2.
Further, when the nunbers of words constituting word trains s, and s2 are
respectively expressed as L{s,) and L2(432), the word train anal ogousness R
(s" s2) between two word trains si and s2 is calculated, at the word train
anal oganalegousnessanl enlptigg sectionA23there is the catcydated wand tiaingnglogaqusaess
followng formula (8). In the case of L(s) = L(s2), R(31,S2) n. (Wi, W,) 1=
I n t hebeoen ftfs%)bé@véwbrdrfraﬂis,corBtihstY'ﬁ%ilﬁ'Dinput woB)l tiain sbeambthesrekpectiva, a
word wig neans the j-th word fromthe Teading portion of the 14 rch 2005

25 wor g, f:Lal ; cri bed above. Accordingly, in the case where the
i nput gcgl%l%ﬁ%%org%rgﬁ the registered word train s2 are constituted by

t he sanme nupper of words, t word train anal ogousness R (s" s t ween
the to.i o Davael Aliwesd anglogtisbers @Bt i s aledymess cdleubSing on
respective words constituting input word train s, and words constituting
the reagitiomed bds delivereddprihe vendrtraigpanalpgousnsss gelculating sectiomddi Inthe i n
the case where the input word train s, and the registered word train s2
are cowskd tmhﬁﬁh:ﬂbgdhéri@& enalculatiiese ction®2, ds thesstep SEotibransd hewatkndaedr

(s" s2) is caused to be zero. ,
- word train analogousness between respective word trains constituting the input word
train set alid Tespective registered word train by using word analogousness from the
word analogousness calculating section 31.
Namely, a certain input word train constituting the.input word train set is
. assumed to be s, and a certain registered word train is assumed to be s,. Further, when
the numbers of words constituting word trains s, and s, are respectively expressed as
L(s,) and L(s,), the word train analogousness R (s, s,) between two word trains s, and .
s, is calculated, at the word train analogousness calculating section 32, in-accordance

with, e.g., the following formula (8).

.In the case of L(s,) = L(s,),

L(a) .
Rel(51,52) Y Rw(Wu,W2r}

i=y

In the case of L(s;) # L(s,),

R, (s,8,)=0 - (8)

In the abov_e formula, a word w; means the j-th word from the leading portion of the



It is to be noted that the value of the word train anal ogousness R (s1,
s2) between the word trains s, and s2 determ ned by the formula (8) .
beconmes |larger according as the anal ogousness in point ofl4Msaeh 2¢0%et ween
the word trains s, ands2 is higher simlarly to the word anal ogousness R

~ (w1, w2) determined by the formula (7). Wien the word train anal ogousness

cal cul ating section 32 calculates the word train anal ogousness between
respective word trains constituting thesinput word train set and the
respective registered word trains at step S5, it delivers its word train
anal og £ Q §§#§ t section 33. In the selecting section 33, at
step Sggé?ﬁzﬁﬁg§1%ﬂﬁ$va'u§zg fﬁrd train anal ogousness fromthe word train
anal ogousness; cal cul ati.ng section 32 .is. determ.ned. Thus, the comjinatjon
of the i nput ARSPEIREL. i ThE GRcoN DeFoUrarPHE BRI SaPRA the rgigireAaserd o
obtained and the registered word train is selected. Further, the 14 March
2005 2draimces songtited by the spneoruober of worgs, Hie wadditten aaklogbusgessadR] i on
33 outputs, as the optimumword train, input word train selected at the
step S(s,,THybetiwien Ihé itWensV@starhiidas 8 ShnPIRSESE tHY w&dcm'ogbﬁgness _
Nanel y, {hé I nput word train set and the set of registered word trains

base: 2 areR et eI brar Ot Bhf A0y bl SR WEES RGBS *

For mut deeBueredsHBid s Siuepondhit el words fn addition inthbcaserbers thes
.- respectively indicate registered word trains. In this case, at the
sel ect iingutword tnraiss, anshifierregistered wonl tnaiks,iaratohstitutediey différeatinumber .
of words, such word analogousness R, (s,, s,) is caused to be zero. ”
It is to be noted that the value of the word train analogousness RS (51, S,)
- between the word trains s, and s, determined by the formula (8) becomes larger
according as the analogousness in point of meaning between the word trains s, and's,
is higher similarly to the word analogousness R, (w_1, w_2) determined by the
formula (7). o
When the word train analogousness calculating section 32 calculates the word .
train analogousness between respective word trains constituting the input word train'
set and the respective registered word trains at step S5, it delivers its word train
analogousness to the selecting section 33,
In the selecting section 33, at step S6, the maximum value of word train
analogousness from the word train analogousness calculating section 32 is determined. |

Thus, the combination of the input word train in which the maximum word train

analogousness is obtained and the registered word train is selected. Further, the

‘)



frominput word train set S in accordance with the followng formula (10).
S.., r..=argmax {max {n.{s,, sh,}{ fie +Jd --. (10) In the above fornula,
max {x} indicates nmaxinmum value of x, and argmax {x} i ndilé&lareh 280@ar gunent
whi ch provides the maxi mrum val ue of X As described above, a word is :
inputted to the optimumword train output section 4 along with the concept
notati on function which represents a rrz ter that the word indicates, and
t he word anal ogousness between its inpfit word and the regi stered word
registered in the registered word trgin dat a bflse‘ 23 is calculated on_the
basi s dPTOCRESING RhEEHHUTADIABIESH to BiR Pngd:theseleshingieelinnrtd ewipufs. astthat
section 4. Accordingly, 14 March 2005 27 even if the sane registered word
as i npubptimud) iword dtain dgpst woed tiam sdlectedgit shestep Sfofthust thei optitatm ased 23,
wor d anal ogousness between input word and regi stered word can be

cal cul q}%,se@pgip%&sgfn?i@ (%ml},l@gﬂgsness bet ween i nput word train and
an

registered wordtrain e ‘also calculated. As a result, even if large
scale dicti ' royi cal culatign of anal ggousness het.ween
ords can bepmel e e doRitd Bt STaRd Bt s e PR AT R ot oo
granmatj cal ,rule, etc. ,is not provided,. it is possible to convert set of

wor ds. iittBe wapet werd fraph setat the waistsind word tinsn datigbasedirarg assumed to
consi dered that Gaussian distributions as concept notation functions of
wor ds ‘hepsspectivelpd andS;, ddfespeetide Sets gint assuanegd to be exipeedsedtasifellows.
par anmet er space indicating two-di nensional directions are such that '
accordi ng as§ :p{)§1i,tsi2,QnF are shifted in. the directions of upside, bottom
eft and right,” occirrence probabilities respectively becone high as shown

T FIG 5 It I{issl,’%éa.qyl e, in F'I._%SS,
In the above formula, s,, s,, - respectively indicate input word trains, and s,”, s,” -
-respectively indicate registered word trains.
In this case, at the selecting section 33, optimum word train s, is determined

from input word train set S in accordance with the following formula (10).

sies s

Suiatte = QFGIMAX {m ax {R:(s:, s ;}} -(10)

In the above formula, max {x} indicates maximum value of x, and argmax {x}
indicates an argument which provides the maximum value of X.
As described above, a word is inputted to the optimum word train output section |
4 aiong with the concept notation function Which represents a matter that the word
- Indicates, and the word analogousness between its input word and the registered word
registered in the registered word train data base 23 is calculated on the basis of the

concept notation function at the optimum word train output section 4. Accordingly,



direttion perpendicular to the drawi ng indi cates height of probability, and
notation is enployed such that portions where probabilities are the safe
‘are connected by lines. It is now assuned that, in the red#ddarele@0@ord
train data base 23, "left" and "upside" are registered as registered word
and "left and upside"” is registered as registered word train, and it is
further assuned that sets of words "bottoni and "right" which are not
regi stered in the registered word trai27data base 23 are inputted to word
train generating section 21 (FIG 2) as word set. In this case, at the word
“train gepg FithdSasRGtpRrerdd wordaistippuandrd ighot regislered inght registebed tankl ar e
generated as input word train. Such word trains are delivered 14 March 2005
28 to t I r.ai Welgh t g Mg in
cear ch WAl PR OISE 2L ol G REES: BEeaRinph wdtd A ARIUENT WRE cart T
Is cal cul ated the word anal pgousness bet n respective, words .constituting
nput v eRlcklteds 2] WoRd Gl AREREoUSRRSS RTTSCR RRYS WAFd g Peaifsgléﬁ%f& rd
train "left and upside" corresponding to those words, and there is
cal cul averid trainl canab® giscs cadsulaved WAsre resufte evendaf Wnggsscabm digtionaryigsimggut
word train "right and bottonm and words constituting registered word train
left ?gﬂviﬂbﬁi, dalculeAbh STRAAIBIWIshess BefPediPtbids Danbleymadk twith §8§i8edt tH0

;

I nput d train "bottomand right", there are calculated word

anal og t ' e " ness
oot weon iy yrords, NEHheth i 1T elBhinatichl huleFE, KA prdpRlaBRness
word "right and bottont %herg are cal cul at egggﬁrd anal ogousness bet ween
“word  Possie to graveR et of wards it Werd Ir3Hn Yok Preudes sERRI RERRI ot t ot b
and word "upside". _ ' : ]
Namely, it is considered that Gaussian distributions as concept notation

-~

functions of words “upside”, “bottom”, “left” and “right”, e.g., in the feature
parameter space indicating two-dimensional directions are such that according as
positions are shifted in the directions of upside, bottom, left and right, occurrence
probabilities respectively become high as shown in FIG. 5. In this é’xample,-in FIG.5,
-direction perpendicular to the drawing indicates height of probability, and notation is
employed such that portions where probabilities are the same are connected by lines.
It is now assumed that, in the registered word train data base 23, “left” and . )
.. “upside” are registered as registered word and “left and upsidc” is registered as
_régis_te'red word train, and it is further assumed that sets of Wofds “bottom” and “righf”
which are not registered in the registéred word train data base 23 are inputted to word
~ train generating section 21 (FIG. 2) a§ word sef.
In this case, at the word train generating section 21, “bottom and right” and

“right and bottom” are génerated as input word train. Such word trains are delivered



Further, at the word train anal ogousness cal cul ati ng section 32, sum of
.word anal ogousness between word "bottont' and word "left" and word

anal ogousness of word "right" and word "upside" is cal cultéMsacag0Gfor d
trai n anal ogousness between input word train "bottomand right" and
registered word train "left and upside", and sum of word anal ogousness
bet ween word "right" and word "left" d word anal ogousness between word
"bottom' and word "upside" is calculat as word train anal ogousness

bet ween input word train "right and _bottont and registered word train 14
Mar ch 0dBe pptimem ward trajss seprch seetipn £2om Gaussi an di stributions as
concept notation functions of words "upside", "bottoni, "left" and "right"
shown in Fl Gn the sphienmni ovordsipeint searchhsgetivon 22¢ assthehwond i anafdgoushesss
apparent fromFI G 6, shapes of Gaussian distributions of words "upside"

d"b » , ' st i hut f
nords PRITRE SRS 3RO lculAl HRAPERI aIGBURSAAR befliel 1UpREATE OF

di stributipns of .words. "upside, ,and ;right" or, "left" do not, resenbl g each
other Haniio Rapuit Bl SR hefiina8f vishhh andoritaie ' SRR nE:
or "left" do not resenble each other. . Accordingly, the word anal ogousness

bet weefegistaredrwgnd 'traind‘lerand upside” gamrespording @ Hhaseoyordy sl theraden
word "bottont and word "upside" are both |arge values, but the word

anal ogeahndsisdvesnkanl ogoibnebobdtardenaeshenivg worIstconstithtidpeinpadotedrd train
anal ogousness between word "right" and word "upside" are both small val ues.

As a reﬁgﬁg and 6ot gn@@WQQ%&ﬂﬂﬂﬁﬁg?@%%&%éﬁ}&ﬂP“ ffyfgislle Jiéﬁﬁgﬁi’ oh

":Di ght otto the registere train t an
i's a sum of th&; vvorc{ anal ogousness between the word "right" and the word
g tho

"1 ef t " CHHEPHRT SC WOrds.

Namely, with respect to input word train “bottom and right”, there are
- calculated word analogousness between word “bottom” and word “left” .and Word
analogoushéss between word “right” and word “upside”. Moreover; with respect to
in}:;ut word “right and bottom”, there are calculated word analogousness betWeen word
“right” and word “left” and word analogousness between word “bottom” and word
“upside”.
| Further, at the word train analogousness calculating section 32, sum of word
analogousness between word “bottom” and word “left” and word analogoﬁsne,ss of .
word “right” and word “upside” is calculated as word train analogousness between
input word train “bottom and right” and registered word train “left and upside”, aﬁd
sum of word analogousness between word “right” and word “left” and word
analogousness between word “bottom” and word “upside” is calculated as word train

‘analogousness between input word train “right and bottom” and registered word train -



anal-ogousness between word "bottom and word "upside" becones | arge val ue,
and word train anal ogousness between the input word train "bottomand -
‘right" and the registered word train "left and upside"” whiddarcs2@0sum of

t he word anal ogousness between the word."bottont and the word "left"” and

t he word anal ogousness between the word "right" and the word "upside"
becones small value. 14 March 2005 30 Accordingly, at the selecting
section 33, the conbination of the inpg word train "right and bottom' and
the registered word train "left and upside" which has a large word

anal og@qgﬁmﬁ i§el ected. Thus, the input word train "right and bottont is
outputted as anm optimumword train. Nanely, as the input word train,

"bottom and . ri " d "right d.bottont are,obt.aj.ned. |n. thi .
more out ¢ abiNowei e BessignrsrABRER o8 Sl FEHGE i, & 505
outputted as the.opti mumword train. Mreover, it is now assuned that,
e.g., i“upside’ Ehpony’edlafitt and rHight’dshewnds &ILB 5, schearatigrigspesibesshagres
regi stered as the registered word, and "red shoes" is registered as a

regi st ak€dsWhbti indF1G. EVvaSapparche fioas FIGh 6! shapds of Gahssiaardistiibutions ofhi ch
is not registered in the registered word train data base 23 and the word

" Shoes bl SLALAR-T fing Mot SRS TELAGLIOLICH T Blkdaid NpBes3 of SChllRinhed

I'n generating section as a word set, the word train

"white shoes".is tputted.as the optimumwqard train iR .a manner simlar

o't he danopetionsat wBi: Set™ snd Tkl Bpmilovechiptier, HPuEVer Shangl ot

wor ds which are not registered in the registered word train data base 23,

t he woGhussidmdistribitienscafwiseds dupsidet and Frightiar, “lefii’ de netsiesemble eagh
i nput word train including such input words, the word train anal ogousness =~

can beother afid shapai etlGadesan distdbutiony efiwiotdd ‘Waeoat ahd “dight ondleft’t do not
provi ded, the cal'cul ati on of anal ogousness between words can be nade with

reSpec ot resemble each other.
AcCordingiy, the word analogousness between word “right” and word “left” and
. the word analogousness between word “bottom” and word “upside” are both large
values, but the word analogousness between word “bottom™ and word “left” and the
word analogousness between word “right” and word “upside” are both small values.
As a result, the word train analogousness between the input word train “right -
and bottom” and the registered word train “left and upside” which is a sum of the word )
- analogousness between the word “right” and the word “left” and the word
analogousness betﬁeen word “bottom” and word “upside” becomes large value, and
word frain analogousness between the input word train “bottom and right” and the
registered word train “left and upside” which is a sum of the word analogousness
- between the word “bottom” and the word “left” and the word analogousness between

the word “right” and the word “upside” becomes small value.



to many words. Further, even if a conplicated grammatical rule and/or a
word train consisting of the same word as the input word train are not
registered as the registered word train, it is possible tiéMudv2ddsthe set
of words into the word train which provides a | 14 March 2005 31 suitable
meani ng (optimumword train). FIG 7 shows an exanple of the configuration
of an enbodi nent of a | earning appargﬁ{gs whi ch carries out | earning
processing for preparing a word dicti ry and a word train dictionary
caused to be stored into the registered word train data base 23 of FI.G 2.
A sensor secAp@wdmgleatdb%@lieptmgae@lm Barthg combinatign pEthe wput piond train
FIG 2, and is adapted to sense stinulus given frompractical nmatter to be
1 ear né‘(ihgﬁtemeli bettdrar andethenegibtéredasorl trairt ‘deft andbapbidal veltichshasechszon
demands) to output the sensed result to a pre-processing section 42. The

pre- pf%ﬁ?ﬂglog%ﬁgﬁ igzséléct%”%hkuﬁﬁéj u-zplm LA anrhiR “henPPhed RS89

secti on- serves to process the output fromthe sensor
section extract. feature, paraneter t.hat , out . th

o o pr QuiBulRg S Petimks ot Rl dmet dd e inahs Sl iainh PRt ing,
information obtained as the result of the fact that matter to be |earned
i s obsa&ightd and {'right andobottery’j arg dirtaingdodnghis eatanmerasuiteblenimightsard i on
43. The learning section 43 is supplied with feature paraneters with

r especbotiony’hthersef aean aprangeheart nfdvdrdsnis bhepyitet g thxesptimyns ecirddraifi,
and is supplied with character strings and sounds representing respective

vvo)r ds const iNfHbd Ry iR RV DsduiRb that, e.g., in the registered word train data base 23,

“red” and “s‘hoéé” are registered as the registered word, and “red shoes” is registered
as a registered word train. Even in the case where set of the word “white” which is not
registered in the registered word train data base 23 and tile word “shoes” registered in
the registered word train data base 23 is inputted to the word train generating section
21 as a word set, the wbrd train “white shoes” is outputted as the optimum word train
in a manner similar to the above-described case.
- As described above, with respect to input words which are not registered in the
registered word train data base 23, the word analogousness can be calculated. Further,
-with respect to the input word train including such input words, the word train
analogou;ness_ can be also calculated. Accordingly, even if large scale dictidnary isnot -
provided, the calculation of analogousness between words can be made with respect
to-many words. Further, even if a complicated grammatical rule and/or a word train
consisting of the same word as the input word train are not registered as the registered

word train, it is possible to convert the set of words into the word train which provides
!



representing the matter to be learned froma text input section 44 and a
sound i nput section. 45. Further, the learning section 43 carries out
earning by using feature paranmeters with respect to respédlarcte20®r ds
constituting the word trains which 14 March 2005 32 represent the matter
to be learned to thereby generate the concept notation function which
represents matter indicated by respective words and to respectively
‘generate the text notation and the sadnd notation on the basis of the
character string and the sound delivered fromthe text input section 44

and t he, A ARG ' pare the word dictionary as shown in
SoAGHIEnchy R0 (R iy

FIG 3 r the tekXt notation, the sound notation and

t he concept ion function w respect to respective, Words arg ed
o corr esporkineriRss e o int E3RGEHa L LR ShiosanBl ey BabRHES”.
prepare the word train dictionary as shown in FIG 3B in which word trains
whi ch rappagauntwhich cagries ent learping pracassing fer pegparing agvorthdictionary apg
section 44 is constituted by, e.g.,a keyboard, etc. and is operated when
char actagwosd trafigdictvnaly capseasioric stosqkito vige registerednasrdttidinrtatd base@Bd
train which represents matter to be |learned are inputted. The sound i nput
sthioQiig(jqz-constituted by, e.g., a mcrophone, etc. To the sound i nput
section , a sound in which respective words constituting the word train

whi ch represgnts the nmatter .to be.l ned. ar onounced i.S i d., The
Yearni ng. pr deaeRsorospanAL i Sommtity ot atarht o PhEpeses Suetipnbl 516" 2,
described with reference to the flowhart of FIG 8. Initially, at step

Si |, . i andHsadaptedito sensd stimulns givemiram pyacical matmrtinéaerﬂﬁamcf/ (heseipafter

| earned is sensed. Fromthe text input section 44 and the sound i nput

sect i onrefpred fows & hfutRetebedbained @nstcasiondenenids) eoloutgut thepeated eesudt ds

constituting the word
to a pre-processing section 42.
The pre-processing section 42 is constituted similarly to the pre-processing
: sccticn-Z of FIG. 2, and serves to process the output from the sensor section 41 to
‘extract feature parameters from that output. Namely, the pre-processing section 42
determines feature parameters with respect to information obtained as the result of the
féct‘that matter to be learned is observed by the sensor section 41 to output them to a
learning section 43.

The learning section 43 is supplied with feature parameters with respect to the
matter to be learned from the pre-processing section 42, and is supplied with character
strings and sounds representing respective words constitutihg the word train
representing the matter to be learned ffom a text input section 44 and a sound input

section.45. Fﬁrther, the learning section 43 carries out learning by uSin'g feature

parameters with respect to respective words constituting the word trains which



‘train which represents matter to be | earned are respectively inputted.
Further, a result 14 March 2005 33 of sensing by the sensor section 41 is
del'ivered to the pre-processing section 42, and charact et4 darémz305%nd
sounds fromrespective text input section 44 and sound i nput section 45
are both delivered to the | earning section 43. When the pre-processing
section 42 receives the result of sen§bng by the sensor section 41, it
extracts, at step S 12, the feature paraneter fromthe result of that
sensing to deliver it to the learning section 43. In this exanple;..in the
sensor repieseshtheimatier fube deayned do therabyi gensrater theegancept nptptinn *@&FW@d
represented by the word train caused to undergo learning (e.g., if word
train wrhibk répRsee matdlindichizdby reapectise wonds dxad tesregpectivelpigenetms thaal |
bl ue soccer ball, etc.) as the practical individual nmatters correspond to

di ffer ?&EJ Bthtish Al hOSolFRhOEF on B HOBRT, Wh%)cﬂa§ac%€f‘§t‘?ﬁ1§[ ﬁﬁgie%ound

delivered to the pre-processing section 42. Accordingly,

pre-prqcgssi ng. section 42 he feajure ranet ers are extr e Lt

P eopoc teleieddraEiho S0 inet cyioplhd ARATRE SRR Gl &l Sefioha torephid the
‘learned, and are delivered to the |earning section 43. Accordingly, when
‘at t ent wewdidiciionarytas sbawn indfles. Sdhin suaka mgnner hat the text aatdien, Hasado
~learning, plural feature paraneters obtained fromstimuli. given from

di f f er aptativat Ared thevdonebpt sotatipn €anctionl with tespecttorrdspentiveaxdndaaredawsed he
.pre-processing section 42. The feature paraneters thus obtained are

del i vefedotBspdifd iR, TarGRe ! theNedmindieRiibh o3 Ra156 aaa?@attb%gﬁmrﬁ@ei ves

ithe feature raneters with respect to"the different matters ch are

P el SR PP BE I PSR Salfins SRR AL
Mareh 1'21'1(%.%561' to be learned are registered.

-The text input section 44 is constituted by; e.g.,a keyboard, etc. and is operated-
when character strings which represent respective words constituting the word train
which represents matter to be learned are inputted. The sound input section 45 is
constituted by, e.g., a microphone, etc. To the sound inpuf section 45, a sound in which

. respective words constituﬁng the word train which represents the matter to be learned
are pronounced is inputfed.

The learning processing by -the learning apparatus .of FIG. 7 will now be
described with reference to the flowchart of FIG. 8.

Initially, at step S11, in the sensor section 41, stimulus given from the matter

to be learned is sensed. From the text input section 44 and the sound input section 45,

the character string and sound representing respective words constituting the word

train which represents matter to be learned are respectively inputted. Further, a result



34 -plural feature paraneters obtained with respect to respective words
constituting the word train caused to undergo |learning at step S13 to |
‘determ ne the function representing its distribution, e.¢4Marths2@Hussi an
probability distribution function, etc. as the concept notation function
Wi th respect to respective words. Further, the learning section 43
generates the text notation and the sound notation with respect to
respective words constituting word tr3&in caused to undergo |learning from
character string from the text input section 44 and the sound input

secti O%f%énkﬁlg%)l ¥ SRR6EBECIRS 31 ii9delitemdttodhs peé-prosessing section 42, and
correspond thereto at step S 14 to thereby generate the word dictionary,

and to prepar If ' { CE ' ks .18l HC ASp ent
mat  or g st AP el bRy Roheklty b ELintff ceLliBh 16t ¥hY SduntIRpRECT
the word train which If subj ec eﬂ of ,a current learning. It is to be

not ed. seatien4S arehethdgliyer t(oré'qc §ABUPE UGB APng by using feature
paranmeters, with respect to the respective different matters which are

r epr esent ed Whenabe pee-provessiag section 4@iraceives theatesnlt qfscasmgby the seaser nay
be used nethods described in, e.g., the above-described article

"Stati §gir:]1‘§6h 4Fadt gt cfRe 3 B Sieltgg‘iheaﬂaﬂtd}E%inﬁéthﬁftoﬂﬁ theSpstt dRebagrRinsimn

(first second vol ufre ) . . The above-described series of

pr oces?(iéﬁ%]iggi/ﬂgogﬁégéﬁﬁég%agoﬁéﬁgr dware, and nay be carried out by

sof t wa I'es of processing are carried out by
software, a _programconstituting that, the software.is installed jnto a
computer. dBeBHemIA, FHCssnrATACHONA b S GLE e UBRLTEEenbRafiEs
| earni ng apparatus as a dedicated hardware or a general - purpose conputer,
etc. lfo bereirn2dQpiseiq byshé worditidin mavsdsbtayimdergo learniggeiegctf word| G
9 in connection with a |
train to be learned is blue ball, various blue balls (e.g., blue base ball, blue soccer ball,
etc.) as the practical individual matters correspond to different matters to be learned
mentioned here) is sensed, and is delivered to the pre-processing section 42.
Accordingly, at the pre-processing section 42, the feature parameters are extracted
with respect to respective stimuli given from such different matters to be Iearned, and -
“are delivered to the learning section 43. Accordingly, when attention is paid to one
word constituting word train caused to undergo learning, plural feature parameters
obtained from stimuli given from different matters which is represented by that word
are extracted at the pre-processing section 42. The feature p'aramete:rs thus obtained
are delivered to the learning section 43.
When the learning section 43 receives the feature "p'ara-metcrs with respect tothe

different matters which are represented by words with respect to respective words

constituting the word train caused to undergo learning, it carties out learning by using



recdrdi ng medi um adapted so that corresponding programis recorded, which
s used for installing the program which executes the above-described
series of processing into the conputer so that such progra#hMeach B@%xecut ed
by the conputer. The program can be recorded in advance into a hard disc
102 or a sem conductor nenory 103 as which serves as a recordi ng nedi um

I ncluded within a conputer 101 as shown in FIG 9A. Alternatively, such
program can be tenporarily or perrraneﬁ“f’fl y stored (recorded) onto a

recordi ng medi um such as a floppy disc 111, a CD-ROM (Conpact Di sc Read
Onl y Mplura} fyatire paranvidegs/abtained it meappctiicespegtive wivds coingtituting the
Versatile Disc) 114, a nmagnetic disc 115, or a sem conductor nenory 116,

etc. Supbrd HRGP'EHUREd Whﬁ@bf%aﬁ legmpn@vitdedpasis s@-dathathabkafienction
software. It is. to be noted that, in addition to the fact that programis

I nstall | er fromthe | [ " aboye, .1 here
oy e B RS TRAERD Dk 18 O BRI PRUIBING FuAFRRTLAB RS o 1
e YR T
conputer 123 through a network 131 such as LAN (Local Area Network) or

| nt er neectiond3 generates thd texit notatiom arbthiessoundinstatioRwith respecidoudspeativer ei n.
In addition, in this specification, it is not necessarily required to

pr oces gydrs cofis®RIinghveR AR caeditbainleegs dirhitig Aoho hathctdistEiagdvémy to
carry out the procesSsing in a time serieS manner along the order “descri bed

29 {heutd QA sBylo 15 PRESSO A ANVERGRORE 7S B AR

., a processi ng or a proc Ct) is

..‘o1r) i ndivi
8 i ncl . FI h I f th ' i f th
go?rgult ﬁfnc%ggl%@ff rpﬁ%@c%ig]p%vgr stg1 gorerésap nde th%ret% a st%(}))rg iz?t”J t _telre I}( gcnetratee the

word dictionary, and to prepare word train dictionary in which word trains which
rcpfescnt matter to be learned are rcgi;tered to complete learning processing for to the -
-word train which is suf)j.ected of a current learning.

It is to be noted that as a method of carrying out a learning by using feature
parameters with respect to the respective different matters which are represented by
certain words, i.e., plural feature parameters, there may be used methods described in,
e.g., the above-described article “Statistical Pattern Recogﬁition” and “Foundation of
Sound Recognition (fifst and second volumes)”, etc. -

The above-described series of processing may be carried outby a hardware, and
may be carried out by software. In the case where a series of processing are carried out
by software, a program constituting that the software is installed into a computer.
ass_embléd in the optimum word train output apparatus or the learning apparatus as a .

dedicated hardware or a general-purpose computer, etc.



The :conputer 101 includes a CPU (Central Processing Unit) 142 as shown in
FI<G. 10. An input/output interface 145 is connected to the CPU 142 through
‘a bus 141. . When command is inputted in to the CPU 142 by1dd&arai 2@)fer ati on
of an input section 147 constituted by keyboard or nouse, etc. through the
i nput / out put interface 145, the CPU 142 executes programstored in a ROM
(Read Only Menory) 143 corresponding to the sem conductor nenory 103 of
FIG 9A in accordance with that commarsd. Al so, the CPU 142 |oads, into a
RAM (Random Access Menory) 144, a program stored on the hard disc 1.02, a

- program transhanhgdoh Wil A6 Y givfehc\!vvﬁh Rt Rhkt k8 I-'f‘I%‘2 Piin chificBFENWikh h31,

recei ved at a communi cati on section 148 and 1 nstalled on the hard disc

112 rcoRERE BRAE &t sHR PthespoRfible frpmBRER chFads Waidhis BRelli o

i's equi pped “with respect to a drive 149 and is installed onto hard disc
102 t o fexinstalling thepiagsamawhichexecuiss the ahoverdeseribasd sesiasof paecessinginga
dermands, its processed result to a display section 146 constituted. by a

LCD (thmlbdn@uysﬁﬁmﬁtspbﬁpko rafic cai bé@;@hutdlbb%lthmubﬁqjﬁtmt interface 145,
for exanple. Is to be noted that while, in this enbodinment, stinulus

~from the matj I‘Fer&ﬁﬁgfﬁ-ﬁ chy . ﬁet:' gﬁéﬁ HEHAARcE fHto?d hﬁr&'scfﬁ‘gct PogebEr 4N ne

t he concept not uncti on represents at nmatter, the concept

Cound SEmithfd iy SO A ?ﬂﬂﬁ?@am&grﬂs %@éﬁ%@%&%@&e Wilidce

of stimulus frommatter. In the case where stinmulus fromthe matter is
used t 8 coseputer ﬁ@ltﬁéhOWhﬁEEEGp%ﬁat ion function which represents that D
matter, practical matters existing in realistic world and words which
represent tixdterhbtiveldt t archapeogaint taedbé otetapo@siipndr permanently stored
(recorded) onto a recording medium such as a floppy disc 111, a CD-ROM (Compact
Disc Read Only Memory) 112, a MO (Magneto Optical) disc 113, a DVD (Digital -
Versatile Disc) 114, a magnetic disc 115, or a semiconductor memory 116, etc. Such
recording medium can be provided as a so-called package software.
It is. to be noted that, in addition to the fact that program is installed into
computer from the recording media as described above, there méy‘ be employed, as . .
shown in FIG. 9C, an approach to transfer program by radio to computer 101 through )
an artificial satellite 122 for a digital satellite broadcast from down-load site 121, or “
to transfer it by wire to computer 123 through a network 131 such as LAN (Local Area
Network) or Internet, thus to install it onto the hard disc 102, etc. included therein.
In addition, in thisspecifi'catioﬂ, it is not necessarily required to proéess the
steps which describe the program for allowing the computer to carry out the processing

in a time series manner along the order described as the flowchart, but the processing



tq'éach other. As a result, it is possible to realize, e.g., such a robot
whi ch can sense stinulus given froma certain natter by various sensors to
output, fromthe sensed results, word trains which suitald Margp2@dent s
that matter, or other systemfor carrying out |anguage processing wile
havi ng rel evancy to user or surrounding of real world. Mreover, while
Gaussi an probability distribution fungtion is used as the concept notation
function in this enbodi nent, there na§6be used, as the concept notation
function,the probability density function except for the Gaussian,

pr obabiereeyteddins pasaliel iosindividualy (s, erparallel percespingoan | progessing by
distribution function represented by HMNetc. Further~ while the word

anal ogobjautpis dlsd weedlndedwo words is determined by wusing Bhattacharyya

di stance of the concept notation function in this enbodinent, the word

anal 0gousnesacTY HevAKFEIARE FIhé PEnRRRLAIGH oild GaRldrENOBNRRY of the

concept notati on functi on, e Wor a usness can be

det erm ned t he basi.s. . af si ¢ ntity in which:a ouspess of
Shapes of D saRiprERa01 dnefides U Rrote g LROLEARF SRORGHE i ons
of respective two words is reflected. Further, while a method of

out put Filgl0radn ipputiertpubinderfacs Mbis eanmesad tahe WBLH142 throughtadems tEt i on
4 is not particularly referred to in this enbodinent, e.g., the 14, March
2005 BWhaptcbmnmnmisdnpnaéahimmnhb@BIUdHZﬂ;dTﬁusmeSppeﬂaitm ofoan snputnselction

I ndicated in order of arrangenment of words constituting its optinum word

LT, 1 oI U A BY m AR 0TGN G BRSO e
0oL | BReP]43 RRRSFAS oSl D MR Rl LR 14 SRR B
sound_s.tob hcussénqgco%%%g?ornr?l%%;(;rg’nli())g orf %‘SIE)}G.C&}XVi% ;Agfgo%ﬁénce with that command.
Also, the CPU 142 loads, into a RAM (Random Access Memory) 144, a program -
s_iorcd on the hard disc 102, a program transferred from the artificial satellite 122 or
the network 131, received at a communication section 148 and installed on the hard
disc 102, or a program which is read out from the floppy disc 111, the CD-ROM 112,
the MO disc 113, the DVD 114 or the magnetic disc 115, each of which is equipped
with respect to a drive 149 and is installed onto hard disc 102 to execute such program.
Further, the CPU 142 outputs, as occasion demands, itsrprocessed result to a display
 section 146 mﬁstituted. by a LCD (Liquid Crystal Display), etc. through the
input/output interface 145, for example.
It is to be noted that while, in this embodiment, stimulus from the matter sensed

- by the sensor section 1 or 41 is used to determine the concept notation function which -

represents that matter, the concept notation function may be determined, e.g., by using



‘Indastrial Applicability In accordance with the first information

priocessi ng apparatus, the first information processing nethod and the ;
‘first recording mediumof this invention, words are inputl4éthrcra2@fg with a”
concept notation function which is a function representing a matter which

t hose words indicate, and word anal ogousness whi ch i s anal ogousness

between a word and a registered word is calculated on the basis of that
concept notation function. AccordingBy, even when the sane word as an
~inputted sound is not registered as the registered word, it is possible to

cal cul gognd,kec. 1R hish 80189 WHIER PepreSémaRattéf it proRdih &M 35148 B stififulus

regi stered word. In accordance with the second’i nformation apparatus, the
of

secondgj nf N r. SSA t r rdi ng_ nedi ur

thi s i MoihcingRet 0 uft ER-*h Bt PRARAE: Rt e MRERT T LEEF I iebine e
representing a matter that a . registered word which is a word registered

i nto t ReNER tn%?mﬁvwi%w ch sepyenentsitbat maters practical sadtess exigbing ind -
t he concept notation function with.respect to that registered word are

caus edrealisticveoxtd a0 ©kord9 whiich copresepiovhelt the macier atdpenni@ta@qbc&dﬂrgésponw

usi ng the concept notation function, it becones possible to calculate

anal ogRYSAAFStHRE! A8 AN WER OF is %f}séYﬁIéﬁ*b I%Qﬁgeﬂ&g%'cﬂ% tdbotAhidH em&?sfeeg

processi ng apparatus for detetm ning anal ogouSress between an I nput
vord i B1d LBk ShSrGh NSEA e 5., M0 LS SKSE Sl He S DAk e
results, word trains which suitably represents that matter, or other system for carrying . ¢y
out language processing while having relevancy to user or surfounding of real world.
Moreover, while Gaussian probability distribution function fs used as the
concept notation function in this embodiment, there may be used, as the concept
notation function, the probability density function except for the Gaussian probability
distribution function and the discrete probability distribution function represented by
HMM, etc.
Further, while the word analogousness between two words is determined by .
| using Bhattacharyya distance of the concept notation function in this embodiment, the 2 )
word analogousness may be determined on the basis of Kullback divergence.of the .
concept notation function, etc. Namely, the word analogousness can be determined on
the basis of physicai quantity in which analogcousness o'f'shapes of distributions, etc.
represented by the concept notation fun'ctions of respective two words is reflected.
Further, while a method-of outputting the optimum word train by the optimlj_m

word train oufput section 4 is not particularly referred to in this embodiment, e.g., the



i npUt means for inputting a word along with a concept notation function
,which <is a function for representing a matter that the word indicates; and
wor d anal ogousness cal cul ati ng nmeans for cal cul ati ng wor diaMatagziidsSness

whi ch is the anal ogousness between the word and the registered word on the
basis of the concept notation function, wherein the concept notation
function is the function which represents information obtained fromthe
matter that the word indicates. 2. The&® nformation processi ng apparatus as
set forth in claim1, wherein the concept notation functjon is th

f unct | eptisaighweehtresemay baseechthatgespestityanw@rds san beuindigated éﬂchgws@f
means for sensing stinulus given fromthe nmatter that the word indicates.
3. The arpingiefidnt @ WoRiessistitu dpp dsadptimam seirdfteainh or may dieno@tputdedrtsy n
the sensor neans is a device for converting light or sound into an

el ectri ' g , : : » thon
censor SPeEelPRnd fy-RREH: SERRAL - T8 ARIRANBh S inRR o ERER R
represents ar anet e bt ai ned observing er at the wor.d

i cacauies ouh 6y 3ot BoThiS of Yeahechive Witcsof ROl tHE ouli AP I ¢ o
det erm ni ng anal ogousness between an inputted word and a registered word
whi ch speechwspund efithe optisnum won] taitomayybe earaied qitdnngenenatipgoathetiv
apparatus conprising: input nmeans for inputting a word along with a concept

not at i geuRdbY usfhgdtatd notienfomespestiveowordyr esenting.a matter that the
wor d indicates; and word anal ogousness cal cul ati ng neans for cal cul ating
word anal ogousness which is the anal ogousness between the word and the
5r9g[stéred word on the basis of the concept notation function,

Industrial Applicability

In accordance with the first information processing appératus, the first
information processing method and the first recording medium of this invention, words
are inputted along with a concept notation function which is a function representing
amatter which those words indicate, and word analogousness which is analogousness
between a word and a registered word is calculated on the basis of that concept

- notation function. Accordingly, even when the same word as an inputted sound is not
registered as the registered word, it is possible to calculate the word analogousness
between that inputted word and the registered word.

In accordance with the second information apparatus, the second information
processing method and the second recording medium of this invention, a concept
notation function which is a function repreéenting a matter that a registered word

- which is a word registered into the dictionary indicates is generated, and the registered

word and the concept notation function with respect to that registered word are caused



14 NMarch 2005 41 wherein the concept notation function is a probability
density function or a discrete probability distribution function. 5. An

4 nformati on processing apparatus for determnni ng anal ogous#s@ksctbedégeen an
inputted word and a registered word which is a word registered in a
dictionary, the information processing apparatus conprising: input neans
for inputting a word along with a concept notation function which is a
function for representing a matter th the word indicates: and word

anal ogousness cal cul ati ng neans for calcul ati ng word anal ogousness which

i s the :anal ogousness between f he rd _and the registered word on the basis
of 1 hdocmEeondR actoEn A rcardigla; By msihg 11 cancral aeldtionclinction, i
cal cul ati ng neans_cal cul ates the word anal ogousness between the word and
t he redtesosespassttleda calmlafgsinalegousicas batwieey yeordsst ance or Kul | back

di vergence between the concept notation functions of the word and the
regi.stered word. 6. An information processing apparatus for determning
anal ogousness between an inputted word and a registered word which is a
word registered in a dictionary, the information processing apparatus
conprising: input neans for inputting a word along with a concept notation
function which 1is a function for representing a matter that the word

i ndi cates; and word anal ogousness cal cul ati ng neans for cal cul ating word
anal ogousness which 'is the anal ogousness-between the word and the

regi stered word on-the basis of the concept notation function, wherein the
i nput- means i nputs word set which is a set of words along with the



concept notation function for respective words, and wherein the dictionary
stores set” of registered word trains in which a plurality of the

regi stered words are arranged along with the concept not &4 Manct 2005

" respective registered words, the information processing apparatus further
conprising: word train generating neaqts for generating word train in which
words constituting the word set are arranged; 14 March 2005 42 word train
anal ogousness cal cul ati ng nmeans for cal culating word train anal ogousness
which is the anal ogousness between GlHEIMBrd train and the registered word

train fromthe, word anal ogousness betwegn respective words constituting the
word traif anc} REOTER PSSR N PRAGTALT GX MP\GTRHLNS FAIPETPREa PERBrd ¢ ai n

) 6h HEIPEGPUT d trai
vor ot o TR R shF SRR R MRS L RRR S Ll ] T

pr edet er nhftecla@biRoc@BinkAppdask Sombriting: word train anal ogousness. 7. An
i nformati on processi ng nethod for determ ni ng anal ogousness between an

i nput t ed wor d iaput neeane fir sueritie aveod! slbng lwiihsa eonseptchotaginsuactas which
dictionary, the information processing nmethod conprising the steps of:
i nput ti nd® & inclier dorarriteniing A etics et Pre wodandissfetudt i on which is a
cal cul ati ng. worET EREROEBOS TREElRE Eirers Bl ARB U AGLSEMEPREen ( he wor d
aher ei n 1 e on e SRS s o e FRREFRL O BLURDAME. o
infornatMme@bQQmmgﬁoﬁm@ﬁmbﬁp matter that the word indicates.
wherein the concept notation function is the function which represents
information obtained from the matter that the word indicates.
2. The information processing apparatus as set forth in claim 1, wherein the
concept notation function is the function which represents information obtained from
output from sensor means for sensing stinrulus given from the matter that the word
indicates. '
3. The information processing apparatus as set forth in claim 2, wherein the
sensor means is a device for converting light or éound into an electric si gﬁal, a touch
sensor, a temperature sensor or an acceleration sensor, and
wherein the concept notation function is the function which represents a
parameter obtained by observing ;the matter that the word indicates by the sensor
means.
4. An miformation processing apparatus for determining analogousness between
an inputted word and a registered word which is a word registered in a dictionary, the
information processing apparatus comprising:
input means for inputting a word along with a concept notation function which
is a function for representing a matter that the word indicates; and
word analogousness calculating means for calculating word analogousness

which is the analogousness between the word and the registered word on the basis of

the concept notation function,



|

8. A recording nmediumon which a programfor allowng a conputer to carry
out information processing for determ ning anal ogousness between an
inputted word and a registered word which is a word regi ¢ deaeeh 20055
dictionary is recorded, wherein the programconprising the steps of:

i nputting word along with concept not4ition function which is function for
representing matter that the word indicates; and cal cul ati ng word

‘anal ogousness which i s the anal ogousness between the word and the

regi st ered word<Eiin tifecopsent Sotstion fanctign depprohability damsity feactign or gher ei n t he

concept tation,f ti.on.is the function which represents information
obt ai ned 45 %@”ﬁgﬁvéﬁﬂPH§?1€W8ﬂ%brd I ndi cates. 14 March 2005 43 9. An

[ nf or mat ison PrACRRSHAfoRBRALAH S RARRISE: LACANRRY RulllahiRaardwspd for

cal cul ati ng anal ogousness w t pect to I nputt Wo or mat i on
processi ag infped i diando ragistered giord Wikidhi i9 8 vaRd dpadtérad il ansiohsty, @gener ati ng
concept notation function which is function for representing matter that
regi st er eeformatipnprpesissing apparatus eginptigngd i nto the dictionary indicates;
and correspondence proyiding nmeans for allowi ng the regi stered word and the

concept  not at/RRYh ARt Fpuflingp wexlaleng withpicancsnt gptatien dincliep hich i
. ' h t..notati f ti [ t
corr espo%ﬁ&ﬁ&%&?&fﬁ?%at%gh%@ Elhgﬁth%g»gq‘%gfrhdé%? s?‘ pfN runction s the

function I represe or ma out put from sensor

means for Sensigagiodibiss SIVRRAE AL : DAL ng 1B atdipolBfdl | ndi cat es.

10. The information processing apparatus as set forth in clarm wherein
the sensdichiedrsanabgaudesd twéar the e aid g regigltedorogiantic badi®ofin
el ectric signal, a touch ' '
the concept notation function,
wherein the word analogousness calculating means calculates the word
analogousness between the word and the regiétered word on the basis of
Bhattacharyya distance or Kullback divergence between the concept notation
functions of the word and the registered word.
6. An information processing apparatus for determining analo gousﬁess between
an inputted word and a registered word which is a word registered in a dictionary, the
information processing apparatus comprising:
input means for inputting a word along with a concept notation function which
is a function for representing a matter that the word indicates; and
word analogousness calculating means for calculating word analogousness
which is the analogousness between the word and the registered word on the basié of
the concept notation function,
wherein the input means inputs word set whiéh is a set of words along with the
concept notatton function for respective words, and wherein the dictionary stores set
of registered word trains in which a plurality of the registered words are arranged
along with the concept notation for respective registered words,
_ the information processing apparatus further comprising:
word train generating means for .generating word train in which words

constituting the word set are arranged;



sensor, a tenperature sensor or an accel eration sensor, and wherein the
concept notation function is the function for representing a paraneter

obt ai ned by observing the matter that the word indicates byMaheh ZKlsor
means. 11. An information processing apparatus adapted to prepare
dictionery used for calculating analggousness with respect to inputted
word the information processing apparatus conprising: function generating
means for generating concept notation function which is function for ,
representing Mefd Brinaralogpesiiest wladptingrcansifetrralalagisgdvord giadn ered into t he

Fegi st or THUBLHIGH e OO GES P DR D4l e PeSHEeElo. {hat
i st - I Dyt tation
functi oD Bl o BRNGIRAIReb AP Aeopdt6C Gl B RARAERE, 101 0

di stri bulvbANtrdid A6E BRI vegikterddbwbhils 20ARitddn clie rdfistbrdfl Wi datn Processi ng
nmet hod for preparing a dictionary used for calcul ating anal ogousness for

an i nput ¢ecspanding tohtbe irespectivatwads;pmdcessi ng nmet hod conprising the steps
of : generating a concept notation function which is function for
represent i ng @UPHEREs fonetpaiting dheswerddsingy whighivedids eonstipysing thegi st er ed
into the didct'onar In jcateaé' and (?II W nﬁjgthe' rgﬂ{stered.word and the
concept Yot astejf%rﬁ 1] Bt prgictemained grder on the pagis of teviditai nond to each
ot her, wWhgifblsde concept notation function is the function for
representi n"? I nformati on obtained from output from sensor neans for

sensi ng ‘At i MUAH $nfoH&RbI Fr8B@ssing method for determining analogousness between an

inputted word and a registered word which is a word registered in a dictionary, the
information processing method comprising the steps of:

inputting the word along with a concept notation function which is a function
for representing a matter that the word indicates; and of calculating word
analogousness which is the analogousness between the word and the registered word
on the basis of the concept notation function,

wherein the concept notation function is the function which represents
information obtained from the matter that the word indicates.
8. - Arecording medium on which a program for allowing a computer to carry out
information processing for determining analogousness between an inputted word and
a registered word which is a word registered in a dictionary is recorded, wherein the
program comprising the steps of: |

inputting word along with concept notation function which is function for
representing matter that the word indicates; and

calculating word analogousness which is the analogousness between the word
and the registered word on the basis of the concept notation function,

wherein the concept notation function is the function which represents

information obtained from the matter that the word indicates.



the matter that the word indicates. 13. A recording nediumon which a
program for allowing a conputer to carry out information processing which
prepares a dictionary used for cal cul ati ng anal ogousness for an inputted
word, wherein the program conprising the steps of: generating a concept
notation function which is a function for representing a matt er 14 iafch 2005
regi stered word which is a word registered into the dictionary indicates;
and allowi ng the registered word and the concept notation function for the
regi stered word to correspond to each ot4ser, wherein the concept notation
function is the function for representing information obtained from output
from serfsor ndsanmfbumatien girogesingnapparaguy exdaptedimto t prepeaeet tdectioraay wded dor d
i ndi cat es.
calculating analogousness with respect to inputted word, the information processing
apparatus comprising:
function generating means for generating concept notation function which is
function for representing matter that registered word which is word registered into the
dictionary indicates; and
correspondence providing means for allowing the registered word and the concept
" notation function with respect to that registered word to correspond to each other,
wherein the concept notation function is the function for representing information
obtained from output from sensor means for sensing stimulus given from the matter that
the word indicates.
10. The information processing apparatus as set forth in claim 9, wherein the
sensor means is a device for converting light or sound into an electric signal, a touch
sensor, a temperature sensor or an acceleration sensor, and
wherein the concept notation function is the function for representing a parameter
obtained by observing the matter that the word indicates by the sensor means.
11.  An information processing apparatus adapted to prepare dictionery used for calculating
analogousness with respect to inputted word the information processing apparatus
comprising:
function generating means for generating concept notation function which is
function for representing matter that registered word which is word registered into the
dictionary indicates: and
correspondence providing means for allowing the registered word and the concept
notation function with respect to that registered word to correspond to each other,
wherein the concept notation function is a probability density function or a

discrete probability distribution function.
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12.  Aninformation processing method for preparing a dictionary used for
calculating analogousness for an inputted word, the information processing method
comprising the steps of:

generating a concept notation function which is function for representing a
matter that a registered word which is a word registered into the dictionary indicates;
and

allowing the registered word and the concept notation function for the
registered word to correspond to each other, |

wherein the concept notation function is the function for representing
information obtained from output from sensor means for sensing stimulus given from
the matter that the word indicates.
13. A recording medium on which a program for allowing a computer to carry out
information processing which prepares a dictionary used for calculating
analogousness for an inputted word, wherein the program comprising the steps of:

generating a concept notation function which is a function for representing a
matter that a registered word which is a word registered into the dictionary indicates;
and

allowing the registered word and the concept notation function for the
registered word to correspond to each other,

wherein the concept notation function is the function for representing
information obtained from output from sensor méans for sensing stimulus given from

the matter that the word indicates.





