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 a targe 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 path connecting nodes corresp%nding to respective two words in
whi ch the word anal ogousness is calculated is determ ned. An inverse nunber
of t he seanahigdrto generade thestranslatian sentsace e whoel thinmipogserderessis transkatgdt i on,
in the nmethod wusing co-occurrence information, wth respect to a large
nunber Jafsidnd emahod, tie andogousmss barkveenahe dnpof sywtedec apdehei bibinknal hose
sentences are registered: Thus, the word anal ogousness is determ ned on

the b a?lilﬁst‘i’{tzéé &h‘té&dqu‘haﬂfd%t&dli %)%/i tﬂﬂg%@igsptﬂera%%og%l%egg’b%gﬂ I%Eﬁcective

I nformation (statistical quan wor ds easy Co-occur wt
respective two rds in which. the word anal ogousness,att. ts.Lo be.
cal cul Mgy Sopstitingsugh TeRGeniatice angoy orop SOBSHIINTE W Tg dl By trative
cal culating the word anal ogousness using the thesaurus, the detail is

descr i sentenee gorrespomling, tobpse word(wprd analog®usppss)557- 565, 1994, Jin
lida "Cancellation of use initiative anbiguity of nodification destination

of English pepastliodoptalehlaRe thBukbel Amhlosownss] HRie akdkidnt Reffod®

I nformati on Communi cation Society, and with respect to the nethod of

oo o 1 EPRRGRERRAIRER 0 Ro ARG S MU PO L BRI BB o el

pr edi cate- argunent, structures”, Proceedings of Annual neeting of the
Associ’é}fPHHagBPI%%ﬁ?%ﬁepﬁﬁéﬁvﬂ?rﬁ%ui stics, p . p. 268-275, 1990, etc.

In the method 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
using thesaurus or co-occurrence information, it is necessary to carry out

| ear ni RYFRIARSNTChmAniASAH GNBUSetPlandedit 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 SdanabiiEhes bibRRo AR RFEEITIAD BY I dodstER BT &
for learning so that abuyndant . |anguage ability can be realized. To.realize
t hi s, ﬂiakgﬂmﬂl%r qrtf:lé%ﬁlfaeata%,frpnbp%hwpﬁrguw&é&m@wr%’i g’g@%qemgﬁ
wor ds, the word anal ogousness between those unregi stered. words and
| ear nedf Woimisal raeeting of thelAssocexdidanr ot Conynitatidnalel irnpmistics, qyo 26&2FS( wor d
trai n anal ogousness) between a word train including unregistered words and
a \/\or_dj[gg?laét@ obtained fromthe | earned grammatical rule. 14 March 2005 4
On the ot her hand, e.g., in Naoki Fukui, "Devel opnent of mi ni mum nodel

"anguage 6 M St Aol Ripe BRIy SRR TosaGibRe RUBRARE.
it is described that an ﬁ/_ﬂeration that the hunan being arranges sets of

pl ur al WiHBrigsPeet teyyerssveh WRIGER- of ()

de nphregigierest i the thesaurys ohygerdsdnt
mental or psychol ogical operation in the |anguage ability of the human
bei ng,therstoaitenicd dtformatiort dve matabgistered ¢hetclimaftenxefetred ogas anrégisttredn i s
dealt as an inportant research thene 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 processing system, it is desirable to carry out flexible ; )
and efficient learning only by lesser number of samples for Iearning so that abundant
' language ability can be realized. To realize this, it is required to calculate, also with
respect 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,40r 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 arrangenment of words (word train). In addition, in the
case whdegted toecaplinhibratinorgtfdanguagsy’. Iveanamsiechire; Sniengeafitangaage bul 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
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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
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functi orgtéljsroﬁ he regi ster epl word to corr espond to each_ ot her ,  Wher ei n the

concept notation function is the function for representing information

obt ai ned fr ongemergiing 4 conceye mextatiorefmetibnrwisichds fignatianniolr veprpsereing a enattdre

matter that the word indicates. In accordance with a tenth aspect of the

pr esent thabaeregiseredwendewhichgs ewwetddegistared trtdithgydietionay indicatgsc andy pr ogr am

for allowng aqlo%\?'ur{g ut{1§ rreéi%te(lzgc[ Wor u.':;[;ndi trllfeocrorl]l%gli)toﬂotation 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 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
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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 flowchart
for explaining an optinumword train search processing that. a opti mim
word train. search section 22 of FIG 2 carries out. FIG 1$Marghidi@ntes a
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

I nvention Fla 1 shows an _exanpl e of th nfiquration of .an enhqdi nent of
an opt i mum  NBRETHL P08 S HOn i a4 38 SF G B kR EISP RSB P O8FR | on.
In this optimumword train output apparatus, a word train suitably

t epr es Piecthepl matten being@swbject, franmiliat sraties (bemepuaftesrefesed teas rdmankeds
(word set) constituting the word train indicating the matter. Nanely, a
sensor ns#edr asrbcbasi@naﬂ@jpﬁ@ﬂahﬂ%ﬁﬁﬂﬁﬁuﬁﬂhie@HhStﬁ:l 185N Fo a prd-précemimy savtivgt | 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 utput fromthe sensor, section
1T o BF e beru o ST A v e g d TYltar by FAHIEIR(E S RRHIAT: 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 diOtGfninANRP thatteF tASE a REfhin QWbrdi#FNCtion
and speed (velocity), etc. 'of the remarked nmatter). Such feature

par amet er | { t . . I :
bt pur raeeit 16 SR s BB b RGPt by BESRR e pLitGnd Bpliriler g
selector 12, and serves to ouytput set_of \ﬂo;ﬂs constituf] nrg the word, train
whi ch frept dBe mrs-pracessHig FREA0 et -t Byrthes dhe S%f}mtl%togeﬁso utpits; i, the
Nanely, the discrimnator 11N discrimnates its remarked nmatter, on the
basi s seledfer dB, edleblatidn refult bf disaiminatioarfanctien fo therehedtdrreferrédto asrar ked
matter, by pattern recognition, etc. to output its discrimnation result.
Speci ffipekion valiCagb&akidh Iﬁﬁy@'ém'lajfﬁi%,st%ﬁf fA6tatidn$Hd seundiioration BEWard AN -
%QQJrfpdeI_) 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) Bifebk, Joatet MURCHRARRGH" S el NibthifAhed M BRLTE, PRRATERET
(e o diabiina o foistan o the discaioh (Gsiif of B Mater Tkt e e 4

-

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 occasi on may demand), text notation and sound not ation

of-word #N indicating matter discrimnated by the discrimnation function

“fN,.and the discrimination function fmas the discrim nai4Wargezd®St of 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 f1 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

L e e

corresponding to respectlve wor ds whi ch yeprese é the r ‘ﬁgarke mafter as
descr iS6éerted @leraldisqripinationesulis te anptinumawogd $rain Quipyt 5ctioddy s t o

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

W,



“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,(Me discrimfajion function f can be only grasped al so
as concept notation function. Accordingly, functions except for

di scri [ fRd AR d gHIQ,rLfiﬁaiE%_s %%m&&eﬁgr%?gpfﬁ%ggﬂhg REGRE (teRk AotatbhYN.

Moreover, 1n the oW ng descri ption, assumed' to be used by

14 Margh. 2005 14 definition _as describ [ n

e L PP cirdicated B oRfatdh. eapdsBReGRRAELYOa A, 30y CERRL G e
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 notatice R, there alaathd used aprsbabslihmasieHstuch asidad

‘Mar kov Model ),. etc. obtained by carrying out. |earning by using. the sound

PAU S BTIRLEMASR MOS0 R M e ang g v o
dfser iprgtpear}:li QBidr PSP EindRoile Whdd'§ %BPFTP &)rgﬂbﬁﬁéeod] foy n&ain?ﬁl'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 c. 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 ptural words which suitably represent the renmarked matter are

expressed a , ect 1 | : : : ch
2005 15 pi A1 SRLpIyfAl BRI, O LHORHARCER 1B ARL AL ihdRARAGy METT,
Here, set of plural ds wil, w2, (word set) Wis defined as indicated by
t he fﬁﬁﬂ@ﬁﬂﬂ&ﬁ@@%“ﬁﬁéﬁ(Z). W= {wl, w2, ..} (2) Moreover, an arrangenent
of plural words wi, w2, (word train) s is defined as indicated by the

fol l.owing faWrul(e,(®), ~}s=[wl, w2; (2)I ... (3) Further, the set of plura
word trains sl1, s2, --- (word train set) Sis defined as indicated by the

fol I owi ng f oardcAvet,din aﬁaﬁ%émaﬁt of plural Wishlls b, 5, t.o(werd"@h) 4 fedefied vor d
set Wis set of plural words wi ,. w2, and the
as indicated by the following formula (3).
5 =[ Wy, 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 = {515 ) - @)

- 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 meaningful (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, w,,,.- 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 suitably represent
t he reneferee teeas 2 optigHmeoKbiainsas ocens i degwads pirom peds copstitding | ¢
constitutes the word train (or sentence) as an arrangenent of words which

sui t ablitg wopd esteahdoneputsinr ked matter (hereinafter 14 March 2005 16
referred to as an optimumword train as occasi on denmands) from words

o ot | 10, DSMhrlam AR bEoHE BUAREhfatidH 6 the o EmARo R AR Gyl | ne

configuration o trar output ‘seCtion 4 o . The

word set Wfro rd set output section 3 (FIG 1) (hereinafter
r ef erréﬁcklﬁnésor%{t?'rﬂpﬁt word set as occasion demands) is inputted to a word

train generating section 21. The word train generating section 21
gener at es alTheowordpsst ' franethefward ¢st Owépel segtien 3 gﬂé}-r &) (hereamafierput
word train as occasion demands) Si, s2 constituted by using all of plural

wor ds yéferwd to ahancinpat twesrdr st ety eccastomdearmndsh s inputtet as 0 oedi togin
demands) constituting an input word set Wto output sets of all word

dem tuting an et Wto o i .
dorana8r Al BEGGH 2C ThETRAr BF e bIRMint SO 21, WeheRRpg AL"

e e ML i ML AR 101 Ch S rOUL PSS 98P RU 2SR ShE R
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 optinmumword train search section 22 searches,

*by making reference to a - registered word-train data bas& March 2®%pti num '

word train frominput. word trains s1, 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 ogousned$ cal cul ati ng section 31, a word
trai n anal ogousness cal cul ati ng section 14 March 2005 17 32 and a

sel ect B@gar?c?sfs'g%tiig,seeﬂgn%%f URa sefvadiocet1aiifte, Wit reqsReEs rbfpdannete ve

the input word traFns s1, s2, --- constituting the input word train set S,

the word train, anal ogousness for respectiyv Al egi.st. L9, the
regi st SRR WOTd 3105 Suader 4 CRUSEUBEE &’é’gi'@t“ r"ggf(\g\é}ridﬁt{f%i%’) eog‘ger?g%%ﬁl from
the input word trains sl1, s2, the input word train in which maxi num word
train analaggussesssforrespeciveaverd trails registereddn the gegisieypd (wepktrain data

anal ogousness between word trains is) is obtained, and outputs the selected
i nput  pasel2B1(pdgistaged Wordpainumseiucy, froai the ifipetwbrd aalins st bg -wdhd input

anal ogousness cal cul ating section 31 calculates, on the basis of concept
not at | %rﬁ‘{[’ﬁ"h' 'g%hfgﬂem%?fngu@%bﬁgﬁ’dﬁpﬁgﬁogﬁﬁ% (BRCBrdifuits VARIE 19 the

i
constituting the input wor rain s, and a®word correSponding to the input

wor d ‘ Wor ositioned in the.sane order, as t Myl v d ol
const | Migherdng RdloBghsadst Batueh Brd PR RASR A Bpd it Pl selblib,
anal ogousness to the word train anal ogousness cal cul ating section 32. In
t hi s cinpat worditrain anihgreptionm wetdt@dnat the j-th position fromthe-
| eadi ng portion of the word train s;.

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;. |
The word train analogousness calculating section 32 calculates, d'ﬁ thé 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

2 o ™
H )
R



The word train anal ogousness cal cul ati ng section 32 cal cul ates, on the
Jbasis-aof 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 train anal ogousness between the input
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 amglogowsnesswith respset tosregistgrrd woud itrgn i parsagbiogbe maximwm of theng
outputs the selected input word train. The regi stered word train data base
23 st or gpud wexddrains s{,69ar yonastitutingoingut naird tradi sef Spand catputh sthsélactelG

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 secti on 21 receives the i nput word set W

from the word set output section 3 (FIG 1), it generates input word trains

s1, s2, ... constituted of plural input words wl, w2,. cdAdarcb0dy t he

i nput word set W and outputs the set of the selected word train (input
word train set) Sto the opti mumword 14 March 2005 | 19 train search
section 22. When the optimumword train search section 22 receives the
input word train set S fromthe word 19ain -generating section 21, it
carries out optimumword train search processing to search optinmum word
train ftf{iifscapeH sa@ioh 22.ains sl1., s2 constituting input word train set S
while making reference to the registered word train data base 23 to output

the searchedg ﬁ@%ﬂ#ﬂ%ﬁﬁ@%@traﬁ?@é&h s%éﬁbﬁdz'zcl%tc%ﬁér&gtpeggpy ﬁemaféinof

FIG4, in the o al n sear ch processi ng, , at step

S1, the rd ana) ogousness cal cul.ating,sectjon 31 selects.a certai,n word
Crai n $el Solrons the AL EATRURE L6 Sk T cattieS.ouf St biofa draff o
processing procedure proceeds to step S2. At the step S2, the word

anal ogeeasrus proatssingate sgaxdic optimgn weird drainafroer tinpat veqyids treinsd s wokd -
train as the remarked registered word train fromthe dictionary of

regi st @badtiniith fnpait Wwotditmik 38€S wiille ARkig@t et @iceIo the régistdras wordftrain
concept notation function, the word anal ogousness between respective words

conSt ! it Bied 8, (SORPKE S ALRLB By AMWoi Gappr d among  the remrked

regi stered wor correspondi e respective words. - Nanely, when

ds of ked. dtrai . i st d trai ed -t d
Cal cul at | on TATGR AR s netas B0 SR RE flbety Vb By GLElmaRed A Cw |

2, these words w1 and w_2 can be eX{)ressed by the. following forrmulas from-™-

the  search processing, first of all, at step S1, 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)



forrula (1). W1 = (L 1,P 1,d) W2 = (L 2, P2, C2). (5) 1 4 March 2005
20 In. the above forrrula L1, P21, C1 respectlvely I ndi cate the text
‘not'ati on, sound notation and concept notion of the word vi4Marshad0sr|y,

L, 2, P2, g 2 respectively indicate text notation, sound notation and

' concept notation of the word w2. As the concept notation function used as
- the concept notation, e.g., Gaussian robability distribution function can
be used. Now, when Gaussian probabilit di stribution function in whi ch
mean vector is x and a covariance matrix is Eis_ expressed as N (X,

t he codndpe abtevetfoomsiig b 5nB. 1002 1olfespn@tw®yrmﬂwa@%}h%éﬁxtti@ta@sapf&%@5& by
the following formula. C 1= N (x1, E1l) G2 = N (x2, E2) ...(6) In the

above frafibmand koabeptaiotias pedid waird wnili Sﬁ:ﬁﬂﬁrly, heanPva) aezandpa:uvely
covariance matrix of feature parameters obtained fromthe individual

practi ﬁé}ggﬁé {4 ?ioizp?én \Q‘B{lﬂd\ﬁojran(FI? Bf]&%%’iﬁ:épt o FtibadMihe Xdoe B2

respec |nd|c es’a a covarlance matri x of feature

parameters o i ned fromthe indivjdual r tical n? fé that {he word w
2 represent fhe eongept HOIFHATE RGN us SHISBE RORRTIOLE.-go SZAYSSIAT

above, the concept notation function of | nput word is equal to the

di scri probabibity fdistrithdiort danctdos aranvibeavisedy Noay, when &janssiesr robahilityie
discrimnation function fn that discrimnator 1IN of FIG | has is thus
r epr esgtASubivnafRDe AD vidlieRadehhtvector is x and a covariance matrix is 2 is
) “expressed as N (x, 2), thc concept notations C_I 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, respcctiVely 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



di sttri bution function. Here, the nean value x1 and the covariance matrix E1l
whi ch prescribe Gaussian 1. 14 March 2005 21 probability distribution '
‘function N (x1, E1) as the discrimnation function for dil4dkrdh 2835 ng
matter that the word w1 of remarked word train represents are determ ned
by carrying out |earning by using feature paraneters obtained fromthe

i ndividual practical-matters that the word w 1 represents. In addition, the
mean value x2 and the covariance mat 2lx Ez which prescribe the Gaussian
probability distribution function N (x2, EZ) as concept notation function

with r E?{ﬂ%ﬂlhf P diSeitiRione fuh&@én tNe (10T B yvag e digirdfitngdomofuhction fior

represents are€ also determ ned by carrying out | earning by using feature

par anet e a He w_2
Fepr oo ieliniteflcthalel Waliot WhHd RWCH B Bahafia Wiy ?‘?but ?%I&Pﬁ*ﬁﬁﬁf%n s
used as the ncept notatian.function,. .word anal o ousne

bet weef etqmnﬁ &y Capryng it \ﬁczrr@ag tﬁé“é%g\gfﬂ g‘lf@d"w eéefg %FP%%%
formula (7) by using Bhattacharyya di stance of the Gaussi an d| stributions
as respelividual pravticpl nadteas thot themetrdons] rdpriegems An ®Riditien| theqnzpnvalue

i ~ 11~2f (7) In the above fornula, In(x) represents natural |ogarithm of x.

5'?2?? | %n?lﬁ% ﬁﬁ’é SRR MhtrihE, Bnfith prbseribahdiGhrBRM Pob@ily diltribution
function N (x,, 2, as concept notation function with respect to the matter that the
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.

21+Zz

Re(w_1,w 2)—~—— JIZI"ZZI | (7)

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

[ .
Ry



the mean vector is also taken into consideration in general. In this
.exanple, since attention is paid to difference between relative shapes of
Gaussian distributions with 14 March 2005 22 respect to t4dlamhr 20K in the
case where the conparison is carried out in the state where relative
positions of two Gaussian distributions are disregarded, i.e., in the case
where conparison is nmade in the state 2here only parallel displacenent of
two Gaussian distributions is pernit@ d (Accordingly, rotation, '
contraction and.expansi gn _are excluded), whether or not, shapes of the two
Gaussi ESPECL €9 (B0t WORaS f@s@%me, wihgEe t%% CRINPATISPN ISCATHeth ﬁ%?gstm y
the covariance matrix. . . Nanely, in accordance wwth the formula (7), the
wor d andiepg eelaties poRiticns of twid Ba®ysidredistebutions awerdisregatdadyd.ev it the case
determ ned i n dependency upon whether or not the relative shapes of the

Gaussi ' | ! a trH t
gme%%dﬂ\}gghg@g%\s” d€3h UhE NMATRIRE DIRPIHIIARE HisPMEBhER of tthad

a s?l&
each of words 2 respectively represent resenbl & each ot her or

not. ljyis to noted t.h val f the d S 1, w
2 aclabiriad iiytehnsis iR e Brdingl ol lon. 2ORAERME AT bl Ve
shapes of Gaussian distributions with respect to the respective words w 1
and w Zxeresduded), whether on i shapevgbthenwee Gagsyian distoibubiean tesprablejohgs w- 1
and W2 becones higher. At.step S2, word anal ogousness between respective
wor ds. foomaila (@) isforinda usempokbdtheorab arfaaice matixa word of the renarked

regi stered word train corresponding to that word is cal culated. Then, the

processi Ng RaAAYUIPadiRESRESwite thE Ebrnvdla ﬁ??the‘%’éﬂi mg&%@@aﬁ, (w_1,

gégl cul ating section 31 judges whether or n cal cul ation” of wor

ol 09930588 n NS FUR AR 5P S SR RGOS, AR
j. Udgednciittth%hr?alz’ts’t}\?cpsllsgpgshc?f[ th%h(gaussian distributions 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 registered word trains being as

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



14 March 2005 23 cal cul ati on of word anal ogousness at the step S2 is not
carried out with all registered word trains being as the renmarked )
‘registered word train, the processing procedure returns fléMdnehgdep S2.
Then, .a simlar processing is repeated with registered word train which is
not yet caused to be remarked registered word train being as new renarked
regi stered word train. Moreover, in the case where it is judged at the step
S3 that the calculation of word anal gggousness at the step S2 is carried
out with all registered word trains being as the remarked registered word

Lrain, GigRtionsTshae A BsPHOARSA8D 50 SRR cBtied Bl WallE Al rbgisterbidoed

whet her 0 there i I nput wor ain which is not yet caused to be

remar ked. d.train of jnput word train set. ln the,ca re 11 1Sqj.udged
et he seoiebiging Bt tematRh rehBiEreR prd iR BrPRstISE blocdiindo%he
the remarked word train of the input word train set, the processing .

pr ocedueirng tathesstep S2hEhen, eysigilar ppoeessig istppegied vatsrogstgre H@rég%n S2
and steps subsequent thereto with the input word. train which is not yet

caused ygichds hide yee RideRioViY fbibdrkicd regisercdswarderain benrgasinewr @narkied. On
the other hand, i'n the case where it is judged at the step S4 that there

iI's. noj . in which is not yet caused to be the remarked word
train (])#&?Eegem%&ﬁg\ionpd train set, i.e., in the case where there is
n

[rai ne. constVIOEeFVRS ks cams et is BETEERUERgn 03 WakI elchlion 88" C
respective registered word trains registered in the registered word _.train
dat a basmdzBial ogeusness etHiersjep Sade darde  out sathsall segistgzedsvondfrems hgdng
train 14 March 2005 24

as the remarked registered word train, the processing procedure 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 |

5;“.,_,,/"



L

anal‘ogousness cal cul ating. section 32, there is the calculated word train
,anal ogogusness between respective word trains constituting the input word
“train set and the respective registered word trains. Namd#hparche@Oor d

anal ogousness determ ned in the anal ogousness calculating section 31 is
delivered to the word train anal ogousness cal cul ating section 32. In the
word train anal ogousness cal cul ati ng section 32, at the step S5, there are
the calculated word train analogousné@s bet ween respective word trains
constituting the input word train set and respective registered word train
by usi Analagousness edeoulating seetiond2Hberaisrilic sakludniod yrerskiraialapalegqusgess
section 31. Nanely, a certain input word train constituting the -input word

train betwéen re@gactmwd faislcoantdniinetisinput egird terisdevmdite @ispective
assunmed to be s2. Further, when the nunbers of words constituting word

trai _nsré% @Pgd%rartgﬂggspectivel y expressed as L(sl) and L(s2), the word
trai’'n arfal ogousness

(s1, s2) between two .word trains s1 and s2 is
cal cul ated, ,at _the word train anal ogousness cal cul at i section 32, .in-
ecor dance. NARY: Bword hga ReRtanE R BRRISY oaie A CaRm ks Copul( ol =
L(s2), L n) R(si,S2) Rm(Wi, W1) f In the. case of L(sl) o L(s2), R, (sl,
s2) = seqti®n 3his deliwtrsddoftbe miord, trainanalogdysness sal ing sectien §2f hothea he
| eadi ng portion of the 14 March 2005 25 word train s, as described above.
word train analogousness calculating section 32, at the step S5, there are the calculated
. word train analogousness between respective word trains constituting the input word
train set and respective 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
I(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



Accordingly, in the case where the input word train sl and the registered
word train s2 are constituted by the sane nunber of words, the word train
anal ogousness R, (s1, s2) between the two is deterni nedladaréle2@ifm t ot al
of the word anal ogousness between respective words constituting i nput word
~train s1 and words constituting the registered word train s2 correspondi ng
to such words. In addition, in the case where the input word train sl and
the registered word train s2 are constpguted by different nunber of words,
such word anal ogousness Rs (sl1l, s2) is caused to be zero. It is to be noted

t hat th@,f\fglrt]%qggf%%agsdm{e dét{)(gjer_l anal ogousness RS (s1, -s2) between the word

trains s termne y the formula (8) becones |arger according as
t he anal ogousness,. n. pai of meani nq between the word trains sl and s2.  is
i gher si i | ACH4IBELhdn Ths GRseaRsHOHHBRYT ot rains, anddBe apgitreadsyorche
formula (7). Wen the word train anal ogousness cal cul ating section 32

cal cul drain s,teee wonstituted hy shesayousneber dicwords) the spaditiaie anelogousnésssR
constituting the input word train set and the respective registered word

trains @f, s)@etweenithe ¥&ll iseddteihindPas the Sirh tRAPLP YR WK ah M olgdBisness .
selecting section 33. In the selecting section 33, at step S6, the maxi num

val e el LA AVPLSEOUOR AL ARV 6Tt b AL RORNRRTER
vord L L, TN LD el caguReSe, 1o ol aLed and

processi ng procedure proceeds to step S7 and the selecting section 33
out put dnpakwond traips; andhtheaegisteraidnyoidpain syare constitntatby diffeteat nthbest ep
S6. Thus, the optinumword train search processing is conpleted, s
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



Nanely, the input word train set and the set of registered word trains

Jegistered in the input word train set and the registered word train data
base 23 are assuned to be respectively S and S', and respédaroe28@i s are
assunmed to be expressed as follows. S {S1,S2,. .} S ={51",x2"...} (g) In

t he above formula, s1, s2, --- respectively indicate input word trains, and
sl', s2' -- -respectively indicate reg'&gtered word trains. In this case, at
the selecting section 33, optinmumword“train ssuitable is determined from

input word train set, S in accordance with the fol]owi ng fgormula (10)._ scare
ar gnax Peeessiag prpegdure pgocgadsinstemey @nﬂdﬁlmp&d%@e{:%pni}?d%t@pg% agdle num
val ue of x, and argmax {x} indicates an argunent which provides the

maxi munoptainuen vforX trads, idpstwiobé traibsalected avthealstiep St dlhusethet aptithanpptardum
word train output section 4 along with the concept notation function which

repr esepiim s%a@{?%cekgﬁgﬁ%nyemgéd,i ndi cates, and the word anal ogousness

between its input word and the registered word registered in the

regi stered r i.n.dat 3 i ated on the basis. of t.h
concept not el IhE Al PR Ratthst Apd e PP aRerk bt clinS FesiPpred
Accordi,naly,, 14 March 2005 27 even_ if the sane registered word as input
wor d i dBiBE mp word 81 et and thegiegisdprcd word train datn baseald areassymegbie)
anal ogousness between i-nput word and regi stered word can be cal cul at ed,
and wortx tespectivelylSoamd Snemnl tespeetéve setpure wssined &0 beanxpressgd asdoHdws.

S= { S1 Szr'"}

S = {55~} - ©)

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 £jes

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,



word train can be also calculated. As a result, even if |arge scale
dictionary is not provided, calculation of anal ogousness between words.can
be nade with respect to many words.. Further, even if corflMarch 8305 N
granmatical rule, etc. is not provided, it is possible to convert set of
words into word train which provides suitable nmeaning. Nanely, it is

consi dered that Gaussian distributions as concept notation functions of
words "upside", "bottont, "left" and "27ght", e.g., in the feature

par anmet er space indicating two-di nensional directions are such that
- accor di i@ th sk repistarea vadid dssigipunwidie ishoerigineredoin thp ségisterdd tata

| eft and right, occurrence probabilities respectively becone high as shown
in FIG,, i X ' ' ' PEREY -
i awi ng T2 0258 785 S Gmal s clfioRs boREPRT RAURAREIBieHed Gokltan

h rtiqns, wher r FLiti , ' .
| o now lescilRBlatefcand WOTS Rain 8B 0ESH SEESAdANEF R DAY B Habh 289 regBitiedhng
"upside" are registered as registered word and "left and upside" is

regi st ewertd &imin candghs adscedalentated.r Ak g, result, ieven 9f fangersnale dictionaryHatnefet s
of words "bottom and "right" which are not registered in the registered
wor d t fbRidial, 2alangtids oEaRaldiiishess berwedwdrifichn Ben@udk iviigh espdano2l
(FIG 2) as word set. In this Ccase, at the word train generating section

Crain. IHRRVGRS Fther e iEAPLIAEEY EhRRBLRUESE RURASHIREACIOCT,

train search section 22.. In the optinumword.train sear.c ction. 22, at
* t he woRPsaiRl¢ Ly 6aBHeH Set 8§W&Iﬁ%ilﬂtﬁg‘”§g‘¥ﬁa8h“&‘f?ﬁ Preyides §u836@tfp§f%]d]g'hé D)
word anal ogousness between respective words constituting input -word train -
"bot t om and Namely, iénis wonsislecaxhghat Gavsgian egstsibutions vas ¢oncgph notatien and
upsi de” corresponding to t hose words, and there is
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 “ri ghf”
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
g _ g P



cal cuI at ed word anal ogousness between respective words constituting i nput
ord tral n .right and bottom' and words constituting registered word
train "left and upsi de" corresponding to those words. Nat®&Marcm@dd r espect
to input word train "bottomand right", there are calculated word

anal ogousness between word "bottom and word "left" -and- word

anal ogousness between word "right" and, word "upside". Mreover, wth
respect to input word "right and bot tdhi', there are cal cul ated word

anal ogousness between word ht" and word "left" and word anal ogousness
bet meeﬁo\lbﬁwptmtllfbwf@ﬁ@mm?ﬁc 'saplioR@2. Further, at the word train

anal ogousness cal cul ati ng section 32, sumof word anal ogousness between

word "bottorin diel optingurhl efdrd i vexroh aeatiopo 22N es Shef wordrahaloggidresand
word "upside" is calculated as word train anal ogousness between input word

train "Bptiai g@%ﬁbﬂbi"u&g@lg@ﬂbézfa?éd%p\wsﬁi aﬁgggoﬁéﬁédsfs odfPRifiRctivand

sum of V\DI’ ogousness etween word "ri ght

anal ogou S "bot t.ond word " g" IS caI cuI at s word
Lrain: WO %@H“@nggt W OFsh BRI PSR A BRBRE amdEvisfef cotisifufite
registered word train 14 March 2005 29 "left and upside". Now, from

Gaussi aegistered word drasnégeﬁmmleppmd@’f SOTIEApORdIng nthase werdss andughereds |
"bottom', "left" and "right" shown in FIG 5, schematic respective shapes

are as camimuckichﬁicﬁnaﬁ;gMnawbétﬁrﬁenfresljﬁdﬁwﬁw@zdssj@aapﬁm_tﬁf_ iapus sicad train
di stributions of words "upsi de" and "bottont resenbl e each other, and

Shapes“ﬁg\,\eﬁ%ﬂﬁsb@t'@om bﬁ@%%sﬂ&(}ﬁg rﬂ?%l ste?d wordirald 9uet ahﬂé@ﬁh?’ each

ot )her ver, shapes ussi an utions of words "upsi and

"r| ght" or & not resenbl e each
oorrcspon mng to Fhose wWords.

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 -



ot her, and shapes of Gaussian distributions of words "bottom' and "right"

or "left" do not resenble each other. Accordingly, the word anal ogousness

‘between word "right" and word "left" and the word anal ogoddteass2®t ween

word "bottont and word "upside" are both |arge values, but the word

anal ogousness between word "bottom and word "left" and the word

anal ogousness between word "right" and word "upside" are both small val ues.

As a result, the word train anal ogousngss between the input word train

"right and bottont and the registered word train "left and upside” which is

a sun1@ﬁeﬁQ€l gges8nal ogousness between the word "right" and the word
left” a t e word. anal ogousness between word "bottonm and word

e . an ,
"upsi de" becgnes large, value, ;and. word train anal sngss_ bet
pat wor 0 CNaPR gt CARRHE aRbutiEhS ol @2 PLARRUR BRI S Sedrdl
and upside" which is a sumof the word anal ogousness between the
wor d. " Bopside”, Shattom®, (teft’ andfrightihshawa indilé . sh srbematicasspedivaesinpashe
word "right" and the word "upside" becones small value. 14 March 2005 30
Accor diapgla¥ shiatvit REFKR| A S agpaeat Hom $13G. BhshepsoNBaussianfdistributiomstofwor d
train "right and botton an he registered word train "left and upside”

whi ch lee » ' 1 . I
-~ WS, Qﬁ%ﬂgo??%% %‘t&%’“?ﬁﬁ?@%&s eich e6iiRd M%hg&)% bP%&uXﬁ%Pﬂ’ as

train out p as an optihumword-train. Na

the input word train, “battomand . ri,ght". .gand "right and bottomn, are

Ot ai naustrittions otoouts SorS At ¢ righk Mseimileeash der ofovRLrbonanes of
arrangerment of words is outputted as the opti mumword train. Mreover, it

i s nowGasssirsudistrilpytiensgof wonds Fupsidgl endrsightdiar ‘Heli’ slogaetarasemble zach -~
"red" and "shoes" are registered as the registered word, and "red shoes" is

regi st etigér, and sﬁa%@rbﬁﬁ@ﬁﬁi’aﬂ\ﬂfs@ribﬁﬁbﬂs obwendd fhdthant aad ‘w2 os Elefvf do he
word "white" which is not .

not 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.



registered in the registered. word train data base 23 and the word "shoes"
Jegistered in the registered word train data base 23 is inputted to the
wor'd train generating section 21 as a word set, the word1#iNgrch 208f t e
shoes” is outputted as the optimumword train in a manner simlar to the
above-descri bed case. As described above, with respect to i nput words which
are not registered in the registered rd train data base 23, the word
anal ogousness can be cal cul ated. Furt , Wth respect to the input word
train including such input words, the word train, analo%ousness can be al so
cal cul at ed. Aeeeidingly, 3t the selectingsgetien 33 he camtipatign ¢ the nput weorddiageq,

the cal cul ati on of anal ogousness between words can be made with respect to

many WOijght and bdteom” emdnthiefregistearer|vwont waingflafinaid apbidelivehiehdlasra arger d
train consisting of the same word as the input word train are not

regi st _ I gt t f1ed bt w | b0} _ »t:he
S R R T R S R LA i Gy G R R G

meani n opt.imum word.train). G sho an, exa e aof, .the gpnfiguration
oF - an SuBRI A 2 ogtifrad ibow b, NAAL AR BER St iaih) chppdARY
processing for preparing a word dictionary and a word train dictionar
caused rightbeanst oright iapdobettem? cafieseltainedadndhis arse, dueEe pudebles right md& 2.
A sensor section 41 is constituted simlarly to the sensor section 1 of

FI G . 2bottong” tieradtyd ad arangenssit Sfiweddsds guimrttdd asrtipr optimoat woatitteaint o be
|l earned (hereinafter referred to as a matter to be | earned as occasion

) M U VRSS2 B R SB35
“red” and “shoes” 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
!



section. 2 of FIG 2, and serves to process the output fromthe sensor
section 41 to .extract feature paraneters fromthat output. Nanely, th
‘pre-processing section 42 deternm nes feature paraneters WMarcle28p#Ect to
information obtained as the result of the fact that matter to be learn
i s observed by the sensor section 41 to output themto a |earning sect
43. The learning section 43 is supplied with feature paraneters with
respect to the matter to be | earned f3lomthe pre-processing section 42
and is supplied with character strings and sounds representing respective

wor ds %%%bié'ﬂiéaﬂ%ségttﬁ‘pt‘ﬁﬂﬁﬁlW’(ﬁﬂ@raiﬁﬁpr esenting the matter to be |earne

froma text 1nput

Ion 44 and a sound input section . 45. Further,

e
ed

ion

d
t he

| ear ni ng secgy carries- qut .l earni by. usi: f eat ut.e r @net, with
roopect 1o rElBek ks g of EEEPRBRRRldE PEe BRI R ot B Rl
2005 32 represent the matter to be learned to thereby generate the con
not at i AppRIYs ivwhichwasrtes oupleaseingsprasessing fanprepasing ¢ wekhdidtiopar

and to respectively generate the text notation and the sound notation
t he basi woed tlahiedihmasy eausdd to'te: stofed fito slaeiralisetd wasrddrdinalnta basd 23
i nput section 44 and the sound input section 45 to prepare the word

di cti ongpicpsy shown in FIG 3A in such a manner that the text notation,

sound notati’oni and the concept notation function with respect to respective

d d -t d . th t.0... Furth .the | ni i
15 s adadheansey LR 4F Fheonygpid SRty ke Tt s Eot Pr Fie
in which word trains which represent the matter to be |earned are

r egi st endds adepteddasenspstimubisigivan from praciieal npatterdodye learnpd hexeippfsr d,

etc.

and is operated when character strings which represent respective

wor ds  gefesidd totdsg nidierwobe leamicd asvdtcabionalenesnedy) o mattper theaehsed eevule
are inputted. The sound input section 45 is

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 constituting the word train

cept

on
t

t he

n 43
3B

d

representing the matter to be learned from 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

{ ) :
{ .
.



-constituted by, e.g., a nmicrophone, etc. To the sound input section 45, a
.sound i'n which respective words constituting the word train which
represents the matter to be |l earned are pronounced is i nphivtaech 200%

| ear ni ng processing by the | earning apparatus -of FIG 7 will now be
described with reference to the flowhart of FIG 8. Initially, at step
S11, in the sensor section 41, stinul gsz given fromthe matter to be

| earned is sensed. Fromthe text input’“section 44 and the sound i nput
section 45, the character string and sound representing respectjve words
const i repuesgnt e mettar ta bailearapd gﬂ th@mbéfsg@ﬂegaﬁ%etﬁw&om@%aﬂaémﬁﬂl%
respectively inputted. Further, a result 1 4 March 2005 33 of sensing by
t he senpddchsestesoms4atics intdichtedtadrespettivee woedpamd esespectedy igoneraze thnd
character strings and sounds fromrespective text input section 44 and

sound ké}&q{otaﬁSfifaherihééo@ﬁ&ﬁgﬁmnd&k B Rk (sﬂhblf&aakfét&f\gt@ﬁlﬁsﬁfd iRsokdd Wen

the pre-processing section receives the result of ‘sensing by the sensor

section 41, it.extracts,. at, step S,12, .the feature paranet f

Fesul ¢ QBkversd iR TR iaPlt S 34 Ang PR O PR HFHGREBER Gl o Bhl the
~exanple,. in the sensor section 41, stinmulus given fromdifferent matters
to be wsudsbetiongryasshowm ipyFlh A snahyamanparthad thetexhaetagion, g sauyl
-(e.qg., if word trainto be learned is blue ball, various blue balls (e.g.,
bl ue bastatizal And tHeumneoptestatiah funcitorn witleespoet tpraspactive wordis arcloatsed -
.matters correspond to different matters to be learned nentioned here) is

sensedy, é&&a&e@or?@{ﬂe\f@foei#u&me} hﬁaqce;Snﬁhg%%éﬁbﬁmasﬁ%@ad tedAOGHEPhROnE  at

~fthe pre-processing section 472, the feature parameters are extracted wth
respect t

e Peclyod s RRREH Ry ol B M HAE, ) PO TGRS RS
attent Iin%rt]teir Sto Fl))%i Iga;[noedoanrg 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



wor ¢ constituting word train caused to undergo |learning, plural feature
pataneters obtained fromstinmuli given fromdifferent matters which is;
Tepresented by that word are extracted at the. pre-proces$#Margez2@®lson 42.
The feature paraneters thus obtained are delivered to the |earning section
43. \Wen the |l earning section 43 receives the feature paraneters with-
respect to the different matters which are represented by words with
respect to respective words constitutd3ng the word train caused to undergo
| earning, it carries out learning by using 14 March 2005 34 plural feature

par a”eb?rs%nﬁ’iﬁ?ﬂi)ﬂﬁfé YirlsBr keaRact 149 deisergttovhe poe grocessing settiom42hand wor d
train caused 0o ‘'undergo learning at step S.13 to determ ne the function

representing its. distribuii clive FRLSHRIPAN sREABAMA hhY sdudlirinBut i on
functi & ?r%(ﬁ%f %tig@stah{ed gd(’)ﬁnﬁcep mﬁ%?%%eg{nﬁfunctlﬁi n@vﬂeFﬁBrﬁespect to respective
words. Further, the |earning section.43 generates the text notation and

t he S'Olﬁﬂﬁlﬂbﬂétﬂfﬁrb%]lldﬁhi"é%@&lc eﬁggﬁgég?t\}‘é“a&mds constituting word
train caused to undergo learning fromcharacter string from the text input
section 44 aWhehtbe presprodessing seetion di2 rédeivos thd wsubiaisepsinghnthegensor
functions of respective words to correspond thereto at step S 14 to thereby

gener ake fihg 41"Rleftrdlf! h%g%mzﬁnﬁ feRturE PRATRCIOPTOn fifd Festltaifithamseys]
which word trafns which represent mattef to be learned are registered to

conpl et e | earni recessi ng. f.¢ the word train which is subjected of a
curr en%o ﬂgﬁyﬁ{ Hgl% tﬂ??‘??nillg g%&?ﬂrﬂ %g that as a method of carrying out a
| earni ng by usjng feature parameters. w.th. respect to.the. respectiye
difterent rdnfbisexample, by e spretsastion Ay STRINE LI cRFaw ATt paliers |
feature paraneters, there may be used nethods described in, e.g., the
above- geberleheddacpiesenteddpthe wiordItratatcaused Revndedga kwamiagde:Lolfnvatd on
of Sound Recognition (first and second vol unes)", etc.
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



The ‘above-descri bed series of processing nmay be carried out by a hardware,
.and nmay be carried out by software. In the case where a series of
processing are carried out by software, a program consti tiéifManch 206 t he
software is installed into a conputer. assenbled in the optimumword train
out put apparatus or the |learning apparatus as a . dedicated hardware or a
gener al - pur pose conputer, etc. 14 March 2005 35 Explanation wll now be
given with reference to FIG 9 in conéction with a recordi ng medi um
adapted so that corresponding programis recorded, which is used  for

i nst al Iplurpl tfhatupe pgrametens ohtained witsraspechisoraspdetive vds sonstitntiig the
processing into the conputer so that such program can be executed by the
conput gherdl QiR QdisadN @ARdergE deamel | 4t adpasds tatdetarmae tesfundibpr a
sem conductor nenory 103 as ich serves as a recordi ng nedi um i ncl uded

e e mrofresOit B8 aiffinafion O8N sl GadforAb iRy MtiiSlon fiithion aer am can

ar| per manenti ye8tore 0 a recordi ng’ nedium

such as,a flo disc 111,.a CD-ROM (Conpact Disc a ry). 112, a
ND (wa@h%pen%%yr@aﬂyom%@mmw@ r@@ﬁé%i@@”&ﬁ%%ﬁctlv\?ewg 5 %ﬁ%@%ﬁ%ﬁ@g |

magnetic disc 115, or a semnmconductor nermory 116, etc. Such recording
medi umsectnond3 genaratts dhatexd netat tal 4mett hesonadaosati ommiith respedtdo respdsgivieot ed
that, in addition to the fact that programis installed into conputer from

the reqRirdsRensBRitpgasoflPaail bAkcale dderfe Iearite Aone ChhAYXEst striag fréfown.

in FIG 9C, an approach to transfer programby radio to conputer I01

ol 3L en 9RLEH heschit bty L4 130y Eodpcqlneh (o
't ont Buio adeseckiveovorlete coFRamIeTHER Hep S 410 Hereby gencrate dhe' ©
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.

assembled in the optimum word train output apparatus or the learning apparatus as a.

dedicated hardware or a general-purpose computer, etc.



In addition, in this specification, it is not necessarily required to
proocess the steps which describe the programfor allow ng the conputer to
‘carry out the processing in a tine series manner al ong thé4Mailer 2a¥scri bed
as the flowhart, but the processing 14 March 2005 36 executed in parallel .
or individually (e.g., a parallel processing or a processing by object) is
al so included. FIG 10 shows an exanple of the configuration of the
conmputer 101 of FIG 9. The conputer 3501 i ncludes a CPU (Central
Processing Unit) 142 as shown in FIG 10. An input/output interface 145 is

~connect ed { id1an&itbh Wil hbRBOBIENOWRN EEerentB?H FIGTIRG chfink &t with b €0
the CPU 142 users' operation-of an I nput section 147 constituted by

~ keyboard or nDuse etc. through the inputdout i nterfac

L5 oxaeeturpHucnu &0t iy s PR R O e SupichdS 836 ng
to the sem conductor nenory 103 of FIG 9A in accgordance with that conmand.
Al so, tfaeinskllingthe pragsam whishgxpenics thewhnw cadesaribadsesiopof pracessing mgpam
stored on the hard disc 1.02, a programtransferred fromthe artificial

sat el | ithe céRPpuder s ﬂﬁt@abh@wgrkiﬂcamee@x\eedteatbﬁtn@nnm]jmat.i on section 148
and installed on the hard disc 102, or a programwhich, is read out from

-the Tloppy dpze é&éraxh%axf‘%ﬁ%&il&ed %AVl Sitd 12 nbite- dVP 10300Prgt he

magnetic disc 1 each o 'S equi ppe respe to a r|ve

o s Slo Gl oS R R SR Y R et Wy "

section 146 constituted . by a LCD (Liquid Crystal Display), etc. through
the i ApompitepdOliastshomearin BB, 9Aor exanple. It is to be noted that while,

in this enbodinment, stinulus fromthe matter sensed by the sensor section
1or 41 is wsas:inhﬁvdgzg esushn @rograns oosie pbe Ninapo@mily udet perinadimly 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

»



représents that matter, the concept notation function nay be determ ned,
£.9., by using 14 March 2005 37 sound, etc. in which words which represent
matter are pronounced in place of stinmulus frommatter. #HMaheh 20606e where
stinmulus fromthe matter is used to determ ne the concept notation function
whi ch represents that matter, practical matters existing in realistic-world
and words-which represent that the matter are permtted to correspond to
each other. As a result, it is possib 8 to realize, e.g., such a robot

whi ch can sense stimulus, given froma certajn matter, by various sensors to
out put exeewsflt ineparailed o1 mgmdvgl,ly VB1&h 2rpaTAdelRTQITSSIg: ot R\PTOSPHBE R Y
that nmatter, or other systemfor carrying, out |anguage processing while
havi ng obfdatymradyo imdudedr or surrounding of real world. Mreover, while
Gaussi an probability distribution function is used as the concept notation

function in @bgggg@%!mﬂnrgewp@%nﬂg@% oPﬁﬁ#@ﬁe Rl ofPI@Et HOon

function, the ity Ity functi except ussi an

babi | it di stributi f ' he di t babj | it .
G stribut i ot senpult 10 inEBis 8 GEL (e drOCR TR I L Y shevpeiny
anal ogousness between two words is_determ ned by using Bhattacharyya
di st anE&GolO0+hn inpHéappuhisterfaenl4imeanneciad tof @cmiez threughiafeus 1t d

anal ogousness may be determined on the basis of Kullback divergence, of the
concepWheat edmarnarfdisdhpoencd éi to thbaPRl Y42 e uperst opaaltiopafs ae $spuiesechion
determ ned on the basis of physical quantity in which anal ogousness of

- Flnet ) SRboSHAy ROl brmdie; GEPleR? RARREARRIZ P, e, o
a1 & nbPRL PR PR bt B A KT BRI Ore) 73 CoftEbidaer cr*"
2005 to the semiconductor memory 103 of FIG. 9A in accordance 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



38 *optimumword train may be such that respective words can be indicated

+

I i order of arrangenent of words constituting its optinmumword train,

may be outputted by - speech sound (synthetic sound).
optimumword train may be carried out by using text notation of respective
words. In addition, the output by the speech sound of the optinmum word

train may be carried out by generating synthetic
respective words. Industrid@ Applicability In accordance with
~the first informati on processing apparatus, the first information

pr oces shdet, ¥, e & 16K widtes (Hish réfeSemtin cste

nputted. along with a concept notation fungtion which s a function

iy e Pk B R4t PRk amulSH, oorh vl fer B Ba¥0 RREHBIRAIE S
on the basis of that concept , notation flL]mction.. Accordingly, even when

the safensGiRQotation funglion which sepresentsd

not ati on of

are i

wor d,

it is possible to calculate the word anal ogousness between t hat

i nput t exhlisticdverdd and evordgvaliieh eepresent that theamaded arcpemhitie dt toecaresspaond

i nformati on apparatus, the second information processing nethod and the

secondiy @54l 81tdg. ARSI reguRy it tief‘*jéséiﬁl’eefbt ?elize de O KRR rdiRAkh éﬁiﬁlg\%ﬁ -

which is a function represent

ng a matter that’a registered wor

RN L e T AR L

regi st'e

regi stereﬂ§word are caused ¢ 14 March 2005 39 to correspond to each other.

Accor dieaBlts, werd traingyvhich sugabbiprepseseats Hrtmatter, enother system for carrying -

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

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

sounds by using sound
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chbnes possi bl e to cal cul ate anal ogousness between words. 14 March 2005 40
,CLAIM5- | . An information processing apparatus for determning

anal ogousness between an inputted word and a registered WoMareh20ds 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 1is a function for representing a matter that the word

i ndi cates; and word anal ogousness caléglating means for cal cul ating word
anal ogousness which is the anal ogousness_between the word and  the

regi st epéianvmrgouh tialie Mayshe seeh thatacspectivm wesdscan berpdicated iInWideerh t he
concept notation function is the function which represents information

‘obt ai nagranpemdn efabidy coisaituting inwarplimadi satrdsraid, of hmay bieooutpuitied by
processi ng apparatus as set forth in claiml, wherein the concept notation

functi agedcy LOgnd KAkhaN: Wi, " PRE SRERRONSIOMER ARRuAP LR raeadif Aifly 11T pUT

fromse neans sensing ‘stinulus given from matter that the word
i ndicates. 3. The information,progessing apparatys .set forth in claim2,
wher o1 fabied out RE isTHeblera mogatit 8F Faperly S PR, 1 additih hSoulti” I o' o
electric signal, a touch sensor, a tenperature sensor or an acceleration
sensor spegh whundiof the eptionusprvorsbtrain waythenearried au hyhgenenatingoyy nihetin
represents a paraneter obtained by observing the matter that the word

i ndi capesndy by heimesnalid norR0S. ofdespectivif wopdd.i on processing apparatus for
determ ni ng anal ogousness bet ween

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



an i.nputted 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 functi ¢#Msntie2005 s a '
function for representing a matter that the word indicates; and word

anal ogousness cal cul ati ng neans for cal cul ati ng word anal ogousness which
i s the anal ogousness between the word and the registered word on the basis
of the concept notation function, 14 rch 2005 41 wherein the concept
notation function is a probability density function or a discrete
probability distribution funcfion...>5. 1 i nf.ornption processi ng.appar at us
Por derteromeanpnd 18 Sfhrehel Apettuity By il B soRePa Spaoh s, i
word which is a word registered in a dictionary, the information

pr oces dtacgmgspessills te sairulateranalogouaness hatween wardst ting a word al ong
with a concept notation function which is a function for representing a
matter that the word. indicates: and word anal ogousness cal cul ati ng neans

for cal cul ati ng word anal ogousness which is the anal ogousness between the -

word and the registered word on the basis of the concept notation
function, wherein the word anal ogousness cal cul ati ng neans cal cul ates the
word - anal ogousness 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. 6. An information
processing apparatus for determ ning anal ogousness between an inputted-

word and a registered word which is a word registered in a dictionary, the



i nformati on processing apparatus conprising: input neans for inputting a -
word along with a concept notation function which is a function for
representing a matter that the word indicates; and word ahhMageuadiess
~calculating neans for cal cul ati ng word anal ogousness which is the

anal ogousness between the word and thg)regi stered word on the basis of the
concept notation function, wherein the input neans inputs word set which is
a set of words along with the concept notation function for respective
words, and wherein the dictionary $ile?®dSset of registered word trains in

which a pluraljty of the registered words are arranged along wth the
concept not at IR HOPA1R8 PEEFT VRS ?%’*f"é‘t‘%&’é&e%?ﬂﬁgl?g RRLOgHRFRE Y

s e R A e ) S S e o E e T

ar r anged; infidmbRéCprodGig 4gpud cbimplifingnal ogousness cal cul ating neans for
cal cul ating word train anal ogousness which is the anal ogousness between

t he word trai nnpridngane foregputieg @dordudodg twithi ancdniceph dolreiondfudctiomalhighusnes s
bet ween respective words constituting the word train and the registered
wor ds cori$  f4netipp forrpprescating o apasigr W??ﬂlet"r'%ﬁdnndlé@iﬁﬁ*;é@éo nding to the
respective words;

\ > aqd(ggt uta ps fg{ out pu t'ng t he word tgain i n which
wor ds COﬂStItd%?ﬂén?ﬂ% PS;@§@ oy oAy 5@%“PH 8 W gRI880HSAEY or der on
e 05 L Ul R A0SR 0BT g
regi st er ek ysdiceptdiation iféncbiowor d regi stered in a dictionary, the
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,



|

i nformation processing method conprising 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 cal ¢aMar¢héPlkor d

anal ogousness which i s the anal ogousness bet ween the word and the

regi stered word on the basis of the 4loncept notation function, wherein the
concept notation function is the function which represents I nformati on

‘obtained fromthe matter that the word indicates. 8. A recording nmedi um on

which a pr ogr %W%F%QWM@OQU@BW@P 1y %P’@QF]PW%‘@FE“SXW RSHRROr 8n
rocessi { a usness between an inputted word and a
Iroegi stere Cfe%amﬁr%ﬁ’eiﬂ‘}c? g @%ﬂ&mg %rfstered in a dictionary is recorded,

wherein the  DOPREGHAGEABcELs :}@% 255 ?gﬁg%lpﬂﬁl%ﬁloggué’iﬁwb&m&g with

concept notation function mhl representing matter that

t he wor d aihghuttet &@rd amtla eqglisterbdivord whithds @ vt @ B3 6RE $n Wictidnary, tHae

anal ogousness between the word and the registered word on the basis of the
concept m@banﬁbmuﬂuﬁﬁmn@ﬁpmee$emnpmmegconcept notation function is the
function which re ese ts |nfornat|on obtained fromthe matter that the
wor d i ndi cat ed?PH npyineaswor alpe With groeRedRd HotsHER duting VPEhr at us

adapt ed 10, LERGT £, Bl LSLLARGE Y riREctOhe (ERL B égag!%s“g%crna' ogousness wi th

respect to 1npu enrn appar at us conpri si ng:

function genekhd BhoRARest HlcAIRIARL HehA0tof ENEARinE bRl idllodddddsb on whi ch Ts
function for representing matter regi stered rd which 1s word
regi st er edhidhnt thet dn@logBusicsOedivyer the ivaadl @sd thenegistered word on the basis of
the concept notation function,
wherein the word analogousness calculating means calculates the word
analogousness between the word and the regietered 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 basie of
the concept notation function,
wherein the input means inputs word set whieh 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;



correspondence providing neans 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 fuhtdMaosh 263t he
function for representing informati on obtained from output from sensor
means for sensing stinulus given from2the matter that the word indicates.
10. The information processing apparatus as set forth in claim9, wherein
the sensor neans is a device for converting light or sound into an :
el ectric si gn#ord Hainggalpgowmesoralcwatingrmpeans ferraaladatingrvard tegin accel erati on
sensor, and wherein.t ers%gnce t not atL%n fu s the function for

r epr esenf PHeP3S P 2y E8E 3, IBEER &%ﬁ%f%ﬁfléuwdt%‘? ISP he wor d
i ndi cat e%oﬁf’trﬁiﬁ?ro%?ﬁﬁ:%oﬁ%ﬂQﬁ)go&s}lgs@&t\k}g%ﬁ g%ﬁaetcti‘f?@wgf&%%%ﬁaﬁﬂgn el

adapted to prepare dictionery-use r at1 ng anal ogousnéss with

respect ord tidh bhe theveptckdPwb il QUARIthAT): (AL AEERSIcd WAPRANAL US  conpri sing:
function generating neans for generating concept notation function which is

f unct i oncdrmsporehngethe iresgectitetvesrds;mtl regi stered word which is word
registered into the dictionary indicates: and correspondence tkp;ﬁzovi di ng
means for al | Q¥PHgneHs fpreptutdng theerd teava in whichoyrrdpeonstbttiagith; f uncti on

wth respe o that registered word to correspond to each.other, wherein
t he conc‘gﬁli%tsﬁi)?‘rgﬁrr@ﬁg?cﬁﬁ& ﬁ’rSﬂEtFlgmﬁe‘ngggﬁﬁ? heﬁvgﬁé’ﬂgﬁ‘y" Fetion or a

di scret eqrﬁ[dﬁ%ﬁgﬂe'sé.ty di stribution function. 14 March 2005 44 12. An

i nformati on processing nethod for preparing a dictionary used for

cal cul at7.ng @ﬁﬁ!ilﬁgﬁﬁﬁtﬂﬁﬁﬁoé&l’sing[inétﬂ&ﬂfdr@@te_ﬁﬁfrﬁig Ao dontbRs8BEREN R OCESSI N
met hod conprising the steps of:
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.



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 ot her,
wherein the concept notation function is the function for representiamg2005

I nformati on obtained from output from sensor neans for sensing stinulus
given from the nmatter that the word indicates. 13. A recordi ng nmedi um on
which a programfor allowi ng a conputer 43 carry out information
processi ng which prepares a dictionary used for calculating anal ogousness
for an i%put tAd wdormativre rmrooedsing mppgraduns culapteds itogpreperes egsomaty used for
generating a concept notation _function which is a function for representing
a matt caleaing analigousness withd resipieeh to sinputied dvekslyi hee farmaien tprecessing
dictionary indicates;. and allowi ng the registered word and the concept

not at i orft $ SPIPHRINGh reglstered word to correspond to each ot her,

wherein the tion fun | f t

' ormat i on dBREvieEPERE ! R eeorelfe 0epP drordlion RRERET g s
iven fr t t

ApSTRACT R ol SRR Etertig il WToERRER RS which fe word regiisred fnto the
wor d trahmo,%y@hﬂlcg@gtm along with a concept notation function Whl chis
a function for

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.



representing a matter that the word indicates. The optinmumword train

out put section cal cul ates, on the basis of respective concept notation
functions, anal ogousness between the word fromthe word sétManth2(05sect i on
and a registered word registered in a dictionary. Also in the case where a
word which is not registered in the djgctionary is inputted, the optinmm
word train output section calculates the anal ogousness between that word

and the word registered in the dictionary.
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.
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ABSTRACT
From a word set otitput séction, a word is inputted to an oﬁfimum word train
output section along with a concept notation function which is a function for
representing a matter that the word indicates. The optimum word train output section
calculates, on the basis of respective concept notation functions, analogousness
between the word fr-oxﬁ the word set output section and a registered word regis_t_ered
in a dictionary. Also in the case where a word which is not registered in the dictionary
is inputted, the optimum word train ocutput section éalculates the analogousness

between that word and the word registered in the dictionary.
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