;e3e*Zt' jj kTm>s6t TZt 1 UNI VERSAL TRANSLATI ON METHOD RELATED APPLI CATI ONS
lThe present application contains subject matter related to the f ol 1l DN Y03 -
“co- pendi ng ications: U'S. Application Serial No. 08/ itled "

Uni ver sal Epllg‘{}zlﬁml ogi cal Machine (a.k.a. Android)," fil edgﬁlﬁ%/ﬁ%}‘ 1997
by WlliamE. Datig (docket no. MAM 188), the contents of which are hereby
i ncorporated by reference herein; U S. Application Serial No. 08l876, 378
entitled "Universal Machine Translator of 10 Arbitrary Langua qu l “ |||lon
June 16, 1997 by Wllia [ t t he coﬁmm ml m
whi ch are hereby incor p%ﬁ%@iﬁmhgmmem S. i‘% fL,on
Serial No. 09/033,676 entitled " Universal Mchine Tr ansl ator

Arbitrary Languages", filed on March 3, 1998 by WIlliamE. Datl g (docket
no. MAMB88)REt REEDOAPEIICATION®I ch are hereby incorporated by reference
herein. FIELD OF THE | NVENTI ON The present invention relates to machine
transl ation and, Thesresepedriplicadi@r ¢ontaibOsudjedninyedrsalbtetinarizl fallowing Ty eding
applicable for transf or m ng signals that enbody know edge according to a
know edge I‘Qﬂpﬂle@@llsatl on) such as a natural |anguage. BACKGROUND OF THE

| NVENTI ON There is a long felt need for 2 reliable, high-quality | anguage
transl atd on systlés Appli °¢§§rlePé¥égﬂq3pﬁﬂbﬁ%tVB‘H&’ISFIZ%HIF‘SWO@EGH

peopte ¢ ogetREe e reSIdR T LR Mk glaEy WaleB L Aok hyni 1 cant

cost and Ob!él ltﬁi& RQ‘@@M%& PF% ch%’g erg% &gor’i){)]%tegngw'gfe encF&\ertﬁg],,t Ir 23?;? €

docunent s and spo omone

s difficult to 0ikNApeamRshatiaRd. ( @vmrﬁ%%ﬁuéof@@ﬁllva&mx a8 PLaBsiAgE b

fluent in the desire guages and can understand the su ject matter as
wel | Reseahfnedrs LaApegee filddviefilde 38! 1997 HyOWilHARE. (DR (WH&ENSS. MARI2BW
transl ation of natural and artificial |anguages can be automated. -
Per hapsl® heths comtres obwhichliafef hezebyt inconperdieddrytrefecenae hewgin; godil i t y aut omat ed

| anguage translation systemis the sheer conplexity of the world' s human

| anguages. HunarY-Safigpiicgtien Sesalile. A9/ GALH7¢ cavtigs ‘é&mverﬁiééa@ummensimnew‘r

vocabul ari eg ?tpa?'y Ezrar?gnlgges filed on March 3, 1998 by William E. Datig (docket no. MAM388),

)

it

the contents of which are hereby incorporated by reference herein.

FIELD OF THE INVENTION
15 The present invention relates to machine translation and, more particularly, to a
universal translation system applicable for transforming signals that embody knowledge

according to a knowledge representation, such as a natural language.

BACKGROUND OF THE INVENTION
There is a long felt need for a reliable, high-quality language translation system.

20  The increasing internationalization and globalization of the world’s economies continues to
bring many different people together who speak different languages for business. A
significant cost and obstacle, however, continues to be the requirement to translate
documents and spoken words from one language to another. In particular, it is difficult to
find competent and affordable transiators who are both fluent in the desired languages and

25  can understand the subject matter as well. Researchers have been investigating for some

time whether and how transiation of natural and artificial languages can be automated.
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Conventional attenpts to perform machine translation, however. have not
been able to manage this conplexity very well. According to one applo&dhil:
““such as that described in U S. Patent No. 4.706.212, software routines are
har d- codeWOt0829%8ns| at e sentences in a source |anguage to BERUSAYE3I64 n a
target |anguage. In particular, the conplexity of the grammar of the source

and target Ianguag;aﬂ% i.s handl ed b_}( var.i ous, ad- hoc,. hard-coded | ogic. For
exanpl e, U S. PAicEwps s single moyioBifietit igpedirrng o 9 B‘éh'&”?]w APOREBERAI 1218YgeS ome

rammati cal. constructions,in English a our ce | angyage and tputting a
RuSSi an cortBAReT Bitemyitaht SeFrctmRrulaof o ooy e euages, Hidna | ng-
t hese source qra tical. constructions.. TN i.ghtl.y coupled to a
bt cul ar EREIRE haBHOGASHhMEL| RS NPHIKEE volaBubli &b e RIET 0,

coded to hanghen Al i AON AR EMALE WSk oo TRPRLHCAR 8 T or

anot her | anguage suc nese. ore, extendi ng such conventi onal
t ransl atsi orln@é?g P cdiplBand @y aeflew source or target |anguage requires a
virtual re-inplfenmentation of the entire system Furthernore. since the

har d- coded | ogi (Adcardid ®ondubb@aciurEpth eathatdestibddsin di.$.fRagimt Noamdo@zpEnsi ve
to debug and maintain, especially to inprove the quality of the |anguage

t ransl at i onsoft®hreceutissdid ingyd-godetmatiranalater senenctryin s pewtalanguapp os sentences in
subroutines is difficult to 20 debug, mmintain) and extend, other

convent i onal tazget language h hiyvpardeulamecdmpe i efithe pramman ef higsoercelpfd fargett i es
by utilizing conplicated internal data structures to represent the text

under tr andfngupgss is hydleddimarious ed-gochrdrgpdedologisg b ar aemplre §:9- Ratent Nlosy st em
i n whi a of. possjble.interpretations i s produced accordi to

o amrar O ui ARG 2 2isdies hodes o B et e SR iR 1 Fhe oS Aal
these data §f re oul : ' V| . ode 1 for
nese dat e SLEVGHULER itk SRIBSckuboy Hok B 63ig o bRge |
to inpl ementqtARIRIAIRER! Barce lor AR (A1 RBRMicR ok, RORERE. T8GR ouPle 8 RETR -

Si nce each | anguage enpl oys different grammatical constructi'ons. the data
structure fpaficanRe sbabgliageages Aafd gactval nasah nfost Ofth@sdkdifines enigd a@Randle

Anot her exanple of a conplicated internal data structure is an interlingua.
whi ch i s arEnglith §auc¢eatonkimmgioagee wesrlysiedpflimabledpr amdet language sughersdetingt. t he
source and tar %et | anguages. Such an approach is described. for exanple. in
U. S. PdfentThgsiors, expendizgasuch gomyeatipnalgrapslatier systems tpsandle @ pew jourae ALkRIEche

designed tq include all the features of.thef gource and tarqget |anguages.
Thus, i1 ﬁﬁf}w% Ut 2 WHEF TR0 G o e STt o IS TTrg0s
o 1 cat | S S BOE b i B  Bb Bl e IR YRR End MR AR o e A T8,

Q her convepdih@maksRBRINP ACISovSthe uakiydfohe Bﬂ%@a@& islatdnl 77. 451, enpl oy
conplex statistical or mathematical” nodels to translate hunman text. 10 In

general . conventSifieaandly gramhesicaltruedy spetiaigguirpdie sevominexiddiffithlthanguage
in an ad-hoc instead of a systematic manner. As a result. it is difficult
to ext @Ad slebig, nmimeint amhetersly sthensornventong) artempts have dtempteslge cirfamydne theor e,
such techniques are even nore difficult to apply in mxed |anguage

si t uat i ons,abpygediffapuiigs byortilizgiogreomplicagdpuiemal @xta struchiresig reripssobidiedexé pdatded
in a natural |anguage contex}.. Anoth r_ i§ that 15 such systepns_ are
difficult tBNHaELR ai'g‘ﬁcfxi“ﬁg‘reebosr Patgnt Mo gP?g\thﬂé&i&&Rest“osyé‘ﬁm iByigh 5gr_aa{§§fi ty
transl ati ons. .SUMVARY HE | NVENTI ON .Ther e Sl n ed for
AP S R S AR T o

| anguage t rlé’r{‘g%h 50, :Eyﬁhzﬁgﬁ.t nxaéenir-rzl(l).rlgés@i daga %Mcﬁf?é' 2t guui{ecl:o%‘ﬂé.\z\gitmmety

| anguages i s —appar ent. ere I's a need Tor a | anguage translation

syst empgnd d?%b&;@;@@épw diffdént %’r’zﬁnﬁ_ﬁﬁ@zlh lc8nffuchiand kipRialiy ?fl%dcﬂ ARGHRYSdnpes S-

especially tho exts that also include an artificial |anguage, such as a
progr ammi ngo kpigmestihe prinGiglea bANOLMEThdingdSs @aRfamadi@abadmbyar! Bicpesdent
invention. in which a source signal enbodyi ng know edge i s deconposed into
a si npl e anahguegpimplovnidfersnt gmmatjuad senstratiians. thfdats siradrererfat one language
representation is then transformed into another internal

is often not usable for another language.
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representation fromwhich a target signal is constructed. Despite the
sinplicity of the internal representation, the conplexity of |anguh§et gl
“appropri ateloy | ocalized within rules for deconposing the source si gnal into
the interWRI90R&Besentati on and transformng the i nPeF/N§P9/27364
representation into another internal representation. 1n one enbodi nent.
source signal deconposition and target signal, constructions rjre facilitated

by | ook ups int o”BOHR SXEPWLS ol EAMBIARlSg INEGHARIS FBISINE J° andRicH g ArgVRIRY S
i i h.al ti 1 i | dati 1
LYo SR BT BPLRRE oy RRR LB R TR R s RSl A b e
thereby avogding %B%a[:f\ £ ds Qb f&%&ﬂ?ﬁ@dﬁq}.b%t&tm‘?sh%. é.{‘.ai[n SalAo be
structures. CCOor ngly, one aspect (0] he I hventil on rer'a es 0o a nethod

and a_compulr,l GRgABl e APRUBARIL AT MBLE! R TEnkel of hADSHE! iiitafke:
source signal enbodying information according to a source |anguage 11to a
target sj gnRhg@EROAYRRTIS chpdbhiiyBrbt # Aevatarnsliengid it sbded & B hieHplRANRGSteml he
met hodol ogy i nvol ves anal yzi ng the source signal to produce a first

i nternal retherdent@tlinguaofpiepiysiceds © Hengipemded seqorinespdifidativg tb ohd foatines

i nformation enbodied in the source signal. The epistem c instances are

f undament al theetmanstatectosind fony thesinsxipraas s Dther son veanerfab ppraoaches. sficht asdJ Sbj ect s
or objective grammatical fornms. The first internal representation is

t r ansf or medPateatdNa SsEderd ¢RPlOY samplextasisuenl ar malepptigyh modelpietransdatances 15
according to the target |anguage, and the target signal is constructed
based on t hB"8¥LEKW internal representation. In various enbodi ments, the

dth | f . I ,
sour e |Frauege AULARE AL SRu RN TR R L P OB RS °
The source g gnalhs@Rfof D& st ARImMAGR ahs F%uf?.q{ [sGf¥carth A%erdisghf @l signal 5

) 20 representing tent.” acoustic signals representing speech. opti cal
signals r ep&cﬁﬁemdnagsa@wsaatsa?ﬁon Anew Epaape. FuhBémialsags ze@{nicgjeg lafePdven
signal. The described nmethodol ogy is also applicable to transformng a
sour ce si gnabreadiffaaitito gpply nf arired laoguage siouationg irclkdingyif@dyemplepeaapnenat i on
relating to a know edge discipline, for exanple, physics and engi neeri ng.
Accor di ng tproaroihiag langpages epibedded inraramrablanguagereertierd. Andther drawback is that
conput er - readabl e 25 nedj um bearing; jinstructions for translating a source
si gnal leﬁmowﬁmgst?rn? Bierfakficyh t%éewnﬁghqrefog i«gpw@éo FaERg IR aRIs sthathrabality et
si gnal enbodyi ng information according to target |anguage involve storing
rel ated di c’lr%gﬂagf’i}s'entri es in a conputer-readabl e medium Each rel ated
dictionary entry includes a source word form a source grammatical form a
correspondi n‘g tar%ﬁ(t word faorm _land a target grammtical formfor the
t ar get wor oS PiIA OFTHEWWE@{ dRRhti cal formin some embodinents rel ates

to a sub-grammatical . formifor specifying the nmorphol o f..a word form
et udt ng or ammmifs hes o a8t BREG oY kbl e BUARG 8o Bl ©1 <
anal yzed to e L s f J s e J
anal Y7o ! QulilieThe bkicsln] A1 S193hat PAEREDH HABRUAL kbRl HLARERIS By

i nternado r eRERAFIRhSApENisiapphre AN STIRETRAldoH Red fRAAMMai ir81s@bn system and
representation according to the second internal representation, from which
the target me@oablopsy thaometcapstiiedf hawdiag nagebldfguage taves, edpetinipnioye @Risthas
properly localize much of the conplexity |anguage. Wrd fornms in the

di cti onary asa mchsle anyrtifonial dapunge. tsoclorser programinting langhagei cal wor ds

i nterspersed throughout a sentence. 10 In accordance wi th one feature, the
sour ce signal i sTkasakryd athepyesss graaddeessrdcynthe sresem inventiers in which@eosrdebe how

to partition the rd forms in the source.signal intp three data sets
constituti nsdg%alpm\ﬁgﬂgpg%%gleggg eéﬁ@p‘c‘ﬁcgém{’?’isﬂ%lfa Teguisf ifEhdly ¢ i s t hat

nccor di . CEPERGURLP EH: (PR SRR Beb P PR B AP et et
nternal 1 apRsgRk A0S TRRREN JidaPROUHERAS DIGBSROURoI BN LRk

representati y accessing a segue mappi ng r meppl ng rul es

describe a a4 iBn @k 215 3P [HBudedr”; 1P| 8kl ,20 Witk
correspondi i(r;llg ’?gr%ﬂ@?gﬁgﬁ'gﬂg‘gewﬁf‘?ﬁgt ) Aa\gl liltg?gﬁéattﬁ’g&;pgjfag(]:"{)so?glggear:talérgljéuslgs and

novel feat Uforde@@mpdimgRhesaitte &ipNA MHitoQHe Mitdrhal Pépresentation and transforming the

-
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set forth in part in the description that follows. and in part. will becone
.apparent upon 20 exam nation or may be |earned by practice of the 19 MAaY 762
“invention. The objects and advantages of the invention may be reali zed and’
obt ai ned Woﬁﬁéﬂﬂég of the instrumentalities and comnbi nati onsPEHPYNCH6Ar | y
poi nted out in the appended cl ai ns. BRI EF DESCRI PTI ON OF THE DRAW NGS The
present invention is illustrated by way of exanple. and not way of
limtation) ‘QG"‘lﬂh’ePFFée'?‘P‘gQPr'ééo W‘Wﬁ@‘%@dﬁﬂ&?ﬁﬂtﬁﬁndr‘&ﬁpﬁﬁ@ba‘i’iﬁ‘ei“nb%ﬁF“ch

Schomat | Eé??{sena %@Eﬁoéuéwt&ﬂaé’m SoBH AR RN et dr e BP 2 e
present | nvg‘m lePddl S%Pon %{ @L%@a@&?ﬁ e\(tefxa{nrg gﬁg‘émg{oﬁf?&eﬁangtagi{;:edtezpng%lgn

conponent s a unltversa ans ent~

flowchart shg lﬁgmﬁchﬁeas%t%&ﬂ{d i quf\/ﬁx%alLH?&zY BaRRkhd gh‘.?gﬁu&rﬁ Al Bid MR system

FIG 3(b) is’a flow e operation o emnlngagrarrmatlcal

formfor sa wagghingRlufes. t‘ﬁéféh{ Q@&Hﬁx{%dﬂnﬁdaﬂbﬂ bhardRlodEd ¥org?ceax¥ll%f}h%l GRRPI NQ;
FIG 4(b) depicts the split tree during mapping; FIG "4(c) depicts the

split tree atruaf@sher point during mapping; FIG 4(d) depicts the split
tree at still another point during mapping; 10 FIG 4(e) depicts the split
tree at yet anot herxopingly. charspegt oftthpinvgntiencetldtsGo adhéthodlend Ttenphe-spl i t
tree after mappi ng. DESCRI PTI ON OF THE PREFERRED EMBODI MENT A et hod and
appar at us f geadableguedyem tbearimng] iastrushions for tesdatingeaisoures signal fobpdngpformation
description, for_ the purposes of expl anatlon) nuner.ous s ecific details are
set forth i rrCeATdiss lqsswc?ﬂaawq% laOPnaﬂwmﬁ@épéx'a&m ﬁ@n%fontaﬁ@r@ps%m
arent howeve to.one |IIed t the

o econt %nvéﬂffc’t%“‘dan%eaﬁ CmEeRolaRy Tivplyst inalyaite the agﬁscmgna@tpm ce p ATt hor
[ nstances. vEkal AR SAAE RS AR RACES AL AIONIL bl Atk dhAERTn

formin order unnece sarll y opscu |nve nti

THEORET! CAL 1 M/ERWEY WP ﬂ@eﬁ?ﬁ&%ﬁnastm\ég&fel ORdFh&RE sbihamid Qﬁxc{u?éle'xé?gsilﬁﬁ'a
that there is a commbn, regular nodel for all |anguages and indeed any

know edge r apmhefsanitiin cﬁnwoBbjesstﬁﬂ'ﬁ}eaumn,dalnmasncmﬁﬁﬂg €Thd frstiftetnal uni ver sal
grammar." A universal grammar differs froman interlingua, because a

uni ver sal grreprsentapio sewdrsfoamed ipd e seqopd uhtamab rprasentati@oeiipivanic anstafces
information. while an interlingua is an eclectic congl onmeration of

gr amat il@al aaﬁad@s t@ {hetterget languageyand de tprest pigeal ipeonsipeisd based pathe sagihges.

A uni versal is described in nore detail in U S Application Serial
No. 09/033,8 ‘g a represemanon

In various embodiments. the source language and the target language may be any of
a natural language. a computer language, formatting conventions. and mathematical
expressions. The source signal and the target signal can be realized as digital signals
) 20  representing text. acoustic signals representing speech. optical signals representing
characters. and as any other analog or digital signal. ‘The described methodology is also
applicable to transforming a source signal embodying information according a knowledge
representation relating to a knowledge discipline, for example. physics and engineering.
According to another aspect of the invention. a method and computer-readable
25  medium bearing instructions for translating a source signal embodying information
according to a source language into a target signal embodying information according~ to
target language involve storing related dictionary entries in a computer-readable medium.
Each related dictionary entry includes a source word form. a source grammatical form, a

corresponding target word form. and a target grammatical form for the target word form.
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In“accordance with this nodel, there is a sinple and universal neans of
.expressing the information comuni cated by any | anguage and. in factf,2 &y 7003
expressing all know edge. This universal neans of expression is referred to
herei n asWR W88%YARposition into " epistenmic instances." An BpfASaiR7g64

i nstance. which underlies all nonents of a being' s consciousness and
perceptions, is a semantic structyre of the neani ng of any ment of any

| anguage. | Hecgypmaical mogiseme fmPodimaniseliesp A sy R-gEmmanca), Rt i on of
t bj ts. l.Rp. i i i ontext. the tr f ti i S. f t
0 b1 cccse L LIRSS Sok et B Ar el M ORU S LSS
human | aﬂguﬁ%esoh@é! ol X&lqganfzﬁ}ieé?'?c?qr%ﬁuéeﬁi Aksk ARSNARS preSHERiAD AR Bfarmation
prepositions. And- CORj URATI6ns. - The obj ects are referred to herel h as

" et anouns”eni)4ARGh HRUBLIY s@%l%§&%¢th¥e%ét%£r§ﬁégtx‘i&j L Firdt MMM N9 thi ngs

or concepts as nouns, pronouns, determ ners. adj ectives. Lexical
obj ect s s NCpERNWABA S rdRIAHES i€ h 3etRE inS Bl RPFBENta I AIRIBId A (BESIBRY S,
textual ideas. acoustic phones and phonenes. character strokes of
al phabet i ¢ ihgHiabreprederiatidy. fResewkibR(leahessiged) ¢ amgrodtbdr Ad ey, ke
meani ng. Many netaverbs and netanouns can be further deconposed into one or
nor e epi st etittionpyshams esopetls lecepreswicingf thetcoapiikay nartguage. oW oubfoems s thEor
exanple, in the English clause "I have read the book under the table," the
verb "have digtipmaryjentrigsanayeqoaeetond amane premylitplclexicplrwerds Htersperses thipsgheut st
met anoun and t he obj ect noun phrase " the book under the table" is the
second net &%l ecause " 1" and "'the book under the table" undergo a
transforyati on with each other reading. The .20 seco met,anoun. " the
ook urifor t he thresrasrse fid) e FaplrEnR Booes Bena) Bl R0 B aFRIIR "ana * e
table" tra | t . . : : s to
how ¢ he' baserPaapr e WA dedtRBhow O biioh IE IBHRATIn HAHEkce HE S 1
repr esent ednf¥ daals@d domsitutindRdripREeefe advhntade Wk 8 dfletdarLtRlcaird 8dhat it can
herei nafter) can be deconposed Into epistemc instances and since each
epi stem ¢ Jhovidsi swraightforaprd representdriihafen lkparthit iwistanet.aAocording it afichdrows
that any linguistic sentence can be internally represented with a sinple
dat a st r uctfgaterecgrigast simgyofahe tripless int the diestentemahtepraspriatioradre pwped rigyodusd
into other three el enent sets. In_contrast with sorrfe conven iorﬁl attenpts,
this i nter ihf Secapst Wil AeRTeieniation Pyarcsssing 2 SeRsPer Of MaRAYG UG- The mapping
deconposi tiops ,of .ghree el ement gﬁi stegi c.i nlstanc,e G langn ias therefdore
appl i cabl e W ABGTPEASAGEPPIIERRS, Doty source langagg Wipigtand # corresponding
mani pul at ed,_,| i such as a conputer. .As a result. the translation
systemis Sg}fgll ]?’;gﬂgg?ler s?tbl e to new | anguages. Accordingly, the universal
granmmar provi de%ddﬂ%d%ﬁ6%8@.3«.raﬂvﬂitig%@ldrﬂmofv@lrfeﬂﬁ%Gblfkhé prégeat invérmtibnt wig be
conpl exity of |anguage. Since linguistic utterances have a sinple. regul ar
5 under | i nesesforthdn parejn the déskiboovsthbhfol lowseanddnphexwillbdacnime mpperemtruponman
Iangtﬁage must ) _ _
20  examination or may be learned by practice of the invention. The objects and advantages of

the invention may be realized and obtained by means of the instrumentalities and

combinations particularly pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention is illustrated by way of example. and not by way of limitation,
25  in the figures of the accompanying drawings and in which like reference numerals refer to
similar elements and in which:
FIG 1 schematically depicts a computer system upon which an embodiment of the

present invention can be implemented:



| otat ed el sewhere. More specifically, a universal dictionary i's prqw;@%,wﬁ
for handling the different shades of nmeaning and grammati cal functi‘on
"word has, a sequence of split (or deconposition) rules is provided for

br eaki ng W&#/289%8ord streamin a deconposition of epistenm PGTALIPIREISS . and
a sequence of mapping rules is provided for mapping the 10 epistemc

i nstances relating to nmonents of the source | anguage into the epistemc

i nstances rel at i 583 1O CHERBHRALY P ompogents Péﬁgma@réal lpRpuaRs Fanstption system:

| exi t i t hi | . dict I ul d
Feconst ruet on G NF BIESAp SRt e dioiPiona SBRsTRLERBREG FERTBIYT T o
easily upgrg%@ extend, and even tweak the | anguage translation systemto

produce an hisi bl e, reliable, high-quality |anguage translation system

| S HARDWARE OVE 195 capput er
system 100 upon m?’x\ég%ﬁgﬁ%’ ?rrtrg}ﬁabm?%h%%&g{g@?ﬁ{fpg{ﬁnhng“ e r?’t’rgp é‘?r%l ﬁmﬁ
Conput er; sysd@m,g@0 i ncludes a bus 102 or other communication mechani smfor
communi cating information, and a processor 104 coupled with bus 102 for
processi ng |nfornﬁ@hmmﬂmgn&puimnuﬁy@heﬂklﬁﬂnah&ﬁmh@cludes a 20 mai n nenory
106. such as a random access nenory (RAM or other dynam c storage device,
coupl ed to bus | BREG.f4gb) depand thg sphitf torerdatringmappthy; nst ruct i ons to be execut ed
by processor 104. Main nmenpory |06 also may be used for storing tenporary
vari abl es or ot hEIG.i4te)denisti té@épliltﬁfe@mramtgw rbiftidygng x@epingon of
instructions to be executed by processor 104. Conputer system 100 further

i ncl udes a read BHF M?BH‘/S thReRH ueset still gporhsr Pé)ﬂ’étdl“&mQH‘%P‘Bgage devi ce

| ed bus 102 f t at f t d t t f
orocesst "104. AP (B EPRARE e T el PR A 86Ot e
disk, is prOV|degugqgegﬁﬁg#qgeégng%g %%%nn§@n$torlng i nformation and

i nstructions be coupled via bus 10? to a -
display 1 1 2 such as a cathode ray tube (CRT), for displaying informtion

keye, Is o %a%ﬁz@@%hﬁé@%ﬁmb%%“ﬁr mation and command

sel ections 10 D" AGE RGN wbibpaMIR BEEXRE Bl HRE! o IRULIEVI R ISR

control 116. such 'as a ur sor rectlon

communi cat i H&cﬂkt‘i&f: t7:QRe pEHHBETRIF 'e?;%laﬁ:ﬂfémcﬁ r?f(@f'@@s ﬁﬁkﬁﬁtde%@ axtec%epfo%elﬁ %QJer 104

and for controlling cursor novement on display 1 13. This I nput device

typi cal 1y hasprbvide delireth @defstfRidpafithe pBerifentién.f I il badppardr. Ibweviy,

and a second axis (e.g., y), that allows the device to specify positions in
a pl ane. 10toldre skilledrit iherart thatr bk ptesehtinveniien nsy befpracvicplitvehows ylsdse wpedific f or

| anguage trans| ation. According to one enbodi nent of the invention.

| anguage t réﬁglﬂ%tln@mqr@smnéw dedl-lmpwacpgtuses axidevigesige shawr aderksdiagigm
processor 104 exec e or e uences of one or. nore instructions
cont ai ned i PHERR" ‘g%“ecﬁféﬂlylcﬁ’é rERﬁ'l BRESTYNYEUPRad i nto nain
nennri | 06 fron1another conputer-readable medi um such as storage device
110. 15 Execution of the sequencesTHEORENEAL OMEROIESY cont ai ned in main nmenory
106 causes processor 104 to performthe process steps described herein. One
or nore processors in a nultiprocessing arrangenent may al so be enployed to
execut 2@ he sequhep=soit investionsitms fionc tietredlizedorn thanhere iszo@nyohOtgulan
alternative enbodi nents. hard-wired circuitry may be used in place of or in
conbi nat i onmadelfosali tangwages and indeed anysknogvledgsi representatine. Thiseamimam model Thus,
enbodi nents of the invention are not Iimted to any specific comnbjnation of
har dwar e ci Fed&iTadry aaad uaiyFisphgrammaie 4 dnpyersal s@mﬁr@v Torg HAMANGNISEIRENA  as

used herein, refers to a medi um t hat icipates in rOV|d|ng
Pet T uct | onB Bl RSl EraTeeey Brseda el el e iR RO T hice. many
forms. i ncl Hol RO B Wi o hfUchi8lali€on PABAO AblokraTRA B prahRhBlckl gnd™=di 2,

and 25 transm ssion a1 nc exanpl'e. optica

or magngd i Cohakigal s%Hﬁé'b f@&u?és%f@%ouﬂ%n?& l%ﬂr&xaaé/s‘)'/@Lh#v@rs?ﬁ%rﬁn{affs' dtd&ribed

dynam ¢ menory, such as maln menory . Transm ssi on nedia 1 nclude coaxi al
cabl es, coppemoridetiiBAd).E1 REPIiQRbA S&xal'N@'G@ﬁh;@%?Ehe wires that conprise bus
102. Transm ssion nedia can al so take the formof acoustic or |ight waves.
such as those generated during radio frequency (RF) and infrared 9



(I'R) data‘'communications. Common fornms of conputer-readabl e nedia include,
for exanple, a floppy disk. a flexible disk. hard disk. magnetic tageviamny,
ot her magnetic nmedium a CD-ROM DVD. any other optical neggf/{r]h%%ggéh ’
cards. papfPM¥L, any other physical mediumwith patterns ¥ a RAM
a PROM and EPROM a FLASH EPROM any other nenory chip or cartridge, a
carrier wave as,descr,j bed her.ei naf.t.e or. .any oth : Lumfromwhich a
conmput er can reg’(fcc?fgf"i"%eu‘%‘r&f SVWOS?L E:Hoerrr%ﬁtaesf%f’lgé‘ gg?’e% r(rgﬁlelcfln %mﬁﬁye?ées’lswgol ved
in carryin - Bad¥ anA0hGadi NSbedShb 9 | cessor
104" or ex B ERoREILTRFG o 1oAR G an T TacblatthE AMRnbIeBEET P20

a magnetic Tﬁfsﬁx'ﬁix@?s_aﬁnéﬁ’f@f%xﬁgw BlrefeHd8 16 BERInG:s hQUeEANPOL Rn iARAN dpRadhit he

instructions into Its dynamc nenory and send the instructions over a

t el ephone |rstfcddST PG pistBAR ThstAhdeDABITHh datict 011 eRmerisef aefizeNchdtowsabss
receive the data on the tel ephone fine and use an infrared transmtter to
conver ts t hendipdreeptionfifis a seniaatiedirgétgread f. thémebmhyg af e dementcdrang tinplad. t 0 bus
102 can receive the data carried in the infrared signal and place the data
on bus |02. Buslni@gencaran episidrhie idstbecetexprassas artemplioymat@d, offtwowbjehiscin 45
processor 104 retrieves and executes the instructions., The instructions
recei ved blinguistic qepiesk yhelo@stpamabph isosEarTeg psergingsdle omedvegbagad vapllre 110

either before or after execution rocessor. 104. Conputer system 10Q al so
i ncl udes aCEITRAMISCALGXIA! PRIEGS TR Egrf%?%aﬁaeéavq g ACIORS S rUSHARSHPE 365 b
interface 118 provides a two-way dat ni i ing ta a 2 -
networ k 11 Fioera Aengop S AR RIRGRES TRTBHANS HerblrEe IO sh i
comunjcat | j : 1 i i Ol rk
(1'50ny G DGR Borkd 10Ul 1R Inb AR, SR ottt Frofthi®
cor r espondpAgmiiee. Ml AR xIdaNEbieAS iRl Rsrd € pArIRES claGRRNdeRehds ON
interface 118 may be a 1ocal area network (LAN) card to provide a data .
conmmuni cat gammRiRaieRments] exmalidegabidustc bhdhes Wid phaemeb.ichluaclepstrokesof be 25
i npl emented. In any such inplenentation. comunication interface 118 sends
and recei velphafesclatiersaind @Himast chanagarst and any otper coaiposéry 9ésaningt Maayr y
digital data streans representi n% various types of information. Network
link 120 tinstaveibs endmeiangens @aMs TeBhehACeBRPPSH 18R CBE GhMEIFERYTERIS ARSI#SES 0T k'S
to ot hﬁ dat a devi ces network Iink 120 nmay provide a

o]

.~ For .. l.e.
connec _ne“i'ﬁessmgath@tﬁ’%f[‘\"?e%%g&J%éf'mrk 12" _ to a host conputer 124 or to
data equi pment g éc?gﬁaije l?r}’th@.'l]ingﬂh%lgﬁée ‘ﬁ%a‘éle?&ﬁ'?ﬁ@?f%o‘ﬁt ndér REYable?6 thelvafh | 26

in turn provides comuni cation services throug e worl dwi’'de packet
data comuahLRALERP S RESverd QNE GRTIBMCY pfddbed * Edisiie @St fbRnoud dHdaheet
128. Local network 122 and Internet 128 both use electrical.

el ect r omagabjettGiobn PhrasPt ihe dbols ugdeaithe tabdd™ ic alier sgcalidghttaouabarasder'darmd t he
signals through the various networks and the signals on network |ink 120
and t hr oughthedenki nndeatthetablehuodérgoa uargformiatiomwitheash ather byirgading. Bt a to

d f. t t 100 | ; f ier. wa -
AR R SRR o 1 S T et A A L e
i dat a, . i ncl udi .10 th th t. k(. t k
ok 150" it e i Cahs Rt Pt conlen o e ity TS et e
130,.1 AS.0; t f licati
server vaglﬂie ﬁfrfgﬁaﬁgp"féz‘é?g“%% ﬁx@er?e%l@d. or an application program

t hrough I nterne | ocal network 122 and conmuni cati on
interface 1 18. gihRe A8 GAOARIGR réprebertdiEny AYRRLiRNandRBecUtkidMEgeaded
application provides for |anguage translati on as descri bed herein. The
recei ved cegifaif®@/hdIeinei&d birctst ducomposabined eplfldmarsinstincies andesindeveadh efibiemitd/ or
stored in storage device 110, or other non-volatile storage for |ater
execut2on. inkantddmnprises e metaveriparidewosypstae ourk0id fottoyvsohatainy liapuktiicsnieace code
inthe formof a carrier wave. It is to be understood that enbodi ments of

t he presentan bpistermadly represented Wit sieple datl strueterompeising a sehef theeetslaments put
may al so be inplenented on optical, bialogical, and

that may be decomposed into other three element sets. In contrast with some conventional
attempts. this internal representation is simple and regular. involving decompositions of

three element epistemic instances. and is therefore applicable without change 10 any human

7



guantum state conputing devices or any conbination thereof as these devices
. become 20 practical in the future. In fact, the present inventionqrgay:yma;

* inplemented by a suitably constructed android such as what is disclosed I'n
t he co- peWR WG4t ent application) U S. Serial No. 08/847, PSH/USTIRMNG ATI ON
SYSTEM OVERVIEWFI G 2 is a schematic di agram of one enbodi nent of a

transl ation system  The 25 translation system conprises a translation

engi ne ?00 yage prd ff?g'ﬁ%F‘é‘B’WE‘f%PéMf’é@ SB&;%F%%RH‘%W AS\AHERH]-

descri bed her eignaboye. The ci.ranil ation engi ne 200 includes three nodules: a
word st reant HRAHYD SYSIOH 5 FAHYdfe %ﬁ%’&%ﬁor{‘ﬁ‘ ABPE*St ream in the source signal

into an internal A&%P&;ﬁ?]i?&%%hﬂﬁﬁaﬁ%r%%? Bg)vmistlhezrqe%e{s?{a/cc{i{e@ﬁérr R g}ogwgq%he

i nt ernal represen wor d” st ream cons i'on nod 6 for

converting obilzlARS LA ARM Bt RhABhe! SREERRAIAL QRrMRLnACLAHRE, ,i%'gma' :

Since the translation engine 200 preferably operates on digita nals. a
pr epr ocgssaindéd{inaRBu@uROR fHlcWxaisQhe datfplakiey MhenhOiRthuhndapangddahe the
conversion of acoustic, optical. tactile. and other sensory nmedia into "
wor d for ms"lotaled ¢igeviieadSMatd gpacifiogliyna’ universal dictienhrylisprbabied idd inbimdling g
preprocessor 2|1 0 and postprocessor 220 nmay be inpl enented by several
t echni ques, diffarcht siadst dfmkanihgspd ecimmetoad Ainciioms b vordhdas sequptdeadisplit
character recognition. by another instantiation of a suitably configured
t ransl at i or(ogfigpowoaiionaiasiiHp@vided derttagakingedaymamoed stregm ipy dgagmposition
conbi nation of such techniques. 10 The translati on engine 220 is preferably
confi gured foplsfeﬁ‘b‘ﬁi‘%sf“’é‘cﬁ-t"ﬁf%ts‘?ﬂ’é‘[:‘éc-ed’rfiwmﬁrr& &AhPRON e?)?%é’é@?“i ¢ emrent ed
in a linguist interface ule 230. Th i hqui st _interface nodul.e.230
ot ovi adD% st B FRilel Fibbiend St ihs RO b ReE G 6 BREF iitinese o
ot her | ang , 1.£S:.h0 .t uence
URAERE XD BoehA of et CARLEERE LARMAMARL EoRRELLPRIA LGS

of split rules mappi ng ru and e -uni ver sal I onary 6. 15
The uni ver sgbidhaf, bﬂﬁl%bés.%ﬁﬁa#h%ﬁu@ésﬂﬁ;dﬁ@&ﬁ%ﬁdm%tﬂhle@%llé\% LNRESAS whb aRQloh t he
source and target |languages. TABLE 1 illustrates some entries in one

i npl enent atdodipust pkdpanifiexsad 2adilydipgtddenexighd2aid eveanvesiotha thinggagsQrghsliation t he
uni versal dictionary are identified by a conmon key val ue. For exanple, the
Engl i sh worsysteipdolptoduce he exthnsids.arelighiel highsguality tanguagdsdranslatiorasysigor.d "
libro" all have the sane key value. Furthernore) each of these words f 20
have a grammatical formcode (G- Code) of RO for noun. The same word form
may be lJgresent in nore than one erMxgpwire @hegWiEwase the word i s
semantically or grammatically ambi guous. For exanple. the English verb "
read" is anbi gudd$. 1beshlesk diagrapathat dlusteseoncbmputerhsysiemt @npioh whéchCGini nese
verb ' diishfi" (GF Code H2) as in " | read" or to the transitive Chinese
verb "yuel (gmbodipentedghepinyenyiop gnayberimplemented: eompRiser sysymdda inglpdesaibup es

are 25 han Ieid according to.tech |9lues that are descr.d bed in re detail
her ei naft er 02 or other commitnication mechanism for communicating information. and a processor

| 104 coupled with bus 102 for processing information. Computer system 100 also includes a

20 main memory 106. such as a random access memory (RAM) or other dynamic storage
device, coupled to bus 102 for storing information and instructions to be executed by
processor 104. Main memory 106 also may be used for storing temporary variables or other
intermediate information during execution of instructions to be executed by processor 104.
Computer system 100 further includes a read only memory (ROM) 108 or other static

25  storage device coupled to bus 102 for storing static information and instructions for

processor 104. A storage device 110. such as a magnetic disk or optical disk. is provided

and coupled to bus 102 for storing information and instructions.



TABLE 1 - SAMPLE ENTRIES I N UNI VERSAL DI CTlI ONARY 236 KeylLanguageWdrd For mGF
.Codel. 23456Engl i shbookRA 23456Chi neseshuRO 234561 t al i anl i br oRO3456727 hisy 513

" ~Engli shread TH2 12 Key ~Language ~Word Form ~GF

Code3456 RRghpaesgcl ushuH23456721 t al i anl egger eH2345673Eng! | gdif860dH 7364
1345673Chi nesevuel anH 13456731t al i anl eggereH 1238474Engl i shl S 12384

| 4Chi nesewoS 12384741talianioS 1 The grammati cal form code (G- Code)
identifies what ddmgiieaRakmP@0tmaf besqpll vidieuswardo b alsilabaliongish hoa For
exanple, a GF Code of HJ specifies a transitive verb and a G- code of H2
speci fi es asathodé rFBNabd (CRET) &rldispldyengginformatio al a damipuserwisérl Areinpat devidesed
within the word stream anal yzer 203 for deconposing the incom ng word
stream TABUR. cludstgsalgheswptbre gndwthenkeys.cabopdadio boslé@2 for gomimiunitatieg at ed
gramati cal form codes share a common prefix. thereby allowing for wldcard
mat chi ng ofin{prampmne andaomreandeseleTid@Is o ProsadPL EDGRAMCT 1% o FERNP BORES cEfs
CodeDescri pti onQOAdj ecti veQlVer bal Adjective - Past Participl e@Verbal.

Adj ecti ve -CUSOBSFHIOlPAS-tSHeh 1 By & HBEHOGH ng U GECCA‘&Vé‘FbSlg’DF%‘PUW@tWBQ
Adver bl 3Adj unct Advyer bF?OArrtb4' cleP 1 -‘éL‘fiﬁni te Articl eP&%n%ﬁi nite i

Article JeERU ENBRELVIRA HARTH PO PENEES! ot 1o gontrolling cursor

Conj uncti o ' i Lnet | ' ' . :

Pr onoun0ODeTey %ﬁéﬁ%?@é‘éggég%‘g r%:prult 8&%&%8[09“0%5’ 3 degrees of freedom in two

Det er mi ner QZEr adplehil 0er 393505 LABhEL ML (Ef S OA AR AhE WevileALBLART NOFi nal
Particl eNlDenonstrative ParticleN2LimtatTve Particl eN3 Enphatic ParticleN4
| Definite Rastibsd RNpIbndM firmative Particle 13 GF Code

"Descripti onN6Negative Particle _ IN7Interrogative ParticleN8 jExclamatory
Particll® j N9 (| rthedhednven Raelated 1o theNis® Gb nprapaet syateRal(0i fot biNgddpAudainkliatoy.
Particl eN12Korean Nom native Particl eN13Korean Dative ParticleN 14Korean
Accusat i ve Axtetding wNneBRbodiament ot it iinvenPomr.t lapgeage Irerdatewns providediwnt al
Particl eNl7Korean Auxiliary ParticleN 18 Kaorean Connective Cenitive

Part i cl eRONGIRRIEPEYT | R UiTerneres mIACSERT N4 RS ERRBSSAS DRSS egesnRes of one
NounR4Ver bal  Noun - Past Pariiﬁh%%eRSVerba

-. P t .
Par t1 ci pl oNEENED BSTEr IS e BBt HEmePEPSBRTal 0Br SHOLITET P e ey e read into
Pr onounS3PG5aRsal e ROPROHISHINE BAATALICKEHE ARONASSRR ALISe device 110,

Pr onounS6Denons ronoun ci procal PronounS8Uni vers ronoun

( SOPar tyist i viseRiRMOB{IREZRG BEREE B inbikdioeEdthiAdd MNRdih memoYE D4 @dudey srasédsbv e
Ver bH3Di transi tive VerbH4Conpl ex Transitive VerbHSStative Transitive

Ver bH6St at i \pd b pérfarfisihe ipreeddestépsdeyonided herEirarGnd orvmory@rdrkBioysiari multi-
Intransitive Ver bHOCopul ar Ver bH 10Co-verb VerbHl1Ref| exi ve Ver bH

121 nper sonairoogesing-artBigbuant ey wlsp belgmployeditoyexgeytp thesequences (fingpygions
Description H 15 Korean Adjectival Verb H 16 j Korean Conpound Verb

Pr ef er abl y.CoBREER & MAsy MBS Jnaliegpahivg “é’bquHBFﬁ‘?-ﬁ’F@d‘.”" ciEgta mayded

formation i s a. group .of.indivi dual .wor t hat  sepanticall r, grammatically
ot "t oger napeintifsor g id GnpbaieR il o et BBl i PR s e R RO
popul jatyg t j AN § &0 FKed: t of
g s R R T R e T S S
anbi gui ty repeeihytan@Rofiwarel Ne to be executed. Executing the anbiguity

resol ution routines exam nes other word fornms in the word streamto

det er mi ne whet héhetitrar ‘econsputerspadabil meding ™ fagused hevein réfeorsro anypmetiasn tiat
special word formations include abbreviations, acronyns. words with

apost r ophe Pprtimppesrin poaviding imstructicas & proadriser 16 fos eXeeutgpn. XJuch agpaliumimay
hyphenat ed noun and adj ective conpounds. special _unhyphenated noun and

adj ecti ve lakednanyoformas indwding hpt ok fipndtedite. moguwselatilamp@ia. valaide meriagapdbct i val

O o RSy A e e S5 LA B BT B0 e
h t ds, . F h. - | . Dut ch
SR oG DI RN et
constructi Qﬁ'eﬁnor?ﬁ@éptr%%xgﬁﬁg'rﬁéﬁ&ﬁ%ﬁd&‘@fy&l@al%@:bl@&!gtﬁ@rﬁrSﬂ&%%b&&’ﬁ&i&s

Chi nese neasur e”words. granmati cal form sy scri be er el nabove

may be aquﬁaﬁcﬁﬁ‘% e Wir&SUR Lo APrRe bl 02 oA iiéh MBAh c8D9¥ake the form of

sub-grammatical Tormis a specialization of a grammatical formthat further
speci fi es tasusiieiopghiGw@iefrsutingd wodd @Refed diging@idio froquendp PRPYdNddhfated t he
granmatical form For exanple. a sub-grammatical formfor a Latin adjective
woul d be a conbination of its case. nunbgr; and gender, for exanple

nom native 20 fem nine singular. Sub-grammatical fornms for a particul ar
word formcan be stored in a



matrix form wherein the colums correspond to verb tenses/voices/npods and
.houn cases. and the rows correspond to verb persons/nunbers and nouh< MAY 7003
gender s/ nunbers/articul ati ons. Sub-granmatical fornms can also be identified
froma gr QOB Word forms. such a verb and its auxiliari esPCYESIPRAI6A
trapping rules 23-1 specify howto transformthe internal representation

. suitable for_a source language into an internal representation suitable for
a target | af§hdge comppmnicatonse Gammaop fammsiodcomprishirsgablansdia melude fer used to
transforman Englis r sitiapal .15 .,phrase.into a Chi nese .

preposi ti on%‘f”ﬁﬂ%‘ré‘s‘g’pgﬁgﬁg' ) Fﬁégletdr‘éﬁwQ?’(ﬁqu‘rﬂ‘tj?i“&gg?mcﬂﬁ%r“ﬁl" 89’,” efCect i val
preposi tional .phra i nglish _of .the f N X pr Y.. corresponds t he
Chi nese pr eB‘ScshiBm‘8n%§?kprq{\r'7:ra§gb?§n¥)?tgﬁr. g%f‘é?'&m"d*ﬁ'e' Pt ?&s%arcrirsﬁ %‘?eﬁgapgu‘i”é ostéee{t es
that the le Laht.,, S hol &P - +1. 45 t L vehyy are
swapped. anéﬁ¥ﬁ€p@é%gﬂﬁwﬁgggghg ruog%é?g?gg'%ﬁggﬁ?ﬁédéﬁinesébxgﬁgﬂ'de" is
appendeds t 0ppREOMTBHFWEEP meAide) E}ﬁeh_ oF@Wid&. h éhrBief QTR EN@HsEShdtHRHRHMRESR | S
del etion of definite articles ( Code ), since Chinese | acks definite
articles. Famadthet.m&dinggrdmi@hichan®mipud cderdad( G- Code H?) cones in the same
pl ace in Chinese as in English. the mapping rule specifies a null
transformati on. Vaks formSH\sipuldArEAdhitl e RhtdESmAY be Soverl el ha rcgretiek- one or more
CodeAct i onWor dSet  ASet

BEngl i shChi seswesivEsabgrie-of-mdEa dpstropi@itisrie penversdd d6d 6Erey k¢ wikehiFneeaPpie et e - 1-
1Engl i shChi neseH 1Mbve*(00 10 Referring to TABLE 3, the Source and Tar get
fields indi batrectionsmayipidally bsbrragen aierangac disk Q68 r¢aRlg GaBRUteR s PRecEmPE v .

The GF Gpde indicates th tical .f f th d set) which b
2 ot av b 6P e T FHECARD? SRo i1 Y reisab T PR g e MR b iR

" Combi ne’ * f.of hSQe@;egés%.*}é@/%%.r 4 Ho4dIE 14t & c%%uflgrgﬁ%t%%gl'mfc% rA8LE E}icfncg:éa_

word froma réecor for noving a wo or m one T ecor

to another, oxl?-e'ié‘f@@g{n@tlﬁlé ah®@lseSRARTrAel MnSmWRE th EHVER i @ard W frATRE SighRr d
forms, "Add" for adding a word formto a record set. and " Swap"' for

swappi ng t hanp@edréd 8¢tsctof cdupRdt€Bes T0BE&dnSrecelietheatatdvanivdl ke iafhred signal
argunents are used in conj unction with the Action field as appropriate and
speci fy t heapghyladeaht datapedus 103 eBuuibtcdoyes the dd@atto oraif memdry 136. from Which t he
metanoun. O for the nmetaverb. and +1 for the right netanoun. The nappi ng
rul es 2B% t pigsesperord4detrigveRrngd Sresnen thairstraisiiang floie ingngtionigeesedtyanaiPat i ng

grammati cal constyucts. The it rules 237 eci hqw t o. deconpose a.

o amat | cal TERGRe LR BRioRTRRRbE otRor ser ARTFE 110 AR htofe Gratlr Piecttion
hi er ar chi cahy g}rorc%ggre nt of triplets. wherein each triplet partitions one
or nore wor ornms into three data sets. The three data sets correspond to

the left met aﬂOU@omﬁgt}@r %%Ee?ﬁ’%@als@ﬂﬂlﬁd@?aEB&HUﬂ?@Ei@HﬂHMa&QﬁE%S\Eﬂlé’cﬂoybus()f
an epistemc instance. 25 Since the arrangenent is hierarchical. the word

forns of thepIratan@uRichBoh ibterfade |18 prRVRIEs Melwoagsi dutd fdrmbiMiatig cdnplinSioand a
met averb. Thus. a lower-level triplet partitions the 16
) 20  network link 120 that is connected to a local network 122. For example, communication
interface 118 may be an integrated services digital network (ISDN) card or a modem to
provide a data communication connection to a corresponding type of telephone line. As
another example. communication interface 118 may be a local area network (LAN) card to
provide a data communication connection to a compatible LAN. Wireless links may also be
25 implemented. In any such implementation. communication interface 118 sends and
receives electrical. electromagnetic or optical signals that carry digital data streams
representing various types of information.

Network link 120 typically provides data communication through one or more

networks to other data devices. For example. network link 120 may provide a connection

10



word forms enbedded in a data set of a higher-level triplet. and the, MY 9107
top-level triplet partitions the words of the source signal. One ¥ MLY 700
inplenentation of a split tree. using relational database constructs is
descri bedVP AV detai| hereinafter. TABLE 4- SAMPLE SPLI PRS2
LanguageSequencePackage NanmeSplit T~~peEngli shll O0SENT_SVO4Engl i sh1235PREP
POM NP1 5 TABLE 4 illustrates sone exenplary split rules 23?. The Language
field indi Sueed lpe "W%W?-a‘ﬁ’gﬂ?ﬁbcqwt%fdﬁf‘tmF‘U‘F@a FUIRHERIAREr4adebY athe

s field arov des f it rul 1y f h

char act or SRV ECROERT (15 | Soas? 125 1 WG pisvidst ChmgorEyBicatoh semges
h | e 1o sty | evel level - and down t

Phe. phr ase anipt fordfist PG 6B shtBuricfe’ PRy ooy Bleiisor

instructiogg 4 nt@;ng?"r f"a8lg_o\%ﬁlnr§éh\9wkeldﬂtaﬂd 1 AERE L Mﬁh&e&e&n réléc(iHJn‘?J rgtPJ It

is appropriate an word forms as bel ongi ng e nmetav

(recordssepy Qf)ucﬁ)ffsnérﬂ% tﬁﬁl dafry didhal B&a S| qm%@}{glss}{r@uhﬁ th’i‘: \Qﬁﬁ{f@ﬂ&wt)ﬂ{s
i dentifying and splitting subject-verb-object sentences and PREP POM NP f or

i dent i fyi ngndund sigRhls bh nB@vopk BRV$RM aiv@touph cam@funidadibn afi&rfaee gt BDWhich ehirgy t O

noun phrases. The Split Type field specifies howto performthe split,

general |y Ihe diglahtiathyo agl fidm whimphtenwyscerd bd0raret dxampdare fdroshe cpriter wavéshe

met averb record set. For exanple, split type 1 indicates to put only the

sel ect ed wurespbomgtheinfdmarien.averb record set, split type 3 is for

nul | -metaverb, and split tyﬁ®4 is for nmetaverb having nore than one word

forms, such as Qom@wsr SHSEENE ‘é?dkﬁé%g‘efﬂﬁa?s Jgdeqejve data. Tprduding RIORTaNy Codss d

f or ns. rally. to th nd t of the nmetaverb, . ar t he -

and o117 cc ot SetvpikehoBetiod G Hl wrauglsaﬁfapteﬁ%“pﬁlrﬂgﬁgéﬁ%{ﬂt?ff*e& ype

may be devig 0, ct.
gx‘?psée ;% Bl fo{%@%%h&ﬁ { GEPLdAE 18O Réﬁg&ﬂf}ggra%@ H .

Wen a recor 1S S recor correspon

t agged W t fygniodg. iS@’bﬁ’l6 joRsh edldRd 20 Qﬁd Ecyrﬁx%uﬁfcaﬁ&{ inTterfa%e 918 SﬁNEc§M91¢eFor
deconposi ng Engli sh Ianguage text. the following split rules have been

found to bevitsied inbentidR. orkel stith eoﬁﬁlah@dm@pnmeﬁ praiddsdbngngudle &@hsl ¥eddas
subj ect -verb-obj ect. subject-verb indirect object-direct object.

subj ect - vediscdbeddutreinbTbe teckived cedst mabpeaxecutsd by podcessor bopreitisoatavedand
subj ect -ver b-obj ect-predi cate: 17? rearrangenents of sinple sentence
types ihcl a@nfiargstq,rp@m storgge deyessktld. or gther non-vojpiile st@cﬁsré@t@ter gyt fnghis

"there" or "have'. left dislacatio t]t dIS|O atlon l?ject verb
nver i on. MEFFCSCTRHAS AT B0 oy i adhlsabe eodk Th e Tor o7 St Save.

It is to be understood that embodiments of the present invention are not limited to
electronic computing machines. but may also be implemented on optical. biological. and
quantum-state computing devices or any combination thereof as these devices become

J 20 practical in the future. In fact. the present invention may be implemented by a suitably
constructed android such as what is disclosed in the co-pending patent application, U.S.

Serial No. 08/847,230.

TRANSLATION SYSTEM OVERVIEW
FIG. 2 is a schematic diagram of one embodiment of a translation system. The
25  translation system comprises a translation engine 200 which is preferably implemented on a
computer system as described hereinabove. The translation engine 200 includes three
modules: a word stream analyzer 202 for decomposing a word stream in the source signal

into an internal representation. a mapping unit 204 for transforming the internal

11



conpl ex sentence types including coordination, subordination |inked as nmain
5 subordi nate for subject clauses. conplenent clauses. phrase consit§ tdenis.
"variably connected clauses, subordination linked to two or nore main

cl auses. WPORPYEsiti ve cl auses: varied coordination and sHsdrefi*H31366n; and
subordi nate cl ause structures such as nom nal clause. relative clauses,
adver bi al cl auses,. and co rative clauses; and cl ause clusters or _

punct uat i oRSPra§talipg-gpd ag%ﬁvsgegra (SPRHREUEY 5@?#&&638'; Y VFRSE iRF TR rmEhs,
positive ori entﬁrti on. neogﬁti ve orjent a]ti on. tag questions, declarative
quest i ons, '"JEUPTEPIGERLBHEIAR PRESHSI8BE auxi i ari es. wh- questi ons.
alternative quegt] . | i , r het:or estions;

ot her sentence ? ;ﬂﬁggﬁ% tﬁ%fgﬁaé]l%ﬁ%hg{n}éizg?lggﬁférggﬁeo gﬁq%u%ccilgﬁlggkalg buar mul a

sent ences, p?e?r&ﬁ&%‘fbfé by 2 BOpREESo B PsK phARGUAYE SEHhEIRE Tre cemér{f{)ﬁ@@d
sentences. "and non cl auses, oun phrase [DET+PRMrHN+POM types 1 ncluding

subj ect 5 diat&igtic. ApkieA! tacti RIATESheORh&FY medidDinest whidedigat inRe riRich

predi cative. conplenent of a preposition. prenodifier of a noun or noun
phrase. voeaginy'e predetvel dipadl. mediuR0 The @rggbédsssr 10 aad padpecéssored 20pmanidi f i er
of a preposition. prenodifier of an adverb, postnodifier of a noun. and
post nodi f i enplemented dgtjsevdraieshniquesisuphagsendard/xpedch recpasitipmetdidamigrdor i mary
auxi liary. and nodal auxiliary; adjective phrase [ PRWADIJ+P types

i ncl udi ng pPesabehdracier rgeogRItIUMY asoibpeidstaptaiinc{ta spably ppritgurgst watis@son ve,
postnodi fier of a, prqonoun. postnodifier 25 of a noun, nom nal adjective,
conpl enent ¢B#Ing 2 desprRed ipsigtall %Vé?flf’p?fr@'s‘é‘y[W%V‘i‘lﬁgﬁﬂd‘t‘%’@éq“?ﬁcI udi ng
pr enod

Ghspe Tl S I WS ATE R SO T
pronoun.  pk zﬂhxﬁa&rﬁ;’ Opr8£es§‘j:ﬂfhteﬁ{e ed5h a liﬁgﬁgﬁgﬁrfaﬁé i@fdul% Aeghahiy %termdl fier

of a noun ase. stnoditier of a nou rase. postnodi fier of an

adj ective Qfierdé@hddulsiY folides @rdphidaY Bser MRbSSde RAFFHNE 8hd ¥6&naBIRY linguist
conpl ement of a preposition: and prepositional phrase [PFN+PREP+PR(E‘,IVP]

types i ncl uelbther Jangungp ek peetoachieroogteetiint .upda gnpies in e péquendesfSpliamles
conpl enent, wh-clause as conplenent. 5 adverb as conpl enent. adjective as
conpl enent 23pavapping fulesr234f arad thewniversekdiotiondry @86.0f an adj ective, subject
predi cative. object predicative. adverbial. and conplenent, of a verb). One
way tolPacilitatlBeupersatdigtigpary Bé@?%a%rﬂat%ﬁmwgﬁﬂ WO i HWRE SRUIFe f or s

is to establish a,word co i.on tabl e (not.shown). ich all for
groups of #BY 8% 14NE 385 SY itlf‘ﬁ‘és&ate’fﬁgn\%ﬁphleé6%8’?%%’8??‘?‘5’&02\{\%% al so
e nE ShsiRcg G P el ohShe gkl AL USRS,

the uni ver aabmeidntiegRalgé. 336 cksthpleN88 EngRSCWald ‘BRUPSthe Chisdwordhirs™,
positional information may include: any allowable word position. sane as

t he Engl i snpteilialian wordriilibiodt ] yava filieesantdilee ykeajweo ridirthemmreli eatle bfthbefvosrds t he
keyword, any where after the key
120  have a grammatical form code (GF Code) of RO for noun. The same word form may be
present in more than one entry, in which case the word is semantically or grammatically
ambiguous. For example. the English verb *“read™ is ambiguous, because it can correspond
to the intransitive Chinese verb “diishii” (GF Code H2) as in 1 read™ or to the transitive
Chinese verb “yuélan™ (GF Code H)) as in “1 read the book.” These ambiguities are

25  handled according to techniques that are described in more detail hereinafter.

TABLE 1 — SAMPLE ENTRIES IN UNIVERSAL DICTIONARY 236

Key Language | Word Form GF Code
123456 English book RO
123456 Chinese shu RO
123456 Italian libro RO
345672 English read H2




15 word, separated by a word or grammatical form in conbination, at the
.end of the sentence. and at the beginning of the sentence. In anot Hef MY 7001
enbodi ment. sone of the split rules 232, mapping rules 234, and entries in
the uni veMa90/898ti onary 236 can be automatically generat e84 wor d
construction. Thus, special word formations, which map nultiple word
constructions in|dtey | angudgmgnega |[sWMeglidonmi t i n anot hélGH @ndriaige. such as
idions. can 2 ) hadberdl ed.ChlABEE 5 dilshustrates a porti oR20f an |exenpl ary

word' constructi QR4sgEr U Hallan L€ Vg PNT ase — have bgagﬁ—r'“uﬁlﬁ'i'ng, " where
ber or e the-keyviold ok et r el oy e e e A WD
CONSTRUCTI ON TABLE4RS{Awor d THREE cone{#® i on Auxl Pos! M2 Posal AuxN Posh
running i A} hay8466th rJdisliam havdegees) been : B} . [HI- 25 |[OPERATI ONAL
E\ AMPLE Referring 28841 G |3Hng)ish depilcted is a flowchart |Blll ustrating steps
performed in the |{Qpe4RL1 On | ation

QHingB enbegl nent of a univers$gh trans
system Step 300 1388707 ENNRARESSI NY 159 Step that Teggl vES a source
signal as input imome—for ch i ng text

m—such—as—adigitat—signma—representt
a source | anguagfhe gRndhrAKEL foPmTo8OAGF CRRE PRI fidIGvHRPRAE ool p s SOPEER the
| anguage, and an optical signal representing characters in tﬁe source

| anguage. Thiocsd formelngs 5. prekeppR00 GFagodeco ier {petifiesa ynstiandats shdspeech
recognition or optical character recognition 5 inplenentations. - 1n one
enbodi ment , codewd\HE spetifies pn eprapsidiss very. flinegraromati¢al forins vt e latet usgd witbinher
instantiation of the translation engine, wherein the ancillary data

in

structures &eeverpsirepm paalstey 283 fen decemposing theagamriag Wor peeamorABlIe ddists

recognitpon as

are stored Fﬁer’t“ﬁ@yﬁﬁ‘?'{}’é‘f‘
p\flg'{xdt

oriu

recogni ze plggr%%%h

mappi ng rul €s are

reprocessin

ueh! forrtt

B SR

c wave f

i 1Yt SRR
B0 R for AP S AR R3S

or

phones’

rns
?ﬂ’é'\‘/F%déEi shage 30

€S

and

QWLFéI wor ds,

for exanple into ASCl I
aural speech soundspj
fundanentally a grap

_ang Afii e 0des i e fcGham SHELEF SR cBBRSIEM Ci zati on of
I oo AR e e T o wof dS e
transl ati on system pra’ringr AQFQ% to the principles of a universal
gramar, 15 is an i d94l choice |fYgrbaiphdiestivearPrshPatiginle Thys, even the
preprocessing and ppQ@Rprocessi noVesbalghdjeatine bRrepenp Pemieipieed by embodi nent s
of the universal trgalsl ation sysAdverb The out put of preprocessing in step

of

300 is a sequence ofImord forng @dnjhmttive Maversspeech text that afe enbodi ed
in the source si glna 12 TS SequaikRineliveRAGerb O N5 CONStI TUTES & "dre(r:]org y
set ' . For exa e erSomT e e semtence——t—taveTw®ad t he boo
under 20 the tagFe" 13:%; -a—f-ef %ﬂgﬁé'&dﬁ?% acoust+ec—stgrat—the person's
utterance. is conve}‘-g-%d by—a—m 5513‘5 JoRe—ipt-o—analog—elect+ic—signal s. Since
the preprocessor noghle 2i 0 is [tRgiMEARCle ) enented on a digithl conputer
system the anal og eP2ctric_si gindefiniteeAmtisiver t ed by an_anal og-1o-di gi t al
converter to producgGa digital |Cepmubctienbodi ment of the person'$
utterances. After py@processi ng Céobr8in@ingdQ0njuictichsul t set 400, il lustrated
[ nI FI G 4|( azj, [ sb25 @houUCed. TSR datviC GjEatieh | oNn. _spectticarly w tgl a
relationa ata bas thre—Tecord =400 LS erght—Towsof a table.
one row for each mﬁierm&di?d %‘?ﬁéﬂﬁ%{égﬁimg%ﬁg} ‘3‘@[} SHREAM ANALYSI S
Referring back to F 3(a)—egch UBYAINE TTHRYY ecord set 400 i s
successi vely visited“Ystep 310) [B“f}c&"l‘fﬁe%nrd stream anal yzer 20?| Mre
specifically. a grap@atical forlnRaserssive Deggyminer

02 Predeterminers

03 Postdeterminers

04 Quantitative Determiner

NO Final Particle

NI Demonstrative Particle

N2 Limitative Particle

N3 Emphatic Particle

N4 | Definite Particle

N5 | Affirmative Particle

13




determ ned for each word in the record set
- illustrates one technique for determ nist the grammti cal

-100 in step 320. FI
wor d

"the word form under consideration is | ooked up in the universal
236 (st epw820/2p978The nunber of entries returned fromthe uRFTRISEYLT364

di ctionary ?36 | ookup determ nes how the execution wl|

br anch

If there are no ent

rGELodd t he

Desoripeioad  di ctionary 236 for the

then the granmmti cg

Ngormis e

SRNeRLVETFaidiOT The word formas g

(step 325).

In the jv

King—exa

Lo

nr.omn o

| 1% (I&JaUV? qu]ﬁ'g}éﬂ deu lL“IIE UUUK Ul

table.™”
exactly one entry i

no word f orqga

QL. C
L=~

PToP
he unive

hand
= T

b

Ex¢lanipiory BLFTs SRe_ t hon_sxocuri

to step 329 where t

9 gr anmat i

- HdeeisivenPaIticl n_t he entry of the

0 dictionary 236 fg

rNtthe ward

f Compemitiss Padicleshed. I n the worki

the pronoun " I" ha

Nexactly o

naukiiafyP4ricie TABLE | ) and therg

grammati cal form of

NIl 07 pe

ReMah NUndHaWe parudetl abl 1 shed Tor

G

Sodot Wy gy

di ctionary

(step 323).
word form
proper noun

der the

here is

on branches

uni versal |

ng; exanpl e,

fore the
t he source

word form" [|." P

CYQF-\ note—t II

nraohahla

R ol DARE PRI 5 07 PUTPUSES

illustrati on and w#

LA A A% 1A} _y

M\Vgn‘n LI

\/ Ul

1C

ot A n an At 1
L AL \/\JL L
- an

dictionary 236. For
will include a 15 n

%Weﬂwf

JKOWérL\PC%‘fe aicltandl e self refe

wor ds, such as the

wekd "1" in

Koeeagdmiteymeatal Poftiglenord " 1' is 4

Furthernore. if theg

NI ver sal

KotdapnaunylidrnPhtides Japanese, the|

would a plurality @

TNRTTes 1

DK obcdf (RAhe@N@/GaliRRPaRicle- Al Ter

there may be a plur

EH

Nlo ﬁ T tImeunT ver bd.l UI L.LI Ulld.l Yy
1. Ao fear-d o

word form This st
grammatical ly or 2(Q
TABLE 1. an anbi gui

E] I | ropgt,
2 =E$minh°

tR2 i s inher

ot lha ha
Ub Y CTITC T VWOT U TTUTrI1mnro UDI T

AU HNPMBe word streamth

the word "read". be

ddlise the v

b Chmmanglyon-aeyiiNyR transitive (°

book"™ ) or intransi

tRve (" to

' ¥arbal Neuh i-tPastRagticiply necessitati

transl ation of diff

egent Chi ne

5§ eral Noun Yy Petsdiit Rurcipleshu respec

resol ve this anbig

c
|

al uni versa

Lctionary 236

renti al
pronoun. "
n there
natively,
for the
g either
le with

i ncl udes
to read a
ng the
tively. To

t

p%@g,ughon nodulre. wWhich 1S an airrangerrent

of instructions sug
(step 327) to deci

T ad— u package

n‘gb Ie Ul
\l’\P'J_I\ L.

1
R T OoS—CTit

1
1
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is best. Wen execd
for choosi ng one of

S%he neanin

e‘Fx‘t’?nBroF‘ﬂP’? ally y amhi guous word

i ncl udi ng i nspectin

St her wor

HBossassivecProRoHn cont ext. use of st

t echni ques. and evd

rS4s pawni ng

s—execut ed
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read'
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form
atistical
d stream

anal yzer 202 and th
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default. In the ex
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oby
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gl y.
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t he
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t he next stage perf
specifically, step

ddéred by th

ep 330 is

BD iterate

s 10 ?32.

For each of the spl

M Tures 23

hinternogatise Pomoof t he 21 WOr
3 Egpr&gpp,%ml rTve rream ng corr
caol oot nr{
Pertengeilipk again to FIG 3(a). st
ﬂnuaﬂguw@QQﬂp Set 1S spllt accord

ng to the

split rule if the §

Fyt—Tore
cfan 2 AN\

NReladVe Pronbufi the 1D package is u
: niversal Prong o iv“

eViedr d st ream anal yzer 202. More
Ui'l ,-.“t}{éiv roa—forms—and gr altirat

in the record set (

L Y

1 I

S DeRRASRIiVEReoRIIRT 165 W T Be PIc
[ILY Ul U 1c UI I Ubl.

PR Ve BFTOR L o be ectabliohod i

s TeaneitiveVerlsequence of split rule

o ra I

mat ches agai nst re
i n subj ect -ver b- obj

set 400
£
éé order

i cal forns
TABLE 4

3 Eﬁl‘? 8IILIUICJ.J.UU6‘f
be ,&é%?léep—490—+s—a—spnple sent ence
nSEHVETRNSUIVEMAP+ 11l e 110 causes record set

400 to be partition

ddé that is

Statizg dntransigive Verihdi vi ded. into t

hr ee data

sets: record 15 set

K10 conta

nDygamivelpnonmeai¥erb |" and corres

ponding to a

met anoun as subj ect

Hg This €p

Pyaanic InfransuiveeVerbecor d set 412

W th the

word forns " have"

o‘,[rgI read

C%Bulfapvel'[y.‘,[ avero, ana The diTect

obj ect "the

book on the table"

IHIOJ. IC\.’UI U

]
LrlU I [ ||L ||CL Aaltrouull. 1
Co-verb Verd Y

H1l

Reflexive Verb

H12

Impersonal Verb

HI13

Modal Verb

Hl4

Auxiliary Verb
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adverbs were present. they would go in the netaverb record set 412. After
‘this split has occurred. the process is repeated by |ooping back to $Gegy 703
330. On't 20 a later iteration. split rule 1235 of TABLE 4 will eventually
mat ch r ecWOd028%78414 and cause the record set 414 to be deBSHpdPARI¢ant o
three data sets. The -1 record set is record set 420 and contains " the
book" as the left nmathade. TheDesirgniomb i s handled in the O rgcord set 422
and includes the prigpagsSTtion " ORoreadP@jdciCal VEBT NMetanoun 1n e +1 record
set 424 contai ni ng e tabt e .4 ' Wy ated—T T FIG—4fla). record
set 420 and record §1”§424 25 ggge?gg?ﬁg?héggggéased Hto—t+Hptet 430. 432,
and 424 and tri ~ 442, =4 . 1S kng
about the netavg?gsna§§Qg%ﬁﬂ§2§@?§n§ﬁéyn?ﬁ§§8g§ﬁﬁgg¥blgﬁ l?aagggégggéﬁkor
exanpl e, a fabipbt BdRsddas WerdstRNSERATICETY W ERmAndtiomly adbddethet Reoraiiiee
transl ati on does not show the splitting. of a netaverb. a netaverb too may
be further dWecenpasidda speial voaddratidr isib popula@itnsSurAversd \desthal 236 with an
preposi tional phrase. 22 I n accordance with one enbodi nent, the split
tree of reconny ferdne-ofie werds wptherend darmation it adketoariggerraplaatbigpuigl thedebabase
system Mre specifically, each record set is identified by its own key in
the i ni t9 al cagsingas ambigaity &gselutign rejsise tpbe pracaed. Execuyae theambiguigprepeluden
(-1, 0, or +1 ), and the key of the word formto the universal dictionary
23G For exAHiss examperohesvprd foaps iytas Wers Stesea gl dgteymiuys| Whethe Hiege 1s a

"ol ot onal WA Todfiah. Pk Setuelet ol sie- bt RLioBR s SR AREt IR  or

t he uni vers LGE . L2 . ity T PLI\T E
400 Languagaiesy iy APREN R sERher Shorfh Ml rert 5Tt E R oot
~Engl i sh400f\heEnedd £inARa adjective compounds. special unhyphenated noun and adjective
bookEngl i sh600under Engl i sh700t heEngl i sh800t abl eEngl i sh1l- 1l Engl’i sh210haveEn
gl i sh3110r eadbhipglhdshdpetibt herbs glith 20 kiliad0 efedeing ki jebbht diprelaidne Bpk & il Hlivdrbial

t heEngl i sh81+1t abl eEngl i sh42-1 ~t heEngl i sh52-1 ~bookEngl i sh620

~under Engl i exb®2sidnd) epecipl peip8stidna bkmEssiins sidiBnsl CheksgnulipdSthataeyiriveind3+1
~bookEngl i sh73-1 ~t heEngl i sh030-English ~8 ~3 ~+1 ~table For purpose of
clarity, FI(), Aphic chagctrppomiseEepeh @nd gtherkmenged-voyeloverdsdpermag aaé Pugeh

t | | f RV h d. Ho .
O of oo anE BTS2l adetDeTsaaiira) e oedindl guinbbl. RAAPHA CORSEEEYO e
2 i Pe et PR Sodtfit chad Wi PEANEADIBhe s E WL ANAChyeld ol ol 1 1811 09

a Ior © 160Mpact SEGHRhinG &l fSrienSRAPISRbAL Hehfabollnafte/bughbATLABY b &l O
visual ly redundant el ements. MAPPI NG Referring again to FI 3(a) . the next
st ep. whi clpgrarampedcdl dorfredbley(notshpivhy ABub-gRdmatical forihds appdcyalizitonadiy@pi ng
rules (step 350). More specifically. step 350 iterates over the sequence of
mappi ng r ul grammadcal Fgm dhacfuribér sphefinnthpinmyphalbgsodgflectioneftecwerd femn i s
nappﬁd according to the mapping rule_if the mapping rule matches with any
of tHe node?PPHBER 1o Whsrarampnaneal formy Korevamplee a pul-gammaticak foam fercpkdfins et
(step 360). Referring.to FIG. 4(b) .of the exanple, applying the mappi.n

ol o7t hat | B o e rcominaton b 6 s, pitn kB e peni: (0s SREPIE RETARY et s
to be tyyan d,: t tr f 1.QM; I S and
words £5r naeeindllr, $ibi Rt tiilon k BERENRRE0S AR S HBRANH: 3

bet ween r eGRLflx $&hS wHektih e ddRinths cotespdhd Wrerb G sed/08iB8 /MbodsRd HIOME ERes.
| anguage is also transfornmed into the appropriate target |anguage

gramat i calanti Glignoas cofeipoal eslvdy peRensiapbeigarndhotn d¥B@drs/NOmbetsARicRRNoRs
sequentially sequence simlarly to the sequencing of the split rules so 15
t hat they rfup-graamatiealiforngs qanetbetbeidannéedd drodes groSpgfiened figmarsuph agenbldnds
help to alleviate

its auxiliaries.

25 The mapping rules 234 specify how to transform the internal representation suitable
for a source language into an internal representation suitable for a target language. TABLE

3 depicts exemplary mapping rules that are used to transform an English prepositional

15



the inplenentation of the universal translation system for exanpl ?,‘e@y“ \
. placing swaps last. First, the triplet whose metaverb is in record! §dt2V488
432. and 434 is transformed to produce record sets 450. 452. and 454 as '
shown in PCHV28Y78) | n this transformation. the definite afGTRIRBoe| et ed
fromrecord set 430 as shown in record set 450. Furthernore, for 20

rom of transforned record set 454 s

pur poses of il lustr t he wor
shown in i t@rﬁl%%ggj&*r&ﬁﬁ?’ef’ﬂ%i’o’? pé‘ﬁ?‘ham?% ?‘ B CHSEOTTRIENS d&dE@!letn has

Phen papbohaibiif ARBBLQdnd ghitss B %‘??3’5@8{ Tl SorEBOY " okl daliepingte
442. fand 4j3t | Cﬁgﬁ?@%ﬁ%io\’rﬁggrﬁ A T Téggms_ f[g & thé((jmﬁol%hrlnap

definite a ete record set he wor rmin ecord

set 464 is shaWindedmRidy f10nd29 r’e&ﬂek‘ﬁxterl@ta'rélﬂmﬂiﬂeﬁ()%h@&cbh@mgpﬁlﬂgﬁﬂe V@ared
form.h:ro~i. The next mapping rule that occurs in this exanple

transf osm ngattReCHA@RASIH I aPals JPpeaied 1@thefRé@VaDD ArRURE thaping 44¢€ fRror di ng
to dictates of Chinese grammar. Wth reference to FIG 4(d§ t hi s mappi ng
rul e causeEngbdaodCiardss iddtetmmbi46Anitoarieles (@Pp rde @Yl sifve Chiviesekek pdutinite! e
de to be added after the preposition shang (for "on" ). In the rel ational
24 datastisdese Finabllyesrper the tronsitivd veck (Gh&oke y12) abumes instde van¢ placr ideThindse
word fornms in the word stream new keys val ues shoul d be assigned to
reflect thdainkrelisbythe mappgaruissaeriBesenyikwnsfyymageon- 1 ) now fol l ows the
former left-hand side (reco ne such inpl enmentation. an
extra colum for the nc(:-w <p\[rgﬁE§‘ hﬁ'éfw)h R’Fﬁﬁpp% KELE' % 6 The next

mappi ng rul e. whoseSpursel { Theget hGE Coder| ctian ¢ \Worghnd¥et A { SaBilti ve ver bs.
Al t hough this mappl Bgglish | Ehipeey| MOnul | | Swasf ormati o] tillelpast tense
sub- grammati cal fof BnpKsicpQYmeseeIMOr om " Adde red” tloo t he [Ghingse "yirel un
... e in record[ggElidBY Chinedtd NRT NOT €, Delepd G »set” 484 C tyespondi ng to-
the "1" of the ori T € 1 410, CSphayedfpr—puppose of
illustration with F]%gr&l.{. .ggfcngioc t“. ofh Moq/ O—TARGET "‘m[F)IOSTR._AM
RECONSTRUCTI ON Aleteffingtd TABEEMR BRI S’lﬁxrée”dn@sr fRALEnHRAR tRPRLF L Gariglagd eps
360 and 360 of FIG 3(a), the target word streamis reconstructe§ by the
wor d st r eanrhd iesirgetClah@uiagepdpe@ivel6 The @GR Chde indivasdsahargdmmgitics] fbimeef théV t h
continued reference to FIG 3(a), the nodes of the split tree, that is the
record set secopt wt.oviick sz beed metavenbtazd metanmupp TieCActipndiedd siskifies theaction to
bottomto-taop, 15 left- to right order. At step 380._ each netaverb record
set 0 is cotkgenembineo far astanins dwe worhforms iRjoione Lﬁé@et Her deisting surerdecor d

ts -1 i . | truct the target d, f N
be. ar 1 anged Pk PRRERL e Dt BRAEE S UH TOPR b P RO G R

ef f ect yat ed Pl I onghaueli bl e.
Al thoudh FI B %%’a{%t’?f%ﬁnf?&g?%@qﬁ{ega‘és e R SR CAUE o a8k 3
target | angka@foriab @ resriséinsieesiva™ fr k@ypmﬁuTt thel gARitioRE BLFwAkec il Gétk OTRE Y
236. 1t is during this step that the universal dictionary 236 key is
finally resel xafd thetSet Bwghmégs hrewsédlinf @hjonbyiom withake Wptiow Aeldtas pproprddte t he
wor ki ng exanpl e. the reconstruction of the target word streamis

i |1 ustr at e@nd speFifGthedgdriiculaFresvdt sei wsgd hyttheoAetian field: dnfdr leff the nwtanbgintO, for
record sets 460, 452. and 454 are 25 first visited. In the relational

dat abase i r‘r‘iﬂféﬁé\'ﬂfbﬂn@n*’l @h&@e’l%wmgweaﬁhqo@aewaséwebya%@nléemvw@ a he

recordg,with t hest eveI nunber and. t he hi t new key val ues. The
Conbi 3P oRSPERS TR Em g RS Se o e AR E lgsltcppvmsrs s reflect in

ecord aets. 460 g e 235 pecll bpah ORehEh a el s A FEREE 1B SurpEC”

"=huoai "

- ifida “split tree.”™ A split tree is hierarchical arrangement of triplets. wherein each triplet
partitions one or more word forms into three data sets. The three data sets correspond to the
left metanoun. the metaverb. and the right metanoun. respectively. of an epistemic instance.

25 Since the arrangement is hierarchical. the word forms of the metanoun may be partitioned

yet again into two metanouns and a metaverb. Thus. a lower-level triplet partitions the
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At the next higher |evel record sets 470. 47?. and 474 are coal esced in the
-normal left-to-right order as "zhuozi shang de shu" in record set A84wTIGE
record set 48-1 is the Chinese target text that corresponds to the English
source teXP 08R9%7Be book under the table." At a still hi ghePCT/E§W273¢4%cor d
set 480 with "wo" ( record set -18? with "yuelan !e" , and record set 484
with " zhuozi shang de shu" are conbi ned together. Therefore, the

r econst r ucteRIdformg emheddsd Biaciata sehof @ 8igher-kexel tripigt.jagd the\ipp-layel WRIS huozi
shang de shu le," becagse ‘tl?he lE)art.i cl ed{g. b Ion%. at .the.end of the
clause. as PRREIoBAHFeNIds PLE SARTERHERY- (e IBRGMSIFRUOR 818 &P ECHINRE  ead t he
book under the tahle." Special .word.place rul.es. .be handl ed by the

mappi ng rul” lguf’r}fﬁgﬁ%baéﬁﬁglﬁ% t'él\@?scﬂgeaglﬂég?rﬁldetrﬂ giﬂg%ér{a ‘ftion rules in an 10
alternative enbodi ment. Ref erf,&ﬁggtﬁa—%;\&aﬂﬂpﬁﬂ%@s skhe target word stream
under goes a post—processipg—ste 033 BY—PeSt—Pproee556F220=Pest—pyr ocessor
220 performs anllmﬂgpﬁg% 2 P tedi & \ i Y1 Ty apposite of
t he conversi ons | 58S ned! HY pre-pféglégs&/%lo For exdhple. the rlesult of
post - processi ng | iEngkthep BBB5may be| BREPGPOM_NA gnal reptesenting tlext 15 in
the target |anguage, an acoustic signal representing speech in the target

| anguagé (as by & Iplééehu%vr%ﬁe@iﬂzéquyplaah%pllawl@p}ai?cgﬁhesh‘agwgc figlsriadisates ng

characters jn the. target |anguage. for exa e, as di ayed on a . .
cat hode- r ay°x wﬁﬁﬁ&ngﬁg CHP%Equdfa‘]%dﬁa%PfﬁP’é%%nﬂae Pegyence fi NS%SF\E‘!‘ axdeying of
APPLI CATI [t.iS evide hat, t he uni ver,sal ,| anguage ,transl.ation nodel
ocor 1 bod A% utts e el SRt Arain BiRin ARPRNRIRSB 4K fogRatiRe

i nfornmation_,j T ef i ,an. .S t,.limted
01 Or Lt Ol e RO CodhEscrkdic IEE b MEORL AN i o T ¢
princi pl es ﬂka%@ﬂﬁé%rd“l%(@! 'Th%_'P@cl?dgE|Na@:@i'd@pt§f§ks%%ﬁ§rﬁ@h{§h_ﬂ&f iAstucB8Hd thet are
signal that enbodies information. I nformation nay be defined as a know edge
r epr esaot atconfigured af idegify avirether k mamicallg eplétiis spppdprivee dddafiags Svhidh womtfeinys
useful to any sentient or conscious creature 2~ such as human being. For
exanpl e. i b belongingto thepmeasavent Gdcard setr@)iof ghet splif. oinrthe elample SENINISVEN s aand
| anguages such as Hyper Text Markup Language can be useful |

] ; (HTM.)
t r ansf or medPackaggder *ésemsmg@nefplpéﬁw%gfé-vm%elmﬁqtiSFrégnqew%%%E%rPg@%eé’#’efer
ssytens suc such,as. A/ D converters and, satellite.systens. t hemat i cal
Choor T es: altiayPLen itadpR SRRl Pl in B posmSuiis | i RS G cal
orders such as L | : L e 4eable to
control ling dyn??h@csrpgggxge?rﬁsélggg%&%l?qﬁg‘é{o ri ggﬁq%%%ﬁg{lgﬁlﬁsgy gdggldf.yl anci al
i nstit ysi ORghick\WoRIRINEThaf %RV bE puBihithd melabrblraddod 8 FoS&IGMpPAS sPIATRIE BT
source programmng - - 5 languages are fairly straightforward to translate.
because pr dadiearss togut amg ulkgetectadeworddbrm é&s the amdoavgriotesord sam spiattypesd is for
| anguages. Thus, by analyzing source code into a triplet internal
r epr esent atnurmetevirbiand aplis typed irafor megavedehaving mareghanegrieswasdifermisasuchris es
conpyt er source can be translated into object co | i ke a conventj onal
Corrpiljll er. ivgftendige %‘(?F‘?ﬁéﬁ%‘dﬂéé‘ it aﬁéﬁ FFé?A‘Wi"gHV-OF 54 %;ﬁaraﬁzgéo @Gm?ﬁaaﬂd
FORTRAN to Ci++..10 Simlarly. .object, co that s machine-execut abl e.
st ruct i odS LB Aot SR | FEE B RisslrerePRE AR F FreSish
out. TRYS, r ' : [ s i.CLt O pi ng
ul es 2a, PRl RARGie A8} by BidgH b REpDl KRR eCbiCRHE 1t anc BRCHRE
know edge ephadi PRDidSeGRlidkdard &1 61 McsFm@@g& MeRU&S SR Al Wth of R¥de
exanpl e, source code, object code for another processor, and even a
natural , hugeeinkicatiam teagpe of split,agt SENT@V@r ogranmabl e digital |ogic
devi ces such as gate arrays are described by a hardware description
| anguage. obj ectFor demnmsinigdEnglisnkbngoad textt the félbowing shiardesienerbepn faund to
| anguage, and then directly manufactured. Since sonme inplenentations are
capabl e of berusefdl:ating natural and artificial |anguages into a object code
and since object code can be translated into hardware. a nechanismis
provi déd for bui¥ dSiMplOBNKEEE 198 inghidiisubrect verh wihlesl wab-obicsl sy eqtAST s )

froma functional rce,code. program an . L . .
?n%ﬂ‘ect ob_)ecl-SIr cto Jectr.n subject-verb-direct object-indirect object. subject-

verb-predicate. and subject-verb-object-predicate:
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executable file. even a precise English | anguage description. for examfl g
WMEY 7003

"Make nme an operational anplifier having a gain of ..." In another 13
applicatiqQp, a universal nachine translator can be integrat g i
tel ecom‘rumgg{"?%"ﬁ% devices to produce a ' universal comTunF 5@%%9?2'73?50r

exanple. either 25 or both of the pre-processing unit 210 and

post - processi ng Uni%a%@ﬁgﬁls%gsimﬂf%eﬁﬂeé{cgh e@iﬁMJd%uea@ft.cyxtr\ﬁ\f)Js% l-ne.

t el ephone system an omuni cati ons system a 'r%%ﬂem
a facsimle machi neg@fectseb84OMRIaET thefe COMHUAVET , 18ff AfsRInBEH b diSo¥RIdh. @
pager, a radio and/or” tel evision system a radar. sonar. infrared. and
optical conmuni cat i subfcSy&b eiersiorp And exaiaypsdctjéatand prebind: hel d. | ap-t op.

or body-worn comruni cati ons device, or 27 anot her ot her nachi ne
comuni cati ons deviaendlex seneabe rypesindiud prer @brdmtion: subprdimoivhduhged as main-

di scipline. Wiile this invention has been described in connection wth what
is presehtly consi dubexlinate foe suthect gtausespeeroplenant cangess pbifase cardtivighiodi nent .
it is to be understood that the 5 invention is not limted to the disclosed
embodi nent. but on Yasablysennestsd clauses. spardwgtionlivkpdde tWaPT BIGE MyAiciausek i ons
and equi val ent arran%errent,s i ncl uded wi t hi n. the s ir'ht and s.coge of 1he
appended cl ai ns. 2gnd appesitiveciausesi¥pHeY crdnpUpnqrigt SuRgraaligiyyaad subqyfipate

nmbodyi i nf ti di . | LNt A t.Sl |
o |t AL B SRR LIS e S
comprising the st e%nﬂﬂca'ranﬁggfaggésp daclméércﬁlﬁk%%’orgéunﬁﬁllaﬁ&ﬁd di ctionary

entries in a conputer-rea nmedi um eac the rel’'ated dictionary
entriesigncl udi ng Fnepldpsitve¥Rhidndal PRsARERERNGsHO qhdd8os Bb&iBvEolia@ndibage, a
source grammatical formfor the source word form a corresponding 7 target
word form accor di nghdgatitderienaitignt taf qoguiags  dealarhiise tjagsges. gedni@icstas Wisk m
for 8 the target word form 9 analyzing the source signal to produce a .
first internal reprmedalnatiliancsofrrepesions dtehtitivaguestions exdlamitery qufestionst i on
enbodi ed in the source signal based on the related 11 dictionary entries;
12 transformn ng t heangirhetprical quesyans:r epr esent ation to produce a second

i nternal represent at'bon 13 of epi.stemc 'hns‘t nces ,accor di irllglijfgto t he tarsqet

| anguage; and 14°cdMETGRENGTYP dngludipgeliip i §Fr_‘aﬁ%{§’é'8°[8ﬁte _ rmla sryence _
i nternajs represent azwh%st?c”sq{%tten?esrﬁk)@ Eﬂg&a}e 'ex%hé%?.atf infSALd Eé?a?egcés@ aMREE! N
$°0 p a

t he epistem c instances each consis alr of objects an

transformer 17 of thgseair of objects; 18 wherein the step of analyzing

i ncludes the steps of 19 selecting a plurality of word forns enbedded in
the source signabk; rfinghtRe (DBTARRIMVESICERONY tgses iokidingbubl ek iretasbjédne

sel ected word fornms based on the 21 dictionary; and 22 deconposing the
source signal into indigedt iobjsct. subjent peddicatipe.cabiaet predisati veaseniplgmentofleast 23
sonme of the word fornms and the respective granmatical forms; 24 the method
characterized in t HEEPASHIONs premodificg of @ AR PhECYgdRse Yorati v advealirkal f or ns

25 f df i ncl udes the st f.26 Lng the dicti t
dent1 190 one or morBeBRRTELS! FHA4NL b REPONE, oL PP PR S A

el et o vor e 1or AR, BBl h L S o SBBRIE a0y o ol
correspondi ng t 04t hg@Bha&d PATRIVIREs fHcAMing primary auxiliary. and modal auxiliary;
¢ adjective phrase [PRM+ADJ+POM] types including premodifier of a noun.
subject predicative. object predicative. postmodifier of a pronoun. postmodifier
25 of a noun. nominal adjective. complement of a preposition:
e adverb phrase [PRM+ADV+POM] types including premodifier of an adjective.
and premodifier of an adverb. adverbial. subject predicative. premodifier of a

preposition. premodifier of a pronoun. premodifier of a determiner. premodifier

of a numeral. premodifier of a noun phrase. postmodifier of a noun phrase.
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SUBSTI T' UTE PAGE AVENDED SHEET 30 30 if there is a plurality of entri (ﬁ
. in the dictionary corresponding to the selected word form 31 t hen! & MAY 2]
executing an arrangenment of instructions, associated with the sel ected word
32 form weonebgct the source grammatical formin one of tPOF/YHRE6HtY oOf
entries based 33 on other word forns enbedded in the source signal; and 34
if there is a single.entry i . di ctionary corresponding ta.the sel ected
word form theﬁosgg‘)@gfre%‘ta}ﬁnagﬁtchgggroﬂd(rz%}eb‘ al?bé#r’[rﬁ’tr dé%{‘\%v]c b(?bﬁﬁc?ﬁregﬁén\é?'ngl e

entry. 1 2. Th&éﬂ%wgmgﬁo%g}éﬁoﬁido%'aei n the step of anal yzing includes
entl

the step of 21 ying specral word formations. 1 3. The nethod of claim
1, wherein thep3pedital PRb&Y [PFN-+PREPIPREMPVE ped MENMBINGRLUN hfgd 8 for the
word forns |nc?udes the steps of determining a part of speech and a sub- 3
granmati cal f ogdmplémént. Theparatiplcclaise ab abmplkmehtinéhdbuaBpompiecAgnt he step
of storing a sequence of 2 deconposition rules in a conputer-readable
medbum each oddveheastmomiposittddprtive hesorBpldmsoic postmgddiec ofhandunon under

whi ch the deconposition rule applies and how to partition a 4 plurality of
wor ds forms i npastreodifiar efern adieglisigsubineipredientvedebiactquedicative.mdnerbialt ri pl et ,
under 5 the condition the deconposition rule applies. 1 5. The nethod of
claim 4, wher et qomplemeny obf Ve onposi ng the source signal into the 2 first
i nternal represent atfj og baied on i\t I.egsthpne of . the word fqr and the
respective PBrEMMRIPCHRE BE FRTY ALTREGAL VP oTPE and pubserapaiatst i fAgNS Wt her

t he conditi.qQn,under. whj : f L] rul | i to 5 a

pl ural i'? 3'3/8[!(])[? ISP ﬁewc\%grcan%tgjp}@p%g%égggﬁmg@i%g}?h]l%ﬁgfoégrﬁ%g%ﬂfe il ?ns and
thenb i i ve) TANH it i ch one
of e D e, R Rl el SR o I U f

t he wongghifsNh ohéb@bbdifRe: @airite 3164 Spprapriad $pliad niled T B imdpPind¢eles daNGRIW th 9
sai d one of the deconposition rules. SUBSTI TUTE PAGE AMENDED SHEET 31 1
6. The eneichadihefuntleasairdidriondng 286 for tRest lhpecidl ps¢upsmolf evondd. Théppakambiat | on
conprises a first hierarchical arrangenment of triplets, 3 including: 4 a

t op- | eveformatiqsl may jpehudet danyrilloyablsrwort pesidorrfsmgde dhg Fnglish pegitiewe si gnal
into three 5 data. sets thereof, , and 6.a |0 -leyvel triplet Partitioni ng

;
word f dmmedateleabierdhe fexverds mrasdialgly befoie Hirereymopdiany whetegtier therkey ¢ hree
data sets . thereof.; and 8 the ransf or.mi n fi iLnternal

r eBSes évnotrg’tsleg?'fakcg bﬁrao‘ﬁﬁrgeor rasﬁ%%llrﬂcd'??on é?]néﬂ m’r% I’étgt ity ré{ ;S%IRC 5%“3%’}‘:51 ng to

the targgt, Jh@%%ﬁ??fr?xgi&?ﬁé&@ﬁém%@Qn%SmePémH@&?meﬂﬂ séthe bAR Splidufeag2 of the

triplets in the t hierarchical arrangenent to produce a second 11 '

hi er ar ghipgpalg rales 209 SAMRINENnuRS i tHeRlnMNePsalieAbAUrp 236 @ah bealdm@tdallyanguage. 1
7. The nethod of claim6, further conprising the step of storing a sequence

of mapgengaid fronmethei word consmpatien.-Ihasdpbdial werdi formatess hwhith tap nmdppleng r ul es
describing a triplet 3 according to the source |anguage and a corresponding
tripl etwdzd consgiugdonsantone languaget!o 2 singdyuniyid anetigr languagepsucbds ifiomp.&iam 7,
V\/ngre\in the step of mapping at |east sone of the triplets in 2 the first
hi ér o+ Ofihangie rrangenent to produce a second hierarchical arrangenent of

triplets .~ i. to the t i ncl -t h t f [

the'at T east i anonisiesaop & % ERBHES RorCEP RIS R BRTOLR affEhent

oo ggugagf BRG] rafh " WHeRPosRIdrARAE TRY mbhs bhy BhSkbiSpiiiRsT on the
position code {B} means before the keyword and separated by an adverb.

TABLE 5—SAMPLE OF A WORD CONSTRUCTION TABLE
Keyword | Pos0 | Construction Auxl | Posl | Aux2 | Pos2 |...| AuxN | PosN
running {A} | have been running | have | {B} |been | (B} e | - -

25 OPERATIONAL EXAMPLE
Referring to FIG. 3(a). depicted is a flowchart illustrating steps performed in the

operation of an embodiment of a universal translation system. Step 300 is a preprocessing
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1 9. The nmethod of claim8, wherein the step of mapping at |east sope of
‘the triplets in 2 the first hierarchical arrangenent to produce a se8adhy 2003
hi erarchi cal arrangenent of triplets 3 according to the tan&;t Ianguage

i ncl udes

source triplet in the first hierarchical 5 arrangenent of triplets that

e et U OSSO R0 00,00, TRy

triplet based,pn stot]Pce%ng%&%%E&Qxi& Eiigﬁbl%pr%%r@ihgis?&ch% habged laﬁgx’xa@@.%@ge;
and 9 produci ng the second hierarchical arrangenen

TéSHB™nd a

00298%8s of 4 accessing the sequence of mapping r

based on the target

triplet. | 3Reptidaksigmil heytehtifig ehatacters Whee 8biirce Fanphiguel r'THM Sreprotdrsind@Rp
references to at | east some of the dictionary entries; arid 3 the step of

const ruct i n§0a ey bapegddmeiddryadtandasiegedath redvengenordpttlahmakbier spogtdant at i on
and 4 the dictionary entries includes the steps of S traversing the second

hi er ar ch? caimpelememgiemmsnt of triplets; 6 while traversing the-second

hi erarchi cal, accessin
based on the ref@r%ﬁ@@gﬁ

the dictionary to identify target 7 word forns

The nmethod of claim 1, wherein the source | anguage i,ncludes a natural,
| anguage. O%él? uh "g'ﬁ‘al?

1'MEBnligteg
any of a sourc

dig tal 2
a source aCBﬂ%@P%igﬁéﬁéﬁ“ng

hiGE SR eRg RS- TG dhse

igpal repres text in the.source. .l anqu

. . . AR o !
2 The: it hadPlopt PESbhd " SRAned (G0 BRELS! dctidhe SRS Sruch RRBHETD
natural 10 2 teabghiRQshrask. Word. hRE séPRiRPHoRfdafibPAribrc3the WABKAI! ihd RSy SR are

i ncludes any of a target digital 2 signal representing text in the

target | angfuagelated tb &agslhteakOpisineCinsd gralal vepisese rikhmgledmeer$Cll andUhizede.
| anguage, and a target optical signal representing characters in the

si gnal

t ar get

t ar get | anglrefget, sificelth§ phahemiventadofofuralIspéeth Bpundsenwi nacagnezablephorerhasragdage

i ncludes a conputer |anguage 2 and the target |anguage includes another

conput er | ath§aiye wordsyig fu

i ncl udes

formatting BYXCEHIRBHAUOTRYSST- PRTRUPMREEORNRAIER®

9
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Sof gynijesabgrmiay 7
is an ideal choice for speech recognition. Thus. even the preprocessing and postprocessing
stages can be implemented by embodiments of the universal translation system.

The output of preprocessing in step 300 is a sequence of word forms of the input
speech text that are embodied in the source signal. This sequence of word forms constitutes
a “record set”. For example. a person may utter the sentence *1 have read the book under
the table™ into a microphone. This acoustic signal. the person’s utterance. is converted by a
microphone into analog electric signals. Since the preprocessor module 210 is typically
implemented on a digital computer system. the analog electric signals are converted by an
analog-to-digital converter to produce a digital signal embodiment of the person’s
utterances. Afier preprocessing in step 300. a result set 400. illustrated in FI1G. 4(a), is

produced. In one implementation. specifically with a relational data base. the record set 400

comprises eight rows of a table. one row for each word embodied in the source signal.

WORD STREAM ANALYSIS
Referring back to FI1G. 3(a). each word in the record set 400 is successively visited

(step 310) by the word stream analyzer 202. More specifically. a grammatical form code is
20

odiment. hevegeyer. sisnprepocesaimediagtiopabivys bandiqdday anothen 1
Y 23 FrEL IS GIFAPPIIRERE e s

ti . y
DELRT RS daceigion oS prepracsSHRE Stess, s 2geustg

1

mepislin 8 graprmaliey! proressnhaetBenembodineny pE kel anguage
formatti nxg ﬁ conventions and the,.target I.a% a%(;. i ncl udes ot her
BT SHEEPes 1 3

8



10°11 12 13 14 15 16 17 18 ';9 20 21 22 23 24 25 26 27 28 17. A W 0
~ conmput er -readabl e medi um bearing instructions for translating a sout 8&4¥ 2003
signal enbodying information according to a source | anguage into a target

si gnal eMONAT i nformation according to a target |anguacgRST/4RP@7364
instructions arranged, when executed, to cause one or nore processors to
performthe steps of storing a plurality of related dictionary entries in a
second conpistesyuned {ferascle inuthe recichsey 00 Hester PaR-ebll Gideh)iiBurreigs ene r i es

i ncluding a sourc rd formaccording to the source |anguage, a source

gr ammat i cal'®¢ M’F?B’\r,\é)ef%“g%”@egr%m“g@r‘h‘irdéoé‘brg’é%p‘@ﬁ&ioﬁ‘g?%r‘-’ﬁé?r word form
according to the target |anguage, and a target grammatical. formfor. the
farget vor dopbreio iensdBRiT el o' o 23R salo e RhRbe s ehiEs na
[ epresent atd ol BRIRGllcfal BR1BAHE 338 10dllB delHALIRES S ELROMR Dl bA R
source signal based on the related dictionafy entries; transformng the
first int er@@b 3EPPNEFeRI AL h&gmfri@s H{ﬂg%ﬁfe%aﬁ&‘”c%x%ry REEFRRhe \3&9@8&?%%1&19”

of epistemc 1 nstances according to the target |anguage; and constructing
the target ghfmalicdd@aisefabli@es €6rARE wokd RIrRdls 4 BBPE@TROA B 5aNG thbe

rel ated dictionary entries; wherein the epistemc 1 nstances each consists
of a pair oforkinpesiapiend - hhivearesd drerteok ahdériie peile.” ab walbd &inds a plpeehdunt he
step of analyzing includes the steps of selecting a plurality of word forns
enbedded i n t he lf,souhcatheigndl thextos exariipiong enery pethe iune egpabdmuiinagal 3 6 drens
for the selected word fornms based on the dictionary; and deconposing the
source si gif¥ecytien dranghesitp siep 3RRvdermihe capn@adenl dormpyyithindbelemry ofithe waiersa oe

f th d, f h i . i cal f - th .
o b o Syl A LE R LYS AT Gl LRSI LIE b oo o
i i f f i I h f
esbect | ve Lol el LACRPrASh o MRS o8 Ik WISHAER sy b

correspondi : ; r I I aoen r ghegded in
t he source pg%éﬁgll&%ﬁggﬁr%dgrgu%%ﬁﬁ%&&gAwé%% SEEEE}I&JE%%H%% lglgteg%?@s hi ng

whet her t hgdugpdsés 6F iRhidifatibh hid i1l BribabI9Siot feflebEthdistatd sMala¥nebidivsfPNdi ng to
the 30 selected word from 31 if there is a plurality of entries in the

di cti onary diaionay@36diFogetamphiaisefal embedimearscbffuniversaBdictitneany 23¢ewill intigdamn
arrangenent of instructions, associated with the selected word 33 form to
sel ect 1fhe noumeREy fr greritos@to hidig sehf-isirsensfal pypadss sughaisithg werd “ditin thes based
on 34 other word ‘f‘,gﬂm; er(gedded in th sgurce s.ifgﬁal; ang 35 if there is a
single ent F§PFRFE hehgverd rfé?f"?:‘lﬂ”l“esg:blﬁ FPTEQ! Hirdiniyrsal dicHonasy thefudesn

t hen 36 sel [ t F%WS {0 i n ingle.entry. 1 1 8.
The conput é?-a%lgg%é epgheﬁrg%ﬁﬁﬁ%é@c & %F%flésm%g}ﬂéel pneg{bﬁ'%]sl_’sr? 'g%"%oﬁ' anal yzi ng
includes 2 the s{iepnivelydfiBle rhiy BYa pREMIS o Rris PMERKIVeRS dictionary for the

word form. This state of affairs is due to the word form’s being either grammatically or
) 20  semantically ambiguous or both. In the example with TABLE 1. an ambiguity is inherent in
any source word stream that includes the word “read™ . because the verb “read” might be
transitive (" to read a book™) or intransitive (™" to read. be literate™). necessitating the
translation of different Chinese words. yuélan and diishi respectively. To resolve this
ambiguity. a word resolution module. which is an arrangement of instructions such as a
25  subroutine or and 1D package. is executed (step 327) to decide which among the various
entries for the word “read™ is best.
When executed. the 1D package can perform any effectual technique for choosing
one of the meanings of the facially ambiguous word form. including inspecting other words

in the same context. use of statistical techniques. and even spawning an invocation of the
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1 ' 19. The conputer-readabl e nedium of claim 17, wherein the step og WAY 2009
-determning 2 respective grammatical fornms for the word forns incl ude & I%Qé'“
"steps of deternmining a part of 3 speech and a sub-grammti f 20.
The conmpu&®R&¥Eabl e nedi um of claim 17, wherein said i nsE%ﬁ?%%6ére
further 2 arranged to cause the one or nore processors to performthe step

o ELor 0 DS Gl ORIRE PR ES, M BRI 20
whi ch the d%&Q%ﬁ%‘a{é s \JoPc? RorAPHeh SR GFe RS ggfgé éi'cf:ésd‘)#} Bietal Unghd ty Of

words fornms 1nt source I anguage 1nto three et ormng a triplet,

under 6 the eﬁaﬂﬁhw Qidhbe lﬁ@ﬁﬂfﬁﬂ%inﬁéaﬁﬂarc’dh@s;ﬁﬁﬁxlnh €Sthek hf%lnese Weed vuelan.

conput er - r eadabl e "medi um of claim 20, wherein the step of deconposing the 2

source si gnaktetidble dnhRcbirt 9F tHeliREMsiect RRIESRINeatthOBbdRamach 18 e 1. 8asild SONE
of the word fornms 3 and the respective grammatical forns includes the step
of 4 evabuatelagedhaté@dini:he tlteqnanmiooenl diordeH | Wri tcinsione veb whudd Heeonapsled | on
rules applies to 5 a plurality of the word forns based on at |east sone of
the word fofershamdrd femdstepsSpBEti ve granmmatical forns; and SUBSTI TUTE PAGE
AVENDED SHEET 35 7 if the condition under which one of the
deconposition rules applies, then partitioning the 8 plurality of the word
forms into three data sets to form a PFGOMPOSITION accor dance with 9 said one

of the deconpositjan.rules. 1 .-, he ¢ ut er - r eadabl e. nedi um.of cl.ai m 20,
wher e n 2t he { RECTTNBAEEAL T oo BHL S0 S ER PR o TFY BY UGl ohi cal
arr angenent i 5 3 Btk ~a0: e i argitiapi.ng
ar v aAngeTent sl BV Spp ML Iy 4 Ol Rk el H L lenBLF L AR
and 6 ajpowners| pyelachidr BleabhliPafidsidsh oMk RGoWPdet i QiR coMiRddeRe éﬂi‘it?ul&’?fttﬁc set
of a higher-level 7 triplet into three data sets thereof; and 8 the step of
i ncl udes tr gpistfralethitghdshBe hiofSormBhed framni=EipslEBand idtthofcédd spf @PGa0R maseond
_ " 9internal representation according to the target |anguage the step of
mappi ng at lesasplelsplit nderb0®6{ TABLEM mphiches agminstirecdrd se 400 rcause read set
arrangenment to produce a second 11 hierarchical arrangenent of triplets
accordi ng t 400 ifea simpigesentenng)inayibiecttverB-objpreordemmhircerdingdndabl Blerbl cawsesf
claim 22, wherein said jnstructions are further 2 arranged to, cause the, one
or nore pr 06%%%‘{)?%4%‘?) ?P%T’H?'Eeﬁi_e‘héi’é ’SP‘“é“td(')‘ff"’rlPé"’ geéeﬁil‘éﬁ‘é"ee dpa %"‘%‘ffﬁ_ﬁg
rules i ﬁ‘;a %8'M§Fc%£{atﬁrﬁ%‘$ﬁ‘%'p‘?on”& '-“fmanfQ&Jr‘esSénagP@oﬂm%H&nra !sﬁé'egexﬁ?lﬁi'sb' ng a
€ ing to the e an riplet

4 tripl accor sour ce | anguag correspondin

accordi ng t @pisag;it Bstflce Fed AISUATE with 1BEwoldorhO FRML lanki ©3CAb| £ REslk 1028
claim 23, wherein the step of mapping at |least 2 sone of the triplets in

the first hiagd eleclifeefbbjadtraANIEITRYn thOtapleddH @@eddrd & ANl adine ridheet@burd If
arrangenent of triplets according to the target |anguage includes the step
of mappi ng tberbt wérel resnt. slomyes @fld pha the npitaesd jepordiset 412r st hi er ar chi cal
arrangenment to produce a second 5 hierarchical arrangement of triplets
based, on the napgifiey thigspld hasopgmedrEpmaess ingprIvebbSlqoping backgy step3 0. 1he

ter- bl e nmedi um.of . cl ai in the, st f i t | east
SO e T Rder rasmaan, s rulecl b Bt T ABLET I Prenhiany el Rl g satts
d hi hical 3 t of .tri i t
Second o1 Bkl LIRSl AL SR 0k 0,

find a sourggy b&hiRhet thebdoR® af iHeSkfi MeBnBlf M k@hetaverb is handled in the 0 record set
422 and includes the preposition “on.” and the right metanoun in the +1 record set 424
containing “the table.™ As also illustrated in FIG. 4(a). record set 420 and record set 424
25  are further decomposed into triplet 430. 432. and 424 and triplet 440. 442, and 444,
| respectively. What is interesting about the metaverbs 432 and 442 is that they can be blank
to express. for example, a definite article transforming with a noun. While the sample
translation does not show the splitting of a metaverb. a metaverb too may be further

decomposed. for example. if it contains an adverbial prepositional phrase.
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For purpose of clarity. FIG. 4(a) and TABLE 6 illustrate a split table holding an

10

actual source language word form, such as ™.

in each record. However. in a preferred

embodiment. the word form is replaced within the split tree by the appropriate key to the

universal dictionary 234 entry. facilitating a direct access to the target language word form.
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YbYYY/ Z5Z26Z7Z8Z[ [ R\ \ ] v] ~< "Fa] ai al| wmhc”Y] ] ca] ca] ca] ca] ca] cal ci}]ﬁojg
] ca]'ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calF
aoapayaa$bxbb$c%&c' ccccPdddSeef \ f f

ghgggLhhhW 029978k e” [ V] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] cHTHYILEYf ca] ca]
119% " I(I)I’\Idlllmmn

nunno| wr mhc F¥ReHPrjleietas ea’p’caqreaq%aqh@a]ﬂeavf the)same sl eest By wish elapimaliemelcna)

ggcqqgg]qgg]céal ‘f?]{)f Eba}‘;ﬂ%%) c\a]h\cg]/\c\a;/jzcg]ogla] {C?h} {vgkfa\Wke [V]]ca]ca] ca]ca

V] ca] ca] ca] ca] ca] ca] c*a] ca] cha] cal] ca] ca] ca] ca] cal] ca] ca] cha] cal] ca] ca] c”a]
ca] ca] ca] ca] cal]ca h}~~7Hf nP

Np#v*) @upkfa\ W] ca] ca] ca] ca] ca] ca] ca] cM] ca]Nca\/] ca] ca] ca] ca] ca] ca] caV] ca] ca
] ca] caV] ca] ca] caRefdfiad sAkC R 0. St Ct faliGRp@iHMis performed bv Vi ing umt 204
JQzupkfa\W ] ca] ca] ca]calca]ca]ca]l ca] ca] ca] ca] ca] ca] ca] cal £ ] ca] caJ ca] ¢
a] cal] capcajcilpplyand sapsiay eaksalpason! N%ké’ﬁptmw‘m%&p[mﬁﬂrﬁéd &atliea] cal ca
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a) ca] ca] ca] ca] ca] cal] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] cal] ca! Y*+ax41K
c{vgl gb] X] creaprhicaide] tca]ift:al]lppg]lgat]lcal]tba]r@apm]rga]mza]lum]mat] gy]dahcridea] ca]
ca] cal] ca] cal] ca] ca) ca] ca]ca] ca] ca]ca! cx-./1Gvz"y. a{vql ca] ca] ca(]eca] o
a] ca] ca] ca] dabéiscep ma]aaépm@aq@éfméra}f@gf@ap é%i](é‘ﬁP gé}’ba‘]@fﬁ]@&]‘@ﬁ] a] ca
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k~/ @+ytojd_ Yl fal\W caV] ca] ca] ca] ca] cal] caj ca] ca] caJ ca] ca ca calcalca]c

a] ca] caV] Ca}&@i&sﬂsﬁ Ftehrart cat gevisal ahNres Jof ehe source language is also transformed
*AW5Uhj fl -} ~ytoje [U fa\WJ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca\ﬁca] ca\/] caV]caV]c

a] ca] caV] cajtc decapytaabeahgeal kajjopa jocmpoa) e foa] asabfiicakd by the mapping rule.
CGoo#W( WKkqgrt u} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca) ca] ca] ca] ca] ca]ca
]ca]calc a] c éf}acpa]nga}llpa]cera}*cx]qea}t@é']}vcsac]l@affcapnhlrldao U FEQUuenginRef theSjpri} ;adm ¢ zZU

} g:} g:} i;a&geca zg'a xgcix%tgg%;g g me rde Cglqcu%llgxg& (r:nazll ggllgcrﬁlleggelg aI vaat ca
]g;]n;g] 5;’] AR SRR T a0 Tsahi SRR ANGAMSEhS Bl lpglase] o2
{0t -] T} xsnmhe” YU glcaliealisrl #Rbse adGads & .941:&@1: @&]4‘3@] ml Qﬁ‘rl 284 LalnabeaatsRl ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal’ ) @{"

tM F!' VI gl h! bxsgiatdireéblidodelscdDead X ah ajcay mal»e‘ahmc«k):alhqaisaa:heﬁhﬁa]&xalma] ca]
ca] ca] ca] cal] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] cal h! k! I'" (#A###U& & " ( (" (#( &(

Y) **** F! VI gdefigitesariicle 74 fetdtéd frbnaecat cet] 458]as ahowh trajecardcsa] ¢30. cla.]rdm]mm]ecﬁn]ca]
caj ca c&é ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 678i K- $F10%& () -1 " 109&
() - &109@P () purposes' of )illusgeon. )bq&\ygr;z]gfrqry of g_rgxm;m(n) Forgset 454 is shown inits Chmese

, 109& () LALO% ()-s10% ().- 109& () 10‘Vﬁ< - & 109%& l() 109" ( u ci K-
10%&- O)-"11 (})at igole | ip icate this record set has been mapped by a mapping rule although’

“ove () +10REFTER 7R Tabas ol St igaanyenion Simiary- reogrd

G H K1 105 ) T %&&*%?@4(%6%é9%§$3%%&£94§4&%£9§v %5%4( @%}’9‘%@%&%}““&%? k

w f B Kf / 10%nicR ib dMbQ%in fecold et 460 %8 thk: wot@ Y&l inrecord set 464 is shown herein for

25 illustrative purposes as the Chinese word form zhuoxzi.
The next mapping rule that occurs in this example is transforming the prepositional
phrase at metaverb record set 422 according to dictates of Chinese grammar, With
reference to FIG. 4(d). this mapping rule causes record sets 452 and 462 to be swapped and

the Chinese particle de to be added after the preposition shang (for “on™). In the relational
24
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S#H109%& () - @ 10%&. ) %8 (V.= SeLO%UR L) - St 1098 () - 10%UR ()= Sody 1OYR: () -

AR %‘ ﬁ?@ff%‘l%%ﬂ{?‘i@i éforg’?éfﬁ(s@eg@gp%gﬁf?%_&%@ sher i AeRaddn.
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"()-m  miod@npgrmorgyy $91 48 souogponylingde dhgg, I(")af the original record set 410. is
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109%& ()-1"109& ()-10%& () - 6(%777D88de@- 10!! E@lo%&' O-1" G109 ()-1"10%&
()-!110%& ( xhedaRdO8Brd(strearh G4 constidlied by: the watd@ardonkin@ion module 206 from

109 ()-19% 109& ()-1#g 109%&' ()-3 "3109%& ()-,S 109%&' ()-1 4"109%& ()-L;; 3<e<<
=i =dEb@®- 1he tpansloviacd yplit@ee OWth gonBnued reference to FIG. 3(a), the nodes of the split tree,
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that also includes the metanoun record sets —1 and +1.

Generally. while constructing, the target word forms will be arranged in a left-to-
right order. but other orderings may be effectuated as appropriate and as recorded in the
word construction table. Although FIGS. 4(a)}—4(f) illustrate the split tree with a source or

20  target language word form instead of a key into the universal dictionary 236. it is during this
step that the universal dictionary 236 key is finally resolved into the target word form by a
look up operation.

For the working example. the reconstruction of the target word stream is illustrated
in FIG. 4(f). Traversing bottom-to-top and left-to-right. record sets 450. 452. and 454 are

25  first visited. In the relational database implementation. these records can be chosen by
selecting the records with the highest level number and the highest new key values. The
combination record sets 450. 452, and 454. which is trivial. is reflect in record set 474 as
“shi”. Similarly. the other level 3 record sets. namely record sets 460. 462. and 464, are

reconstructed into record set 470 as " zhuozi".
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Refemmc back to FIG. 3(a) the target word stream undergoes a post-processing step

390 by post-processor 220. Post-processor 220 performs analogous sensory medium
conversions. similar but opposite of the conversions performed by pre-processor 210. For
example, the result of post-procéssing in step 390 may be a digital signal representing text
15 in the target language, an acoustic signal representing speech in the target language (as by a
speech synthesizer)., and an optical signal representing characters in the target language. for

example. as displayed on a cathode-ray tube or printed out on a piece of paper.

EXTENSIONS AND APPLICATIONS
It is evident that the universal language translation model described herein is a very
20  powerful mechanism for manipulating information in.any form. Therefore. the present
invention is not limited merely to translating from one human language to another. In fact.
the principles discussed herein are applicable to transforming any source signal that
embodies information. Information may be defined as a knowledge representation relating

to any knowledge discipline that is ultimately useful to any sentient or conscious creature

(0]
W

such as human being.

For example. information represented according to formatting conventions and
languages such as HyperText Markup Language (HTML) can be usefully transformed.
Other examples of knowledge disciplines include engineered ssytems such as such as A/D

converters and satellite systems. mathematical theories and expressions such as y=frx) and
26
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As another example. artificial languages such as computer source programming
5 languages are fairly straightforward to translate. because programming languages are much
less ambiguous than natural languages. Thus, by analyzing source code into a triplet
internal representation or into an internal representation of epistemic instances. computer
source can be translated into object code like a conventional compiler. into the source code
of another high-level language such a FORTRAN to C++.

10 Similarly, object code. that is machine-executable instructions. embody information
in the operations the computer will carry out. Thus, by properly setting up the universal
dictionary 246. the mapping rules 234, and the split rules 232, object code can be
transformed into knowledge embodiments according to other knowledge representations,
for example, source code, object code for another processor, and even a natural, human

15 language. In fact, since programmable digital logic devices such as gate arrays are
described by a hardware description language. object code can be translated into the
hardware description language, and then directly manufactured. Since some
implementations are capable of translating natural and artificial languages into a object code
and since object code can be translated into hardware. a mechanism is provided for building

) 20  Application Specific Integrated Circuits (ASICs) from a functional source code program. an
executable file. even a precise English language description. for example. * Make me an
operational amplifier having a gain of ...”.

In another application. a universal machine translator can be integrated into
telecommunications devices to produce a *“ universal communicator.” For example. either

25  or both of the pre-processing unit 210 and post-processing unit 220 can be coupled into a
wireless or wireline telephone system and network. a multimedia communications system. a
modem. a facsimile machine or telecopier. a computer system and/or network. a pager. a
radio and/or television system. a radar. sonar. infrared. and optical communications system.

a photocopy machine. a hand-held. lap-top. or body-worn communications device. or
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discipline.

While this invention has been described in connection with what is presently
considered to be the most practical-and preferred embodiment. it is to be understood that the
5 invention is not limited to the disclosed embodiment. but on the contrary. is intended to
cover various modifications and equivalent arrangements included within the spirit and

scope of the appended claims.
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34 if there is a single entry in the dictionary corresponding to the selected word form, then
35 selecting the source grammatical form in the single entry.
1 2. The method of claim 1, wherein the step of analyzing includes the step of

2  identifying special word formations.

11 3. The method of claim 1, wherein the step of determining respective grammatical
2  forms for the word forms includes the steps of determining 4 part of speech and a sub-

3  grammatical fbrm.

1 4. The method of claim 1, further comprising the step of storing a sequence of

2  decomposition rules in a computer-readable medium, each of the decomposition rules

3 describing a condition under which the decomposition rule applies and how to partition a
4  plurality of words forms in the source language into three data sets forming a triplet, under
5  the condition the decomposition rule applies.

5. The method of claim 4, wherein the step of decomposing the source signal into the
first internal representation based on at least some of the word forms and the respective
grammatical forms includes the step of:

evaluating whether the condition under which one of the decomposition rules applies to
a plurality of the word forms based on at least some of the word forms and the
respective grarnmatical forms; and

if the condition under which one of the decomposition rules applies, then partitioning the

plurality of the word forms into three data sets to form a triplet in accordance with

O 0 3 N W A LY =

said one of the decomposition rules.
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6. The method of claim 4, wherein:
the first internal representation comprises a first hierarchical arrangement of triplets,
including:
a top-level triplet partitioning word forms embedded in the source signal into three
data sets thereof, and
a lower-level triplet partitioning word forms embedded in a data set of a higher-level
triplet into three data sets thereof; and

the step of transforming the first internal representation to produce a second internal

O 00 ~J O thh A W N

representation according to the target language includes the step of mapping at least

=

some of the triplets in the first hierarchical arrangement to produce a second

—
l ad

hierarchical arrangement of triplets accbrdiﬁg to the target language.

1 7. The method of claim 6, further comprising the step of storing a sequence of mapping
rules in a computer-readable medium, each of the mapping rules describing a triplet

according to the source language and a corresponding triplet according to the target

AHOWODN

language.

1 8. The method of claim 7, wherein the step of mapping at least some of the triplets in
the first hierarchical arrangement to produce a second hierarchical arrangement of triplets
according to the target language includes the step of mapping the at least some of the triplets

in the first hierarchical arrangement to produce a second hierarchical arrangement of triplets

LV Y "

based on the mapping rules.

1 9. The method of claim 8, wherein the step of mapping at least some of the triplets in
the first hierarchical arrangement to produce a second hierarchical arrangement of triplets
according to the target language includes the steps of:

accessing the sequence of mapping rules to find a source triplet in the first hierarchical

arrangement of triplets that matches the triplet according to the source language of an

(- Y B

accessed mapping rule;
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1 11. The method of claim 1, wherein the source language includes a natural language.

12. The method of claim 11, wherein the source signal includes any of a source digital

[T

2  signal representing text in the source language, a source acoustic signal representing speech
3  inthe source language, and a source optical signal representing characters in the source

4  language.

1 13. The method of claim 11, wherein the target language includes another natural
)2 language.

1 14. The method of claim 13, wherein the target signal includes any of a target digital

2 signal representing text in the target language, a target acoustic signal representing speech in
3  the target language, and a target optical signal representing characters in the target language.

1 15. The method of claim 1, wherein the source langnage includes a computer language

2 and the target language includes another computer language.

1 16. The method of claim 1, wherein the source language includes formatting

2  conventions and the target language includes other formatting conventions.
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1 17 wherein the epistemic instances each consists of a pair of objects and a transformer of
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10)) 1554 0%0 S tiing & ploraticy of wold forins embedded i the sonrce signal; ~ *

21 determining respective grammatical forms for the selected word forms based on the

22 dictionary; and

23 decomposing the source signal into the first internal representation based on at least
24 some of the word forms and the respective grammatical forms;

25 the computer-readable medium characterized in that the step of determining

26 respective grammatical forms for the word forms includes the steps of:

27 accessing the dictionary to identify one or more entries in the dictionary corresponding

28  to aselected word form from among the word forms embedded in the source signal;
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y" 1094 ()- Y19. The computer-readable medium of claim 17, wherein the step of determining * -

2  respective grammatical forms for the word forms includes the steps of determining a part of

3 speech and a sub-grammatical form.

20. The computer-readable medium of claim 17, wherein said instructions are further
arranged to cause the one or more processors to perform the step of storing a sequence of
decomposition rules in a third computer-readable medium, each of the decomposition rules

describing a condition under which the decomposition rule applies and how to partition a
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plurality of words forms in the source language into three data sets forming a triplet, under

the condition the decomposition rule applies.

1 21. The computer-readable medium of claim 20, wherein the step of decomposing tine
source signal into the first internal representation based on at least some of the word forms
and the respective grammatical forms includes the step of:

evaluating whether the condition under which one of the decomposition rules applies to

a plurality of the word forms based on at least some of the word forms and the
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respective grammatical forms; and
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6 a lower-level triplet partitioning word forms embedded in a data set of a higher-level
7 triplet into three data sets thereof; and
8 the step of includes transforming the first internal representation to produce a second
9 internal representation according to the target language the step of mapping at least
10 * some of the triplets in the first hierarchical arrangement to produce a second
11 hierarchical arrangement of triplets according to the target language.
1 23. The computer-readable medium of claim 22, wherein said instructions are further
2  arranged to cause the one or more processors to perform the step of storing a sequence of
3 mapping rules in a computer-readable medium, each of the mapping rules describing a
)4 triplet according to the source language and a corresponding triplet according to the target
5 language.

24. The computer-readable medium of claim 23, wherein the step of mapping at least
some of the triplets in the first hierarchical arrangement to produce a second hierarchical
arrangement of triplets according to the target language includes the step of mapping the at

least some of the triplets in the first hierarchical arrangement to produce a second
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hierarchical arrangement of triplets based on the mapping rules.
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5 traversing the second hierarchical arrangement of triplets;
6 while traversing the second hierarchical, accessing the dictionary to identify target
7 word forms based on the references to at least some of the dictionary entries.

1 27. The computer-readable medium of claim 17, wherein the source language includes a

‘2 natural language.

1 28. The computer-readable medium of claim 27, wherein the source signal includes any
2  of a source digital signal representing text in the source language, a source acoustic signal

3  representing speech in the source language, and a source optical signal representing
4

characters in the source language.

1 29. The computer-readable medium of claim 27, wherein the target language includes

2  another natural language.
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4 inthe target language.

1 31. The computer-readable medium of claim 17, wherein the source language includes a

2  computer language and the target language includes another computer language.

1 32. The computer-readable medium of claim 17, wherein the source language includes

2  formatting conventions and the target language includes other formatting conventions.

SUBSTITUTE PAGE

AMENDED SHEET



