; e3e3x3 | X63TxYWD 001 49522 PCT/ GB00/ 00440 1 TRANSLATION Thi s invention
relates to autonmatic | anguage transl ation. Machi ne | anguage transl ators
accept input text in a first natural |anguage (the source | anguage) and
gener at e cwonespendi ng out put text in a second natural | arcuap®@/opsdoe tar get
| anguage). Such translators may be classified into two types; those which
use a set of translation rules for each possible pair of source and target

| anguages, and those (relatively rrRansLamion | i ngual systens i rans| at e
fromthe source | anguage into a | anguage i ndependent (interli @ "mmwmjl
and then fromthis | anguage i ndependent formto the target | ! he

syst em descri begls inveRtidn @#tbd & alrPRbii€ Rihh@dhettaneRitioRCT/ GB98/ 02389G°°0°Lrl es
speci fying the conpl enents which each verb of all source and targ

| anguages coul Ja¢hiRe lapgraoeraRsaters ancartuePet xging Wt RFHE r'ﬂ’@f"égef F‘Bf’n t he
corres pogwrébglawgnigeaerahalg@aeﬂafb aorb@bbﬁcahg d@ip@b@@)& in BN&se8nd %bﬁﬁalabﬁ:@age
spemﬂepthema ? W?’h npl enment s _and therolesg .g. agent or
patient) tE%F?rQEtp %cj t ! Eﬁ?s'afﬂré ’F’BY &8 Glesstied ety tyResa rF°éf3a"t"ﬁ"'€%I y

si mpl e \Aaae a vet &F ﬁriﬂ%laild»hjrﬁlék forf edchepogsible ;ﬁhrvwryss:utdwaraicﬁargée ldrguggdsagrat ) and
t he obj ect the ﬁasswe r ol ﬁ U%ﬁt entg @2’ tra@é grn r%ses then dealt with
the necefQsf JelaHXely el pigrfingualbrystems wh SRR ESM 'CHTRMEREF g% {42 hed by
pr eposi t & ofrfuagé imdependudt | (thtdriguad ViR rh 0 RS ;thé @D W8I Qaritish € WM pbdent
abstract‘!on rules. The rul es needed to be hand witten, and since this was

requi r ed™§R tPrike b aglrlanguagpe per verb per |anguage, the effort was

consi der abl e aRdhtheysteds Websribdaria O\t efipisppliedtion AGRBEdPOT/GBOBAD fIgast
aspect of the present invention, there is provided an apgarat us for

trans! at{Uif§ %péﬁ'tfy'f‘ﬁ’ She &omplsreaty whhagreht R RT it BMTengith e e JPREHERESL | on
whi ch cagbuldedkeb@eis plaséml @RE etk Gstorae With FBinterdffrain phallcakbdppnaihg kg et

| anguages, .each of sajd | anguages includjng word orrespondi ng to events
and - enpl YTy ™ % SFHEGb OB 8Tt | 05°8s (i B0 pIPaS' 187 cHlEt BPRT RS PTBPES e ho
appar at usorelementsiang théraﬂmtefg)ragsmtwrimgerswbs"én‘pohangm@gfeni ndependent rol es;
means for stor

| anguage- depen +c§’€%f"e%?"{’eég%§??%# (i ?gag'é’glgeséfeﬂ r eseS‘ﬁ%‘lﬂ 8&“@&%%“ ‘L'?&"ﬁ’éb

r ef er enceidayotie saivd reletiagent)l aagtagejechtheparsieatole aenandbamepbn sileg a set

of alter nat IcPeaF:c wntr1I the né’c\:le)ssoa?yll %%%r%gzespglﬂ%?g{aQIRA'S'nusual cases. Complements
attached by prepositional phrases would not have roles; these were assigned by
abstraction rules.

The rules needed to be hand written, and since this was required on the order
of one per verb per language, the effort was considerable and the results were not
consistent.

According to a first aspect of the present invention, there is provided an
apparatus for translating text from a source language to an interlingual representation
which can then be transformed into one or more of a plurality of target languages, each
of said languages including words corresponding to events and employing a concept of
entities which play predetermined roles, the apparatus comprising:

means for storing sets of language-independent roles;

means for storing, for each said language,

a respective set of language-dependent alternation classes, each

alternation class being referenced to a said set of language-independent

roles and comprising a set of alternations, and
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2 a plurality of words, each word representing a said event and being
referenced to an alternation class of its respective set of ’ '
| anguage- sPE4PR23] t ernati on cl asses, each al ternati on oPCHEBYVW#ONat i on
class conprising) in a respective order, the roles of said set of

| anguage-i ndependent roles to which that class is referenced and listing

t he correspondence between those rol es &nd conpl enents by which each event
referenced to that alterhltidty ef wesscagrhMpPiddeRrepenting S ickbeitedd and beiRat

| anguage; means for diQeAtdd@, anl defrithign cRXh of As PAMHASHE/eCGRIBY jahhlyeUp8ciAE NOI €
wor ds representing an event, and the conplenments representing roles

associ ated with thaf''E0@H"C13388%Hs for representing said phrase in a

| anguage- dependent semanti C sdabHCiltéFitioANsk BE adi@ria@ion I @asa6bmgrishd, din a

| anguage- dependent semantic structure with an indication of the

| anguage- i ndependent r ol 'E8P§SENE ¥EsTt dBe J§'es F1qsUD st He'APeuageiinagrendent

al ternations. Preferabl yoleshad sqhich eveat ciage idetdfarebcddy andvelidtingn thai d
source | anguage, said nmeans for replacing are arranged to |l ocate a

preposition occurring w TFresRAngeNes BetWhel 1gse &8 SamalepieabBY tWIRh wi t h
an appropriate role. Preffhablent retébdricBl oSt AepRbtonakiBsy @RI RMNEKIbE 0 a
common said alternation class. Preferably, multiple said alternation
classes are referenced t'6PESBAHBNhELI2R99a8e: of | anguage- i ndependent rol es.
Preferably, themabihaialdcanisg, Oh 8did dekEr HPhr&3 6bABESINORHE | drubRrél Vit Of

| anguagei ndependent rul es, and the respective sets of |anguage-dependent

al t er nat i BRTELIURB @NFeNy| #nd Hie PARYERGR'S '(?P’etsﬁ%t"}i’pf?éersaf‘ﬁgc'ﬁgeﬁe  that
constitutegvgmai d nmeans for storing sets of |anguage-i ndependent rol es.
According to a second aspect of the present invention, there is provided a
met hod of sett iGN OLTHRERIHRY £31% RRIASE i INGURLEHEPERRT SPRENIGSFIGIdE: st age
of establ agdhi ng, for each | anguage, a respective plurality of

| anguage- dependent al,ternation c|asses, each glternation class conprising a
plural ity of al DEMSafPioREriERing vl (e1HAesIcRmaEN Sepefe structire “With an

| anguage- ingkafien de nhe ratguagéindesdraend rdys veprekentdd Bachid esgplagenisi tiding
common meani ng, and a respective set of word entries, WO 001 49522

PCT/ GB0O/ BR3%AB° 324 word entry being referenced to a said respective

| anguage- dependasteradiy, eniiat datheiinésare dafidediby e cerdinshi@geuaie ef@abe ngld f or
each sai d alternatl on, eLass And Lo, SaS MOrdi st hE T areneed Lot fnl

al ter nat i OR°E) RELEP IR ea§'68?lecﬁ ng SBE 2 Ror B enttr i eg Y] cPenatl cHP £ the
wor d ent r reptaeé spidnegubsitontviet arabpeopratte esle.cl ass) each word entry of said
set being refergnced to a different one of the alternations hat ..

al ternation cl a%g%r%(':y(fo? f'ﬁfge ?abc{ ST rg° é%fﬁée&ce%ftgt%gmﬁrrnggesr?f‘j ia}rtl(\e/@%l '9Ton,
there is ¢gassvi ded a nethod of translating text froma source | anguage to an
| nterl ingual T eRLESSA Ahl RIS DnSARAN RS SLADRIALIRY, I LS, 0RE Ofg MO €
of a plurality o fargéP Ignguages, Qach® 671" d Fanguages I ncl'udi' ng wor ds
cor r esponskt g languageintispedentenieboyi ng a concept of entities which play
predet er m ned rlmef%ably;[ QEe gﬁgrn%)tgon%%md’nl aﬁ{eprgatltoﬂeclassgggﬁstﬂtte z?rsgtréfnlgnéu% 3 pf

| anguage- i ndependent Tol és; "storing, for each sai anguage, a respective
set of | andeppgderdaplendant thalresmentitd eais of kwgeage-depehdeat elkematioroclasdeader bei ng

refer encegl {h% I%nax?aiggs So‘?tthgfaplpgrra]g.}éaggéihgg%Qr?gggtgt said means for storing sets of
language-independent roles.
According to a second aspect of the present invention, there is provided a
method of setting up a machine transiation system comprising:
a first stage of establishing, for each language, a respective plurality of
language-dependent alternation classes, each alternation class comprising a plurality of
alternations derived using a common set of language-independent role data shared by

words of each language with a common meaning, and a respective set of word entries,



roles and conprising a set of alternations, and a plurality of words, each
word representing a said event and being referenced to an alternation class
of its resyOMB2set of | anguage-specific alternation cl BEEE800/add40h
alternation of an alternation class conprising) in a respective order, the
roles of the set of |anguage-independent roles to which that class is
referenced and |isting the correspondengde between those rol es and

conpl emeneashbyohentry deioh refeesnced 4p er 8aid sespeotiveh inguwideatenandent altesr@siocan
validly bg, {ERRgsent ed in that |anguage; locating, in said text, a phrase
conprising one or nore words representing an event, and the conplenents
representing rol eecondsiadsptdreaiing ﬁohaﬁc@\?@ﬁta'teff@ﬁ%%maﬂg foniedcipmyaage i n
a | anguagﬁnqﬁ&@a@ﬁg@d REMBP bitGnsid EhY, & c@'FIQpB Ogagétng vsaaddem es identical

| anguage- dependent semantic structure wth an indication of 11

| anguage- foride yeard entry refeesnced pr Ews atternabign slasyl ceemsloshentrs ohsavﬁges be¢itlg

al t er nat | gRgondduh el dftbitn: 5 O MUURbMaRLR: BEhNBtkrhatich o@D 1 sald source
| anguage, and said replacing step is arranged to | ocate a preposition
occurring with Aegoringtda thirfdaspect efifha@esssat Bvantopodiere srpravided grmethod

appr opr i ag ek lr:?tl Fre&i #ofPh Ysoulcd iﬁﬁéﬁggtt@%nolt'nté?ﬁrﬁ%lnﬂp%s%t‘é hiniciEaiOr ds,
mul tiple sal rds representing a saird event are ref erenced to a comon
sai d al teﬁhnatheoﬁﬁamﬁf@[wd inta\n 0f 49%2 2f ROTILEEDOPDbMAY langrragber edshydf $aid sai d
step Of skl o RARPGbIdGoR ol PRURAAR: SRAEASISTR 3 doREBRdi Phaitbasses,
mul tiple sai Tter natl on cl asses are referenced to a conmon said

| anguage- Whighpéaycrspdetpignieed roisnge MRWOECEBWrERI Be Preposi ti ons and ot her
verb formirregdd dt£8 langRBlLiMPAnddht Polb ! atively small number of
alternation records, a relatively small nunber of parsing and abstraction
rules to repl a@éorglgcfﬁmmaébé@'ﬂt'@'lﬂh@g%tnd ot her features on detection of their
occurrence can be enpl Oxée@spé&.b@rse@%@qsﬁg%aaélqewn%w BRGSO 0RAL S84 € as
described in the foll ow ng description and clains. Enbodi nents of the

i nvention will nowafernatipystasatheing 19ferapgedo @Raifpied obAprguage-indepertdepence

to the acconpanyi ngodE awh RS pridify WRELHK alternations, and

a plurality of words, each word representing a said event and being

referenced to an alternation class of its respective set of language-specific
alternation classes,
each alternation of an alternation class comprising, in a respective
order, the roles of the set of language-independent roles to which
that class is referenced and listing the correspondence between
those roles and complements by which each event referenced to
that alternation class can validly be represented in that language;
locating, in said text, a phrase comprising one or more words representing an
event, and the complements representing roles associated with that event;
representing said phrase in a language-dependent semantic structure; and
replacing said language-dependent semantic structure with an indication of the
language-independent roies represented by said complements using said alternations.
Preferably, said events are defined by a verb in said source language, and said
replacing step is arranged to locate a preposition occurring with said verb, and to
replace said preposition with an appropriate role.
Preferably, in said step of storing a plurality of words, multiple said words

representing a said event are referenced to a common said alternation class,



Figure 1 is a block diagram of the | anguage transl ati on apparatus according
to a first enbodinent; Figure 2 is a block diagram showi ng in greater
detail theWP8d¥3Les present in a client term nal form ngPGFAFR00944¢ he
enbodi ment of Figure 1; Figure 3 is a block diagram showing in greater
detail the processes present in a server formng part of the enbodi nent of

Figure 1; Figure 4 is a block diagram sfowing in greater detail the
subprocesses prireteRabixy thhsaidastep apls BEIPBne SREEHE s6F (Af nigngase-dspendsat

enbodi mentitQhatidndtlbsses; mh@l 8aid dirdfioh lcladsds! avei referéiicagrana ehamionGsdidie
formats throu?h whi ch text passes during the translation process of the
an

enbodi mentetsy Tangyagesinderandgiii@les: i s a bl ock di agram showi ng the dat abases

mai nt ai ned Wi t hgiRcd 1 H84eBE 0P brepo8itib®s dnd FthBlUvdb forn® iregBRABERIE Icapflirépr am
illustrating the word structure Produced after text pre-processing in the

enbodi ment dfelativglyr gall nymperr f teration gpegidsam [eatlyglyr5p3ingnples of parsing

entity/rebd bodisdRitibn SQERAL ir6piald YGIHIpRpPEIASHICHT BiHeP FedlafeSi dMDdétBctidiof
enbodi ment of Figure 1; Figure 9 is a flow diagram showi ng schematically

t he oper ateBPCHYTaNGE c8BP&SMRYeChe enbodi ment of Figure 1; Figure 10 is a

di agram i | | ust r@dheN@spdees Gal doretefred SerfdddFdts iafe BedREOd ete fdib@ie 11
is adiagramillustrating the relationship between records mthe
enbodi nentesCEpYRfy @d1Paims. 3 f| ow diagramillustrating a conpilation phase of

writing recor dsmhgpdiagits \Wohke fvertorofildube ilBtrated 6y HHASS58@mple only,
PCT/ GB00O/ 00440 5 Fi gure 13 is a diagramillustrating the rel ationship

bet ween rWEBIefereaas FhEe: S OPPERERSG IGWINgsy I WhiEh.  Fi gure 14a illustrates a

pre- abstract ed.FigddgUa @i Sdkehiadra® $FHithélGhhblide tPdtdiatibgdpeardttl dctdrdmirtataes t he
structure_after application of an abstraction rule, Figure 15 is a flow
di agr am i "FUEPPAHIMRBL t he abstraction rul e operation;

Figure 2 is a block diagram showing in greater detail the processes present in a
client terminal forming part of the embodiment of Figure 1;

Figure 3 is a block diagram showing in greater detail the processes present in a
server forming part of the embodiment of Figure 1;

Figure 4 is a block diagram showing in greater detail the subprocesses present
within a translation process forming part of the embodiment of Figure 3;

Figure 5 1s an illustrative diagram showing the formats through which text
passes during the translation process of the embodiment of Figure 1;

Figure 6 is a block diagram showing the databases maintained within the server
of Figure 1;

Figure 7 is a schematic diagram illustrating the word structure produced after
text pre-processing in the embodiment of Figure 1;

Figure 8 is a diagram illustrating the entity/relationship semantic structure
produced after parsing in the embodiment of Figure 1;

Figure 9 is a flow diagram showing schematically the operation of the server of
the embodiment of Figure 1;

Figure 10 is a diagram illustrating the data stores present in the embodiment;

Figure 11 is a diagram illustrating the relationship between records in the
embodiment;

Figure 12 is a flow diagram illustrating a compilation phase of writing records to

each word store of Figure 10;



Figure 16 (conprising Figures 16a and 16b) is a flow diagramillustrating
the 'process of generating the data used in the present enbodi nent; and
Figure 17 WPIO%4%Rhtes a rol e set record of the enbodi nent PCEGBMAMING t o
Enbodi ment For ease of reading, features of PCT/ GB98/02389 are reiterated
here; the whole of the description is incorporated herein by reference.
Referring to Figure 1, the present invention nay be enployed by a client
terninal 100 cdPgHseSuis\a H'aﬁrat"éfué'éﬁ?ﬁ'ﬁ?nf@a’tel%'HES%P\‘KHY?@“S'GB"@&cﬂ’f”ﬁ% thee
Publ i c Svprbgéygd,f'ﬁg@@hgne Netvvork (PSTN) to a server conputer 200. The
terms "client" and "server" in this enbo cgl ment are illustrative but not

limting to any'q? t1i4€d|“éF'aT§ls@I‘ﬁrf’éef"{ﬁ°ée rangyaes- FQﬁ?gf‘i fUpCIHReand | ent

term nal conprirsfife a4kayiaaated 1A diruaunédsret GhplicatiBPAe ah 2B&raclibA rde cOMPUL €1
108 conprising a nass s e such as a hard disk drive, and

cessor ora
wor ki ng st or ag@'g‘gﬁgﬁ isaf W'a@SWh 'P%theaa@lNC“'OW‘f@%‘iré't“?rbn or a

Pentiunt'" per s®ifire AGTRHRFisiBFidiReL MDA @y«emw .§ R idpdgrarh GiUStiaBhg 10E.
Stored within the client termn rd disk drive thereof) is

o oper atATEHRe S GROT TGS 1ot Db PRy SRPTRRr FRG oyst em 110 (such
as WndowsTM , Fyupé ansiRIstrhied d @ucdet ascovd BHthaSeniix@liel T' " Version 3) and an
application designed to operate with the browser 114, ternmed an applet,

116. The function of the operating systemis conventional and will not be
described further. The function of the browser 114 is to interact, in known
fashi on, leh hégergext |nformat| on received fromthe server 200 via the
PSTN 300 odigALBt by owser 114 t hereby downl oads the applet 1 16
at the begi nni Fgr eéset&eesdmgmem&tslarmm@ssa/onssaSrqoartéram‘d teer T A6 kY
docunent fromthe sery h“é{]*?eéfuncu n of the applet 1 16 is to control

t he di splinﬁh%f’esrcé'é’gf’?/ésd'”i’?ff’f.’)ﬁa #N BX {8 e8I | ow the input of information
for upl oadi ng tRefdrhiey 61 Riglre200 tixy ptésenusre/rentmdnrmggmet &replbye\Vder a IclikAt WO
001 49522 PCT/ 00440 6 Referring to Fiqure 3, t rver 200 c rises
an oper at! F%'"gaggé £ eged ot 5‘?'?%"5?1“'15%53?3? |r}?6w88'/‘st3§ 5 & gnB'

Uni XT"", Swisehed€eTeldphogé Natwwdrk (RETINRtOL 4 ambmaﬁpmé@gm(amr%hﬁrmiheleapear&t ing
systemis, convent hﬂonal ﬁ% nd will not be desc{rkbed further. aBBfEclt}J]’nCtl on of

t he serverse'ﬁ'rebdf‘é ey FeUUF{RIVERYL 88T dMiige tﬁfﬂér"?@iﬁj HEFHE from
the cliendr fisdtishaialy. 100 and to supply hypertext documents in reply.

Specifically) erver program 214 in I dpcu
cont ai ni ng thetlgﬁp?l gt tfi'B Nl "E%E%F."&Ht’“t@ 1%&h3%8%g'rﬁén%§mg$gp?'}99ram
214 is alscoaputangod dompﬁisrmglaypdmbsot omasxd stoesgei mhchstahiardmisk lieivé,r ams| at or

216 f bi y f unct f
Er ano! at SToTPEGRRiAesn 657E T dANC EP0 S PERE Fr SN nEroE] PG & afTE0 i a

t he tel eqermonai m:ﬁmﬁérsmlebmmplcﬁeﬂ) aBl gk sle:hvaerrmpfaogoam 214; to interact with
t he user as negessar r toclarif he te dto odu a

transl ation of 3 ‘ké/gft't“”ftg'? "g'ﬁBtplt‘VmHé?élé %o Prihey é%rfj ‘?Qﬁdﬂﬁ? “gdf fEht ) .

Fi gure 4 opbaitmgt benmrrp&nﬁm progkamprising t fre tbpreadits"lgatsvéteﬁﬂ.ﬁﬂz t{se&idd ses a
nunber of sectig one f ach | anguage, Wh| a first section
250, 1 et AVPRGHERD S PRVGET | AAdRiEger DAENS 5Plard s Pesbdidl St rpissten
relating dee.gaecse&eﬂﬁa{e?wgrage b(dw‘dezm tdred havapfe@{ 1¢6.arhe funceC bf tienguage
section conprises the foll ow ng supprograns or . S: t ext

pr e- pr oc &8 '"?fﬁte"‘2§lﬁ°”’2‘?”tﬁ?” ?J?Jc)g’" 'g?'féﬂ?‘a Pescﬁgg‘gg‘frgfézé?e é§§5’°r35’f Kesour ce
| anguage mbwédractdors todridracz 38)kndvnfablsibgedvith awgemge icferradginr @eéiosd fraadd,

post - ot ocee 867e1 208 VSRR PSIROTTHR i ap8 2Rt Bop/oel EL8 ToonBORAREARTT| e

di scussedhé Apgeeat 6rat dré dedinhing @Wthd:b@umnﬁamddslwsmah;e& pane ostaag@srtsit
transl ati on accordin inent. A source Ianqua e text do urrent

to this_ e
o ne b A RRuAE kS ale soren a0y THONERIM b Hie SISt 1ER s Eafpihe AV aft er
oper at i onféceived ih%a@drﬁ-aﬁﬂ@@@ﬁ@m’thémgeof( idfbkmptiod b Jp&&blinb tb Shaaerearpanded

source | age text docu The operation of the pre-processor
isto re%%g’t}gg@&ﬁ{sfﬂﬁé{’@ag t?“’r’rlér(° %}‘gs (such as "he's" in English, or

"j'ai"™ in French) with their non-contracted forns.



WO 001 49522 PCT/ GBO0/ 00440 7 After operation of the source | anguage parser
222, the result at stage C of Figure 5 is a | anguage-specific semantic '
structure WRAMH92presents the input text as an encoded ePEV/EHWO/444t i onship ,
graph, where the entities are senmantic categories corresponding to the
words (in other words, identifying the nouns, verbs and so on), and the
relationships are data relating the entf’bi es toget her ée.g. to indicate
those whi ch ar ATTHENGLY; EGHE oy 1ofSEVPS 2P SHTRIFE] PAPREtPthig BRa B2 ¢ he
sour ce | apghe@ging st s@esig stemt E2 rsashilds Bhix3t ageerlled Brogrdrbir2 iemngeqmant i c
structure D, simlar tq the |anguage sgeci,fi c semantic, structure produced

at stage CIBNAION OOEAR 215 LRRIPRSTENIA SYSEAY esVRPENhARe Wilt ROt R described

substit utRirihee TN EWREEN DPaRE fsehrePPadtratg S2 0f isSWTReceivetrBguesty ot KifRBrext
represented within the semantic structure C with abstracted structures. For

exanpl e, 4PAERLE ol Fheaglionfyierming 00 #Rd, 14 SURRh, BYPSItexE GaFuments R USRf¥- t ext
coul d be sgqirRatt 8t Wed/bi Progrdsdt! B iR NddvenisddsUs tdbembit dahmininyditceat i ng
ownership of the nanme by the indivjdu first person, and an attribute of
the name Ay T1H4er the plient permigel 166, the §ef&e'g$f3m i2d41 5 Al prraeged to

expr essi ofuppfy @5aWai sy REERE aty fr&@r B Nrdreistorcirag@dmbde 1 geviar dregkaple? a

sui tabl e generator such as 235. However, whilst grammatical French or

Ger man wod'§MBeNEH T ed, the neaning woul d be uncl ear, since in French the
equi va: ent pﬂr age fudction ﬁahme frgs.aﬂétb;r;\g(d'gjrr]an rd 1@pigetol rie'(';éivéiﬂléixti ﬂﬂorﬁ&hmleﬁt’ge
equi val ent phra is "lc ei (3e". ich is equivalent to "l am ed" in
ol | oh. BUENRDI Sgpia thE g Brah T aiehtohs Revaat SOk SuPh Proosdit of tin y.

t he sour datekaigwRBethabsder aft Ascedady riecage seslariny thd Rexthanpatos paddsedrant i ¢
structure, the oc urrenc? of structures which are FO‘% directly

trans| at afnsiation of thrstext FrupRlE Lark {tg Ysg" R FUBAAPOHRARY: i n this exanpl e)
an rgpl af:es thm;ﬁE% At $HoWsUThe ScompoRerikdistbgrapizadf tdatt&nﬁleﬂ{;@SKBnUﬂ Mn;irgea}a
ccordin ot abstracted semantic structure produced at .sta 0
Fqur e b e df shaienr cone e RPauBEATE O SR REM THT Stesie 2ok PN e

r epl acemenffiraf lasgeel ILANGINSEnNHUE tsecovit Gbctivne 280 ovlatindtto t:0 seaani hgiuddey
transl ate, | one or nore other | anquages_ (whether or not thosg |anguages
are repre‘kémsgb BF SBRYORY Ghal'Hi ng?'%e?%rgé{?éﬁ a8 L8Pt tgﬁsg’#'%‘@’t d °

semant i ¢ ssbpugtameopmodueed at stage Dis an interlingual formwhich is
unanbi guoys in relation to h the target |anguages which the systemis
capable o tl’béﬁesxl?gfel W&C"i’sﬁf’B&%}hggh s to say that the interlingual form
corresporgls unsgued lanpwdde mrdeaZRa@S82speci fic semantic structure in each of
the targ | ghguages. VWD 001 495 PCTLGB00/ 00440 8 The abstracted

semant i c%gtru ??Julrge, E’B?“%eabg?a%ﬁreéégsgr%a)ct ed semantic structures, produced
by the abBtr actapgetilingbggde-BbstactdidR2paz3ed to the de-abstractor 234 of the
target |anguag i ch_conprli serkes of rules which test for the

pr esencea%f ?3}1%7%&33%]%%8 a nse{arﬁﬁi‘[zﬁzﬁégé?ﬁserted by the | anguage abstractor
223, and &r adstanges lartpepye rexo posteprécasperi@@d, 236)t he target | anguage. For
instance, int AR i BoME e tLiAGLE am L.on woul d
be convert ed, ?ﬁeggenc ,goigr?t\égrp'pfe e\r%g °§E§%ef‘€‘§§ Vglﬁ%caﬁf&m%@scgﬁfé)rggifﬁtgb%gsul t
is then, batovet age E) a senmantic structure equivalent to the

| anguage- Speci o, SENRALLEs e UShEY & @nshhiBh SoforliHh 1 hillBirEBale: semant i c
substructures cgrresponch ng to phrases or expressions in the Input text

whi ch woul d gi Pesaurese languageatest do¢uomendi($tbge W) tis eeselvad eybtbertrangjgkacfeam by
appropri s in the target |anguage. This structure fornms the
i nput to%ﬁgﬁethg?%rgﬁ%g?gijage generator 235, which generates a correspondi ng
target |anguagéteupperstiorxt thesteagerefyoceanet stager @RO1 ghapgsiltds ab lkeparaiedr se

O age 7 "0UeBePalpE R BBt (sHigadh), Vi DECHRECER LAY eppRtbedbf il <8

gener at edenleoet cemictasintorms tog wastieleunh agahe's” af Englishl ar {'ihad” ibbreeckxaitpl e,
"je me apps) 3 i.dy g be contracted to "je nmappelle David". Oher

m nor text pé%c@\s{%agéed\é\%gbati ons) such as adding capital letters at
appropriate places (for exanple at the begi nning of each sentence?, and
provi ding the correct spacing between words, are also carved out. Referring
to Figure 6, the server 200 stores data for use by the parser and
abstractor in each | anguage. This data conprises, for each |anguage, a
granmar rul es dat abase (227, 237) and an abstraction rul es database (228,
2381. Also present is a multilingual |exical database 240. The | exical

dat abase 240 stores an entry for each concept represented by a word in any
| anguage represented within the translator program the entry pointing to
corresponding word entries, in word stores (see Figure 10), in each of the
| anguages within which a word exists which expresses that concept. The word

1 T r - b



could match each contracted string of word. Al such possibilities are
retained as alternatives. Next, each word is | ooked up in the |exical

dat abase 2W@.00/49522 hj s st age, words which are not recogni sBAT/GBV/M#4® cl osel y
mat ched to others in the source |anguage (that is, the | anguage of the
input text) are replaced by all those for which they are a close match, as
in the manner of a conventional spell cHecker. 1f, after spell checking,
any words have Aber beeatieeebght ﬁdf%sbé@aﬂeaa%%e&?% thedpsuli ot stagesiaft ed
back to thg, @tsa%gesgestgte.fe defthiilR80aER WAhEprebdts BXAMBLEext H0GaWOT d
(unrecogni sed word) has not been recogni sed. Please check the spelling, and
resubmt P'Pﬁ@edmedt'b’rfe@t@?ﬁmtyETaPhThW eFuehy eatitieferere r SAVANYG eePte@rricte
client tepfrabndid tbheyehad M. otﬁbﬁvwo?o%ul.ctenat ildVkife REGTPRRARSHI S lof),
therefore that the expanded text (stage B o Fy ure 5) is no | onger
necessar i Byd the ielpsiapshipgyereritasa olatngrig eﬂﬂt'eweg"ﬁé ‘%%o‘m”ﬁ"ﬁatﬁtb?ﬁeeww‘:h
conprise Qrent%E‘Q'QBJKct@ror oBlebtCsr Qherdprds. Figure 7 indicates such a network
in which the second word, originally B) has been replaced two possible
alternatives (ehftthreopesationofdhp seurspdanotAggsaRsiragiof 8?Eathe\fés'~é§<?$aﬁ’f§$ft)ﬁs-‘) a1
and Bz, aﬂﬂtﬁehesetrﬂnltxg WPU(QUIG Iibassspﬁﬁrn tb e@\' aRRguayé LPERRe RemahiL estructure

alternatlves Cl ( C3. There are thus now six possible routes through
the net mpt@dwetwrmge ¢Hpe't t@i&at't‘)ﬁ agdditipna\selatiqnshipp end detaowRich subgititedhr aced
by a ref efaﬁBGﬁ'getébeE:llﬁ@ ﬁ%ﬁ RPN o £ e %rud?ur%@?ej;lr@é@n@éﬂ withirPRsSenide |f a
single word (such as "bank™ in English) has two different entries in the

| exi cal datraBaeeC 2vith astreete SHYFIeY o di fferent meani ngs (which woul d be
transl ated int orgi dyaRipfi)ta MOHaES siidh 8s 'RAIVOSImd ANBBAGE)nput A6 80Fd 1hSguagR! aced
by each possible entry in the |exical database 240. For conveni ence, WO
00/ 49522 FR5¥/ @b/ tB0 ARTESEDtach YHENN tARI3PST AR PEICe SEHEWES by R ébqatieg i n
the | exi cglynd@hRARe nhi€ bIHAL AdiviGudt &R PRFbn] MPEHTBLIiRAE bPkheRdHe WOIRG

(i.e. whether 1t I's a noun, verb etc.) may be retained within the network,
and a t abthst riefsafPanid’eabiis e PWRRMSSAIY 601196 XRERSEOPT H8PLMATHY F@RER wri n
the | exi Céhrrﬁaﬂetteém%(?gwaee biﬁpétt@atbrd JertRéefich@s 23gt er use. On each

occasion where a singie word in the source | anguage i s given as the
transl ati on of Heweyes vkt egrammatiesli Eeanchng Geggan nweyld BeitRipdsedpabe

(corr espopdhRfg touRkPBEALIes, ffReantFramnthe icduioBiEnOphra®y B Qfcall ey delr ggé
| anguages), a reference to each of these is included within the p roceesed

text | att{cappsie g ieGorman iheearivalephpraseie "k heiiry Whishds ¢awveantoRR. T Next
the netwoglg &meawﬂteengfneﬁlcautcmr NRSEORAGING. 1a8& HRbAESRRENE vetth). ARBorainghyhe

entries in the I exical database 240 and being represented by the syntactic
category B $qwiee Bngyage StPEHE &2SetPcpgnitse VAN the PHReA AEaPLG SEYCtPieogr am

whi ch, T Ofhee8&drREH of BRIk BSs LhtfcH tt.tee%owctrmtw traRsISaBRIRUCH Lase&rmyrepase
227 which_ are applicable to words of that pe. Thus, for exa

ref erringnvelVilggRerens) naeHBsist wtmrt'%eanérf@w?%ﬁﬁ hasg stift'ﬁt%%'&‘ e%t'fﬂﬂ’ ase
"the dog gaw rbhes&ihg thethe word "the" is the definite article, and a rule
within the grammar rul es database 227 indicates that it can be foll owed by

the noun to whiReFardinglys keabstracted sprants sRyYREU® Producsr @451a95 It RE Figkres?

OCCUI I eNCRorfdspdRdLtdTh NEgresdritrior & tHertke@t Yt biM withuhe réRaddiern@Xtspeéifiel € N
1, representing the follow ng noun and the circle D2) representing

t he secontPEUAS ¥hicd afe BB?‘@SP nf%iet° "t%@'"gf“é'yl‘i’?ﬂ?@de gjtot AN ¥ ulere: 8thehe
circle N2ahgliadeBewHRtledirngotiidde 18 Haes Srd igprasiied BQt Sectibhe withie ther the
active form of the verb 'to see” indicat es that the verb may be preceded by
the seei n§a"siyfenei6lentity (in this case "the dog") and fol |l owed by the

patient entity tﬂétaﬁsitﬂaétéaa%arﬁb%tﬁ@turé prméd atktae Pag hNWerlinheal Fafs ed
semanti c structure gsta ge C of Figure is re resent ed, for each sentence

of the i npiHchtiginam SS“@H%”bfe‘qﬂS’Pems‘tatCUc‘thF‘%éa'@ h3PPLasss el t swter ds

entries iBaddBR Af%r@%lnngmtabﬁﬁa@ i24Ds 4yt @t EelifleAmglial fbing dbRedbonadddnigGt er s
|l i nking themtogether (the lines in Figure 81. |In the PROLOG conputer

| anguage, Mthe 'egHRosgPeific serpeRtic FRICHE 1 BIRNCTENe iR 98daPWIoES ent ed as
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A" det (def, thirdl, A'e(dog,[]),P'det(def,s,-,third), P"el cat BM(‘)'

E"event | seév?P% ﬁzést [1),E"A "r(agent,[I|,E"P'r(patient, [ PFTIGBI¢ {004
foregoing, it will be noted that the unifyi ng variables A and P are the

| i nks which unify the first occurrence og the vvith dog and the second
occurrence of i ed n,agent

rel ati onship anhfp‘ﬁ ﬁg%tf%cﬁ?gr%q"éﬂt'(gn§m'?)w(ﬂ tﬂr tcH‘é’ t°ér ﬂ?se brsléé%feﬂyg‘?’ﬂ%"t'c

rel ati ons hSthcAJrés m'odudehebyddga )bsfmdtdrh:est@erm if thdoephseyd thahs ababsweqrsdyi p P
(i.e. "the he verb i s recorded as an event "event"), and i

i hked 1 0 396 of o chfoek Jonapepe, P EYPRTeS aokims & 54B¥r oot efifrates e
and is i ncbreaatneél dfotHaeadditiorfal BtruetuFesr mséridd rby)thlenlahgt;t&gpaaistntaemsaz(ﬁ et ") .
The word "the" det erm ner.  bein finite article (
Yooty Csialens Db itd i B Pade o cciogt Shaith R netineR ngLRdarTpe )
and ref er rgivigy slvehehe hbsttheper Soming' otpbnalndﬁ Ivouldh be tocenvestddotin degh el “ jecat
are indi cated to be ent)| tnlqesse f] '?helresat‘tﬂ ls ve a rgfer ce toa

cor r espond"hgPREIG énf’ry e he e Xel Sq &t ihate tf% TAUE é’F'C BI4F8Y"®t han
the tar geteqbevngn'age tdepemulmge-;spectlmre spraarste:r strgctn adisssgientC| e inowkicowhe
techni cal | gC SU%C res gﬂgsv%})dlab $ r'ti(s)tgsucrtex TeFSu{OF)S rt Ieni;'lortniatt OE\ n
sui t abl e C arf -parsing ecﬁnl qlﬁ)es WhiT e REEa" W 1M hb PEuRd MR'Fanes

Al l en, " Navaudl givangsageo Undumtasttoandinﬁhgumesznnb\/édltteemn;ep&nepamwn apnoptiag s

Publ i cations In ther res parse descr.i bed
in PCT/ GBS Hﬁ‘fé‘éres I—'lav%‘ﬁg{atr 63 D"B%ua?gd tf’f’ S’tnm re(s rglﬁ F 8 tz]ﬁstarr%é[t or
223 t hen darghage gendiatoal2Sbr aﬂﬂamgeneudtm; adatrabasding2@rden Iér(wageeontmoseeﬂource
| anguage S i | rans ion dif es. The
abstracti ‘F‘ttagr Eﬁgﬁg tﬁ%refg%a'rg%l ve rser\tgrg? 8ro°8® c?ﬁ%g pgﬁsgrsa%é%%a% ion rule has
been applied t oFinkky, pte seehetaec outphe teﬂtétrﬂa@&af iofcombrstiedcltyi Ore texk @®si-s
referredt i r I o ntify
ot her _aBoegiasy 2 R BEAE b dfe AL ) LncaRd KRR oRE e 7| diE
abstract i ahoveierampln, t'ileemsetppetn Dbe'dapmulcé(be c‘blntrsyteﬂrtostjepn ‘4posllet David”.
abst ract or, 3hest u e Yot > one
mor e ot TRaiEE P PSS Shb oA R o sy ABIFIEL: of A0 80TLS
st ruct ur e plases H@raéxammmtat vteefbﬁgmmr@cof ¢ech wetteneelt odr proeidingsthex pbragcmed,

this test ..S. ' rule may be applied at different
st ages of sgac.ﬁge%@sﬁb@g%Qﬁ%gggégg%ggﬂg 12 abstraction process in which a
struct ure gener Befettingyta RiguisaPstie perveroAY@rsterds 1dgta fier g¢t By [thergaesler and
Struct ur e opdficts: ARGIAILALREL. THIE BBSLIREREE @2 3ach MRlARAls sRHd: raROU! d
be a single, conplete interlingual structure. he sStructure i1s

i nconpl et é'a(atbh%ﬁ (3%, 12373 apd 4y ah&@é@ch@t fLﬂQﬁsé?"BP@et 82|3eI2§f3é Alsgerasent il ¢ t he
wor ds usi M:&nhﬁugr@mrdﬁ@@as@hﬁ@bﬁw R&IchiOathbHs8Sad REJlesS WA GRS 1} each
translation w not be possible. If nore than one possible structure is
produced, COPRERt trRRreReiEd ttVe>€'t wiogd dy sy di8P@RoantFPEASeNdsWitbe the &@nslator esul t
in nore tB?dbré?ﬂettﬁoéﬁhbb&nﬂﬁdi@ogEéﬁrééb@n&ﬂg fttortaeeﬂ%tesonemfm Tsﬂﬁe§ %"egeﬁgure

| anguages. |'f either of these conditions is met gquery 1Is
transmi t t 48)ti® epHeofelanaypess Wik whieh g st é?"s'tfe‘t"h'icﬁ exP’ﬁéseﬁrfbﬁl Eraente

poi nts W trik Rvdrf@nBRERYNE for ShEH QoK 85 the REXERRROMHNAUadePcd it AER! ﬁtteetyﬁé of

anbi guous neani ngs, are located) and the portions of the input te

rel ating feXiaehele@ent eepreseriedatiethe Werd (§ e Weaips 1hifde PumstVePed @RIIN 0 t he
user for dhshedive sl E@%HP%E‘@ BY thmaAmR itwhldBineWvbil i@ 1R, text allh ch
may for exanple say "the following text has not been understood/is

anbi guous &&ch 'ﬁ"%aﬁﬁe?fé’r\‘%tﬂ’“%éﬂﬁéﬁt%f the present enbodi nent, the
de-abstractor afgh gepshal Alled 2tored 2vitHioTdaBR RRRHIAD rt.@stchﬁasa@wtzzes%we)

| anguage are enployed (as described in greater detail below) to generate a
sour ce | afftpiesgat tfek the eerrespepdipg dasigpege. Jeerarayp dn el wards aheas langwags nore
such strug,tayrc%%bﬁggust and the query also includes these texts, prefixed
with a statement "one of the foI | owi ng neani ngs may be |ntended pl ease
indicate which is applicable:"” In this case, the nessage transnitted to the
user in step 406 conprises a form wth control areas which nmay be sel ected
by the user at the client termnal 100 to indicate an intended neani ng for
t he ambi guous words or phrases detected within the input text. If no such
anbiguities are detected, or after all such anbiguities are resolved (step
414), the single, unified, interlingual semantic structure produced by the
abstractor 223 is then passed to the target | anguage de-abstractor 234 for
the or each target |anguage into which the text is to be translated. The
de- abstractor 234 accesses the abstracting rul es dat abase 238 and, on
detectlon of any. of the substltuted forms Ifor exarrple " Slt ) substltutes
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t ar get Ianguage granmmar rul e database 237 and the | exical database 240 and
oper at es on the de-abstracted semantic structure to generate output
target Ian QR49%ext . The operation of the generator is cBEEABIAIY t he
reverse of that of the parser; briefly stated, it operates a chart-parsing
algorithm (of a type known of itself) to take the conponents of the target

| anguage senmantic structure generated by the deabstractor, | ook up the

appl i cabl e rul e&hd pperRton Af gaie embrgimene wilingw Bedisslesed FRgeaten deraiiswith| e
the correppgadidh mEhds A pcated fromthe lexical database 240 into a string
of text ordered in accordance with the grammar rules, until a single stream
of text which uR§fpirigstoafiBureohpibrreftes 2 t1Rxt iScieaAVEE Trom the dlieat aeriotiey s
the grammaphCla &b @Bal thd AG@! 8% ;s/é&g,&{deeeﬂ%atrgtr@es R St Patd drfdt slcheam
the text is post processed (step 42 to add a space before each wor

capi t al | sBOssHie ord 0 Thettewt isileratedsani@nging spagesatdPYncEyationasq as tq resuitast

wor d; confy fetre s Yot oL SBRSWERIYCAS %Ssecbﬁd 8lep) aMcoMrai& ARARADIsBePEs - i’ ai”
contraction; and reproduce any special forns of text (such as dates,

amounts o 'Ffemy’) aemm?eeg%h%remﬁwwm wigh f¥bwepdsi G that gxample, {iaraias At

| anguage. hEhgarh&Sithd, 1 @ ieQErHaé e@eésextlodasest B (a5 NIpb@bIe thyk NEehsABudAT W (OF
text, or other suitable format) page, whi is transmtted back to the user

at the cl ProRer nasnesi, gates1 times susmseqf maney "{'.'H foc¥ei pt of the translation

result at the cAj and st&feMRét M0 be tdaberBPPSssivte AkaatdaY adrindstof Wrdy pywger
114 and may be converted and stored for subsequent word processing by the

user. FiraQuikmpaiahneash conteeid shinoadld Wad-nAtysushheessibiiiige atjestetaingshease
i nvol Vi NgaigerNGiJesay have several di fferent possible word orders, each of

which is referred to here as an "alternation”. This enbodi nent provides
i nproved rul es Mot BREA VAY! Wiledked e iathe fexice| dFtabansi 240 Aitehisssieqs. AV XEs wi t h

wor ds (pavvmcﬁtar@hwre\eeérm&d Wt 8 clogbly InHten ORI tREB M a]er@@eaee;aad},] a@bf(ﬁﬁi ent
orders (alternations). A description of alternations in ish is to be

found in SEHY lPaguagerqf T@Pa@eestea%area!qpepﬁ%tbwowsthose&w'we@ ey @8i & 8l98e Pr ess

1993, | SBNa{A284 iohdbmarlrar §ﬂ9|cb§¢bnt|8ﬁéﬂépé’iﬁémké}aVe a prepositional phrase
as a conplenent for exa . the verb "give" may have, a noun phrase and a

preposi tional phraites sgell gg?ﬁﬁ‘l’"]gﬂéﬁ‘t’ yordsshyye ??Tebeéﬁéﬁ‘fﬂgé"seP ($eR 40P Heedok]

[to the géllfért is trARgible8 KAk tth ARe B, e%pmd equktr.adsga@etseﬁnngr\éab@ate
phrase in other |anguages. For exa 00/ 49522

[
PCT/ GB0O/ omzl\ﬂmfzﬂubwa%féseq weg |hasgg?%%entfﬁ%°%‘aﬁep g'eﬁfecnﬁcéﬁ%%m"&s apd

NOt repr eaemriiE thid Wdta driLsiidnpdul ad gikdry 'is kifenCli@fsetiged td eheb@lehs ternfiddner s
have a pr (§)OSI'[I on-like particle attached - for exanple "bri ng in", mwhich

the word *Y®in 188 4R6: nmeani ng except to nodify the meaning of "bri ng . Many

verbs of attitud® rebulfof ¥R Pe-RYYsRE iid thepdfaleehanthendxpahddtbtex RYa)edB of
reversible form For exanple, the statenment in oﬁn\?{ngﬁgﬂgﬁl like the book" is
a

equi val enffi9% Heish{Pnos” nesrssHUvIR [ieansaausrge PRer® M i sone
cases be Eigsrelt, lcomphisé ta r@fw@'llmiﬂ&’atlée ofBabliswoul d be transl ated i n Spani sh,

for example, asFlgurle J mdlcates su% a network in which the second word, originally B, has
been replaced by two possible alternatives (either alternative spellings or alternative
expansions) B1 and B2, and the third word C has been replaced by three possible
alternatives C1, C2 and C3. There are thus now six possible routes through the network

of words.
The text of each word in the network is now replaced by a reference to the
corresponding entry in the lexical database 240. If a single word {such as “bank” in
English) has two different entries in the lexical database 240 corresponding to different
meanings (which would be translated into different words in a target language), the

word is replaced by each possible entry in the lexical database 240. For convenience,



In each case it wll be seen that the rules governing the use of the verb
and the surroundi ng word order are quite | anguage-specific, and therefore
will need WBOM4%& associ ated abstraction rules and de- abSIGTAZROPEN4Y Ul es.

Unfortunately, to wite separate abstraction rules for each verb is an

enornmous task for each | anguage separately, and | eaves open the risk that
rules may be missed. It also leads to 38 hoc and unsystematic devel opnent
of the abdtheacthporising éeferepres tenth8dpmEAE P hbeelesical Frighptfesths sagst hod

of handl i Rgeqdh} FHOAHBATol BRF &G, | WhdtREr iV RIPSIun, 368 AEVnEHIRAdE:iIRy Use
thereof. Data Structures Referring to Flﬁgre 10, the data structures

enpl oyed Withip HBe fleawerky aef YR AeIatiGa e nPweTkgeatPhdn thRACHEFRIGINGo

Fi gure 1Gntiyhe thewkkadl dfdatab220 raépb@gémutsw%mré@Eorea@hué@nguage a fist
1241, 1242 of word entries or records. Each word record in each Iang@age

list points toOR e3AMCREFESIBR WREEH AriNS'e e I IS SPUTGE neuaas s givenrasefendent

meani ng stMsRitidr 43 s difeseitdiekibalt &tk QR &h&%@’ab@@@&&bn@:offﬁ%hﬂﬁg(ﬂo
semantic information? relating to a concept, descri bed b¥ t he word entrles

whi ch poissyeabdifigeant mres i 0@1@ Bare ahihe téfqea&nev@eﬁbra SIVRNGe et store

(I exi conkthése iglinttiedvithie tHOsdDised TdW 141824 6RFigGletabase, available from
Princeton Uni verS| ty, Princeton, New Jersey, USA or MT Press Five

Canbri dge Cent Frth@d’}%ﬂsdﬁé’a'sﬂm PBAVeAREOM s of which are at

http: /1 ww. cogpekt, Rhe RESTSID ABYEs (wBEh corfespondiRy, hsRESY slsoveNtd e ¥oihd | i st
stores 1241, 1242 of different | ang ges are indi EECt ly Iinked, in that

they poi ftres '8 the lewin?! datapgse 230 ARd DERGIEPTESEEs] bYANSIWIaGHR E3ePUY(Qd| at ed

to the NMeRX éHErgXPpRSESREINY thB&oWREdSnguBEE BEIsENBrobantI VIMER Sfol Gadndold, 1,
each word store ( 1241, 1242) in a L%I ven | anguage of the |exical database

240 cont é’PH'éeSathPéB'ﬁécYY'V\fé”ﬁl SUl’ﬁ‘@l”laf pile? dRiaPeEscent § WECh IrERippiiqapieoto erds
LEX4), eaghnhavayge.entry contains a p0| nter to an alternation class WO

00/ 49522 PCT/ GB00/ 00440 15 record 704, 7061 in corre‘%gon% one of
a plurality of "NhglRg&*ApRlei fle™W té? a9y n8 'CISH§%°S§t sthpo §aalis

provi ded cehfalHedl the pRRRE "V GiREaRthd UAteSTd aloes “tha8 s thdRietinits e&pcmdmag to

h of the, | to b t hj
mappi ng. ST AN Qe yRmEE oS BHaRNEr 24 R GTrol B el B ToMRD LG i n
Engl i sh) noap t@mthichait Fefb@t Thigd, the biedie muﬁmeanr@fthalftrﬁrmmrexfceodfamsamnr(aaf t he

order of ,200 .i thIS iment i n En h ntry in the word
otore 1247 b hotet R SR Foihg el SRGe MAT dspedefling Hete B nY bl e

I anguagean&ewebadzleIl:ezglreprlesemhg ites se¢dnid Gﬂ@arrendehﬂ mermnadrt QMG’fal'SllthedeaSS
record. ni ficanc | t.er nat records.w Il be expl ained
bel ow. Th'@é@ﬁg%fhet HE'S ﬁ?g?r t% AP vag 88 an(r: es ?l“ifgun 1738 (each said store

bei ng associ at &be wil¢ forahe esqneacftormeafltamgeragec) seaocticates enavahe garbahagber ecor d

702- 706 one of n re 7 i ers
Conoi | i nﬁetcﬁ ct‘%?’dtthg Tl Qs aIge h?ng!t\éﬁ{?oﬁﬁg g%fe tt%%eéjo ontggcr‘ltfé&o e Ez tRE

st ores 1R4tlent P4y G thisicasef‘tihd gatflopul ated until the apparatus is to be
used. This res S | ng._0 I ores for
| anguages whi cllflﬂﬂ'gst‘ eéfﬁeé a?%lx%egﬁsé%ggm%%gﬁ@ﬁagﬁ%gﬁ}epgsgfﬁepgs fe\sf-guﬂee%{))r'é.
Accor di neggpyesentdfderforn eaghtsentéingelpé shel pantexLyy and orr mbresgtuctires gpmptisog ed

wor d references to entries in the lexical database 240 (the circles in Figure 8) and pointers
linking them together {the lines in Figure 8). In the PROLOG computer language, the

topological structure of Figure 8 may be represented as



entries (WORD 1 of Figure 13 for exanple) remain resident in the store 1241
at all tines. Wiere the word is one which can take nultiple alternations,
the word eWQ80/4PR2| i nked by a pointer to an alternati on cPEESBAGE40] (ALT
CLASS of Figure 13i in the alternation store 1238 for the | anguage
concerned. This record is linked to the alternation records (ALT 1, ALT 2
of Figure 13) of the alternations which'that word (and others sharlng its
alternati bn class) can take. A program operated prior to translation,
performs the pprogegdesQf ,t'ﬁ'irQPAee(llg a8 @et&ie@@, MP@))P*%tgi)ass record for a
word is read, and a first alternation recordis selected in a step 1404. In
a step 1406, theeventeeatineatdlds AariaeanttiBf Earle@isnt ) (WORD 2) for the sane
word as that for WORD 1, which incorporates a pointer to the alternation
class record, and stores the alternation as a |list of possible conplenents
in an order. |finitheferegeiag.nibyed! kg peled dbatohe paifipg variablesph adB)are theelinkpocess
of step 1Mpch00mfy3tﬁee@i?§tcﬁﬂuifr9rﬁcet 8 “tHXtwh 8550 kh@nd SeEdhdl 8dQkrenké 4701
the next pre-existing word record in the store 1241 is selected (step 1414)
and the prideeésyithf’cat’eplheperbj sseeejedinked iyt PP agent wRlatipnshipr prds ahagiéenthus
been expapglathnkQipanitetd yerﬁ@rl.nﬁa&myah&eénaﬁéﬂs% As(t@p thd W) ") and AL RrHY S22
PCT/ GB00O/ 00440 18 Referring to Figures 10 and al so provided in this
enbodi mentinked by thgrelatignshiptfyfie- ‘M"@“@f ‘dring a pI uraI ity of role set records,

one of whi ch | SThGrBad RokRd 2638 eleht frtddR®), lahd iERRKed @ ﬁme-ﬁ@ilcél%ﬂyqn
stores a plurality of role data, shown as R 1, R2 and in Figure In

the preseHe lexpddatahese 20 dpethgr o seeanst igdndiated tp Q‘E)”Feof"@tes mrlgiwi ds in
total in ﬁhﬁerpggteteﬁgg(rbgg@yd store 740. The entry for each event concept in
t he neani ng store éu . each entity corresponding to an event or verb
in a word stor eT@WP'd 19w2)s mcoptadets e sistapinenhbeing tiendefinte yrclal (f'dfat i on

in some | gAGIHRSer {r$an|dld}Kler‘3rrP¥ '), pr%'vﬁwbq{eu"trgl %HPﬁept” ’f)%drr@l‘e‘?rﬁge%o frRGAlrdS
730. It wll therefore be clear th since there are many thousands of

such ver bPgpore{'ahirdd e g EPimiSrf%a@‘PE V\b'?dd ‘@toree HricgRd 1oeke 6&1""%a‘; ‘abagad 240,

there i's RARYs lfer@hé HPRRIBEefHonkyiiatt Hal dbamtenbdidatihab® 200] € set
records. Each of the alternation class records in the alternation class

.store 1241, 124Phusoffarg 9tBeigidge the 1a9Rtderongoe, 458PPASSFY 1 SPGNRATEAT {hd'of ol e

set recor@gsimis: @ NGRWME teunARkaNy Obind Ot&mSeikcidll§C Qv aifableS Mb@étant{r@h{ey
smal l er than that of alternation class records in each | angua by an

order of WERIMEIARE, sHtipe heat-RaEsiBg (FRERNIGUST aWChaiY PY usemérv'% 'i(or'n dhce of
the data $irRéLhighearBir@COsfhuddd luraeritaRiiMX Pl BidNeditiof,0Befjafmih Windhings
representing an event in a |language (e.g. a verb in English) the IeX| cal
dat abase Q{t%cgtﬂwégca 1P8%0ord for one or nore senantic concepts which
corre_Spong to tlhattha%@éél,begﬁ?theemﬁmlrﬁay bdes wcdbecgin\m:‘r/eegamgbash rrgy be
assocl ated wt severa i fferent conce I NCl udi n " an ive
o7 ek of 1 e aotna ey Sl LA e GE N 2R, S0 e nfhe
word |'i stafstfacBas fuldsodugbtrge ZR&DabﬁIetlﬁj%brsb&ﬁ:e@a‘r@uBg@Nhrdﬁd; Which eshgiver b

meani ng, and in rticylar for_each negnin ver b/ preposi t| on pairing
Thus. | Che Shetataien THCHAGE: U TERPHEM BREFSS SabrrBRERRSTiaLR FBre oM ook
at" and S&bstriactiéw fi16 RPRBeheappdd tcethe pafcdttbxg theoerdird fsé!trcﬁ‘l’ﬁbsﬂedil@rﬁpmlers&§or ds
in the IeX| cal database 240. Associated with each such eve Cﬁﬁ nce t t hen,
are one oIt} OB, WPAAPIPEESERISHY PHEBI 8PTFAcHH] dettstd & ”ﬁ'g efn t he
event . Fodbs@aaiigh Ale @@lbé%Eﬁﬂwlrmt‘&welt/hﬁutlphdsr&sef tHehebg tria Odee elidsoin ﬂhb&eba| | "
are an active role or agent 1"t hey" - the people who | ooked) and a passive
role or pSRYRMEPHIeEhe pal 1" the thing that was | ooked at). Other events may
i nvol ve nore parduse sfeﬁl’4’@§&ﬁp|aﬂbstra&tshe]%gayte e[dch]stifuhmrhlgé]weratdwml ‘RS a

donor, a recipie nd an obj ect rol es ar ardl es

e vor d DGR SGpBYEacTee Of morh ety RE GRGRRTST ge HEPRIIPI YRS b m
UFEdh(F g%eteétbe slihtﬂx@{(.ur@h@aﬁee%ltématnimﬁbrml rdcm:dedtvhemb@né(role Kh&yp:a&mdyawb
slightly between | anguages, .since in sone ngua erf.ain roles e

i nf erred, ©BLIS FFIUSYR SUFHHal thec735Rs AIF) "‘P\é 3 a%‘h({]éerem \f\%%ﬁ/é}géﬁ
PCT/GBOO/00440 17 the role set record stores for a concept all roles which
m ght be used in any |anguage for that concept. They do not necessarily
correspond to the subject and object of a



verb, since these vary between active and passive forns of a verb. Mny
different events (i.e. verbs) can be described using the sane roles. Thus,;
accordi ng WO WHE2Hr esent enbodi nent it has been det er mi neBCT/EBR0/0§440 _
relatively small nunber of role sets (each represented by a role set record
730) can be provided, one or other of which will provide the necessary set
of roles for all events in any |anguage'{see e.g. MA K Halliday "An

i ntroduct ?Bﬁ’ffacC@O'FlPrﬁ@teisén@IW@'hﬁnféFUC“{fQrﬂ?”E’Gtedlg&QAhe PaRRAT iF enYSItey to [tBBN
034057491 kerlide Q{ug, oyddgfe. Of roles in each role set record, and their
identities, fer fromrecord to record, The role set records therefore
represent a | an@ﬂargépﬁfﬁﬂ%éﬁd%t abfitagtost 237 t e eldpaintesyit thoudoRe acsnelept

records Ofohpigte ﬁﬁrmﬁuaﬂ&m&%e 111186 QEd St isGRcMRefe AR YIS B sHOTCRBE Fiot
Exanmpl es of (al nost t he conmonest) roles are For material "action" -

agent andp?ﬁﬂq"éﬁ‘i relatg; togpthet Ak they WpEds UERE oM HANFetNB 2hEH aGHest rulgst i ons.

For " behauieardbcce¥iftttahstation MANR6Ebe pHESBIE. AIRo@EREA &nk hoBABRI RhRMirE 3d
events such as yawni ng For "perception"” and thinking events - senser and

phenonenofred eésthsr'@p%éémg con%qf%ambngé@ﬁ figee it ggyld rgeityig mora ket s -

sender, NBRS dgesibigWarlshitioR BNkt IaXABRE &5 ﬁeeta%a-yua@auawéstnnaﬂ@k Gof tha
"rel ational " (stative) verbs - carrier, attribute or token, an va ue,

dependi ngCQﬂﬁ"ttC’rﬁ‘é %Mt {5ep ¢ath 2 qusry istmppnited-tp fbe ueaidsetep 406l-g" . " John is

the leader” Fap grshet %eia.nalthe(b#b%%at@l bBRtS kAN theSXemaRid dttucBure! hat
which exists). Associated wth each role in the role set in this embodi ment

is a restFIESSPORAINGhER iNRBIBte of EbiGUSUSMERAINGS, Bl IPcaied.qansk thesRattions eher
bel ow. MR iRR4RR2Fe 1 RAD BRRLOAAARABafeaChtodd hitkatel 4l GARBHIEEEHET 0

702-706 contains a record of the |anguage it . is ' relevant to) together

with a nathe Yseeff Hspidnand mesrensesly r'&cwt(ﬂ@r e AuETY "’eu"éf"‘r"é% Pavver pb")

and is Ilé}&ﬂ&bl&yayp%@tf@roswﬁg)wx&aag ﬁbteoe%atunﬂaefbrodnaa.db@hb@srnatl on records.
Each alternation record 708-722 co rlses a ama field ointer to the

al ternation cl d8s? rRIEEFEdL ¥eraRN Al ithe |REegenh &EPodiments he a‘é“'{)?t??"%’t"ég%

(e.g. vergonefitot Re4al2ber dtdsphndidildo ahé Iiffut Okodreé)Mngadye ole ¥hpIehed @RS a
role (which i s one of those listed in the role set record associated with

the al t er?esciithd B geater getgibeloW HE FENEEFhACPYe ANy Ree bRt JRGEJC Rpsaible

synt act i Cseh@dn@g OstyudtreJwhBRU wo PEE pidséd tsubm , stiidelired earslz aE@rmerﬂ,@m layso t he
order of the mappin f|eIP|s sh ni ficant For%fl first p|ng
field is PERE 155¢ FnteReiade il g SEemsFT (M8 YePp ?vﬂ‘f@ﬂg ﬂeaP'E%F@%

t he acti viatehaedy)pleizd nﬁchzeaté wmmsragpllmplpl 'ng fields indicate the conpl emant s
of the verb in order, alternatio one alternation of
cach i t o nat | JRYUF e s BRGHE eandirGtnE e i Al e EPfBeb A At

speci fy twehwoehtoloar@es widsh neynb®BElgctedery the tdve dtahgudger comoer red. toThe

nanes of .the other aIt rnations in each alternat ) secfythe
conai t1 onbIERAP WeRS rhars pe st inaRee FRR iy itised wiBfrine

"formal " inpttessed”. The declaration of an alter nat| on (| n PRO_OG) may for
exanpl e be as f WO, 001 495"t2ge° 9 alt naﬁl hold onto-rel a

relate, normal Hog?@uch amﬂguntles agre ed or aft er, a1l suct) aH:]blgumets are res>oﬁved

pp: [ pf or nistepnd i), PG Gy, 00Ai@ad, mterlmgual semantic structure produced by the
abstractor 223 is then passed to the target language de-abstractor 234 for the or each
target language into which the text is to be translated. The de-abstractor 234 accesses
the abstracting rules database 238 and, on detection of any of the substituted forms
(for example “l sit”) substitutes the normal form for the target language (in this case, “I
sit myself” in French or “I am sitting” in English). The de-abstracted structure is then
more idiomatically correct in the target language than was the semantic structure

produced by the parser.



). Here "hold onto' is the name of the alternation class, 'relate' is the
name of thgg, et record) 'normal' is the nane of this
wi thin thgﬁafggg%itlon class, '"eng' is the | anguage code Pébkﬁ&ﬂﬁébthe
syntactic category (verb). V%ere an alternation specifies a prepositional
phrase, the identity of the preposition4ds stored in the alternation
(above, for exang! t ti,glke. such t he
preposition-like 63#’% |S? 81% ﬂle ta??%qargﬂﬁaggeg%%ﬁoﬁggno&%n zgéaarfcgf:sc?(ﬁﬁ%g
t he wor d) targeti Iangyawemranmpemlauatahasel 23F eha the tedrceada'tatyasretﬂoammopaepar at e
semantic sianifi e wor d
record cr é%(?g{é'efo%g%%? ﬁcétgglst% g’gﬁg% ?%‘Ih&nre tyqeﬁerragéng%tb?te ett?aﬂ’ ee xpr esent if
t hat al t er nat i ofhe spératigre otidieegeredatduisi esgerpitigithe, re\tmte mfotttaewamme parsem; s
are there u set
of alter ng%{?fhp gs{a%}ao?tegg(%wek r%gc';f{tf(zﬁ%%? Ejo dﬂﬁg‘?ﬁeﬁﬁwﬁ F @‘r@ét% }f ?{s\‘?ﬂ. 1!r? t\ﬂ?e
t he ver b ﬂt@olcglmpgmntbeofustw toligeh langupgp emantin stoustwe genesstpd dns thdede-
concept t [ (Y
P ase. i ool el b FBCerof I Alled 3 3ok €161 ! ddthihef 2 B
occupi es adsienihle theeorrasparidigi \weords dodatesl fvem the IEhics! datélcﬁsm%ntocmstrmb@m be
used to r I r or £X sed
' the t aaEPRELal b BbcsPUEE BN LA BHERP Rupd bl ST oGO SP Lt RRER 0
i ndependewntilistashi com)pdpgnishef thel sersanticr sootute tamdwbtiayh tbetdnamtmetrsabuulee rand
target |apguage alternation classes point, and from which both were
derived. I'n use, the present enbodi nent operates as follows. Pa_rsina In
t hi s enbodi rrentAftgagqnerﬁgmgsthp@utmrtrtw Hrpagedbe itoads abeweroceasegéstem #20) t he
| anguage- Sp&ag {1 3’9 2T G SERR b CoaphthitbGle Hé Prst RhtEde N9 aRRLRINRG, acfdSy RN bENEd
above, each word I n the expanded source | anguage text docunment 1S |ooked up
i n the woaftiersther éasl 24drdofcontrects eur cbrysgpgaede as “i\@i00WAEH2 arePCANaBROOf 00440
20 The wog t}a%u&h%drr ,9:‘088&% Wsp%cfa?fo%% ﬁ?s&c*ﬂeasvﬁ%ﬁ% SoLXts s ery' €s
correspon , Tor subsequent use. ere he word is a verb
exanpl e, a’gﬁ wsc)natmﬁrnhs)camamomaéafctrrthséamtatangyaneer ent senses, sever aI
different ent rify whhilindForkfiRd bl ib Mo RifluBid Rlo o b HEMICRE HEIPONGHaR 1O
"give to") "give up® and so on). Each of these different entries expresses
a di f f er esiitablgrfespat) pagrl wirieh eftoaferrptﬁdwlmktte the ddrfasitemeliend terennal @AMy i n
the | exicgh,d3babase 240. Each also points to an alternation class record;
however, tmp or nore of these entries may point to a common alternation
cl ass record. FQmtreesint ghéhe tranglaygsr deselinat tie cignietesningl 18P nahe onge in
separ at e iVif ¥nd BFoviRF N 1314l HA) beRoMldrtodNiHeCeBRAIYoF 5aeRLent Aford-
descrrbedmg%%ne lThus oé%% " wp?%s hgverSEen %o edoup |nathg s%prce
| anguage ME?ﬁ”KEdWéhEZQW' the parser uses the orders of the possible
conpl emengist @8fuol@sknk N the word records, together with the rules stored in
the rule store) to attenpt to create paths through the word lattice of
Figure 7. Sincdndnplsheorgddp ey ethelelanayasshs 2 ihraseaeyelwingya perbgpas bave
t hose worghvemi rdifereRPdo8SBRNAAY dr@era] tegEmadil WhfchM Ghrehad erod he@NRk egment
order other than that detected to be present will be rejected during
parsi ng. ‘AgEatiant dihiopebetiment RIPVieRInpap e Tuleser feflise aviHERAAPEaEPPuUCt ur e

wi Il inclweRnone 850dMes Witk Wdrdd Ghr@dulSRNAErbONRhicAT cReGRe R¥EHRIentdRkdNin
| ocated in the input docunent, the alternations being identified where the

synt act i cSevatabgifares ardeiso@hemagensheA | dsaFriRton RS @V‘éfr‘ﬂt'oi”ﬁ ip faglishuiste be
docunment hekh tEHReh LEbld1Ss0s ARl aRPRGIIdIs€dBdtA LR, BhlcagddtdsonogBhasEN der
of the roIe to sgntactrc category maps in the alternation record give a
canoni cal 94458 § for the conplenents. The grammar has the power to vary

this order for |8ahgliBasfak@Sveibsl Hatd af pVeposhiaHa ephradd s ACddniPlerMéntt b
stage) referring to Figure 14a, the semantic structure will still include

any pr epo¥idMAssthSr YgPnagYs BraysBae af BRUNeRATFSE AN RePTSRPELIS PhrasRedyir |

wll be laﬁrrmmténeéi a8%n kL RMPIE ML giRNLthé Yodk) rtohmerghnasme hrepakRich hbgnbal | to
the girl", with' identified as a preposition. Also) in the case of

verbs wi thf tﬁ%p%r”t itbh Ladiygle8oRB28¢ weeftwde@%fae%et% PrgPlexatpe Englight bs i n
the passive form) the roles identified during parsing will not be |anguage
i ndependent. Accordingly, an abstracting rule is provided which) in the
abstracting phrase, identifies each word termin the parsed senmantic
structure (step '1002), |ooks up the corresponding word record) and from
that, accesses the corresponding alternation class WO 00l 49522

PCT/ GB00/ 00440 21 record (step 1004), and thence the alternation record
(step 1006) corresponding to the alternation used to generate that word
record. If the alternation indicates that a preposition phrase is present
|n the source Ianguage (step 1008) then the abstractron ruIe del etes the

o o . s = — A~ A PN

R



Since the abstraction rules can access the alternation records, and since
the alternation records are constrained by a | anguage-i ndependent set of °
rol es shar®@ W98 transl ati ons of the verb bei ng abst r aREEGH00RE0
abstraction rules can identify the conplenents corresponding to each
| anguage-i ndependent role and | abel themcorrectly where the original role
assi gned depended upon the source Iangu%_f’ge. .Conveniently, during
abst ract i REas¢ hehavelogk dAcEe PFlontheaRPRsitan (197t IfenPdreeaeued i thy Eranghit s
sour ce | aggquidgentvais &herthedt 1abalid epl aced by references to the correspondi ng
record in the Iangua%g-i nde&gndent reani n@ store 1243. At 1ihe, same ,tine,

o]

"regi ster" or "PHIRES Taxe £ PERPELPRF PATCE.ABAT Y I FK3MP'e GG 1
"formal " Qmich thEQuéral“in” 1k aréaniier skcept foymbdifysthe meshnikigtdi “bhieg™. ef erence to
t he neani ng entw‘. Several different rd entrjes can cor r.etﬁpond to the

QY M"Ye

same meani ng en werps of ratiivap (6o NS PRRressog, etesn MIK RGP on,

the nmeani pgersIg Yorn® R @RGABleOthet dtteh@htitn Biglishel iiky Bl iodgUA edilivalgitune are
each | ooked up in the nmeani ng store 12‘6%6 in the target

] ) 43, and g].word entry %

| anguage WERAING(t8r"&he bodk pPigpses g PEERWIGINGE YEIWE YTeCH5E° PR 4t SUtS Wt f or
each ter myf smprAshs: imRth whiR Bl @fsIRsEPESHanish) for @dmple ead "dl @i raé gudthen
conpared with those for each alternation record of thhe al ernatloon cgass
pointed to by t'ReaSBIcae ﬁd”'MF(TG%rhgm,theaW(HestWé’eﬁ'é@tt ©HSE Shithy V4P B8P H8E i on
record i sssfdw@ingdword \FID Hrd Hoite 1BKgUaGBOOE i) dhd2thelldiere will need to have
| anguage- i nde{;endent rol es of the igt erlin ugl t](uct utrg, are then repl aced,
wher e nec8¥95feled absteagtion fylegy apd, derksragtioa St SR OP Y ARpM'EE SARBILS ¢ he
?/er b in ;b@stta?ﬁqletrulbam@mﬁ \haﬂslisi 4rs eg@hﬁ:&s rtsskle‘fcsedchi edngubg;esetmrattgle, aodir Cﬁ

anguage), References to the sel ected. target nguage rd rrecords are then

k 9F aisp feret 1R S 8 o

subst i t ut E8V§soPPanHiBe risk dhatfules ey RRMIFERY f MOPYShEmAyic

r epr esent aéveldpnidnt ol ehedssstaetidn rul@@ner ati on Generati on of the target

| anguage text then proceeds usi the selected word recprds. neration of
al ternation dat 'sl't?g“ttﬂd%‘é!gst B?Q%Pe%{f’}" i tahge‘ﬁaTSthlpgc‘%r 8%"@@%(%%8?{’3%%3
present e(paadbiurgtioiérbsinand bew teabddshefdise Goereafni ent |y, the input and

editing p ocesses may be performed using the termnal 100 to access the
server Zomch the | exi cal database 240 and other records are read

and to whi ch t heafe@ing tarFiduten), thealata {renges eppdyedim heorestnngmaodmephi cal
user int e\er”prg:ewibre\t QoM ieﬁh data may be input and edited. In a step 2002, the
rol e set recdrds (dgr, at  any rate, nost of them are created by the user,
and each neani rgefemingtoifiguréid O] ehel lerbaldtatizas €424@nwhiseh fompadialegunget i pl e

g'r tee[ nat | 2 8t H%‘_’f‘,s gbﬂﬁ‘e?' \}Ié’rp Oefﬂ.?riet%f ft JAF«‘orGQ.' @ac%%gr&( %%or'ﬁeip.t éa%ﬂqgany%gé’ Gt Lhere
ypi calTy 207 suc roeses‘ﬁ. na step 2004, a first [angdage word
st or e 124{ocistsplooy ednéapt tonendanagseedrd camtry in a language independent meaning store
1243. Each record in the store 1243 contains meaning (i.e. semantic information}
relating to a concept, described by the word entries which point to that record.
One suitable structure for such a meaning store (iexicon) is given in the
WordNet (TM) lexical database, available from Princeton University, Princeton, New
Jersey, USA or MIT Press Five Cambridge Center, Cambridge, MA USA, details of
which are at http://www.cogsci.princetown.edu/”wn/.
Thus, word records in the word list stores 1241, 1242 of different languages
are indirectly linked, in that they point to a common entry in the semantic lexicon 240,
which is related to the meaning expressed by the words.
Referring to Figures 10 and 11, each word store (1241, 1242) in a given

language of the lexical database 240 contains a respective plurality of word entries

{LEX1, LEX2, LEX3, LEX4), sach word entry contains a pointer to an alternation class



system (either as a source or a target |anguage or both) is selected. For
each | anguage word store, the word entries will already have been assigned
poi nters tWOMBMIREpondi ng meaning entries in the meani ng BCDEBOUIR4E. |n a
step 2006, a first event entry in the word store is selected. Next, in a
step 2008, the alternation classes associated with the role set assigned to
that first event entry, in the |anguage!2oncerned, are displayed. If the
event is rerord (792, P4nt7084 9oce aroe@shandingt Rag of o? eplyelityt of hanguagsssnbsifisd,

there wil Lh&ahoh dldserhaki oael a@@sdbr%pidaar%hﬁ h@sp@a&@e g;méry&ﬁies( Stof

2016) for the alternation class is the |ist of alternations of
al t er nat i 848¢PAB sorresropiagitpgasiop! Bedangurees 1l ke ¥sApl enent mappl ngs pr esent

in that alter na"rh&Pelat'iJnsﬂl% i§ Wi hahy- ?o %@ﬁﬁp&ﬁ%} 5Th°at3f§fto 65, qaa,%m@rbs (6% {HeW
class is created (step 2012 Usual ly, a suitable class wll exist already.

I'n either oedgs@f spyerak tgusapedn Englishivesn onte arqlﬁe'&t»'eﬂn@'bnwnberacpft dravaatioon

class it pRE&hERf He &b &lﬂﬁﬁm"mis%mé}ﬁ% En%%ﬁp EQE!?%‘?&I entry WAL 43522
PCT/ GB0O0O/ 00440 23 |If no alternations have een defined for the class, a

tenpl ate &tredRadi 6%42 MAPE 951 Heoply| o qbﬁe@saéﬁ'ﬁ clags farerd perslangyages Senerdr der

i s di spl ay&gtafftiedewHis Shar€ tht Ssdhfe aHLRREAY clals rEc Rl dGhe tdiGhifidhes dinfh@ the
desired order, add prepositions as desired) and so on. If (step 2018) the

list of aPkepAEen eass weers's ol bﬁﬁt‘@'ﬁ'”ﬁﬁé@@"‘knom by the inputter to exist

for the word inpt BeH 8PINRAARPBAGE BRAT Lbed 1@%W aloaer path %‘8% &ofe BbAGL ed
(step 2020) in the sanme way and added to the alternation cl ass@ﬁzste 022)

It the | ag86sogiAsest With 3 FRSPeGIiY§UanmsiaRe)s cACh AMBBHIGNCHRIFIECPISt 407200 S linked next

event is sebREbeMoksSiiRnatRrbdorafdosl7epDMge@nWar ds are repeated. |f
there are nore | anguages to process (step 2028) the next is selected (step

2030) andtemeiliga seaiord Entiiess to step 2004.
In this embodiment, the contents of the word stores 1241, 1242 are not fully

populated until the apparatus is to be used. This results in a saving of memory space,
since those word stores for languages which are not to be used in translation require
less memory.

Accordingly, referring to Figures 12 and 13, a first set of uninflected word
entries {(WORD 1 of Figure 13 for example) remain resident in the store 1241 at all
times. Where the word 15 one which can take multiple alternations, the word entry is
linked by a pointer to an alternation class record (ALT CLASS of Figure 13} in the
alternation store 1238 for the language concerned. This record is linked to the
alternation records (ALT 1, ALT 2 of Figure 13} of the alternations which that word {(and
others sharing its alternation class) can take.

A program, operated prior to translation, performs the process of Figure 12. In a
step 1402, the class record for a word is read, and a first alternation record is selected
in a step 1404, In a step 14086, the program creates a new lexical entry {(WORD 2) for
the same word as that for WORD 1, which incorporates a pointer to the alternation
class record, and stores the alternation as a list of possible complements in an order.

If there are more alternation records (step 1408), the process of step 1404 on
is repeated for the next alternation {step 1410). If not, the next pre-existing word record
in the store 1241 is selected {step 1414) and the process of step 1402 is repeated until

all word entries have thus been expanded to an entry for each alternation (step 1412).
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(702-7061, YUt i on records 702-722, and rol e set recoPEE/GBAT044as ‘
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set records and a larger, but still small, nunber of alternation classes
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| anguage dRTPTER PHotahdd therralguehracels er orders between different verbs.

Rol e ar ef erenceTﬂ@featréksoﬁbﬁéheel/eab@uﬁoepaﬁs%l rata@rdndvs{ohe a24h (ef EQ& Ett§
fields in the role set records 730 may be a role Ere erence el d. For

exanpl e, toREresRORAINg | to P eYISRL &F YRk n Pré[WBé“HP r24r cheta ‘P’y°t5Pfr %FH‘@%F whigh
descri bed dan thkel ér%ﬂ&/ngﬁgﬂﬂw §drhe thn6agk? 1 Bni@Bi 6y & tpys.nleletJaZér%?of e rbfaader for

exanpl e an entr¥ faor nputer” points to a hierarchically higher entry for

"el ectri cé?c‘)é‘éﬁ.x :b(?relht"“" W?fetfﬂ’elbﬁ ﬁ"iﬁ'ﬁhﬁoﬁ'ﬁf%tﬁ%‘a éreHT‘%'?VaTt“BH??f‘QF °f sy YREp
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organlse in this mann 1 he rererence | soc] at e ac roe
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may be seff®t 8 'ﬂ&ﬂ“ﬁ?et'% BB‘HEﬁ’n‘@ Mt ?ﬁ”ien";j%éei E860Edg 58 dhe Thus,
for exarrplnembsueasfc R sdtpesdOls abistantiblly Shallepeidnothaef atdriativn ¢lassi redords
creatures, (i!Hsome onl reference data for the
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Ch Ial rerrarchl cal ar rnag]gerrent of  the erﬁu a%pgﬂ]t) ase

240, the prefer C?‘fc%a A YCLRRFEFBING 3 6h ﬂt@gf’ﬁgeaﬁgt%é( 8 dafly
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wnth several different concepts, including "give to" and "give up”. Each of these
provides a different meaning for the word.

Within the word list for each language, separate entries are provided for each
verb meaning, and in particular for each meaningful verb/preposition pairing. Thus, the
verb "look" in English has one entry, but then "look for", "look at" and so on have
separate entries, pointing to different concept records in the lexical database 240.

Associated with each such event concept, then, are one or more roles; that is
to say, people or objects taking part in the event. For example, corresponding to the
phrase "they looked for the ball", are an active role or agent {"they" - the people who
looked) and a passive role or patient {"the ball" the thing that was looked at). Other
events may involve more parties, for example, "[she] gave [it] [to him]" involves a
donor, a recipient and an object. These roles are the same regardless of the word order
employed (e.g. "he was given it by her") or the verb form used (e.g. "the book pleases
me" and "l like the book"}). They may vary slightly between languages, since in some

languages certain roles may be inferred, but will be similar across all languages. Thus,
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correspondi ng alternation record) fromwhich the presuned rol es of each
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shown e use of which w scusse% f%rther below.



possi ble within the scope of the invention. Protection is sought for any
and all novel subject matter disclosed herein and conbi nations of such
subj ect nmaMOA0/49594| ess t he context clearly requires other MEEBOKAM4OUghout

t he description and the clains, the words "conprise”, "conpnsng"” and the
like are to be construed in an WO 00/ 49522 PCT/ GB00O/ 00440 26 inclusive as
opposed to an excl usive or exhaustive skhse; that is to sa in the sense
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class will specify the conditions under which that alternation is used; for example,
"polite", "formal"”, "stressed".

The declaration of an alternation (in PROLOG) may for example be as follows:



means for replacing said | anguage-dependent senantic structure with an

i ndi cati on‘,v(&f0 4E 2I anguage- i ndependent rol es represented by said

conpl ement S 3 53 said alternations. 2. Apparatus accor di RgT/CBOR40440m 1,
wherein said events are defined by a verb in said source |anguage, and said
means for replacing are arranged to Iocagte a preposition occurring with
sai d verb, andto rep sai d eport on th an appropriate role. WO
00/ 49522 28 PCT?E%WP@ oRto_ fﬁ%ﬁﬁrrg %'Q&T%ran%g to either preceding
claim wherein nultvw:fll e said events are referenced to a conmon said
alternation class. 4. Apparatus according to any preceding claim wherein
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| anguage
Ianguage independent fashion} by the role set record to which both the source and

target language alternation classes point, and from which both were derived.

In use, the present embodiment operates as follows.
Parsing

In this embodiment, parsing is performed as described above, to generate the
language-specific parsed semantic structure.

During parsing, as mentioned above, each word in the expanded source

language text document is looked up in the word store 1241 of the source language.
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Finally, in step 1012, data recording the language-independent role assigned to
that prepositional phrase in the alternation record (here, “patient”, as shown in Figure
14b) is assigned to the phrase which followed the preposition. The abstraction rule then
proceeds in similar fashion until all terms in the parsed semantic structure are
processed.

Other word forms where the assignment of complements to roles is language
dependent can likewise be detected and amended.

Since the abstraction rules can access the alternation records, and since the
alternation records are constrained by a language-independent set of roles shared by all
translations of the verb being abstracted, the abstraction rules can identify the
complements corresponding to each language-independent role and label them correctly
where the original role assigned depended upon the source language.

Conveniently, during abstracting, the references from each term in the parsed
structure to its source language word entry are replaced by references to the
corresponding record in the language-independent meaning store 1243, At the same
time, "register" or "tone" data indicating the tone (for example, "normal”, "formal" or
"informal") of each word entry is stored with the reference to the meaning entry.
Several different word entries can correspond to the same meaning entry with different
tones.

De-abstracting

In de-abstraction, the meaning entry references of the terms of the interlingual
structure are sach looked up in the meaning store 1243, and a word entry (in the target
language word store 1242) with corresponding tone data to that stored for each term is
selected. The roles present for each event term are then compared with those for each
alternation record of the alternation class pointed to by the selected word entry, and the

best- matching alternation record is selected.
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The process of creating the data records used in the present embodiment will

now be described.

Conveniently, the input and editing processes may be performed using the
terminal 100 to access the server 200, from which the lexical database 240 and other
records are read and to which they are written, via a browser program providing a
graphical user interface into which data may be input and edited.

In a step 2002, the role set records (or, at any rate, most of them) are created
by the user, and each meaning entry In the lexical database 240 which can have
multiple alternations is assigned to one of the role sets (as mentioned above, there are
typically 15-20 such role sets).

In a step 2004, a first language word store 1241 employed in the translation
system (either as a source or a target language or both) is selected. For each language
word store, the word entries will already have been assigned pointers to corresponding
meaning entries in the meaning store 1243.

In a step 20086, a first event entry in the word store is selected.

Next, in a step 2008, the alternation classes associated with the role set
assigned to that first event entry, in the language concerned, are displayed. If the event
is the first event associated with that role set to be considered, there will be no
alternation class displayed.

The data displayed {(step 2016) for the alternation class is the list of
alternations of the alternation class, displaying for each the role-complement mappings
present in that alternation.

If no suitable ciass exists yet (step 2010}, a new class is created (step 2012).
Usually, a suitable class will exist already. In either case, in step 2014, the event is

allocated to the alternation class 1t matches or the class which has newly been created.
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If the last event in the language has not been reached (step 2024) the next
event is selected (step 2026) and steps 2006 onwards are repeated.

If there are more languages to process (step 2028) the next is selected {step
2030) and the process returns to step 2004.

When all languages have been processed (or at any other desired end point) the
data input is stored (step 2032) as alternation class records (702-706), alternation
records 702-722, and role set records 730.

As mentioned above, it is typically found that relatively small number of role set
records and a larger, but still small, number of alternation classes (of the order of a few
hundred) per language required. The small number of role set records results from the
relatively small number of different roles which can be played in events, and the
relatively small number of alternation classes results from the same fact, and also from
the tendency of many verbs to behave similarly.

The number of alternation records will vary from class to class and from
language to language. The number of records will increase with the mutability of the
word order in each language and with the irregularity of word orders between different
verbs.

Role preference data

As stated above, associated with each of the role fields in the role set records
730 may be a role preference field.

For example, the lexical database 2040 may be hierarchically arranged, as
described in PCT/GB98/03774 filed 16/12/98 priority 17/12/97, so that, for example an
entry for "computer” points to a hierarchically higher entry for "electrical equipment”
which in turn points to a hierarchically higher entry for "man made artefact” which in
turn points to a hierarchically higher entry for "artefact" and thence to an entry for

"entity".
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creatures, and some only by people, so that the preference data for the "agent” role in
these cases will be set respectively to point to the entries in the lexical database for
"living creature” and "person".

Indirectly, through the hierarchical arrangement of the lexical database 240, the
preference data therefore also points to all the hierarchically lower instances of those
general classes which are stored in the lexical database.

The usefulness of such preference data is seen where the output produced by
the parser is either incomplete or ambiguous. For example, if a given part of a document
can be parsed to give two meanings, allocating different words or phrases to different
roles, the ambiguity may be resolved during abstracting.

Each possible such parsed structure is matched to locate the corresponding
alternation record, from which the presumed roies of each part of the parsed structure
are determined. The role set record for the alternations is then examined, and it is
determined whether the entities allocated to each role correspond to those specified in
the preferences. The meaning for which the entities correspond more closely to the
specified preferences 1s then selected as likelier to be correct.

Similarly, where incomplete input text is located by the parser so that complete
parse cannot be performed, but nonetheless it is possible to locate for example a verb
and preposition so that the correct role set record can be located, a comparison of the
preference data stored for the roles in the role set record with the entries in the lexical
database for the text surrounding the verb may suffice to complete the parse by
allocating roles to the text present.

Other Embodiments and Variants

Other words than verbs can benefit from the invention; it may, for example, be
used to compile multiple word entries for words which can change their form - e.g.
adjectives which have an adverbial form. Each aiternation record within a ciass can
have a different syntactic category (e.g. adverb and adjective} and the record can thus

be used to specify whether the derivation of a different word form can take place, and

what the feature changes should be.
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translator together constitute a means for storing sets of language-independent roles in
accordance with the present invention.

Although the above embodiments accept a text document, a speech recognition
front-end is also possible, or an image scanner with optical character recognition could
be employed.

Although the above described embodiments describe a translation system, in
which the target language text I1s generated, it will be understood that it would be
possible with advantage to utilise the interlingual language structure generated for other
purposes; for example, to provide a natural language front end or input routine for
control of a computer or other equipment. Accordingly, such other uses of some
aspects of the invention are not excluded.

Although adaptation to the intended target languages by limiting the search
within the lexical database 240 to those words occurring in the source and those target
languages has been described, it will be realised that it would aiso be possible to limit
the operation of the abstractor, and merely to utilise those abstraction rules which
remove language dependency in the source language which is not also present in the

intended target languages.

In this case, each abstraction rule would similarly include a reference to those
languages for which it was necessary, and only the necessary rules for the intended
target language(s) would be used. Such an embodiment may prove useful as the number
of target languages increases.

The foregoing embodiments are merely examples of the invention and are not
intended to be limiting, it being understood that many other alternatives and variants are
possible within the scope of the invention. Protection is sought for any and all novel
subject matter disclosed herein and combinations of such subject matter.

Unless the context clearly requires otherwise, throughout the description and the

claims, the words “comprise”, “comprising” and the like are to be construed in an
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1. Apparatus for transiating text from a source language to an interlingual
representation which can then be transformed into one or more of a plurality of target
languages, each of said languages including words corresponding to events and
employing a concept of entities which play predetermined roles, the apparatus
comprising:

means for storing sets of language-independent roles;

means for storing, for each said language,

a respective set of language-dependent alternation classes, each
alternation class being referenced to a said set of language-independent
roles and comprising a set of alternations, and

a plurality of words, each word representing a said event and being
referenced to an alternation class of its respective set of language-specific
alternation ctasses,

each alternation of an alternation class comprising, in a
respective order, the roles of said set of language-independent
roles to which that class s referenced and listing the
correspondence between those roles and complements by which
each event referenced to that alternation class can validly be
represented I1n that language;

means for |ocating, in said text, a phrase comprising one or more words
representing an event, and the complements representing roles associated with that
event;

means for representing said phrase in a language-dependent semantic structure;
and

means for replacing said language-dependent semantic structure with an
indication of the language-independent roles represented by said complements using

said alternations.

2. Apparatus according to claim 1, wherem said events are defined by a verb in
said source language, and said means for replacing are arranged to locate a preposition

occurring with said verb, and to replace said preposition with an appropriate role.
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referenced to a common said alternation class.

4, Apparatus according to any preceding claim, wherein multiple said alternation

classes are referenced to a common said set of language-independent roles,

5. Apparatus according to any preceding claim, wherein the alternations of an
alternation class constitute a set of language-independent rules, and the respective sets
of language-dependent alternation ciasses for all the languages of the apparatus

together constitute said means for storing sets of language-independent roles.

6. A method of setting up a machine translation system comprising:

a first stage of establishing, for each language, a respective plurality of
language-dependent alternation classes, each alternation class comprising a plurality of
alternations derived using a common set of language-independent role data shared by
words of each language with a common meaning, and a respective set of word entries,
each word entry being referenced to a said respective language-dependent alternation
class; and

a second stage of creating, for each said alternation class and for each word
entry referenced to that alternation class, a corresponding set of word entries identical
to the word entry referenced to that alternation class, each word entry of said set being

referenced to a different one of the alternations of that aiternation class.

7. A method of translating text from a source language to an interlingual
representation which can then be transformed into one or more of a plurality of target
languages, each of said languages including words corresponding to events and
employing a concept of entities which play predetermined roles, the method comprising
the steps of:
storing sets of language-independent roles;
storing, for each said language,
a respective set of language-dependent alternation classes, each
alternation class being referenced to a said set of language-independent

roles and comprising a set of alternations, and
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that class is referenced and listing the correspondence between

those roles and complements by which each event referenced to
that alternation class can validly be represented in that language;
locating, in said text, a phrase comprising one or more words representing an
event, and the complements representing roles associated with that event;
representing said phrase in a language-dependent semantic structure; and
replacing said language-dependent semantic structure with an indication of the

janguage-independent roles represented by said compiements using said alternations.

8. A method according to claim 7, wherein said events are defined by a verb in
said source language, and said replacing step is arranged to locate a preposition

occurring with said verb, and to replace said preposition with an appropriate role.

9. A method according to any either claim 7 or claim 8, wherein, in said step of
storing a plurality of words, multiple said words representing a said event are referenced

to a common said alternation class.

10. A method according to claim 9, wherein, in said step of storing a respective set
of language-dependent alternation classes, multiple said alternation classes are

referenced to a common said set of language-independent roles.

11. Apparatus for translating a document from a source language to an interlingual
representation which can then be transformed into one or more of a piurality of target
languages, each of said languages including words corresponding to events and
employing a concept of entities which play predetermined roles, the apparatus being

substantially as herein described with reference to the drawings.

12. A method of translating a document from a source language to an interlingual

representation which can then be transformed into one or more of a plurality of target
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