!Parsi i™™#Md Translating Natural Language Sentences Automati catidiyus-}
~THIS INVENTION rel ates to a nethod and machine for parsing natural language
sentences and to an automatic translation nmethod and apparatus enpl oyi ng

‘t he parsing nmethod and machi ne. The act of parsing a sentence of
a natural |anguage involves resolving the sentence into its conponents
parts and determ ning the structural rflationships anongst the words from
whi ch the sentence is constructed. As I's well known in the theory of

| anguage, there are two main syntactic structures: the constituent
structure a”%LE@WW@gFPEVGM-V%fT&GmW >TIQN DEVICEA t hough
consi derabl e progress has been nmade 1n the 1 nguistic theories of parsing
and grammars, the problem of automatically parsing natural |anguage text by
machi ne has still not yet been satisfactorily solved. This is largely due
to the fact that people use a natural |anguage in a free and creative way.
Previ ous akﬁgggtggtgvd vise an automatic parsing nachine for natura

| anguages ) il F?& rul e-based. A pre-requisite of a rul e-based
systemis a set of |anguage dependent rules witten and refined by

| i ngui st s THerinvetiyn yelites. gdmerally taulie- basey giaglsdtricityracini patituanothk, t he
rules of the particular | anguage have to_be identified and i ncorporated
into the sYYEBRWHIN relgiesitp QyegYolidRRProtsetian of glectrigity sYpPbed parsi ng machi nes is
a daunting task that only conputational |inguists can effectively
perform I n devising such rul e-based systens, it has been necessary to
formalise the granmar in systens such as the generalised

context-free grammar formalismand the tree-adjoining grammar formalism

It is an objaekgrogndt he present invention to provide a nethod and machi ne
for parsing natural |anguage sentences which does not involve fornalised
rules of gy ity has for man ﬁﬁfsoéeq{/zﬂghyourtlﬂleg %'oﬁI[ §fhmd Bfid B SRfeRtaplinvention
provi des a netho oF ‘SuiomatEal y parsing a sentence of a natura

| anguage, epypaidiahgole demany hpneesswebrkplacesydad ihdgariesacWithoutr gdegidcity,ng to a
respective Pari-@%-s ee hﬂﬁf a word in a sentencge of the |anguage; buil ding
a corpus oflcEEIGARHEY ?fé%é BReSs 8¢ caRPHERLPIYME IRPERY g with t he
correspondi ng coded tags the words in each sentence of a set of sentences
havi ng resrz\aemtggﬁt%ee@&ﬁwy SRRDBNERRSC Bk CHE iR SndultrRiik & SoudtrfRithAl
sequences of coded tags representing the dependency structures; determning
t he stati sdepsud hgavidyren éndusisial maghinpryspayessedi by elacirpityc an sugbicopntsiag.t he

centonce t SRR RIERRE futkiF U i Rub S AR

sequence otogmfes! id@srial activities. Similarly, a power failure affecting homes and

workplaces may also cause many inconvenient situations arising from inoperable

electrical appliances and equipment.

Similarly, other electrical faults may occur during the supply of electricity to homes,
workplaces, and industries, which may cause problems that range from mere
inconveniences to adverse situations. One example of such a fault is a voltage surge
or over-voltage situation. This means that the electricity supply has suddenly
increased from the nominal electricity supply voltage level to an undesirable voltage

level that may cause damage to electrical appliances and equipment.

Electricity is supplied to homes, workplaces and industries through electrical cables,
wires and the like electrical conductors. Electricity is typically supplied to premises

such as homes and workplaces such as offices through a pair of conductors
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Fepresentinag the input sentence; applying the corpus-based statistical tool
~to the sequence of coded tags to derive therefromthe nost probable

" dependency structure for the input sentence; and generating a dependency
parse tree of the sentence fromthe derived dependency structure and the
wor ds of the input sentence. I n anot her aspect, the invention
provi des a machine for parsing a sent egce of a natural | anguage,

conprising: a coder defining a set of ¢oded tags each corresponding to a
respective part-of-speech of a word in a sentence of the |anguage; a

cor pus- basedmmasiyknewi enthe liveaind nehtsdi sogductarsi sinisualh cegs.athe electicitat er mi ned

I Lgm a cor '%ngl? fmasyeeri]t%grngg girqgt‘g ?rgrq)eanscl}(glgrprhgé:ete écggcélly?éeg\g%\é%rr%gg %hgsgcpr}? a\émst P he

words in eaghiymaiededrnifity gentfitor@licE Y BRGEOshbavietEicltP ERRFtbY EinedP! ary
dependency structures; a tagger for tagging the words of a sentence to be

parsed wi t hvarkplagesr anss pashigiries wate dhighrgeweno nishiiery as dedisendreephasgded t ags
representi 2 . X rocessor for applying the corpus-based
el By 7SR e

statistica coded tags to derive therefromthe nost
probabl e dependency structure for the input sentence and to generate a
dependency Therlbe ardeaewfal tchedwennd énagingralenttidiey skepply el hdmpe ndé rutficest r uct ure

and the words t he i nput, sentence.. Such a .parsing machine is
accurate, éz&m%&giyeleaf topgs@es@i@fgﬂ%wa%g apd fhepehia ae%;ag%wp_g& pyas,
robust, eagycd & eRARch WAYsSdEtsiforh WHlich efebii@ity YSufphdd MRk bairddtd fast.
In a further aspect, the 1 nvention provides a fhrethod of automatically

t r ansl at i ngoandctars ot eagh gleatrichlamgllisapket. Nk ypically ethesedel ecaricpl agpdl, sockeipriesi ng

corver {119 K5 Sha' W kS5 el USR5,

sent ences; cBhMEEERSTS pREiRAEIECtEQIN CEMtEeLioNs With 2bdDBREtrealkdnghdtDyitFeiehostn
according to the invention to generate a dependency parse tree for the

sentence; dhneleeticsl applienewsninshequipmenthidat aroplgsxhifiadee slesairabivallne wor ds
and the dergyed ﬁ'rf&)%dﬁﬁﬁ%’ &E&eengﬁﬁm%@ﬁé‘&%ﬂ? gré DSl{ahﬁ rBMeSlBetthQé‘rQH%ge; and

audi bly or “visual'ly reproduci hg e synthesised sentence 1 n e second
| anguage. chassis or métal yoler afioletieitalapptiaices ahd equipmehi anl the Barttas thm

apparatus for automatically translating a first natural |anguage.into a
second | ang"ﬂéigfi‘?ﬂ%ﬁﬁb‘??‘gil??éﬁmga‘%%ﬁ\@ﬁﬁs& of B}Ct"’icfﬁ\"/%‘r ‘tsi‘ﬁée@%_s‘ﬁo‘gérﬁ%ﬁh witten
text in the{hxfo'ugﬁtthe earth connection, '?H&lar?\%gs_ibﬁ' ot@&?g&rnrybﬁ@hvtﬂ ﬁf‘u@hisethc

representing tfAe spoken or witten wo ans rendering t text into
sent ences; chassiubomedtiic coper stunigpg nthe hélemria et hepkage. t Heorisequently othef or

processi ng .each sentence t ener at e,_a, dependenc arse.tree for.the

sent ence; zieagﬂ?ﬁ? ﬁ&§fr5’e?urf°(5’ it th&’é‘ﬂg ithy %rtg e‘WEe%E‘B"? ?P thifeSQuEeE R hF’an guage
based on t hgectidissuppld. t he derived dependency tree of the sentence in the
first

Electricity supply conductors are sometimes laid underground. In such
circumstances, excavation is necessary for accessing the underground electrical
conductors for maintenance or repair purposes. Occasionally, the excavation work
may cause damage to the underground electrical conductors. If during such
excavation work a live conductor is severed, a power failure occurs. However, if
during the excavation work a neutral conductor is severed, the electricity supply
voltage level may reach over-voltage situations if the severed neutral conductor is
one of several conductors providing polyphase electricity supply. Such over-voltage
situations arise if the common neutral conductor of the polyphase electricity supply
is severed and in the affected premises the representative loads connected to the

different phases of the polyphase electricity supply do not draw the same power.



IFanguage;’ and a reproduction device for audibly or visually reproducing the

_synthesi sed sentence in the second | anguage. In order that the
invention may be nore readily understood, an enbodi nent thereof will now be
described, by way of exanple, with reference to the acconpanying draw ngs,

i n which: Figure 1 is a block diagramillustrating an

automati c | anguage translation apparatﬁé enbodyi ng t he present

i nvention; Figure 2 is an overview of the operation of a

parsi ng machi ne incorporated in the. automatic transl ati on apparat us
of Figure 1Fhe electricity supplyr solgage slewelpefsione fphase amar reach |undesiepbhh §ighhe

operation @ ; i i : . jour j etail ed
fl ow chart e{lﬁtﬁc& rg{plﬂrwggd%g né%?%tehggglgyé:fl }Isoen%ffm s%eggstﬁ%iordrd? & n{(;)gl}'ltie%b@ t he

par si ng that phase hThe loads include eldsafoal applignédsraid| equipenent chat arelplugged
automatic translation apparatus enbodying the present invention for

transl ati ngn® Freéftctrff&f wanw%&a@ere;w%%d an-s&‘am}qsaﬁgsu@@sa@a&fowpn ses a

nat ur al 'aﬁemgﬁmgafn%idag mﬁpitﬂaﬁsf&me'&sn and motors of electrical pztﬁpli'?mcgfs and

5 enbodying the present invention. o language 1 n
par si ng macdguipnehti s connected to the out put of a speech input nodule 3 and
a visual input 4 of the parsing machine 1 is connected to a visual |anguage

i nput nodul g 5. The audi.a 3. co ises .an_.audio input _unit 6 having a
e ophone KB e HitRe o) BusorthR bR pBRgRD R Bithed Bih a8 4ot O
and conver tggwer shiiof MHi&Ncotgeqlenil V1 tfor &laatld, igendrateh @Relrity Kispi¢lvorhgd cal
signal representing the spoken words are converted into digital speech

si gnal s whilerelarexcepding, dhce mominal healyen priectdcadf appligpees cand: egwigment dmunit 9
whi ch analy, h ' | cel f t udl Q9 i [ .

delivers toﬁlﬁﬁgtw ﬁ%g%rgg&gﬁ f E@g?éﬁgfcgﬁyﬁégﬁac@?%% @l'% lg%g%ktg?\g% %‘Fﬁﬂ‘.%gﬂt al

| anguage silggal s each representing a sentence in the spoken text captured
at the input 7 of the unit 6. The vi sual input nodule 5 connected

to the visu i nput, 4 of the parsing machine 1 js an optjcal character
reader of k‘gh'\}ﬁ?gﬁoflﬁ?t&ﬂ’é%tsé‘ﬂp‘tyop%e& o ‘ged&“t?ﬁesd’f:hv\ﬁ Fitagﬁ Lﬁa?‘_taﬁ% &é‘ﬁﬁhage A
and to del igRak&t gELEBs) Wﬂﬁ%—c‘iﬂ&ﬁ%éaﬁe?@ﬂ%\m) 'afbgcérﬁﬁnoi‘i‘fy' ink@led axt

including the punctuation thereof. sentence presented to the
par si ng nmacteqircal distribution points ¢fepremises for detaetihglandrpreventifig exgessiveeatthyi t al

| anguage si; | is.analyzed to determ ne the.d dency structure.which
ext ot o bet visger e MC Bl Pl TeserrinhBE ThY S0 Srobisins artice

cor r espondi fii@m OsMepivbitsded siblatibR bRS At AdigesbdiE byl edueh NienRds. d RICUBE Hetect
structure of the sentence at the output 10 of the parsing machine. The

out put  si griicestiveqtieqstie cumente fowingninsthe rarthsearectipng aed diemadist ebieakjet her

R T L b

| anguage gemetizsorELABwwheh themeisadarth Rakapet e MEBS rletcs excessive abhgtikge B
currents drawn from the electrical wall sockets in electric current overload situations
and similarly break the electrical circuits protected by these MCBs. Where over-
voltage situations occur and inductive loads such as transformers or motors in
electrical appliances and equipment are plugged into the electrical wall sockets, the
MCBs are slow in detecting excessive electric currents accompanying high
electricity supply voltage levels. This is because increases in electric currents lag
increases in electricity supply voltage levels in inductive loads. Hence the sudden
increases in electricity supply voltage levels may have already caused damage to the
electrical appliances and equipment with inductive loads before the MCBs detect the

corresponding electric current overload. In the same situations, the ELCBs are

unable to detect the fault because there would not be any earth leakage.



6 ‘corresponding to the sentence in | anguage A, the word content and
dependency rel ationship of which is specified by the output signal at
output 10. An electrical |anguage signal corresponding to the generated
sentence in |anguage B is delivered at the output 12 of the | anguage
generator 11 which is connected to an audi o speech synthesizer 13 and/or a
witten text generating device 14, whereby the synthesized sentence in

| anguage B is reproduced in audible and/ or visual form As
illustrated in Figure 1, the parsing nmachine conprises a central processing
uni t (CPU) Fguretlaggwng cmpmaﬂﬁpfesemﬁtaggifraghmaeﬁhasﬁ eledicivyogaderater 10 | nput
sent ence of the nat ural | anguage A with a cqded tag identifying 5

cor r espondisHBP ﬁﬁlﬂtesqmg%é‘éﬂ’r%‘f“%é”hﬁffr hers, 13 RerPEREMALYE ECicaliRag a
sequence of, LESEOH thBGed 182 S A%)8e RHEIHL&S M Red

Cor pus- based&g‘gggl gg?ig{oﬁfozg:l% & ? 32?6, gayfo?'nhg&}CPZﬁ1 15@? nbaﬂﬁl ySSI ng the
seqguence ofceﬂmdedr@ag&ncespmﬂséuﬂa pky,aseshef samatrmrtg/es@pl}dexteepmvrdedttbe for
general i sed dependency structure of the sentence fro S ence, of coded
JR0s and T GRaBBlHen eSS HED B SRy A SEETY s Whert REAGGPASRY HE | nput
sentence. three-phase mdtdfs dpReMe ngng%ﬁrysmﬂe@ ﬁn@@éléc’iﬂ&t)ﬂs@fyl B sopfeefRéy menory
16A storing a l'anguage- dependent “part - of -speech corpus conposed of words in
t he | anguagércpmatanessi shee threg-phase hedeatrieity Smbntlldhﬁﬂ @I‘édﬂh@ag@@ﬁtplw
statisti cal r ta each _word nput _se V\nththe
cor r espondi HEPRATER oy PFitsif RN Brir Rl o JRUARP B R 500 T
the input flsem gtees-floor buiidingt agger 168 i ncorporates a rare vvord m)del
for taggi ng unknown words. The statistical tagger is based on a first-order
HW nodel devel oped from an annot at ed Penn Treebank version of Brown Corpus

and W8J CorPgsthree-phase sleniginy sypply - pipvidpd i the Sactoryefeny mr g thage-flpt ed i n

Appendi x B ﬂh‘?lﬁﬁ{érlﬂ;&gﬁ four elecmcal fonductors. red-?l'hase or R conductor ]14 cafries
The cor pus- based stalistical tool 17 use e parsing machine 1 is

| anguage- i rttie pedplease edmmmtryeswakys iang anpellowaphate i condiickorat dcdrdes the

ticul 0
Cent ences) O BERCYELY PeRatti e & Hok-RRpat Foerar 18 Eus Tobitiage A
Thi s cor pusptate mm@nguppswuqhw@&cm édﬁé‘ﬂt Lt'éf:dsaw &S i RlBe t Pifases
statistical paraneters of ‘a first-order doubl e-layer hidden Markov nodel

(HW) for dbp@mﬁet krovirepen delot phase) teturms & tisxf: tb@mpémeedeqtncxtmer@mgren
| anguage. o?ﬂ? clugﬁ %gsl?\%e gl‘%xahl&% /f‘i'e%%él? ‘8&?&{1&&&&(%8&}{ rag%i ﬁlg@t %%Eéiér IS

given in th ure outline
t he processiig ’Dlieréfbﬁ: innhel tcagenefl the hhﬂemﬂ@uagalcﬁﬂglteemeoloH@hﬁdeea%mﬁlcxﬁy chair

at the canteen’ ar si ng machi ne enbodying the invention and provided
with a partS“BPLyéﬁB’"é’é’ edde B f@ﬂorﬂ‘h@e@i‘ﬁ?‘lﬂQﬁr‘P‘H ge in nenory 16A and a
statistical tool 17 having statistical paraneters determ ned by a snall

cor pus (foro@ém&r%muﬁangem%)na fcoﬁﬁd%%'ﬁg ent of Bilcd s, QBerE'&QA i sh
sent ences 'st stagé 18 of e process, the words of

electrical appliances and equipment that are collectwely represented by a single
electrical load. For example, a Loadg 108 represents the electrical load of a first
floor, a Loady 110 represents the electrical load of a second floor, and a Loadg 112

represents the electrical load of a third floor.

If the electrical loads Loadgr 108, Loady 110, and Loadp 112 are electrically
equivalent, the loads are considered balanced. In such situations, the N conductor

120 carries little or no electric current back to the three-phase electricity generator
100.



t he i nput ‘sentence are sequentially assigned respective coded tags
corresponding to the part-of-speech of the word in the sentence. Thus, the
pronoun "he" is assigned the code PP, the verb "cl eaned" is assigned the
code VB, the indefinite article "a" 1is assigned the code DT
(determner), the noun "chair" is assigned the code "NN, the preposition
"at" is assigned the code IN, the definite article "the" is assigned the
code DT and the noun "canteen" is assignkd the code NN. Wth the
conponent words of the sentence thus tagged, the sentence is represented by
t he sequenceHowewoddsh@Roads LdhdNNO8 NL&a8yNNO, and Loadg 112 are not electrically

8 Thi s ?equg‘nce cﬁ‘:‘ codes is then analyzed in a second stage 19
accordi ng t FHRRIHHLAELedS Hedheveprsidessd vabdwicede Korecximple, pinopstranee

general i sed {eRRRARAGYbeS Whiet E?]ﬁnoflzt ﬁené)tngrggen:? 3:{35&.@9 ﬁhé th}cﬁrﬂ%ﬁr of nglen

parts of speech contained in the sentence Indicated 1n the box
Fi gure 2. Thescupind.emdahé doatiieady ¢edhast greateetnpedancet vuluedthat aigeload Loydy

substituting he[&cor esgondi{fg V\c/;i?rds of ﬁh% sentence for the codes in the
det ermi ned dependetty SUPYTRTHFS FMagP do fhe Gedaril ARPiceH apt ATARG Rt se

tree for theaheRFdor$RAY BOAR iBSfaBN AW oddrR@Xhat éaRkbs B Ok irkuit at any point  1N€
parsing of the English sentence "He cl eaned the chair at the canteen"” by

t he parsing Herghihdecommen N ¢anductar £20.i Begayse ther Ndhondadtor H2G tan fid bongehart  of

Figure 3. | e words of the input sentence is .tagged

i oh the. codaiyifl Bl ibh o fiand SRy sudiy bRET Tl R 1
step S2, a physaeleariciopgencrated D, iﬁd’&ndtﬁci%pﬁipipgdistc@néeﬂﬁerﬁg%ﬁﬂﬂ@@ affosgoded
tags repr esegél ng the sentence in order to nom nate candi date governors 1 n

the struct urt8e dpadsploadantQs ard Lopdy d4@ gn series. nviei wseltantiedpstriciosumphbr s ar e
htaiied . . . 4
ahguage. | naShaRg el B I ekl B8 LELPR N Irkd off Feclicity, supply

candi dat e gmndrthoyelloa-phashelcsicay segplgaltiyh Rrioceasgle VB X5230vels (Ays)neans
of the hidden Mirkaqv, nobde] 17 having the predeterm ned statistical
paranet ers 810 Yalis (ERE) ingountsiss usigs & 23 0oyelisr(rms) eletricity yupphe indkareforobabl e

dependency HEd YEBsLIHRNQSES Mﬁgse %,‘(3??;1' 2%1%9&?%%‘&%@ %*}E?%(sg\i}?ﬁle 1bag, most

probabl e dependency structure 1 i dden process is
t hen pr esentlewdasl08hendiépedydi@ yfopar s eroltage dbfidérhands emiesneirerd fis it RpgeS55.

9 T set of . | apnquage-i.ndependent, axi ons appljed to, the candi date
dependency s‘{}&ff(‘?f’fﬁ gthe ﬁ[}’gwgle‘é‘éuﬁf&ttﬁ%?WB&B@PW’OF&Q rlares ‘?‘Ef"'%cq B | ows:
Axi om A1 eaahe mbéhdﬂe@gﬂﬂﬂﬁ%ltﬁﬂﬁle@@ﬂisoﬂﬁd{ti&ﬂiﬁy"%gﬂed across eadl)1dad€ RAME
sent ence. ~ Axiom B: no word except thé end of sentence

punct uat i on SXHRMEEERMsincasttbelifference may be largd enough tolgpemmikertoyansevenct ur e
I's non-cycl 'Yoltage situation and therefore result in damage to electrical appliances and

equipment on the respective floors.

There is therefore clearly a need for a device for alleviating or overcoming the

disadvantages associated with the foregoing the over-voltage situations.

Summary

In accordance with a first aspect of the invention, there is provided a device
connectable to live and neutral conductors providing electricity supply and to an
earth connection for detecting an electricity supply voltage level increase. The

device includes a voltage increase detector for detecting the electricity supply



Axi om D: dependency structure i s non-crossing. AxiomE: a
sentence can have at nost one nain verb. Axiom F: a word used as
a conjunction or preposition cannot constitute a |eaf of the
dependency tree. Figure 4 is a detailed flow chart illustrating
in nore detail the operation of the parsing machine 1 enbodying the
i nvention in parsing an input sentence. The process is initiated
by a starting step S10 which initiates®% first operating step S11 which
serves to render an input text into paragraphs and sentences using a set of
known proc e@hnglevélmnrwase héhedolies dlexinciuges gaeledtrit outrée dswestiemmeanse by

line. Then, th araﬂ % r\%eyu dar es .are determ ed b%‘ deterlm ni ng whet her
there i s afBRBEWPPR ARCHI ©&h ‘b&l%‘i‘?‘ée eﬁ‘é’é Thyeing MCPREs.  Each
par agr aph tc*ﬂHﬁnth%xﬁrtHE A&Aridify Jugp b ek dahQofifdtiBRCces by locating within the
par agr aph the punctuation marks denoting the end of a sentence, i.e. full

stops, question marks and exclamation marks. |In order to avoid draw ng
10 erronedngcensdanen ('z\éthtﬂo&@ﬂ‘mﬁr dspect of He isvantionsthere isplogisigtagaethodhtaruat i on

I narms, aRGeTR ohmsPuily Surthe AR RRY R e R Mt contlictp@IBob Tt % an

exception aRtecting hm slectricity supply volibige les/ehmfa:asi:s Tt&qhah@cdmcmdai the sgpl are

then tokenised in step S12 into strings of word Step S12 is a
rul e- based ¥ SGErtivg %‘P legHpiLY BippbhyRleEe &%H@sreafﬁa Therasthed #le? studeh mar ks
t hi I
Step 513, ChLREGE! GV ATE AR EETubEnl i e Jeptrl o Bph A A Sprty !

cor r espondicognéotioh lapopdetectioh-of pessdéctoditt supplywaltdgaledelindémasen wor ds not
contained in the part-of- speech corpus nmenory 16A are allocated a nost
probabl e coded tag by a rare word nodel in the statistical tagger 16B.
The rare word nodule in the statistical tagger 16B is a corpus-based,
statistical approach which nodels the occurrences of unknown words with
respect to Bdéftdeséripp@echthealygiviiggs Thi s approach uses rare words in the
corpus as unknown words. In addition, the concept of score is used in place
of frequen%EcoAéJ in he estimation of conditional probahility The
Podtgen et

part - of sp uHle IMYEBHPa BT Hessribed heteipaties With g5 %PcFrE?mtbfehe

cor pus, gqml&trl ng matching algorithmis enployed to retrieve the
cont ext uaI |nfo nmation for di sanbi guating the parts-of- speech of unknown
wor ds. An easy way of handling an unknown word would be to let it

have equal Kigersduis ricoycepwat reprdsensaties of aepriarrart thfee-phpsedectyeitegenerater.  Thi s
woul d r eSU|[;[rm'/iGintghtﬁrelépplﬁggemge%&gy supply and the electrical connections between the
. three-phase electricity supply and loads in premises such as homes, offices, or

factories;

Figure 2 is an electrical circuit diagram depicting the electrical connections between
the electricity supply provided by either a single-phase electricity generator or one
phase of a three-phase electricity generator, an ELCB, an over-voltage protection
device in accordance with the embodiments of the invention, and loads in a localized

area such as a home or an office;

Figure 3 is a block diagram depicting the modules in the over-voltage protection
device, the ELCB module, and the electricity supply module, all shown in Figure 2,

electrically interconnected to form a over-voltage protection system,;



havi ng maxi mum perplexity, Nerr], which is the total nunber of

part-of -speech categories. Perplexity is defined as the average nunber of
possi bl e choices that are for a randomvariable. If the randomvariable is
uniformy distributed, then it has maxi mum perplexity, which is the total
nunber of possible choices. The nore choices there are, the nore difficult
it is to select the right one. One of the main functions of the
corpus is to lower the perplexity of eadh word. For exanpl e, consider a
known word "y" which appears once as FW twice as NN, three tinmes as NP and
twi ce as PPFigure idsisneelectrigaecirait dingram gdepictingf compengdls ivathe quier-gealtagen t he

absence of the Bro Cor pu he perplexity of. "y" is N = wever,
once the hi ﬂ%@&%vgémc&e%ﬁﬁcghy f@&gﬁ@g@éfl@é@r?gﬁﬁ ﬁé’reé%t%%{)é%‘b?%égghanon
entropy H ofihe Mveith; bd cal cul ated as [err]

The perplexity J of "y" is much | ower now. [err]

The Corpus thus gives a nuch better chance of guessing (l:o rectly the

part - of - spedigirep is g'coneeptial glegiggalrepresantation;of ag joptg-a@p QQ:)‘G%IHT‘)& u§‘i5£‘é‘ki ng,

t he Corpus qhgag\gmgg%ggﬁg?‘gﬁ;w -Lfnfqg\p(%gfes to be narrowed from48 to 3.76. The

Corpus thus permts t uction®of perplexity for known words and can

al so reduce the perplexity of unknown words in the foll ow ng manner.

12 From the Corpus, the nunber of tines a part-of- speech category
occurs is counted. Then the statistical paraneters P (t[err]) are

esti mat ed. in@#hese araneters, in fact one obtains a better way to
model the stAPES Q?F“Bﬁg'ﬂi | e of an unknown word U. Cal cul ating the

perpl exity of an unknown word based on this set of paraneters gives:

EeEr] i mowﬁeg\édgmgeqirbeﬁti@ Ea\rit:e ahd spsiemh ahdn ;manmrds forl diecorinactisigng P
t[err romthe rpus, the chance inproves to 1/20,51, as.opposed to

1/ 48 corr esSeAstiGiy $4PPUNIT BYSTQItags FIBHAIPBY atst disglpsad r?ge flefi%@psuppg

The odds of dﬂg%@gy [ t Qe - 0 o) Le o urther
improved in the rar gﬂﬁv\%r %Hef‘ggl%/tpkg%e?ﬁ%ﬁghyt E%@P%t%&?? y&%c?ﬁésgi RS avvord in
t he Cor pus. pedyphase electricity generator such as a three-phase electricity generator.

Damage to electrical appliances and equipment may occur in over-voltage situations.
Electricity supply protection devices such as ELCBs and MCBs as such are not
designed or suited for addressing such problems. A need therefore arises for an
over-voltage protection device that protects electrical appliances and equipment in

over-voltage situations.

In particular, an over-voltage protection device (hereinafter generally referred to as a
device) is disclosed where the device is used in a localized area or premises for
sensing increases in the electricity supply voltage level. Upon detection of an
increase considered undesirable for possibly causing damage to any electrical
appliances and equipment powered by the electricity supply in the premises, the
device diverts the electric current from the electricity supply to the earth connection
to simulate an earth leakage. An ELCB at the electrical distribution point in the

premises detects the earth leakage and as a result disconnects the electricity supply.

A device 200 for addressing and ameliorating problems arising from over-voltage
situations which cause damage to electrical appliances and equipment (e.g., in each

apartment or office unit on each floor in the exemplified three-floor building in



wor ds-are ‘defined as those words that are used only once with respect to a

particul ar part-of-speech in the Corpus. For exanple, assune the word "y"
is arare word with respect to FW Using this idea of the unknown word as a
rare word, P(t[err]/[err]) can be cal cul ated, and the entropy and
perplexity are as foll ows: H([err]) = 3.31,
J([err]) = 9.89. This greatly inproves the odds from 1/20.51 to
1/9.89. The reduction in perplexity is due mainly to the fact that the
unknown word occurs nore often as NN or NP. The set of paraneters
P(t[err]/[ erHigyrenyis showalih digwre n?o admatrmm/elm)ete:h fddort ey bakgrovidedvavitt.

e unkno word, is still wver

13 De th

anbi guous; %B](Pa‘fsﬁ e‘ilfg%lm\rs/‘](‘al)p agd Hej © Hlfﬁw]cﬂ?ﬁbté‘rnédatt et Haelkwh9¢ wor d

such as y's e'lgc‘t'ﬂcnk Sheraldie rdath® WRE-Jo RS tuhdtils mﬂ%ﬁ%g r%yscucﬁ amage.
e ich rar

representation s fre to encode the co exts in otcur, and
t hen uses t hidhecaentagityssupply sduoddedh theryplitethiduigbs: lehalrelemrica ldmmbutmr d

t re rd rr urs ag
posi t1on 11Tl SEEivdoer e TRy b B oot deditnruleed,
[err] A represedfa@ive €lebtricit$ siigiy D@Ftlae%ve‘-’rﬁ’@ﬁﬁihi /OB el D hb%vt‘!i‘)&fi at |
in the corpus. Then, the part-of- speech context of [err] is a w ndow of

size 2w centet“éIPdUB@ﬁs pf thefveption eantbs prapticed Wlthh?éherf apkagedevhls. aflee daviked and
stored in a 4’)@% e8h rﬁ.cfe)dq? tf%’f&?lseef Rietot) cwﬁuﬁ 2 gfceiyaya W%%fg&hu&b& parts

f
of speech (o 8 Sentence d U at

position i abe lcﬂ:lal elestrical cflmuft] 202 protected by'rll'dm ELCZ(BHZ(MdforI éilrﬂhiHIE@lth%dhtﬂle'lf hOtSﬁ
in the cont andlt s determned how many tinmes t's matc n is
manner, t hee['zsf[éqlg %F%ték@“ﬁb thdeh ]m["é‘ﬂh]of’“f“?ﬁtloﬂh@e%b‘éﬁ@%h fsetd@cHecones

cont ext - depapge Bbck@N dnétt %ﬁﬂ%) V&S}Bbécﬂea bPWR! 84.CEP Jolie, AR tﬁﬁﬁiﬁ rcoﬂ%eljé?hen

words. If there is no match of the contexts In
sinply use tThereforec aHtelsctriernouments, 1Wanh Fé(su[tmgrt}(émx/[M] l)ealiage albed be awor ds
ELZe stati st IfC L?lty elgggggl atpglgancg gle eqsuexgrlﬁee:nntc gg%g1 Imto the electrxcal wall sockets flow
through the ELCB 204 before flowing to the Earth through an Earth point at the
local electrical distribution point. The Earth point provides an earth connection
between the converged earth connections at the ELCB 204 and the Earth. For
distinguishing the earth connection between the ELCB 204 and the Earth point and
the earth connections between the ELCB 204 and the electrical wall sockets, the

latter connections are hereinafter referred to as ground connections.

The device 200 is connected to both live and neutral conductors 206 and 208 in the
local electrical circuit 202. The live and neutral conductors 206 and 208 may be
electrically connected to the R conductor 114 or Y conductor 116 and the N
conductor 120, respectively, in the case of the exemplified three-phase electricity
supply. Alternatively, the live and neutral conductors 206 and 208, respectively,
may be electrically connected to the live and neutral conductors of a single-phase

electricity supply. The device 200 is also connected to the ELCB 204 via a ground
connection 210.

The device 200 is preferably built from standard miniature electrical components
soldered to a printed circuit board (PCB) whereby the shape and size of the device

200 is configured to fit into the casing of a typical electrical three-pin plug of an



manner, there is obtained a high-performance, robust tagger which handl es
unknown words wel | . When the tagger indicates that a word is
unknown, the systemfirst opens a left-right context file to perform
dynam c string matching. Gven the contexts centred upon an unknown word,
the systemfirst counts how many tines it matches a string 1-letter coded
parts of speech of up to 20 characters, then 18 characters, 16, 14 and so
on. The nore characters it matches, the i gher weight will be given to that
context string. It there is at |least one left-right context string that
mat ches t he dlentrical sppliange of equiprhentt A iadr2 |paepresentsythe eleeticahspinaéeon does
not proceed to.exam the left cont xé\s and the right contexts, On the
ot her hand, §4 f”pt“heé’ts;/f)fpé‘fﬂ?lﬁ'i ﬁ&selﬁgnﬁg FeErmi) RiEE ARmM 2 dese. plagadt it éhet ext s

at all, thenidcic®aa®hstshd e EdrdBcibhads &:m"fs ﬁtﬁnt&eeté&%ag%g@ttgaﬁﬁweaﬁd t he

file that contains the right contexts. In e event t ese two
files do notthhaisz@tnaaiywzﬁhmcketmw theatledtiioa) apphﬂrezt)s;eqmpmamt HEws g thempitisesor t s

to using th i.sti.cal paraneters. err err :

no- cont ext Ky dtth?tele trtcﬁe ﬂenel'(‘?tB\Blhu%WSpO“d Sk e IL (':‘Ff“%)%ﬁ"tduﬁtf’r%ﬁ@ech
[err], a fi IzﬁdlZ@SGﬁmtcbdn@féﬂ fohtRe ERbIrieM Wall gmeeaﬁ@t&t thfta gid c&d

[err] rferr] 1=1,...., 10, are the garts of - spe ch onthe

right of t[erih th%gt%@dcq?hpwonmos {Tihe ctparqe A0 bpeeltehtrishl t:h@eh@atsj fob is

Thus. e havi Rer o7 FEfocopae€ o e B e o ectERE Ry )i

gener at e N[ eorpsponting foothealive tid® neekdl mﬂba&isSZO@SnMV&!% Qﬁdtth@ ér@dﬂd’ ri ght
cont ext s.

part s- of - sp&RBTFSHan 740 whshsonnesisd i therelgsisal WﬁHﬁ?Cl@ﬁ Bltfé@cqqs%élﬂﬂ @Ml@ are
used to sug%@tnewsnt@%%mdw%@ﬁ@@l@&ﬁemmt o ahgl bt MR A3 3bo'to Bto%tééer than

basing these on j ust err] alone. The t contex rovi de nore
specific i nfeéﬂcmﬂi}’oﬂtlpp Owgamegmratqch@ t hetegdentent oyall sapkets supplyingr t |

t ext ual t _ Since the length of th
ort -oont exARPDg: S Uk GRERant aid SudRvay. RFRIAS i biFd 1 cay

10, for eaclbepgprotetted b ELCB20# ai¥ fRotected by th@SideD0® LW EXL S.
G ven strings of contexts fromthe corpus, onhe can define a score based on

how of t en agﬂ how wel | the context in the sentence being parsed matches

them The | EHFRALYEIYs the dryiceed@Onmay be Sutit/ivafis te therELGBI2MMeasingnyhhrei s not
fixed, and icleckfal EHnhEQIBNO NS t tenc e
| onger the Ieeer(t:gttzt1 of rlst rilfyrr}g ngvmﬁ F &t&lg%r '?lhégu ee\t)%&ctgtqﬁeg&{] e ﬁlect]n Ttﬁ t he
hi gher the sonrestipny to Hthe ldepmﬂzlmamyal d:cmguctasssa% adndd 208y Iuhi ttlieh@froumiont ext.

Si | ly, th d d t t chi
That o % wiPHEROF AL Sullfe ERRE A At loba et Shariioes 00r gpmetier 0ttt
score of thiat adepeneatexdicids Dos aﬁ@QOWnQ the {o’ixﬁ&‘c&ﬁtfecﬁ&? ’2‘?? wifhitf i@

calculate the paraneters P(h[err],b[err] during run tinme, and use
them t o obt 4948l (qlestriqa) circuit 202, f e dev1ce 200 functlons to protect any electrical

appliance or equipment connected to the local electrical circuit 202 in over-voltage

situations regardless of the form of the device 200.

The operation of the device 200 is described in more detail with reference to Figure
3. The electricity supply to the device 200, represented by an alternating current
(AC) input module 302, undergoes rectification by a direct current (DC) rectifier
module 304. The rectified electricity supply is provided as input to a voltage divider
module 306 and a DC power supply module 308. The voltage divider module 306
taps from the rectified electricity supply and provides a proportionately reduced
signal according to a predetermined voltage division ratio as input to a voltage

comparator module 310. -‘The DC power supply module 308 converts the rectified



For each:-part-of-speech t[err], we have 3 files that contain the left

contexts, the right contexts, as well as the left-right contexts. From
“these files, again the system enpl oys the dynam c string matching routine
to 16 estimate the paraneters of
P(hlerr],b[err] t[err]) and generate a parse forest in which each

rel ati onship has an associ ated score. Fromthe scores, the joint

probabilities P(h[err],b[err] t[err]) d% calculated and the Viterbi
algorithmis then used in step 17 to choose one tree out of the forest that
sati sfies eldctidiy supiphyminto DC voltage shpplyefotapryendingi ther tsiltage gomparaion s a

stream i ned_t echgique.to arrange al] the, possibl e _caonbination | dden
States in (ARG QU cimeyelas ReFpfalon B aks i Fig® REMRR 8T Bl
Suppose al Irefehcd afcAlRI HRSwiilal rovaRs aGabdetdritind, refefehce adltageewitihesecht o tag
new sent ences automati cal loi/’ be it the part-of-speech, the noun phrase

t

marker, or thednpipeemeheyvoltage dividervnedylei30§| §orampwsd: SWhen dben vPlige whi ch
. t . Aey o P& Bi - dl 5o : s
oo The nuRpRrgh bl E S RS Bl fbitage HRIAMRIGH! ¥ Bt WL ©

wi t hin the wewmnte iojut fashedhd agisage ajividsembodulg A06eandnthe trefesmte vokager e
parsed in step Sl14. In this_step, each sentenceis‘?‘ﬂno ted with
synbol s ( cdf9Rdtheaylage) refegencepmodulst 3 (e goNAtassr SYBPIAIQE KBP 5:% ee

Appendi x A) 5% i ] HTHPagtP s heiaik In¥oviddd ast di€inplirol LEwiRd €d

cor pus. geﬁ&ﬁtr\éss‘lttﬁlggél%g%@gsg%wat i 0 %é?glggﬁq%ﬁ%vﬁaégrasmrgpi n the sentence

i s associ atreodulg 84 avhighr ineludes 4 switeh atd & cerrerudimiting Kevice fortgrevidingtanby hal f
a word, igngres the + and - nd superi ses themonto the s ce, one
Gets back retar g hebLismn B8 sidhelor R 30F nonmraedl thue A R

17 trighé si%mu lefyses tHeNsimitchr mefegwlectrjéah? confébling RAE A58 dohlutéur es of
the sentences in the corpus. The key idea is to view noun phrase parsing as

i f one is t¥§gp iy graendeannegionad. Areslearie current lighigh bivdreicurrent imitsnt ence.
The hi dden r Kk d er e are
{he parts- o Eabuf HovAlf B HhoRld S ORI 51 1o MELCE 020

al gori t hm idetezgion iof tieagediic esténtathe BLIOB 2@ bieaky thb@leictrical path of thehigve

parts-of -speech and t he noun phrase markers fromthe surraqupdi ng contexts
during run o fgetor fpwogﬁw&fémmwa%lﬁpwott@ {ora@l eleris cmlaﬁgiﬂgerWnam c
cont ext al ol | 510441 [ nce the
performancg[ﬂ.g%e&t1 °ehlz}§/glt%gﬁl1¢£lta h? gﬁ%oﬁmﬁgﬁgﬁg&%?@ %ﬂ%gﬁ?s%&éﬁgﬁgﬁeti ng,

whi ch di saldookets in thg&klcabelediricad cirowis 2@%. noun phrase markers, are al so
appl i ed.

The device 200 according to a preferred embodiment of the invention is shown in
detail in Figure 4. Figure 4 is an electrical circuit diagram depicting electrical
connections between electrical components in the various modules in the device 200
described with reference to Figure 3. The device 200 has a live (L) node 402, a
neutral (N) node 404, and a ground (G) node 406. These electrical nodes are
connectable to the live and neutral conductors 206 and 208, and the ground
connection 210, respectively. Between the L node 402 and the N node 404, a diode
D1 408, a resistor R1 410 and a potentiometer P1 412 are connected in series. The
anode terminal of D1 408 is connected to L node 402. By doing so, D1 408
provides means for rectifying the electricity supply from L node 402 and N node
404. Therefore, at the junction between D1 408 and R1 410, a half-wave rectified
electricity supply is provided. A resistor R2 414 is connected to this junction to tap

the half-wave rectified electricity supply. Connected between the other terminal of



t. © An open bracket [ at the up-streamof the sentence nust have a

_correspondi ng cl ose bracket] down- stream 2. A close
bracket ] at the down-stream of the sentence must have a
correspondi ng open bracket | up- stream 3. Wthin the
noun phrase, the markers cannot be-. 4. Wthin the noun
phrase, the markers cannot be+. A parse forest of possible
dependency trees is generated fromthe }esulting information in step S15

using a dynam c context algorithm In step S16, the axiom A of dependency

structure i B243A1anddY nesler404 is am plectolytipeapseitards2e416. 1 & zener diodet RZL AVR i d
parse trees; t he @ ' ' hg{b ' ep S17
to sel ect als con}qg&efﬂmﬁﬁq w\ah@imé. &ﬂgﬁﬁéc{}%ﬁﬁnﬁll %Pglrlgf(slegti/dng?é% st

| i kel y par se Nrgds 404.r Bithik arbndebrentad C pobigsupplyds povideddn hecosddneet ed in
step S18 by the applicatigon of axions C. D, E and F qf dependen

structure. With the referepgs Yfgwﬁﬁéetrﬁ)’spzbl“égé}bp@ jpagtes ﬁllseh?t‘&%"‘dgféﬁdaﬁéd in
step S18, tpe jgedi cate-argunment structure of the input sentence is
constructed I n step S19 and represents the dependency parse tree of the

i nput sentence. Axi om B forbids governance of the. . .

end- of - sent &lcld Opad #tlE2i form lsyvobiageedividor whetera progortiepately geduced sigeallised t o

check and cqrrect..the, t raphi.cal errors during t nual c of
o e g BT erde End JePRALLBLER Y IR & e Tirdflof BEWEBR 1A 4R REFRT OF
of the parsup@ TRE BioportivhsteBeredlidedistdhal 13 thiffed ffon®Maki A6y port @20 dnahd AL X

Jpo
platformw th the toll ow ng configuration: 1150 MHz | P19

Processor 412 with referencgtedl padsod04or Hcapadior G 2236 \alsg eapnegied between  Fpy;
M PS R4010 i Pai [ Vingi on: 0.0 Data cache size: 16
Kbyt es ﬁle%ha?ltg p\?\nﬂllﬁ%ﬁgagg%dr%géogt ed that the described parsing machine

and transl ati on apparatus are fast, accurate, robust, capable of handling
vocabul ary dhe prdpontianebly sihich, the aigadll ie reduced todeserimimpdstantherresistanee tatien i n

o verse SUYL AN PR hobOBi RAELR ARuSPIFRLRES e bR MR
Sanpl es of GRPAMHASRCYorb BP0 Gh ERSrekiBtahéteforme®@ byUhe resistive portion of P1 412

between the variable port 420 and N node 404.

Between the DC voltage supply junction 415 and the variable port 420, a resistor R5
424 and the collector and emitter of a PNP bipolar junction transistor (BJT) Q1 426
are connected in series. A terminal of R5 424 is connected to the DC voltage supply

| junction 415 while the other is connected to the emitter of Q1 426. The collector of
Q1 426 is connected to the variable port 420 while the base of Q1 426 is connected
to the collector of an NPN BJT Q2 428. The base of Q2 428 is connected to the
collector of Q1 426 and the variable port 420. A zener diode DZ2 430 is connected
to the emitter of Q2 428 at the cathode. The anode of DZ2 430 is connected to N
node 404.

One terminal of a resistor R4 432 is connected to the DC voltage supply junction
415. The other terminal of R4 432 is connected to an opto-coupled static switch IC1
433 having at least four pins, namely Pin 434, Pout 436, Pacl 438, and Pac2 440.
As conceptually shown in Figure 5, the Pin 434 is internally connected to the anode

of an optical diode and the Pout 436 to the cathode. The other pins Pacl 438 and



#D77 . |IN If 1 -->10 - PP you 2 -->3 [ SUB VBP

need 3 -->1 ] DT the 4 -->5 | NP ~ BIB --> 3 +
NN information 6 -->3 + OBJ , 7 -->6 ] PP

you 8 -->10[ SUB MD can 9 --> 10 ] VB create 10 -->
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3 +0BJ |cdnnected to Fiff434 and-tke Eollektor o¥BR 428eiseohhditedBto the Podt 436. ANN

text 9 -->8 [0OBJ 10 -->0_] #T18 DT The 1
--> 5 [  resistor R3 442 connects Iznode 402\Q Pacl 43p xhilg Pac2 440 is,connected to G » 4
--> 3 + @&406. tab 5 --> 11 + I N in 6 -->5 ] NP Wword 7
-->8 | 's 8 -->9 + NNS Options 9 --> 10 + VBP dial og 10
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20 In Theedévices 204, itled propartisacthlyl tedecedssignakb tapped frofm tperciable post
Appendi x B

far th i d here), th field is th d, th
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at tachment tpé piopertiah@ly Rdidea sfg'rr]xht dhdfthedlereMdd vlltab® sdt b DEI 430 exvesdrer of

its governor. For exanple, in the first sentence, the word nunmber 1 "If" is

attached t dhevrryard bipsng 1oitage of Hedrase-pmities junspan ehQ2t428t Q248 sumns op.

ore L one BERL0 LA A AusIs Tt LAQLEERD. A BE CERERTERE RO
end- of - sentsenha thelawment thereléctricityt appdvdlagavipvel enceddsr 10% ofitieCiioniaalns t hat

it does not depend on anything, in the sentence. This schene of codjing the
dependency @{Ueudt {ReOWr-Yolass sibdlinte thediference: betyveen  thg upaRORIONA Ot at e or

verify; ongejish s{gﬁﬁldanmh@fé?éreﬁéa%ﬁ?%ég%} b B30k 48 uBRRL A biRingSach

wor d. The si x fireld of each s”the atom c noun phrase s ol
associ at ed voltageac A largeaturrent isf them pushedtistoabe baseesfeQ21M28 Svhicuns phesdte
synbol s defined as 0 ]: end

of noun phrf§¥Res sa urfa%r'.,%‘ﬂ’a;%l 43aalsq Q‘:F'ESSt a{’%c\ﬂggea Jtﬁgéﬁ%]{g%%le?ﬁt phRaged.

+: inside tHQE42OWRAd Y £282. When Q1 426 tuftidichl 8Ruirbiet AWM fdk &2DC voltage
supply junction 415 through RS 424 flows through Q1 426 and then into the base of
Q2 428, thereby keeping Q2 428 turned on. This is to ensure that Q2 428 remains '
turned on when the proportionately reduced signal follows the electricity supply

voltage level and returns to zero.

When Q2 428 turns on, a current is also drawn from Pout 436. This current is drawn
from Pin 434 which originates from the DC voltage supply junction 415 through R4
432. When this current flows through the pins Pin 434 and Pout 436, and therefore
the optical diode, optical emission occurs internally within IC1 433 which
consequently renders the bi-directional diode between pins Pacl 438 and Pac2 440
functional. Hence, the electric current is diverted from L node 402, at the same time
being limited by the resistivity of R3 442, to G node 406. As a consequence, an
earth leakage is simulated and the ELCB 204 breaks the local electrical circuit 202.

All electrical appliances and equipment receiving electricity supply from the local



‘A conventional and perhaps nore intuitive | ook of these synbols will be to
wite the sentence horizontally and then shift each synbol by half a word
to the left and omit the + and -. For exanple: [ AmM Pro ] provides |
‘addi ti onal nouse shortcuts ] for selecting [ text ] . The seventh field
of each line is the argunent of the predicate to which it is attached. W
use SUB to indicate subject, OBJ is object, S SUB is surface subject, L _SUB
is the logical subject, and I10BJ is t hé3i ndi r ect obj ect . The dependency
structure coded in this manner is equivalent to a depen- dency tree.

Anot her wayelestriqabpiresie?(i2 arg hetne diseamnestedifgom ties ¢lsctmc1ay supply ompd greghus( h, b),

where h is th Qver nor s the relative.of fset of the
gover nor. ptr&g(ftﬁgﬁog\‘oarn a%"%ﬁ% {:%rgaq%eft?glgfir% RERARY é(Pﬁ%ﬁe St‘ﬁ.‘}ﬁ‘b@} t he governor
of each word is represented as (h, b). W use (h, b) as the state of the
eHW when fdarthe rfgrdgbﬂlgdﬁfz\ﬁm;% afi yovgt-vbltdgér protection device and system, and a

21 Appendi x B: The parts of speech This is the list of

part - of - spé’%?fho‘t:&tréj@??PF%“%el‘ig‘@G“Y THeRlk imprerawligge sifitations qgedigclesed. col um
i's the menpnicwWy¥ (He 0 de of
the part of S|olee\(,:\§|l‘1 O?l@@g ﬁ’g&%o%@gm%é@? taP[ hgﬂgﬁgbﬁ%{aﬁ thdﬁé’gnlfer l%:gode
begins fr orvhaﬂxps p:nleaMcbfxCatiohe carc hamaxdeewitiiehit tdepaitiag fedrm rthd tcopééands ed

character 33. It ﬂ}%g " [* Coordinating conjunction */ CD
# /* Car di*RAH* hitFgBYC ipn o7 $ /* Determiner */ EX % /*

Exi stential 'there' */ FW & /[/* Foreign word */ IN " /* Preposition
or subordinating conjunction */ JJ ( /* Adjective */ JIR) [*

Adj ective, conparative */ JJS * [* Adjective, superlative */ LS +

[* List of itemmarker */ MDD , /* Modal */ NN - /* Noun, singular
or mass */ NNS . /* Noun, plural */ NP [ I'* Proper noun, singular
*/ NPS O /* Proper noun, plural */ PDT 1 /* Predetermner */ PCS 2 /*
Possessive ending */ PP 3 1* Personal pronoun */ PP$ 4 /* Possessive

pronoun */ RB 5 /[/* Adverb */ RBR 6 /* Adverb, conparative */ RBS 7 [*
Adverb, superlative */ RP 8 /* Particple */ SYM 9 [* Synbol */ TO
/[* "to'" */ UH ; /* Interjection */ VB < /* Verb, base fornt/ VBD

= [/* Verb, past tense */ VBG > /[* Verb, gerund or present participle
*/ VBN ? [* Verb, past participle */ VBP 0 /* Verb, non-3rd person
singular present */ VBZ A/* Verb, 3rd person singular present */ WDT B
[* Wh-determ ner */ WP C /* Wh-pronoun */ WP$ D /* Possessive

wh-pronoun */ WRB E /* Wh-adverb */ " F /* Straight double quote
*$ G /* Dollar sign */ # H /* Pound sign */ | /* Left single
guote */ J /* R ght single quote */

22



' K [/* Left double quote */ L /* Right double quote */ ( M

/* Left parenthesis (round, square, curly or angle bracket) */ ) N /*
Ri ght parenthesis (round, square, curly or angle bracket) */ 0/*
Comma */ P /* Sentence-final punctuation */ : Q /* Md-sentence
punctuation */ 23 CLAIMS 1. A

nmet hod of automatically parsing a sent eg&e of a natural l|-anguage, =
conprising: defining a set of coded tags each correspondin respective-
part-of-speech of a word in a sentence of the | anguage; bui ymggm&mfﬂf
of sentence(ﬂgimsndency structures by annotating with the cokr . lm
coded tags the words in each sentence of a set of sentences having S

respecti ve exenpl ary dependency structures to obtain a set of sequences of
coded tags depr ededavigeeconhestabdptoriteerang nsutral conduesars destvéding sleoticithe
statistical paraneters of a corpuszbased.statisti.cal topol fromthe corpus
of sentence S‘E@ﬂ%ﬁ‘&é'ﬁc‘&? &ptp 138?'5‘783’,1 fc{r%ﬁf%ﬁ %%QC%BF‘&%S‘H’PPYahOIF%gH Vege nt ence
to be parseghondsd) shiiedevREliRGRAAEH Ng coded tags to obtain a sequence of
coded tags representing the input sentence; applying the corpus-based
statistical tool to the sequence of coded tags to derive therefromthe nost
probabl e dependeddpltagerinereaseceesior foredetasting sayd glestisity saprly yeliegedevalg a
dependency Qﬂ:‘i’éx?e't ge of the sentence fromthe derived dependency structure
and the words of the input sentence. 2. A method according to
Claim 1, conprising: rendering electrical signals representing input text
in the | anguage ameleci@rcagesiiisersinn dsdod anteabde uponddeterkion bgisaid voltegsent ences
into strings of V\ﬁrds. g . A nethod according, to Claim1 or 2,

conpri si ng: STESF Agecionfor fivsping Anclectuc,curteat ramsial] sleriricity supphistoisaic he

| anguage assa€h édrasctidnt h their correspondi ng coded tags; and tagging the
words of the input sentence to be parsed using the part-of-speech corpus

and the statistical tagger. 24 4.
A method according to Caim 3, wherein the statistical tagger is
based on a first-order hidden Markov nodel . 5 A net hod according to

Claim3 or 4, CORRES [ e . ] ssign a nost
probabl e coded tggéP?lﬁaﬁﬁf%ﬁ’%r@%mn%[l&%g%tﬁgﬁﬁgég?%hﬁﬁgé&p%r%—egftg speech
cor pus. 6leakage circnit breadteratbromghiisaid etmh asnneotien.of Clains 1 to 5,

3. The device as in claim 2, wherein said voltage increase detector includes a
voltage sensor for sensing a signal substantially representative of electricity supply

voltage levels and providing a sensed signal.

4. The device as in claim 3, wherein said voltage increase detector further

includes a voltage referencing means for providing a reference voltage.

5. The device as in claim 4, wherein said voltage increase detector further
includes a voltage comparator for comparing said sensed voltage with said reference

voltage and providing a trigger signal for actuating said electric current diversion



conprising determning the nost probable dependency structure using a
first-order double |ayer hidden Markov nodel. 7. A nmet hod according
to Claim®6, conprising: using a dynam c context algorithmto nom nate
candi dat e governors and generate a parse forest of dependency parse trees;
pruni ng away invalid candi date governors; and sel ecting the nost probable

dependency structure fromthe remaining glependency trees. 8. A net hod
according to Claim?7, conprising pruni né away the invalid governors using a
first group of |anguage- independent axions of dependency structure. 9.

A net hod acdeyidé npor deteCitian of 8 predbterneinad tiferérice betwpeo wensefl vatageramdconpri ses

a first axiom tggit eacél word depends on one and only one.word in the sane
sent ence ana‘“Sf SEORYVAAEEm that a word used as a conj unction or

preposition cannot be a | eaf of a dependency tree. 10. “m"tulllm!ﬂbﬂlmuul
according to aim8 or 9, conprising selecting a plural | fHi% s [N Tkiedly
dependency trees fromthe pruned forest of dependency trees using an
enhanced Viterbi algorithm L , . 25 11.
A nethod &ccor dhggeviepas imclgim S, herein saigh pigaal sybsentially irepyesegtatine ofipst
probabl e de tree which satisfies a second
group of |a§§8§§2%?%ggg% gﬁ%‘;egkﬁlgg(r?rg&ggiggéélhdency structure. 12. A
met hod according to Claim1ll, wherein the second group of axions conprises
a third axi omthat dependency structure is non-cyclic, a fourth axi omthat
dependency structure is non-crossing and a fifth axiomthat a sentence can
have at nost, one i,n.verb. 1 A nmethod according to any.one of
Cains 7 tor712, ?g‘ﬁﬂﬂ”&? f‘lsgmé’%lwgscﬂhﬁbe"?'n% MY ssg'ésc’ﬂséfgrmlﬁge%'b%tr sent ence
after taggi Mhedo ki€ rdciified sighaltieAsiticaRfld Plill 9énsb@sigRAGS atividedViapabse
forest. 14.. A method of automatically translating a first natural

| anguage i nf¥daedidiedsignrlanguage, conprising converting a spoken or witten
text in the first |language into electrical signals representing the spoken
or witten words; rendering the text into sentences; processing each
sentence by an automatic parsing method according to any one of Clains 1 to
13 to generate a dependency parse tree for the sentence; synthesising a
sentence in8 he Jdbedavict aniguriam b adertinsaid Meltagsreferennihgtrheans év 4 zemer
dependency Lreg of the sentence in the first |anguage; and audi bly or
visual l'y reS?oSUcing t he synt hesi sed sentence in the second | anguage. 15.
A machine for parsing a sentence of a natural |anguage, conprising: a coder
defining a set of coded tags each corresponding to a respective
part-of-speech of a word in a sentence of the |anguage; a corpus-based

statistical ;tool having statistical paraneters determned from a corpus of
sent ence deBendeﬂ{gﬁ deyife, s in,claimed, mheteimgaid plsefriscrrgndiyassion device is a

bi-directional static switch for providing a connection between said electricity
supply and said earth connection for diverting said electric current, said bi-

directional static switch being actuable by said trigger signal.

10.  The device as in claim 9, wherein trigger signal is a driving current provided
by a current driver, said current driver actuable by occurrence of predetermined

difference between sensed voltage and said reference voltage.



26 * the correspondi ng coded tags the words in each sentence of a set of
sentences having respective exenpl ary dependency structures; a tagger for
tagging the words of a sentence to be parsed with the correspondi ng coded
‘tags to obtain a sequence of coded tags representing the input sentence; a
processor for applying the corpus-based statistical tool to the sequence of
coded tags to derive therefromthe nost probable dependency structure for
the input sentence and to generate a déﬁendency parse tree of the sentence
fromthe derived dependency structure and the words of the input sentence.
16. A nddhi neA aretmddondjsdonnédtimigreletficitycopply providethenugh yive and or
rendering electric i i i

| | t t text in the | i nt
par agr aphs MEHRRISORREIRTS Soahde s e apelssinty el voliaedta Iresh BT ngs of

wor ds. 1 Tnethod fclRATE (Rest rding to Claim15 or 16, conpri-sing a first ..
corpus menory storing a part-of-speech corpus consisting I i

| anguage associated with their correspondi ng coded tags; iMﬁBﬂﬂE“ﬂ# EE!,
t agger for taggidstgctingsaidelgetrionty sunrply noltage devst BiGreasaisi ng t : h
cor pus. 18. A machi ne according to Claim 17, wherein the statistical
tagger i s based ] < i - Mar . A machi ne
according to d aﬁ%@ !g{ a&%,ﬂé ggrrrn%tlr?if%gﬁ%l%@géﬁgﬂ C (l)%%oeﬁntléla gorithmfor

assi gni ng aonm&tiopupbatdtectiondd dai @tectrizitgsuppllk volupedeveal invn¢aseont ai ned in the
part-of- speech corpus. 27 20. A

machi ne according to any one of Clainms 15 to 19, "wherein the corpus-based
statistical tool for determ ning the nost probabl e dependency structure
includes a first- order double | ayer hidden Markov nodel . 21. A

machi ne accy di Nehetrethb@adn2fhimi e ivbRirsaily dideia g GRplifattded|tBostep bM i s used
to nom nate _candi date governors and generate_a parse forest of dependency
par se treedlivering sid elscirigeuren te an aatinlcakags vizewib breakgrdhiough syid 80, t he
nost probatyogn&%%‘ndency structure being selected fromthe renaining

dependency trees. 22. A machine according to daim 21, wherein the
invalid governors are pruned away using a first group of
| anguage-i ndependent axi ons of dependency structure. 23. A machi ne

according to Claim22, wherein the first group of axions conprises a first
axi om that gach rd depends.on qgne,and on one rd in.t sane.sent ence
and a second" axi ’P?‘Fﬁ?gﬁs W}%@eghﬁ?‘%s%%ﬁﬁtﬁfg%% IB?luﬁ‘frsgﬁ%tFP Pgn_ cannot
be a | eaf akndnglgpRnsiansmatiaBl represtfitative of elBRE BtV SupPHERSIEhoB teveR dadal m 22 or
23, wherein a plurality of npoSt 1ikely dependency trees are selected from

t he pruned Breyidig agfensedisig8idbncy trees using an enhanced Viterbi algorithm

14.  The method as in claim 13, wherein said detecting step further includes the

step of providing a reference voltage.

15. The method as in claim 14, wherein said detecting step further includes the
step of comparing said sensed voltage with said reference voltage and providing a
trigger signal for actuating said diverting step upon detection of a predetermined

difference between sensed voltage and said reference voltage.



25. . A machine according to Caim 24, wherein the nost probable
dependency structure is selected from the plurality of nost |ikely
dependency trees as being that dependency tree which satisfies a second
group of | anguage- independent axions of dependency structure.

28 26. A machi ne according to Caim25, wherein the second group of
axi ons conprises a third axi omthat depqzdency structure is non-cyclic, a
fourth axi omthat dependency structure i'S non- crossing and a fifth axiom
that a sentence can have at nost the main verb. A machi ne

accor di ng t d6any Thaenesiiodasan glgim 15¢ whergin saidesensing Héﬂiﬂcbmeééh?ss‘eé’r‘g ext ract ed
fromthe i ngﬁlgs]éemegp & géé " taggl ng of the input sentence and prior to " "

generating t rse ore Apparatus for autonati
translating a first natural Ianguage into a second Ianguagelﬂm ﬂ"l"
ca

converter for converting a spoken or witten text in first nguag

into electrical signals representing the spoken or wrltten wor ds; rreans for
rendering t into ente aut onpti ¢ _parsi.n e accordlng
to any one 367 >:flllthr"ni“ go‘f‘@ 128 isp?'g‘?fg’é’sqia{%eﬂgﬁgS@Bﬁ?“gﬁéé"ﬁh&p erate a
dependency RaLSE vbltf- cidolﬂéﬁl@ﬁ%ﬁé@ﬁgﬂﬁaﬁﬁbﬁﬂﬁﬁgﬁﬂlvﬁ&ﬂ VOUREdESaRd N a
sentence in the second | anguage based on the words and the derived
dependency treatdiedfsignae sentence in the first |anguage; and a reproduction
device for audibly or visually reproducing the synthesised sentence in the
second | anguage. 29. A nmethod of automatically parsing a sentence of a
nat ural | anguage substantially as herei nbefore described with reference to
t he acconpanyi ng draw ngs. 30. A nmet hod of automatically translating a
first naturdl8.| anlgmagahémisanalmddnﬁhémngaaaigmlmngbs&femhtiag steparsclindesei nbef or e
describedwl h reference to the agco draﬁmag

29 31. ?T%fEH’]P proyiginga,yaltage referepy ‘\‘-? HeL9Ratur al | anguage
substantially as hereinbefore described with reference to the acconpanying
dr awi ngs. 32. Apparatus for automatically translating a first natural

| anguage into a second | anguage substantially as herei nbefore described

with reference to the acconpanyi n% drawi ngs. = )
19.  The method as in claim 18, wherein said diverting step further includes the

step of diverting said electric current using a bi-directional static switch, wherein
said bi-directional static switch provides a connection between said electricity
supply and said earth connection for diverting said electric current and is actuable by

said trigger signal.

20.  The method as in claim 19, wherein said comparing step includes the step of
providing a driving current from a current driver, said current driver actuable by
occurrence of predetermined difference between sensed voltage and said reference

voltage.



