REDUCED KEYBQARD DI SAMBI GUATI NG SYSTEM

Field of the Invention The invention relates generally to
reduced keyboard systens, and nore specifically to reduced keyboard
systens usi ngo oi/6s38bi guati on to resol ve anbi guous 5  keystP@KES96/12291
Background of the Invention Epr many years, portable conputers
have- been getting smaller and snaller. The principal size-limting
conponent in the effort to produce a snaller portable conput er has

been the keyboard. |If standard typewiter-size keys are used, the 10
portabl e conputer nust be at |east as |arge as the keyboard. Mniature
keyboar ds have been used on portable conputers, but the mniature
keyboard keys have been found to be too small to be easily or quickly
mani pul ated by a user. | ncorporating a full-size keyboard in a
portabl e conputer also hinders true portabl e use of the conputer. Most
portabl e conputers cannot be operated without 15 placing the conputer on a
flat work. surface to allow the user to type with both hands. A user
cannot easily use a portable computer while standing or noving. In the

| at'est generation of small portable computers, called Personal D gital
Assi stants (PDAs), conpani es have attenpted to address this problem by
i ncorporating handwiting recognition software in the PDA. A user nay
directly enter text by witing on a '
-2-

REDUCED KEYBOARD DISAMBIGUATING SYSTEM
Relationship of Other Applications
This application is a continuation-in-part of U.S. patent application Serial
No. 08/507,756, filed July26, 1995, “and. U.S. provisional application Serial
5 No. 08/662,321, filed June 16, 1996, the benefit of the ﬁlmg of which is hereby
claimed under 35 U.S.C. § 120.
The invention relates génerally to reduced keyboard systems, and more
specifically to reduced keyboard systems using dlsamblguatlon to resolve ambiguous
10 keystrokes.
Background of the Invention
For many years, portable computers have been getting smaller and smaller.
The principal size-limiting component in the effort to produce a smaller portable
computer has been the keyboard. If standard typewriter-size keys are used, the
15 portable computer must be at least as large as the keyboard. Miniature keyboards
have been used on portable computers, but the miniature keyboard keys have been
found to be too small to be easily or quickly manipulated by a user.
Incorporating a full-size keyboard in a portable. computer also hinders true
portable use of the computer. Most portable computers cannot be operated without
20 placing the computer on a flat work surface to allow the user to type with both hands.
A user cannot easily use a pdrtable computer while standing or moving. In the latest
generation of small portable computers, called Personal Digital Assistants (PDAs),
companies have attempted to address this problem by incorporating handwriting .
recognition software in the PDA. A user may directly enter text by writing on a
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touch-sensitive panel or screen. Unfortunately, the accuracy and speed of
the handwrit gnition software has to date been | ess t
satlsfactory}bagwwsgi) It would therefore be advantageous to deg‘gl 8?)6/%291
keyboard for entry of text into a conput e#- that is both small and oper abl e
wi th one hand while the user is holding the conputer with the other hand.
Prior devel opnment work has considered use of a keyboard that has a reduced
nunber of keys. As suggested by the keypad | ayout of a Touch-Tone

tE el ﬁpEone ”?tﬁliclﬂﬁenkiﬁ% r;ﬁﬂuceﬁi sB@H:bOaUﬂﬁ)rdih?Ht@l VAR a%cn?r?é%/aﬂd aAsgééﬂv offth&eys.
ach key in the ar ns ac a user
enters g sequ¥ E}Pélfggggmgélrhéoﬁﬁv }“ﬁ{gmé o"&%"%ﬁ%ﬁ‘@ﬁﬁ WY he resul ting
out put since each Itoymdd thereforeybd adiiantageousrte dvflelep:\aekeabodrétfmeemry GBvext al
approaches hajyg, 9%&@%%&4 E%Jtﬁ’rsnﬁﬂ%ﬁh@?%?a&%ﬂ%tﬁ’%}leghqnhywﬁie &4& udepyst roke

t
zﬁglrjggf 2r35 erfiolding, ttEi‘n" ‘E%u\%ﬁ'&ﬂﬁ%?‘gﬁra?’d‘ reﬁlﬂrr‘@g‘l’- ggfgg’l}s‘@?r t@ggﬁf‘%ﬁiﬂﬁ% or
mor ﬁ keystr ?)tqfsa df @ leqyboirtl \thatcdml al refidced .nuiiber k& kaisr kaamgges;ed)by el kesypad ,.

t her sinu i on
Bocunent v JA 3Ea Teheliebas dkbndie | hﬁﬂﬁsm %"E‘ﬁ‘& “&"3&“9 e e bt *1%%@5 are
depressed si rasTayafdsys| Haghokey in the erray 6%&“‘% kFaéa.ﬁ%'hdéstao“s&l‘vvord
fst em é I) e.. a dnbéth @ SoQ leixgagﬁikeys a\ewist théfeedfe\ahtbigm td‘ﬁ@lie waﬁldﬁg @&fpub%mce

or ne o i C nclhude esir

addi t1 bl Sisaeh Uk R, iRt SR 01 Ferf ertefh, SPVRcAl APRTIREAE VR a8 s anc
one appl i cat|snggested/®r¢sehrmmth0ynblsmnooﬁhekeysﬂmc9mcmg is not a reduced
keyboar d di sanbi gL@ﬁég& sHed Wokﬂ%ﬁmn@%gs@sﬁ S t%er gﬁ %gedsyns;em in

whi ch chordi d h t t wo-
a1 oke. speci b oo o o B e s il o Spac "
ef fici ency oflettere Thekepstikeoinay be entefed eithercimuitanesuslyf (chording) oﬁjndeqakmdl ng

| s conpl igat e‘(ﬂw& Qtrbfé" 9at§6§  Neither c&ﬁﬁga%p&%t &%k@pg{e%‘éﬁ?a%

det er m ni ng t COI‘ rec ar acC seqguen t corres an anpl guous
keystroke seciredise a’r&e}@B vwsepdpw% eﬁr:mabpﬂ psey .Ewersgphet er

Di sambi guat i qpeéﬁéatﬁﬁdyﬁemciéﬁumemdnhb EMnﬁmBitbd tEamaagRses, | publ i shed
in the Journal eInterntlonah %gf‘;é @H%ment t|v :

Al ternative Oom*run t F‘bggefﬁ FBRRENS AP g \ith SHHE ¢ e?ﬁquence
(herei naf t er thitecorresponds tarani apibiguous Reystoake sequence are|summarized inhthe article

mej ority 29f d‘P@@dﬁBﬂﬁH@J Uhﬁﬁlciéi?% Sﬂ%f’ke&i&&ﬂh K&b tasmtw Sﬁmaﬁhﬁék@(?ter
sequences in the rgle a ve character _.a

gi ven cont exté ¥ ?‘\é’?is 3‘9‘?18’ 38 et éy%‘&%f%'{glﬁ%&‘}%‘é{

anal yze anbi g&knmatkm@dnmkmcgmmyl Iogalasxmdm;mhhﬁxhbmmg ‘¥nlaead:thetemadteriser
to determ ne Q t f Usef ott
- 3- di cttlhgng?lw ujse o? ﬁ%%ﬁé&lﬁ?xﬁbﬁlﬁ g!ﬁ%ﬁi& mr%“ﬁ%‘é‘fﬁ

di sambi guat i APPERSE esmmploy gen statisticsfof chargeten Sequgness in theorelavant lavguagegl i sh
text wtipsan tefrEsaveema&ér sﬂlﬁ i ﬁ:YS vehecoa@kt CiThitoie eMistinghdisafvbifiating

article theref rec her
than word | ev ﬁ%‘l‘ g e%b? nd| %ﬁfr g‘i(f?h?mgﬂar ag?&%%%‘i Qnt?reé
di sanbi guati dwy mpmaoﬁetemws thhepmsmtpmmw@mn fsthatkeystokes n The Amotgue.

One approach driicluisd hdi¥ethatliseardli disandbipuatiig Sfstéms R’ Attentpicd 65 ase Rar@nt
level disambiguation to decode text from a reduced keyboard. Word level
30 disambiguation disambiguates entire words by comparing the sequence of received
keystrokes with possible matches in a dictionary after the receipt of an unambiguous
character signifying the end of the word. The Arnott article discusses many of the
disadvantages of word-level disambiguation. For example, word level disambiguation
oftentimes fails to decode a word correctly, because of the limitations in identifying
35 unusual words and the inability to decode words that are not contained in the
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Application O 651 315 Al, which discloses a data entry system having a
keyboard: a nenora that stores a dictionary of words: a display unit and a
processor for processing data. In the disclosed data entry s

plurality oo éﬁ f%@ters (menbers of the al phabet and punctua %?ﬁﬁ&%ﬁzxn
symbol s) are assigned to each of eight kéys. In operation, the user of the
system sequental |y act.ivates keys that correspond to all letters of a
desired input word. A character delimter key is then activated an the
dictionary of words is then searched to | ocate a match that di sanmbi guates

the input segiugatsy. ﬁé&ﬁsé e t&rde@aaﬁgmﬂﬁtaﬁénﬁw&mml Ei@éxﬂlﬂéua‘éiéﬂ'do@@%?@n 0
0SS e

651 315 Al, th f t t t '

t extual out p%?’geﬁl‘]’tsé;ﬁ%aé?wg@ﬁ ?)és'gn%l@gtk"g(?)% F‘g?sihstoﬁmm B8 eﬁ%‘?‘%&o" h& ng to
wai t until tkeysaroke pertdharactedr. {The Arhant actiobe tlﬁfﬂfmrmmecentr‘itassmmanster fhevel t he
user is not g@irgb EfaroRie tf\{mo}mevepas%g@@n, afid licHles*fHat KAkrater N

hence that t word 1's bein reover, ar rangenent

di scl osed i nl rdmmma% ARPEATIP ibe 3e BAstPremising di%")&FS“PH@F trqbaiavy
provision for ent Biill @hoth estaiaé rédchGd Bisclosgddn aakabsolaentitRd Mtciplehat
are conmon to 0 r

Still anot he?f & §éeeg§ gt B0 5, WHER AR Pubtined WP AR Fhigy in
Princi pl es rqinatier tispEWitten approashBd DYitten discuyses @acsysteamiprpedudinged by

Academ c Pr eé:ﬁb: fraﬂﬁ%xt( SHRéred Righg %rte&ﬂ%ne%&éwmmam%&mrfm

di t t t d

tel ephont? ?o%o:saate?wéf i he gt 5 B 3P werghdietioday, B9 sy Ul oS ¢ ne
words in a 2vwhéddomparihgiihetkegsteoke, senuenzeiwiguiheydictidriaryar When amdigume{sodq)ari ng
the keystr Okgns%eﬂu&@&& Wity h@és %ﬁkh@na,wt be/HiEva BiretdbiveRSbflthe syafense:

however , en’ notes that reso |nteaﬁct|ve %‘é’bg
system  pr cBEpROLRG "}E'?]Em@%mgtﬂ the user %"’I‘ié‘s‘%&t S 1Er AR RIekg asalec etV8ehake a
sel ection betheemmbertdfeamugws aftriesrd qisetumusttherefore respoml tontist systemt'ef or e

respond { E\ggd{eﬁgﬁ ¥iRe end ro?ciea?ﬁ tbﬁ;r}d atSJch ?&g lgsr 8500 P eﬂ%cheﬁbﬁ 3¢ Fhe

response slo f|C|enc | NCr eases unber of
keyst r okes raqmm end mr@met;he augbercof kayy frﬁ%lﬁﬂs required;tgygnter a given segment of

-3a- - exp) sanbi guating an anblguous keystroke sequence contlnues to
be a chal I eng| n blem As noted in bl i cations d scussed, above, -
satisfactory M@%ta‘}nﬁwst ﬁfgysﬂ% eFe%‘F’ e \fO s ‘?e‘afu 3ed to

enter a seg nelmilengmg groblemhavis fated dnl the pmblications dissussed ws&c,ys@isfacmtr}enm es
to be acggpt &g&ﬁmis%a ishide She MR of ke s&faggy{eg ired Y BARUCK seellfit of text

publ i cations have aug away from usi n uati o and

have focusedh#¢ féﬂﬂﬂr@&“h&e‘@ Qmecaﬁswrﬁﬁiig%ﬁsaa bFéE?ﬁPF@ffFe r “F? a RRTte
t her ef or e becsinpitenblMoteovele \thé cyubncadmsamihvgmrghngmys&mm usirg wordiledek es

ot ext oty stk ndR/ R Gh OO0 GRMEAR] CORIEEL! Gt oncY

of text entr

- The present woulsnthereforgrbg\desisable to denelonja w@wbmm systemihiay migignizes the
di sanbi gasit | gabigRity BFQItMRd kePstibied ARISthereby Masiniisdsahie effibieneli sfaski egtigt | ng

system of the I'nvention di sanbi guat es | Loy nput sequences entered by
a user and conprises: (a) a user ng a plurality of input
means, each of whThé presenssinvestioad povidesa aprredused tkeybeardhusingt weed l¢vel a

menory t hat ﬂﬁﬁ%&ﬁh éh 1 Hsaivelam eu?%n@éy RCkeysthbites. e?ﬁé‘k@}ﬂ&aﬂi ist YorR{ru&Bd e]g:ts

e o i Moo kR oy et 58 o 5 o0
30 three rows and four columns. A plurality of letters and symbols are assigned to at
least several of the keys, so that keystrokes by a user are ambiguous. A user enters a
keystroke sequence wherein each keystroke corresponds to the entry of one letter of a
‘word. Because individual keystrokes are ambiguous, the keystroke sequence could
potentially match more than one word with the same number of letters The
35  keystroke sequeﬁce is processed by comparing the keystroke sequence with stored
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to the user; and (d) a processor' that is coupled to the user | nput devi ce,

the menory .ﬁ,#‘@fji splay. Wth each operation of an input gppRResi2b6
processor identifies Xt plurality of obj _e‘{:ts in the nenory that corresponds

to the input sequence that has been entered by the system user and displ ays
the |l ocated objects (words, seguences of letters, a sequence of nunerals,
etc.), to the systemuser so that the system user can select a desired

obj ect or again activiate one of the plurality of put means suppl enent the
i nput sequencecsbuldry atodules tal matchithe semuems withs taresporaling §tored wordeot plher al ity

of objects i r | ' ) I n
t he dJi scl osegn té%g%t, |6r$§h¥wo ttﬂdé%\%%f }sgﬁéﬁ?ﬂg%%%%%rgé} %]%ngg%P lr"%%f"%dd wth
full -size keyputomatically; presepted fe|theusesinsa listronadisplay aneash keystipkads eeseivedyur

rows or threghdremafterntbféresd to @b LS seléstih Uistt)i t Thefothet infisremtigns wiipd s are

i gned f .
oot guous *aREufRE sedlRHEL B oo d-BRaSE Y me Rer'ifle £FLLE By dupasd *
corresponds tother eterpretatjonssare peesented iy oxgler af dearensingcfteauencyi ofdise; withithe

keyst r okes amsamBﬁgzs,sedh,‘gd(ﬂggn{éa@s@equence could potentially match
nore than one worg Wit he s&gi nunber of tters. ,The_keystroke sequence
$heViRh P

|
i s processed by cofp3FP r BIRSL Sf | Hi5 VRGN sths, Gepr presses VO

97/ 05541 unambiguous select key to delimit an entered keystroke sequence. After receiving the

PC-I-/ USQG 6.22 d' b' H t . t 'ca“ e -

dicti ona/rly. %%lg%ttuks ’ g}e tl%aén é%‘é%&% rsl)és e[nll r%utoéntﬁlong, selv?grscf}f? én\?es ¢ ﬁl sgr,ﬂ iuéﬁdat I on
does not waoid \agd adds the weed thothecfepignes being: sonstrugted df thefper sontinugy tay ¢ h

an ef fici encntet addifional textkeystroke per character. The Arnott article

t heref ore concent rate n.charact | eyel di sanbi tion father .t han

wor d 1 avel i SarbiiB boraAnce iR ahffnek 248t of the RARL MHE B0, kB 3} it

di sanbi guat i @ressgshlsathe user toedelimit the end of &mord ingalsn wseditp gelacti loss cosmmmlyjue.

B nci pl b Sk AER (R SPLEIRA 1k fRtichieRNs ine iheh LURe BB oSHibY U6 | cnea
i nci pl es u y 1. H . uplis

by Acadern ¢ Prosd Bressiied 1o Bieyigar s abe achior Be seleeHon' s f;nol e AfSsed okt 1 £ o

di scusses a wsyertmpesstother selbot keygagain to adsanceifrom the awost equently arsediwosd g a

tel ephone t 0w shagly Hblt! SEqicRiP HBLF Srorkid faghin 0 advARRY B B Wfihd niRy0 Of

the words in_a 24,500 wor |§t|onary, no,,arro uty w rise en

conparing t h&eRusnslyusedword, 3ad s oy BY repsditively Pressng the AnHiedier % do

aL i se, hpowev eherefdid sebset thetdesirédwbrd!fray tina selectien list.s Upen deaching ticéndvstitie by

the system . : t .user to

ke & sl ecCiBIhE Rifioh st Myl ety chmindnly iell Siral R0 i B it

t her ef or e r edipfowith continued resseqpEtheselectykayei The a%ue&d keyboard flissmbigneting\or d.

Such a r espoggsterh htiemakiodlysihier@itkhedpprayiriatd épacing betweeh €8 words| ncreases the

nunber of keystroligs requi red,to ?eqrhtggr a v€'§ se mentggﬁ. . te%<tt..

Di sambi guati ng an RARFOSHARTE With et er?é?ﬁ%ﬂ- e InyRLH, quitiple jpterpretations

"chal | eng2hg pf thel keystroke sequende are prinddesd tol the user imthegelectionslistt Thekeystroke :

satisfactory l: A4t d b b HE uired

to enter a sﬁmﬁ%ﬁ%&?ﬁg;m‘ﬁg?& ‘?%‘?r B onding Stk R

ef fi ci anci es & SRSIGR fgky: Sipultanegusiy.cthe Keystrolse, seaugncs is interpresed, g & pumber,

Mor eover, thaspuebidcéritered usingve twergbite arvamitipiesoroke spgcificatibnl methbd, as a

di sanbi guat i ?‘MW&H@@%F&Q?% r&é Q% g rsgﬁé,ﬁ ko g \ﬂ/-{eﬁﬁﬁﬁé’gﬂrﬂﬁtations
of

t echni ques. . ere _ esirable é’oqh
di sanbi g3@t i Ate spylteneousty presentedit the wser foreach kaystrgie of adeytrakerseguence
keystrokes agftetddctycthY¥ ub@X iThe48ér thdyeseRict frémahe Mtephaté Bxérpfobitions by pressing
Summary of the | P%EPU on . The present invention provides a
reduced keyb ¥ Wga W‘&“P&‘&“-
In accordance with still another aspect of the invention, a method to enter
- words that are not contained in the vocabulary is provided. To enter unusual words,

35 such as proper names, a two-stroke specification method is used. A first keystroke
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di sanbi guation to resolve anbiguities in keystrokes. The keyboard is
constructed with full-size keys, preferably twelve keys arrayed in
three columms and four rows or 30 three rows and four col unns. lurality
of letters A%YMbl s are assigned to at | east several PGFU Fﬁ@z%ﬂys

so that keystrokes by a user are anbiguotfs. A user enters a keystroke
sequence wherein each keystroke corresponds to the entry of one letter of a
wor d. Because individual keystrokes are anbi guous, the keystroke sequence -
coul d potentially match nore than one word with the same nunber of

letters The;3b..ieskBY &b g;e&ﬁmﬁfggtd@féﬂei %n@ﬁ@@@o%ﬁ%%%oééml 2udtel M first

keystroke sequence wt ate precedi ng
keyst roke sekevstioke( Ereferadbjye the svstem é?m‘ﬂ@?g?‘%sb'kén%@&’dén@é sequencgj ofiout

the | ast keykbysttokps aSboth fnl@inbipgonsalience éfhorse steokecperdettért dnd idfals t he

storage spac - In accordance with yet
anot her aspe ec@ed@ﬁgyﬁﬁggﬁ%ﬁ%troq%gg#%ﬁ%erare assigned to 5 t he keys |n a
non- sequehti al or deaccardance withhstill apothegaspegt of the igvention, 3 senend anethas tor

the letters nRr AnGsHALWoREY that RE: K& Soritsinéll maﬂiae&ochmsryr.e%ﬁ&ed hemg a
frequency of Ear Lcy l,.ar

t d
letters are gg‘@l‘ﬂjﬁéﬁng%gw Eﬂ es e n% \A?ral'%wﬂ{% '&?ﬁﬁﬁt° ¥§tf°ﬁ‘§§]t'féncy
of use of eaddterpreted ias untmbxgmmalympgel&mglg spscificestring of alphabmcwbadaaue;s by

modul es. Thatre o g.g Iﬁg;g@r@,ér%yg%g%eep@rL&tefe(i*ﬂéfﬁrabﬂe?é’éﬁﬂ&@l ontin s o

bet ween t he nD entere gr oupi ng s ‘on the
keys 10 j g0 tlm Lﬂt'fGFSetthﬂerﬁf?é‘&e%'t R PRSP e tog Qfrjach ke Thepiders areq
vocabul ary modderéed frolnleft to right ion Gact Reytop & oRler oft déecreningi fgukins, fsfoemuency

f
Phe Cnvont | oMEmpst frequenty ooouprdd 18R SEARS Terbthodh oBliliod, BRAHRRL: SPPREH 0
syst em may baayehs aembmusly;aweﬂ%by Rressingethg; ety an g/hxcé e detseri Qgpe@ﬂs a
i nputs. Eachpj;mBet of t&n@ssé“d?fés ﬁhg’fotthe odifiont bf i Aesirtd! 18tériA tid roSe T ThR

i nput t b h d Th

conbi ned b f e JERERBHFRL i SBERER PH) * BOREIPESedORSPhAEHEr By O
letters to ké&gypresshg awiéltherﬁghtn@snlbttmbyjﬁlmeskemr-s-eI’Hmtsyktem simhleaneously
presentation rﬂ%rp}agea h sequ&?.ﬁtof Tcgmalaé&’ asotﬁﬁHEﬁ'aH? g@ﬁ%ﬂ%ﬁ&%ﬁd&%ﬁ;ﬂ@r din

the selection [[st eln E’S retations In

sel ection |i ®fr %a&dt‘ﬁn‘htﬁ? Mﬁﬁﬁiéﬁ‘l‘éﬂ‘%%’&é@?é@'&hﬂﬁﬁm e specifigation
sent ence by h{whdd rst keystroke of the follow ng word, and the automatic
additiongg Of AAPACSTePE UHEESeifhe U Hol? 'Q?Qh{(%&s{roké Uhd RGGpSWRL
entered words, the

word with th@tﬁ@aﬁmsmdtsplayed l@lﬂ%b% $ﬁ§pg§s§=ﬂeewai§ f'l@F usgsitherefors y
with a convelabes)ﬁad h&@yﬁoaiﬂge BesiRy 36 edfer w@rabuﬁmgtexmsr of ﬁaeaedplmaﬁm t he

d f d d
st of ten' t FRECHdSs dnfignd, SPhEE 6ot AR f BSRF 2 by it e W TR Veggbas ' °
presented. The mrsunplmsgs theqreferted ispecification nfethade and thencpresses theosetmt e
than thezs pey 45URbvd ‘dB%r thef sel%%ﬁéﬁ rl?i(ﬁﬁd sEi’eSﬂ“tlépéé‘sﬂ-e@ ']ﬁd’ebi:r&ﬁtxér?@f thé

therefore ac | eved usli n% keyboard I}aw ng .a

full-size keyeystepke sequence. In the yast majorty o r“é%ﬁﬁc@’&%w%%ﬁ%m&? ’gﬁ?FdB%mt i on
syst em di scl oakydvalid ichoicesieft dn the selection list, 30 thdt loalyoneor eWwo tphessescfphd selecor

ot her device e 1 ates the system The reduced nunber of keys
allows a devikéga}tmb%{e;%g%gtruct ed that may be held by the user in one

hand, while bei nglogesardange withiyet prothennaspéct of the inveatign,sverds that resengared s
t her ef or go Paby ithd stk byin W@M%rﬁﬂﬂtxﬂ&-@tﬁ&é Epeemesuod Methody/ theagemndt Or

other 35 1 SHRLoShsrly Wi o 5ty S35 o §SOEbdr) RORA Lo

words can subsequently be displayed upon entry of one stroke per letter.
In accordance with still another aspect of the invention, words are stored in a
vocabulary module using a tree data structure. Words corresponding to a particular
- 35 keystroke sequence are constructed using the set of words associated with an




WO 97/ 05541

PCT/ US96/ 1 - 5- I ndi cates t

cont ai ni ng éwfogﬁ]er, and a second keys éoke di sanbi guat es m’bﬁ‘?ﬁ”
keystroke. Preferably, the system similTaneously interprets each sequence
of keystrokes as both an anbi guous sequence of one stroke per letter
and as a fully speci fi ed sequence of two strokes per letter. 5

In accordance with still another aspect of the invention, a second nethod
to ent Bﬁmbdimlyabreweﬂiﬁb keyserokersequente x| dienpatticulart ReysirokéeBequehye i S

rovi ded, usij e C t

et hod. & sodiiaRhs s KdEl dCRbRENE Nty P BnlE 'Sl el i

speci fy| ng a5t9mélspﬂ“@ thtg/# myabmaxatlrmd;%t i c characters by requiring

f1 (r)omt onte to trrftenk@c{ax;]@?wwn%t Afthe?aspect Sfﬁ{eﬁm'&moﬂ,aléﬂerk% Eﬁ&i( 113 ugh
0 ee ers at _are oW _on e e

Fotters o o the ke i g apEsedefiat s Hpehet shae aBibetie Iyl fom Bt thorssoi

decr easi ng fﬁmdaeensyare sgroupeddt onto the keye immsmaifines ghatntddycesctherfréqugndyedf er i s
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35  small electronic devices that would benefit from accurate and high-speed text entry.
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30 display information to the user. An upper text region 66 dlsplays the text entered by
the user and serves as a buffer for text input and editing. A selection list region 70,
located below the text region, provides a list of words and other interpretations
corresponding to the keystroke sequence entered by a user. As will be described in
additional detail below, the selection list' reglon aids the user in resolving_the

35 ambiguity in the entered keystrokes.
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second ent ry nosmalotext. hIf the seqand apgyds “Phg‘eﬁélfedr’r‘é{?“g $FE Mm@y Fxamune the
sel ection |i skeleatich me&a préig theiehat kkyex desittdsruntbdr of tines toSelédt nbs désired el ect
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entries toZ\ég’]ggl/(%s&]:i to the end of the selJection list. Those entries at the
top of the selection list are renoved fromthe |list displayed to the
user. The entry sel ected by mul tiple presses of the select key is
automatically posted to the text region when the user presses any data
key 56 to continue to enter text. 5 ~In the magjority of text

entry, keyst éxﬁK@s ﬁo‘i‘blélemsmauhe ehd o€ miske selényion Hist. uThoseaentries at thettopof thieor ni ng

a wrd. It wll g &'

and synbol s ?ﬁ% cpﬁg hﬁg% ‘§T"§ @qﬁég{moﬁ@f’% ty}ﬁ? m%(esﬂgeﬁﬂﬁ%a{e& rok@
sequences t omultiple msgéﬁ@rsl&t keyeis gutamaticy) P°5F‘Hi Mf@eﬁ?"éﬁﬁﬁ‘P'éthF%dQFced
keyboard di 5@{9?29&&?&5'&&9datakeySB%@@ﬁthx@'td)élltﬁrﬁkfferent Interpretations are

t t 1y d d th
the Keystyoke seqifbMeaniaip pidpeaiakeiioRy wgpntin aicnighhed B uliE b 1 ¢
| i st of wor dietters forming a word. Fltrwithbarappreciatede hawewery that theemuitiplecchagacters
: 2% terelro;ei ﬁg B %}%&1&8&&% e§9 LB The gﬁmdual k@,ls{roE&SﬁdQ&@stv&&el ﬂqﬁ&ﬁuﬁﬂp es of

nterln e

er t ?dg é‘f‘ m

i nterpretati bﬁ’e) SWC{%I‘P@&”WQ“% ntlér ePrgtersd keyhogrd Sisambiguating ot e
15I wor dsI SJaﬁBils ditferent iatedpretationsiare ad!omitmgdbddmmdtandfdmplwed to
sel ectio are
t heref or s‘b‘F %tttg%Faén m%%gispse ﬁ%ﬁq%%%ﬁewgs% dgg?}%} iﬁ‘JBﬁﬁ‘iﬂSlh%fa tgtt;ﬁ%]g t he
| ast keyst rokwasmamfewor g.he word stens all ow t he user to easily
{ﬁsurre fj YP'AQQ Whe@roh e, e,hﬁék%%ﬁr@l&tseqﬂeﬂ&a% inregtertid \as Woed siemstriresentng e (2)1;)

e wor stro ence
has been int ég d {SEAYRANSES %{Ggﬁs at ﬁr’ﬁssr g% % ﬁ&ﬂ{@ﬁy%ﬁg th
"al beit"). "stem iﬁtmp&tamni'):lt dindiket wordo interpretations;f m pitems @el inpomplate y 81
i n the sgsectl g fon stgm mte.?m&ﬁ{n@fé!ry dxsbﬂaﬁedsaseﬁa:t R Thed Sedéotioh M6 76} 'tRe

sorted accordi ng to at can

be generat ed Sﬁﬂbmwt@%m t%@#"f‘ﬁ’% ﬁ‘F‘nﬂ' ¢ éﬁgp@rﬁ not Qeleql%:?p?% 55 rpé?sé'flgcfﬁ
t he sel ecti OgeledtKey. B}Gn&tamg thé lastlkdybteokesf haweves ithe imord: steme abiow e @%r

duplicates a vvordlxéhat 6@1@\%&& His Bpﬁersﬁjte EBh to tﬁfdw%n € niQeok S

omtted, correspaon

AR % NeR;
marked with shesyatsb| As shown in FIGURE Mathetlmfﬁtéo £quenss &ﬁ- Sé‘(
l'ength hayi ngad Beeh m?érgreee% £J1Rirﬁur@t£%hcﬁkﬁﬂ‘i "albe" (léading for teavordnlteittyi de

f eedback t

boen ent er od T8 HEBingPIamIam, i JestfoR glifdedlal Shbry'SP i M SBlection, % %,
of keyst r oke®Preferablys thei sti¢ens ingerprasations asmmedwcn@,r dingdtorthe freauency ef the most '
using a.two- ?&é}%\sﬁ Wrd %&ﬁa%inoﬁe Genbatkd( feheieAcH tstdm.t hwmhwnmgr@k@em

interpretati S 56 contaln y| e charac t hat
are arranged RterpEetation, in th ?r%&&‘%‘?{‘ T, ¢ the gtem; ’5p°’81‘9°«9a@haksg E fa?
keystrokegsin d&ﬁmtésvw«ﬁdraaha Rashowaf inkvhg seleotiars lists When tharﬂetguamuucd,

tells the Sy 9&%}1?& e Wk géﬁ..sg%cﬁgfﬁottﬂe BW&E@%%ark&%ﬂ&h@s ol 10

characters g the not, s z V\/ng
character. show that thynear g%wgrds of longer length havmg sword as eir stem. Stem

PCT/ US96/ 122%serpretations provide feedback to the user by confirming that the correct keystrokes
have been entered to lead to the entry of a desired word.

30 . Each pair of keystrokes is also interpreted as specifying a single character

using a two-stroke specification method (hereinafter the "two-stroke interpretation”).

The data keys 56 contain up to nine characters that are arranged in a 3-by-3 array on

the top of each key. The first keystroke in each two-stroke pair of keystrokes is

amblguous--lt tells the system that the user wishes to choose one of the nine
35  characters grouped on the depressed key, but it does not specify which character.




-12- The second keystroke qualifies or disanbiguates the first. The

position of t ond keystroke in the 3-by-3 array of pgpidediB¥H
specifies thggﬁ’g%jcter to be chosen fro?é the 3-by-3 array of
ch pa

characters on the top of the first key ir of keystrokes is
therefore also interpreted by the reduced keyboard di sambi guating system
and 5 automatically presented to the user in the selection |ist. For
exanpl e, as shown in FIGURE 1A, the entry of a keystroke sequence ADF

and hO_X L ir sqhggﬁdoafi%??ﬁr&daﬁuahﬁes erESaﬁlBigbﬂres dﬁtﬁrstkefl?he ﬁds&imntcffahe:mbﬁd:t er
on that key |{n t e Sition etter
"a". The nex egfs\t,gg é%/gfer 83 74 %Irfg‘tt’E%y %saﬂhg ch %r%l’er P&‘G? cMosreb gﬁ) p dat a
key, then thenesishpd|array affphatsetersen Fh?stPPlO(SrﬁhQ) rst Key. sEeqihpmrr @ﬂ\kemfaﬁ%qsys 10
the letter B'lerefzmze aIsWOIrﬁé F& It ﬁfepl"éﬁxaéd égbo%bd disanibigiatih®" sﬂ&an‘thEd as

A tvrafmafeeﬁtoaﬁwsouser i thg sefition B8 P B i i

keystroke quRIGURENDA othecinsryndfi @ykieyistroke séquescecADE. and OLX first desxgmtquh@nd
met hod is al 0
" nt er pr et ed gc?s}; génﬂgér{bé'a?g ktbrg el ﬁ%m ?ﬁ:?:fnbg%ﬂctﬁatgéel lﬂ'?l(ﬁé feﬁ 1ﬁ"§§/ of the gel;:gi:l .
characters 150W,(m@Y,rﬁPt%FFeft He TFFEI F'(SR’éesl B% &?%“a
data keys 56t ﬂgﬁg data/Rey, then he s bé!€in|tﬁé t:mer ﬁdsmibnaifeheaseceﬂcgmivmmlyt he
center r e a [ pn ey.
cont e TG4 Olpd iecabY-he bt (*E'%‘&?‘%%‘?‘ U s e Beg BV o8 en SR 1DV
decreasing f meqleesnbymoﬁr Hett It will b«h@mate MOyStER?Gdﬂtﬁmﬁﬁaﬂ‘@’t may alﬁﬁpear S
1;( irst. ggch \Ikgtrg‘ﬁ,;.%eﬁf wlﬁh;e?é’ﬁlrsws{}@(é@ﬁ.mﬁh@)&ltﬁ*a}&;w@ﬁhhgdqebycdifdeSSI ng thteh
ey on I C e letter appe i mes _corr ng Lo the
position of the secqa’é‘swﬁw ‘gta? eﬁ“ﬂﬂ’tyfrﬁ% n dﬁaflml'ﬁu?q“?"ﬁg (T%Sl?%ﬂ’g lfeg étter
i s speci fi ediftgrpreted ragl wnasbyguoasly, spetifying a specifint string of talphabstic glaracters
keypressgsg, e&lgﬁ?tfn U@t'mﬂgfplé -SFdKR" i n%f:{]eli’zft%" ey?ﬁeesﬁﬁs keyd5¥ contain up WO

successi ve | appear, o e sane t he_user
for a o three letters gt HéraF@BS%’elP\ﬁéBﬁ CeIier W@Qﬁfé@ =Ry-g 3fray I‘?g1J ﬁ%xger s
Llet L fr S. ljn %rtﬁé% of Bich I&%. frmlbamwommseﬁomueﬁeo sightr 6n eauhdeeytdpem

oubl e an tr| e resses fo ?’%e’q ro. .
quite rapidl h(gk A S eltr?ta%" t&aﬁ?a%egf‘ eﬂ?'egeiﬂs mant % EH’
letters to nifinstm Eachaletteryof aywqddnmbe @naeblsmysw spelled by pressing the, kgppn
accor di ngot O which the fétie?rap éﬁglheﬂﬁﬁberrmﬁméﬁ%oﬁéspahﬁhgge the gositionnofofhi of

St andard ToudRsRSHEn 0 dherou, Ty, Heidpos dert? i petiBs B7HEn @%ﬁ%ﬂ‘%
‘each sequenceenter lettes by aiveskeypresses; idothe rightraoss dettes binshrep keypresses. féh
- reduced keyb%dsugeésg(}@'n }nng ol BfRaR A B SRAB KLy, Atht s RSA YaOE foP at NE

user he sel ectl on I exa RE I the
entry of the minimum delay:pesiod the keppres n&% ﬁBZ‘W“E% g’t
t he char ast erdefdy'ha}gbe set quxte%ﬁm since 'ﬂlluadamlilé amd tripde keypaessestfer tmgtsacanche

w1l be appr dEparesidpe 45 ot o Bl Ei el o by b pmntir 11

PCT/ US96/ 122Jétters to minimize ambiguity and the ordering of letters on eac key 1a§cordmg to
ISIrlt er P{:ﬂ | NY 148erShe qﬁ RIS R dr?iﬁblﬁlgb%nsgaﬁdd w%mbhede;mmmm l@duldeH
Ml GURE 1A aﬁa‘l‘?‘?dn%’t'n%nﬁtﬁ/\ﬁe‘?enme‘ od on 4 AaBodti T goﬂi“eﬁ‘wﬁg wlfiple-r,
keyst r ok 30s e Greke dnterpretation |oﬂteectpsqquembeacf keystrokes ds s drersforecals nerformedity 5
(herei nafter o 0eed abdREJHoatd BishmbighatingdYstem andlddtcnatRilly preséiéd & the user
char acters in the selection list. For example, as shown in FIGURE 1A, the entry of the
keystroke sequence ADF, OLX, NBZ, EWV first designates the character string
“aone”.—The multiple-stroke interpretation “aone” is therefore provided.as an
35  entry 83 in the selection list. It will be appreciated that a given method for




representing nunerical digits. One of the interpretations provided in the

sel ection |ist . is therefore the nunerical digits that correspond to
t he keystro For exanple, entry.84 is the np 5 i

i nterpretat anﬁ /%BS ') of the keystroke sequence gﬁxﬁ ﬂ%? EW.
10 Finally, any keystroke sequel ce may be gi ven add| tional

meani ngs by | inking t he keystroke sequence to an object in a

vocabul ary nodul e (di scussed bel ow). For exanpl e, as shown in.the

selection list in FIGURE 1A the keystroke sequence may be

interp (r]I et ed ambrweﬁﬁ@ kéytroke sequendes myaySe édsily enabledospdisatied. oFar siymplicity,

command or e sto

= syet em maor e RSN PR terprboR S W SV FIGORBISE sha RO SRBRIET
may al so cor rféspmeli%nldes system nenu. Selecting:an entry | abel ed
"<del ete>", for exma)hceystmy sEqUeRce @s also mtemmb&:rascﬁ stmgtbﬂ h‘ﬁﬂ&ciuaignas
deleteflle eleepara%g 'Ekﬁ ? ,.g phat\éq% sel ection
list. The use(fh purp d W(ST}P e ne it Wi f)%aggl e}b"?‘ﬁgs

sel ect key t orepresenting nueerical digitsc i@ne T shevintdrpietations pr ddm thevgelettiomelisogni ze

that other 2Qg th&%ﬁ@%&ﬂm f%tsst}ﬁtt%ﬂ' RO 1dTRite R '&oree séieneed Fop (he

system . ng . ration the
entries int h@agwlee&f%ﬁ‘* s e “‘fq‘%”c" interprgtation %IS 0 &‘evﬁb’ﬁg" r ¥IPFe€ent ed
first in the ADF|OLX)NBZ)BWW. rcunst ances, it may be desirable to '

have ot hef, keyst roﬁﬁa@gﬁtﬂfﬂgﬁgﬁﬂé Vé}c@@ﬁée%ﬁfgé gWeﬁ?ﬁHihﬁﬂalfdxéaﬁfngé By lekmg

list. For exarrpl e
entered, it 2te keyginke sBquence i ahplietdn daxacabylery iuedule (discussed belowds iFor of

the keyst r ok eexaaples 88 shown in th¥ehReor il if FIGURETAG tmeeletye@@kel@q&me thay be

modes of oper BiHHeRyAnd rEafe s An U5 h HBF forrsspongs . £ Syefeh BEEg YL
operation, t hsyster gteni. nt'éhqosmtem |comnpnd\/1<dvu:el>t’i caneespasida 0| d1systermt maggot he
nunber n%%%ﬁﬁoﬁﬂbag tﬁé’cﬁﬂ?&th&y% PehRe. S SR EE mal hlsd EdiResp 6ép#%erst -

speC|f|cat|o g stro ebir&tic@ietatlon I S provide
the sel ect i onSysteg} menty e ?IMt‘P’bEBtW abeleds rqelete™ s for xampRle MaY Canss &
~al |l ows the usmimbep of miehi mzxﬂseuughe as Odddere ﬁbé" ow'ldeletd parhgraph” to baudisplbyeddnel | ed

because they t‘?lE%Fl@&EonCﬁ) t o ex1 @o&lﬁﬁ? grgrp)épogﬁﬁw thﬁfu KQI’HLU& 51'65511-13 the Each

of these.nodes of "opera on c g Se
di spl ayed - select gex tebexsthe. desu'e item. Th m egd5in the art will recognize that other

?ET/ US96/ 2t0229s'9stferr§[ commands or system rgenus may also be defined in the system.14- .
e e o R VAR nihF  RPAF o SRR RS,

of the dist 6isogesponding t@ Wovdsrace piesentesbfinsy latthshs; I pther ¢irpymistapeest v ai d
the user in may bé 'd%ﬁ%lﬂé%dv@%tﬁéﬁde?ﬁﬂik‘é Qé&ﬂéiké Gfpésentdll fasthock
150, the syst‘gm wai Es to . recejve stroke f m t he ke board  54. At
a deci si on bl €disk s5or sxample, in Sitpatians ¢ se’&?t%fr’f‘ﬁ ?Frettr?e er&-'b‘&‘ieg'elﬂ

keyst roke2si s whaidstel desiraldeyto hdvet the Mrmteepremtmntoﬁme kegiteakie sequencieey,

a8 DI 0CK 154 L U Racna VOl B BOEOHE SRS B8 EDE G

At a bl ock 150, ects correspo e sequence are
identified tose Ren Qthernedesof omramreév poceisHE SIyseRmen R IURiC
nodul es ar eAI mbgabf epemionl fhe firsDinturpretatiba tprovidedinhe seléctidn\list is thewshbepke
sequences. An obj ect a ore

retrieved bascédt Spo !}dﬁg fo% @él l\eéé’gt??j%e éeﬁ?’%ﬂfg dlgquéw 83{"}5?;%%%%(:%?3 91093 the

obj ects 0t huan-stmkcomrmnmmmwedr@sﬁ e (the selectionelist e ttavosstraler ds,

stens, %@aﬁs&xon%o&é/ &ie?éibmwr% th&asdt 18f enltd?os Rirgh@fbér dfswérds Rhdry
descrlbed in the tabl ﬁ 15
must be spelled because they are not contained in the system vocabulary modules.
Each of these modes of operation changes the ordering of the selection list displayed

to the user.
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25 is associated with a nunber of objects corresponding to the keystroke
sequence. As each node is reached, an object list is generated of the
obj ects corr 8apa$s4lg to t he keyst roke sequence. The olj@USI6{18291f r om
each vocabul ary nodul e is used by the nai-ps- routi ne of the

di sanbi guati ng systemto generate a selection list 76. FlI GURE
4B is a block diagramof a preferred data structure 400 associ ated 30

wi th each node. The data structure contains information that |inks each

pareﬂt node O cnrrareninodes., n t,he vocabUl ar nmpaul.e 1ree. Ime, ddl 4
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connected to th ent node. Sin ere are nine data keys, only
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for the maxi mum nunber of objects associated wth each node.

Each object associated with a child node is constructed by adding a
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30 OL(1)-OL(8) associated with a node representing two keystrokes. Object list 440 is
an object list containing objects NOL(1)-NOL(8) associated with a node representing

three keystrokes. Each object list contains a list of all objects that are associated with
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sequence ADF OLX. Object list 440 is associated with a child node representing the

35 keystroke sequence ADF OLX EWV. Although a maximum of eight entries are
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entered keystroke sequence does not necessarily directly correspond to the
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35  from the old object list to form the word "forward". In this manner, the length of an
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to determine if the counter has exceeded‘ he nunber of objects
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priorities are established between each vocabul ary nodul e and al so betmeen

t he returned objects from each vocabul ary nodul e.

prioritize WAOT@Bect |ists identified fromthe various voca‘fﬁﬁ"ﬁ?’lmﬁul es,
at bl ock 158 the node of operation-28- the reduced keyboard
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fr equency of thesehildmode representing tlmsleemta@ke« eWhen thes clild npdedgs ldel‘ﬁﬁe‘b 14 RAW t y
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et er m nes

obj ects i denl“fef‘f“gﬁf ﬁ?lgrﬁlgdﬁ ﬁanex\eaggéégcﬁsg‘gl o |%Je$§oﬁ}g R?emv‘ﬁ'grdap ﬁe

nunber of enbbjeesligtr eAemt Edck §22, ithe sgmaboli field #E2 is examiged @ud ithm appropriategi on
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35  object list is returned to the main routine in order to generate the selection list. It will




. one additional

35 posted. At a block 165, the systemthen waits to detect the next

keystroke entered by WO 97/ 05541
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t he user. %%%oélsl‘sll on block 166, a test _is made to determ n%'%l ng’ﬁ%”ﬁ ext

keystroke |s the select key. If the Abxt keystroke is the sel ect key,
at a 'block 168 a box is placed around the next entry in the selection
list and the entry is provisionally displayed at the i nsertion point
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Feat ur es Sabfed w)ﬁe’l ‘}IW}?eg 8 Ly ‘ﬁ?&ﬁ?‘g}‘y hﬁevé’ﬁﬁbé@w tififes R “mﬂ} n
FI GURE 1A, inftmmdtionhMgmnﬂﬂ@nsheadlspluf t he reduced ke board -

di sambi guati ng Systﬁ‘é{h ffe IGURE esd Jt%l&éi&‘ wﬁ%zbtﬁé%éé&rf&&ﬁe&m thd

vi sual and aud| Entries .i.n electjon list 76 are

presented in GeHeRQL e efe gnodules e priqgtizad %rn’eﬁaswwdpm@t USh 1B1thE he
keyst r oke 28eqselection lis? 176 Tondetermiriethe w&judnce of objects Aépldyéd Gib Hrklselection list,

PCT/ US96/ 1Zzgjpriorities are established between each vocabulary module and also between the
returned objects from each vocabulary module. o

To prioritize the object lists identified from the various vocabulary modules, at

block 158 the mode of operation of the reduced keyboard disambiguating system is

30 examined. As discussed above, in a normal mode of operation the word

interpretations are displayed first in the selection list. The object list from a word

vocabulary module would therefore be assigned a higher priority than the object list

from the other vocabulary modules. Conversely, if the disambiguating system is in the

numeric mode of operation, the numeric interpretations would be assigned a higher
35  priority than the other vocabulary modules. The mode of the disambiguating system




- 24- I nterpretation may be one col or, the two-stroke |nterpretat|on
anot her color, and the numeri c |nterpretat|on a third color. er
may t her ef oO8%Y5#Y scan the selection i st for the deg?T’EE%/u”l

i nterpretation. During systé@ruse, the disanbiguating system,
al so indicates to the user which 5 data keys 56 in the keyboard may
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If the detected keystroke is a select key, the "yes" branch is taken from
decision block 152 to a block 164. At a block 164, a box is placed around the first
entry in the selection list, and at the insertion point where it has been provisionally

35 posted. At ablock 165, the system then waits to detect the next keystroke entered by
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user enters keystrokes, the voice synthesizer announces the first entry in

the sel ection list. To allow typing to proceed uni npeded, the first
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first entry“(%%gﬂggoken i medi ately by pr essi ng t he selpeag{‘fsgey The

audi tory feedback provided by a voice syf‘ﬁ-"ﬁem zer allows visually- 10

I npaired users to use the systemw thout having to view the selection |ist.
2. Keyi ng Techni ques The reduced keyboard di sanmbi guati ng
syst.em 50 supports four keying techni ques to perform system commands,
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PCT/ US96/ 322914 are required. - 26-
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In FIGURE 1A, mformatxon about the state o the reduced keyboard
disambiguating system 50 1s provxded to the user using various types of visual and
auditory feedback. Entries in the selection list 76 are presented in different colors

35 depending on the interpretation of the keystroke sequence. For example, the word




15 unanbi guous row of system keys 54 may al so be used in |atching,

over | apped, or chorded conbi nati ons. Fourth, the

di sanbi guatwog78§sem supports the mappi ng of single keys t PCIHNS96/12291

di sanbi guati ng system commuand, nenu, or -244tbol. The English | anguage only
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precedi ng sequence of anbi guous keystrokes is displayed as a series of key

| cons, each key icon depicting the originally entered keystroke. A
represent at woe97ds843l ay is 35 shown in FIGURE 8, with four REJ/UB®M3I291810
appearing for the original key sequence .26- WO 97/ 05541
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ADF, OLX, NBZ, EW. The first key icon in the word is highlighted in the

t ext region 66. For each key icon, the user presses a di sanbi guati ng
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detect chorded, latching, or overlapped keystrokes

3. Punctuating, Capitalizing, Spacing, andExecutmg
30 When entering text, the reduced keyboard disambiguating system 54 allows

punctuation to be entered using several techniques. As shown in FIGURE 1B,

common punctuation marks are provided on the tops of the data keys 56. A user may

therefore use the two-stroke method to specify when a punctuation mark is to be

35 mapping of single key methods discussed above to enter a punctuation mark. Other
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di sanbi guati ng system al | ows unanbi guous keystroke to i medi ately

select certain interpretations in the selection list76. 5 Preferably, if
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editing mode via an overlapped keystroke sequence. FIGURE 6 depicts the
display 53 of the computer while in editing mode. On entering the editing mode, a
'30  key map 800 indicating the remapped data key functions is displayed to the user in the
text region 66. Each box in the key map indicates the editing command that will

result if the corresponding data key is pressed.
Editing is performed on a word-by-word basis. Once in the edit mode, the
user selects a word to edit by moving a cursor 802 to highlight the word. The user
35  selects a word to edit by using the data keys corresponding to' the commands "<--




5 has hi ghlighted the two-stroke interpretation, "Ab", causing a copy to
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list as a 30 seqpass |atsbeappem'enmhetsdmtmn hsﬂ'hB.esmﬂ-rmdeakeennmmqowherathedastof

the five keysaeﬁ'ﬁ?ﬂieet RohMs tcﬂ‘imb ‘gruateﬁt Wheg théb‘lggleﬁgﬁé' fst ﬁss‘lﬂeﬁt 3

I ndicatin third I S avvaltlc?ﬁ si xth stroewhlch
will dis g‘?}fffépﬁqqe‘eﬂtfctkﬁ) att"H%“FﬁJ’f?é‘?q lmed8 erpretation results in
t he nunber "84956"6.956, Shrdutshe system command interpretation still

corresponds to " el>" o ) ] 5
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sel ect key is €sse user,” presse hol d

Sel cot Koy ooPni i Madise heresuced Feybod disambiuating e 30 20K P €€ W6 & ne
sel ect key, tdystomimenuda apinbyr oftgediated! medes\wehdreipomlly bee interpretatioans mysleas
shown in Fl CJ@E e 3x3
key map 954 E&bkg]l n_t jggp%q i3 ¥nt§€§i§}eggﬁglﬁg€d i 8 ?‘%ﬁo#q{/ﬁfl IForre ul t
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appr ol ed Tk %rcﬁﬁ‘rﬁsevpn% 3R] it Sfedidh, A°URY p R W maplfly 5 *°
i mpl ement  an cuyser limppapplication rpm@amcﬁﬁwaedhueq’ in the art will recogmze that other
dedicated operating modes may also be envisioned, such as a mouse emulation or

Touch-Tone phone emulation. When operating in the dedicated modes, text or

— =




conbi nati ons are accessible at any tinme and can be entered w t hout

di sturbing other 25 input processes. . V. Al t er nat ons
and Enbodi ni@Q %7/05541 Wiile the preferred enbodi nent %&Hﬁ#gﬁﬂgl
i nvention has been illustrated and -3@escribed, it will be appreciated

t hat various changes can be made therein without 30 departing fromthe

spirit and scope of the invention. For exanple, those skilled in the

art will appreciate that the keyboard 54 of the reduced keyboard
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di sanbi gu st,em .of [es v |- | l.cted in FI GURE 10

as incorpgtﬁ g’ﬁaﬂ%ﬁ 5%&%’5?3&8 s‘%ﬁ%yﬁﬂl}utgsgiﬁgggg%%rggﬁn to a conputer 1102
havi ng a noni Bor 1@410"!1'50@[0’5@44(1?-? is perfornmed in the manner descri bed
above using a 20 W%&chmﬂa@}atxﬁodﬂﬂéésllﬁl%mt@dhemeﬁﬁ&dupmbard

oper at o5 as. afisERARBRE Rt i Ragom vooarhaf, BRAR, ‘Whrdh bRl uUfE 0o

sequences andtwelstroke df ﬁﬂzmptaqstrohettmtbodstaae awomaticaliyrstored by the disambigugting
sel ect 0”2# | S Gystdhl §PHB Ui @binVFbedb l?&b%ﬂe W HeSRdrdY stofed il ehe'®iston vScabulary

particul ar advantageous I n to, sw,tch

h
bet ween a noug@dakdwgl theteaBer be 2‘§°ma9ﬂé‘ﬁ dﬂﬁ?&’&‘? a‘ei #eﬁt‘%\flif}h‘?’%ﬁ the 438t er
interface. enters the shortef 3equenctiofsihgle(ahbigudus)ikepsifur ghese wogdssyst em may al so

et " FySstg ol hdion o MSHENTAC L b ARGy RS i RTHRP

text entry using o RE "1

reduced keybomxm edtryawdrdsumay algo dpadded 7 auser %)?‘é%‘l‘ﬁt‘mc ulary madyle; é‘?ﬁ“las

DU(

I ght
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pager is prOV| a ouc en5| Ve, SCLeen s to
a user QHG“‘P’&“&‘F‘P&)WST% ‘i)% rpgggegglggn% %f %ﬂf&ﬁe pager§q%§t her
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di spl ayed on. E)H&rfg(,) e ety Rlehtifi& prop&ibuns and words are added to the user’s custom
vocabulary module. Custom vocabulary modules may also be uploaded or
35 downloaded to other disambiguating systems or to a mass storage medium. A user




Contact by a user with the touchscreen at a | ocation above a depicted key
S - interpreted by the systemas a keystroke. To aid the user in

| ocating the keys on the 35 touchscreen, a transparent or senitransparent
grid or rai Y¥AHPB4 nay be forned on WO 97/ 05541  PCT/US96/12291
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the surface of the keypad above each key. The user would therefore receive
a vi sual or tactile indication of the location of their fingers on the
touchscreen with respect to the keyboard It will be appreciated that
t he keyboard I e e ALRR t

t ouchscr een tﬁﬁ?“tggﬁyqré ﬁgrﬁg tshgi\éeé € %gtolrjns 36%5!1&14}{%% &fxer Egc ula.nes

t he user V\ouléreﬁ‘éﬁlbbié%éﬂ‘}“ﬁove the|r hand to review the ent er ed text

on the display. The words in tHexéleotonl list76 idedtified dfromt the t stndpmiy @6cabdldfy i N a

simlar mannep g&fa 8’[% preferab SleQJaW ﬁiés? ({ g ﬁﬁaLl?s%xe fh ﬁﬁg %glﬁe oﬁ?err hfd’cﬁ}d\@;to

di spl ayi ng t h&©°

sel ecti on 3 i sdecreagipgi frequarcypelgise, spphat the mssh Can; Come| tayeen@w the keystrokes

i nsertion poi ﬂécegggry@ drifd® al fe¥fredMvBFPW. The first entry in the selection
list is I ghli hted arkd the user may select the first entry or other
entries usi ngI manner descri bed above. Once the
di sambi guat i on of FI(EURE;‘ES&A througledludepict the display 53c ofrtecpartabiehcommmitercia on
list 1206 is ? &@Qn&%ﬁs %{%E %?ttﬁ'éj rﬁﬁﬂ: %&r@&xﬁxﬂﬁg&aﬁﬁ? system. Aﬁ&d in

t he entered I|ne (0] sel ect] on |nser
point in 45 tuseing é’)@tthg POVEE ’eFR‘FEPtS"i’ rﬁ}i',"et%ée é“dpﬁﬁ ‘?ﬁ‘%fhs'gaze

does not haverdgion® are empty. emvmtﬁeuseehas pressed the\ADFekey. The word

System 1300 i 25@%%91&%?&&%a%m%%?e“?%fﬂe?@%ﬁ%g%@éﬁ%ﬁ B Yl ikl the
t ouch- interpretation, cepitalized, iinythegselactian 4ist s’p?heyteawﬁbtﬂwznm&@ has
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ront pan
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the surf age of® lﬂlgnﬁau@a'ﬂigﬁgﬁ'P& nﬁsﬁ r’%ﬂ@? ﬁ?fpxmer%retgﬂqﬁg kF’@“P % s the "
syst em cor r espambirn§8't 904. he The csysteon comnandt uocabuldhe madile: dds kogtoleak dhe
i " { [ " bed
ggg'\‘/g' ns keyrsi’i%icé/%ac{&%){ée Joﬁﬂfhrﬁé?l i n@ofnﬂtaﬁﬁ'@ RS grﬁ% PG gﬂ)%sﬁﬂd e
di spl ay i nf or refeansa>t 814, 32"93‘1 ed the sygtemeso i ggﬂ 1%6?%
di sanbi guat i n{h theséetetridn st hds aRxstbeen prownomllyvxpds%mu h;ghhglsecsavdreaiext i nes

of text esy erg%‘,é?{ﬁé%%ﬂi& ourlt%sal | ow t ext input and editing. A

keystroke W n s Synbol s correspond| ng to the |nd| vi dual

keystrokes ent er edI¥1@ the wser thas presead e select key 6, selegting: and Boxipgdow
provi des theVW%lﬂil"AI"mbﬂp khel SelédifonURsr The éﬂp?ooﬁltﬁd)%r@(ihitl Agd ®ked he

k k |
e oK S il e s el BV B b o
cor r espondi ngtd mdm,tartbatgﬂwmmpmatmnkmlbé’qu’éncsr—lmdemwaﬂon if the useer .

- Each sel eg§ i op, tixﬁ&sﬁﬁé ﬁtm&%g &Ls\k grdiae face of a key. A user

: selects t z:

S .

associ ated key. S| fﬁ?r'FSF) | ?’gﬁ,ss %ESIBE"FHE %9 E%’F agﬁﬁffglf’atq"%’%eno
| onger requi r boking e geteaccom;mdaf<8dmm>8'5906 ipithe sslection dist aWhien the £Sgupy st em
I's assigned t pg LUNET] Bdkel a 3x3 ARG tndp™20s HespldyBd il'the upper right comer of the
text region 66. Each square in the 3x3 key map directly corresponds with one of the
30 data keys 56 in the keyboard. Pressing the center data key, for example, causes the
reduced keyboard disambiguating system to perform the system command "Default
Setup." A help dialog box 922 is also displayed in the text region to provide further
instructions to a user. )
In FIGURE 8D, the user has executed the "Load Vocab" command by
35  depressing the .upper left comner data key. Executing the command causes a system
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embodi nent WO Y785%deful , for ergononic reasons, to associ at ePQI’PeW 11314
of the touch-sensitive LCD with the-32rrst entry of the selection |ist.
Desi gnating region 1314 as a key corresponding to the first entry in
the selection |ist allows the user to rapidly select the first entry
using the thunmb wi thout noving his or her hands fromthe data 5 keys.
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bedt het fi rfst beén swm&eelédtwkﬁ d@faua It will bRYdpprRicRed fiat the BisdthtikiRlEing 2,
I ndl cat or i el

k
the firat keyenrBielous iestBd o hiemis ficted i BGLRES & sod AP ThES dnifiy
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next letter execytin gr&t F5t8A WnirhardSn&ARAd & fufther c omes CTemed as Igﬁﬁﬁ'@%hmm
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reflect the different neani SO de in
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system A 3x3 array o
easy to the;selaction listds mqw\smaﬂy posted et the insertion pgint 83 of the tegdegionhand.
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oent i ondor Y HEENT IRy 0 3‘8&&%}“@%?%%@?%\8?“%5 efiHe HAC keflurbld iREe s
shown in a r ¢eraceerdi.c\Danal 840l and fbPloge’a94 1, gBy defaulty mubiple words GuRBrdes:d in
sel ect tkE3elekfiBR 1i5E6 Qﬁmhpﬁ@trﬁ&tm bl I&Eﬁmhg%ral Eﬁea?i it epfys 56,

and a delete k be ,l.0oc of .t he

sid
Gt a keys. Libersiare lted befof Hoee" o et éélecnon R o L R BRHORE AR of
t he data keywtlmrrrp'bcibmmyopmdntesomauiely,héAﬂmyBéa,r d"Ab"roed, t P8495" 945, umdr may

use hi's gk oLokliad dg aRo91i8d hi\he S8LRR 5FYs 80k il woRd nhrebledkY 10
PCT/ US96/ 12291  In FIGURE 8G, the user has pressed the IMG key. The ward vocabulary

]gper ate t Pe @fRddaleehaecfound e Waids thﬁyacﬁﬁy_r%faeclﬂgﬁrﬁyﬁﬁol&ys encel ADFEOLXr ee
i ngers o N rr is
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the string "Ab?" 954 (the question mark indicating that the third letter is awaiting the
sixth keystroke which will disambiguate the fifth), the numeric interpretation results in
the number "84956" 956, and the system command interpretation still corresponds to
“"<cancel>" 958.




nunber of keys in the selected reduced keyboard. For exanple, a joystick

can be substituted for the keyboard in the reduced keyboard
di sanbi guat wogersssdlem A keystroke i s sinulated by novRGEG$I6HR29 he
joystick. Mwving the joystick in one of -33. ei ght radial directions, each

direction corresponding to a distinct state, and returning 10 the joystick
to a center default position corresponds to a keystroke on one of the
outer circle of data keys. Pressing the joystick down while in the center

O e, oo B ST R B G Bl A 7 el
unanbi guous simdése nTheewordistesicTAlbal\942He elithimated from theesejastion distt onsécaipt bfie
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transferred teoulshsimilarlysheuspd to implement” an oxexlappsd keystroker; drhqrded kepput
devi ces are aoaibimdtiofis kftpdccadsibled@r dnyQithélhnd/can be entéed Iwittlat distudbing @xtierent ry
using a ppi.ng nethod Iike a joystick. For exanmple, 5 I nterlink

El ectroni<®s dH ¥4$%0, california, manufactures a handhel d poi nting
device called a ProPoint for use in audio-visual presentations. The

poi nting devige i Sajernate AppliEatfing hhd Emb8dimidhk that may be tipped radially
to specify a direct]

Qn, or esse . ac . as.a button..The I nt.i ng
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| ocat ed An embodiment of the reduced keyboard disambiguating system having eight

35  Kkeys is particularly suited for use by people with hand control disabilities. A suitable
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15 above the control disk corresponds to the del ete key. Wen mapped in
this manner, a user may rapidly input text using the techni que
descri bed alwmpweg/05541 A portabl e di sanbi guating systRGHUSHN239
shown in FI GURE 15A. The port abl e -gl4sanbi guati ng system has a body
1502 that is generally shaped |ike a pen so that it may be easily
grasped by a user. Protruding froman aperture 1504 at the tip of 20 the
body is an input shaft 1506. One end of the input shaft 1506 is anchored
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clainmed are (fé‘ﬁ%\é%agn\éay&?d&;ég!ﬁxs\émswal?&zel A di sanbi quati ng system (50)

for di sari guat i ndt witbalseibeiaprregiated that;theredused keyhoagd digambiguating system of
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bei ng gener atasdncaapdrated irea mousenbl@0. Fhemsouse issonnesteditota computerul 192 ihawing he
user 1 nput doyhichiea FLOI0" TERPER BOpdrfdrinB i 964! KA Rer Oest AUA! aBlRY! g TRANS
t hat have been sel ecte t he generated I nput, seqguence hav&g}ea t ext ua

i nt er pret2t i JRduqed: set ofdata Jisrs 146y located; on. the YPREY SYFfasP a8
associ at ed Witutofaqbs ictated onthe side of the mousé pperates we am uyanitiigddussystemikeyng a

| it f .object | ] ' ' ; | d
i thoan T npurt S e 8 eflrdid Seledbd dldscfcr QR finRiprblifis BoinTing
out put to t hedisplayed selpetion list. Incorpggating g ksym&éml(ymaye BWOUBR IS patticulafly user

i nput devi Ce,adm%ébu_s fhatlh G5t A¥es AdiDate Rravitchbetwienla mpusetantirakeybbard
plurality, _of ‘gﬁ) ects jn.the ry at le sﬁtﬁ.aone obj ect associated with each

gener at ed®i np %QR?[%W&&“%%WF%Q“& %ut put” si gnal causing the
di splay to di spl ayThe redecedtkeybuard fisabiguatingtsystemdnayhglssches ingerporsted @i t h
i, 021 ! e b il o e i st o
each of the pample i3 FIGURE 11 a reduced keyboard di bnglatmg system of the presen
invention is depicted as being incorporated in a two-way pager 1200. The two-way
30 pager is provided with a touch-sensitive screen 1202 to display messages to a user
and to allow the user to enter messages into the pager. Rather than having a separate
typewriter-style keyboard, a keyboard 1204 is displayed on the touch-sensitive screen.
Contact by a user with the touchscreen at a location above a depicted key is
interpreted by the system as a keystroke. - To aid the user ifi'locating the keys on the

35  touchscreen, a transparent or semitransparent grid or raised area may be formed on




of objects in the nenory are further associated with a frequency of use.
3. The di sanbi guating systemof Claim2, wherein the identified objects
associ at ed vWwoOI9708881 same i nput sequence are di spl ayed to thePGEABY/1R2¥r der
of decreasing frequency of use. A85- The di sanbi guati ng system of
Claim 3, wherein the input device further has at |east one unanbi guous

| nput neans (60) generating a unique signal. - 5. The

di sanbi guati ng systemof Cl aim4, wherein an i nput sequence is term nated

Dy tne user o fshal b e e WBbve GRK kef!“Yhe Gk Syl HARGRIMEUD: 4 ORYE
of Caimb5, woetastile indicatipnad ¢heslocation of their fingers omthesouahiseraen with gespectstoan

obj ect havingsy keBBEAL 1 F SAl 68 GYpiakiatéd Akt BEKEoaldIE1V b dliso be overlaid
obj ects as the textual |r}.t§rpreta

I on of the anbi guous input sequyence, upon
det ecti ng over the area qfithetoychsereen ithat ‘iﬁﬁ?}ﬁemﬁgégesi FPpﬁEe YT ant in
unanbi guous i embbdimenat)she user would periodically move théir hand Th eevievs aindbergerat iteng

system of O ai H}tl@e diwﬁr ein the user may sel ect an obj ect
having a | ower fregue ¢y of use as the textual interpretation of the
anbi guous Text waukhbe eneaferbrinte the Pagsr b2 ry siopiar (aner gy the
deV|hce to aln Hﬁﬂi&ti?&ﬂﬁ&ubd&a labpiiﬁ?a%lﬁther than displayirt]zg thé séledtioallist h @keledtivns,
each mani pul at.lon 0 e user _input.,. e Lo the unanhigu
i nput means s Fterc?g’i°ﬂ'gﬁ%‘ﬁ°"85j ae.&ehecﬁ%pﬂgl\ﬁgg Héghe RagHLFP 'Egﬁﬁelﬁg@spgfy ed &b the, om
t he 10 insertiondpoint 88 énl théjtedt window. The first entry in the s@lection listeis
di sanbi ti i oy SREfHR! fistien
sambi guat I ng; gdl Wkt {He! fidst 63 BtherRitrid§hifihg the sel
second i nput sgﬁﬁ%ﬁr}ce#} Iﬂ? W, N Q’{Tﬁe manj Iafrls.,on .of }. e usergi r?sateadkeesyi ce
to an in the manperdeserbed goove, Fane %ﬁgﬂga:mblguatxon of the keystroke sgquengg is
The di sanbi gugbinplgte; \thé e¢teatibn Qisal2068is reinoved mmﬂmpmmédsgmgpbﬁdwthe last
to the di splaygdyiiPile daterdd fift ¥ 184t DiBflasith 1HA%SeleBisH & Gt HAAHLerRGHNGHE R
fol |l owi ng novement of 't e “user. i nput tdew ce to at ast. one
of the undfbi gheotext ispgads thetexs entry since the user’s point o gaz;ogoes ngthave to be
d} sagi_)i g;Jati ”ge‘ﬁmmg@fhe%mné’“wf [ei nI each of tpe plurality
of objects in nmenor Q t ne plurali ' .
11. The di sanbi gﬁ%’t 3"'@?5 _q?ﬂ%%?n?dtg? rﬂom,gﬂevé?épgﬁdnﬁgﬁgg‘fddg}égﬁ% ﬁilg‘e’%mg
obj ect s associspstem 1300 fis shewm icEIGUERE ilapuThe fqote panst of dhejisysteryied touchr
sel ection |1 Stefitive, color liquid crystal BiSpighy 'ﬁR‘:E%’lBGZhﬁaﬁ 8isgiayd Mforatién &PBLAEMI NY
obj ects of atélﬂg t"two of thée plurallty. o . objgct types.
120 The2fl s 2HGASRAET9RIy USerinBHy i entiverfront pageh of the,systgmys FORER genstB e
capabl e of enithdticontaet withithd surface bf thenreducedrkeyboard generaties inpud sigaao tg thehe
processor cﬁlﬂﬂl rat 4 5h Yrad Si p@@k, t d a
desired one ofyﬁt?'nné CSFSF% [ tg%fﬂ_ltgg%%gah onfat mﬁag%eg on tﬁﬁrg %btglj?g?(l:gt sin
t he sel ecti on twelye keys 1304 arranged m.the preferred layout described above. |
Rather than defining regions on a single display to display. information to a
25 user, several windows are provided in the disambiguating system 1300. A text
window 1306 displays several lines of text entered by the user to allow text input and
editing. A keystroke window 1308 displays symbols corresponding to the individual
keystrokes entered by the user in the order of entry. The keystroke window provides
) visual feedback to the user and also allows editing of the keystroke sequence.
30 Instead of a selection list, a set of selection list keys 1310 are provided to
display a selection list corresponding to an ambiguous keystroke sequence entered by
a user. Each selection list entry appears directly on the face of a key. A user selects
the desired entry from the selection list by pressing the associated key. Since
sequential access to the selection list is no longer required, the select key of the

35 preferred disambiguating system is assigned the function of a space key 1312. In this




13. The di sanbi guating system of C aim11l, wherein each of the plurality
of objects in the nenory are further associ at ed with a frequen of use.

14.  The dvea®mis§#lati ng system of C ai m 13, wherein the obj %Q:"E’é S36(23%0 e
list are displayed to the user in order a‘i‘é-decrea3| ng frequency of use.

- 43- 15. The di sanbi guati ng system of C aim 11, wherein each
of the plurality of object types is further associated with a priority.

16. The di sanbi guating system of C aim 15, wherein each of the plurality

of object types ?ﬁmte},}enss St 38 bgBhorficerelo nggh%das@&&&&dd H%:Jnolst% of the,

associ at ed pr FBF uatin
wher ei n one otowhﬁelpltmeéﬁﬁ yvidsithe Bfst eatry 9f3ese s¢ %Ctlanélﬁ'ar]a%s!%at‘il&{wlétlét i on
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of object 3ypkeysis a word steminterpretation of an input sequence, the

word steminterpr ehagtétgpvvﬁﬁﬁgpiﬁk'li‘ﬂs@ﬁmlvﬂ@éﬁn t%@@ls% iR syétemab disphgt one
i nput in the input sequence an Sgatﬁn h

cor r espondi ngta Betyser he; qurrent i‘ﬁt&r"gég%eﬂgt g (fn the status 19
The di sanbi guadrdegy shost ellether tHearent kéystroke will he dreeﬁnsf ott seeopd kewstroke offa
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interpretatio characte east, one Input in
the inputl® eqlgemrekmsdthp knystaolemﬁﬁ &?&@Homar An indicatop dield 132ds also

di sanbi guat i NEreR¥RH AR iRdichte AiHEn the sNtGHedi Has ®Bén @épréd3ed mhdi tik ithe nédt ledrect

types is a pr n interpretation of an input sequence, the proper noun
i nterpret atloﬁ'P&‘?gd@Hz? FioARy a}%? "east one character to at |east one input in

the input sequenceTha dnbodmnmgo&tmommcsd &eyhnarg disambigeating system depicted inThe
di sanbi guat i ngy, &} il z%mlw%ﬁmer tt@&hé'%ﬁéfei’r@@&nb@ﬁiﬁéﬁe butr fHeer

el e Hheson, SpReaion AeRbit TERR SR Beriise O REE O i

i nput nmeans. touch sensitRi, a usef ineaydelsetniorgsiat oﬁlg symbblsrdlsplayéll i the Mndow:ehyel n

obj ects assoc r ree}gcﬁltn n t he
selection |i s o%oﬁ'?'é Fﬁy%ﬂégﬁggﬁg&%ﬁﬁ l\ﬁ/)\né g%hag &C%%%ﬁ hude” .
plurality of :het@tpngemad«? bmomh@s a wardstorditsia she trxt sandow 130 sthTec aS?Sngm
before recei viyjekeydir theUeybsuid ¢50£may also be chaliiged by Thesysieantdrefuatdifigrenty st em
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window to reflect different key meanings, since the faces of the keys can be directly
changed to reflect the different meanings.

Variations can also be made in the construction and operation of each of the

above embodiments. Those skilled in the art will appreciated that alternate

25 arrangements exist for the keyboard 54 of the reduced keyboard disambiguating
system. A 3x3 array of data keys 56 is preferred because the arrangement is easy to
manipulate with the middle three fingers of a user's hand. All keystrokes are either on

a center home row, or one row up or down. The system keys 58, however, may be
arrayed in different locations in order to speed text entry by the user. For example, as

30 shown in a reduced keyboard disambiguating system 1400 in FIGURE 13, a select
key 1402 may be located on the left-hand side of data keys 56, and a delete key 1404

may be located on the right-hand side of the data keys. Locating the select and delete

keys adjacent each side of the data keys simplifies operation of the keyboard since the

user may use his or her thumb to operate the select key and his or her pinky to




24. The di sanbi guating system of C aim 23, wherein the user may select a
desired priority between the identified plurality of object types that are
di spl ayed i WOtd@534&| ection |ist. 25. The di sanbi gu&?’ﬁ@”@?@c‘em of
Claim 1, wherein the user input device i87nhpovable to a plurality of radial
directions, each of the plurality of radial directions associated with one
of the plurality of input neans. 26. The di sanbi guating system of
Claim 25, wherein the user input device is novable to eight radial
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code to nodi Bﬁte?t&r@!étéf a8 Qedysit @e&ﬁr%htlfe he ﬁ&kr&iﬂp%ﬂﬁlggnﬁﬁé %@ﬂtexn%ﬁult

32. A di sanmhj.qua {o o atgb utatk g% uops | o stick

sequences enP8 hg“ 89“5 ﬁgésr %nl’fgyg‘ gﬁr?ﬂ 5? Y ?88? ?X SI é Y

(a) a user butntpniactd@y lacsele(:tSHf)y draathergunambiguoas isystero fkey.n g tiseresaysthérsfore each
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sequence of lanmguoﬂehe)strbhatm kisemannesdescribed above. '

- 45- Other input devices can also be substituted for the keyboard in the reduced
keyboard disambiguating system. As depicted in FIGURE 14, a control disk 1454
may be incorporated in a PDA 1452 or other portable electronic device. Control

20  disk 1454 is a generally flat disk that mé.y be tipped eight radial directions. Tipping
the control disk in one of the eight radial directions generates a unique signal
corresponding to the particular direction. The control disk is biased to return to a
center default position after movement in a radial direction. Moving the control disk
in one of the eight radial directions and returning the control disk to the center default

25  position is mapped to a keystroke on one of the outer circle of data keys. The control
disk may also be pressed to generate a ninth unique signal. Pressing the control
disk 1454 while in the center default position is mapﬁed to a keystroke of the center
key of the data keys. A dedicated select button 1456 and a dedicated delete

_ button 1458 are locating on either side of the control disk. A user may therefore

- 30 enter text using the control disk to simulate desired keystrokes. A disambiguating

system 1450 connected to the control disk and incorporated in the PDA would
disambiguate the ambiguous state sequence in the manner described above.

Another portable electronic device benefitting from the reduced size of the

control disk is a watch. A"watch could incorporate a small control disk on the face of

35 the watch and the disambiguating system discussed above to allow a user to enter text




sel ected, the generated i nput sequence having a textual interpretation that
I s anbi guous due to the plurality of characters associated wth each i nput

means; WO 9195541 3 nenory (104) containing a plurality of PEB{USR¥R29%5ch
of the plurality of objects being associ al®d with an i nput sequence and a
frequency of use; (c) out put means (53) to provide system out put
to the user; and (d) a processor (100) coupled to the user input

devi ce, nenory, and output neans, the processor identifying fromthe
plurality of ' - cong gi in e y | 661 dAorifded!
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i dentified objects associ at t he u ua
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di sanbi guat i nthesgentrondiskf catrespondssto arksyssraket ofcthieqesnterfdagal kay; eEhesbutten
provi ded 1o tRaidd&eldw thY clipkrof bisk R6FrBibonatd tHRGERECKey? hnd! 812 button located3 /-
The di sanbi guat | ngl syste o& Clalm 36 \‘\,/nﬁr e| rlgeté(hmser maé .sekltiect an
al t er nat el¥ extieye hﬁ?‘éﬂtfﬂq]é‘{s {SPFRsRONAs tnothe Gplste ke Yhenomagped 4n iy mauger, a
mani pul at i onsuser nidyarapidBrinputpent udiag itieectetimiquealescribetd iaboreus | nput neans, each
mani pul ation of th ' b n IO TGORE ns
sel ecting a differ %n?ggg?lgg?%%ﬁé%'ﬁg s&%&%‘?ﬁp}deﬁnﬁo%ﬁegﬁﬁt WO, O t'heThe
plurality of Beftehle disambigutying systemdus pibgdy ! &Qg el asneralishaped like a pen so
o 46- f thﬁt it rﬁag'-bel ealifiegrdiped b iadisat. ijmgtbr_&diag fronDén &petture BS04 arhis dp of at
east two urali.ty. o i fLe ct r i st
tho |1 st Bbi nEperivchaints Somt £500,; Obf Snf AL i e Baf 1308 Y Ritbibataste
frequency of thpebod_y by a bal_l 38d socket ihintak OB g Ehei othersenst efthesoputishaft extends
di sanmbi guat i NfoaHeOti9 b2 thd'B8dy, and terminates in a high-friction tip 1510. The ball and
socket joint within the body of the pen allows the input shaft to pivot about the joint.
The pivoting motion of the input shaft 1506 is constrained in two ways. First,
25  a resilient bumper 1512 is positioned in the aperture at the tip of the disambiguating
system body. The bumper surrounds the input shaft and contacts the input shaft near
the tip 1510. The bumper compresses as the input shaft pivots around the ball and
socket joint to allow the input shaft to deflect from a default center position. When a
pivoting force is removed from the input shaft, the bumper biases the input shaft to
30 return to the default center position. :
The pivoting motion of the input shaft is also constrained by an inflexible
limiting disk 1514 which encircles the input shaft at a point between the bumper 1512
and the ball and socket joint 1508. A cross-section of the limiting disk is shown in
T FIGURE 15B. The limiting disk 1514 is formed with eight cut-out segments 1516
35 that correspond to the shape of the input shaft. When the input shaft 1s moved




sequences entered by a user, the disanbiguatihg system conpri sing:
(a) a user input device (54) having a plurality of input neans (56), each
of the plurgldbyeh; i nput neans being associated with a pluraétisodiazo
characters, an iInput sequence being genergfed each tine an input neans is
sel ected by mani pul ating the user input dévice and corresponding to the
sequence of input neans that have been sel ected, the generated input
sequence having a textual interpretation that is anbi guous due to the
plurality of characters associated with each input neans; (b) a
menory (104) cwmaed rfifony the mefanki| denter gfosivion.e theslimiting hdigk litrite the Linguiti shaftof
obj ects bei ng ' | ; . ality of
obj ect types; mﬂﬁéﬂ’&% &zfgéwg%dcﬁisl cﬁnr&&iﬁgﬁg%fﬁ%&?ﬁﬁ&nﬂ@th@ IE?Td)&it se%ﬂ%#%c essor
(100) coupl ed to tFighhgWtches a8 b Ry ¢sisianed arapund theinpytshaft 4 5P6 jnside
wherein for ethelbodpido2 iofi thehportableudismnhigietiog sesterer ekhelswitches are arriehted so
processor 4 de@&i fe%&s switcb€spBhdd 86 'chy & tthéi%?trédﬁPHfr Ho5¢! dfrln%xﬂes mory
| e t th ed I npu an

one Or nore O Cls assocCclated W 1lr _QaCh gener | sequence
gener at es an wavementsidghingd byydhe Jimiting ofdisk| &y shovm Sipl e Frestseetionorf] j st

pgrrp [ ! fS! ng t hplldtqmla_tlitstj. e?i@g@eﬁ:om& Gnpudjshart S?ray\lfﬁ%h?'tht défambeedt@émﬁﬁ)art ]
identifies a plurali of . obj e Qnpri sing t.wo or e objec pe e
selection |lis e‘&ﬁ%ﬁr?%@é ‘P’aé#R‘ﬁ%fs?%@ "g%j ‘éocf'&pgdﬁ"ﬁgoﬁ? l??gfl? teiz?’tfwgﬁ&t‘%ct Zf"ypes.
40.  The di sadditianabswitch isyalscelocased @ therhaiaindisocketgoint b5Rr ofsthe gnput shafhik er
b bcess0r GenrartaRnl With Y iABr y SCBORRYER houbREnT bR 18 Xiable® 1
the plurali tygiéq‘m'?i 8ha %ﬁ“oﬁ°€¥ae?‘%ﬁiﬁ€cf}§ Pyt h%“@el’@et it@’n%ngt .°9 the
41. The di sdisdmbjgadtinggystgmt em of C ai m 39, wherein each of the plurality
of objects in the furt SOy | r e.
12.° The di sabi gr it piagt el tlohel) ) B lind! doltc, &' €9 4l Shd Yook
obj ects in t hiointdPER tare coppected,1q: PEACESHING, SEFUItEY comtained on; § ciFyb cagsk 1520
(cji_ecr re;)l'Si ng freitliangy body of the poréable dfsam_ﬁi_gudting'l\&yst;ém.* The proc?s_sing Zk;ﬁfcuitryfl'he

i sanbi guatin stem Q i m . wher ach of t . ect
types is fur t%&ﬁxﬁs.s s%qP%‘Fg%‘%w tagsogxapr I o_r%g/& Q‘d a &SIH'R &rﬂéﬁﬁ}é ymPerffggJ
di sanbi guat i nBissmbigusting saftwiars and, vosalany rmediles & stored pithimithe prosessing; ect
ot ority, | SRR (Hllok the BRADRUBRPGNIARE I b e N or el 1 one

: . . ! t - | , ar e
of the plurality o%ﬁﬁ)ﬁiggﬁfa‘q‘%e‘go‘f'g s‘!‘ﬁ’g’gﬁc%artﬁ? At switehforgird 3t E“?f&a:ﬂnput
sequence,2t heamhsocket joint] ateempppridatsingnthertechnjuetdescribed abowsto theeninedata i n
the i nput seq C S | AR . .
The di Sambi guEprnOne, XA il £:20 SR SE: %ﬁ-&“%ﬁ?‘f%&%f?ﬁﬁ@
rd

!
obj ect types 10s3¢t HoA® ‘%‘F@h‘&‘ﬁ?-’eﬁﬂ?‘étﬁ‘@(%rﬂﬁiﬁ‘e &BYi nfNSEE & :
st em i nt er pr epértabledisanisiguftinggsta 115006y plaving airetip €5 1 oftthe irfput sttt onoany
I nput

in the ;\Bﬁégle surface and moving the body of the pen around the input shaft to simulate
25  keystrokes. The tip of the input shaft prevents the input shaft from sliding on the
surface where it rests. Sufficient memory is provided on the circuit board 1520 so
that text may be stored within the portable system and later downloaded to a
computer. Alternatively, a direct connection may be made from the portable system
to a computer or other electronic device having a display so that a user may view the

30  text as it is being entered. '

It will be appreciated that the portable system shown in FIGURE 15A may
also include a display on the body 1502 of the device to allow the user to view the
text as it is being entered. Preferably, the display would scroll text through the
display window as the user enters text.




sequence and formng a string of characters corresponding to the initial
characters of an unconpleted wor d. 47. The di sanbi stem
of d ai m 39WOHE M one of the plurality of object types |sﬂyﬁﬁgﬁ32ix
interpretation of an input sequence, t he*4for d interpretation associating at
| east one character to at |east one input in the input sequence and form ng
a conpl eted word. 48. ‘The di sanbi guating system of C aim 39,
wherein one of the plurality of object types is a proper noun

interpr tet ation of thulb ”dﬁHtarl])%eélllﬁélﬁﬁtlod fﬂflat{éﬁ Qﬁteihen@sén of rth@ﬁﬁdltﬁiﬁdt k&Board
associating a ast .one char r to.,at |eas n n the
sequence and ééﬂ"ﬁ?'ﬁ‘bm&gé P earacts and English, 8 il be aqﬂrgcta {88 that
di sanbi guat i nhe Systemns (eﬁuzﬂlyaoperab&, with doreign Ianguagaeusmgl plffereimphuactm sether

gggﬁ;; Sﬁﬁeﬁnt'ﬁm{?‘er A %eu Libhs WoRHbp Qﬁ?é?snﬁﬁ@m% Gﬁl’i‘%{e%?é @cﬁam&ér

devi ce IS u at ed uoys ft
i nput neards. set grouped )y the keysoofthe k ﬁ!fh"g{fld M‘@ﬁ%f%ﬁ&@gzﬁ“ fﬁemﬁ
obj ect' s assocambigaityintthe phﬁcmmwuagqm acmtsempltrpteahngmgesre di spl ayed in the

selection list bef t SQC]

plurality of int erjgi[’oee P‘ ‘?:P‘{@a% eﬁ%r%%égg&%e@%ﬁ{b 91[ @'ﬁg&h%dul?\sal
before recei v¢and>mabln¢>mthme@}gsmeuter for exampipvocabutary rae ogwwmlysglyst em
of Claim 39, whag %éﬁlédl‘%rﬁﬁeinm&lgrﬂaﬁgﬁage termsOf VDA §yfstent YRR, the alserdéf

TP @49 " Eigh 8 ettt Bl the s6dions) ol Yo SRS 10 PR e

- 48-
user may sel efist arlistsmrtbei h;trofcposml;le iweeirds; ovitht $pecipl colodationy oohlgbbghsmg tThees
that are di spf; 9&4@9 I hat the selectioh of sudhia¥brdeditsddCinnt i Ng
devi ce to al IJ(l)w ﬁﬂm&lr}??&?rﬁmggc%gﬁgﬁ%oetr aco&ose:ec{i:,t ooas‘%l sap ag/ 5% t he
text and poi ntydifje wamingbeednpri si ng: (a) a nouse coupl ed to said
conput er; (hose ﬁulltﬁieﬁn ithep @it olély ifarehdrSreognize tir thieeiipun deviee,ninuse

d h t
moans bl 1 oReetEdian thd Kydahl dan BE Shapisald ?"’“‘ﬁﬁ? T R
bei ng gener at Bdﬂ%ﬂa@hb@mmaﬂlei %@’Fﬁ? weuld comprise| atkeybeasd 3od assasitedhe
user i nput degﬁbﬁ.g‘ia ok& érﬁex"eﬂ%yseﬁs&ms@ied npthe xﬁmm tThad

d

e prot s oRoh %vgh%ﬁbﬁnér GUEy Qe B T ool BY g bR gt

interpretatiof®
associ at ed wi and &mcéntemddﬁeystMSseqmmdes disambiguased. 'Ehl-‘d ppRreachgisaparheplaryst em
(50) coupjgd ﬁe:éﬁdéﬁgvﬁ Ee {12 hasieYﬂp%déﬁée ﬂ'g?&ﬂ’?'sﬁhtﬂﬁieﬂgc%m HERNS withRH!

sequences enter e Uus |sa uat | n stem.conpri si

(1) a nenor e(Sfeas o é‘i’ﬁ aPHﬁ‘ﬂb‘f glaims, l“aW 83 8pPPLS é’at gé?cﬁe?)‘ft“’f‘h‘gm be
plurality of placteddotheaivisg thasascpedificillydeseribed hergint sequence; and

(2) a processor (100) coupled to the user input device, nenory, and said




di spl ay, the processor identif;iyiaum me gpf the plurality of objects
in the nenory associated with e : " rﬂm”ﬁmt sequence, and generating
an out put signal causing the display tod difspfay*at |east on f

i dentified WOEOFMassoci ated with each Peisoling

generated“input sequence as a
textual interpretation of the generated- put sequence. WO
97/ 05541 '

PCT/ US96/ 12291 : - 40-

Wi l e the above discussion relates to the use of the reduced keyboard
di sanbi guati ng systemw th Roman characters and English, it will be

apprecgalg ]gad t hat hThe enibiRinfents 6thé ﬁweﬁthl ih%vlﬁcflﬁirﬁblcms%tﬁﬂoﬁwlyed@ﬁ\»ililgg@uages
usi ng | erent, C rac ets. . orel gn anguage ver sl ons wou
laimeda detined 4t FPRS: 1 o

operate a sif reign character : 5 set grouped on
the keys of the keyboard to optim ze the keyboard and mnimze the
anbiguity in the particdl disambigyatinge sysemadpbs dispmbiguating | ambugHays s state
Thgsle skil | eqeh&ngggee,ﬁérgd u% hhs?,lht;‘ae d{sﬁﬁﬁgﬂitﬁgisyhah caﬁlﬂi-ifihgnial vocabu: ary
nmodul es can be enapled w thi.n conpui er, far. Y y
nodul es containing | egﬁi 3 ugex Input ‘%&YFL@V‘“&’? Ré“,mhéﬁé?f a}gsf gf%&?ggé@%ge
terms. Via a phymliynofieates being assasiateshwith(a plucality iof wharaetees angds generatingt hat

the addition cigﬁ & that'\DL P nﬁ?@nﬁ?a@ﬁ%&ﬂuérﬁe% R@mipulating thd dsef it | ast
in the list o 0SS W | col orat.ion or ”(9- The

e words,, wth _spegcia .hi i ghti
di sanbi guat i dlevispde dhieastPng %dh%@“%tlp teLEs, @ ‘F’FFBgls‘Eﬁeﬁ’éFHaB?f‘ gﬂ‘?ﬂ%‘#’ﬁ wor d
causes an stat8 setjushee buingdmtdguvae due to the plurality of chiafastess assodinted with eathe ar t
will further rt%gogni ze that the input device, in 15 particul ar the
keyboar d, cart be separated fromthe rest of the di algbi guatin syﬁ‘tﬁj_m
In this enbodi ment, the(bpor t aBEROTYSHNANINGY Plyral ¢ %Gtﬁek@w#gﬁ?a Hy
fasst(:)(r:]i at ed ofoT gng%gwgkg&ggﬁme;entered by a userta(rjetst;)[]ed
in the nenory. e orta evice i s subse onnected to the
rest of the di sanbi guat§hg s?&fﬁ?ﬁmdepw&mft%gu gﬁﬁ@?é%xiséy@ roke sequences
di sanbi guated. This appdacha ipsocessor icoupled Itg the us¢rniopute deNice; memery, end
portabl e i npuj; i | At LAsi e 'f,jnﬁﬂ $iphIE afeégondi I tithe stat t he
scope of theu%?}g%dfehg Eﬁ%glggrsissla rikatéw\?\nd%?ﬁée'apgieeci at gog}%k?ghlé% e 'k.n?;.egitai.?)n can
be pr acteABeRge SERUTAtRA DY the yseridentifupg £t (eas Qpe I LRT PRI, 8 gPiFets 10

WO 97/ 05541 the memory associated with the same state sequence, and generating an output signal.

PCT/ US96/ 1229, i i f the identified objects #sociated with the
The enbodi nen%agmg ‘?%‘é‘s?‘%xﬁé’n?‘?%ﬁ alatr%eas ?1(1: oatrl]xeéegT uesdloé roperlt or

privilege isame ssatasenusnce asartexiuy interpreiation af the entered state sequence. p
di sanbi guating system for disanbiguating anbiguous state
2. The disambiguating system of Claim 1, wherein each of the plurality of

objects in the memory are further associated with a frequency of use.

3. The disambiguating system of Claim 2, wherein the identified objects
associated with the same state sequence are displayed to the user in order of
decreasing frequency of use.

4, '~ The disambiguating system of Claim3, wherein the input device
further has at least one unambiguous state generating a unique signal.

S. The disambiguating system of Claim 4, wherein a state sequence is
terminated by the user manipulating the user input device to an unambiguous state.

6. The disambiguating sysiem of Claim5, wherein the processor
automatically sélects an object having a highest frequency of use from the identified
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sequences entered by a user, the d wﬁm,”m,ﬂ’ t em conpri si ng:
(a) a user_ input device havingla |y tes, eac%g@pé}?e _
plurality oQY45&4 being associated with a'pldrafity of cha d22314
generating a uni que signal so that a us@r nay enter a state sequence by
mani pul ati ng the user input device to at |least one of the plurality of
states, a textual interpretation of the entered state sequence bei ng
anbi guous due to the plurality of characters associated with each st at e;
(b) ~ a menoryiconh iy eeud iRleriralatiby of theOfthiigichs sBAE Seqibnde\oR d&&'tih%y
of objects bel assocj at W th a state seq‘}ljrg%e; ()
di splay to deiBedanippiationo gﬁﬁi?’ IppuLdexIce tQuqn iguous state. (d) a
processor coupled to the user input device, nenory, and di splay, the
processor receiving theThndigambiguating Isgstero of Edaim 6l whgreirothe lusershay select an
sequence gene j if i ) : ity
: 6@&?%&%{1%%%“’%&%’8?% ef alt s\%m)é% Eﬂtt%%tumﬂt%br%ﬁox%f Iﬂéeanw(laé‘ifogxg ,

of objects in nory assocl, sane state sequence,
generating arSt¥ft$6awense iyamanipglating the usez ipputpderice: 1 ap dipmbigueus @atet aone
of the identiglaitydfititdsseath aaipatation of the usérdnput Fevite & the anafibigeaaatas a

textual inter .at | . r e . . . The
i sambi guat | ripeeye 4f Sufe e § e e S hBAERGESNBE i dhe fenifi obides
objects in the nmenory are further associated with a frequency of use.
3. The di sanbi ghat i nghe; Jisembiguating; systemof Glawn & whergia thejusir; maeentehpect s
associ at ed Wi deBoidgtaten sgquehce! Polisedtige theemanipulsticip bfiyiesl used ihpt devide toraar der

of " decr easi fr of use. 4. The di sanbi guati ng
system of C a‘l“{r%ﬁ'@fgl‘&ﬂggéﬁ t he i nput device further has at | east one

unanbi guous state generating a _unique signal... i 5. . The
di sambi guat i ng sys?-em oThedisampiguating system of, Clajm 8e wherginahipace is appendsd @ nat ed
by the user nggi gishlaydd Gedtlisl iRerpretatival offetheC feckived Nsthtaa Sdyjughtrl Folidvahe -

6. The di sanbi guat j syst of i ein the pr SSOr

aut omat i cal | 3}“%7“26@? gfﬂﬁ ua%n] 'gﬁpdﬁg\?? @gﬁé@ﬁf%e\g@ﬁﬁ??@%ﬁc@s g‘%&&se fromthe
identified WO 97/05541 = ) : ) PCT/ US96/ 12291
- 42- obj ects asl@he Thsdisembiguatiog syssemof Glnimfl, whereinrsrh abths plurality of
sequence UpONok&dEmtrhétAorybRIoNR b BhE oftd Slirafify dfftbjedEped NPUt device to an
unambi guous st at e. 7. The di sanbi guati ng system of C aim®6,
wher-ei n ‘the user S Cl. .0bj.ect. i A Feguency. -as
the textual inter gf%t q'?li. % &'5%'% lggrtbw%%}(gSg%éa?%{tly?é‘a{?{enntggg%&&ﬁ%&nP%gﬁgti ng
t he user i npuassepiated avithothgrecaivadnstafe gquenceace displayadaini 3 yelestion;list on thech
mani pul ati on @épldy)ehd!Sééction Mgk cotRaihing objectsT f NeudPived 0f th lﬁ‘aﬁtf&“ dtng an
obj ect havin ap nsgxt | ower frequencygofguse fromthe ider?ts‘i;fie ob%%:ts.

8. The dis guating systemof Claim@6, wherein the user may enter a
second state sequence follow ng the manipul ation of the user input device
to an unambi guous KR at eThe disambiguating system of Claim 11, further comprising a speaker

capable of emitting a plurality of tones connected to the processor, the processor
generating a signal causing the speaker to emit a desired one of the plurality of tones
based on the objects in the selection list.

13. * - The disambiguating system of Claim 11, wherein each of the plurality
of objects in the memory are further associated with a frequency of use.

14.  The disambiguating system of Claim 13, wherein the objects in the
selection list are displayed to the user in order of decreasing frequency of use.

15.  The disambiguating system of Claim 11, wherein each of the plurality
of object types is further associated with a priority.
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9. The di sanbi guating systemof Caim8, wherein a space is appended to
the di splayed textual interpretation of the received state sequence

fol | owi ng nawaesmss4iof t he user input device to at | east one BCTUSE6/12291
unanbi guous st at es. 10. The digganbi guati ng isystem '

'syst em of —Craim-4—
wherein each of the plurality of objects in nenory belio f )
plurality of object types. 11. The di sanbi gugﬂ"!ﬁ"ﬂ”"ﬂm@”ﬂﬂ :
Cl aim 10, wherein the identified objects associated with*the rec at e
sequence are displ gyed j.n sel.ect.ion |ist A di.spl.ay, .t he_sel ection
list contai ning oblj%ect sﬁl?fgﬁi’t“ﬁﬂ‘%ﬁgf‘g FW’BPfﬁi’ém&%ﬂﬂeFﬁ‘?eﬁh %‘ﬁﬁhﬁd%l“r%es.
12. The di sdwbjegtiypesig the sdectionlist@raomietet, actandingao thoassodiated griaritypeaker
capable of emitting a plurality of tones connected to the processor, the

processor generatifg a Pli@mbiRiifhd g stePolORAK 21, %ﬁ’er@imornc%fﬂﬁsﬂgttﬁrﬁﬂty%e of

the plurality, of tones, based on the objects.in the selection :

13, The di LIRSt JYBRS: iR SOUABIEY derpretisian of A keyplioke Saauengs, theecharasien) i ¢ y
of obj ects i rinteipretatiom interprezing Lk ldasy ones statei intthel statd equefdecgparambigioustye.
14. The di ggﬂ;,g&?t stemof Caim1l3, wherein the objects in the
sel ection Ii?? are |¢5H;§'Pa§?/%d to the user in order of decreasing frequency
of use. 15. The di sanbi,guati ng system of Caim 11, wherein each
of the plurality J8 objEedisambiguatiag systamal Claun & L, wheseingne of theplarglityiof

- 45- s @bjeet Gfpes lif1e wisrdestérh ntespi@ptions eﬂueclreystrcfk;ewjeqa?me,th thetwérd stem
interpretatiqn. . . 0 rgly 0 aracter

associ at ed wq@ﬁ;pggéﬂéf r?f)%_fqa h&iﬁg jea(}{'%né Chu%gt)ep tgaﬁ_nlﬁ%%r °g ?CLtBtAT) e t%?tﬁi ng a
plurality of seajene¢ and fommingos string of charagtens\cogespopfingits theinitipl sharawerstafd.
wi th an i nputansmesapledaistda frequency of use; (c) out put means
(53) to provide systemoutput to the user; and (d) a processor

100) coupled to tjhe u - ' n he
g)r oc)essor IOi denti fyllghg %n%l{;ﬁiﬁ%ﬁﬁ%{%ﬁéfeﬁ{@%%? é@%h%%&ﬁ%% ﬁgg'_‘ |9S%mf‘fﬂté{ cfgem)r y
at | east one objecksypeads acward-interpretationcef gotate sequencapihe werduistaspretation

aut omat i cal | sqRiafing i dd0es® dnei Gafactep\tb"dt Radti cHCsthte! mCheoRaY RjudiRe anHOM
the identifi aqbj eCt s &?Ffﬂo"(‘:’leéhed w th each generated I nput sequence, and

generating aroSypHacowp sing the output means to provide the user
the sel ected object as a textual interpretation of the entered input
“sequence. 3. Thedisagibiguatingsstenngf €lpim &y wheréininmoB the plimalityiaf t he
user 1 nput d%ﬁ{é&?tyfpb'i isrhe?roﬁ&r%hﬁﬁ%rp?&aﬁé}?m Re\RtDké SEybendE 8HeSprof@)nduliat
generates a sel ect Sognal - - .

: interpretation’ associating at least one character to at least one state in the state

- sequence and forming a completed proper noun.

21.  The disambiguating system of Claim 20, wherein the user input device
further comprises an unambiguous shift state that generates a shift signal when the
user input device is manipulated to the unambiguous shift state.

22. The disambiguating system of Claim 21, wherein objects associated
with the proper noun interpretation are displayed in the selection list before the
objects associated with each of the other plurality of interpretations when the
processor detects the shift signal before receiving a state sequence.

23.  The disambiguating system of Claim 11, wherein the user may identify
the plurality of object types that are displayed in the selection list.

——————
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when a user nmani pul ates the user input device to the unanbi guous i nput
nmeans. 34. The di sanbi guating system of C aim 33, .wherein the
user may ac®epe7/855él obj ect havi ng the highest frequency of uBETAH§96¢13291

textual interpretation of the entered i npd4- sequence bym
user input device to the unambiguous input neans.

di sanmbi guating systemof C aim34, wherein the processor ‘;'"]@“Mﬂﬂ#
an output signal causing the output neans to provide at’ Ie'astc

identified objects ﬁssogl:#téfsgai\g; t hﬁxﬁgh%é{ ﬂgﬁé%&eq% ‘gﬁergséﬁ)osssé{i_ﬁ}ls!e, sglgcxtt ual

i nterpretations of “the

di sanbi guat i ngesisedt prinrity betgregn nh%siennﬁvdrxduwahwh@f objeatttypessbatobse alisplayed in
provided to thg defBfion fistor der of decreasing frequency of use. 37.
The di sanbi guating system of C aim 36, wherein the user may sel ect an
alternate textual ipterpretation of t .seguence addi ti ona

nani pul ati ons of tﬁ us@'eid?isﬁ‘ﬁ'?'ﬂé'&’ﬂ%sgs?y %mﬂhg eéﬂ%ﬁélfsﬁrp‘&?mrfgegﬁ i$ each
‘mani pul ati on ofoveble tose plurality of dasljal dlirectéonsheachrefitbe ngmaiitqufp'adlaMMCms
selecting a dla% SlafalwitPbRCof the pRIrdliPof apd. i fied at least two of the
plurality of objects having a decreasing frequency of use. WO

I?’ZZ{I'? aggé /12291 26.  The disambiguating system of Claim 25, wherein the yser input device

24. The di samovabls forgightyadigdirettioisai m 23, wherein the user may select a
desired priority between the identified plurality of object types that are

di spl ayed in t hg-,-sel Sfffe! dMAnbighhbting system of Clain?26, whel&ifi the ﬁmﬁyﬂww

systemof Caiml, ﬁ Eln the user 1nput device is novabl e to a
plurality of ASFSAAlfsEctions, each of the plurality of radial directions
associated wth one of the pl ural Ity of states. 26. The

di sanmbi guating sys28m ofTheldisambigsatingsystsmof Glainut,ewhéreipuhe plralitieof objéats
movabl e to ei ght s'db?éi! il ﬁl@ﬁBl'ﬁﬂﬁa tree compnsed of & pluralif o é'nSéé@'e%@hbi@

systemof Caim wher ei n user IS a control
35 “Mihe di S aMORSIsd P S SAIES apk IR £ BIHLY SERBIEFR pl ural§ Ly of

obj ect s are stored in the nenory in a tree conprised of a plurality of
nodes, each node Esso&htdmamblgulatmgsysaneo&@qmeh&enhmdmﬁhepiuahgmfrmdesy of

? lroljee;cz)lt 3r ality of comagtgd by 2 ggr%ix%t%%%éﬂ‘& ﬁ'?ézﬁa@ n?f at hs, i%%%::o?]

the pluralitynefe ﬁsapﬂgteﬁm%m bass sips sApence i A5k abtogtaist Ht,
st at e sequencetavé sequencevf kisk papeie nadsardi @i aditionalstatbe base state sequence
of the parent node and an additional state.

30.  The disambiguating system of Claim 29, wherein the objects associated
with a child node are based on the objects associated with the corresponding parent
node to which the child node is linked. -

31.  The disambiguating system of Claim 30, wherein the objects associated
with a child node are constructed using a code to modify objects associated with the
corresponding parent node.

32. A disambiguating system for disambiguating ambiguous state
sequences entered by a user, the disambiguating system comprising:

(a)  a user input device having a plurality of states, each of the

plurality of states being associated with a plurality of characters and generating a

unique signal so that a user may enter a state sequence 'by manipulating the user input

device to at least one of the plurality of states, a textual interpretation of the entered
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30. The di sanbi guating system of C aim 29, wherein the bbj ects associ at ed
with a child node are based on the objects associated with the

correspondi _ t node to which the child node is |linke

31. The d%%‘fsg{}ati ng systemof Caim 30, wherein th *fc sy, d
with a child node are constructed using %ode to nodi fy | ects associ at ed
with the correspondi ng parent node. 32. fﬂmﬂﬂﬂm’ﬂ"mum’
system for disanbiguating anbiguous state sequences L
t he- di sanbi guati ng system conpri sing: . (a) a user I nput

devi ce havi ngstatebguente bsinghkmbigabtssduead tie sliralifycof chidattess dssaciabéd withesh
bei ng associated with a plurality of characters and generating a uni que
signal so t hat®% user may enter a state sequence by mani pul ati ng the user
i nput device to at | ef®t oaeepfory hentginingal plurplityfof objectsseach of thet plarality
| nt er pret at i ofr dhjectd Beif'a3b&tted with a stfOséhlrelle>hd a frequency of use;
PCT/ US96/ 12291 ey © - 45- state
sequence bei ng ambi guou)dueOtiBut Means te pravide system quiput to thediseb and i ated wit h
each state; (d) a prédEssor eouptedotoytheouses iimput giesicp) memory, yandf
obj ect ., 2aChofbul Bt WePbrobisor Rbeifhp R4 Sriiié Snfls SObQRlnghd dlyaledt ©

o) C) ut put neans to

sequence and a Trequenty use; e _ ,
provi de syst efPABERCE BeneiRted By theopser.idgntifying at least one object associatgd Jyith thes or
coupl ed to theames etaté ngylierdeVvirom, thee Plurality aofl objectst Roitaied g, tHehenddiopgessor

Genor at eq by THERALGNS i FOHES §?v@?%§§18‘1§%ﬁéﬁgfgite‘?gzes%%ﬂ%?%@emﬁ# the
sane state seohiesteassaciated mathpihgrsaimet statof sequgnee,t andc genesdtingdan Quipkie sigoalor y,
?Eteoirrgtelntcﬂ!é%ﬁ%gg&.ggtgu@gtssoci :t?a \?\n“taﬁ ﬁgsggen? sf)télgtag&lsequcz,\(rqlié“ehI andalom
gener ati ng aranF&P'ﬁE#tmgi ﬁ%ﬁenterggﬁg}qf@qqme.out put means to provide the user
the sel ected object as a textual interpretation of the entered state
sequence. 33.33. The Hisambiiguating systami of Claigsi2: iwhereirhs wsesinputvievics n

the user inpufr@ey c6Mprisestin’ MYAMBHERITAS IsBES AP geRaaial AUQNRt SigRAISwhdP user

generates a sel ect, si gnal when user mani, pul ates t he user input device
to the unanbirgaggglagetsgﬂ%gsermputgevxcetoghp_unamp OH$ &&i¢hi guati ng syst em of

Gl aim 33, wherein the user may accept the obj ect having the highest
frequency of use a34.t heThexdisambiguating systemaofl Glainp8 3.t Whereinghe eserdnayt adcept

sequence by i ty t Hi%% ' b6l : %Hpﬂ‘égw te.
35. The di rs@ﬁbl ucgtﬂiaﬂﬁg‘?igt@ g‘f%%%ﬁfgzhg@mﬁe?%%n t etgr ce?gbzl{,o%'ﬁ{re?her
8,

gener at es an YUETSHSIAL o By manipwlating, the yserdonut deyicp 8 MNgMbIBUANS  { wo
of the i dengtatei ed obj ects associated with the same state sequence as
possi bl e t extual Interpretations of the entered state sequence.

36.  The di sanbi gyat i NgngWihmBigRkring Ghent CIURFS £ wheklif thesrobissbehinhbl ect s
generates an output signal ¢ausing the output means to provide at least two of the
identified objects associated with the same state sequence as possible textual
interpretations of the entered state sequence.

36..  The disambiguating system of Claim 35, wherein the identified objects
are provided to the user in order of decreasing frequency of use.

- 37.  The disambiguating system of Claim 36, wherein the user may select
an alternate textual interpretation of the state sequence by additional manipulations of
the user input device to the unambiguous state, each manipulation of the user input

—_— device to the unambiguous state selecting a different object from the identified at least
two of the plurality of objects having a decreasing frequency of use.

_
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are provided to the user in order of decreasing frequency of use.
37. The di sanhiguating system of C aim 36, wherein the us sel ect
an al ternatwotgé/f?f’% interpretation of the state sequenc %lﬁggf“?ﬁ?él
mani pul ati ons of the user input device4fo the unanbi gy jous state, eac
mani pul ati on of the user .input devi ce to the unanbi guou uﬂ'@"mm"

a different object fromthe identified at |east two of Hm"),m
. objects having a decreasing frequency of use. WO 97/ 355
PCT/ US96/ 12291 38 The dlsambxguatm%ystem of Claim 37, wherem at¥east two of the .

38. The di s n of fhe
plurality of H gﬁ{%ﬁé@legtsaqrg pgﬁ?i%ﬁmh tge P?talfemgt Hgn‘faf%\f oMty
truncated to orbjacts thald’a]lbelbw a thedshdld [fteqericpwf ase hr eshol d frequency of use.
39. A di sanbi guating system for di sanbi guati ng anbi guous state
sequences entered Joy a AIS@sambi3 e@Jaﬁnﬁlmzﬁﬁml@%blihgﬁ state

(a) a user l}ﬁ%gt devi g haV| n&lﬁg&awg of st each
plurality of 564 ?%’é‘?’ﬁé B3 iBHatng Y stem) ?W'ﬁl“gchar acters and
generating a uni que s(lajgnala ssertihpit devitechavingya ehirelitycofSétates eaehusmbhe by

"ot er pr ot at | EGE sthtdp dhing SRR WY phFRRy B haSERLE and elithith o |
plurality of udigwedsignal so thakbusermay epier g squgmegy mampulatmg the user inputp)

a menory contgavide waﬁem Bhélkthie}’a eéxmbh@srp&:atm@ftw eritéted Blatl sthiénice being

obj ects bein SSOCI gl m p a gh%rés&ggens? ne ﬁ)fsta? plurality of

obj ect typ 1ZUOUS ue o the plural a Sf@gm c (d)

a processor coupl ed to (bhe mcmowmmtm»g & pluralite ofrebjests;, eacindf thepherality

di splay, wherggighidcy basg fass%aiea with ) gtak! @qﬁe&%%@”&&‘e 8Mh GhedithYorl SFediSer

t he processor |dent| res at least two of the plurality of objects %aw ng

the same st att¥Pes; sequence and generates an out put signal causing the

di splay to display the (cdenta display; and | east two of the plurality of

objects in a selection st | ' f at
(h? a H&E @&x&ieﬂr}o théﬁse?%ﬁxﬂ d%gg the Efﬁh%?} %nf

| east two of the_ plural

di sanbi guat i the §’§ﬁg’£3;m“fhpf°@ e S“FE rip HE? sEatPnSequEneR) epterde b ahe useraiban e

of enmi Etl ng @r@dessoal | idéntifiel a&?ms twomfaaéqﬂummytbieomaeeﬁmg the samer ggessor.
enerating a in r

o ural ity of SPAAES afDlches N EREoR colsifil e gy 3o e e et ar

41.  The di deasbirwoafithe pbydttmf@fbjegtsmnm selectignclissi theesglestion listheontaining| i t y

of objects | Ibbjedfs dTRRadt oo fithd pliAlinAsiubidcitypes W th a frequency of use.
42. The di sanbi guating systemof C"aim4l, "wherein the at |east two

objects in the selgcti | i.st .are .di splaye I n arder of
decreasi ng frequenty O@’fe‘i] ibiguating s?stengg dmm%efﬁlé rfﬁpﬂ’ﬁ?a'f‘sﬁg“‘p%l?t’em of
Cl ai m 39, wherpsble eﬁctmwhg t:hplu;ﬂhty of tenes coofectds tor thet prosessos; theiprégessor
associ at ed WigkflerZtifYf 4 SighilYcausing the speaker to emit a desired one of the plurality of tones

based on the objects in the selection list.

41.  The disambiguating system of Claim 39, wherein each of the plurality
of objects in the memory are further associated with a frequency of use.

42.  The disambiguating system of Claim 41, wherein the at least two
objects in the selection list are displayed to the user in order of decreasing frequency
of use.

~43.  The dlsamblguatmg system of Claim 39, wherein each of the plurality
of object types is further associated with a priority.
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44. The di gt i ng system of O aim 43, wherein each of dcifygekadelity
of object types in the selection |list are _ grdered according to the

associated priority. - 45, The'4 T sanbi guating's '
39, wherein one of the plurality of obj ect types is a Chmmm"inmm""
interpretation of a keystroke sequence, the character i nt &rp¢etatmons  «
interpreting at |east one state in the state sequence as unanbi guously ,
speci fying a charact4er. The disambiguatidg systerd lof Clhimat3h whemin eaphsofthe plupdlityl ai m
39, wherein Ong gfect E@e?ﬂn%ﬁéélé&iomist ar@Sideteld aEé’cﬁﬁﬁnF'té tH 2 cheed ﬁfant?r

a stem tatfon

interpretation o ystroke sequence, the wor I nterpre

associ ating at |east_one.character .to at |east. o tate in fhe state
sequence and for ni n‘{f'a ng?q ﬁ?“ﬁ’l‘g“@ﬂ% %feg}gpél&\"‘?gg n,gn¢ B}?‘ﬁé’?‘}raft?iﬁl
characters of objecth typesoispa ehamcteniimterpretation of a keystroke Ségmenies athdichamtieng
system of d ai; (=Y f [ | £ '

word interpr et‘?ﬁ%ﬁ‘"‘o Egﬁ g@é?iggsagclﬁéﬂgtggt eghv%ér’aﬁfenfe 9|£olilrc§tcdtast‘%n}(é{rgll%%ubﬁs@1
associ ating atSPPeifing deharagielr acter to at | east one state in the state
sequence and formng a conpl et ed word. 48. The '

di sanbi guati ng syst48n of Tkd disambiguating sysesnnofQlaino 89, tvieer¢ih onebf thy phirality @bj ect
types is a pro .L nt r t.] . er
noun i nter pragict e b 3,b bl Blich FY el ke MEAUAEE S W IUSRT
state in the sintgrpretation fssaciating 24 least one gharagterto cat deaspopgestatadnthe state

49.  The di saiehidi¢aahd Gormisgd £ 6triag oflchiriktéS . conesponting ith ¢he inRtial tidpatterd@yi ce
further conprises an Hegeg}gi@uous shift. state that generates a shift signal
when t he use 1B UP YT i s mani pul ated to the unanbi guous shift state.
50. The di sanbi guating_system of C aim 49, wherein objects associated -
with the proper nou#.i nt Ehgdisamhigusting systam efClaine 39, whereia one pEtheiphiality of

before the  ofhj&st§pedsis of wake thtiéfpdlatRACHS @fstdtd Seqiiened, the Wiatdi ihderstbtation
Interpretations when the processor det eclts t he

hi ft siqgnal before
recei ving a staiFQFiating af least one character tosat leastgne %?@dﬂb'iﬁ%é’ttf 5AUEDES & of
Cd ai m 39, wherferminghasompletedrwgrdsel ect the plurality of object types that
are displayed in the selection list. WO 97/ 05541

PCT/ US96/ 12291 48.  The disambiguating system of Claim 39, wherein oné 8f the plurality of
object types is a proper noun interpretation of a keystroke sequence, the proper noun
interpretation associating at least one character to at least one state in the state
sequence and forming a completed proper noun.

49.  The disambiguating system of Claim 48, wherein the user input device
further comprises an unambiguous shift state that generates a shift signal when the
user input device is manipulated to the unambiguous shift state.

50.  The disambiguating system of Claim 49, wherein objects associated
with the proper noun interpretation are displayed in the selection list before the
objects associated with each of the other plurality of interpretations when the
processor detects the shift signal before receiving a state sequence.

51.  The disambiguating system of Claim 39, wherein the user may select
the plurality of object types that are displayed in the selection list.

TilS SHEZV HAS BEEN

REPLACED

This Sheet Has Been ealaced

I




52. The di sanbi guating system of C aim51, wherein the user may select a
desired pri tween the plurality of object types that ' ayed
in the sel evg{’f%#sgfll i st. 53. text ~and pei ?Aé@%
allow text entry into a conputer coupl eth® to a di spl|a the text and

Computor: oo SO " "3 user i nput \dbvi ce | néor por ot Mﬂﬂﬂ”lﬂ"ﬂﬂlﬂﬂlknd

having a plurality of states, each of the plurality of stat es beihg *
associ ated with aspl ur ghe Hiémﬁﬁxgﬁitﬁ:@%?itethfof@ldm 51gw1efei>:t thedisar ey Sl gnal

Govi e to ar SruARbratly YspPeeis Subfh e et Bel i Geudin R stlRon ot i on

of the enterlst state sequence being anbi guous due to the plurality of

characters associated with each state; and (c) a

di sanmbi guating sysgem A%ﬂﬁdﬁoﬁ:tﬁt «aevtsefo AlldRHext &t hﬁ%’@é:ﬂﬂﬁ&ﬂ&ﬂ: led
anbi guous st?t edseﬂﬂ%ﬂ rateretd dé th e user,, the di sanbi guating system
conpri si ng: 0adsp V's&ﬁnm ning a plurality of

obj ects, each of (d)e phmbecqppleddb sgiljcompstetjei ng associated with a state
sequence; and - ()  ayseri gmtdé%temc ngﬁﬂsﬁémsegwdne%m gldlu ;&ﬁ@ruenput

devi ce, nenory recel

signal s cor r%‘%ﬁ?&rf’&l’li'@?‘ihﬁ Plyral t%f’g?tgtes {’%‘%gﬁg‘ggéé@ﬂ@raaﬂ %t"ﬁiéfaﬁ@é‘rmd
i dentifying génei'amgta mﬁqneosigﬁahm thatia abertryayoéntexbg enatesseqﬂence tbbvenaimﬁmms

causing the LEspBrRtE: 25‘%%“#‘%%“@ RUPOP bl WheRflal thaladiof "
associ at ed wpk H‘et p@ere SSA#E ssale&nee deing Séilleeﬁ@t they Pll-‘?ﬂ@r of éb%t'wteﬁs of
the entered gdsaéigted HthasAEle state; and
()  a disambiguating system coupled to the user input for disambiguating
ambiguous state sequences. entered by the user, the disambiguating system

comprising:

(1) amemory containing a plurality of objects, each of the plurality
of objects being associated with a state sequence; and

(2)  aprocessor coupled to the user input device, memory, and said
display, the processor receiving the unique s1gnals correspondmg to the state
sequence generated by the user, identifying at least one of the plurality of objects in
the memory associated with the same state sequence, and generating an output signal
causing the display to display at least one of the identified objects_ associated with the
same state sequence as a textual interpretation of the entered state sequence.
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