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SYSTEM Rel ati onship to Other Applications This application clains the .
benefit of U S. Provisional Application Serial No. 60/060,223 filed 3de
Sept enber 25, 1997. S Field of the Invention _ The invention relates )
generally to reduced keyboard systens, and nore specifically to reduced
keyboard systens using word-| evel disanbrgaation t o resol 12 Maichq092s
keystrokes. Background of the Invention 10 For many years, portable

conput ers have been getting smaller and smaller. The principal
size-limting conponent in the effort to produce a snaller portable
conputer has been the keyboard. If standard typewiter-size keys are used,
the portable conputer nust be at |east as |large as the keyboard. Mniature
keyboar ds have been used on portable conputers, but the mniature keyboard
keys have been 15 found to be too snmall to be easily or quickly manipul at ed
by a user. Incorporating a full-size keyboard in a portable conputer al so
hi nders true portabl e use of the conputer. Mst port s cannot
be operated wi thout placing the conputer on a flat vvmmm m’mym@mﬁﬁo al | ow
the user to type with both hands. A user cannot easily use

conput er whi | e mmmmm“mWMDw ng. In the latest 20 gener&¥on of small
port abl e conput ersonal Digital Assistants (PDAs), conpanies
have attenpted to addsess this problem by incorporating handwiting
recognition software in the PDA. A user may directly enter text by witing
on a touch-sensitive panel or screen. This handwitten text is then
converted by the

REDUCED KEYBOARD DISAMBIGUATING SYSTEM
Relationship to Other Applications

This application claims the benefit of U.S. Provisional Application Serial
No. 60/060,223 filed September 25, 1997.
5 Field of the Invention

The invention relates generally to reduced keyboard systems, and more
specifically to reduced keyboard systems using word-level disambiguation to resolve
ambiguous keystrokes.

Background of the Invention

10 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
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

15  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
placing the computer 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 moving. In the latest

20  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

touch-sensitive panel or screen. This handwritten text is then converted by the



12 March 2002 recognition software into digital data. Unfortunately, in
addition to the fact that printing or witing with a pen is in general

sl ower than typing, the accuracy and speed of the handwiting recognition
software has to date been |less than satisfactory. To nmake nmatters worse,
today's handhel d conputing devices which require text 5 input are becom ng
smal ler still. Recent advances in two-way pagi ng, cellul an2tMbmh200%. and
ot her portable wireless technol ogies has-pbed to a demand for snmall and
portabl e two-way nessagi ng systens, and especially for systens which can
both send and receive electronic mail (" "e-mail") It would therefore be
advant ageous to devel op a keyboard for entry of text 10 into a conputer
that is both small..and erable .w.th one user i.s ng the
comput er i ¢ neREREPRepRERGR Btk 4800 URRML Y e RRU DI el TS o
a keyboard t hatintirgs on wrigihg cwith mmﬂnelrs infgeReglsslower tuaggesingdthbyactireck eygpad
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appr oaches havz g]een zﬂgg st ed fb(? oI Vi t he ggl ty, of e ke%/1 troke -
sequence. CSTYGREY §BF 53%H ?&”e ﬁ%%ﬂ'g%?ﬁjiﬁ sas % P AyieRYgn

entered on a mstpoeblkeybway mesggmersesemhemdsmecmﬁvéwtsmstetrmmkmcrh cmnrlmth
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t
enpl oy known SIHEPES ‘55581’”%?118?%{& ga J’eéaéﬁﬁéﬂécé‘? r‘% 3@%@?&?‘9 rﬁsr‘?g\l%e to
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sequence of remmﬂ/@dmkéyspmdk@@ w\@\fb%@sfmvmaeldﬁmmé@lnllﬁlth&'@ﬁ efficmar yOfafter
the receipt Oms@nmnﬂimgwme&h@mat@rnemc%t fayilt REoAdhE 1€ BsnPlhcatdaaowesrdl. The
Arnott article d| scusses many of the 5 disadvantages of word-| evel

di sanbi guat i o™ B¥r exanpl e, word- | evel disanbiguation oftentimes fails to
decode a @prd corr erhdrysughestausgpredche orldedrmnafinons ¢drecdemrickeri saquamusual
wor ds andthelnablllt ode t

di ctionary. Bécaéﬁgnesc?P X(ilsn zHlecogliuml llg?ns't%&t% 6 Q%C'?grtedﬁJ ﬁ‘gﬁﬂzg&a&se{%ﬁ%ﬁgtl on
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efficiency of sgp@|ek0 ﬂﬁ%MﬁIeHQK@hepJ%ﬁrrﬁh@ﬂ’tﬂ@‘[rﬁémaﬂ?ﬂﬁl Aol tfomﬁdrﬁé;@atma%@f ore
concentrates on character |level dis Hb 3{@@ on \r}\gt her i vvo&ﬂ}? ﬁjb

di sanbi guat i or* CHREVE SEPYRYUEATOR Y JORY g Mphagray Jg’&'ﬁ A& 8ar s
t 0 be the3fpstthgt Amosi argeldi)s afild guaiti amicleemhsi tqalet.he(magoxstugg"emmlammooach
based on word- i 1191@“ ,

Princi pl es of bﬁ%ﬁ&}eﬁj eech ag[t (Slr%tsagk Eﬂ:ﬁgﬁehwg%iﬁ%g%g&fgp%%ﬁkl “shed
by Academi ¢ Pﬁ@g@oi\’rﬁ? cimgstzte( ﬁabewafmélrmt%conww dhabisppegts: élsmwglfaéwc

di scusses a S)éﬁ&t@rﬂkfﬁtmh@ﬂlﬁhﬂﬂwﬁﬁﬁhﬁ&ﬂuﬁb& fkeptokeXdrogpih gy ed thlé&/l AfE ®eing
t el ephone touc

thenc%eco es that for !ahpF)rtom%ek 12800 0f the
words in a 24, 69566 B USRS FERE RO 2RREBRTIALS TUSTRICH 08t & MR ERCKES npdFi ng

t he keyst r3oke Aaquentge aisd motdsehajisctfdr@lncasa]nblwia@ng ahPemeihayeetedwied fosese
however, Wtten notes that they nust be 20 resolved interactively by the
system presenting the anbiguity to the user and asking the user to nake a
sel ecti on between the nunber of anbi guous entries. A user nust therefore
respond to the systemis prediction at the end of each word. Such a response
slows the efficiency of the system and increases the nunber of keystrokes
required to enter a given segnent of text.



25 Significant effort has been devoted to m nim zing the nunber of
keystrokes required to enter a segnent of text in order to achieve the
necessary efficiencies for a reduced, disanbiguating keyboard acceptabl e
for use in a portable conputer. One significant challenge is successfully

i npl ementi ng word-| evel disanbiguating on the kinds of hardware platforns
on which its use is nbst advantageous. As nentioned 30 abd2eViamohc200Rvi ces
i ncl ude two-way pagers, cellular telephoggs, and ot her hand-held w rel ess
comuni cati ons devices. These systens ar€ battery powered, and consequently
are designed to be as frugal as possible in hardware design and resource

utilization. Ag 'lé@iitdgjsqp}.ﬁ lﬁﬁsﬁw 26 Geb el Kkt Pon? YUChdRY& REFborHE! WBFH [Bve

bot h processor zation an menory reqgui re nts. ese two
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1 pu i cation The s m di scl osed
in the WO 97/deﬁ55s@fsmmt9@afpr FﬁﬁiUP‘ﬁ&Iaﬂg’ Q‘I%WMPW?%UW g 559 ngtgYsh y of
letters and $uaDONRteAl@cEITAed MRl fopagirokienasdy SEMesfahe afortifién keﬁs,SOOawa@l _
menory that stores one or.nbre vocabulary nodul e
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syst em t ext u&HCHSTRMy O j221b ijise Khgn cgnﬁg?‘%%édseolfeyg)ﬁ%rea el vgf(t)lﬁp ed to
t he keyboar d,dictionmaryy, VWired anlsiphitiys dmeis, bowdevenr Witere nste§ stthEhWemustfbe

letters LzBat gs%llJe%S’lR&%&/gly b?’gt(‘;? S ettt [pg&ef?ti h%m%}ﬁté'etosﬁxgrtﬁgr hrﬂi 5 fg

vocabul ary no es usl ret i ncl Jurality o
i nt er connect dbe Herlda mfé@ eplgctign lbﬁté"“@ﬂé'f‘eai“i'%'i’f”d%‘f § gnirgeyeft usef must

di sanbi guat i RBergfbeé dStQ)| t8é Qﬂstdnﬁ\s predickéh 2t/the 2id df w:hlwdrat iSweh aass;iohee user
enters a sequ nce,, of

yst em cessoar f em
nenory to corf ‘Y%@F ﬁﬁ‘%ﬁta%%@dﬂ"‘?%ﬁ?{‘%&%§b8n o ro?%ee %‘%{éd
keystroke secpnmnca@xvdnmegaemthfmd:mr each entered keystroke sequence

Le free.:
58; Lesggaggr J; gsgo %gﬁ??gnt HRC dl?agkﬂe?\giﬁgmg&’ t&§ r{/u\hﬁlﬁnﬁ% "tHE hHmBer M‘k@y@trok@s

addi ti1onal Keystroke
is entered, traquisddpentas lacﬁ@smsr@irofft@ﬂn% ogdes dQuaghievedhe gagessty SBICENGISE £0Td ens

and/ or wor ds r@&'u&@”@i‘sﬂhﬁguﬁth\% RSbodtt d@@é;ﬁﬁ)l@?&y We M/Q{ ﬁoﬁﬁlﬂ%oﬁ@ﬁ%l abrs
with the preceding ke seq ueﬁﬁ é a ke uence thaht1 does
not include tsHEificaat C%’Z‘ﬁ%ﬁer BiFeespiyiy pr@B’ﬁP &%"W“&e
structure, a lafis 6ff haedwearerplatiyrenswar Whidh istisets &mdt’ mlvaataga«mh dAs enemtioded s
derived t?%) ag 8\S/(§,Isﬂgh 3evxw9ersqnc 0 e/ t(\)AFo-{/v\%rl gagetrg "CRilular telephones, and other hand-held
wireless communications devices. These systems are battery powered, and
consequently are designed to be as frugal as possible in hardware design and resource
utilization.  Applications designed to run on such systems must minimize both
processor bandwidth utilization and memory requirements. These two factors tend in

35  general to be inversely related Since word-level disambiguation systems require a



12 March 2002 -4a associated with nodes of the tree structure that are
interconnected with the node representing the precedi ng keystroke sequence
and, in addition, representing all possible word stens and words that
correspond to the total keystroke sequence. In accordance with the
arrangenment disclosed in the WO 97/05541 5 publication, wrds and word
stems are presented on the system di splay device in accord@harch 2002 he
frequency of use associated with the disg&ayed words and word stens. \Wen a
list of candidate words is displayed, the system user operates a designated
keyboard key to select the desired candidate word. Summary of the Invention

10 The presenjrgk4eiBhde0st WorAY télRichor, AHY 7Rt KAYSRPEHEHMAILS npis ReystRikds te Vel
di sanbi guati on tqQ resqlve anbiguities in ke iq&}r kes.. I h one enhodi nent, the
system i ncl e sgmfag}oaavas? Iniprch: Anotkst alknge is omPrestig tierreguifchct

with the 3 ur fdaesbasd Mt}ﬂ@tdigﬁnlﬂcam%)gﬁfpaét&ig&ﬁe prugeésing tgﬁalf@utre% tdwﬁtil&ygsm e(rjn
corresponding to the | ocati of contact. Al.ternatively, oard.can
be constructed witheF#Iof -%icgg“eﬁﬁ?:ﬁ%ffﬂgc&f apgliqation qfﬁ”?fﬁéle}ﬁ‘?ﬁéﬁsf?@g%’auon 15
enbodi ments, rproddismgndafficienn deddbidketo the wseragbeuy theulpgstrokesabeidy mput. With an
by-three-arr I e I | i I I Kk . A
Pl rat vy QoRaR{pbifts bb eSS bfockistr et kefiBlcs $BREIGM; 4 HRGHY ShYS

t hat keyst r okwhiclogan e ghisplaypd to ithe uberafst soont dseit 'igl gntgredey Buy withe wondileygbus .

A user may erHiﬁEnb@gdﬁﬁMﬁtﬁj@‘ié‘o%Q BG6le MIREE bathE KRY 3 predeRtsCRIN onds
to the entry of one Ieéltter of an%ggﬁwa e Mtr Be‘f:rausteS i E\lé?ﬁ)dual

3‘F E(ch 2002 -5 ‘}/r)rd.
keystrokes arBaRfisryaBtiany taquencspikeystiokeenar Retehaamtiplorerrds oF MPrdsiers: nor e
than one C}WEY driné ISB:S étﬁau@amgollaleﬁmhxoﬁehgémﬁﬁl&ﬁ aﬁp@llihg)b?tkfe%tﬁ)l&%iﬂﬁﬂﬁiﬁ%d S
processed by yocabul ary .nmoduyl.e i C tch the seguence to correspondi ng
B or eq vor db 1Y SRt AP PHFE T o scror i oo R frcairted ey SERRAG A
t he sequence hak bk@yatterod esd thealegiredseortidailstto appearuser in a sel ection list on
the display as eac < e | [ r Ce V| t of
the invention. ondudiTy E%*Eé%@é%@ég%sﬁ%a ﬂéa'f'a?%%%e??ﬁ Hotk b BlSaRaRee
characters. lin disslospd & Satcatl Cooperation ircaty Hipplieatiosd PCHYIH2(12291, vehich is
?Eost L ophgt %ﬁtl@&tsR%ﬁdédt KePhRrQf thikbenm Yiin Tws@?ﬁradaaywwp@b?%dloqrpz

e characters, on ey a sing ctjvatjo ey . at .the poin
where the puerePU’éﬁ car‘?ar@ ‘°P§ oé’é’ﬁ?aélﬂ’.“ égﬁ'arwg)egiilag?‘hraqef‘i}“%@r the
punct uati on CNaD®GIES4 1 ipablecatioged to the key, the keystroke is anbi guous.

The system of the e i I i : edi .
foll ow ng keyst rok"@{se g\?ﬁ?&h&l%ﬁ(ﬁ%@ Hg{iﬁeﬁﬁbﬁ@%ﬁ E’B%&F%ﬁﬁgdqg&gb%gﬁg} at es
it aut omat i cavhigh a phurality tofdetters andl symboispare mstigned o at laabtesevergl Rbthstkeyken

sequence 2@antrﬁéerﬁ%?f§1ap EQYIGE bP rde Weduldr) thdMiaelae@ishia dnl $hich system

Pref erably, Interpretations are presented in order of decreasing

frequency of terdual Qutput isHRIesaatad; @Rdmd RIGLEEROE PPREALINELY proupied: todthe; keyboardy o g

in the sel ectrhéfiodyl &id days eWeedsamdbyorh sthml (Sgquehices Bl ters HRY carp@peid for €

times. Keyst rtRela( ggginning of a word) are stored in the vocabulary modules using a tree structure
that includes a plurality of interconnected nodes.

25 During the operation of the word level disambiguating system disclosed in the
WO 97/05541 publication, as the user enters a sequence of keystrokes, the system
processor accesses the system memory to construct words and word stems that
correspond to the entered keystroke sequence. In particular, each entered keystroke
sequence corresponds to a node of a vocabulary module tree structure, which, in turn,

30 corresponds to a word or word stem. When an additional keystroke is entered, the
system processor forms a new set of one or more word stems and/or words by
combining the set of words and/or word stems associated with the preceding
keystroke sequence (i.e, a keystroke sequence that does not include the last
keystroke). In the context of the memory tree structure, a set of one or more word

35 stems and/or a candidate word is derived by accessing a word and/or word stems



can be "undone" by pressing a Backspace key. 20 To delimt an entered
keystroke sequence, the user presses a Sel ect key. After receiving the

Sel ect key, the disanbiguating system selects the nost frequently used word
and adds the word to the sentence being constructed. The Sel ect key is used
to delimt an entered keystroke sequence. A separate explicit Space key is
used to generate a space character, and al so serves to delMrMarchO er ed
keystroke sequence. 25 In one preferred enbodi nent, the Select key is
"overl|l oaded” with a second function in that it also serves to generate a
space follow ng the selected word, i.e., jhe reduced keyboard

di sanbi guating system automatically inserts the appropriate spaci ng between
words The Sel ect key is also used to select | ess comonly used words from

the 30 sel ect p@Bcihiedtwith @B8&t GﬂtHeOt_r&é‘&r&&@fe- thlaf aF@mtwéﬁeE{eﬁS@ﬂEQﬁe thgq he
user at the t e ist is not the (ﬂgsl rﬁi,word, t he, user
h&1%hp\dl a¢qii

gqp of the s Iect(i.on I

presses the SEPESENtG thegRTeqeqing Aqysiinke fqayrRde efuetepresentingdathor d
to thfe secondlpdmmle gbﬂmgﬁi ixwd\usﬂdt}mbdge@add &gﬂienoﬁaok@fduamgeqhaadehe third
nost frequently us Wor an 0 qn. Thi s enbodi ngnt, of the

keyboar d di sanbi gu i%cﬁowg?eerﬁvﬁlésaﬁo R AN d%"sgg’é%dut‘é‘" tg? %‘?@%@3%& "
key to act5 onpablicetidr, ywands @nd twdrd sstéyee ares pteserited] onQhe esystem display edvieolinl i S
12 March 2002, - : Pt . e " " for
out put and i s SqBacE SR HehlBch 8F e boliacBuiBTRl SRy PEEERAFfhord T,
synmbol or chastamser Whey o liskef, candidate; WQCF?SstSi élsrdaxedbag@ SY#i¢m Huses opsratest ®

di sanbi guate h@ygﬁﬁfe@mgbdamkesd@sseieeméaaii}earbamme wirfows the systemto
present as the first object a word or wor h5 st em obj ect whi ch, although
not the nost frequent word associ ye corresponding to the
current kBystroke Fhepessest, inkattivh prbeidss antediiced keybgard whicl wes prarddével y of

Associ ated w TRATHELERNTETHCHE ARRE hABItdR 5 obl BrPiTinghf, e Shlent ™"
especi al | y usiefludes o dspley pamel wihidh ik itorichesgnsiiieg Iveherein eantsctewith izt surface of

selection |i Sfha.C, : [X=ye]! : e
user is only geldggqlé}pg%%?%tésg“@gir g%%‘%é?é}ﬁ%é%%t%#ﬁ?ﬁﬁ gﬁ%eo}lgr‘}?t?&y\h?ch
is the first emjtectt Alermatively, dhe keyhosrd (carsbe comstryetedwith fulk-size meghanigs] ect
as whol e tendgeys0 change much less frequently from keystroke to keystroke,
presenting a less Yju " .and cansequently | ess distracting and confusing
interface. Object sliﬁﬁgggeﬁrﬁ&ofﬁge%wgml %’?‘éleétf"bﬁ‘% M %ﬂ‘épeglr My e
vocabul ary 15thneed by-¢lsreerairay atongr weh sthreectousia. additidrial speaial afagetieenkeysworAls:
correspondi ng : i %,nhﬁy i t he
set of words %ﬁ%“%‘?‘?&t&"ﬁé@ ssocslst{ar% g%%ﬂ%gﬂg?ﬂggl‘)%ﬁ 2{33{’3%33‘3’25&%?%&‘
keystroke seqthestckeys (heseinafiandheyidats lkqyp'drargambignone Asgeranteenipt hkemstroke

| ast keysig ok@quefeeNehedeht el Weystoké NcdritsSorlBNAL Ithé QAUGESS tohe Riter ¥@ea
space of the vocabul ary nodul e, since word stens are stored only 20 once,
at the top of the tree structure, and are shared by all words constructed
fromthem The tree structure also greatly reduces processing requirenents,
since no searching is required to | ocate stored objects. The words and word
stens stored in the tree data structure nmay contain frequency or other
ranki ng i nformati on which indicates which itemis to be displayed first to
the user, thus further reducing 25 processing requirenents. In the practice
of the invention, the tree data structure is nodified using a speci al

al gorithm which further conpresses the total size required for the database
wi t hout engendering an additional processing burden when it is utilized to
retrieve objects associated with keystroke sequences. A further aspect of

the nodified tree structure is the automatic identification of generalized
rules for



30 associ ating objects to keystroke sequences. Wth such rules, the
vocabul ary nodule can with a high probability of success, associate
keystroke sequences to word and word stem objects which were not initially
used in creating it. The internal, |ogical representation of the keys in
the preferred enbodi nrent need not m nor the physical arrangenent
represented by the | abels on the actual keys. 3 5 For exart@ March2@02

dat abase constructed to represent a French vocabul ary nodul e, three
addi ti onal synbols (AAA) nmay al so be associated with the key ABC that is
12 March 2002 associated with the unaccented versions of the characters.

This allows the,user to r Jé‘ﬁ]eﬁnd t e wor d cont%' ni,ng.speci al accented
characters, PEF¢-ortiAEoR %WO Wa?’f‘@ﬁu?)"égr h%ﬁgs&ogf’,seg?et%? Wby
activating tpetehn@lycaiato}n mss&)ahm ede phosli wath #eysdme nuimben of dettas.ed The
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represent at i ¥&igned fd/theXe tmétkeﬁﬁfo%éhﬁhm&gﬁoxﬁe ’Fhép@gteﬂﬂoﬁth@ pﬁéééﬁtqméﬂubﬁ
extrenely hi 8h ef fi Cérencg he sane

i At eI ese
o ber o] keaeiptoti e peerdift By R e arakeh WHOE RenGr B eyt
di sanbi guat i ags wemm:h @ generaresrid aatdniaticallst h The attanmativée anaprdegtioneasfdthe When

por ds | NFY UEo ABSERLGHCFIALAGKERS prdRigh RUE0LE Yy RIBLISpe achieved with

fewer keystroKes conv I ona € words are
present ed in freqBbeafergblyf thesavosd detreypnemomsesrer eebswnip@l ih sonders of gfecemasinge

first word prEsRALEer ﬂ&duhﬁn &E%&?%&hﬁh&n&%s@ﬂ'&’oﬁﬂ@ ?es@x'it@&?i?sﬁeciteﬂm tHe er

can then proce to entér_the next word no mo e t han e usual nunber
of keyst r okegelectjopliskpresglegtse by riessingxthe iSlech keveprsy or HOFG Hngy Hsysiepkss
keyboar d havtﬂg)ea'uaaomblpr@mﬂgars&f(sﬁweIke§| ze keys The reduced keyboard

di sanbi gib’ﬂ on Sy%. dnhr(ljl{tség lcgtsé?é%i lpe%t?cl)kne de géjn%gsthe USer pres%es a Select key. After
receiving the Select key, the disambiguating system selects the most frequently used
word and adds the word to the sentence being constructed. The Select key is used to
delimit an entered keystroke sequence. A separate explicit Space key is used to
generate a space character, and also serves to delimit an entered keystroke sequence.

25  Inone preferred embodiment, the Select key is "overloaded" with a second function in
that it also serves to generate a space following the selected word, i.e., the reduced
keyboard disambiguating system automatically inserts the appropriate spacing
between words

The Select key is also used to select less commonly used words from the

30 selection list presented to the user. If the word presented to the user at the top of the
selection list is not the desired word, the user presses the Select key again to advance
from the most frequently used word to the second most frequently used word, and
again to advance to the third most frequently used word, and so on. This embodiment
of the reduced keyboard disambiguating system has no dedicated "execute" or

35 “accept" key to act on an entry once it has been selected. Once the desired word is



of the conmputer or other device that incorporates the system The reduced
nunber of keys allows a device to be constructed to be held by the user in
one hand, while being operated with the other hand. The discl osed systemis
particul arly advantageous for 30 use with PDAs, two-way pagers, or other
smal | el ectronic devices that benefit fromaccurate, high speed text entry.
The systemefficiently conpresses a | arge database for di si@dage2002)

keyst roke sequences wi thout requiring additional processing bandw dth when
utilizing the conpressed database. The sysi-em can provi de both efficiency
and sinplicity when inplenented on a touchscreen based device or a device 3
Swith alimted nunber of mechani cal keys t hat may al so have limted

di spl ay screenelagted by the user dthis2aoomatisallBr"aesepted’ 6o putpuhand is kddedr wiheg- s
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20  once, at the top of the tree structure, and are shared by all words constructed from

them. The tree structure also greatly reduces processing requirements, since no

searching is required to locate stored objects. The words and word stems stored in

the tree data structure may contain frequency or other ranking information which

indicates which item is to be displayed first to the user, thus further reducing

25  processing requirements. In the practice of the invention, the tree data structure is

modified using a special algorithm which further compresses the total size required for

the database without engendering an additional processing burden when it is utilized

to retrieve objects associated with keystroke sequences. A further aspect of the

modified tree structure is the automatic identification of generalized rules for

30  associating objects to keystroke sequences. With such rules, the vocabulary module

can with a high probability of success, associate keystroke sequences to word and
word stem objects which were not initially used in creating it.

The internal, logical representation of the keys in the preferred embodiment

need not mirror the physical arrangement represented by the labels on the actual keys.

35  For example, in a database constructed to represent a French vocabulary module,

three additional symbols (ACA) may also be associated with the key ABC that is



an instruction 30 FIGURE 9 depicts four exanples of possible internal data
itens in the structure of nodes in a preferred enbodi nent; FI GURE 10
depicts the preferred tree structure of an unconpressed vocabul ary nodul e;
FIGURE 11 depicts an exanple state of the object lists which are the
preferred 3 5 enbodi nent for internediate storage of objects in the process
of being retrieved fromthe vocabul ary nodul es; 12 Mar cHZ2}dagch 2002 GURE
12 is a flowhart of a preferred enbodi nest of a software process for
retrieving text objects froma vocabul ary nodule given a |ist of key
presses; FIGURE 13 is a flowhart of a preferred enbodi nent of a software
DFOC?SSkfor tﬁs’%bﬁ&&&ﬂﬂgxtﬁ:ﬂ% Iuliaﬁeetﬁéhd u&tluheoo]{thet Hﬁrmger@bumg ill(ﬁmﬁ'lt:ﬂeﬁué}ir\fgz a
singl e key press alt the state o ohj ect st.s S
o Ponchart " ofeal P nds Mset rpSatne shecil Souspfaelert pettbSifg oulypieteng
f ol ded, conprasietion peatharaxtsr, simglyl by, adtiv@isigRheSogisally dskanitbdiphysofal key for
preferred e”bﬂfé'a'g?d?;at a&eﬁgggs{@;l&e,process for folding the tree data

structure of a voca nodu 10 FIGURE 16 is a flowchart of a

pref erred enbdhe cambingd effecinof M@smé@s@f mgltipledgtiens g keys dbe delimisag ofn a
the tree of awgpEARkgAE BeloBt jrédenfafidn bh%e&h@ﬁt&ﬁﬁméxﬁ?%@lﬁﬂﬁg Wd?d or
conmparison to a given nodgﬁbg 17A and 17B CO| I egt [ v nq
flowchart of WOHt eY&Rray ? gt ngerd 8 the swslactian elishr & %s‘§°f‘89" Mg t he

redundancy beinv&@pretdtivns o dies selécu@ﬁ lﬁt tthéQutha’ﬂlcVﬂid&hjﬂ af ¥ seldtedeword! GURES
18A- 18K are sch mat i,c Mi e f th eryed enbod nt acl)xftox%a e, ag&iyon 1 e
keyboar d d| satl edﬁﬁtqynél é\%f S(Fﬁ' ﬁhgp[}rogg‘g’r?gaﬁ 55‘5
spaces, the ability to compress a large database for dlsamblguatlon without incurring
any significant processing penalties, the ability to generate words with embedded
special accented characters by typing the key associated with the unaccented version
of the letter, and the ability to automatically disambiguate among multiple punctuation
characters assigned to a single key based on the context of the keystroke produces a
15  surprising result: for many languages, well over 99% of words found in a
representative corpus of text material can be typed on the system with extremely high
efficiency. For approximately 95% of these words, the same number of keystrokes is
required to enter a word with the reduced key disambiguating system as for word
entry with a conventional keyboard. When words include accented characters, word
20  entry can often be achieved with fewer keystrokes than with a conventional keyboard.
When the words are presented in frequency of use order, the desired word is most
often the first word presented and is frequently the only word presented. The user can
then proceed to enter the next word with no more than the usual number of
keystrokes. High speed entry of text is therefore achieved using a keyboard having a
25  small number of full-size keys.

The reduced keyboard disambiguation system disclosed herein reduces the size
of the computer or other device that incorporates the system. The reduced number of
keys allows a device to be constructed to be held by the user in one hand, while being
operated with the other hand. The disclosed system is particularly advantageous for

30 use with PDAs, two-way pagers, or other small electronic devices that benefit from
accurate, hxgh-sPeed text entry. The system efficiently compresses a large database
for disambiguating keystroke sequences without requiring additional processing
bandwidth when utilizing the compressed database. The system can provide both
efficiency and simplicity when implemented on a touchscreen based device or a device

35  with a limited number of mechanical keys that may also have limited display screen

arca



12 March 2002 -10 Detail ed Description of the Preferred Enbodi nent 1.
System Construction and Basic Operation Wth reference to FIGURE 1 a
reduced keyboard di sanmbi guati ng system 50 5 fornmed in accordance with the
present invention is depicted incorporated in a palntop portable conputer
52 Portabl e conputer 52 contains a reduced ' keyboard 54 inplenmented on a

t ouchscreen di splay 53 For purposes of this application, tl@dMasmhi2002
"keyboard" is defined broadly to include any input device having defined
areas including a touch screen having def r¥red areas for keys, discrete 10
mechani cal keys, nenbrane keys, etc Keyboard 54 has a reduced nunber of
data entry keys from a standaro I n. one preferred

enbodi ment, the keyboard contai §Y8Y | - si zed keys arranged
m f our col ums and Theubregoing as;Museamiomam)f of:ﬂxlelayr,enddme apvantages eflthieinbertion
contai ns nine t n r I

sunctuat i on K é&iﬁ‘é%c&%x Sm?5§ fadif} g@re&é}eé‘ a%t t{g\r esgim% l;e[%Xmeg% QS'H Ufgstond by g
a Sel ect key tsefereacesm the foélywerg demtbdadssplarve)nkeyheeztakqhm eprmmgpa’oél Wey 65

in the upper LEYmAnlR q@g\,@,g (21X yé“pus keystrokes The upper row of system
keys 59 al so incl u%ﬁ@ %ﬁé abel ed Ac ers d Synbol s

keys

for entering nodes ie HasW fet Pre U c—fr“ébo Rt Qfnd Rostable
respectively. céfiputer pmi‘rpcrra@mg ar fedogenedyboddd HisembighdtRgSsysteneaf hhk pyesert t he
keyboard 54 is depicted in FIGURE |. FIGURE 1 al so shows a preferred

ar r angenent of ™h rbunct uation characters associated with the anbi guous
data key 63 in the FieURda2 dis54 f mardwhee Ehigik sdiagramguafgehe Deddacéds keypuoardi nt o
the di sanppguy L'&B@Xﬁﬁg&%ﬁ%ﬂw kes on the reduced 25 keyboard 54 As a

user enters a keys equence Uusl gythe keyboard, text is displ %med on
the conputer displ &JCHRESTHA-3Ceeplisatively depiet 2 Aew dnartiofea preesredyembodinen! ay

information tqihRGigha sdﬁQvaH@Rﬁra rE@d@edrk% d%?d@ﬁarﬂb@@z{tﬁagss §tBg; text entered
by the user and se ?,r rg)g A sel ection
t

s as a or t ut. an
list region 70, @é&é@%ww f{?év a3t 9 arr?e rido $medimgnt Wiwase 48 and
ot her int er pr elt:ahhmaswﬁ’@x texarrdt@eqo@ritdjldrgehgbdtd@.ehé(egﬁmf otjectir gauchnorleftaaread by
a user. ,! pe des |beé1 dbdl td 8ma .det.ai | R | ow, the selection
a.s orar ucedke% ard di

| i st regl on 7(5ia Cttul[le user-inr Sa‘F‘Hé“atH‘ﬁl& ‘Py in the entered
keystrokes. In anotI%GUR@SeﬁMDedloenrrb(ﬂdwn@aﬂ Oftahleref?yl@d@mbndyﬂdneOf apoRwaret ed
on a device w F&elk E&:‘f&%eﬁ' %Rh aéécﬁﬁé ﬁrolé“% disambig¥are th¥ 1H%ﬁdé‘dJRﬁ€d?&z{t

sel ected or 5 he 1 nsertion pojn
3~ being genercthé‘éFer ammg Replegli OQQPW%‘F%@R‘ ehamstearmasociaied Vit ackey R%Woar d

di sanbi guat i Ngediysd qreyb@errdvmgaenmgua@rngvsﬁe@nl nFFGG&EE A this Kerdoqaw it and
t he drsplzé 53 are.cou

e 0010 e PR Ly S PR SRS S e
processor. Therqessigspaforhed all ether pesessmpubf & kaystrokechak dydrocompleted;and

|l out put d d t
T etory 1oahe FISURIE s et BR0yRRaKGlc L0 ersgudditl pofchthal | 0
such as randoistaneesef adagicy emwtlorarraclpeﬂmdélmongk aeeegte rrﬁwaéyongm,fhthfs

read-only memgharaétbésppedrin@Ripthé bhystoal Ry d di sks, or CDRC]VB Menory 104

renory contains. L“ﬁévi’ﬁikt”ﬁr&%p R o SSSer e gl el P ks,

and associ at ed vocdhGURE,8Aultpicesa :piﬁeﬁrbrhintamel m:mgumsmdoﬁ atataaidatnodna:lf a
detail bel ow t%k&-g&g&&,, éin\%fjg@nory mar' contain one or nore application

progranms 112, application prograns include word
processors. soft warFéGbI]iRdi BB ritepicesstheasmantie epmponeatsgelfay) rafersess embesimentspleech
synt hesi s soft, n:al so be provided as an application 1 ~ program
allowing the re uce p@ﬁﬁoard di sanbi guatl ng syst to fu d£$1|Fon as a
comuni cadPon ai d. ik iSn gerists Flogurexampleshel pessiile dnie gjitems 1n the
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using only & sindl eiBpAG RR\Anich SR ShERMY el BeudBld ofo? BRoRBRAS
vocabulary module;

FIGURE 11 depicts an example state of the object lists which are the preferred
35 embodiment for intermediate storage of objects in the process of being retrieved from

the vocabulary modules;



20 represented on the top of the key by nultiple letters. nunbers. and

ot her synbols. (For the purposes of this disclosure. each data key wll be
identified by the synbols in the center row of the data key, e.:,., DEF to
identify the upper right data key.) Since individual keys have nultiple
meani ngs, keystroke sequences are anbiguous as to their neaning. As the
user enters data. the various keystroke interpretations arl@ Mardhr@dGf or e

di splayed in nmultiple regions on the display to aid the user in resolving
any anbiguity. In systenms with sufficient display area available, a
selection list 76 of possible interpretatipns of the entered keystrokes is
provided to the user in the selection list region 70. The first entry 78 in
the selection list is selected as a default interpretation and displayed in

the text r egl on 66 FaURE 121%95[ Hb@l@haﬁ@bf‘h pa&ferrkd ean@dnﬁanbﬁfl%bﬁ%re process.
enbodi nent , s enty i ne rawn around it

ed with sol.i
both in the s réﬁmeﬁlﬁélt?’gt" é:\’%“éf"o?"r"é'lqrﬁg@ldf‘ eV lh°‘f °§ Y PFRECY:0or mat t i ng
establ i shes a vi suaIGURIlmm e fowchat WE&rpréfbﬁed Bmbodiment pba Rbftadiecpiocessd

t he sel ectiongli.st ni ect Js.imlicit) selected
by vi rtue of  BEIAYETE e LEe piruiie e UoiaRe RN OAuP BeNR ke st
sel ecti on §i stltermgttbe state oféhe/dbjeas listst ection list |Is 3~ provided, and only
t he default object DRECY &C 2
March 2002 - 12J sel g(iI(E}I on FI gté ﬂ?{%%l&ad"@%ﬁ;rggrcr?# \%/ng’it)lé%‘nﬁfég; of ﬁtsog&fl Olgees%)
or the cur renfqrﬁuﬂéméétf@@e@)tﬁoétpfesi”dmf‘é ae/ medteexpl i cit I y selected, is

di spl ayed at the i FEGURIEOIS RO4 fbwBfart dh8 p?éﬂ:ﬁ‘éd e@Bodi®ht é6a Qbfiivar ﬁl@@@dsm e
interpretati o? E,of thg entgred keyst rokes E@éﬁy rdered in a nunber of

ways. In a no IdipgtBe Gee dya SUpeyre ofhwoR %5 are initially
interprete@l as t heFBGURE DS isl efloetsart of apeéferrad embddifear of aabfiteurd precéssor d
interpretatiog’

t heref ore wor )l???'ﬁggcgrg‘?oené%gﬁg?q Oﬁ{éﬁtreBe OflanV&cE&kﬁ{y 'ﬁgéieo“é‘je‘"&ﬁ‘ré‘%% greatgsﬁ t he
entries order e@lus@aﬂchathmmto zgivapnodwr d corresponding to the keystroke
sequence is |i st ed afsy n BLRE e
sequence ABC, FiGgﬁ%EFﬁ% aﬁ% be:cr?llgﬁ;[vg g&g& ztaﬂ:eluser hat fegglylgfr‘egﬁh
entered, a voeabeilmept dfotieafevare pracgps 50§ cgmﬁum%ﬂvéde%qrsdawr%wa%t%nwéat e
wor ds tha15 hayea et ihd tecalsest ,ﬁ@dﬁﬂesequences The words |dent| fied fromthe
vocabul ary nodul e p to t .int sel | i.st 76, .The
words are sorted a?é@pﬁ @g?%é‘cﬁﬁéﬁw fc\ﬁ?‘ﬂ?r? P %Wﬁﬂ&)ﬁﬁ? used
Word Ilsted f redated k@bngdtdmnéwphgsysmdmm@epmqmm usthe words 1 ~
"age,"” "aid" and "bid" were identified fromthe vocabul ary nodul e as being
t he nost probabl e words corresponding to the keystroke sequence. O the
three identified words, "age" is nore frequently used than "aid" or "bid."
so it islisted first in the selection list. The first word is al so taken
as the default interpretation and pronsionally posted as text at the
insertion point 88. Prior to pressing the Sel ect key 20 60, this first word
taken as the default interpretation is posted at the insertion point 88 and
in the selection list 76 using identical formatting. For exanple, as in
FIGURE 1, the word appears as text within a box drawn with sold Iines that
is just large enough to contain the word. In systens w thout sufficient
display area to show the actual selection list on the screen, the list of
potential matching words is kept in nenory, 2~ sorted according to the
relative frequency of the matching text objects. In the preferred

enbodi ment, followi ng entry of the keystroke sequence corresponding to the
desired word, the user sinply presses the Space key 64. The default word
(the first word in the selection list) is immediately output at the
insertion point, the selection list is cleared, and a space is inmediately
output to the 30 text area at the insertion point 88. Aternatively, any

ot her nmeans which explicitly generates an unanbi guous character (such as
entering Synbols node and pressing a key that is unanbi guously associ at ed
with a single specific character in Synbols node) can be used to achieve
the sane result, with the exception that the specific unanbi guous character
(rather than a space) is appended to the output word at the



12 March 2002 -13 insertion point 88. Alternatively, the punctuation key 63
may be pressed to generate a period, hyphen or apostrophe as expl ai ned
below. If the first entry in the selection list is not the desired
interpretation of the keystroke sequence, the user nmay step through the
itens in the selection list by ~ repeatedly pressing the Sel ect key 60.
Pressing the Select key redisplays the first entry in the12dVerwhi200d i st 76
with a box around it drawn with dotted lijges, and also redisplays the first
entry at the insertion point 88 with an identically formatted box drawn
around it. Conceptually, the change froma solid-Line box to a dotted-1ine
box indicates that the text is closer to having been accepted into the text
bei ng generated, 10 having been explicitly selected by virtue of the user
pressing the Select key. If the first entry in the selection list is the
desired interpretation of tbgﬂh&yggggﬁ@0§ggy@m@@bn&hgmg§@5wgpnt|nues to
enter the next wor u5| the data eys 56 the Select key is overl oaded
with a space gener & is generated prior to
inserting the text\vfxmrrefdmcamm@mm @trh@xcmweybdahedsmabigumngt mtdﬂex@ wor d
will be 1 & C ena f rveni ng
space. For eag géégs&%gﬂihe e eé@ E& €&ﬁ@§tﬁoﬁ 1&%& ?%%3 ?eet?on
list is boxedpalintdp deartadls |dopwylerdad a @dpiyleofcomméteemryorpmm 8i aerhickd/

posted to thegd t440 r&plaa sl r n
post ed vor d) k ﬁ%ﬁa 54 ﬂnﬂ@x‘n@r‘ite& &Pla %d?:gsctr&‘ﬁ stﬁbé'» /GYS! Vo %@ée@ ﬁ{elt}}{nse “t

boxed wth ed | i.nes I ] onal osting
entry to the %M‘Fatf%’gl%ﬁ &M O‘V% P’ d%éireﬁf’%jr gﬁﬂaﬁl"a}"n“tc Cr a4t t’HPHEl 8Yicdn t he
text ?0 regi Onavd dedlied RAds MGluding £fcaich kareéhieaveied @aﬁnted)rardas $dr.ked§, dideeeteiser ' s
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I's the desirege Qmew ke) Eg 300 lﬁhl%e&sequwmbmﬁ%ei ‘Pafb%leﬁeﬂ@de% NmBAE and
i nsertion pol nt ‘as OI ce of the user, t he Surroundin box di Sagq, pears

conpl etely an@yli‘h‘élsvééf @niesng Saedss| 1y Wl | ACT T drahareists. RS 2ad

formatting. |fespdegiveigcond entry in the selection list is the desired word,
t he user oceeds to A EEE r8sSe f | .ect
key and tgée di sarrb:;s‘gﬂr%?etnsae %(rgmggglfqo]%aa%r?ca yhg\og f &ﬁg\egéghgﬂﬁge’gtry
to the text réghienadas I 1te S0 Sm\’gmrﬁﬁeg%zmmlgﬁ%@édﬁd‘ éntry
is not the de hr‘lc‘?\ﬂm\ﬁﬁrcﬂaraél&@ ab%erateraaynle&ﬁmnmgadmed&@lkewérqmﬂeu&kb@ﬂ@lamr ess
the Sel ect ke¥ a}E ’?S gq number of times to select the desired entry before
proceedi ng t o' BAPEF" HeEXEESwor d. When the end of the selection list is
reached, additionaDapresses iob thheiBelbeptikeyyvauseskesgobel @rthicondldedt to
scrol | angs newema{] d$6 AstP upﬁ aﬁi&@da k&ystrBge ShtheRle LAR: 3K @&tuoafa lt&)&txs

Those entries at the to ese ection |1st are remved fromthe st
di spl ayed to difelayeden tineorspiiey disglagctedl By reaiPRs fﬁFéieSP%%gééh%fi‘SPHé tsr,e| ect
key is aut omaiispRblixfopasidadotiee e IA@NIppEﬁ@kmaWﬂ@lﬁ didiadS R teRl @RSES bany

,([j ﬁ;a key 56 t %he CQSQ} hodt! seent'eos as rzlitb%rfter? rttem m%u?tr gte'dm%l ‘A 58%&%"# ¢ reglctmr Y0. of

located below the text region, provides a list of words and other iterpretations
30  corresponding to the keystroke sequence entered by a user. As will be described in
additional detail below, the selection list region 70 aids the user in resolving the
ambiguity in the entered keystrokes. In another preferred embodiment. the system
may be implemented on a device with limited display space. and display only the
currently selected or most likely word object at the insertion point 88 in the text

35  being generated.



keystroke sequence corresponding to the desired word, the user may sel ect
the 10 desired word fromthe selection list sinply by touching it. The
selected word is imedi ately output at the insertion point wthout adding a
space. and the selection |list is cleared. The user may then press the Space
key to generate a space that is immediately output to the text area at the
insertion point 88. In the majority of text entry, keystrdRéMewmipid¥Es are
intended by the user as 1 ~ letters form_ pg a word. It will be appreciated.
however, that the nmultiple characters and synbols associated with each key
al l ow the individual keystrokes and keystroke sequences to have several
interpretations. In the preferred reduced keyboard di sai nbi guaung system
various different interpretations are automatically determ ned and

di spl ayed to the ugeblogk diagemns ahthetrgdusedketbloardkdisambrigiating syuien herdware is
interpreted 20 angkadiSPIAYRE 0 THE KEPRArES and ol &Jepnwadﬁre@(gr@%ame,

t he keystroke 'sequence Is interpreted in terns Q
cor r espondi ng PERSEHEE $9G souedy srprejagireintcaiacive cirepitrar Ontipatlla aggeakentl? e
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sel ecti on 'Mi st°P°BFRE eP 5B ‘S?f‘ ﬁi“i“ eF%‘F‘@trs %nfnﬁréssg%?‘t dvoéﬁ #di ng
to the conposim@&uasddOenayarofiistimmed et adfitialal dged debive Wpticksmllyhee nsamorge
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ot mam nurber St i SRk o it ppAdfon FYSREGTES, 197, e e ReqbhE
di spl ayed nmy P5esraes épelade worfih@mﬁs%?r%rsof‘éwm @awwres el tfpreegy bpapageso
t1 ga}va SOEE 3}) gmatnéttuefsprespaédm@ﬁmmys seftwhe displsayes prd;\ﬁdéd’les eurzrpent;auon I S

rc exa a
2o o 337 SRR, RuobiiE P et fevoldrf iR PRy Rt
" bi enni aI ") arcemmomichionaid. When |isting a steminterpretation in the
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perfornms bot h YA PEKN agf*etﬂéﬁmlwemesej%eﬁ%*& BHPGEES FF RPIEHEUS as
sel ection listy tﬂfﬁﬂm’ﬂhﬁlﬁgge{wm&h&& anereXxiptal diet vasjpas kepdrakaatiaprenhens are

fl I f.
b1 boks. 164 and 715y SFERLE Perpltfie s Bos B CBIRRLUL M MIRRREE

defined to 15 agerignat el pysesmy Mthtsuéfb%t@ré ditpavagsee pvaitahes. fa s&tj:cnon fist 76 of
" Over| oadSel ecgoss.btesm&%re%le%ofﬁhﬁéRFeréﬂ t@»sesotésow grta,ardedott e MBENI @l i ne

of the di sanb ation soft ener e ec on st, to d t he
user in Idl samltﬁ H‘I?‘? Hﬁ faﬁﬁﬁh Ji’e%éi}gf’%lz ‘%é‘ﬁ&g%&%@ léitls ﬁelfltﬂteéical? Al he
system wai ts tiater@emiive and kigspityed ke the ot trépgork@y boan dnsgdionUpont $%c éi phle of a
k tr ok t

eystroke.;a upbrt REK4 %gg%étﬁéﬁse}nﬁm ngk%wgasw Rh& i.étdme%s\ Ay calua

for the punct Ion I scusse
bel ow. At a dekdtsirothelspigetombst, 763?nfieéthe|1§smtep%t telﬁenfoﬁ@a‘i“fl" Fﬁebltsé?fel ved

keystroke is a; Rpds x%%.'tx@ﬁﬂh@rbek%én thé 1§§értlo'ht poﬁntbb&@ii ah@2ht hele&}b‘htﬁm seis a
fIagtomdmatgq# curtent Séls eclsic

es
5 rade 1o dot SERTRCR i Eeg T bR et R ik B PRnd R et g P57
t he keyt ops areccﬂ&nnedtnjacmmaﬁlenelmﬁem selpcunaf liect /’tlt'ematwdrvermt) siestiemlisbde. | f
the Systerq @bfaed Ak &h\aﬂg%fau@lro il s O%Jten@edwem sehat SXHIRS 1n the
subsequent grawn the main routi rjle returns to and waits for
anot her keystroke On the other hand, if block 151 det erm nes the keystroke
is not a node sel ection key, then at a decision block 152 a test is made to
determne if the received 30 keystroke is the Select key. If the keystroke
is not the Sel ect key, then at decision block 1S3. a test is nmade to
det erm ne |f the system | s |n a speC| aI expl | C|t character rmde such as the
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12 March 2002 -16 accepted, then, at a block 168, the explicit character
corresponding to the keystroke is output to the text area. Next, at
decision block 169, a test is made to determne if the system node shoul d
be automatically changed, as in the case of Synmbols node. If so, execution
proceeds to blocks 170 and 171 where the systemnode is returned to the
previously active node and the keytops redrawn accordi ngl y12 Maechi2002 t hen
returns to block 150. If at block 153 no explicit character node is active,
at a block 154 the keystroke is added to d2stored keystroke sequence. At a
bl ock 156, objects corresponding to the keystroke sequence are identified
fromthe vocabul ary nodules 10 in the system Vocabul ary nodul es are
libraries of objects that are associated w th keystroke sequences.

obj ect is any Qii&eienek: t&&@%ﬁdﬂ@aﬁmﬂws&&m@yf&t{hb%aﬁawas%ﬁe&eg%bg

recei ved keystroke seq nce or exa Ob] ects. wt , voca
modul es nmay |n@loﬁﬁéa%‘!ﬁ?ﬂé%l‘c“llﬁéﬁftl%ﬁ‘%d i5 @isndayed at BpEnserion peuy 880y system
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t abl e bel ow: ondi aNumber sA, nu

whi ch corr espolidg 8r%er%(fﬁ ey§{ ng%s alt@ arormghRogepl %Pebai“ton’s‘i‘atlfg}‘ﬁgré’&‘e
"42" . Letters. Aadeeinmtxakh mte@mubmélem‘mrb/@tf tedtess oapeld s poordi(heretmoftgrathe $word
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i nputting i ndi ¢9rERSAPNd o therea W&W%FW%FW%S%‘H&’?\QWGS Srdfgee sothamibe i pl e
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representing a va ortion rseguence o er orm wor
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"To Wh t Ma bi
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performngthesemﬂedfun 17, Wile the

i 0
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of words even P¥" es ers are a y reversed
f rom t hei r2Qr op@rthisdgsiovare takep as theplefaul ijemeetawnngposiel zealmwmmarbmnar 88

nodul e prefer aQ:ka/mCm@Eaéaax%nsﬂsmé &din oiabﬁt%ﬁfonhsmw Fob&aapi, 86 PERAURE 1,
however, that various objects ma m xed w tgé&@ﬂvoc buI ary nodul e.

repr esent at i veldi WY F RRPSFS & t§¥‘n‘@¥@“l€‘é&?\éﬂmg” hay 1) e@“o?ﬁé
internal) |o~: tccedmtzilﬁph@%ﬂt ats oysiahs kol ey Ficiamr ﬂh@laprzﬁéaﬂforﬁduemb(ldtmm

need not mrr oL l;[:ch'xonq Y%I Qﬁe sc?‘lernaﬂ%el@m" pote Qual %a%ﬂi)ljxs?wgldls 1S ie& 1Rrxrexéneur)rry,ed

| ogi cal descrl
23 sorted accordmg to the relative frequency of the matching text objects.

In the preferred embodiment, following entry of the keystroke sequence
corresponding to the desired word, the user simply presses the Space key 64. The
default word (the first word in the selection list) is immediately output at the
insertion point, the selection list is cleared. and a space is immediately output to the

30  text area at the insertion point 88. Alternatively, any other means which explicitly
generates an unambiguous character (such as entering Symbols mode and pressing a
key that 1s unambiguously associated with a single specific character in Symbols
mode) can be used to achieve the same result. with the exception that the specific

unambiguous character (rather than a space) is appended to the output word at the



| ~ of a key associated with a French vocabul ary nodul e. Three additional
synbols Q42 (AAA) are required in the French al phabet. Al so, the synbols
are preferably indexed 543 by order of their decreasing frequency of use m
a French lexicon. By extension, FIGURE 7 is a preferred table relating the
i ndi ces of |ogical synbols to key indices to be used in di sanbi guati on of
key presses Into French words. 20 A representative di agrarf2dilaechv20G2 obj ect
vocabul ary nmodule 1 10 is depicted in FIGQ4RE 10. A tree data structure is
used to organi ze the objects in a vocabul ary nodul e based on a
correspondi ng keystroke sequence. As showmtn FIGURE 10, each node N 1, N2,
. N9 in the vocabulary nodul e tree represents a particul ar keystroke
sequence The nodes tn the tree are connected by paths P 1, P2, . . . P9.
2~ Since t her BSERIENHOHY 84nifiligmsuaclyatha pregrsation kebid3pnaf ey presked nbgeticrmat  of
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may be connect ed V\,Lf[ Qine children nodes. Nodes connected by paths
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12 March 2002 -19 Each instruction in each packet 406 describes one of the
obj ects corresponding to the keystroke sequence represented by each node.
Descri bing an object requires maintaining two object lists. FIGURE 11
depicts representative object lists created dynam cally by the

di sanbi guati ng software process froma parent and a child in a vocabul ary
modul e tree. Object list 430 is an object |ist containi ng18lb{|af©hé?0.02N
associated with a node representing two kaystrokes. Cbject list 440 is an
object list containing objects 1-Nz associated with a node representing

t hree keystrokes. Each object |list contains a list of all objects that are
associ ated with each node. (bject list 430 is associated wth a parent node
representing the 10 keystrok gugnce ABC ABC fromthe b@xb ard of FlI GURE
1. 0hj ect | Pt SHAB PETH IS Bt e GBAG WO OF HYFT rRATeS TABR® AEntalartiop fst and
keystroke sequpieeet®BEIABEeT Wdesirtd wuhlbebef anmasisateédtﬂeh@etsxrémenﬁj zefpé the

object list i SR o@éedhrggh{o enqgrl_:tgyryéxtf \95rdt hﬁ/haCttH ted Obi tel_lsecl)gcuﬁnjlggh Haélcllwéi

associated w t asSoCl a
construct ed byaddighinagpresishaf ﬁ@tS@iect key cpagrsaethe eclestion leshtoodsiat and heaw emmss

construct eds f o, §gidean& e Aade theT&%chsﬁthesJOfme e%fek%% th%% P He! s@}égﬁg
therefore contalns an instructi n558 %A&an OBJECT l\ﬁ)DEX fie

shown m FI GURENEE¢ Fegroved diont ’fhe st flisgly Wéd{sernoa}ée %Weﬁeqqul% By HH§ ect
that is used tpremms:tfnm:sabhekayhsladtdmdxeamb eqntd e exarggion, whér khe user

reference to FI I&}C{iat% &g%g lo c%htngl%] tg%btex E& Al?eﬁnz{% eg/hgoll%lajx ECtrttrvl cffttp430

is used to ?0 Bons secon ew OB} € 440.
The previous okjyseekd deqvendei egrraspendingOBY BHET desi8T- MNDEXhE 56et h‘@lsfeffe(btroe the

provides ajd i NechOq tltftd SRIn 'tl’ﬁ:ssélfbtleQIsP'sgnﬁpl@C{oukﬂlﬁé it 0ThQ%BE+tE& wdig il d

obj ect used to. construct the new object nstruction SO contai ns
a LOG CAL- SYNBOMDENSERN PYtRiidt she ’cS‘S‘?fHa’i‘ Pats WSS IAIRT 2 sBacsdand detsglection

identified obJgatisicieafyddeThd (Dseﬁ(ﬁm?tthblxﬁbrefshﬁaen&mc?iesbbb geherattNespace that 1s
LOG CAL- SYI\/BO_“I Nqﬁ'xtﬁ oum%ﬁéonnc tcﬁtore%a %ms é thpemlt%ﬁt ers fromfinal key in
the node's key'"88HuURYce HENGER IS struct the new

obj ects. The | ett er In besppaitycdtxbyniay. tl@bﬂiwks gedueasestanatniehalod by dlak wyer B GURE
7 wherein (e | X4 Ghlnay MR ! ND&?& bé gh 5;9&19@5 NesRRBd diend xqqm?é c@ymp&L

indices 2 in the flrs rQw
specified key A¥hoRmRON %SS%a‘ch?é'Hi’leP?}bth lOt“h ’edi‘ﬂ?}é m@f"?‘:ﬁ@@i aF‘§1 EYSEOKE 1 st

col um Of the ayabrces FOr hexaspker) iwetjrenadmy enee theo pl'_elt&dBEréldubec( Keligodrd r st
obj ect " CAT" he. new obj.ect s_.constructed i he second
object "CA" m ?lﬁ% @llgaatglﬁ Sé%‘? fi VHO%%.Q@%C W eﬁsuonﬁ AU ‘%/l onﬁr‘gfg&e”?Wo eto
speci fy the T. aihdispley¢dotyi tbalusqm‘@aﬁ Samrﬁ:lemetaabh@ka\fstrpkameﬁce I'STmerpgett:@]e

first |ogiegl hﬁi&@ﬁla%t&hﬁ‘e kM ckOYer of WEFRf ore the LOG CAL- SYMBOL 3 ~ INDEX
field of the instruction Fch_ﬁl;l\%enerated the object "CAT" is.set t

12 March 2002 -20 i hefi S4Mel% HiE KeyiEake sequeate s anemeete i emy MdBarHA i‘ﬁ’@s
obj ects in thisomspmehingrak @sssitde vafid tshgueknowof keyrsseguanger asngoied ahednwi t h

each node and @{%?elm~%ea$s§e%hﬂé+%ﬁé% ) elt,h [Swhy @%re@aﬂo% %g;% ¥,chediee

t he amount of orage space requi voca
mcomp ete words. By indicating the p0551ble interpretations of the last kevstrokes

25  the word stems allow the user to easily confirm that the correct keystrokes have been
entered, or to resume typing when his or her attention has been diverted in the middle
of the word As shown in FIGURE 1, the keystroke sequence ABC GHI DEF has
been interpreted as forming the valid stems "che" (leading to the words "check".
“cheer”, etc.) and “ahe” (leading to the words “ahead”, “ahem”, etc.). The stem

30 interpretations are therefore provided as entries 81 and 82 in the selection list.
Preferably. the stem interpretations are sorted according to the composite frequency
of the set of all possible words that can be generated from each stem by additional
keystrokes on the data keys. The maximum number and the minimum composite

frequency of such entries to be displayed may be selected by the user or configured

(9]
wh

in the system. so that some stem interpretations may not be displayed. In the current



The vocabul ary encodi ng techni que al so all ows access to vocabul ary nodul e '
entries wthout searching. On receipt of each new valid keystroke the
system executes the instructions associated with the key at the current
node to construct a new object list fromthe old, then follows a single
pointer to the appropriate child node. Also rather than having to store
every object in the vocabul ary nodul e. gev~~ 10 obj ect f12 MarchrZ20@2usi ng
the | ogical -synbol -index field to add ont¥ an ol d interpretation. Thus a
word stemthat is shared by a plurality of objects in the vocabul ary nodul e
is only stored once and is used to create all of the objects derived from
it. The disclosed storage nethod requires maintaining an object list froma
parent node ieRarhpie, theGakisl "dify (lkaditg €o theerort i"bifesatiey, tﬂ”q&a&hgmsumamnebjeCt

ltst of the L I nede., . T, i ' rrbo in tabl e
such as that éi%ﬂt %ge IJF@E%FH; e \% notetnglEéll 3%% f’e c}har ac%&g’re qls&éﬁ Bi trar y
sequences myte@cmwr@at@nngltl@e efﬁwthPdFSt ethamsrrens thléteﬂksbﬁ Istegt fritgrgretationke”

m ght be addedyfiQudshe waf ane i9Bh&GH ir m Qﬁ"e se‘lé&mtm@ Qkfﬁerpmeea&m 5 mitQq,f Orm
the word ' catllke In this manner, entered1 keystroke

sequence aoe@owsvern%égogaﬁpqrsﬁpavéle%w ﬁwco@wae%ﬂeﬁdn%b% Faried ygtha ésfml@m

associ at ed ohp gkdw tifd tRE hie asmlu»a §M@Wﬁi:haﬁavanh1§fwdr& ak mhetuhge@yrmeh i ndex
tabl e woul d al |l ow a.vocabu itrary key

tif
sequence. | anebleidit PPt Rk (r?oah‘ <"er SR MinE e s Eka o
nmodul e tree. hihebesapalwrdd tb yeadfte st antiynd aclojisedtveondi t h an arbitrary keystroke
sequence is used Zy.lQ.30&86f ﬁX?&&x@chk%%%'d"&nﬂ:fl %?&’énﬁn e?d%g by

contracti ons. Abbreviations and cont ractl ons. can ent
keyst r okd0s eqnpeﬁ'éenbwa%tlwﬁeeﬁbrﬂﬁs tl8 onp drgtemisd enacpdpwawe@ﬁ t@e ébjﬁ@rénthe

i gnoring puncleiat k@;n;s TherisRyT Eudkﬁthﬁhﬁtpeﬂbbﬁﬁwbtatth@m&loﬁﬁﬁ oFGBlet @t ieNS are
easily accessed

user. Wt hout .entering punctuation, .resulting in a
si gni fi cant sdﬁweﬁg%bl?% fliggg,glterssfgggon B3y a%ia‘ﬁ&‘fg“f%tﬁ%%s qlcélasrPa%‘ﬁ‘E}élfgct‘
keyst roke 30 vaequppopriber [hdicnsystenvs. theofirg tQ/\mlngdSaerltcabbsﬁeranpdSEEInuebc/LBen t he
"n" and the " h skr ti I a responds
to the keyst rtgke -sgeﬁude cé #gtﬂéﬁm rléf%P§W§g§%g% E’Jgé F@ggéﬁe%]%e%&ﬁ{%a t%
apost r opHe beenwsas aPWéPhCh“ spasg ehatagker e flag’ (a"%ﬂ%éisﬁe%yrﬁtf@} FARSE. table. The
di sanbi guat :j ng syﬂemmi s 4 ﬂﬁﬁﬁﬂﬁheofaﬂhq@mﬁﬁouﬁﬁé bﬁ/tkﬁl(ﬁﬂdnﬂygda@oﬁ heﬁwaxer t he
correct wor wi t hout quiring. the . u
punct uat | on e EcRerbiss agHECHRAR 1 S b 1F ol 88b i ool ke 4
Mar ch 2002 Ziqtpmoqa?erlél dlbéqstlkahﬁof @h@lsgﬁem‘ﬁd§ kavéastyeuai kpystraiieafranmt Eh'cs
(such as M@Edf op?ec%ﬂit%'f%q\e@%r&esbﬂgb& kﬂyﬁtt}{eoégf@teﬁp?érhﬁnyp}y key) .

Capltallzatlon nasimlar shoul'd al ways
be used i aIHfOQ’:’—é%:W?e éﬂqul“‘éﬁ foétﬂéc PURCTURLIGH KNP 1 f‘hé’l‘wblélpfvgéﬁlﬁ et @4 digussgdi h a
capital |ettaéf demilthetown ddh deetmign bocksiSoca aseld mddeho Saeieemﬁ{cnﬁﬁe s&negnces
whi ch omt keystr kesm C i tral | LN for the
user to ent eﬁ%gstr gke 15 al c? |%t:£1 clﬂgxl)](f(% 11363 at% tt)lm:l\ ??i q%d Eaxrpgqua taa 1o

i ncl uded in dadibate nibe r@@lemoﬁ}’%@ m@dfspetlaf 96%%@? tbilenkall73i af tﬂsmit m@ﬂﬁiea@out

t he obj ect b%e%m%nﬁttﬁél%ts?e% mTJaie relgjces&geayne sBl eléibrm qurlhé"k@wt%p§9ﬂ:e to

speci fy whether the g rated_object is a stem ny ot her
obect” The. OBiratt ATRE BIHIe HaneirErb el M. dF FiecRait myeSaprd

objects to bechmugeedowﬂﬁas ohanggd wed theoksyiaps anlyseqodulyerediyne dvanaintrbetirgbj ect
type field r’rerf\gmglsgg b'l g Eg]g\md ﬁ,@llqsrggtah@gerrk%gﬁgoq{ ,ng the part of speech of the
word. information abou alized, or information

needed to construd®n g pBas hppd Il(écbtl‘i"érnéD bﬁeeewar:m@ kyskreli ée a0k aybessr d
di sanbi guat | nﬁle@t{&‘i R&Y. WthR0a 8edl6RBIECRN B2, rmeylxemfaaé/tortg:térhﬁnmme Rteived

speech i for t he a ti,onal ,infor

ayntact! Bt arapekea s St B Rl raseu SO B Fkst Box Bar A it ¢ ype
field may al slﬂod@tﬂmanesammadm@ deteterinoifdhd systenr mnsm weeiohexplict ekaragter a
conpressed fofm ThErUN GG pRde e Read T apsi &t &lisidh BlokRMRkE &I W nal

instead of transmtting the entered keystroke sequence or the_associ ated
di sanbi guat edpe@w@ma@fegeemﬂzuﬁ ey d’FO‘flﬁé“‘!%ByseieééﬂduFe@% lwre%qﬂélrbﬂ)efseww
vocabu(an~ nogk! Qf%éezﬂ ﬂaba $67 ucet Hem ib %cddj)&ﬁ ztnhelsam;e@tas rﬂSrﬁQCtbﬁtt erf aM t h
each node, are st .ored 1 r{ ata elsﬂ ? { ccor LQqt el r
frequency° of HQé‘S‘O?ﬁé& aﬁcgp[e? h%mdf)F% O?‘I ?CP% '8 Obifa’t Ké" | rs? FRSrdcti on
in packet 406 has a hitcher frequency of use than that constructed by the
second instruction (if present) in 406. which has a higher frequency of use
than the 2~ third instruction ~if present). In this mariner. the objects
are automatically placed in the object list so that they are sorted
according to decreasing frequency of use. For purposes of this description,
frequency of use of a word Ob] ect ref ers to the I|keI | hood of u5| ng a g| ven

T o o o, M



3 ~ may include shared stenms cormmon to a vey | arge nunber of |onger words.
12 March 2002 -22 Determning the relative rank of these stens dynamcally
woul d require traversing the entire tree of children nodes and accumul ate
information about each stem adding significant processing overhead for a
portabl e conputing device. Determining this information in adv

storing it in the vocabulary data thus reduces the 5 pro&@i@?%ﬁqggé&head
Mor eover, when the frequency of use or rank is represented inplicitly by

t he orderlng of objects 406 in the node!®no additional storage space is
required for this information. Wile preferably the objects are stored
within the node data structure 400 in order according to their frequency of
use, it will be appreciated that a frequency of 10 use field could al so be
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If a valid packet existchorresponding to the received keystroke at

deci sion bl ock 622, the subroutine proceeds to a block 626 where the new
object list is copied to the old object list. :'~s noted above, to
construct a new object |ist the 20 di sanbiguating systemstarts with a copy
of the old object list. At a block 626, the object list fromthe prior node
is therefore stored so that it nay be used to construct tHe Mamhda2(Ot
list. Block 628 fetches the first valid jjpstrucnon associated with the

gi ven key. Block 630 initializes the iterator NEW-INDEX to 1 so that the
first instruction will 2S generate the first itemin the new object List.
The subroutine then enters the | oop conprised of bl ocks 632 through 642 to
construct the object |ist associated with the valid instructions. At bl ock
632 the OBJECT-LIST-ITVDEX field SS6 is exam ned and the correspondi ng
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12 March 2002 _? ~ way that they are not nerged with nodes used for other
words as described bel ow. The di sanbi guating software can then search ahead
wi thin a defined nei ghborhood of the descendants of the current node for

t hese candi date objects, which if found can then be placed in the selection
list before all the keystrokes corresponding to the ~ objects are entered.
These objects are included in addition to the objects thaﬂ2eMECD|ZQ§)2tly
associated with the input keystroke sequgpce. Displaying objects associated
wi th | onger keystroke sequences in the selection list (referred to as the
"l ook-ahead" feature) allows the user to optionally select the objects

i mredi ately, without having to conplete the remaining keystrokes to specify
the object. 10 Returning to FIGJRE 3, at blocks 1 ~8-16~ the objects found
by | ooki ng updqsmbddeygrﬁftﬁ%ede%hb@@n‘deemh nppe ivassadiated rwithoduinbsr aff @jects

prioritized a&ﬁre@ﬁm&rﬂh@’ﬁﬂth%%et}ﬁ?ol&sé%ﬁuéd@et h@s %Eékﬁﬁé}ls%ké hﬂec&@ed Eﬂd the
determ ne the seq %pgce of ] écts %dzlp ayed t he "sel ecti on

priorities ar@resp I”igsﬁléee b‘ét ST SEac \Rf’é%%u ‘%Erils rﬁ?HﬂP@daﬁG tbﬁ SQPJ?fé% ween
the returned ehjeesdraiify amtealcd}smmbwuamcy rrllidbﬂo%jecl Ifst Tﬂmpfeh&f krééa%@labhe

obj ect I|55|d t|f|ed riou qQcabul at blo | 58
the node o &lgfl% vses 51 ﬂégcf’qge?fb r SW@&%@?’@U%&S?W@ t%)%’i‘eé?ﬂelas
exam ned. As stila;tmlsi;etc%above in a normal node of operation the word

|t orprecati ons areicvepkayed fbaokiant s SRUBEL! Bl TR Al egdy 18t
than the obj ewith epady nogg. fTrhSrﬁatah%meerFO%@%mwayonﬁmj|I@§s e@bmaeqnsep«;e i f

t he di sanbi gugt dnfidreaySdRENiA $hel Yoch BEaUABAIIE B derf d&@@fr@éthr@rblsot &ﬁxtﬁh‘sﬂer IC
interpretgtions would be assi ?d.g hjfghﬁfb |ar|rt~than&thg er

vocabul ar fﬂr{é@“o“ﬂ{é&%ﬂé’“g k1 Hdeis 4 ‘%’dﬁﬂsi A OSIAG e it ’Fef’?:ﬁ‘é”lar
dictates the lmylsmketsm\hmtqmpremmfaitmd the yodmdul e object lists. It will be
appreci ated that i Eaist ALE ilhGRae LG HRLERLb ga%aw@mﬁ%% 8 pgpdul es

may ~5 be omtted firomthe selection |ist ent sts gener at ed
from vocabul aigicaiss theeRumiey 2eGHcal Y %frﬂhyd%@ngoﬁw éiaémergpnn@ﬁ{ect toctpe paspnt

contain nultifpdde emd rweish A’t thd afite |26sible hm@,r laRf |ats§’oclpa%d/\ﬁﬂﬂ1 tihraRi&ct s
fromthe rre vocabul ?ré ée i S he ef ore sol. ﬁle t he, obj ect |i st
i 8s!

contains hul t {PUECRES S RIS St REC T e ! ﬁg?tﬁaﬁlﬂﬁ”}frr BGUPkoke
sequence t hat seaﬁemeerdpwkmdd tp thexnedegi Viece heraiyalramey daro day einathe padfemedyi ven

a priority th bl rlh@ﬁtn}ltnfﬁ&ttxnﬁé Emr&éraﬁdd\égnm%%eaam&tmow«Q)afeg?@@c&t aﬂioo each

other. As note ove re erab resentati on or
decr easi ng fr@aﬁéﬁ'éﬂ/ o h.’:'ééfq wew%@f%@dvaﬂméal@okiyasblféfﬁetﬂsf&g@dwqfﬁéhe
priority datapR&noe€bakiR@nce. dfichild @adds. cﬁacﬁ%ha SeidisE eg‘m@:maedmm ;ﬁﬁﬁielr t he

objects igth ct] I| ce t.he se 0 i st e|
i ted i1 a-rREOFarEP. o i MaCEShar  3yRE CPe s Rrel Bt P
fall bel ow a prustiet én nthﬁe@cabuitgy Vapdite. 20$)ch. 26ch11d node 1s only presem if the

keystroke associated with the child node is a valid continuation of the keystroke
sequence associated with the parent node, the number of pointer fields varies for each
node. For example, valid keys bits field 402 may indicate that only six of the
25  possible nine keystrokes lead to a valid child node. Because there are only six valid
paths, only six pointer fields are included in the data structure for the parent node.
The valid keys bits field 402 is used to ascertain the identity of the pointer fields
contained within the node data structure. If a keystroke does not lead to a valid child
node, the associated pointer field is omitted from the node data structure in order to

30  conserve the amount of memory space required to store the vocabulary module.
Associated with each node are a number of objects that correspond to the
keystroke sequence represented by the node. Each of the objects is described by an
instruction in 406 in a packet 408 attached to a particular valid key as indicated by

the pattern of bits in the valid keys bits field 402 contained in the node data structure.



m ni mum frequency of use may be omitted fromthe initial display of the
selection list. The omtted objects may be | ater added to the selection
i st when the user scrolls beyond the end of the displayed |ist. The
selection list is scrolled automatically so that the currently sel ected
object is always visible. The user may al so use dedlcated 5 scroll buttons
to manual ly scroll additional objects into view, in whicH 2 Meech 2
currently sel ected object may scroll outij@f view Alternatively, all objects
in the selection list may be displayed sinmultaneously in a "drop-down" |ist
at the user's request. Many of the properties associated with the
presentation of the objects | ooked 10 up in a vocabul ary nodul e are

user - progranmmabl e by accessi ng approprlate systen1nenus For exanple, the
user can specify tifEhoARRMCHIN | WyisprhuBickeff08c tdesibet | aagesf ofheop iEStss i n
the sel ecti onohbsionﬂm@ 10nhe Ieemseseqmayceme@@s@ead Byheachricde tyescadigh dnhat

determi nes t h% ( Ir %sbet a an?\%a‘ L{)égct %lS{mdlﬁllééR%nlq QCRI Ser%BItI:%‘g%}la%b\% ects

identified fromeas manner
entries 15 prodsehtlists @r@aleﬁed\ms@rcam tbyetfsedle@nblemtmgssofw@m omogeay fiven leept to

a m ni mums Adgidnt QR@/a emdr ireg do@aﬁu'fh?ry SRAREL (100 10b5dct rlemwlsnay oqe\eeme be
scrolled into view by 3b E“a\ es of the Sel ect L(%g/ fter

priorities bECRRENNE H@e% £ &S B pode SPRretgNLIngG B?‘éHRk%SO‘éJeCI

sel ection |igfst #40 Qoams(bmetathedcdmmmg ra)ejdcdenm ﬁssedate@mmtsnedrdrepfeesmmged to

h I
Sequence” ent e By RGP oBleR0R Bhupina R TN BPRE B Bes R BB
provi si onal | y:aphnstoéd al@dbjdtu gist #ghtiedsaciatdde withsarparamh rede ntepBBentimgt tie t ext
region 6§y Th\% éﬁ@g@éﬁ@ I S@f WBREhE Q!:'%Jogﬁ $MGU@ yr ééa IE Qﬁdﬁsl ~0 to

wait for the troke. Returning eC|5|on ck 15
det ect ed keysatS?Q?P@éeq ‘s"th Hé‘h%l’%etrekréycnﬂng 819 key ok QW“%%ﬁgh"\Bg kel from

deci si on bl oqkllllbe~2pprr&1aed:ttﬁt ma sbzleQQKhéﬁ%ccthﬁsevaaleEQ&taccdﬁh?fdﬂtH@ﬁct'ufo the
current selecti

% [Iq adt a block 164, if the

Over | oadSel ect'™ 658 5@6%?55 4wy eé@bﬁ“? ¢it space is generated and

i mredi at el y out putEdch abjest psemtiated ®ath aTdhald @ode Iscad$Salcexltbyf ddaling & clarsatet em
flag thatsis g enIBg'r:nd th YL mazorggua&f fdrNAd gﬂenmoexp@&hﬁtéa%e key

64. and in whi arac er I'S generate irst activation
of any cont i rgeka 4§éqa€ﬁ@yR§f édbw@m ewgalaﬂf a stragioco SKwih agOBFEG Tre
sel ection |i SLISTSINDX Yfidd 5$dr1ehdvinren FheURE e&tthzkeyemmeadtomaat parentFadbdeow ng

this initial BLOCRSSINA.LN (D8 PR URALKPYSLE BKR oA BL OB ARAR L hsystem

perfornms post-processin |on
FI GURE SB, arrdieginseusdd uRrE Hetth¢ Firgyedbinat "@xeet}b‘# ol obiest ln%ﬂ&@ LIS umi m ock

|1§0t ;L eﬁtvtoge;do%kz%tiire REQaH obR3: the %ehecrte“ggb »eg?mguwrrntlmé rE‘hi@us aﬁjec‘br anch
Over | oadSel ecfiertiy faeﬁi Q@HE% Mﬁxgﬂf @ergé‘fzﬁ%arw e ﬁé rvlmta thg er@a&m ext

itemin the st ekitdtgert lisistd idumd fathe bhieob)exs esdditonopauatthe Adwbbeek | 74, t he
solidline box aro j rSizo€ |-egt t ft t he
i nsertion point mhu@%em?uilo;] §b8 {1 X%d\};lﬂg§ gﬁbﬁlﬁ% SQMG%GE I C angeddsf

dotted-Iine boxndmreahesmb@kmladq?so s*vmldﬁmtifwdmhmgm grdet Iffecslysvetmhpm@w wal ts

L o det eﬁt%t heg @@stm@wam SYMBEU-TRDEX BeldS QRerefoROEpecEG @hPletls &om
eystroke

ck .175A t stem erfor $in uj,red for
t he punctuati %’F‘?l E‘éy' i3S RS %ﬂs i% Y B gich &hlgrb B’?ﬁf@gi 8@?‘6\“ 158 ow.
At a deci si onotheackTHerigiteras pr{ctﬁeidsbxrmtzibletsoddasttbatrdepneradfmtFIh@UREXI whenegt r oke
is the Sel ect, %Q?GféAﬁ@ﬁ{MS@ W@krf%lﬁﬁ c!o%rc%;ﬂ) d%ﬁ% Fo‘iz‘ical(@/xfxbatnn&céé)a?* ock
| 78 t he system advances e next e se tron I1st an ks it
as the currentl fesiise&ewpfi e@mSS&dnﬁo\}w rTth i whichithe gpeqifiest £8%iaRBeass 1§ he

received j@ysl’fdemlﬁeed B thel Pl kﬂez&ﬁie&h@ 1SS EBLRRA Bpm@&am@sropémqas@mm

required for t unct shomn I Scu

de'?al | bel ow 7 ekl %%bﬁl%hlg tB? Bt Pk}l‘:%‘er%fgj{ed“ etHf rfif“i bj’issg@ﬁﬁ ly
di spl ayed in d:dnstrscabceby using [thestecamidota¢ct 1CA" tiheheiohds ebje¢tdist mﬂ and gddite an
dotted-line analﬁdm@l,sEJaﬁe RPdgYisy tHaer I gk n@glweﬂnsetlhwsmse SgRF~ to

detect the next keystroke entere ser p t hat
the | oop fornéd bySHFd@EsMEWB @?ewanwsﬂ%ﬂfhe’a@eﬁbF6h§é2533A3a§9§@§53
interpretsfi ongDBK fidle eMiheriadnrubn gunels ghryféd decotljaqUENCE' kawitng htd esser
frequency of use by depressing the Select key multiple times. 20 If the
next keystroke is not the Sel ect key, from decision block 176 the routine
continues to a block 180 where the provisionally displayed entr~ is

sel ected as the keystroke sequence interpretation and is converted to

nom al text formatting in the text region. At a block 184, the old
keystroke ~sequence |s cleared fron1the systen1nenDry, S|nce t he recelpt of

o o, o o r - ~ e— 2 'K o, Y o o o,



30 activation's of the Select key are required. As noted above, in the
normal node of operation the entries in the selection |ist 76 correspondi ng
to words are presented first inthe list. In other circtiinstances, it may
be desirable to have ot her keystroke sequence interpretations presented
first in the list. For exanple, in systens where there is not sufficient

di splay area to support 3~ the display of a literal sel ec12darchi2802' on
the display screen, the set of possible 5312 March 2002 -28 mat ching
objects fromthe database is stored internally by the software and only the
default object or explicitly selected object (follow ng one or nore
activations of the Select key) is displayed at the insertion point. In such
systens, the object displayed at the insertion point may tend to 5 change
si gni fi cant | yindicats teafirst leggisintpkiablgd dagodiag theeobjaspuin this uAsneremakisnse of he
nost ' frequemt MBHE 69T 65RO Ak Biatdd WHE BE@WNKRY Sid e RRALEREE B oPear
little or no resenbl anc uent rd corresponding.to the

e to the nost fre -
previ ous | npullengrédﬂelffé'é.toﬂ‘éatgeéﬂ‘}flfe é@na'%@“’i‘h SOFEE otRET FeUMSHI 1Y €8t t he
i nsertion poivicapdaryappdde. ~ junpy" to the user. and its constantly
changi ng pear an c [ [ : [ 10 new or
unfam | i a?ﬁouser . 'legh.er e &glgmghe?%&ﬁg%kcgg?]lggingggﬁ&%%%&gﬁsgtgr\ﬁc% v %%i’ﬂ?‘?““‘t he
syst em can beentugst Mihpeldseseshingat O agdsmt afheash arenayvalidi kepbtagkienthet $pstenpst

frequent wor d.,QPjEe¢ theCiAEHRBBANEHsBEate® viilhethe Wel G th K B%TE R RUEN &L corii@r 4 OF
wor d st em obj ect d |fdjg‘i%corre5|i)onds to ghl onger word,

ay phe displa d.or
plurality of WY QSIek) ?ﬁﬁ {515 bl g felieys ¢ sHiele B0 dhe prREQPIAE Chilthe
result of thigode Stlesnrghanidn lowing i sthatvely shiebiangesvocabiilhe modwle di sq ayed
at the inserti,on, pQi re t i _shpl ppendi n additional
lerier to hef’l%'eecit %Qg%fé%:etd g’?{ggl Jc})%s %P%? §‘§T§J‘é§‘h°ﬁorf%‘e°iaﬁ§| gécpl%r??? yaﬁ)ll r%;& t he
frequent wor dinterpregitiont hEhugsevopt sgethat he shased bixey plyralitasofTolectgtih thesH| |

PQRS. Wt hout , &b {19A Hh68,1S &M PE SRR Ih @Nand! i @ s &S LR b thindio Rl AYdetilEd
foll owi ng sequence oOf objects (one at a tine) at the insertion point: "t"

o) :
"vi'', "ugh", from it hiBe difplasrdsTUREDH SN GRS PRINFARARAN QUi dijlstram 2
di spl ays: "t"parédthiode i ke vocddulirg modletréemudrtied ® doRatudd anewjcer histrdfant | i ar
user tendF_ to ih ve jnore confidence that the disanbiguating systemw ||
correct |y 1 nt&rEfhis or her keystrokes Tlle flowchart tn FI GURE 4 shows
how the system det Ehorienes whi dh lobjcek symboldinsipx apblat sughghs et ndsgectdcorin a
gl ven keyst romﬁxgﬁw?&@@no?s% Exh@é@?a{ﬂlcﬂg% aarfo?ew, @&ﬁ@hce@f%@ ats&%y 'B.S‘si&gl% t he
sof t ware program that generate at abase o r in thé tree structure
of nodes ~~he?@e§€hew~é}§r’?§ggéﬁﬂ§ flg‘eaﬂ"ﬁ}i‘fmgig%%%t%é?é‘fﬁoli QbIEEFance.
At each node, framnbérbey otgéct\vor @ fobnelod soar Gadiaer at gds sanne stherichonly of en
possi bl e rd g e , nce.
A5 bl ootd 10t KRRl Sfeqtocty RRRRAAN Tty LB BENF L flEgoRRAYE
corresponds t @n aiecipedppiee mMirf AStBsepienghstetsdahan egpaln the syt dydesfakie t ext
obj ect nust eyggRdhilohal vodabliRe BBSE th R UGN 1wy CarORbRE&ky &by edu@fl&:. ii B.. Or der
to be pronoted over th%t vvo&tg oqty’ e,%t (Il!Fe to be t?e default obj ect
di spl ayed fi r SPTEARL A aOLENS OFRIT Wity eoYOCf“Pl%{?r-‘r{B%Cg?"%e total frequency
of a word object i%ht bapabiliggefenayngdbj¢diewitbrad artisatyfkepbusketsheueniamsafsed he
f requenci g5 g{)o t?;k.'ed.tsb&tellkloxf}gzlé‘ergsxpgroqlsabgievmbﬁbaw%owcqohé SRS and | - €

correspon e ihitial letters of the longer words). At block 191, a
second 12 MeSTHIECHENpcan pg identified by a keystroke sequence that corresponds to their pure

alphabetic content, ignoring punctuation. The result is that abbreviations and
contractions are easily accessed by the user without entering punctuation. resulting in
a significant savings in keystrokes. For example, the user can enter the keystroke
30 sequence for "didn’t" without typing an apostrophe between the "n" and the "t". The
instruction 1n the vocabulary module that corresponds to the keystroke sequence
"didnt" references an ASCII sequence with an apostrophe between the "n" and the "t"
as a single symbol in a table. The disambiguating system will therefore
automatically display to the user the correct word "didn’t", without requiring the user

to enter the punctuation markh. The disambiguating system uses the same table to

93]
(W



t hreshol d "MaxWordFreq" is set which corresponds to the maxinmumrel ative
frequency of a word over which another stem nay be pronoted. At bl ock |92,
all of the nodes in the tree are traversed and narked as unprocessed. At
bl ock 193, the routine determnes if all nodes of the tree have been
processed. If so, the routine halts, otherwi se at block 194, the system
fetches the next unprocessed node, and determi nes the fretRdargh@00he nost
frequent word object (MstFregwrd), thepiotal frequency of that word
together with al ( words of which that word is a stem (Mst Freq~VordTot),
and the object for which the total frequency of all words of which that
object is a stemis highest anong all objects associated wth the node |10
(Most FreqSteniot). At bl ock 195, the systemtests whether MstFreqSt eniot
exceeds the PHRGEYMisplayfoEpign werdrduving uatque shyectars(schas "Bf . whiskaay de. | f

not, the def apletedoh] £6hglakspsiiokt @@ the TV Rey)NQdPithiszati6h imayiehamard in and the
systemreturns to bl ock 8 V\/Rel’ tp node. i s rkeﬁ as. ql r eady Processed
before ret ur AIHEBARHCKY 945 ¢ ?Lfﬁﬁ’lu dgFIBV@P(S f@ysggé‘f Bl S dT8ES ¥t BB eeded
by at | east anifialctaputalofettir, orMvitFactaprtal kehiemninathe bhiddle maPbe dshoeiggdsiviiin t est s
whet her the fr . t Lt Qb . | d .\ he
node (MostFr éﬁ§%§g)%¥%u%§%%§§] lgﬁé&%ﬁygnﬁ%ﬁgérfdﬁ%%? %gpl\;\?agsﬁgﬁl&%a?ﬂ&ﬁ? et:ﬂeegnot her
obj ect may bdorthe neirae epiRsIABreaPidipption fArseheat igredédl diay abojbedncladasloni at ed

Wi th the nodgyds ih&fkiisnssengeshecandaddiorty ShRMARILBSut thebbBfeki 1B | f
not. at block 197 tge %de s nodi Tgfefd so that the (&E{ ect associated with
S

20 Nbst Fr eqSCemsFgete SISt diPadieth@ayetortain 20pPdecto SRSHY I Whetherwieh t he
node before rgehdifiddpbjetnish] woid, 198ord Hen t @y athdblobjkst. 196e bisietragpefeltio
prevent ry commn st ofr i.Ng pronot ed over, cf n words. For
exanpl e. \{ﬁ he tgetrfg?%%' ?1 Q'V?So lf{eﬁeg]m\}\g‘fea Q%f(gormtso%:ocg? & lg\lleql ‘ﬁ?talnvaerg§\eﬂi ‘é%él?u?%rﬁuency,
so that for mealimaldioeover thesotpfct Rynerzald oray (adsognglude irdpretion reglarding-yhe t he
test at bl oClad9%r WRELH obehs aldréf ingsimavieR dbbouabvtie ERFDN HRtdizcda: al so

occurs at the sane node. The word "do" obvi.ously occyrs with a, relatively
hi gh frequend§OTBHPY t“e?/gﬁgl P 58RYTKE g PIEE Al eCél‘é’t’sr iaﬁan?ndﬂr&gst he effiicdency
of the di sandeghatd rigsagpsduaring fsySdo’ uslhg anedcabplppameaslet havioke ftiaailphrt alfj ect

for that ,node. 30 | d Svste r. - DI sanhi i -
punct uat 'on ePesoRe aRiE PG oY B AR SRy 37 IRREHER Sy flica

i nvention, i mngibisho timprayspde digmbikeajionfprodess. daiha duse 1@ (ieldemay also

"' punctuati ook’ ) dnfRSERE! Bt AW hRsntiBgoPUNedMah I Dbl tehs Pl 0d,

hyphen, and apostrophe. A(Li2 of thesg 3~ characters, are ao nlr}/l. used in a
nunber of | atGif§eede MUlhRE HIRIMBGEHO Entgmokh lermipgl asteaf o dFasmEng,
French. O herengeddsskaatiraitzaeqnines sr (Heassoeianipliemtihatadivhnactsr s comm,
hyphen. and | ong i '?}‘?edp , n i I si ng
t he sane ~gri nci pl g%%o _ftﬁ%e}gfg%@gééﬁ as rtteﬁgre %?g%%%%ug’f) ?eﬁlg%rs%gfg[ g%][rg‘gu#he
present i nveris ihghtheThiecassanted withieneh eesistaax o 1R He nadg dpfagkgture 400
surroundi ng ackaysir @k@eR Nrddiency PERMGE. UaAthaOts. KBY oBi3ct Sordet@edribRethwtiirsh
punctuation character is,i nli]o?%ed. ‘I:Fe ef aul t 1behal\éi or of thelgdégcg uati on
key 63 is al SBSHHSHPT iLBIKE HONM S NEPF A Fus I 9Iafe e bahrons iy aby e
certai n | anguages. indthetibh oMphaend in0Bl GURE hef\adingheFi@yRECBB! stothvandw t he
syst em deter ij ' - Mol [ Aty atkanof the
punct uat ?tgn &g&%@qgﬁgﬁgﬁﬁ?gx&n tggqg%tﬁ{gegt?ceg?éﬁga%ia\%&%i ff‘é%lgr?t "

punct uati on cdhaPhistleliss sadhapeheyt e SAehaccArIBLIRAeT e BR fIeayenss ch e alitfed t o
the sel ecti orpurgsits ofthB désdrambh. frequengr et bdawotd siject ageisvattiediketifioddhe
punctuation key 63 is determ ned by which.aobject is._adde TSt
object in theoefsu51“§cat g%‘ﬁn. RS Yvnﬁlntae%éﬁéetsénqgﬁfeéro rutétozlg?l Fed%?%ag%é+®gl%lg[ ®

sel ected by abt numbtmef tithes Bal exsh ey, ocours iy theegopusg Iniee ersgiof exprd stem

i nterpretyfi ofddy FrddlisRhayegkelis des@hfitdd BN sirhding ik Edgercid shasvdrine
routi ne which processes éach keystroke received by the systemprior to the
normal syst enVpFbeSIGOREWH i n FIGURE 3 in which the system adds the
keystroke to the chibhgnitreliynay ofaps tor okier seguifematiceheearhnede wvbidh theor ds
correspond to_t w I.n e ene t | &gt on

i st based on“?eﬁgo ﬁ%&“@ggﬁédn%gwﬂg?%@%ég} %3%33‘%8?%% %ﬁblgqu‘:ﬁ%‘l%thA
occurs at bl duksmpoOAampliERERSiin the GURE odjert TRBUlaE, Sheadhe Heradoriyeate t hat
then posts;ProgessasiulihenfieM sterden@nah&d 1§68 Qeky %517& irsiinbed N PhEGESSIARY
depicted in FIGURE 5B occurs at bl ocks 164B and 178B in FI1GURE 3. All flags
are assuned to have been cleared at systeminitialization tine.



In starting to pre-procLss each keystroke. at block 200 in I'I GURE SA the
flag 25 C earPunct Mod~ is checked. The flag C earPunct Mbde is set (at bl ock
262) to indicate that all punctuation key related flags and buffers should
be cleared at the start of processing the next keystroke. If at block 200
the flag is found to be set then at block 202 all flags and buffers

excl usively used for punctuation key 63 processing are cltaMaich 2008e sane
flags and buffers are also cleared at system initialization 30 tinme. The
curPunctVli-'ord buffer is used to save thé tent object to which the
punctuation key software will append punctuation characters to create
objects that are added to the selection |ist. The pState flag saves the
current state of the punctuation key software and differentiates between

t he di f f er ent Dpessinigetheasksvé omkt dlethesratant dymmiteliyhwolle rpauiet twatersig key
63 was activa : : nei - essed
is the punct u{zgtg %Stﬁllelg(ée;%g?f?h%éﬁgg% %P%gﬁ%%ﬁé@%rﬁﬁa&??gﬁ?m (g?haﬁ]gr_ﬁ’_ g?r&_:g 12
March 2002 - 33gfiptntgireqeysiag prgrheasl ©OBjadrortpble cogpyirg deviet e Detsrmiping thy d
buffer, and afnfdthebn 208advagcd bad@ sepinat B inSthsetodabulByYNGdia KEYs rédidbcaid ng

t hat the psunctuation ke%/hG?B; s the | ast kg received. Block.2l2 represents .
the normal® pr BOESSNE P GHepdie MAUGLYFoRBT, the geﬁiuﬁqcé’ooilﬁelﬂré@%E‘5§eE’ieé 5%hg at
block 1 ~ 1 ompitgly Ex dewriaomg derbjennddhinase wodd) ne addaiopelstterpgosmesiing
shown in Fl GURE, ! j romconnector D. If at block 204 the current
key is not thggﬁlg%c{oag}?lgg{rﬁ&%g&wt hen at block 220 if the pState flag is not
set, then at bl ockWinlz pagferablvaigs okifgtsta¢ plered vaidkin tke nedeydaggsgeiciuge 400 in

punct uati on k@éﬂepé&%ﬁ:ﬁfﬁ%ﬂﬂth@fr@r&h@x@d usénd »\m@roaab?r@a@s“eastﬁétrwfrajuemeof
keystroke conti nleﬁﬁgt bl ock 220 tate flag i's set to

|l ock 212.. If a 9
a non-zert vali§ ‘ﬁldfé)so‘aj&e BPoERe @@tthielﬂdi H‘é“’E‘iﬂ"PeEﬁ’ekéiﬂ”te%cyoq{élsﬁfﬁel%e
anbi guous dat aolldyentafm a tdpessehthevesyshigmtipn ocreesgsndsowvith dekréddench estusavbet her
the system fl [ i e S e i S..S€ only
for | anguages%g u@ﬁ&z%'cgﬁgﬁﬁss h I’r\?\lﬁzi{féequf@}i %ﬁg%m%ﬁg{}’oéggefﬁ%@% ebheg{se&é%{gwg
apost r ophe f ofi¢toweaedyy ederdragtley frequengypofiuse figldpf efchepusi-d Te ot veoteas af

DOSS?SSi Ve or udnE MtIkRGIdoatristibi tHah 8ssweib@s 'a'mtﬂ%'qﬁéncv lof uE@ﬂelARﬂﬁi éa@l@%}e& flag
1 ~1is sef-TRUE 0 be set to

“th if bl k 234 tate fl d
PUNCT KEVT T S hOtERg oL Hat e i ol B A0S sBaoss pimaen ot (e dhimbiated s
key) and if asysknocko2S@mplee theusysient cduldchiased o raghenoy budeHeldmt raflkathe

associ ated w 8t ShickSa JstNgsdd k¥ ERE the vocdt jock
238 the pStat EQ?LFES‘ i\stiet Ri oaAISOS-% in |acat ?Jrg&g[ chat1 tt %‘Bﬁnctﬁ%ﬁ%@ ey G3

has been recefly&t SAWSEHETVCtRE €BFEci al case of 20 aiz apostrophe fol | owed
by "s' has been reR@@ﬂhaid@) AGURE hett diesd 1 s6bihoekotddds iat Rboaedpord6y thai | s,

then at block 237 the pState flag LS,S 0 PUNCT D i ndi catd { t he
punct uat iJ‘é) kéefl‘e%{%é E?SS%B %Fleqrug%céa%\f (’jdeélﬁ}'a{ Weealsj{?r‘{%a?%i%rr{m%g% prlrlg@gggf}ng
shoul d be per fsor fied.chbuof alsabrontns &t faalangpgee Surcenvdd/keapipviessqyemaete as
recogni zi ng amﬁﬁolo&%ég&dmgedod@a/m Sin) -a | ParBEdiRery a8 @aryafh&duPSt afge i S
set, normal processing of 257the ke~~stroke continues at "block 212, |f at
bl ock 230, t héutﬁewrr@rﬁ%okc@wtﬂsct%@i BPIRFIE ToTor PRIYCHar kivsERkS gabERseddtiackey,
then at bl ock6@b0lehahsyst ebjectdiser Biloves0uhgties tHehmvertr&mhe keyils at he

and bur fors. i padf bbb et BREeRS opiateey bt " IBONET el BbFdie, "
after which nprogeds @bawl@bbéwnge&sﬁ&tBéOCKe@%tanRéuf(rphréneBé&kaKé}/&Eyl)l ’
continues (Vi pecioRAeeiRk £10 ettt dhedher! bl ahvalbOe Kk~ Préshes GV &akn key
is not the Backspac lf , fhen at block 260, a t is perfornmed to

det erm ne V\hePf?éFSSFqie Eé?yr éfﬁ't PIgES rgmajn mc?@éﬁf{' %?‘T?é é@l %@f‘“%é)ﬁo Hie RRL
Shift key (i.eavaiableynd half ali [kky notsseesdiabd bedn tphecessadr dhuick whirdd rdvannghe
“'accepted: a ut,.t he text,. f f S 1pr.ral o] i f the
keystr okeSi% s@gxgﬁlﬁeﬁutgg)e?[vithggcoﬁngvél? che %’3 rg?lgtﬁfl o@ﬁt g?éﬂ@d{‘ fﬂér &%géé nc%tug)bl ock
260 the key i subroutmeNE0cigpoeney ~gth new keystroke sequences. each with one more key

than the last and all keys but the last being the same as in the previous invocation,
then the initialization blocks 602 and 604 may be bypassed if subroutine 620 1s called

directly to process only the most recent key press.



determned to be one that will cause the current word to be accepted, and
at block 262 the pState flag is cleared and the C earPunct Mode flag is set
so that all punctuation key related flags and buffers will be cleared on
recei pt of the next keystroke at block 202. 5 If at block 232, it is
determ ned that the Apostrophe-S flab is not set, then at block 28 t he
system det erm nes whet her the Apostrophe Ternlflag is setl ch¢ ock
272, whether the pState flag is set to PERCT APCS |nd|cat|ng that the
punctuation key 63 has been received and that the special case has been
recogni zed of a word ending in an apostrophe having been added to the

sel ection list. The 10 Apostrophe TetTri flag is set TRUE for |anguages

such as French \Ahemukens @9%&&&1%&%&%@@6@ aéﬁea 20 %F&%né‘@% Ng, in
apostrophe (ewg %ﬁ%@ followm ng word w t hout typne a space
bet ween the t %Pcfgu“’ien i‘é’tﬁi‘@’h 0 kie?(s“ioée\}‘é’rsfe&‘-’GF?\Sjeth‘i #i5t Swssnhave t he
syst em aut Orrgblloclaﬂii(}/b@énefeahpt ah al gt ﬂ\evstrokéSehmi a’ downvedrd efavesaE ialhe T he
user to inmredjat it qut aV| to | s
explicitly ac (i)c\? tﬁ%dgleel }e/rc vgl”{ Jﬁ’ ggttg %tChwgtﬁ?"ﬁFpo@E é% 272
are satisfj edke}tShekfcuAt erbthCéteﬁfZéuh tFIQHRé?elIJedtee\chhddﬂeds pigs &eldeyfttbel nadnﬂ@iht put
to the text byff efru@sreli tﬁé?@foéeé%tmé@% da?eqn&%qmaﬁ iné@h&fbns 1HEN (P%tl Jock

276, the current k stro % is c]eared g}gcgtl on pr.oceeds bl ock
262, where thePTFap detoftf‘%léecf:@e Keshake: afth2 F?FéS‘@I‘ barttaVEHdds Madg Oifé Sct On
t he ot her handalid lfeyatbxtblﬁemktoziz&nhhe 1Sysalehpad£eéter0tmaaﬂ§sti&@ ¢fhiagtrichiens 406

Apost rophe_Ter A at th St a ag is
not set to PV\?ch?r g@é%e eﬁﬁ g% 0 X%E%‘?i’ge?% o t‘%i‘}ée 14§ E iy iré?k‘ Lﬂ 1o
PUI ~' CT_ROVD, vaiid pakemabrrgapondsstsi tist kafstrolee ak ety stock ka4 cbmtqlch@esec( \hlSalS
connector Q) ak,Block t@é%alfqb&tﬂw f&ggéd@et@%w@éle&fogcr?ﬁswagusefm@ Jégifjggéf oke

represented by block 212 in FIGU S"A (and showm i n detall
post - pr ocessi %“QSF@kepter?aéTr pletn qyabd kersgpie FWUFTFCGIBW dogs ngt &‘P‘Wﬁ@f"# FoaRy

connector D. ébjedl atkin3, vbéabuhey picate fTirg braacmcrif et subﬂﬂitme 620 thal
post - processin turns in

I s r%o E 6 r%%él tEer ubr gurtei & 3 n@:{%’e K 4
320. Bl ocks 3 5hd°30 B 1EPT°F ALY RYBLT PBsHR &rseeﬂPﬁWCF%lﬁ"
set, the P&t ateeurhsl; akg: pblestetlstt gﬁh@tﬁN@TathEv pazamtl niode foupesiite defhasidrt imohnad ends
with an apOStEé?&hx%n hkn %a?\éﬂatetd%%e &1@&!{451%&&&% s@qiemmet, at block 308 the

pState flag is set herw Se the system proceeds to bl ock
310 without setti ng %"N&AP%F&J%“?‘%)F%@P%‘B‘B“” (G tf&tre%qlbf@kk% okehdl ¢RSisiete f1 ag

is set to PLlNGIkAM\@fubRLW pidcteds lohmmk@%b&mfbktﬁc aa\?,objiwl,xstambﬁécﬁ t he

text object Sﬁ" 2k 1 L3 c?“ﬁs?“”‘& V¥?ot d ofverto' %oﬁ‘é?m%d t% h‘S@%c_@t' ‘Fc“ﬁ” st
after appendi per oo phen. $Er o respec e test
at bl ock 310 ﬁeam@guem swswm stma)whsmpqosf shee)l@objegt lﬁ-eurri’d atlaiogeéfé@tthm

AF' G5_S, thenygibcls@gdom3de ptnlaen&&xlfs 10RE Bl 5168y 86l tal it 8 be dstd VBIcERs1ARO2Z - 33
curPunct Wrd huffer .is added to the selection Iist after appending an
apost r ophe anH€dEW JeCt%ﬁen at bl ocks 334, 33G 338, and 340 the text

obj ect saved in t hBlair@8nietcies medﬁdsufzﬂeirmlsxsucmddeﬂsdcmlddhenbehe(g’menrkdyl st

af ter appendi

the PORS key. Chria LR O MR PRIBTARITL LR o Bk G RAT RREA R BE

If at bl o%;k 33cneme thysfigst dle| ent he geworbiesedist o TPE®ratineHapn aﬂieﬁl@éﬂo%z t he

system Chgc kstcwﬂ mrogtHMkfgesv gﬁbug&mﬁ%Ic@ﬂsulubstheIoejeemgtyassdcfatapwuhtth@nt ﬁne

or nore o0pj ec ave een oun | C C e

current key seﬁl HESEUEHPIS K AT PIReK 6?%13@ Qﬁkggﬁﬁm@mgx%gé g’faé%fgf one

activati on of atdhehel Gorpaspendiag iobyeckplied framt thie sold adbgect tike séul:irlom 63de the¢ npl y
t 64~/ <t t

returns in a PRk 04y MBOLUNDEIHRINGS! R CAMENEA e biftolaNS & AlR)

buffer so that ase object can be sp |s the user S

i nt ent i on3@&x héasspasased &ghé‘@foﬁc%{‘éedtlﬁéﬁté"k&r‘@old%ﬁ ﬁwaéﬁmwulmf&xmle&be 5p% t he
dat abase, at Blh&ﬁrg 1r3‘ﬁ@GUR£ 1)extap9@1de@tto sy et bn lﬁehﬁ‘ieﬁlbﬁdﬁiﬂ@bé@ og;ﬂwnlubg er is
Output as accepte t 1 9] nadl n pnen 1 1t. { ~ C ~
Keyot r okes ar APUETBERAY AT TE Eapte o prlk tRlie Prickies iy b Zppenied 4hq

i ncl udi ng t he tegdsttifekdebfot atttheckfiddcf batitoninkby syrb@natde S5 gake 860n khe

dat abase i s le@f'aﬁ&i lﬂ;f”%l%?m%’ldﬂﬁé\dS?ﬁhcﬁ%bQHaan‘:t%rt saqﬁe&en%aat s@cpa%%en the

nodi fi ed keystroke fi.nal bl ock Il buffers and fl

for the paénct SaRPERdR8iFchrRd Binghef atf %?’F%las Fd‘ef‘e‘%tﬁ?%l‘%&ﬁf’?@d‘fﬁ@ﬁ‘é‘ ﬁ&b‘?‘bﬁtl ne.
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A~odul cs I nherent in the conbination of the keystroke to object
identification software process of subroutsne 6?70, depicted in FI GURE 13
operating on the tree data ?5 structure 110 depicted in FIGURE 10, lie
several novel neans to retrieve a larger vocabulary of objects while using
|l ess storage for the vocabulary nodul e w thout increasing the processing
time of subroutine 620. By ordering the symbols in each r t&vMerch 280Rogi cal
synbol index table 550 of a given vocabul ary nodul e according to their
frequency of use in the input |exicon, a~%0 | arge majority of the
instructions ~~8 of all nodes 400 in the tree data structure 1 10 can be
made to have their LOG CAL- SYMBOL-| NDEX fields 5~~ equal to one. Simlarly,
by ordering the instructions ~~8 of all packets like 406 in all nodes 400

so that the sbrgk a.mxi d/\QétdlstlineQb sie@hﬁmgenﬂxreasheﬂ)unﬂe hhepRbEsesd thle'l§stt VAflQ i N
decreasi ng order_ of

i nstructions gmgucgfo OHSE?}@SW%GB%@Y% E‘T?’egf e gé\fepggchal ?{11}@ &ih Vﬁggmade
to have t hel r irGBUEChH- ktalssm béddDEpXodes eldda bk 6401tRe Mextodali2 dx2ruetdsh Bdetahed. 0
one. Thus, tgbg)f %Q?N@V%Uﬁ)& ﬂq?grgﬁgmgd 10 are redundant. Systematically

|dent|fy|n ere undanmes and i mnating thembY redirecting the paths
l'i nki ng” pa ent nodHsthe dest 14t Idémﬁéﬂé)éocéfrﬁégdé@‘é@tiﬂﬁ@aé i of thedbiscisohaverigen

][ef e][ enced | ga&ﬁxr]g;&e@ffbﬂ gl ﬁ/odfcohﬁeﬁlb?duth‘yé %@&%@df@é af@bml uargi R{?}%&%l Ak Ng
ar fewer nodes ar. fewer c ar wer .| inks an
original tr ee“W@?‘empgﬁeré??lcﬁ‘f Lﬁ‘i e(%‘ggocé\/é%lthf)ﬁfﬂé%qcé Estiigieayped Tor‘i?i?n t he
ori gi nal treemaburdunae iwoeder do genanat thersdlednoadisaf Ipailhse tabpr@bigi&dtthﬁ the
original tree t e t he e

st 440 ar o APORGe dbB oL BB 360 8B isP B bRl d P R el FeafPBeSf o«
function & gé&neeaghi lzfé’dtf@ﬁis respiyed diern ahe s f i) “sedrefing’c ohshe otdbmdary ul es,

enabl ing the ppdueeds! perﬁhédJQE Whe uk@ SRASTAhBWS @éysmees Rt %ﬁ@a&cmere
originally usgd to

I ven voc For
ol o an RS ARG EREINERFS B Sraiear N POhIS  Pep b S0HOGY
Engl i sh wor ds nradglet treconfaice acseerch78, o0 Peiforniedufor ieacts keystrakqriad evcelary
enbodi nent. A I f cess,
the nodified rogg]e it ﬂisr}g%ﬂ [aQ?r? egﬂ;?gars{o% te%mgglqé%%%oﬁgﬁlﬁgg }n(])rﬁléldﬂrg&sgﬂ er 16
| ess thanlﬁheOHUhQ?é{r of word objects the structure is capabl e of retrieving

given the ambi guoug Vklﬂyo%ta?ﬁ&ela&aqwrm@eex%laﬂaﬁshwsetc\@&ﬁ v&\éaulm@rrﬁ&ﬁﬁ@o e@@dl ed
in a preferred ﬁnner in e flow char

FI'GU abl e
novel result, ELSUOKE FeAPOEF Ut ?rbhmﬁt?wn%'?’ér‘g%dﬁg 6@ ée‘?%f’ﬁ!’f dglg‘i ect
list 430 by ap‘{a&mdjrmg:sﬁnglmgiodesysrrhatedlmt}ftesponsra ihput&ek egqupres sddiffbrad i s a
consequence Oy NGohel 484 bl RN SORIARES ARIBRLT JAYA HRURE S Seffiis! N0
common sequences of instructions as genera nstructfon rules.
nodes depi@t edequande) RIREE &ithrlae eersp X 35“0&59@“56@9 Rad thahecaua Mg fkréiﬂéwas

i ndi cated by tfRguenky "@edidt itaf & abrdin Kmgshld. elv}u568resm&n:ﬂ@0®9 d) nhﬂmoauv _

f d enb it f
B ot oy R bl B PRS0 b i emsoicno s 5P FEBRebPh s
poi nters to chiduthndgess &s§bchatseldcwint hsttrh@om 56 G nathe CBﬁBa) Pdbk ebjcE66are
contains thr e?de'nﬂﬁ&cf U?tdaggémg(dolvn%vapa m the(vov]:al?ulg%' mocﬁf'ﬁg tr .4 gbo vhlid | aths

foll owed by a pointer to a chil f‘])‘%OUI
has proceg3ed uat} ﬁl‘gtObt?FtSI@é’i/‘dé‘f‘?‘%‘F@es ‘I‘."@af&f‘?’:‘&a‘FCPbﬂﬁ%secW ’dﬁﬁgﬁd%m%ﬂWFne
620 were cal | ggk ﬂﬁalﬁlﬁ@@fﬁ(ﬁ\s&uct%’ fﬂ@ﬁy;heV\ﬂﬂpﬁth»\bﬁ:l thaﬁB@\ekﬁ)del athdanﬁhﬁ:fh@ﬁr ed
enbodi nent, the LNSLIUCLT QN end t he
| S 1ogi cal syﬁ%sgfm ?Mh %\%I\é%ké o8 0?988')%1%3[6 ?h ' R IB ec C%m it aIS to
bui |l d the newtobpaste ﬂ&tsymmew TECOEMERE Wihdry & trayeshal folh@fpde Cgf'fﬁsppsdsc Wethﬁal se
val ue of the I@athnA@ @E%analaaib %tra ng"h%%&cxﬁlhh\&}duﬁg NOfeqliR& diA®! the same

instructiqgn o urrent pack so the next ins ct|0n53|s

i nterpret ed Iﬁ‘QE“‘r %f F‘HH“‘S‘% WB-‘(:I EAYBRFY I Reecessing Gifiersat IRFRESY STHCRES ABC
(an 3~ '"a") ftorrtdpendihg tobjffeednt atordnafex ti tree dnichde hhebsraviranbioerntd at thendex
2. The index o%

mtpggsxon process described below. Only enough information need be added to
distinguish the candidate word's sequence from other sequences, such as the

sequence length or specific key values at known positions in the key sequence.

L2
(W4

Alternatively, terminal nodes for candidate words may be specially marked in such a



12 March 2002 -35 new object will be 2 because the indices of the new
objects being built are inplicit in the order of the instructions

t hensel ves, e.g. the 2~d instruction always builds the 2d object. The third
field of instruction 563, "0", is the false value of the STOP-FLAG 5S7, so
the next instruction 567 is interpreted. Instruction 567 would append the
2"d 5 logical synbol of key ABC (a "c¢") to the old object12atMancHe2002 t o
build the new object at index 3. The third field of instruction 567, "1 ",
is the true value of the STOP FLAG 557, Adicating that this is the |ast
instruction of the current packet, so execution of subroutine 620 would
pass from block 638 to block 644. It is possible to conbine two or nore
nodes containing different instruction 10 packets 408 into a single node

whi ch can serygy (e 158 Re AT ROSRd It Auelukdd R)r @R AR ds 8PaEREBEY peldhli Ch

neans that certain nodes, in g vocabul an~ tree i 10 are redundant 1 n_a_ novel
sense. For thEhpdisppRguBmespityate coR Hiep srarehahed vathig a defingdmerehberhgedal wi t h

rﬁs pect to twhe m?ﬂﬁﬁdixﬂs ?thﬂhc senes ﬁddatfoﬂﬁ@m%maid@&n%ﬁ}é’qtﬂi»ﬁl’g@mﬂe@uﬁ‘& thy by g

the operations of the software processe ch are icted in.a preferre
15 enbod: ment e o e 1 9o ReB B Fherf Al e R Tt Gl enRBe R a5 m
FI GURE 9. STheobjerds areceriterad. pddkest ¢bj&@s asnuclhided om atditioR tadfreeebjextachdt \are but
instruction 5 i 4Qf [ it ol S j kev
4ot hode. S7a0resBl sl ¥iatatul AL Gngt R Rtk ShEn el DishaSng Yol MRl
nodes be conbWitbdonast sexsHeksMFaEINCHbIN Ge dpleetind liw feisred e theydodppisad’e node

Q60 to node QRGurehhdloivsiia wket icosptivacketde ik @!ﬂéb@?rﬁm@@iﬁ@ﬁl, aigdunhivinkey 2
on each node agree,ex ctl%\.. anﬁtrsgctki ons 86% \ﬁndb578 are different tn the
settings of t‘f?eofnpéel‘b%’-elfﬁ PELCYETORES 0 PRI RELCCEFY f er ence does not cause
themto cinflict. KewemessenfliGURE 8sal blodfs it5Rel 66theobjecstiourelby lqkogpess of
subroutine 62Q.i.0, i A=}/ TMe]ol! LISt . LNg the
set of instr u@? ikg%sg‘l"gfj g%?%‘éc?ﬁtﬁ)gghggr a ’8?‘&/@%} Sé{/éﬁrhogg?? (IE gﬁda?_%%lg? "gagt? ghé(:an be
appended t o tWST dhEheoleghombisidét Tq deteriping gt scabence mwbiects dismdayedripdbe

processing of sedddyioRflist, N@tores areSesedblisBude PerwddiH 8achNPoAbIAHS mdAletaddealsaus ed
in the proces mg of the children of n de%aﬁm b% %hﬂe execution of an
d8ahulangpo

h
addi ti onal i nQTPHEY PEECHTFSP e oS & process woul d be
di sturbedlonly ~f Therwitreghe nbjerulests olenwkedefrom thx eandus vocabiuiary goodues.

instructions ygfi&t 330 RYECHE Seratloiok ale! erucE@ﬁemogﬁﬁﬂgﬁnﬁéuﬂing%gétgnIféa_y on

key 9 of node 576 does not conflict with the ahsence of a vali key in
node 560. TheP@Hpg nddedsgierdafgo%76inare PRHINERAE ehPPeBHOB e 9EY i nto
a ne~~ node S5@Zerpfeiaubnaedei dispts et Hasnigtthekéleatonolistbatha, objerd likufe OR®rd

correctly as a rent _n of , & hildren of both It . I reciated
Chat the’ po nTeBUERLrBRHE vRlid MR b el okl dilor bhon B, BRG] 20
keyst r oke2f Senubacdsr vacabhlart megdulas s Genvarsety, W the dueantlseueiting Isyslemripin

cont It nue to tﬁ%%&{?é‘r%hﬁ]%gp%f 'o%ext@ti&?igtgb Lrhu%le?&qg&rﬁ&tafi@ﬁ!@ﬁfoulﬁo%%ﬁss@m a
pointers in the valid key packets ave a special val ue, , In a
preferred ean‘(Sfl?Feﬁ‘ﬂort%ﬁlaﬁd?"c%lgg Y%ﬁ?”l?rﬁé}‘%f”é"rseeﬁt? ‘PﬁﬁY"‘t ﬁfg&‘e AHEMRERUNGS o h
nodes are cal yaekn thetdaforealictnedéds ptiokor berwieennadetsulaivtriodulie digjendddes lowilval i d
keys in conurjon n - ] hj ,

r edundant forb%ﬁ%érrgmgtg}rig}ll?ﬁg eaér¥ F‘ %dgqu?eg%%%gﬁt% , frg%d%gg&g%%%@e hddes
descendi n@ f r berpmkteddrin thesplectumlist erelyi nal nodes are reached, or until

there are no nore gBREENSIRESerABd YR Jok@Yifind GRIAARSE 8FayC OSHIRA Ity hhendlodes
bei ng compar egritry, or they may contain multiple entries. At block 160, the priority between the
objects from the same vocabulary module 1s therefore resolved if the object list
contains multiple entries. The objects that match a particular keystroke sequence that
30 are looked-up in a given vocabulary module are also given a priority that determines
their relative presentation with respect to each other. As noted above, preferably the
default presentation order is by decreasing frequency of use in a representative
corpus of usage. The priority data associated with each object is therefore used to
order the objects in the selection list. Since the selection list region 70 is limited in

the number of entries that may be displayed. objects that fall below a predetermined

98}
wn



FIGURES 14 to 1 ? depict flow charts of preferred enbodi nents of software
processes for the conpression and fol ding of vocabul an~ nodule trees
simlar to 10 tree 110 shown in FIGURE 10. FIGURE 14 is a flowchart of
preferred enbodi nent of a software process to build a conpressed vocabul ary
nmodul e. In block 652 a lexicon is scanned to identify anv necessan. ~
addi ti onal anbi guous synbols other than those appearing oth2Mearchi2pd2cal
keys, such as in FIGURE 6 for a French v@eabul ary nodul e. In bl ocks 6~4-656
the synbols are assigned their logical indices 1 ~ on their respective keys
in decreasing order of their frequency of use in the input |exicon, as m
the example of FIGURE ?. G ven a |exicon of objects with frequencies, it
wi |l be obvious.to spneone s§ | ed Ny thicgét h MLbhagﬁ §58 ggjldé a
vocabul ary t rBEMBHAT HedUeRey,oh Ysg mey, BIO ™ e i PR et grgction
identified angtn®hegenhittasigedres meobaerardr ailded tdulpd jebmtipwhstofhetidhausenstrolience,
Lur 0 L0821 Ch BRd LI B0 RBINEAGES RS QEIBLE i ifloming L iobliEgh:d it 0
generalized r retrievi hi's process I's Hown in
detail in FI cghg curremyoseiecsg o %Iﬁqlwmé%vxéﬂple t He ysenmpnnalsg uspBedigagaant er s

f rom t er msnal scrd 8§ttérdioC hRARGMS §da@mnat1@u@ﬁ>alr6bj&@s ihie viesdeinMvhitht &@e I}@r gest
nunber of parents Lnereasin e .nodul

S S in
will be appr &SPy SF%&‘[‘M SPIEH Wgs&ongﬂfl gp‘élﬁﬁl y tSmQ'é‘éell)@rﬂtlﬂﬁbJEﬂ? iyt odes
to the 2~ NULsIchoOmmthet sjay areddispiayedssiohultandoesly Goul trbedawpl lisdatdynamgreal | y
at the time qf ohject retrieval, based on factors related to the key
st rokes bei ng %rocessed I n bIock 664, the remaining instances of each
uni que i nstruct i onMBNY-oBths MIORSHIGIEETOCItAAViAR thequersni@tonsef thpabieelidgokady be

encoded a9 umpquxea pa@dbaraﬂﬁn@tiublatré u!IértﬂfI BRfia8le wm@@tﬁa%ﬁa& I%tengfs@ﬁxs' gned
to hi gher frequenc |nstr;ﬂ ons and erve 3 ace.

I S I
preferred emdBtiHent” SXehe By BELAT ?ﬁffi;/ the Srder 9f i uaéSBIeﬁ‘éof 2382

assi gn m ni nedbjé¢cendp thebidlequattier megio iThstusec hiagndscamd thdgriessekvell nhaw I I
be appreciate Huf f odi echuny S ar 4 t t
and t hus, nee(%trll-n’?ﬁ‘gl)S mc? g@ﬁ%@e IBtlg\;r%e{lrnrdeE% egtﬂgl ﬁglreglleir? E ertrﬂr%r%?ecg%des
~hi ch are chiidentiisdefons eaghil Yacpb@anyamedule noldeSiisrapnprs. sheoﬂ@ab¢rn01"sgé@¢5a|

orderingsist 0 fragentddt &i ehet gdrr 10l &R @leleculaa Mrr@gloao@av -3 Ee;rtetbrwmimmd
mnimze the t 0 address

generat ed as &@%B %eecﬁi“réeﬁo‘gé{‘? géiem\?lnl b ErEIT MY "Itl‘l"@s the fﬂr ngy, %V’GY%V
choosing i nstmpcmecbmsﬁ%fﬂlo Sdlestchdybe objects to be stored while building

the tree at bl ock dﬁﬁ@r IIeuan” liks Qcﬁw@QrPIh%Cd zéc‘?sdhév'é'%feeM%'hQ&)Ja‘?%tﬁocfirlga"@r ds

or stens of 5 wor r character sequences contain addition
whi ch may be a&éeéaoaéwraﬁtcag%wscﬁfr%1herfé?raef§é obfrstsraBd HFSHES 1ohetHe: Mddes in
tree 1 1 Fot daxarrmterprmtonaifhhqoahbxsu@ds Heeiltcﬂcl’cs;ed{m:ntd”l&tﬁﬁglbwSIIIE hsan ghaige

are equally CPrrgme)rgi'y h Be sel§cuonﬁls?%g¥§01ts%ngﬁl éﬁ q[dv\gfrﬁnlmhlm teFI_ 1% rl?(ErI cs of

letter pairs
letter in an mhitedk mf Ihgrmtheclpm étedi hngilsaétbu@mmwﬂﬁwmchutm tbf:reenu@m #hs the

| ogi cal orderypgk 040 theuaRinguuskSyiRl s in the | ogical synmbol index table
5~0 can be dynamcally altered . to er optlmze he use. of t r st
position. The predRELIRG ¢ dFFiHien QI&%HE ifibe depsied fvfsrra?%tssthetﬁ%fk and
general | y23 0 60, @i@mMes" blaGtRE tdken fram dedibionblvaktl SDio decivi@f Elotle tlox mherh arent

of a softu--are process t0,l ~ | ree 1 a Vvo I y..npdul e.
Bl ock 670 is ‘8?&@%‘8“?? tB‘F Sgﬂergéﬁlecpo%h vé%arlf) T @@gé %51 lfgﬁock
672 initializeserdadSpieotcBas it et HEYVR. W tehpltchtesrfalcqr 4% gmﬂd@ed)fangi namediately of
FI'GURE 10 aft ghptifi8 hORkt BREE The @)vErIozﬁIS@I‘cKt @gfﬂxs(haévls@msﬂ%rtﬁhﬂxk B& BA%E in

depicted in a preferr enbo to | ocate

gl &
a node. if an$/SIeRp BA %nwslsz? ‘I‘ye’IPélaIB BATH K %8?415’ FI‘é‘ﬁPa%C&é’ac‘Ff a
destinatiin 23 geacatddsfof cienfikst sleivasoonf flyoakntiGiusdien@nts of haivpracessht o

ol ock 678 WheEQeLNG.f SR WHRMNkIBRALR): larewagﬁ% SROBNEectGlel T BB,

duplicate data tree su f nstances of
i nstructions F@HQ)lelﬁahléde‘@Icﬁjéﬁé‘égg 0 edPFea‘feé kguvieaks) atlgcksl 6¢Brihe 886E at i ng

keystroke Seqw plac&sing reddired g61 St @Bnd@bzﬁﬁ)'ﬁ KRY &3 fsBbWs in FIGIREEHI, Si on
bl ock 680 t esand ms&sggc{ Qetax?cbgl((:)&sSEI\eSéutloOnn%m retums to%lock 150 If at decision
35  block 163 the selection is not empty, the “no” branch is taken to a block 174A. At



2~ are nore nodes to process, the flow advances to block 682 to identify
anot her node. FIGQURE 16 is a flowhart of a preferred enbodi nent of a
software process to find in a tree 1 10 a node with the hi ghest degree of
redundancy with respect to a given node. Block 690 is entered from bl ock
674 of the flowhart of FIGURE 1 S. Block 692 initializes a placehol der
MAX- SAVI NGS for the measured redundancy. 30 Bl ock 694 ini 12 Margb2008e
process to start at the root node 111 of,4ree 110 of FIGURE 10. Bl ock 696
calls subroutine 710 depicted in a flow chart of a preferred enbodi nent in
FIGURE 17 to conpute the redundancy of the given node with respect to the
current node. Decision block 698 tests whether a degree of redundancy
greater than MAX- SAVINGS was reported. |If so, block 700 records the
identity 3 > HBEETLNEDE bt Qteeloaditbecpiloy isicoTRIUE, af pacmist aldbk tardstendedundant
Wi th respect den tex;gem%s%fgggon & ah & tgla r&@x:}'gg%gin@ngxttb %krl%?qlflf; ?(q Jreasure
of redundancy, as MAX- GS. Decl sign et her’ a nodes
have been evdl”ﬁalloé‘dam!“?d H‘Gtﬁrsﬁ‘ Ry ébH‘lelsﬁl‘}é%O"c bstiredt RIsg o4 thénfisemiondeittices

fromthe curngitre ROEEs beer P@vm@etallpoaﬁzedfﬁpahabdg@@ ko 7a04mftéd%v12er BHMI N&t taO
I

bl k696 If th | t h t d b]

I agf node hasb](bcé(ewr 5 §T’”ﬂaﬁ8e‘:&bl‘ﬁ#eﬁ %‘F gﬁﬁergc Snlr g{irll'ﬁﬁ' 'ﬁg&t‘% DG BRE Q/'StB’%ket he
node nost rednrdahby thefuset UWddn, retapttdie kgistehe rodbck d 7BAabk sy pdrforms
subroutine 6 er BFOCFAS%R% ired fbt %Euﬂc?udu%n ake@'é@%%n 1rPfF18UR_Ee§§\r raﬂg

enbodi nent of rocess to conput nuner i cal redundancy
bet ween two siyEeperdg dptaid dslovp) Ak derien ‘%10‘11017én?é‘1’5ét§ rﬂ?f%@rfptsip@ewnegétmf t he

fl owchart of redDkeiioRe 16 M Ghlebd GIRE [ 6he B&@Clkeyztil&el R mtea$dle?cea<e9 goynt of
dupl i cat 3’5 "t’lfCt Hs Bl ocg 714 |n tializes. IL}}I‘E? i? ck 716
r eads th Pt BIHC PRIRR ALVHHES 5’5 o 0F5ealY R { “?<'E ftlﬁlﬁéﬁ‘?r dth&he
first of t\/\om@dmsreﬁm sspewril f itao. afoPewapether sitid prloeessingr oluthenecanaddput s

them in & teTOLALY Ll SidecLl B Ao Klubdpddial MOAORAL AuAly kg 1O

15 instructions are'rea i'nstruction

associ at ed wiruRcasorkiey. N oG SBealddiesustegdan rﬁ’é@é§eh¥)‘0 dpdlacki ed as

paramet ers t o 7hh@esubeut sen&te@rmmug gromeﬂihmnd@plh%m@r@é yexJ.-dn@h listdndlaB. | f
key KEY-INDEX is not a val @/@flnlo instructions are CI SI on bI ock

720 det er'ni neBS {ETREPOUN “ﬂ Fa ReOX | aFQpdghg ‘é‘rrpTS‘F 1’Oluf‘“‘h

7" ' ? fetchesobhskilisto tdettewahefrmmrﬂ{dyatdiemtetddsw Weaner. Uk $1H Be appxduateldg t he

number of in u r ing est,

Whether t he Tt Flican o oaned 12 UBEaT Y A e e aor oG

OBJECT- LI ST- liNpmXetRii@tsdof t|h¢ wa@redaambzev%%ek@fsaekef SEAHHCE iyidancesPy

L letu[( n;:g i N arduerdy AA2he b@d&lr@gkmgaﬁ@saEctw&am%ttwmm@&:J S,IA{/ Et he deci si ?n of
oc is yes, crenents the coun

25 Cont r&?) passes I&dg‘f ¥ E%‘i538§ €120 | q}e ?‘HECIJ&\,I °8h dB‘f‘B’Sﬁ%}%%}gU% TRUE

control passesutie chetingéson Hblock | FBOhenahihe hrotvesmsliwdeplaged ehig tsweleatedes

have been COE@%@Q@ %m §eﬁ§&1%gtmtt‘:$ré‘a]tgon919§$§ é%eerwé mhﬁalreat[ forma%lg ih32

increments K contro asses to é% ?CISIOH at
bl ock 730 is BOSHE] r\‘i%“’“co‘m P otopakiledhy 8'dblr%é‘IE°kF3§qu’%P°Fe‘§ gy IrPRNDER to 1.
Bl ock 736 exaysegsmemenaimtt ahs ragipoof ah echbdfhions kbyskeye KEMowiNDERX Sélectthe t wo

e ook e e, RURgEs 0t Sahap e IR oL URSLaPALILR' kB RLP ML)

or a
whi ch is not reedived. ket\fstrnleq tSh@Pn pe¢chtce ptait she npw keydisie rsequq@aggteblos:blé‘{ -ock

740. whi ch uS@éca&ébm@wdral%[Z[Jppetax%%mn\éqw htaﬂestﬁ?ehum?tmfse tsfﬁegelméddasnodes
e redundan The, result of block

?26”? gdt est gé s demullgagrs Gho nm“bgqe'ﬂ%gr therdiFAROTRREOR A FHETR GUBYS RS Pound
not to be redisadamiuslya efidi ltentewith 12 nivhinotin 2@der of instances where additional
30 activation's of the Select key are required.
As noted above, in the normal mode of operation the entries in the selection
list 76 corresponding to words are presented first in the list. In other circumstances,
it may be desirable to have other keystroke sequence interpretations presented first in
the list. For example, in systems where there 1s not sufficient display area to support

the display of a literal selection “list” on the display screen, the set of possible
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-39 code is returned in a block 744. O herw se, the two children are found
to be redundant with a certain nunerical score which is accunul ated by

bl ock 746. Decision block 748 tests whether the pointers associated with
the | ast key (key 9 in the preferred enbodi nent) have been tested. If not,
bl ock 752 increnments KEY S | hl DEX and passes control to block 736. If the
test at block 748 determines that all pointers have been tA&tared 200Ben t he
accunul ated nunerical neasure of redundangy of the two nodes originally
identified when the subroutine was entered at block 710 is returned. It

wi ||l be appreciated that the calcul ation of nunerical values of redundancy
10 may be weighted to take into account additional factors such as the
nunber of branches present at each node and t he nunmber of parents which
point to a noABCAYEPlysHY gom the datphase s sigips Busraelbaby pha saffwarqendedgghar e
not redundant déregiaubiectadr ekpliciy sgediedolsjéct i(foslotvied biRN6r MBROshRhEShsWftthe @
certain key, %ge %%cfe.r of . 1n trt ctions associated with | ow frequency words
in the Input PEXF'EEH 8Py LA ROIGHFERUPANY hout | ~ i npacting the priority
of instructions askosucht sutemist thehpigker difplegdenciheoinsatbs , poimiumay nedeasi ng

th d he. ] i S | Fl GURES .
184 thr ough 1 b SRAEAR il bon TERLRRE A S B AR E R BT g
represent at i v&egusat glord ﬁ@rrqséwg%t%éyb@ar Kewdirekarbiqpantd mgy est bttle oxf ner

turncng on thespaviceb tidtBoR Grehddt &/ otPERKLSIndidd B the¥levictShfur 8Fuand.
FI user has ed, the

ohr ase ~Thi s T5° F3¢E8H be B Foiek Ssplgy cHRATa pEaion AEHE P41 erpest s

li kely inter prﬁahh@m:ﬂfitstd@est&?@uﬂmgg’nghppbmbasﬁq bodistrieingt ¢spkesilylio V.
't er prot i ofc S #EmIIRE Bk TovERlee AT RARGRE P R REBLLY pREE RGN .
in the sel ect Fanbt icanfigised pre thief wilier thast ey eLepboimeotiE. mPhii Geduenswoeht ry

in the sel ectpgBcilcbftspdadink &fie QLA K §daudnct0d Wird bNEoRMerRbBHRBMAY be

(i ndicating tHat it is the inplicitly selected oli) ect}). and it” has al so
been provi si oASPRYED st e 19 e&ilonlg%rgl or 8t Alwakvt P MitthopdoW th a
solid-1ine bofregreaun tizn @euoetds ta. th8Bhdlde Viec adsult asfythisotudre frasodbisDis that
identified:th d: | ef.all "V ! Lt efat.|

O M e R R g

punct uati on kagpepding @8 sldigosdletigane therexirrbisst pregigrsl yShsplagdsE dgsamalged t he

tent object "ieEping the iffeGuedt WBENCNOT the Rigéf REssed heFo@REys18Rs TH®, G318 has
subsequent |y ﬁ’%ﬁs?ﬁgst hgv.. - o unct ua[t Iinonm?) ~,0k‘e 63. Now%bj?eg).;ti 1i n the
dat abase matc key S tPBk B LU BN S MopOPRECR-oRE Slm Woy P'éh 3%02
-40 TUE)/_, DEF. fdHQRSg §'dd\i_erfce![olfowects lmyne}:he tpnm;zait ﬂﬁﬁﬁnmikepoﬁnﬁg't’[gmﬁ’{ hughé only
o oo 5 B RIS Sl A D .
with an append®# pdhf suly mithatpgvenr witgniliahvsearads rops marg corfdencedial t i ng
defaul t sel ectfconishrhBizu@ligesistdns will' t@sdctly BikdpredAisCBr iter HesQrdded®Vi Thenal |y
posted int heﬂgg')c(ﬁanr 1%%18%18'}4 istpos\z\esri;[oi“(/)pneps?silenr% dgt]égmines which object to display at
a given node for a given keystroke sequence.
25 FIGURE 4 is a flow chart of a routine of the software program that generates
a database of words in the tree structure of nodes where each node corresponds to an
ambiguous keystroke sequence. At each node. a number of word objects are
generated corresponding to possible words or word stems that are generated by the
keystroke sequence. At a block 190, a threshold “MinFactor™ is set. This threshold
30  corresponds to the minimum factor by which the total frequency of a text object must
exceed that of the most frequent word object at a node in order to be promoted over
that word object (i.e., to be the default object displayed first in the selection list for
that node). The total frequency of a word object is the frequency of the word itself

plus the sum of the frequencies of all the longer words of which the word is the stem
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(i.e. corresponds to the initial letters of the longer words). At block 191, a second



In FI GURE 18C, the user has subsequently pressed the Space key 922. This
has generated an explicit space character, which has term nated the current
keystroke sequence, and caused the systemto accept the provisionally
posted text "test.” A 10 follow ng space has al so been output, after which
the system cursor 920 appears. The keystroke buffer is now enpty, and thus
the current selection list 921 is also enpty. This exenpl 12 March20028f t he
default behaviors of the punctuation key2%3 ~vhen activated prior to an
activauon of the Space (or Select) key, in the absence of a match with an
object in the database containing a correspondi ng punctuation 1 ~
character, the previous default text object is output with an appended
period. In the oS QJ{mé\N§éﬂ$P m desi gnaknl 8rrdsPondsne 't§<b Almpﬁkg? thiigk Whi ch
the flag Apostrophe- % Fl GURE 18D shows the resu
fol | ows FI GUFQ@QEE‘}? éﬁ”‘?’ é"’Efs‘é ich ARQIBE St MapRPTRBYIedI AL b*ﬂ‘ii‘é%ﬂ‘b@férs
t he processi nge abdasnnithe Inieaeiesm%&etimmugzhk&ﬂas @hprotéskld= ABblaaRd 3e e ts in
the punct uat i e o e n ] ‘test' s”
“fest-g" trg& e efetgt% ?Js 1fgﬁsnoggs 3P htevm{ ha,%g%eeg r@ce%ﬁ%gcfl?(go hlc f’mn“?? t hat
order. Thds, hahs cvtésrwsq atgbld@f 494.tthe shyetem; fmhm ghe opjtemprdcsssed ewtle,sand 931.

which is als i i nt
930 F GURE. SE Ehbna g g Nl el S PO RS2
presses the Tooqurasy oBshar\werd PRehegaathopll twesdh pft Waichyibale atd ds vostegm
"test-run" T(Mo%xﬁré \g@ﬁmn)t hﬁxdﬂh@@@ﬁeﬁi ng ehiekihd fbtéllmls@no@% AhiRkgho340 of
FI GURE ~B, andlll % u ua tion key pr.ocessi n 9 re causing
the text objetc jec{]bs ?)étel%u Clﬂg %8 2HORE Y %bjf%iﬁssog‘ﬁﬁ? t‘ﬁ‘\é\{?l&}éeyg? oke
buffer tolbe (Ivbmﬂ‘rc@demﬁotaonﬂmbmctﬁnl%ﬁ tthe siystsin tesisowkethst Mukdsed3gRETand
TUB . Queryi ngeLdag (al AbaRes(ile wheal: 800 idhssh rick i EaaHho RS Slu AN fchese

z<vo keystrokes results in the Selection hown in e text
object “'st" cieéauﬂtr@bwéﬁsorﬂa@du@m therp PH’U? a%?fé‘a?&e adnd K& syEemueturReloect i on

l'ist object "mck 941, wiand tlheS nddies & PipNddS a® Nddehdy rp@@deggédl Ehfbr'aerehﬁﬁﬁx&r ®0i on

at insertion o nt .94 1 es 0

18EI when !the %Clé‘rwg %% gsﬁRﬁf ”féﬁtﬁs%"gy%@t@‘ t‘%eﬁ%ﬁﬁﬁ ‘f)?biﬁ@“t‘?‘n &Jnat ed
word "t eslts- r uMinFador. thdrRatNBoakhl BO0R sydnsigetsivelietipnniod frequcocy kéghepmﬂeetssi ng
occurs since c%lfalultfd %a% 1§le§|\z\@lﬁrtﬁgn§t§e (M&%eé@%r@fexaew@g n%ﬁn'nﬂmpxra%ess' ng

t he previous keystr stem si nply processes the current key
sequence PQR! amperd ‘NNOW ’e"l“ﬂ?i‘ 6t %Y&Bﬁ@“ﬁ@ﬁé&’l%wqrﬁ@%) t Hre the

kg_yst rokes r&lﬂﬁiuﬂtsobﬁétttaE@c&&Ideﬂlth 02 rddstis sdmmhmdal &dREehJs%E[ngﬂamlrﬁmot

obj ect ~ ' nmost n pears .as.t ef.aul. t

sel ection I s (5\b19te8 ff A0t athocgg?"m %’d% ¢ ‘“Pééaegrs8\?ﬁ‘a§|"5’ aq"?c as|5’8%1 tgg with t he
text regi¥h aM0$tﬁ$eSt€nd"mtpﬂﬁQﬁlgﬂ35®aS FleQIREE B! eshooatsd W_LlEh@thileﬁ befoexanpl e
for a system dgsigpeshibar1gshe French Ianguage (in which the flag Apostrophe
Termis set TRUE). In this exanple, the user types the text object "c'est"
whi ch actual Iy conEhestﬁgr B lq%el%ﬁdm%&d O1ReYSH AP PR WieH From Rt
“est”. Fl GURprdBGicdowscdnireon @sdst Fahexantpie tb@@uemprfe’ssfememedme E@yir962.

I\gg ig'yefcg 'r Opﬁ‘tﬁ Wgrﬁgﬁﬁﬁ fregfena @g'tﬁa&ﬂﬂeaggnt%hleo\mu%gt Mﬁﬁ&%r%%,d AN the

of 1.5). the test at block ?93 would be satlsﬁed even though the common word “do”
also occurs at the same node. The word “do” obviously occurs with a relatively high
frequency, and it would be a significant detriment to the efficiency of the
disambiguating system if “do” did not appear as the default object for that node.

30 I Advanced Svstem Features

I. Disambiguation of Punctuation

FIGURE 1 shows one preferred embodiment of the present invention, in
which the upper left key of the data keys 56 (the “'punctuation key™) is associated
with the punctuation characters period, hyphen. and apostrophe. All of these
characters are commonly used in a number of languages, for example both English
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wh



characters a) a, and ~. |[No special punctuation key processing occurs since
all punctuation kev related flags have been previously cleared The system
sinply 1 ~ processes the current single-key sequence ABC. Querying the

dat abase based on these {this keystroke results in the selection list shown
in FIGQURE 18G The text object " a" is the nost frequent and appears as the
default selection Iist object "a" 961, and is al so provi silahdanch 282 ed i n

the text region at insertion point 960. Ly.FIGURE 18I-i, the user has
subsequently pressed the . - ' punctuation 20 key 63. The objects " ¢’
and " a- " are stored in the database. and are added to the selection |ist
at bl ocks 166 through 160 in FIGURE 3 after querying the database, so that
the resultinu~ default selection |ist Obf] ect cs " ¢ " 971. Consequently,
each of the t @&t Eregehp/Pbwsses0ef eharasingh (190examplr GeRbaraters roswedl hyaheh. t he

pState flag i andsédng Qaﬂl)JNﬁH'y AE’%Sllgﬁedﬂt@@H{e RO8.anfodikonbipehdd 85iAPI1BE kdme C'

971 and " a- " i.st, the punctuation key processing
software (at Bﬁl%%égs Qﬁge ;i;%oachnﬁs g’fGCP ISgmbsiating Sé’% ﬁg(j CtHESeBhjeerEo™ 5
" a- ", afhbe "system" ugasnih stonreyt @ff mh&eymrdmamcsmmnmhma aakéysubken oAnthe

appended per | p&cmmh%ghsp t87&ter91r}‘ﬁje gl gﬁﬁﬂf‘au%ZQhamﬁr iS3k Meag qgtaul!

selection |lis rovi si ona posted in
the text regi fofa%# behpgiariaf dhe paickation ey 891y ﬁsq:F@@FfEdltB Ihanilhée%’eﬁpd@aié

subsequent |y @@rse§p1e§en&é1eb)l]5ﬁakﬂm ffides Since the pState flag was set to

PUNCT APCS as a re oce hu V. troke in FI GJURE 18H,
the punctuation ke?H%r%c‘%ggﬁ%d ?ﬁh% %e fﬁ@%?ﬁéh% OV e SYSRER 262
in Fl GURE 6A. déftmmnioes which ciahetat to geekrEtfooa glwestacmmt@otot thecpunttuatien kst put

as accept gl teﬁffer%%%exzt&sj%&weee mpé%ff@éﬁaﬁi u%floﬁ %hgrh&%ggsocm% g 36

system si nply processes e resu ting sin result
of adding 1thenmnewapephey g afehféidé@lr‘? éh?tseI@éV@It étke E?E‘lbf%tét wksprslagan e

keystroke buf freracu@temfmmnw@tmk@\b@ﬁ@ dERERGBy WIEGEo bt & éaeycsamge
results in th ectlo wn in FI GURE 181 .. The text Obff’g g
981

t he nost freqﬁ?hto TR %??eft’ﬁg?‘ﬁhe AJSFRLR PSRRI Y i dte Bb
and is al so pncmmaang)mlad ISyleptOM)ed)rl by tdppinipectht deegedintatprain®ar inl orligphiyed 980

grg'SgeJEEt 10;118@ @Whggﬁsswogé%v%ﬁou&é?égégwif %éR% }%Lc kggggﬁng user

the word ' est recelNéd %ﬁteﬁuw&rueﬂhedwrmelysxprreacer%%ﬁ@aéb@m sn &G&H@S B he

G ear Punct Nbd&fth'haGleV\@%uﬁ@tad@E thé Q&Kst?c@c@ @f el Elfar SAphiNkBIA6RS Skdi@néd1e
previ ous keyséroke so.t hat buff er,s an d flaﬁlt% for themgg(?ct uati on key

were cteared e’ET‘BEﬁ(Wf&hQUQ%SfCOﬁFWE ‘%nt ¢ PFhtYs MPHE SedpErcE #ET2 It BResses
t he current keydaselgudacenDEs, bBRSN Telhw Queencag Tiee pdetabasdefiasddn on
these three keysurekes ol tFodk 1?@& Nl ‘Pﬂ ﬁ@ﬁrc{s]UR‘E she K@:ﬂk&é@ﬁmhgaul t

The text obJect "est e nost frequent us appears as t
sel ection Ii sfoué‘BF dlat thestmwgeessaﬁahq gewyy ﬁ“%ﬁ@@l%i%‘ﬂ@ 1§} plet RrECqsHng he
text region aaepxﬂE@EdFMUEQEISBtOCQ% at &5CH§11%4ErzﬁxldCIWSBaﬂgﬂ@©RECBOrl»&l&ilﬂB@s ae

nunber of very fr ent | sed epositions. and pronouns such
as le, tie, X r&’%gyogaveybegne}em% Svse ml[ﬁag‘ uontlha'f when preceding a word

t hat begins vvlth alvsaming t@h@rﬁgecqshealqh Kelsteglkevasrkdcki20 an B @RE Sty bpiileg and
are typedyyi t rjaepRAASIDE eRkkéde TRl hawiciarMtModl thadt ol BRcRelpyigr

supported by t ctuation key G3 sho in the precedi exacnpl e, this
20 frequent cHﬁb‘éFeeﬂ‘éfl ﬁrP”BF‘“@b‘%I’Hk%‘bf%vggﬂﬂb%W B?{ﬁ@ﬁﬁ@@grbé(f?ﬁaf% e user
to make an addhaftiofpedcekstyy the nieviaiely sxbol@fl [f fteblakl Hlﬂtthkﬂy(g isnfoandierbet @t then
termnate the fir t ’ r i ng
t he second obj teblf)a( 28??‘?% 5,% u(ff%rsb"rq L{S{%/eﬁlfust for uﬁlg git % i I(E))eﬁ @ @/rto%iig %!,Q
support aut onaei @ezyechcérthemsmﬂ@gs mirbhf&b} er@tislsq hhrareémtl sysierarinigiplozationphe

significagglyhcr me&rbb&z%fra WuREYs AREH MAtLAlind 88l Qiedt B amhem: 25
for the | anguages suc rench, Wiile the pref erred enmbodi

i nvention has ngéfé%‘m ¥ tSP \ES ‘HHG‘FH%‘?&“I“B‘&EI“O‘} ghaggerqrs B’é‘%ﬁ)ﬁ%ﬁ‘i‘%{‘?‘éﬁmf hat
various changeddedan thesefedientiiser BhapSatelfagtsadespae timent fstagnoft the psyitwationand

scope of the

appreci ate thg%y ?Cﬂ{&%g aggggff ?ﬁm% %eh‘;eegﬁg}%u@gg}z SlSl%l dJA ai's n%lwihllgﬂtnm 30
syst em may ha\v‘éllcé'sthﬁmna@a‘ﬂ%?b‘é’ ot was apidedas! ftapd C}‘f -d)étthc Ry m@emﬂ

di sanbi guat i op d SRS tHeSRne®BEoMRELKS. inSn @8 WRJKY2PRE ictABheddffult (or
keyboards of different sizes. The specific characters associated with the
punctuation key 63 may be changed. For exanple, those skilled in the art
w Il appreciate that the period could be replaced by the comma for certain
applications Furthernore, the specific 3~ selections of which punctuation
character is generated in different surroundtnb



12 March 2002 -43 keystroke contexts could also be altered. For exanple,
two successive activations of the punctuation key 63 foll owed by a could
result in generating an Em Dash =", while three successwe activations
woul d generate an ellipsis "...". Those skilled in the art will also
recogni ze that additional vocabul ary nodul es can be enabled within the
conput er, for exanple vocabul ary nodul es contai ni ng | egal 12 &arsh 208 cal
terns, and forei gn | anguage ternms. Via a,system nenu, the user can
configure the systemso that the additi or%z vocabul ary words can be caused
to appear first or last in the list of possible words, with special
coloration or hi~hl~ghting. Consequently, within the scope of the appended
claims, it will be 10 appreciated that the invention can be practiced

ot herwi se t hasxpisitbpeticfadadidcey) idesediibed duehmictWord budfer, 2hd abVBlock 2890 1. A
di sanbi guatin Q4ene ntered
by a user, thga%¥§tt§%‘g% geﬁ?ﬂ ?Hﬁ%ﬁbs@b@ %d?&tﬁﬂ%ag#ﬁgﬁp étugﬁ{{rﬁl& nc"’}sﬁﬁiee (a) a
user input dekdyceecawei. nngécblzlﬁateiPtﬁ;lerm ﬂilfnpgtnsal ma@etssmg afhibe dieustadkletgs of

i nputs associ giedeMd PIGURE Wﬁalrhﬁg’ aPElo&h@S 26t €76, EM@&&H theh MBHinRE FHENCES
gener ated by a‘se uenti al er at Pﬁﬁﬁ}fﬁﬁ ected_i nputs have an

i nterpretatioff®PR prP%eSé‘H%F}gﬂﬁh ARG framicopnesiordhar act er s

assFm at ed with eaffht brmutzm (m)cu&emﬂtmnynaom m:}muagpxdatﬁ tlll;lﬁm bioek CQOSTt r Ugt
a plurality o c ts hei assQeci at e
with an i nput{hseé) ugn@ag e §Ette83ta?\t}§ ?Zi 6‘2%‘8@5 acﬂ%%u ers E CuS\% e'i:steg% Yei ng
stored in thepmmxymkwapmr@emmar@@dq;re@l @odrp‘tO'rrs§dP®f:e$m|gl ershel keyswbkenodes,

wherein 10 ea@dtmraqstemlb%cﬁ&qgcmt%tt)CWzbbu@rbsttw%g %%H%@ﬁ‘or@il% VAILD (RIE OF
nore objects; the pI Léu‘?,ﬂty of nodes g conne ural ity of

paths, ealh oft ki 41Ul He qugrepskep s ﬁgw ?(F’F?B‘f:ét‘)b“a‘faé%evﬁo’ée‘hégé‘%‘iyé‘te@’d wi t h
a base i nput §@q¢mllqe botth 2322 qbs:lﬂhabﬂethasmrraﬂeg Anpdstrophite Sbigssi.i Mpht
sequence of the e d|t 0 i npu and er ei n the
objects associa %rd)p’e %g %Fthﬁgjéz’ggar e{rO 18] age% %uﬁ}é aoSbE@ts Where ds 8 at ed
with the corr ecgpmndltmgorwateem am@plrestrtoahmllcweoj he thehletier ao@eher end @frﬁmfdrd and

are ConS”UthtQ fb‘x%tﬂ o?seé?s%eorl%rc%nﬁﬁafo%%tmm@%tiylst P e K}Sos‘?r%ﬁé?tssﬂa
associated with the COHeSEH o aren node; the code used to construct
i Ln%’d‘

obj ects aSsociSafbdtt Heg ! hB? TRi! ‘“t‘%/’isrt@”rtﬁib‘joét?t%‘ WRINAL BE Wi t h

t he correspondhsgirpatientthagdevieanpey sictigitianSpecitid pahdrodtionf key) namtetf eal

[ ndex of the ghiect, ASSacl ALl Molly LNG B0460KEESRONALDY RAENheNOIRANT. &

specification 0O acters assocrated with

the additi onaPQIRISphtV i} rEIkGH@Et he therr enbloglbdd 8t he tiveate Hlagdisnistée AROS &

tjlh splay to de{_rnd(tj‘ctauﬁmtaemeqmnatatn&ptaéyh@s Hzfs%eexﬁ andivedhn@ 1RE 6epeQs @odipf ed to
e user put device : €.pr,ocess i ng

fromthe %(ﬂe Bt ﬁ?ﬂsgoeftﬁngoélf’é"e? Yt ﬁe%ﬁgh%%yre&%%%pat‘z&‘\%ﬁ W(S &?‘Fg‘ggnei’ t ed

i nput sequenceloak 226) thdasitenanélochd? datpStabflegts sai ttothméThR@M@smdn‘cnngency

of juse. the cAndiabeRRliEE kePRANA ANPLd00) 68 dHhGhAhahPIst ong. i @

Obj ect i s assocCl a enerated 1 npu se ue
st em obj ect whlErwldhbe werfermse; @étthatwa%vs@éh félﬁ%élmwnt bi aphleesqéwé\r?ettre@pmwmﬁ

sequence; anda;tdstrbplgaefwbevtea BY ‘AN DUERH cSeOdTalr pSakkSisngr, hbBndipsedeadingd of
i candi date obj ect associated with each

display th l,east .one ident.fi
gener at ed“§0 ?}Wdﬁt‘s%oé‘ﬁtﬁgﬂté%’eﬁ%l télto‘t(?‘d%<1t‘ual interpretation of the generated
I nput sequence; saifdadilsdndily iz curens key enideginmgedciiriadicesn zebighoust dusd :

sai d memory LKEE Sbh UzﬁtHB& '755031'% 35%6%91 td@teﬁﬁxhé@ Réfethef Qﬁé’f‘t@ﬁ@ﬁt R&y @gﬂtth,podes
two parent nodes of the tree bei ng red un when all codes assomﬁ ed with

a given input Bagnnanckeyt HA10, Ahed 3HPIosk mp 2 P(‘)‘BF‘I"ia‘bcf“ ayaelatid ogs et bHBdRs are

i dentical in tkatestored to their states prior to the deleted keystroke, after which normal
30  processing of the keystroke (the BackSpace key) continues (via connector C) at

block 212. If at block 250 the current key 1s not the BackSpace key, then at

block 260. a test is performed to determine whether the current key is a MODE key.

the Select key or the Shift key (i.e. a key that will not result in the current word being

“accepted” and output to the text buffer). If so. normal processing of the keystroke

LI
N

continues (via connector C) at block 212. Otherwise, at block 260 the key is



-45- 12 March 2002 the codes occur in the same sequence and specify the
sane nunerical object index and the sane nunerical character index and,
further, for all inputs for which child nodes are |inked to each of the two
parent nodes said child nodes are al so redundant in the sane recursive
sense, one of said redundant parent nodes being onmtted fromthe tree 5
structure in nenory and the renmaini ng redundant parent ndﬂbNb@¢m§0Q%gnented
by any codes and links to child nodes thab.were present only in the omtted
redundant parent node, and all links from any parent node of which the
omtted parent node is a child being re-witten as links to the remaining
redundant parent node. 2. The systemof Caim1l1, in which one or nore
characters which include 10 special diacrjtic marks are associated with the
same input wi SHCHHPEh (@S e FRa pEafHge dt‘%ﬁ‘é’&?rérwmdt Fode agseptedl arfl dkritic
mar ks i s assobiogk 262 tid pS' the figsit eeandd ﬁdanhm(ﬂeaerhc\thddn ﬂfah\es e 6500that T8Il €

charact ers whi chiul16h Y65 3RESH Ahe ShAPBLELS VIS cflaroh, 30RERTo/ O LIg, | NP

associ at ed wi P e Cor PATTE M § Spetiar
marks. 15 4. Wmlrgly%%témqlﬁo@ ai m 1, wherein the at |east one identified
candi date 5 obj eCtIf"HtthbcthLhi't Wmﬂe%%ﬁﬂﬁé%g&st ge Iahg issn(ﬁ'sép{h%}{%g as a -

t ext ual mtergretatlon of the generated IS\B’F nce is a word stem
obj ect when t Beck 2d8ibshexsiet dﬁ‘§ém’c5’f35 Sarthe d"‘%‘tsgﬁpléfbﬂéﬁ’@ fiagde sals apg 2k
predet er m nedbloak toyn, tmtﬁar ghepbiadd Sapanayt of PUNCRSSPOS aﬂheﬁaﬁmg tha@ e Wor d

obj ect associated with erated | ut seguence wher e sai
hi ghest f r equBHEaHaPD ke %gshgf‘)g’ eaelv\fc{'% 2R3 \ﬂ&saec&)%]cg%et haa'so% SGRIEPEN 4T t h
t he gener at edof apumdseedugnmeardowtmphe bxceetea pldedeabeheisaledidrhiigsh®he. 5.

The systefg of ED Té{‘{'?ﬁfag 1§‘se&*’r‘RLﬁ folr%?x?a% dc‘ﬂ%%%ncﬂ‘&ﬁér% & Lighest
frequency of use V|S|ona textua

i nterpretatiof® %W‘C@tﬁ%a[@é?f&“ét"‘éﬁ $ Fﬂﬂfﬁﬂ %’ef’cﬁ’@@m? e{&ecorffi pteadVithor fdlgvpng as
the textual igbgr Wﬁlﬁb@tﬂyﬁllﬂaQfspbf@baﬁfegﬁﬂﬁrt&b%rﬁﬂpm smqluﬂma@eypom witry of
any input that results

t
characters, whBFEMETLY; t}?v%h‘g 58?16%21”5%32 g%g{?g %:rﬂg?pgtgftoggleﬁ{ ‘"(S’ﬁfeﬁﬁ?
i medi atel y fahdbdnmhangt:xhe 1mmuq_dmte1§)fbegm| t@lpmgmﬂiq fohted e wordaivithmug hpyieg a¢ i on.
6. The sys{ e%ﬁhxcﬂ ;lm 1@& et hﬁtﬁ@f@%s YSESIh bR 2B Lhi el QR s%ﬁgﬁecﬁo

associ ated wi t yi ng objects associated w.th
cor r espondi ngthsi Eﬁt“ Cl'*f‘é%}é‘ ‘er?F‘(eﬁ@F’ ‘Yorﬁ?: FuRreePied aplrutpytda theo'sxoputih as hféPet he

code is the fpaatt k8daadbednhectbagdenTherdft blodie76hitehcateatieyahjkediss is

associ ated w Elb:artege %helxleéjuuon proceeds to block 262, where the pState flag is cleared and the

t\ﬁi[l%

ClearPunctMode flag 1s sct On the other hand. if at block 270 the system determines
20  that the Apostrophe_Term flag is not set. or at block 272 that the pState flag is not set
to PUNCT_APOS. then at block 278 the pState flag is set to PUNCT_RCVD. and
normal processing of the keystroke continues (via connector C) at block 212.
Following the normal processing of a keystroke represented by block 212 1n
FIGURE 5A (and shown in detail in FIGURE 3), post-processing is performed as
shown in FIGURE 5B, starting from connector D. At block 300, if the pState flag is
not set, no post-processing is required and the subroutine simply retums in a
block 320. Blocks 302, 304. and 306 check whether the Apostrophe_Term flag is
set, the pState flag is set to PUNCT_KEY. and the current default word ends with an

Ko
(941

apostrophe. If all three conditions are met. at block 308 the pState flag is set to
30 PUNCT_APOS, otherwise the system proceeds to block 310 without setting a new
value for pState. If at block 310 the pState flag is set to PUNCT_APOS or
PUNCT KEY. then at blocks 312, 314, and 316 the text object saved in the
curPunctWord buffer is added to the selection list after appending a period. hyphen.
and apostrophe, respectively. If the test at block 310 fails. and if at block 330 pState
1s found to be set to APOS_S, then at block 332 the text object saved in the

[99)
wn



-46- 12 March 2002 7. The systemof Claim1l, wherein the nunber and
identity of additional inputs which correspond to child nodes linked to a
parent node is indicated in the parent node by a field of valid key bits
that indicate the nunber and identity of said child nodes 5 8. The system
of Claim7, wherein each set of one or nore codes used to create the

obj ects associated with a child node is i mediately fol | oW#aigh2088i nt er
to said child node, and wherein the one QB-nore sets of one or nore codes
and follow ng pointer are placed sequentially in menory within the parent
node in the sanme order as the valid key bits that indicate the nunber and
identity of said child nodes 10 9. The systemof Caim1, wherein the

sequence of codes Ww ch eat e ohje F\ssoc d with a child node are
ordered in rnsf‘r‘br?})mi»I d P ‘Er ‘66?‘%55%%&" e eE‘l’%ft‘%& chaFéPeél@éiEé‘H@éo%tWﬁbe pad
sorted with r espect "[thentzheblbfleqﬁlhncymofn@sand)f34$)atrd: &l&]t&ibﬁ@:t si@ed Trh&h@ySt em
of daiml, &l Wtop(?bhff}gl §?c§de? El}g%el%ﬂ%rnal & Ppendih | at Pheél fW!J%I\g? aCh

i nput are a35| gned sequenti a aract er's HRelededn

t he frequencybpfradicelithe dejiees %ﬁﬁoqﬁﬁ@d shihirtbe PERS keay. wbhadpBibjediazsis ithennsetror y

11. The systepyudicTCravD 1n 2 Wloek €4 the indi ces of the characters associ ated
Wi th each input in I.C hat .are assi gne r|n conprising a
plurality of char aﬁaédbEOCkzb’Oltge PR 3% 1SRt St ’@Igrbgig &ﬁ’élab leck He2 dbtie
used to const sysedm olycke whedisstheicatrent salettioraliathii Ieduptbod{afrtm thertlofhiy bnghopd] ect s
associ ated wi %}9&@%2&99 e rf@(gﬂlql ﬂgthgaJa?a@Esengzﬂ%haéxd)%cbf}c %%%Sthg c%grggtl I(I Cat' on

of an object type assocl a construct associ
the child nodequede Mhiheskrysepkcobuifiiraiwhidp inaluss ellrieasfleormb?@wathrypé thchat is

speci fied|@5 bicduides kef %r{%%'c% Hf%%ﬁx%ﬂﬂe §1Hﬁ>l)p?ertﬁm9 in §|%?d%ﬁf36@ ilHRG

constructed object. 14. The ?gsl&\ﬁg‘lﬂ al m1l wher el n ECt t%&f pe

that is speci FRAAGINENEF fGRENISHE! VI F@Q‘éﬁeﬂlsﬂdh%‘h@ec@ﬁqbﬁ% PEJQ% &R t he
constructed obpetled .if Ut ﬁ'hl& ES(SEexme@florCl abtierhdse. W egodh Nist thereod: a0t mioype
that is specifi n [ n a nfl ectional di n and
suf fi xes that na?cqmig‘e%g léle Sﬁﬁﬁas?h %go gt Il}uct h%l tt%t pet save E?irbqﬁﬁar ch

2002 curPunctWord buﬁer 1S output as accepted text after appendmsz a hvphen to it.

15 block 358. keystrokes are deleted from the start of the kevstroke buffer up to and
including the keystroke for the punctuation key. Then at block 360 the database is
queried and an updated selection list 15 generated based on the modified keystroke
buffer. Finally at block 362, all buffers and flags for the punctuation key are cleared

prior to returning from the subroutine.

2. Maxinizing Performance While Mimimuzing Storage of Vocabulary
Modules
Inherent in the combination of the keystroke to object identification software
process of subroutine 620. depicted in FIGURE 13 operating on the tree data
25  structure 110 depicted in FIGURE 10, he several novel means to retrieve a larger
vocabulary of objects while using less storage for the vocabulary module without
increasing the processing time of subroutine 620.
By ordering the symbols in each row of the logical symbol index table 550 of
a given vocabulary module according to their frequency of use in the input lexicon, a
30  large majority of the instructions 558 of all nodes 400 in the tree data structure 110
can be made to have their LOGICAL-SYMBOL-INDEX fields 555 equal to one.
Similarly, by ordering the instructions 538 of all packets like 406 in all nodes 400 so
that the stem and word objects are generated 1n the object list 440 in decreasing order
of their use in the language. a large majority of the instructions 558 of all nodes 400
in the tree structure 110 can be made to have theirr OBJECT-LIST-INDEX fields 556

(%]
wh



16. The systemof Caim 12, wherein the object type that is specified

i ncludes a code that uniquely identifies the constructed object anong the
objects in nmenory. 17. The system of Claim 12, wherein the object type that
is specified 5 includes information regarding the frequency of use of the
constructed object. 18. The systemof Caim 12, wherein the object type

that is specified includes information re%ardl ng whet her thaE@i'mEQQ%ct ed
object is a conpleted word. 19. The syst‘ of Claim1, wherein the indices
of the characters associated with each input are assigned sequentially to
the characters in descending order of the 10 frequency of occurrence of the
characters followng the i medi ately precedi ng character in the object

aﬁsom ?t ed Weﬁﬁlﬁ&SnGO{Th@fmldfgh@aétﬁ?ﬁ tRafe 119 %@'r&{i'xﬁﬁ%}ﬁ ls@ﬁ@ﬁﬁ%%aué
character is nded to forman obj ect associ ated w chi e. .
The system of“?%P (R Wﬂ%ﬁ"%ﬂ’ﬁ‘e%ﬁ@‘?ﬁf%@g dyR by gdirecting ‘g%%@ﬁ gﬂ%’d‘gw th a
gi ven i nput @m}nam(meprt@smm nodeshod elefing ehitll neidsnddoigep a¢ferhcaddelals i@he
defined 15 a ent g d rical

. . % aéglg’ Qﬁldkcﬁd At W heéli\,:}%gﬂ tsnﬁcugrg ([eo%ta%ﬁ)l%gefay Fe&@r 38 V\E% qurn?%veé odes

obj ect i ndex ane n EVen h “Sai
occur in & difsteptears. ey frveerilmks Hantthp o ginriritreny etpuhieh 5tilh suteves 2¢ery The

system of O btdretMORBRI flofhV¥he RARM 1REJESOErhSE, tfsBRcianastel IongHnRS
redundant onl m al . Pgdes assocjiated with a ut are present in

20 both of s&MAU§%HNTnAHPY AT e NP Ot TotiesudRns &F%er?tgeﬁwﬂ@a%r:ﬁs t“lhéhe pHectcodes
occur in thelises® wegieegaienancbnspec piths tnhe Selded nmhoth&{enw)foemtﬁmdm@ex and

w oo 1 oS RER IR AT Bhse 16/ Aol il HIEL chllnd he eBBES OF |
chil d nod8s airecturedo cerateiadaporierpbiases tbmerﬁé@un@ﬂl\y@s%m@ﬁn@weme l'ffﬁe

system of O gk mpdden w&a%lﬁm RERIOT FIDEANPRAES uhiMe AT R a89I8QARI RderMcih 2
gi ven i nput an are prei%(;bq’vhn bot h of sahd r edundant 5Oz)rent nodes are
defined as béeiofy 2 LM BHISIhWords Jright peripiny o veR o/ 8UDYeINSHAUPRT 41 20bj ect

i ndex and t herdanel ambedineal. chigrafidng ibpdeyrefeveh emdbedingatl df ahdéddipgeur in
a different seaUence. hdhle daniAYUORAN RAr Ak 10 mstéu%t@ﬁgong@ge@ 2002

23. The systé’O one or nore codes usé Tt
obj ect s d$§sod¢satiesh e mhmbhi dlowarsdetyedsy thestiugipieny cobghde pEresreyots givendthei t h

the corres poqﬁib@oﬂ@rkegﬁrdn@ng@né& hicindderad . apsekdds Ce%woer&d% aapre@é?ieact

type associated wth t nstr obj ect assoc; at chil node,
a%g wher ei n trV&ﬁmErO’(ﬂ‘e‘lé‘e P chart oflﬁa‘x%?{}i PJ A remarkable an(cei novel resutlt since eac

instruction only alters one object in the object list 430 by appending a single symbol
in response to a key press. This is a consequence of the folded tree and software

20 retrieval process re-using common sequences of instructions as general object
construction rules.

The nodes depicted in FIGURE 9 are examples. Node 560 has two vahd keys
as indicated by the “1”s in 1ts valid keys field 562 *010100000". In a preferred
embodiment the posiuons of the “1”s indicate that the 2™ and 4" keys are valid paths

25  and have packets of instructions and pointers to child nodes associated with them 566
and 568. Packet 566 contains three instructions “(1,1,0)”, *(1,2.0)". and “(2,1,1)”
followed by a pointer “P” linking 560 to a child node. [f subroutine 600 has
processed a list of key strokes leading to node 560, then subroutine 620 were called
to process a “2” key, which is the ABC key in a preferred embodiment. the

30 following would happen. Instruction 561 would append the 1* logical symbol of key
ABC (an “a”) to the old object at index 1 to build the new object at index 1. The
third field of 561, “0”, is the false value of the STOP-FLAG 557, indicating that this
is not the last instruction of the current packet. so the next instruction 563 is
interpreted  Instruction 563 would append the 1™ logical symbol of key ABC (an

35  “a”) to the old object at index 2 to build the new object at index 2. The index of the



5 defined as being identical when they specify the same nunerical object

i ndex and the sane nunerical character index and when at nost one of the
two codes specifies an $bject type, wherein the code that is present in the
remai ni ng redundant parent node that is augnented by any codes and links to
child nodes that were present only in the omtted redundant parent node

i ncl udes the specification of said object_type. 10 24. Th&2 Mesck2002 C ai m
23, wherein the object type that is specF??ed i ncludes information to

di stingui sh the input sequence corresponding to the constructed object from
ot her input sequences that utilize the node. 25. A disanbiguating system
for di sanbi guating ambi guous input sequences entered by a user, the

d: sarrFl ?uat } ngleayc}sz)g&mwm@nlbédaﬂge thlé@ﬂdul@es;bff@ﬁe xﬁéWHfSJ{:ét? beiRY Ibﬁﬁttab@vrhﬁl%]ﬁn
ural i of inputs ch ural i uts associ a

BI ural i tz of éﬁ‘fg e %f@e ”EH“WP;%I‘ 8’ BE? R%%‘ﬁ‘é?‘%ﬁ %Iél"at‘—f\%\g‘l‘\‘l‘iﬂn‘h%?an
i nput i s sel eobgdt. bjhemduridfieldadf mgnldnen ljsazr“o“niauhe eidael ebye ottt STOPLRIGAG
generated inpul,sg °¢H§%§‘t 18%&:{?&99@1% ih¢ ;potr ds?r%'t{%&? 9&7 &&@Ht ﬁﬁén:a%e have

been sel ect ed, "whe Seq uence

i nt er pret afi oﬁOSlFﬁéﬁymbombé&%@d@@) ttod e Oﬂ?DElSPF @IIID@%X b‘fo t20ld ghremerc okies
associ ated W thjeReH i mlwtmrd(f@éld %frmgmwo&@m al M ROth@ e Wadlel diythefsT@Ri.ect s,

each of the pl of .0 Ssoci a with a t sequence, wherein
each of the plm ﬁ 6‘?‘11656‘: 'i“%t Stlﬁéherrgar?br‘?st%‘rc‘éo’? r‘F%éP”ﬁ%‘sB@ﬁk%éﬂ with
?d;requency Ofexersigipn € jutdowing BRAWOLG] mmetcxlx Hyad 638 ol quitic4d o Ej_he :JSEI’ ang
a processor co r.input_device nor Sp sai
processor conpri si EPJS p?) % iBie ‘Q%S%% tlw °ng g 28 %ﬁg‘ﬁ?‘“f’%ﬁﬂg@ﬁ{ l“FW%%j’“f rom
the pluralldty p@@ke(tﬂoﬁ%nlﬁo |anS”tl§i@ nnéerrmhycfacanl gawt thenanebpwpoeseassstbeimatlggiewi t h
each gener at eq ooy aﬁa@ave%ﬁhaﬁea&amange&m Aydgmét %I@dgueﬂcxreefnlesge (i)

an out put corrpﬁp at T d|% XIE '% | east one of enti f bj ects
associ at ed wi t'FUE4EH {ERYACEY gﬁ eQBﬁ’Gé%%re‘h%“‘éF“l“é&f}lfa‘l“O‘idnf"éjtuﬁii"é‘t‘a't5| on
of the gener atsel imthutspserquewc epdethertee serfshenaobpeabse mlﬁmdxa;b@ded/\wtth beach
o (1) o serecpiisolt 1 BE-Hollad® Hitee s ARGER AR "Hhnld ST EY pREHES L
for entry ldnt @"@Odé&qméhlfl@%ﬁ%b‘fté? Iocatl on upon detecting one or nore

mani pul ations of t g, ¥s&hp 1&%% aeteﬂécreesdoqo%dy@am gmﬁESﬁl eRd lr@ﬂ?udti?)ﬂm
wherein sai d di sanbi uat| Em is characterized in

March 2002 at PREkfst> or Y oREen P deme exgetlys b‘l“rib%}f%’“P%D?a‘io%hﬁi @aﬁe&de S0
punctuation i mpuﬂlcas.smirﬁtrmﬂxomaﬂb oa kpl Urodinbiey SPf. spueitiierair ddthevasriaeof gies,
and wherein t h‘?he@2 rn0r§§1§ e twgl?lgg'csq)t%t %%[b'npe% 1}[1@)6 nse%vlngl% Iwguldocf(o 1%@%09\”&' t%lf us
punctuation in 0 AR put™s €, I 'S ona
outputs tRé a a5 @inetq@@tt@.:aq) théeerLwe@%ltupw mckt:qqé% ﬂ@@l577535§@i:]@é¢1@ét

Ej e{ i ?atl n?hl rkeplrveo?fea&rhao@essgeé @t&dx;punﬁtru@rdn%so%ﬂaﬁseﬁr% dxﬁ?x‘énﬂlﬁp{he
etecting the sel ec er ei next in is a
nmenber of a flng‘t“ﬂ§8 8‘8’frcgj-r(gp gﬁét h&ﬁ alvgh :Aéﬁe% cﬂﬁ%fms%ﬁ“a“ﬁ PSP set
of desi gnat ed confiit.s Tihe easmoel sesed O\ﬁAthd"l objeer it pofcess efextbrahiar g20ein

di stinct fromgaRiPioyl #cona! é%e&%s‘?l&ea@ﬂnt@t g\géc\'b\lﬁgg GRALAGE Sstrul gfhfs'aﬁ%s the

previ ously out put punct uation aracter el n when sal
input i s @Smermvee fafe B kp- dhiditnahphiecta rabnatnendask te tht e agrabiesy list

i nputs, wher elWltkﬁﬁChetﬂfncﬁﬁlodh@B@T&ﬁ pfﬁléﬁ;uﬂ_ bfedry adfehaa{ose gfchd@zshgmatiedo
inputs is associated tinct fromsaid

provi si onal | y e&?fspﬁ?u%{?ﬁg?lﬂfﬁ& 'b‘x‘ gﬁocﬁfé%e?ﬂg? E\IH %’bg [Ecﬁg 52@\/.‘16 B0 put
punct uati on chdraetéitionttibstameuhaterdf781 Abe phsaned dftthe plocgrsnvetuldibé élﬁturbed

characters assogel 3t g W&n@ 15&%&8@'%9‘45 &@c&y%qtly%d (Pélv 1H§?H1tcumefv€1'entot he
repl aci ng punCt uation_char acléer IS rm ne et of

y the al terné;\ g 63
dgsi gnat el npHESSf SHIEHY r—dvr?ﬁész(fe P Auralidgk ea %hﬁér obgoderf Lo does BH of
C aim 25, wher®hflict héthangesideiodn vafid 9aied if hédidt SeBetThardors aiodeoHE) ard Fiisr e
alternate sets of de nat ed uts,i.s deterni S t her
there exists iR°E “83‘”‘9 é anof?]er[r)lgl;ge%mo A ev' eee éejlgssvéﬁll af'e eh Q‘e% dné get | nput
of both. and funcuons correctly as a parem node of the children of both. It wxll be

appreciated that the pointers also play a role in defining redundancy. At the last

-

35 keystroke of sequences in the tree associated with words which do not continue to



20 sequence including the appended anbi guous punctuation input. 27. The
system of Cl aim 25, wherein the conposition of said first set and said one
or nore alternate sets of designated inputs is determned with respect to
whet her there exists in said nmenory one or nore objects associated with the
i nput sequence including the appended anbi guous punctuati on input and
further appendi ng 25 said next input when said next inputMM%ﬁh%@ﬁﬁguous

i nput. 28. The system of C ai m 25, wherei#6the conposition of said first

set and said one or nore alternate sets of designated inputs is determ ned
Wi th respect to whether there exists in nenory one or nore objects
associated with an i nput sequence beginning with the selection of the

anbi guous punc t.| j p g i i t,_wh ai d next
Tput 15 an ans/ B se ot GG WidBPRE s AR Gt DA KL B ER fR
anbi guous punciPgeiel vHue.APULL i saysisEied cegodiment 1 ipdichiodhatahdry preemn fuather an
apostrophe.  crRrenl 25 MAr £c200%a80d “EREInEYSIREY Of orGhdl #BdR6 withhEh Qi P gt he
processor, upon d I;%gl ng the selecti O%ﬁOL t he anbi l%g&)us ?unct uat 1 on i nput
and appendi ng ¥hYHAHANF JUSTED AR RRARPPT PR FTPeqiye CRid nades anist Retsdundaay

i nput sequencefot thefiopareas deu enberadhadant, andad casweahe avdd debdehdmgyfrabjiect i n
memory corr esandldg b AufRAIRIRECH R e BrREAY In8lORLL Yo i LRUE e BE Of

t he associ ated punctuation characters, and wWherein the processor, upon

det ecti ng t he wid&kers sriugices coramen it hagtnodgsdreanigrcosenattdnext i nput is an

anbi guous i nput assPRHIRES 1With N7 ARBicO o WRhErAb PHRREEH CrlbBliiting Muorike
associated with the | Ft ' t he Egew %usl y out put punctuation

tgr 's', chan &s

character to PRPHENICTIBHIPTRESHAR 38 d9ideeo AL VPSROBa, Modpiextrges) similar to

i nlt er pret aItO:c onreaf | 0heho® 10 FIGERE YenBIGRIRE 14 I@Mﬂp\zawmqj?efbﬁb@émb@dimm g
sel ection of t anbi guous punc ion input, acid -starts a new generate
i nput sequenceor}ﬁ% ng‘lkg'en%r%éﬁlygo tr?ggé aaérl%nil%gs ed vorapalary giogu ep’eglr?cgﬁgs a
processor, updnxiden agtsianged he daatibe phomeesksay ndsitiona panbigheseiymteéi dthrext
input is an anfigyels ApRMinASS ARt Fhslcat itd)s ORRKOLs PFRGBRANGRSEE 'aCFrleﬁfﬁ ers

15 including the letter 's',” confirns the provisionally output textua

i nt er pret at i on’SAOYAR BedYentn td%ﬂ‘élﬁggéédéi‘bfpi}f“@ B ATENSH thsr logicglyadices

sel ection ©f tdethairbiegpause ReyCinuddcra@Bing Rpddr Ende:s fiablicica ofi@ise GeRigy aiped

i nput sequence_conprising,sal. t ~a%’lﬁg%)u$ i pput and. .repl aces the .
previ ously ouﬁéﬁ@%uﬁ%t?ﬂa‘t_‘lgo%xqg%ggr(é)ét er w h’:anaglﬁgs p%’ﬁ Oelpé)ﬁdo Ject{s_mth
provi si onal | y fagpendss.tiheil] bt peyioussto spsepmeskiBsd wathe arithompbleckad Hhuidds sai d

new gener at ed ZR.hNRY! r&LHURRIBrm aNd, WBIbEE B6H hRIMAARESRRE ard RRAHMGE &% | NY

the selection of a. yét another. nex |.n£)ut (ﬁ[mer ein said next | nBut IS an

anbi guous i npuPcEEd SRECHIEL IHRIMIZRPLFAG d&Fa;ﬂ‘i‘gb}éet”iCE- thigy 1QIpted IRUHFUL s

t he previ dis| ysequdreat aspasted epihesingle bbjacthimpd eeneraned atlar fosreanaveng gehpiat ed

i nput sequence ri-gi i )i 1 Ci i I re
C{bge%{g? . *Tﬁlisgg?c%% gﬁﬁh G eN ) lrplp[;ﬁ[[llfil%\j\g d %5&%6}@ dﬁéhu‘m? aff'thd™

al phabetic letters inc etter 's 0 )ésa
remaining NULL pointers from terminal nodes and changes them to pont to the node
with the largest number of parents. thus increasing the number of rules in the module.

It will be appreciated that other rules could apply to assigning child nodes to the

to
i

NULL pointers, and that such rules could be applied dynamically at the time of
object retrieval, based on factors related to the key strokes being processed. In block
664, the remaining instances of each unique instruction 558 and pointer 404a are
counted so that they may be encoded as unique patterns of bits with shorter bit
patterns being assigned to higher frequency instructions and addresses to conserve
30  space. In a preferred embodiment of the present invention. Huffman coding is used
to assign mimmmal length bit patterns to instructions and addresses. It will be
appreciated that Huffman coding techniques are well-known 1n the art. and thus, need
not be discussed in more detail herein. Furthermore, nodes which are child nodes of

multiple parent nodes may be stored in special orderings to facilitate their rapid



25 yet anot her next anbi guous input, and outputs the object in nenory
associated with said newly started i nput sequence follow ng said hyphen,
and wherein the processor, upon detecting the selection of a next input
wherein said next input is not associated with one or nore al phabetic

|l etters, confirnms the previously output punctuation character 30 31. The
system of Cl aim 28, wherein the processor, upon detectind?t Mar QQ%lon of
t he ambi guous punctuation input and appengling said ambi guous punctuation
input to the current generated input sequence to forma sequence that is
not associated with any object in nenory, accepts the provisionally

di spl ayed object with the highest frequency of use associated with the
generated i nput sequence prior -51- 12 March 2002 to detecting the

sel ection of féiEcwkiBndTousIzAHe NURDRION bits seauireg toaddsess tkdn.y Fisalipubsddtne

defaul t punct 'geﬁérﬂeds@aésaﬁgeeirabasénge%dowm@mtm&kml guous punctuation
i nput, and establl g a. new nera%géjwpg?ut sequence of length one

conpri sing the anb GBRRSINGURSTHFRCRY scriee gbyecty i, bg yured vhre byilding 25,
wherein the pmlmcme&smrbloakpﬁﬁx ttevidichd aypramarhur WwRdCehjedts hitewadboostoms of

punctuati O?e;%%s’i ngﬁha\aga{%&? ﬁggnvéngp%haﬂgc%gﬂgg gnerﬁcgtsﬁgays quen e of

alternate tua erpre Siiggt ation
of the user i npuantageodetq mcmsmﬁ@rmd‘g@@w @feﬂhé@pd@mm Imukloonﬁor(ﬁxamplree

tinmes, whereifof Bg faiksdr E&e@ahdmgegw@mm%ﬁm@ Ex‘:‘er&ﬁ:taﬂv LRXIMA, eg “s” is
char at f o 2o SORTRPBPAER e anieqROa R ore T &?“gf‘téﬁ?‘ﬁ}?:a‘?sg%ﬁ‘éct

wi th the hi ghesddidinegemclykedf ness detees $i0an abject fndrh hhe h:ecaﬁml&nexe Whthisapwts in
bunctuati Sh | ABrctopS b RGP Ehnbreic s il B SEPbQR, B dCheghSbo!
frequency of uskxaslodisatcan bmdmammlls ggdde fuﬂthqr rqpumszq thetuse of¢ivefist ed 15

i nput sequenc VYBSp leBRHInS QhlRWkREJLN® | { t,
fol |l owed by o?ﬁgel?&}:orrbl n§t| onréS of objects m%ﬁk%%&'ﬁt&@% ggé“és&\?\ﬁa%mw

progressi vel yr&#®8F frequenci es of use that are associated with the
sequence of i nput s FIGURIe] ;geadloatcastt bﬁ@pieféi&dld:ﬁfb@&m’ddﬂnabfMﬁi’fﬁveir@?xlebtzess to

preceding, the uQus, Jpunct h t, 0 ct s, Wit

progr essi vel y f@g&& ISlO Og rﬁ‘cvog%’tu Ofrg)tﬁﬁsogegs sBo1 S em? Wh?rﬁ)én gl8&lhge]?10c°ef tB? 20
inputs in the ﬂgwbanatoédﬂ@ﬁﬁﬁtlkeamhc@ tlnatahmsm npgessf ol hegimi wigh ttieefirst
anbi guous pU”gB&'@BFQ& llmp&ﬁFIG%H@l@ e t‘h@?oo%@@é £ 0@10%%?4 %51% s%EFo%hﬁ@' in

descendi ng order of the conb %j é uency rank mgﬁlo sai d ects. 33.
The system of 929 4epicss, mm@? £Rac %F@B’eg‘s‘éf‘ floy a%F@RE.dtSttﬂéO@éa &ction
of a sequencenofic.aNemQrwhith & astigleusdundmutsitt oklcawest imdea If ardetunaabect i on
25 of an %‘a”'%@é‘%‘g %ﬁi‘t {:xsl%ﬂ bl@?}&“ 763§¥e§?t ﬁmt&% el t%cf)logkavél7§gw rD'ng?eSt

frequency of use an {) t ext jec
fol | owi ng spaceduneant yeodg{s3 prayieragsd g desi wnmp@mad@ué@@w@at@éw émﬁbsrément

repeat ed SUCC@mmﬁ%ﬁﬁbﬂeOm&%daﬂ uﬁ@ﬂtﬁsgupussuﬁah&@t in@n shz&@&ltse%@ne@sts an

obj ect havi ng“h_‘é next eguen % omthe identjfi ects,
ol T epl aces PTELFEeaHE! s ppitoratnt buFREe FRMeneSdp SRkl 36 ROSPE T on
precedi ng t he bpregvi76usily timant ¢reisiai bigtle 6&@)&&53 whetther elac hroseisds doree el share| y

sel ected bext aAhingfinoddho pHiRsS YR F8W AlvalklBbiRk 4B Blftish MRoREARRSSOT
P gt FIGURE 16 is a flowchart of a preferred embodiment of a software process to

find in a tree 110 a node with the highest degree of redundancy with respect to a
given node. Block 690 is entered from block 674 of the flowchart of FIGURE 15.
Block 692 initializes a placeholder MAX-SAVINGS for the measured redundancy.
30 Block 694 initializes the process to start at the root node 111 of tree 110 of
FIGURE 10. Block 696 calls subroutine 710 depicted in a flow chart of a preferred
embodiment in FIGURE 17 to compute the redundancy of the given node with
respect to the current node. Decision block 698 tests whether a degree of redundancy
greater than MAX-SAVINGS was reported. If so, block 700 records the identity
BEST-NODE of the node provisionally found to be most redundant with respect to

(OS]
wn



sel ection of the anbi guous punctuation input and appendi ng t he anbi guous
-52- 12 March 2002 punctuation input to the current generated input
sequence to forma sequence that is associated with ~ conpleted word obj ect
in menory with a highest frequency of use that ends with ~ punctuation
character associated with said anbi guous punctuation input, and upon
detecting the selection of a next input wherein said next 1Rriganftchiz0(@2n 5
anbi guous i nput associated with one or Dfge al phabetic letters, confirns
the output of said conpleted word object "as the textual |nterpretation of
the current generated input sequence including the selection of the

anbi guous punctuation input, and starts a new generated input sequence
conprising said next ambiguous input. 35. A nmethod for disanbi guating
anbi guous i npthe géquemﬁ@sanct hiee meptomed theasownpf irsdunglandya s PeIASE-SAIMIY G

i nput SequenCﬁeHst Blo %Qlt'e%ty vQIetﬂe'?pdfﬂ ﬁode@a}meoéeehh&'a aHardal 'If %opfﬂ&ppm S

associated with a plurality of characters, the generate nput” sequence
havi ng a text eamtlriuﬁ%écrMO@{\aWohvheqba@d\iagceérfmrgubwu@w rmsiettﬁethmrwanpde] of

characters asmsh @1&@ mtﬂbvewﬂmb fPblock 699, HitRs teaglt dati télﬁaddé&s@@eﬁ)t«l; uct a

plurality ec ch | ural | Y, Of 05{/ SSOci

with an i ngut 9@% ?fctge @ﬁtonog I’% egg‘ftv?]\%te Theit iR %gé re&ggs thgﬁ%”\me?éﬁ foall

obj ects are shodenhostrreéurtdaate isatralic tathe gmrrmqused bbdckab 1 aff aubtrdwyinef670ades,

each node assg F{%dl"’“th an i nput sequence and with one or nore objects,
e plu

and wherein t rality of nodes are connected by a plurality of paths,
each of the pl ural FIGUBE 1748 Rélophatt aip erefsaed smbadimenagbasafiwase pwicess ta base

It EpUtz OsequentC@omg&da fBe Qﬂkﬂeﬁiaﬂoﬁiﬁmﬁﬁﬁ@@lb@{\@@n Mhsﬁe&eieb%?ﬁé nwibciequeRpce of
e arent no a erein_the

associ altoeélgwl Fﬁ‘e %ﬂ%g ggﬁi é)? §‘§eh ‘Bﬂ‘aﬂhQPo%‘ wutge a@ggoé’fg'?ﬂggﬁ-%ﬁtwt he
correspondi ng Bpmkeﬁt_ inoeBzdsa wdinc bf theglicatzl ingtnrades. | BlddknkiddinitahdesnkdElrei n
the obj ects apepehaber ¥otlsf &Jagé e RARA o RUSUDE GLRGHI I RoCRAS g

pre- stored in % ts associ a e correspon
parent node; @E\Xh prajthe figeo ‘d‘d’e“%‘%ﬂloqwe@ﬁﬁ%ﬂ? pEramglsyelette adsoEingtaed 25

with ta child @QQQhaM Rdkhyoag, RHj BISBAASEREY EKE:‘QIMDIHX tshmcawmiﬁsmnelb nlg
aren no rses a s | CA a nunerlca e o0 C
GO A R e Lt e M e T A A Bhg
nuneri cal i ndé&zgy 6TEYHOMEDEK frive tbhsrcacd ef swassasiddd esgeafitd ag haamdmri ioothal
nput 11 nki N9 L08R S p el .4 Afhoshl PRS- p( Ak 5%?%\* ANDEK &1Rry! he

one Or nore O jeC S asSsocCl a enera t ed nput Seq uence at
| east one candpldhkey.ols) @é‘tfuqmoﬂﬁ ateh@a‘hl é}ﬁé&onfbl@%m?m@m’@%“’hﬂﬁé’? eithersai d
candi date obj %@STJAS oA LIST-B RIjngs. vmﬁzlaz afloch et foQIMBs \WRE %s@bl:@&{ frof both

associ ated w ed .1 nput enc erei.n. sai andi dat e
ob; ect 1 520" aisr ot et BETERTeqHERE s GG 66 nslRS ol SeBhBrEh ol P obe
gener at ed i npllecseguignde 724 tedt. (veethdr sid mypirmgionhereathe |sems tin gnar LOEHCiIALI-ed
candi date obj agthy3B oM G Ldnd OBRCTLEIMNEIERAUINM Hih af RuGRNESR! B nbnpU!
sequence as a t ext ual |nter r et |ong%{ %gerate Qé jfgrence sai d
met hod bei ng &endaices ieé‘H“?qwmt ‘Gbéqcé% f §‘EQSPP‘H& a0 €|degiBioBet s
in a tree strgblock M6 ydedeh bckl7RBlimadrmans the count SAVED-INSTRUCTIONS.
25  Control passes again to block 720. If the decision block 720 tests TRUE. control
passes to decision block 730, which tests whether the two nodes have been compared
with respect to all possible keys. If not, block 732 increments KEY-INDEX, and
control passes to block 716. If the decision at block 730 is positive. control passes to
block 734 to reset KEY-INDEX to 1. Block 736 examines the pointers associated
30  with key KEY-INDEX of the two nodes. Decision block 738 tests whether either
pointer is empty (NULL), which would be the case for a pointer in a terminal node or
for any key which is not valid. If neither pointer 1s empty, control passes to block
740. which uses subroutine 710 recursively to test whether the child nodes pointed to
by the two non-empty pointers are redundant. The result of block 740 is tested at

EN) deciston block 742. If the two child nodes were found not to be redundant. a failure



of redundant parent nodes where two parent nodes of the tree are redundant
when all 5 codes associated with a given input that are present in both of
said two parent nodes are identical in that the codes occur in the sane
sequence and specify the sane nunerical object index and the sanme nuneri cal
character index and, further, all inputs for which child nodes are |inked
to each of the two parent nodes said child nodes are al sol2 Mauetd2802i n t he
sane recursive sense, one of the redundanly. parent nodes being 10 elim nated
fromthe tree structure in nmenory and the remnai ni ng redundant parent node
bei ng augnented by any codes and links to child nodes that were present
only in the omtted redundant parent node, with all |inks fromany parent
node of which the omtted parent node is a child being re-witten as |inks
to the remai nCPYf Feliwashil faPlrk 7Hhdeltherviss . thypavorshildsen gfe @uidnioabe

}Aher ein thef atreduﬂ@erﬁ]ﬁ @mle a d&fhﬁd fnmméneﬁnsboe@wlfmh@@bcmdmeahg Bigkesds.
requency of use. t as a textual inter n o

generated inp e‘"é@aﬂ’i 4% § \Y\.%F‘ge ﬁ"érﬂoﬁ’é‘frééfso\ﬁﬁéeﬁl ‘t"ﬁleebfer 3@%(,4?6‘619 Bse of
said word st enheojueferted exdmehserily havepreed aeseedri hedotf ah:tcbr7512hmcﬂ&nghesKEY-
frequency of d h

gener at ed |9npEIt%BéEZ{S%hgi a%egqowcggom%k%éaﬁgmﬁ%% aé‘ﬁﬁ) ?Z%%g‘ém‘ 5 ha?au
associ ated w ﬁ’ﬁm@rﬁﬁlhwmﬁ%ﬁ?@l‘,@d Aesobe a@celmtwt@ ﬂ'{?lﬁen@éﬁ@ﬂ%wedfqu{pmancy
sequence does onefe R¥GRAGS SnPhAMEHSkHTH A0Mhdnthe SHRbGrine3vWas dii&8Bt BREk gfigC ai m
35, wherein the at | east one object with the highest frequency of use that
i's prOV|S|onaP%V‘ﬁF | ayed as a textual interpretation of the generated

i nput sequence is honﬂﬁ&na@nkbnabmhthcaﬁuhhenbénnmahaﬂWhmbpbékﬂhhmﬂwof 25
t he gener ated uen n.entry a t sults in the
unanbi guoﬁé ge]na r%éto%@oegj & &ﬁe ‘15’8 aC% Erﬁ aa% any g \Aﬁﬁgrse&n%téa&% ot bef) l?rmre
unanbi guous c lheanakasenreseatr C@@h mﬁe anmfb@nmmrwffmrdnmwhlgh rhat out mate of asai d
confirmed textpad nL@l BEehBilRARd B8 ifTHQ Hﬁe@oﬂe Qlfot gﬁhﬁﬁrﬁ%&cmgr ' et he

code used to cg{f struct, objects 30 associated with gf y| ng
obj ects associCHEAE it MSTHRUICRH AFOERERIVHE HAFEHD ‘rf-’ddéh? i0 etr~‘tbfr “isﬁl’:qtlﬂﬂ’és a
speci fi cat i onagfociafedtidr [otvheequeste werdt rethk il |€oets @fuld heresrigtrineighdf

codes uhi gh f BRLS 0P ERIR A2 BRLAL A A A A BBency Bk hubrh

2002 39. ercand
addi tional i nm@swauthmreémdﬂe%vpdﬁhp treée-chil d nodes linked to a parent node
i's iIndi cated in the parent node by a field of valid key bits that indicate

t he nunber g identity of. said child nodes. 5 40. The nethod of d aim 39,
wherei n each St M@—‘@&@é—@e et = aled to create the objects associ ated
with a child node F8GUREBd8AL ethyoupbllBEwWedkply ahgoidisbly 80 Haitte clpbhaiblnode
and wher e tQGmﬁﬁ'{?rf){ JIRRE & §en9afm9n&e05f W?e&gg@%e%é%i nﬂgmﬂ 'nter

are placed sequentially I n°ne t he parent node 1n der
as the valid Kegem; fdtef Hgpng @aulb%%we@ tbmﬁ%‘eab ea?ﬂi”ﬁ"d@nthet‘9x‘d?ﬂl§&|66 a@ﬁ. I d
10 nodes. selection list region 70 are empty. In FIGURE 18A, the user has typed the phrase

“This 1s a test” The vocabulary module has 1dentified the most likely interpretation
of the sequence of the last four keystrokes TUV. DEF, PQRS, TUV as the word

“test" and has provisionally posted this interpretation at the insertion point 900 and

o
i

also placed this word first in the selection list as the default interpretation 901. This

first entry in the selection list has been drawn with a solid-line box around it

(indicaung that it is the implicitly selected object). and it has also been provisionally

posted in the text region at insertion point 900 with a solid-line box drawn around it.

30  The vocabulary module has also identified the word interpretation “vest” and the

stem interpretation “vert”, and placed these interpretations 1n the selection list. The

punctuation key processing software shown in FIGURE 3A and 5B has saved the text
object “test” in its curPunctWord buffer.

In FIGURE 18B, the user has subsequently pressed the .- punctuation

(99}
n

key 63. No object in the database matches the keystroke sequence of the four keys



41. The nethod of C aim 35, wherein the sequence of codes which create

obj ects associated with a child node are ordered in nenory such that
objects are created in a sequence that is sorted with respect to the
frequency of use of said objects. 15 42. The nethod of C aim 35, wherein
the indices of the characters » associated with each input are assigned
sequentially to the characters in descendi ng order of thel2Marae20020f
occurrence of the characters in word objegts in menory. 43. The method of
Claim 35, wherein the indices of the characters associated with each input
i nclude indices that are assigned to a string conprising a 20 plurality of
characters. 44. The nmethod of C aim 35, wherein the code used to construct
obj ects associated with a child node by nodifying objects associated with
the cor respondPiYg [JaF HeRBodE Valodlowed b ubke surctegsioni Key it i Bimsofheamlpbjxect

type associ at gjedt t4bpbdineC anshd u@ttatbnomte&te ﬁ%&@‘éﬁ@éoeg Wh My BGadd 'kg node.
25 45. The nethod o CI ai m 44, V\hereflkn ? @e% pe that 'S speC| 1 ed
e OFStiEdic

i ncl udes a coBQCEHHE LAVGIfe CONSIHIEH t"‘é‘(ﬁl PrAreer CQrPSHgdt he
Obj ects :c n geﬁrb]r ?hypﬂﬁt S Thendepbarbpht 9ﬂltammb4ésulmtgedta"mnt m&:u]?bjhecbbjlgane t hat
is specifi i »U r n of use. 0

conslto ruct eg obtjggct 9‘?? '\N@&% ggata‘vg %JO@%%(?%”M%OELfﬁe ngI&?aStrn”ﬁzfuon

wherein the ob?lethot ype that is specified incl udes i nfornatl on regarding
whet her the construprmbnpn@et mlestsa tta@mse%&%w&secﬂ@e g %ertﬁlétpd Bfis G aim

35, wherein the indices of characters associated Wwth each i nput are
assi gned sequBftgearTardad R C‘éFRi‘F%tE dpden W H@é@éﬁﬂ@h‘b"@ t§¢ él‘é‘i‘e”é#e)tsﬁ@ke

f requgncy ot;1 sgotiicee and cafsed e shvanacd atcepf ?'e';ﬁﬂﬂ#@@ﬁﬁlr},epd)mﬂEQkﬁtt@ﬁy A
precedi ng,character in egl. as ed with the corres ar ent
node to \A}‘ntpch[}()t%ﬁg ‘“%a%%?eg‘ acs:ﬁgro act ?pu? a%:én"bllg&h £ P60 éH“Bﬁ? pptalt
associ at ed wi The kewstoke Ib@lffnbdseHOMgmpT\heinﬁnhwﬁodteoiun@hasemc&oﬁ hswaa]r & alsone or
more codes thah,arerdQ eQ@r%BHﬁ(%t&Q 9 i Rt IV&'ﬂéng f @0 BufE Garlin %‘;név%en ‘he

both of said redundant parent nodes are. %I ne el n nti cal
codes speci fy“PHbaSRAEATGINELT ehictyBjetef ttlﬁééa@e:tﬁas@lﬁ@ ke&indn Hgebaneapt @

character lndﬂ%tchewetlﬁ Wﬂ&ibjéi:@-l il ﬁedeaatﬁus@u!ontarhlaaddfd‘oﬂéﬁi@hd@gq}b@aﬁﬁubm t he
t wo redun?ant d%f two parent

nodes of the fl e atte]eféev ePi ey qe\t?@&uh‘agﬁtpub ‘baﬁﬁgﬁenghﬁ?p%gge
associ ated with a i verasnpina sytem dedgrdtion helfotdhisofangaigs (redbietiai flpar ent

nodes and areahbdeRiphed id &ttTh@@b)t *F@G@‘R@eﬁ;l?%%\{s b £08 8RR IRSAUGBER 2N

specify the sa nuner i cal ect &g nd the sane nunerical character
i ndex, and f uf tHh&hen fne gt p‘feéﬁes HaP gt&t:@f-orﬂ}\nﬁre%se&ﬁh?ar%wé@- SBPWN R nked.
to each of t hilotiw 362 dthnclamt 3pAarc@ntIGORESSBaladd clekhid Rodes pahaualsio key

redundant 2(5 n Eggesggtgss%%ateegwlﬁé e éo?&?se"test’s”; “test-s”, “test-r”, “test-p” and “test-
q” to the selection list in that order. Thus, the resulting default selection list object is
“test’s” 931. which 1s also provisionally posted in the text region at insertion
point 930.

FIGURE 18E shows the result that follows FIGURE 18D when the user
presses the TUV key 932 (with the idea of typing the hyphenated word “test-run™.

[
o

This triggers the processing shown in blocks 332 through 340 of FIGURE 5B, and

results in the punctuation key processing software causing the text object “test-" to be

output as accepted text. and the keystroke buffer to be modified to contan only the

last two keystrokes PQRS and TUV. Querying the database (at block 360 in

30 FIGURE 5B) based on these two keystrokes results in the selection list shown in

FIGURE 18E. The text object “st” is the most frequent and thus appears as the

default selection list object “st” 941, and 1s also provisionally posted in the text
region at insertion point 940.

FIGURE 18F shows the result that follows FIGURE 18E when the user

presses the MNO key 952 to finish typing the hyphenated word “test-run™. No
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S 1. The nethod of C aim50, wherein one or nore codes that are associ ated
with a given input and are present in both of said redundant parent nodes
are defined as being identical when the codes specify the sane nuneri cal
abj ect index and the sane nunerical character index, even when said codes
occur in a different 25 sequence in the two redundant parent nodes 52. The
nmet hod of C ai m 35, wherein one or nore codes used to conk? Mateh BQP%cts
associated with child nodes by nodifyi ng-4lbj ects associated with the
correspondi ng parent node al so include a specification of an object type
associated wth the constructed object associated with the child node, and
wherein two codes are 3Q defined as being identical when t hey specify t he

same nuneri cal ect index and the sane nuner char act [1 8 when
oot o appeitL Bt st ke Binstit e d i MEF ol ks e Tt kR do 25
that is pr eseﬁtGUHEtSBainrwn@dssihglgler;arduinulskﬁysqnafeeﬁhumdeystem56npl§k§5rd\ibsfse§1 2002

that 1s augmeplea-iy @ivaodes paRd. kSIS, Ghiddnl CH WA pAVES By BIESEN!

onIy in the omtte ant par eht nd espeC| |ca|o
sai d obj ect t {es k%trolwgewﬁ b Eheselectien kﬁ@bowmmFEWREHéFo&l@dwttqm@t t hat

is specifizd 'ﬂﬂxﬁ' lr'sﬂﬁh% rhést Weﬁ@édt@ﬁﬂi@s‘i‘pﬁédr@ﬁlsuiht% hiefanﬁ su@&wn BRQURBCEGyn"
correspondi ng ]g g %construclltl ect from ot her ut sequences that
S 208 s 2 yP‘é%l

utilize the n 2 HSHSIna ipitke ‘Fré‘tf?%‘ﬁflﬁ'a\??% RBHBUTRY - execut abl e
conponents for di s&hBUBESE!1i8Ggthaighd@BLshomnauexasedpl B aesystenhdesigned for the

comput of - exCkl:Abh B SIRANETL SN SRVRL Rhdlopk el KSEI TROBY! hEATRRRRRL T

processing a plura I nput
associ at ed wi th§ 'aseplt&ipﬁl Ihleyteé‘f obleelr AC£ST Svhighp a@‘ﬁé“)géﬁ@-“ﬂﬁ@ éd ti‘lﬁp‘M‘tfdse?quence

hﬁw ngta fext a@{cate?a@armm alel Wbrdt at”. Imcanmgltst@y%dmemtaqemew{aémﬁl by Of
characters associ a stora onent cont.ai ni ng
Gt used t o Bomeerier A diirih « JRErelshid eSOt s Pt ol g
obj ect s assocasbedtedi tvith athe | ARGt ksedore dee Fasndh dakpabed, i meluﬂmgqthenm.yexﬁéd use,

and wherein a}ﬂaéé)&é £ % a:[nﬁ d(ét O[ggcggkaa]a r{cﬁﬁna{l kggf ﬁf{)ﬁesﬁgg%r&\?r?ds o

plurality of no each 89568 seqguence
and with one EWW@ﬂokﬂVeéﬁc@ed tflags mam dlepn Wr@flowbdéba@él ﬁ@ec&yﬁtﬁ@cﬁlml)by a
pluralityof Fﬁicbs%es eRChurt Hﬁ@leme‘y‘r@hbérﬁéeQlfB@at(b&r{uh khdrdadbParaidd sede

associated w aefln ut s queﬂﬁ: i QH’ é@tﬁiﬁ glat d with the
base i nput seHl?é‘hHES YHRES pEHERLT HEa¥F HB“ it S 1o 8 We %bj ect s
associ at ed w pbhjeat ‘Ghiid the nodefrérpienigpanidagechroas thiidefobi} edtsioadisodijat 8d’ Alt h t he

20 corr espond%ﬂ@is%ﬁ%éviﬁ%&ﬂl}fos%'ﬁIale t@)?t r %]Ml gt lﬂ&q@or{ 501 td%bed obj ects

associ ated wi construc usi ng co re-stored in
menory to nodify obj EE6YREsEDE the @éer\/\msrﬁubﬁéu@ﬁbr@ﬁﬁ@ﬁdh%g par@ﬁﬁ‘%b@e

anrfl n tt@bcsaéféyseﬂe b@_,e%‘l@nsz:t l’;&ﬁ@ Qb egd ﬁo@aslemeaia%aw tnltiu @reGliédhonagle by
m)|y|n901e S. aSSOC| W aren 0 rses a
speci fi cation %f“@“ﬁﬁﬁﬁ?@ bﬁdiér)?ugq &g @??‘g{}fd YO Gt E:o“ea\?ﬂ f"%pf%e

cor r espondi ng tparkentsuletidedndt &lesperiisicbatci o ©f' %4 L nubeseqahtly, redexofahe one

of the char acli&ﬁ%@%&&@s@@ @fﬁlomubatml@@ﬂm 58NAkceL AR ul,é pshmecna hesdag ent
node to the child nod é an_| yi ng caonmponent entl %/Pe]glgtgfrom
at

TheC one o moP LN ifas i Lotk abEaPSiasing descynns or wift st s
| east one2gandéleaion idhjiecpunstuation key piogdssiag sbfresraendyochh 3B S 4amd Y1d)in an

out put Co”pongf(ggk%rfiﬁﬁ L ﬁ;,%'é, deflg- 4 he. At | gpst ’Oé‘ons#sﬁ'x?g”ct)f‘t lz‘é rpﬁﬁ&%‘{l@te

Obj ect assocli eac erat ed’ I n sequence as a
i nterpretatiofi fof witheingappendst edriptpud. ls@gcxeﬂbe anéap@lstr@pm)%’t'fer Theraelbhe

medi um char actef,|,g §leb bl ii®bbject is “ ¢* ” 971, which is also provisionally posted in the text
region at insertion point 970.

30 In FIGURE 18I, the user has subsequently pressed the DEF key 982. Since
the pState flag was set to PUNCT_APOS as a result of processing the previous
keystroke 1n FIGURE 18H, the punctuaton key processing software executes
blocks 274, 276, and 262 in FIGURE 5A. The current default selection list object
“ ¢’ 1s output as accepted text 983, the current keystroke buffer is cleared. and the
system simply processes the resulting single-key sequence DEF as a result of adding
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-57- 12 March 2002 said tree structure is arranged to elimnate redundant
parent nodes where two parent nodes of the tree are redundant when al

codes associated with a given input that are present in both of the two
parent nodes are identical in that the codes occur in the samne sequence and
specify the sanme nunerical object index and the sanme 5 nunerical character

i ndex, and, further, for all inputs for which child nodestzaMarth BR@2 t o
each of the two parent nodes said child ngdes are also redundant in the
same recursive senses one of said redundant parent nodes being omitted from
the tree structure in nenory and the remaining redundant parent node being
augnented by any codes and links to child nodes that were present only in
the omtted redundant 10 parent node, and all |inks from any parent node of
whi ch the oni ttheaup disystaba bR oathetlsagdokdysigokecbuifart t Quersing| thaKstabaset he

remaining r edtyageﬂrﬁn {haseemls k@%ﬂ@ke B&ultd meth@wmbﬁnxs{m%hheﬂmr@wﬁ Kl ai m
54, wherein the ag) @qs ﬁln ntified candi date ogL ct w trg t he, hi ghest
frequency of (S8 OPKSE ¢ 4 e&qs&ﬁgwe&ga@ PR AT F 4E ﬁrS%lF%H(? %FtBPJeF‘hé’

gener at ed |np%lsaamiueakseprcfmsmnamc}ost:darrmtb&)yegcﬁegWﬂannrtsmoﬂ;@ofmeqmlency of use

of said WorSd stem cﬁb X aqSISIkysh%\&p{g %ﬁé?ﬂa@%llg\gﬁiﬁgmwhi het%t

frequency of use associated wth assoc
generated i npuserspgtrendhs, PRY k%h%??a(lséﬁb ahddﬁé‘éﬂ(ei PEYGanBK)ab fingsh typma

associ ated W tje 3\Wrd"\0"é§i”0blﬁ&ts;@éxﬁp%ﬁh‘ﬁgndﬂ tk@\tgﬁocg%r}g%a&%ﬁr sl BRYL the

d t t dt
Conput or - 1 eadANFEP RMEHE BrE e a1 REmOCu ol OLIE 56 BEsesniaha B t
the highest fregumikeysothatsebiffead aridsflgpsdvi b paadthationi ieplveere dleafedan beek ual

|nterpret IO f rat in Se ue ce |S co I out put as
et orcudp' P rog s Bt en A8 il DU S IEAT Sb - GSNL KB & Sabe

any input thatDEBRIADRS THVt Raery £ daiobase fasedromtthese tofee Enestokemesdts in
characters, Whgl gidk3aiid HSnah m@tméﬁswnanme&vgtg;%cm@f qgnﬁerrﬁoﬁrf% Au} put

i medi ately follow ng the output of said confirned textual inter retation.
57. The conput®f- Wé’éd%lme%rsnésdlaiﬁndéfa“@ shlsptisn hsihebiesin “eshe Q@édéndstsd atsg
construct obj ggéEsiassiDCpodieddn thietréxt degGdt dtdnsanibe d@mr@esh fyi ng obj ects

associated_with the-cC ndl n arent nod i nc
speci fi caglson of eré}eher %ﬁe %%a&g cl% {a% 3 R e|rn%1I ‘%%Jéeqé’?nt?}hgseggﬁﬂiéﬁl% of
codes whi ch crregnositiobj.cat prarvyociugh aslloane.lvet dee nigh 4. de. reodetu and 1&ghat. whelar ch

2002 58. The gﬁsaea;n 8" a " e&dabhe bipdi umiph Q@exmc%aewmgrrenﬁmtb@waumiteranand
identity of additio uts whi hcorres il.d nodes hnkedtoa

parent node i $PPHEAP Ssta@a h OR5E W éﬂtSp?FG %9 E ff?l vgngfwerg) i & 1bayt et s
t hat i ndi cat e beheiswusdpeortahisl ihdenhétiytionfkesailcshehinlid thopleseding example, this

20  frequent concatenation of word objects would otherwise require the user to make an
additional key activation of the Select key in order to terminate the first word object
(¢’ 1n the example shown) prior to typing the second object (est). Thus the ability of
the punctuation key 63 to support automatic concatenation to word objects that end
in an apostrophe significantly increases the efficiency and natural feel of the system
25  for the languages such as French.

While the preferred embodiment of the invention has been illustrated and
described, it will be appreciated that various changes can be made therein without
departing from the spirit and scope of the invention. For example, those skilled in
the art will appreciate that the keyboard 54 of the reduced keyboard disambiguating

30 system may have as few as three or as many as twenty data keys. The
disambiguation technique disclosed herein is equally applicable to keyboards of
different sizes. The specific characters associated with the punctuation key 63 may
be changed. For example, those skilled in the art will appreciate that the period could
be replaced by the comma for certain applications  Furthermore, the specific

(9]
w

selections of which punctuation character is generated in different surrounding



5 59. The conputer-readabl e nmedium of C aim 58, wherein each set of one or
nore codes used to create the objects associated with a child node is

i medi ately foll owed by a pointer to said child node, and wherein the one
or nore sets of one or nore codes and follow ng pointer are placed
sequentially in menory within the parent node in the sane order as the
valid key bits that indicate the nunber and identity of 1@ Marah 2003 d
nodes. 60. The conputer-readabl e nedium of C aim54, wherein the sequence
of codes which create objects associated4th a child node are ordered in
menory such that objects are created in a sequence that is sorted with
respect to the frequency of use of said objects. 15 61. The

conput er -r eadabl e medi um of C ai m 54, wherein the indices of the ,
characters as ' | ' erassi d bal ly h
characters inﬁ%&g@%ﬁg@‘%ﬁ%@gg&& B?gger%'e%%ee%%% B%f tvg(ggﬂc?rggeshgee}i%y étfoﬁ% &F
charact ers i nthgoruscasjieckey bh felovsdyby soou ¢Wuédﬁﬂ@ﬂ@ﬁ“¢&a@§m Bagle d-tm of
G ai m 54, whekil irbesuctehs &8 sctbfatibhewdild ghaiachgeBipsissoci.ated with each

i nput include indices tha re assigned to a string.conprising a plurality
of characters. 63. ﬁﬂ% gﬂhﬁqﬁt‘%rt-%?e abilfedlfe dPCREREE EH%%%W,’”\MY@?&”%W he
code used fo emadsles wah bpeablel asthocilat ednmitérh far ekarhple nostebldyrymmddiilgs ng
obj ects associ W t c i.n i ngl ud

J tﬁgln\go%?aelctpﬁ%sy%Jdg%??&g\s, g‘ld{)@é&gmﬁ tl%%ﬁﬁaeale%s. NG YOS stegn

P . C .
speci fication %% n asSocCl a © constructed oObj ect

associ ated wi nfenuHée ghdrican Aorfeurethe Sm@HGOMﬂ@addéMbV@ah’e@mwpdﬁ c@ ai m
Pdenti 1 6t et CARCEES appdBeiaNG: labOinIRER I B HARE vAUCREt Bibralibh JUC1 Y
Mar ch 2002 6S°r ﬂﬂé‘ﬁ&}@}fﬁﬁutg?‘l“’?%‘&&%i %’Hﬂiéd%ﬁsoaf oyt ﬁ%@@ﬂﬁéﬁ%vﬁt PHED® D) ect
"type thatoisappeandkd etlad nel udestidmfoan it ipenticeigatidirnge t then fasespeeiinyllpf use
of ‘the constrycled. pRLgg!



66. The conputer-readabl e nmedium of C aim63, wherein the object type S
that is specified includes infornmation regarding whether the constructed
object is a conpleted word. 67. The conputer-readabl e nedi um of C ai m 54,
wherein the indices of the characters associated with each input are
assigned sequentially to the characters 'I' descendi ng order of the
frequency of occurrence of the character&ollowi ng the 162 Marshi2@08l y
precedi ng character in the object associated with the correspondi ng parent
node to which the indexed character is appended to form an obj ect
associated wth the child node. 68. The conputer-readabl e nediumof Caim
S4, wherein one or nore codes that are associated with a given input and

are present in both of Aaldﬂsahfbtgmﬁdﬁglt sstte‘ih pﬁfrerﬂlsaﬂﬂﬁl@.&tlﬁgeadﬂf aed @pubei ng
i denti cal when the codg qu u¥ Qﬁ mabnu rical & obbect fﬂ ex.and. t he
sane nuneri caicIeHEPRAE® Hef?( &y H‘é%ﬁ 0% S OERE ¢ GiPF Wkt
sequence i n tindudeso (ra}zdumdanputphmaﬂxawogleq:lurﬁﬁty dthieputs,ngach exf-the pldadlitye of

medi um of Ol gj, g, mggsso\gqg &}S‘Bra"ﬁ 55‘39&% Mer&ﬂ%h&t‘%%q@én%ef@éde&‘?

redundant only en a s ass are present
in both of saﬁeduwé@hmmonpsfrsdmteqhmss hawel amréeqpa@hmrtﬁuat 1smnbmou§ Hee todes

occur in the tﬁ@rﬁﬁxrﬁlﬂg WERSraelafl SB6GAtEY x&xmeea%ﬁnﬁp\numaw ﬁxelnoa,bb&ﬁ&xningctﬁxa and
t he sane nuneri ar act er

n adfurth fo puts for
o e s o, FURRRE 8PN of eckine oot SR ABLALY ol et RS (o
child nodes adssocidted withdamhpot sdqueﬁdeﬂdsrzar&atrved‘ue@eu@ eénﬁe all mjem belipe

- d d
asbo at o wi rred i O Rl ¥ 4 SPucRCcinthsl Gt pllBH R BF B8 iibesf °
par ent nd@es cack nddé iinessocistet) avitiyan dreput |sc<a1envmend vith oneles nsqreaibiects; ke sane
i cal
numeri ca C;gﬁrtah{yngieﬁo eir% co%ﬂé‘&e&“ﬂgear Ffﬁﬁhﬁﬁ g \Rgﬁxtse adh”%&ep@ﬁ?aﬂty""@

sai d codes occur I'n a d nt sequen undant rent” nodes.
30 71. The cdﬁﬁe&léﬂwrgeaaar@n@nmsmﬁlasﬁ Witk arbasg, mMeSreéWﬂCGrYéﬂbFC goderdes

used to constarss@&at@@mtme %ﬁ%b@t @quauct: torahé Ipdrerapels&e Rivd GR@dHYioRs lmtect S
-60- 12 Marcg"él?i 5 ass?ﬁn afed wth th(f I(iirre@g@n @egagﬁarent node al so

i nclude a spdds VBgRE, heo POISES Asesiated YHE s DAsadnan (BABisHLt ed
obj ect ads$ociaseihted Withithe calnespdndingl pareannbdehterwhinh theocldlddesleds Bnlddf ambd as
bei ng identic eci Il -APj ' he
same nuner | ot ShaFibcl kinRRCld bel Wor P BT TS B 0B, Wik Yl
speci fies an tbmcetr@snoyél@g pareat apde; theecedeoused Hatcongryst @bjeats aspocisted with a

child node by modifying objects associated with the corresponding parent node
comprising a specification of a numerical index of the object associated with the

20  corresponding parent node and a specification of a numerical index of one of the
characters associated with the additional input linking the parent node to the child
node; (c) a display to depict system output to the user; and (d) a processor coupled
to the user input device, memory and display, the processor: (i) identifying from the
one or more objects in the memory associated with each generated input sequence at

25 least one candidate object with the highest frequency of use, the candidate object
being a word object when at least one word object is associated with the generated
input sequence and being a word stem object when no word object is associated with
the generated input sequence; and (ii) generating an output signal causing the display
to display the at least one identified candidate object associated with each generated

30 input sequence as a textual interpretation of the generated input sequence; said
disambiguating system being characterized in that:

said memory tree structure is arranged to eliminate redundant parent nodes,
two parent nodes of the tree being redundant when all codes associated with a given
input sequence that are present in both of the two parent nodes are identical in that



remai ni ng redundant parent node that is augnented by any codes and links to
child nodes that were present only in the omtted redundant parent node
i ncludes the specification of said object type. 72. The conputer-readabl e
medi um of Claim 71, wherein the object type 10 that is specified includes
information to distinguish the input sequence corresponding to the
constructed object fromother input sequetices that utilize2tMerch@d2 73. A
met hod for di sanbi guati ng anbi guous i nput sequences entered by a user, the
met hod conprising: (a) generating an input sequence froma plurality of
i nputs, each of the plurality of inputs associated with a plurality of
characters, S ed in ut seqguence. a textuyal . .
interpretati OW tcﬂgﬁs ‘?%5 'ﬁgf' ﬂlltfém?g f?@cﬁ'&p ﬂpyugpngaﬂaﬁbg& index and
associ at ed wi thh seme mumepical ch(daytestmiex agd, fuphery &ri dlyinpatsdbj sdich, childaloded t he
lurality of C r th an
P y ﬁgllﬁgécﬁto Qi df%ﬁer]&vc?peﬁ'gﬂ"*ﬁ{(}%?seﬁ% cﬁx?cP @c?etsearr AR %?cﬁ]nﬂ%rﬁur !

i nput sequence and a frequency o ent | rom e
of objects atsan@ars@ur@nes‘»%fm0e€§@dci=chtnéelntvnar¢nt@aé¢ﬁ memt@d fromthe tree
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detecting thé%@%qma&ct%mﬁhﬁbiﬁpe%ﬂﬂ%&@ paks ‘Slaﬁﬁqc'&?d‘é% an 30 ambi guous
punctuation input; ~'b) upon detection of the selection of said anbi guous

punct uation i nput 3.provike eysedm Wf @liipa, tinnghioheh®bné e MeROctiapdctets which
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the generated mput sequence does not exceed a predetermined threshold.

5. The system of Claim 1, wherein the at least one object with the highest
frequency of use that is provisionally displayed as a textual interpretation of the
generated input sequence is confirmed for output as the textual interpretation of the

25  generated input sequence upon entry of any input that results in the unambiguous
generation of one or more characters, wherein said one or more unambiguous
characters are output immediately following the output of said confirmed textual
interpretation.

6. The system of Claim 1, wherein the code used to construct objects
30  associated with a child node by modifying objects associated with the corresponding
parent node further includes a specification of whether the code is the final code of

the sequence of codes which create objects associated with the child node.



10 wherein the repl aci ng punctuation character is determ ned by the
alternate set of desi gna\t ed inputs of which said next input is a nenber.
74. The nmethod of Claim 73, wherein the conposition of said first set and
said one or nore alternate sets of designated inputs is determned with
respect to whether there exists in said nenory one or nore objects
associated with said input 15 sequence ingsudi ng the appendddarehi202ous
punctuation input. 75. The nethod of Claim 73, wherein the conposition of
said first set and '~ said one or nore alternate sets of designated inputs
is determned with respect to whether there exists in said nmenory one or
more obj ects associated with the input sequence including the appended
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(iii) starting.a new generated input sequence conprisin next
anbi guous i np‘?%,Pdec tand

10.  The system of Claim 1, wherein the indices of the characters associated
15  with each input are assigned sequentially to the characters in descending order of the
frequency of occurrence of the characters in word objects in memory.

11. The system of Claim 1, wherein the indices of the characters associated
with each input include indices that are assigned to a string comprising a plurality of

characters.

20 12. The system of Claim 1, wherein the code used to construct objects
associated with a child node by modifying objects associated with the corresponding
parent node also includes a specification of an object type associated with the
constructed object associated with the child node.

13. The system of Claim 12, wherein the object type that is specified
25  includes information regarding the part of speech of the constructed object.

14.  The system of Claim 12, wherein the object type that is specified
includes information regarding the capitalization of the constructed object.

15. The system of Claim 12, wherein the object type that is specified
includes information regarding inflectional endings and suffixes that may be appended

30  to the constructed object.



(c) upon detection of the selection of a next input wherein said next input
i's an anbi guous input associated with one or nore al phabetic letters
including the letter '"s', (i) confirmng the provisionally output textual
15 interpretation of the current generated input sequence prior to the

sel ection of the ambi guous punctuation inpg, (ii) starting a new generated
i nput sequence conprising said next anbiguous input; (iil)Y2Marac200pt he
previ ously out put punctuation character 20 with an apostrophe and

provi sionally appends the letter's' as the textual interpretation of said
new generated i nput sequence; and (iv) upon detection of the selection of a
yet anot her next input whhe eystersadfdChenrt 12, npharein stharobgachitypeo that iis ppecified
associ ated w t; L £ e V|

ut put - apost r anfides £icod iy Bl Rhiie Nt darb B SRS bFnE R bAHE: h
sequence conprP€MAY. sai d anbi guous i nput associated with one or nore

al phabetic letters including the letter 's' followed by said yet another
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associated with one or nore al phabetic letters, confirm ng the previously
out put punctuati on bhar athesystats. of TaRimel2) ovharéin Gheiabjec6 typeuthahds specified

comprising:  83deskffoMikidh B ASYRELIRPuAEd bBiEctI8h 86hbRd oddne
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anbi guous punctuation 1 nput a I ng sal ous punctuation i nput
to the current generated i nput sequence to forma sequence that is not
associ ated with anyl%®bj eEe systemppiobipim Layhereiadhs indiges efcthe charpatprspsgaciated

di spl ayed obj egith wadhlinpltQar® aaigiell sbqiehesllyeidalte Shark@ersas deseadifgl ovdetr lbf ke
gener at ed equen sel e&bl an of.. the anbi guous

i.nput s e prior to.detecting t .
Bunct uat | 0 | RSB0 PE eBirehsnar 15e GRRBREE AGvRRE dbe ATrieciElE  Bidt
char act er assodhaedct inithéhobjlhet @ssdiigpad wathpthe couaspomdingnpanent redd tocoyhich the
est abl i shing ' ca.: ising the
by guous. panclaary SRASEE £l S RIHERERIG) ot pRRlel S MO
conprising: upon detection of an occurrence of the anbi guous punctuation
input in the generat®d i Rppusysteayelpleln 1( whergranedrimere£0desilianee asfociated
alternate textwih aighieRlifiutand afpre¥dnt Ghboth of said redundant parent nodes are defined
15 as being identical when the codes specify the same numerical object index and the
same numerical character index, even when said codes occur in a different sequence in

the two redundant parent nodes.

21. The system of Claim 1, wherein two parent nodes of the tree are

defined as redundant only when all codes associated with a given input are present in

20  both of said redundant parent nodes and are identical in that the codes occur in the
same sequence and specify the same numerical object index and the same numerical
character index, and further in that for all inputs for which child nodes are linked to

each of the two redundant parent nodes said child nodes are also redundant in the

same recursive sense.

25 22.  The system of Claim 21, wherein one or more codes that are
associated with a given input and are present in both of said redundant parent nodes
are defined as being identical when the codes specify the same numerical object index
and the same numerical character index, even when said codes occur in a different

sequence in the two redundant parent nodes.



1 S may be selected by the mani pul ation of the user input device to an
unanbi guous sel ection input one or nore tinmes, wherein the first of said
sequence of alternate textual interpretations is generated by appendi ng one
of the punctuation characters associated with the anmbi guous punctuation
input to the object with the highest freguency of use associated with the
sequence of inputs in the generated i nput 20 sequence that2 WMarehi200at
precedi ng the anbi guous punctuation input, foll owed by appendi ng the object
wi th the highest frequency of use associated with the sequence of inputs in
t he generated i nput sequence that was input foll ow ng the anbi guous
punctuation input,2¥ ol | Dhessteyn of Glaim dpmbieredt onesr afore® bpdstusedio constried ude
objects with progressi l.oweg..fr i . Us t ._associ at.ed
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sequence of one Or nore anbl guous | np rst’'sel ection of

an unanbi%uous sel ection input, selecting the object having a highest
frequencylOof use adfd outhusystemiof Gleime@Bedvhessin thejabiact Aype thagiingpecified

foll ow ng spagQuid tikerRdRl 3Y: disitbuih( Ble URAR Q64RAES OfbrRfsp&Rfity StHbsIRAUENt
repeat ed successive Cls]el,ectl on t?‘f an unanblcgg%s sel ectiop input, (i)

sel ecting an OB5EetediaRieg dronpethgripput ssusn btz thg n fromthe
identified objects; and (ii) replacing the previously output text object in
its display 10 posli.i onAprdsaedigugtingdhesysteavi fuurs|dysaoibiguating i agbgusypsacmpud t h

h id ' I ohi.ect. 8§ : ) ' 4,
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punct uat ilén ideyice hanwgapplerdibhef inputsastsihgeiotrs plunalityueft inpwtsiasgnstatedowithea

current gener;ﬂﬁx‘iﬁty' BP‘éharﬁa%,e!aﬁein&lﬁ §é21ufexﬂfe”bén HEted Ededt titns S gt # ed

with a conpl eted rd obj@ﬁct |g nenqry th a hi hegt féﬁ%gﬁ% ncy of use that

ends with a pﬁslr?& Yi BHURHA G e MSEL JRYK CVIER WNGTRINSES 8¢ g&%’é sequence

\%nct uat i o_ndi doptebpords do tiroseqakeice of impatsathat ke bebresdléavet, Gfhepeim ehe gdnbRitdd
erein said.next input.is._an.anbiquous..i nput . iare th o re
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sequence i ncldjgj Bgtﬂerﬁuﬁﬁ?%tobﬁetsggs&ﬁ?emﬁ IR Hpar Baehs WHRRid BRYF i
(b) starting a new generafted input sequence conprisinhg said next ambi guous

> d my
i nput. 25 82 PurEBtRtabiectsdn dhmemARIcATE HTHISY ARG CRERdptit A frequensy b pee; (€)a
conmponent s f dfisgliyseidpiialétedl ARRitauals ubdipbiid EHUpcESor thpled to the user
conput er-executlﬂbl e.conlﬁonents dggnglél Si n?: i ag a user .i.nput .ﬁorrp nctapytl for
processing a PPYfr 4F¥iESy BEMOTY Eds disBlayy, sy RrREesSOn, FAMPESIng;r (I, ddentitying
associ at €3 wicompenphtufoalidenyifiadg foar thet pumlityt dfeobjects in the memory at least one
object associated with each generated input sequence and having the highest
frequency of use; (ii) an output component for displaying at least one of the identified
objects associated with each generated input sequence as a textual interpretation of
the generated input sequence, wherein the objects associated with each input
30 sequence are displayed in order of decreasing frequency of use; and (i) a selection
component for selecting one of the identified objects for entry into a text entry display
location upon detecting one or more manipulations of the user input device to an
unambiguous selection input; wherein said disambiguating system is characterized in
that.



generated i nput sequence having a textual interpretation that is anbi guous
due to the 30 plurality of characters associated with each input; (b) a
storage conponent for containing a plurality of objects, each of the
plurality of objects associated with an input sequence and a frequency of
use; (c) an identifying conmponent for identifying fromthe plurality of
objects at | east one object associated with each gener at ed2iMarch 20uence
and having a highest frequency of use; (d) an output conponent for - 65-
12 March 2002 displaying at | east one of the identified objects associated
with each generated input sequence as a textual interpretation of the

gener ated i nput SQﬁU@QOeV\&eﬂfé plukdigy @) ifpitS 1§ mOsmBIEashsplidbt@ARh inpRut
sequence are dis
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anbi guous purittysst |°8rﬁief‘ﬁ?ﬁj?d ity veiessin cpgh Bﬁﬁﬁﬂtﬁrﬁtnift helegignatpd inpsis at ed
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next char act efithnothesof the E)‘H{"S% of lﬂ’r”@(}iag% ﬁ%rﬁ‘?e@li‘tsiﬂﬂat%%h lﬁ*éﬁ mbiguous

char act ens r@phaoauitgx tnlpet Men\ehpuﬁsl neptaurrngLﬁunmlﬁ@mahar@cnemadewh@ﬁede Fhe
anot her of t%ﬁ? n characters assocglst ed with the

anbi guous punc L %’Slﬁf‘aﬂ%ﬁél}pé’? ft‘ﬁlé":}?%%‘iigﬁ’ftﬁ%puﬁffn%rtnﬁ fon character is

determ ned by the alter nate set of 25 designated inputs of which said next
input is a menber 2683. Thesystompeft @aint @5.dwhéreinrthelcompoditial of said firshaeti ang

conputer - exe%h‘iﬁaé}{eeoxcﬁﬁpéjﬁﬁ%ﬁeasgr s Gf 3aipNadahh ntg 19@8{ ngﬁh& V{nﬂp%s ect to

seqguences, sai d n&{t er - execut e COo nents |art e ar act er I N
that: the coNpwHierthgie Gristsan $aid; memorypneimeEs abigsts a&ﬁocw&dewahtsyldﬂap@ sets

of 20  sequence including the appended ambiguous punctuation input.

27. The system of Claim 25, wherein the composition of said first set and
said one or more alternate sets of designated inputs is determined with respect to
whether there exists in said memory one or more objects associated with the input
sequence including the appended ambiguous punctuation input and further appending

25  said next input when said next input is an ambiguous input.

28. The system of Claim 25, wherein the composition of said first set and
said one or more alternate sets of designated inputs is determined with respect to
whether there exists in memory one or more objects associated with an input
sequence beginning with the selection of the ambiguous punctuation input and

30  appending said next input when said next input is an ambiguous input.

29.  The system of Claim 25, wherein the ambiguous punctuation input is
associated with a period, a hyphen, and an apostrophe.



30 designated inputs is determned with respect to whether there exists in
sai d storage conponent one or nore objects associated wth said input
sequence i ncl udi ng the appended ambi guous punctuation input. -66- 12
March 2002 84. The conputer-readabl e nmedi um of C aim82 having
conput er - execut abl e conponents for disanbi guati ng anbi guous i nput
sequences, said conputer-executable conpiiRents further chapagarehi 2002 i n
that: the conposition of said first set and said one or nore alternate sets
of 5 designated inputs is determned with respect to whether there exists
in said storage conponent one or nore objects associated with the input

sequence i ncl udi ng,the pended i us, puncluation i nput a f.urther
appendi ng said neSQ' i nBE‘? STHER °£S¢I§'"ﬁgx’t wpgrﬁﬁlt qesprgﬁesﬁ%i"&)l%u eg?CHB%ttHe 85
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conposi tion it swpeiated rwith sey chiert Jai mewar eerrerpoadiag tter aatampleied word,
desi gnat &d | fRYistnhly ARG Bhe 8L hWiabddcleNRMEtuaBoN BRiiGErs! difer € exi sts in the

st or age corrponent gne, or nore Obj ects aSSQCIq?}t ed wi.th n |1 nput sequence
begi nni ng wi th t hwheminsthe frecessproppemdetachingqihis seleption of acnesh P Yhersiny
appendi ng sasaid A& tinpulpsIkn WABIEUSE @AplEassodiftpd twithSodofidr € HIpHsbetio Petters 86.

The conput er-r.eadabl e .medi u 1 m,83, wherein: (a),upon detection of
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upon det ectijgpuOfind he sel ection of a next input wherein said next input is

an anbi guous I nput asso%i ated with onﬁ or, nore a% habehi c letters but 25

not associ at ed wi VRETERethe drecessorsupon flegingpiie s E‘;‘J‘Bh@ £ nexhipus Whegein

previ ously ossidhéxtpapietisian bmbigabay mphitcassdciatad withhere, ocooté alphabetie letters

provi si |1y out tual jmaterpretat.i.on,of rren eper at i nput
Ceauence pr i BroHbEithe I 42 cobfhE e FLOABRIT QR XLl ereRTERIST Y.
starts a neveujrantgenesated mput seseeneeImsior 4o ther selictign obithe anelisucustfiugatmation nput ;

30 (c) upon gghemldiseitsQf nedwhSent Rl &Fhp @ seQlente BEMpridiRPHid W Ribz RS fhput

and replaces the previously output punctuation character with an apostrophe and

~—

provisionally appends the letter 's' as the textual interpretation of said new generated

20  input sequence, and wherein the processor, upon detecting the selection of a yet

another next input wherein said next input is an ambiguous input associated with one

or more alphabetic letters, replaces the previously output apostrophe with a hyphen,

and starts a new generated input sequence comprising said ambiguous input

associated with one or more alphabetic letters including the letter 's' followed by said

25  yet another next ambiguous input, and outputs the object in memory associated with
said newly started input sequence following said hyphen, and

wherein the processor, upon detecting the selection of a next input wherein

said next input is not associated with one or more alphabetic letters, confirms the

previously output punctuation character.

30 31. The system of Claim 28, wherein the processor, upon detecting the
selection of the ambiguous punctuation input and appending said ambiguous
punctuation input to the current generated input sequence to form a sequence that is
not associated with any object in memory, accepts the provisionally displayed object

with the highest frequency of use associated with the generated input sequence prior



next input is an anbi guous input associated with one or nore al phabetic
letters including the letter 's', the output conponent confirnms the
provi sionally output textual interpretation of the current generated input
sequence prior to the selection of the anmbi guous punctuation input, starts
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use and outputs said selected text object and a single following space to the display,

and wherein upon detecting each subsequent repeated successive selection of an
unambiguous selection input selects an object having the next lower frequency of use
from the identified objects, and replaces the previously output text object in its display
30 position preceding the previously output single space with each said successively

selected text object.

34. The system of Claim 26, wherein the processor, upon detecting the
selection of the ambiguous punctuation input and appending the ambiguous
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"""1[9MB7 |  sequence; said method being characterized in that:

said step of storing said all objects in a tree structure includes the elimination

of redundant parent nodes where two parent nodes of the tree are redundant when all

5  codes associated with a given input that are present in both of said two parent nodes

are identical in that the codes occur in the same sequence and specify the same

numerical object index and the same numerical character index and, further, all inputs

for which child nodes are linked to each of the two parent nodes said child nodes are

also redundant in the same recursive sense, one of the redundant parent nodes being

10  eliminated from the tree structure in memory and the remaining redundant parent

node being augmented by any codes and links to child nodes that were present only in

the omitted redundant parent node, with all links from any parent node of which the

omitted parent node is a child being re-written as links to the remaining redundant
parent node.

15 36. The method of Claim 35, wherein the at least one identified candidate
object with the highest frequency of use that is displayed as a textual interpretation of -
the generated input sequence is a word stem object when the frequency of use of said
word stem object exceeds by a predetermined factor the highest frequency of use
associated with any word object associated with the generated input sequence, and

20  where said highest frequency of use associated with any word object associated with
the generated input sequence does not exceed a predetermined threshold.

37. The method of Claim 35, wherein the at least one object with the
highest frequency of use that is provisionally displayed as a textual interpretation of
the generated um sequence is confirmed for output as the textual interpretation of

25  the generated input sequence upon entry of any input that results in the unambiguous
generation of one or more characters, wherein said one or more unambiguous
characters are output immediately following the output of said confirmed textual

interpretation.

38. The method of Claim 35, wherein the code used to construct objects
30 associated with a child node by modifying objects associated with the corresponding
parent node ﬁthTler includes a specification of whether the code is the final code of

the sequence of codes which create objects associated with the child node.
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39.  The method of Claim 35, wherein the number and identity of additional
inputs which correspond to child nodes linked to a parent node is indicated in the
parent node by a field of valid key bits that indicate the number and identity of said
child nodes.

5 40.  The method of Claim 39, wherein each set of one or more codes used
to create the objects associated with a child node is immediately followed by a pointer
to said child node, and wherein the one or more sets of one or more codes and
following pointer are placed sequentially in memory within the parent node in the
same order as the valid key bits that indicate the number and identity of said child

10  nodes.

41. The method of Claim 35, wherein the sequence of codes which create
objects associated with a child node are ordered in memory such that objects are
created in a sequence that is sorted with respect to the frequency of use of said

objects.

15 42. The method of Claim 35, wherein the indices of the characters
associated with each input are assigned sequentially to the characters in descending

order of the frequency of occurrence of the characters in word objects in memory.

43, The method of Claim 35, wherein the indices of the characters
associated with each input include indices that are assigned to a string comprising a
20  plurality of characters.

44.  The method of Claim 35, wherein the code used to construct objects
associated with a child node by modifying objects associated with the corresponding
parent node also includes a specification of an object type associated with the

constructed object associated with the child node.

25 45. The method of Claim 44, wherein the object type that is specified
includes a code that uniquely identifies the constructed object among the objects in

memory.

46.  The method of Claim 44, wherein the object type that is specified

includes information regarding the frequency of use of the constructed object.
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47.  The method of Claim 44, wherein the object type that is specified
includes information regarding whether the constructed object is a completed word.

48, The method of Claim 35, wherein the indices of the characters

associated with each input are assigned sequentially to the characters in descending

5 order of the frequency of occurrence of the characters following the immediately

preceding character in the object associated with the corresponding parent node to

which the indexed character is appended to form an object associated with the child
node.

49, The method of Claim 35, wherein one or more codes that are

10 associated with a given input and are present in both of said redundant parent nodes
are defined as being identical when the codes specify the same numerical object index

and the same numerical character index, even when said codes occur in a different

sequence in the two redundant parent nodes.

50. The method of Claim 35, wherein two parent nodes of the tree are

15  defined as redundant only when all codes associated with a given input are present in
both of said redundant parent nodes and are identical in that the codes occur in the
same sequence and specify the same numerical object index and the same numerical
character index, and further in that for all inputs for which child nodes are linked to

each of the two redundant parent nodes said child nodes are also redundant in the

20  same recursive sense.

51. The method of Claim SO, wherein one or more codes that are
associated with a given input and are present in both of said redundant parent nodes
are defined as being identical when the codes specify the same numerical object index
and the same numerical character index, even when said codes occur in a different

25  sequence in the two redundant parent nodes

52 The method of Claim 35, wherein one or more codes used to construct
objects associated with child nodes by modifying objects associated with the
corresponding parent node also include a specification of an object type associated
with the constructed object associated with the child node, and wherein two codes are

30  defined as being identical when they specify the same numerical object index and the
same numerical character index and when at most one of the two codes specifies an
object type, wherein the code that is present in the remaining redundant parent node
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that is augmented by any codes and links to child nodes that were present only in the
omitted redundant parent node includes the specification of said object type.

53. The method of Claim 52, wherein the object type that is specified
includes information to distinguish the input sequence corresponding to the
5  constructed object from other input sequences that utilize the node.

54, A computer-readable medium having computer-executable
components for disambiguating ambiguous input sequences, the computer-executable
components comprising: (a) a user input component for processing a plurality of
inputs, each of the plurality of input means associated with a plurality of characters,

10  the generated input sequence having a textual interpretation that is ambiguous due to
the plurality of characters associated with each input; (b)a storage component
containing data used to construct a plurality of objects, each of the plurality of objects
associated with an input sequence and a relative frequency of use, and wherein all
objects are stored in a tree structure comprised of a plurality of nodes, each node

15  being associated with an input sequence and with one or more objects, the plurality of
nodes being connected by a plurality of paths, each of the plurality of paths linking a -
parent node associated with a base input sequence with a child node associated with
the base input sequence of the parent node and an additional input; the objects
associated with a child node being based on the objects associated with the

20  corresponding parent node to which the child node is linked; objects associated with a
child node being constructed using a code pre-stored in memory to modify objects
associated with the corresponding parent node; wherein the code used to construct
objects associated with a child node by modifying objects associated with the
corresponding parent node comprises a specification of a numerical index of the

25  object associated with the corresponding parent node and a specification of a
numerical index of one of the characters associated with the additional input linking
the parent node to the child node; (c) an identifying component for identifying from
the one or more objects associated with each generated input sequence at least one
candidate object with the highest frequency of use; and (d) an output component for

30 displaying the at least one identified candidate object associated with each generated
input sequence as a textual interpretation of the generated input sequence; said

computer-readable medium characterized in that:
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) G'10% </ <& (pﬁrqnt ggiqsoo,%the Lege (are ,reduyg%t&vl'(ep all codes associated with a given input
that are present in both of the two parent nodes are identical in that the codes occur in

the same sequence and specify the same numerical object index and the same

5 numerical character index, and, further, for all inputs for which child nodes are linked

to each of the two parent nodes said child nodes are also redundant in the same

recursive sense, one of said redundant parent nodes being omitted from the tree

structure in memory and the remaining redundant parent node being augmented by

any codes and links to child nodes that were present only in the omitted redundant

10  parent node, and all links from any parent node of which the omitted parent node is a
child being re-written as links to the remaining redundant parent node.

55.  The computer-readable medium of Claim 54, wherein the at least one

identified candidate object with the highest frequency of use that is displayed as a

textual interpretation of the generated input sequence is a word stem object when the

15  frequency of use of said word stem object exceeds by a predetermined factor the

highest frequency of use associated with any word object associated with the

generated input sequence, and where said highest frequency of use associated with

any word object associated with the generated input sequence does not exceed a
predetermined threshold.

20 56.  The computer-readable medium of Claim 54, wherein the at least one
object with the highest frequency of use that is provisionally displayed as a textual
interpretation of the generated input sequence is confirmed for output as the textual
interpretation of the generated input sequence upon entry of any input that results in
the unambiguous generation of one or more characters, wherein said one or more

25 unambiguous characters are output immediately following the output of said
confirmed textual interpretation.

57.  The computer-readable medium of Claim 54, wherein the code used to
construct objects associated with a child node by modifying objects associated with
the corresponding parent node further includes a specification of whether the code is

30 the final code of the sequence of codes which create objects associated with the child

node.
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5 59.  The computer-readable medium of Claim 58, wherein each set of one
or more codes used to create the objects associated with a child node is immediately
followed by a pointer to said child node, and wherein the one or more sets of one or
more codes and following pointer are placed sequentially in memory within the parent
node in the same order as the valid key bits that indicate the number and identity of

10  said child nodes.

60.  The computer-readable medium of Claim 54, wherein the sequence of
codes which create objects associated with a child node are ordered in memory such
that objects are created in a sequence that is sorted with respect to the frequency of

use of said objects.

15 61.  The computer-readable medium of Claim 54, wherein the indices of the
characters associated with each input are assigned sequentially to the characters in
descending order of the frequency of occurrence of the characters in word objects in

memory.

62.  The computer-readable medium of Claim 54, wherein the indices of the
20  characters associated with each input include indices that are assigned to a string
comprising a plurality of characters.

63.  The computer-readable medium of Claim 54, wherein the code used to
construct objects associated with a child node by modifying objects associated with
the corresponding parent node also includes a specification of an object type

25  associated with the constructed object associated with the child node.

64.  The computer-readable medium of Claim 63, wherein the object type
that is specified includes a code that uniquely identifies the constructed object among

the objects in memory.
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nodes of the tree are defined as redundant only when all codes associated with a given

20  input are present in both of said redundant parent nodes and are identical in that the

codes occur in the same sequence and specify the same numerical object index and the

same numerical character index, and further in that for all inputs for which child nodes

are linked to each of the two redundant parent nodes said child nodes are also

redundant in the same recursive sense.

25 70.  The computer-readable medium of Claim 69, wherein one or more
codes that are associated with a given input and are present in both of said redundant
parent nodes are defined as being identical when the codes specify the same numerical
object index and the same numerical character index, even when said codes occur in a
different sequence in the two redundant parent nodes.

30 71.  The computer-readable medium of Claim 54, wherein one or more

codes used to construct objects associated with child nodes by modifying objects
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frequency of use associated with each generated input sequence as a textual
interpretation of the generated input sequence, wherein the objects associated with
each input sequence are displayed in order of decreasing frequency of use;
(e) selecting one of the identified objects as the textual interpretation of the generated
25 input sequence upon detecting one or more selections of an unambiguous selection
input; wherein at least one of the plurality of inputs is an ambiguous punctuation input
associated with a plurality of punctuation characters and said method is characterized
by the steps of:
(a) detecting the generation of an input sequence that includes an
30 ambiguous punctuation input;
(b) upon detection of the selection of said ambiguous punctuation
input, provisionally outputting one of the associated punctuation characters;
(c) upon detection of the selection of a next input, wherein said
next input is a member of a first set of designated inputs, and wherein each of said
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pon detection of the selection df said next input, wherein said

5 next input is a member of one of one or more alternate sets of designated inputs, and

wherein each of said one or more alternate sets of designated inputs is associated with

the output of a next character distinct from said provisionally output punctuation

character, replacing the previously output punctuation character with another of the

plurality of punctuation characters associated with the ambiguous punctuation input

10 wherein the replacing punctuation character is determined by the alternate set of

designated inputs of which said next input is a member.

74.  The method of Claim 73, wherein the composition of said first set and
said one or more alternate sets of designated inputs is determined with respect to
whether there exists in said memory one or more objects associated with said input

15  sequence including the appended ambiguous punctuation input.

75. The method of Claim 73, wherein the composition of said first set and -
said one or more alternate sets of designated inputs is determined with respect to
whether there exists in said memory one or more objects associated with the input
sequence including the appended ambiguous punctuation input and further appending

20  said next input when said next input is an ambiguous input.

76.  The method of Claim 73, wherein the composition of said first set and
said one or more alternate sets of designated inputs is determined with respect to
whether there exists in memory one or more objects associated with an input
sequence beginning with the selection of the ambiguous punctuation input and

25  appending said next input when said next input is an ambiguous input.

77.  The method of Claim 74, further comprising:

(a) upon detection of the selection of the ambiguous punctuation
input and appending said ambiguous punctuation input to the current generated input
sequence to form a sequence that is not associated with any object in memory

30  corresponding to a completed word, provisionally outputting one of the associated

punctuation characters, and
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amblguous punctuation input,
(i)  starting a new generated input sequence comprising
said next ambiguous input;
| (iti)  replacing the previously output punctuation character
20  with an apostrophe and provisionally appends the letter 's' as the textual interpretation
of said new generated input sequence; and
(iv)  upon detection of the selection of a yet another next
input wherein said next input is an ambiguous input associated with one or more
alphabetic letters, replaces the previously output apostrophe with a hyphen, and starts
25  anew generated input sequence comprising said ambiguous input associated with one
or more alphabetic letters including the letter 's' followed by said yet another next
ambiguous input, and outputs the object in memory associated with said newly started
input sequence following said hyphen, and
(d)  upon detection of the selection of a next input wherein said
30 next input is not associated with one or more alphabetic letters, confirming the

previously output punctuation character.

78.  The method of Claim 76, further comprising:
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(c) establishing a new generated input sequence of length one
comprising the ambiguous punctuation input.

79. The method of Claim 73, further comprising:
upon detection of an occurrence of the ambiguous punctuation input in the
generated input sequence,

(a)  generating a sequence of alternate textual interpretations which
may be selected by the manipulation of the user input device to an unambiguous
selection input one or more times, wherein the first of said sequence of alternate
textual interpretations is generated by appending one of the punctuation characters
associated with the ambiguous punctuation input to the object with the highest
frequency of use associated with the sequence of inputs in the generated input
sequence that were input preceding the ambiguous punctuation input, followed by
appending the object with the highest frequency of use associated with the sequence
of inputs in the generated input sequence that was input following the ambiguous
punctuation input, followed by other combinations of objects which include objects
with progressively lower frequencies of use that are associated with the sequence of
inputs in the generated input sequence that were input preceding the ambiguous
punctuation input, and also objects with progressively lower frequencies of use
associated with the sequence of inputs in the generated input sequence that was input
following the ambiguous punctuation input, such that the created objects are created
in descending order of the combined frequency ranking of said two objects; and

() selecting one of these alternate textual interpretations upon
detecting the manipulation of the user input device to said unambiguous selection

input one or more times.

80 The method of Claim 73, further comprising;
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appending the ambiguous punctuation input to the current generated input sequence

15  to form a sequence that is associated with a completed word object in memory with a
highest frequency of use that ends with a punctuation character associated with said
ambiguous punctuation input, and upon detection of the selection of a next input
wherein said next input is an ambiguous input associated with one or more alphabetic
letters,

20 (a) confirming the output of said completed word object as the
textual interpretation of the current generated input sequence including the selection
of the ambiguous punctuation input; and

(b) starting a new generated input sequence comprising said next
ambiguous input.

25 82 A computer-readable medium  having  computer-executable
components for disambiguating ambiguous input sequences, the computer-executable
components comprising: (a) a user input component for processing a plurality of
inputs, each of the plurality of inputs associated with a plurality of characters, the
generated input sequence having a textual interpretation that is ambiguous due to the

30  plurality of characters associated with each input, (b)a storage component for
containing a plurality of objects, each of the plurality of objects associated with an
input sequence and a frequency of use; (c) an identifying component for identifying
from the plurality of objects at least one object associated with each generated input

sequence and having a highest frequency of use; (d) an output component for



Y100#&' () - wxyz{{{{{| [ NA41O1ON#1ON#1ON# y7100H& ()- (" &$10% " & () -
&$10% & (). U &$10% & ()-  C&$10%"& ()-{{|1{}}-~|[: NA41010 |

T 109& ()- i 109aT#T& ()- 109 #F & ()- ni 10%OHOR ()- F 109 #f & ()-
9109 #f & ()- - ~\~~~5|[: NA41010 , " $10% & ()- , $10% & ()- ylO0%#f & ()- 'F
1096 #f & ()- F 1098WN&' ()- 31096 #f & ()-| [ NAAL1OLOf #f 10f #f 10f #f 91096 #f & () -
6: 1096 #f & ()- 6 | +#10%&& ()- , | +#10%8-()- f | +#10% #2&é)ch 2002

|[: NAA1010 f1090N#& ()- L "109#& ()- "L "109%W& ()- L "109%W& ()- L
"100#& () - 1098NH#& ()- {|[:NA41010 a&3#109\H#& ()- , P&@H#10MNHE () -
 &@HLIOMNHE () - |, &@HLIOWNHE ()- LI#10%"& ()-M LI #1096 & () - M JavU410

, 10% #& () - *displdYirn e né oot The'identified objects associated with each generated input
sequence as a textual interpretation of the generated input sequence, wherein the
objects associated with each input sequence are displayed in order of decreasing
frequency of use; and (e) a selection component for selecting one of the identified

5  objects as the textual interpretation of the generated input sequence upon detecting
one or more selections of an unambiguous selection input; wherein said
computer-executable components for disambiguating ambiguous input sequences are
characterized in that:

(a) at least one of the plurality of inputs is an ambiguous
10 punctuation input associated with a plurality of punctuation characters;
(b)  upon detection of the selection of said ambiguous punctuation
input, provisionally outputting one of the associated punctuation characters;
()  upon detection of the selection of a next input, wherein said
next input is a member of a first set of designated inputs, and wherein each of said
15  first set of designated inputs is associated with the output of a next character distinct
from said provisionally output punctuation character, confirming the previously
output punctuation character; and
(d) upon detection of the selection of said next input, wherein said
next input is a member of one of one or more alternate sets of designated inputs, and
20  wherein each of said one or more alternate sets of designated inputs is associated with
the output of a next character distinct from said provisionally output punctuation
character, replacing the previously output punctuation character with another of the
plurality of punctuation characters associated with the ambiguous punctuation input
wherein the replacing punctuation character is determined by the alternate set of
25  designated inputs of which said next input is a member.

83. The computer-readable medium of Claim 82  having
computer-executable components for disambiguating ambiguous input sequences, said
computer-executable components further characterized in that:

the composition of said first set and said one or more alternate sets of
30  designated inputs is determined with respect to whether there exists in said storage
component one or more objects associated with said input sequence including the

appended ambiguous punctuation input.
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the composition of said first set and said one or more alternate sets of
5  designated inputs is determined with respect to whether there exists in said storage
component one or more objects associated with the input sequence including the
appended ambiguous punctuation input and further appending said next input when
said next input is an ambiguous input.

85 The computer-readable medium of Claim 82  having
10  computer-executable components for disambiguating ambiguous input sequences, said
computer-executable components further characterized in that:
the composition of said first set and said one or more alternate sets of
designated inputs is determined with respect to whether there exists in the storage
component one or more objects associated with an input sequence beginning with the
15  selection of the ambiguous punctuation input and appending said next input when said
next input is an ambiguous input.

86.  The computer-readable medium of Claim 83, wherein:
()  upon detection of the selection of the ambiguous punctuation
input and appending said ambiguous punctuation input to the current generated input

20  sequence to form a sequence that is not associated with any object in the storage
component corresponding to a completed word, the output component provisionally
outputs one of the associated punctuation characters;

(b)  upon detection of the selection of a next input wherein said
next input is an ambiguous input associated with one or more alphabetic letters but

25  not associated with the letter 's', the output component changes the previously output
punctuation character to a hyphen, confirms the provisionally output textual
interpretation of the current generated input sequence prior to the selection of the
ambiguous punctuation input, and starts a new generated input sequence comprising
said next ambiguéus input;

30 (©) upon detection of the selection of a next input wherein said
next input is an ambiguous input associated with one or more alphabetic letters
including the letter 's', the output component confirms the provisionally output textual
interpretation of the current generated input sequence prior to the selection of the
ambiguous punctuation input, starts a new generated input sequence comprising said
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selection of a yet another next input wherein said next input is an ambiguous input

5  associated with one or more alphabetic letters, the output component replaces the

previously output apostrophe with a hyphen, and the input component starts a new

generated input sequence comprising said ambiguous input associated with one or

more alphabetic letters including the letter 's' followed by said yet another next

ambiguous input, and the output component outputs the object identified by the

10  identifying component as being associated with said newly started input sequence

following said hyphen, and

(d)  upon detection of the selection of a next input wherein said

next input is not associated with one or more alphabetic letters, the output component
confirms the previously output punctuation character.

15 87.  The computer-readable medium of Claim 85, wherein upon detection
of the selection of the ambiguous punctuation input and appending said ambiguous
punctuation input to the current generated input sequence to form a sequence that is
not associated with any object in the storage component, the output component
accepts the provisionally displayed object with the highest frequency of use associated

20  with the generated input sequence prior to detection of the selection of the ambiguous
punctuation input, provisionally outputs the default punctuation character associated
with the ambiguous punctuation input, and establishes a new generated input
sequence of length one comprising the ambiguous punctuation input.

88. The computer-readable medium of Claim 82, wherein upon detection

25  of an occurrence of the ambiguous punctuation input in the generated input sequence,
(a)  the output component generates a sequence of alternate textual

interpretations which may be selected by the selection of the unambiguous selection

input one or more times, wherein the first of said sequence of alternate textual
interpretations is generated by appending one of the punctuation characters associated

30  with the ambiguous punctuation input to the object with the highest frequency of use
associated with the sequence of inputs in the generated input sequence that were input
preceding the ambiguous punctuation input, followed by appending the object with

the highest frequency of use associated with the sequence of inputs in the generated

input sequence that was input following the ambiguous punctuation input, followed by
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other combinations of objects which include objects with progressively lower
frequencies of use that are associated with the sequence of inputs in the generated
input sequence that were input preceding the ambiguous punctuation input, and also
objects with progressively lower frequencies of use associated with the sequence of
inputs in the generated input sequence that was input following the ambiguous
punctuation input, such that the created objects are created in descending order of the
combined frequency ranking of said two objects; and

(b)  the selection component selects one of these alternate textual
interpretations upon detecting the manipulation of the user input device to an
unambiguous selection input one or more times.

89.  The computer-readable medium of Claim 82, wherein:

(a)  upon detection of the selection of a sequence of one or more
ambiguous inputs followed by a first selection of an unambiguous selection input, the
selection component selects the object having a highest frequency of use and the
output component outputs said selected text object and a single following space to the
display; and

(b)  upon detection of each subsequent repeated successive
selection of an unambiguous selection input, the selection component selects an object
having the next lower frequency of use from the identified objects, and the output
component replaces the previously output text object in its display position preceding
the previously output single space with each said successively selected text object.

90.  The computer-readable medium of Claim 83, wherein upon detection
of the selection of the ambiguous punctuation input and appending the ambiguous
punctuation input to the current generated input sequence to form a sequence that is
associated with a completed word object in the storage component with a highest
frequency of use that ends with a punctuation character associated with said
ambiguous punctuation input, and upon detecting the selection of a next input
wherein said next anut is an ambiguous input associated with one or more alphabetic
letters, the output component confirms the output of said completed word object as
the textual interpretation of the current generated input sequence including the
selection of the ambiguous punctuation input, and starts a new generated input

sequence comprising said next ambiguous input.



