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A reduced keyboard disam-
biguating system. The keyboard

has twelve to sixteen keys, nine of

them labeled with numerous letters
and other symbols, and those nine
-plus one more are associated each
with one of the ten digits. Tex-
tual entry keystrokes are ambigu-
ous. The user strikes a delimiting
"Select” key, or a key with an un-
ambiguous character interpretation,
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at the end of each word, delimit-
ing a keystroke sequence that could
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match any of a plorality of words 53 — 70

associated with the same keystroke
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sequence. Each input keystroke se-
quence is processed with a com-
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plete vocabulary, and words which
matck the sequence of keystrokes
are presented to the user in or-
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der of decreasing frequency of use.
The vocabulary is stored in a spe-
cial format that support significant
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data compression without requir-
ing additional processing. In addi-
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tion, stems of longer words whose
initial letters match the sequence
of keystrokes are also presented to
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the user in order of decreasing fre-
quency of use. If the frequency of

the words as.sociated W_ith & stem is high enough, that stem is displayed as the default word object. Activations of an ambiguous key
associated with a plurality of punctuation characters are disambigunated from the context of the surrounding keystrokes.




REDUCED KEYBQARD DI SAMBI GUATI NG SYSTEM

Rel at i onshi pyb®9fkdaer Applications Thi s appl i cat iPGA/USISRIMEO0 t he
benefit of U S. Provisional Application Serial No. 60/ 060, 223 filed
Sept enber 25, 1997. 5 Field of the

| nventi on The invention relages generally to reduced keyboard
systens, and nore specifically to reduced keyboard systens using
wor d- | evel di sanbi guation to resol ve anbi guous keyst rokes.

Background of the Invention 10 For many years, portable conputers
have been getting smaller and smaller. The principal size-limting
conponent in the effort to produce a smaller portable conput er has

been the keyboard. |If standard typewiter-size keys are used, the

portabl e conputer nust be at |east as |arge as the keyboard. Mniature
keyboar ds have been used on portable conputers, but the mniature
keyboard keys have been 15 found to be too snmall to be easily or quickly
mani pul ated by a user. I ncorporating a full-size keyboard in a
portabl e conputer also hinders true portabl e use of the conputer. Most
portabl e conputers cannot be operated w thout pl aci ng the conputer on
a flat work surface to allow the user to type with both hands. A user
cannot easily use a portable conputer while standing or noving. In the

| at est 20 generation of small portable conmputers, called Personal Digital

Assi stants (PDAs), conpani es have attenpted to address this probl em by
I ncorporating handwiting recognition software in the PDA. A user may
directly enter text by witing on a touch-sensitive panel or screen.

This handwitten text REDUCED KEVBOARD DYSAMBIGUATING SYSTEM
Relationship to Other Applications
This application claims the benefit of U.S. Provisional Application Serial
No. 60/060,223 filed September 25, 1997. The subject matter of Provisional
5  Application Serial No. 60/060,223 is incorporated herein by reference.
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.
10 Background of the Invention
For many years, portable computers have been getting smaller and smaller.
The principal size-limiﬁng 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
15 have been used on portable cbmputers, but the miniature keyboard keys have been
found to be too small to be easily or quickly manipulated by a user.

_ Incorporating a full-size keyboard in a portable computer also hinders true
portable use of the computer. Most portable computers cannot be operated without
placing the computer on a flat work surface to allow the user to type with both hands.

20 A user cannot easily use a portable computer while standing or moving. In the latest
generation of small portable computers, called Personal Digital Assistants (PDAs),
companies have attempted to address this problem by incorporating handwriting
recognition software in the PDA. A user may directly enter text by writing on a
touch-sensitive panel or screen. This handwritten text is then converted by the
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- 2- recognition software into digital data.. Unfortunately, in

addition t t that printing or witing with a pen is in_
general sl ?mvg:}glféggg typi ng, the accuracy and speed of RGRUSISRRR0i ¢ i ng.
recognition software has to date been less than satisfactory. To make
matters worse, today's handhel d conputif2 devices which require text 5

i nput are becom ng snaller still. Recent advances in two-way paging, '

cel lul ar t el ephones, and ot her portable wireless technol ogies has |ed-
to a demand for snall and portable two-way nessaging systens, and

ially fReoghitidne SBTwié ; iLve, el.ectyanic
ﬁ;ﬂac'( ?e- %lalg;? * .0 mocclﬂgla\i\o%d P eor@g{rgg" glgcggg@éﬁttggg%&&t%ﬂdevel op
a keyboard fRSPIHDEQryWitng with a gen it eepesad phayves ithath tpings theoadeuracy andand
oper abl e wi tdpeahef the handwriting rebugnitiodrsoftiare has to B4t BediiedsRark QRIS W D

: i a of “a
keyboard t nafd ke Bt Wonseh TRl o Binapdd“cciiiing he¥lces whisp oRig dgpad
| ayout of’ a inputcaretbnseming epalbarestiliraReceit ddvances dnced-way baginglScdliale used a
3-by-4 telephones, and other portable wireless technologies has led to a demand for small

and portable two-way messaging systems, and especially for systems which can both
send and receive electronic mail (“e-mail”).
It would therefore be advantageous to develop a keyboard for entry of text
10  into a computer that is both small and operable with one hand while the user is
holding the computer with the other hand. Prior development work has considered
use of a keyboard that has a reduced number of keys. As suggested by the keypad
layout of a touch-tone telephone, many of the reduced keyboards have used a 3-by-4
array of keys. Each key in the array of keys contains multiple characters. There is
15 therefore ambiguity as a user enters a sequence of keys, since each keystroke may

indicate one of several letters. Several approaches have been suggested for resolving
the ambiguity of the keystroke sequence.
One suggested approach for unambiguously specifying characters entered on
a reduced keyboard requires the user to enter two or more keystrokes to specify each
20  letter. The keystrokes may be entered either simultaneously (chording) or in
sequence (multiple-stroke specification). Neither chording nor multiple-stroke
specification has produced a keyboard having adequate simplicity and efficiency of
use. Multiple-stroke specification is inefficient, and chording is complicated to learn
and use. |
25 Other suggested approaches for determining the correct character sequence
that corresponds to an ambiguous keystroke sequence are summarized in the article
"Probabilistic Character Disambiguation for Reduced Keyboards Using Small Text
Samples," published in the Journal of the International Society for Augmentative and
Alternative Communication by John L. Arnott and Muhammad Y. Javad (hereinafter
30  the "Amott article"). The Arnott article notes that the majority of disambiguation
approaches employ' known statistics of character sequences in the relevant language
to resolve character ambiguity in a given context. That is, existing disambiguating
systems statistically analyze ambiguous keystroke groupings as they are being
entered by a user to determine the appropriate interpretation of the keystrokes. The
35  Amott article also notes that several disambiguating systems have attempted to use



array of keys. Each key in the array of keys contains nultiple characters.
There is 15 wigwnebs2re anbiguity as a user enters a sequence OPCRU$28/20800nce

each keystroke may i ndi cate one of several letters. Several
approaches have been suggested for resoIV|§g the anmbiguity of the
keystroke sequence. One suggeSted approach for unambi guously
speci fying characters entered on a reduced keyboard requires the user
to-enter two or nore keystrokes to specify each 20 letter. The keystrokes
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One suggested approach based on word-level disambiguation is disclosed in a
15  textbook entitled Principles of Computer Speech, authored by 1. H. Witten, and
published by Academic Press in 1982 (hereinafter the "Witten approach"). Witten
discusses a system for reducing ambiguity from text entered using a telephone touch
pad. Witten recognizes that for approximately 92% of the words in a 24,500 word
dictionary, no ambiguity will arise when comparing the keystroke sequence with the
20 dictionary. When ambiguities do arise, however, Witten notes that they must be
resolved interactively by the system presenting the ambiguity to the user and asking
the user to make a selection between the number of ambiguous entries. A user must
therefore respond to the system's prediction at the end of each word. Such a response
slows the efficiency of the system and increases the number of keystrokes required to

25  enter a given segment of text.

Disambiguating an ambiguous keystroke sequence continues to be a
challenging problem. As noted in the discussion above, satisfactory solutions that
minimize the number of keystrokes required to enter a segment of text have failed to
achieve the necessary efficiencies for a reduced, disambiguating keyboard to be

30 acceptable for use in a portable computer. One significant challenge facing any
application of word-level disambiguation is successfully implementing it on the
kinds of hardware platforms on which its use is most advantageous. As mentioned
above, such devices include two-way pagers, cellular telephones, and other hand-held
wireless communications devices. These systems are battery powered, and

35 consequently are designed to be as frugal as possible in hardware design and resource
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- 3- word-1evel disanbi guation to decode text froma reduced

keyboar d. - I di sanbi guati on di sanbi guates entje. by
conparing t eggsllesg%zgnce of received keystrokes with p?éﬁﬁ%%f’ches
in a dictionary after the recei pt of an unanbi guous character
signifying the end of the word. The Armdtt article discusses many of the
5 di sadvant ages of word-| evel disanbiguation. For exanple, word-|evel

di sanbi guati on oftentimes fails to decode a word correctly, _be_(iause v
of the limtations in identifying unusual words and the inability to

decode vor dstiiionar pplitatons dLiBRG: i nirBn. such systei thR AnimBECAHR S, Of

the decoding limt ;xiﬂc{)n rd:| eq\!/rgl di sanbi guatT on_does no . give
error-free é‘&?&ﬁ%g Wi Wé@ﬁﬁtf%' SERIY reayTemsRts. T hope Ao foters tewddy of one
10  keyst r @generglcto Ehinversélg relatElie S@mdaowrdﬂé\tel diﬁﬁnbigﬂaﬁﬁlﬁ)%teﬁ%' Yequlitd &t es on
character | ] [ Lon rat her than.word-|ev

di sanbi guat ?Aoiﬁé d%tﬁlaasle r?glng g‘f&gg f@#@%ﬁ,@%&éﬁ éqsponcf‘qmgﬁy g‘?/g’lpug#eé'émeﬁﬁ%t i on
appears $o peovidroametisfagiorynuser inferfceaitbwonld ttieom gteat hdvantage to be able to

One suggest @Empras mqame&%@mﬂcdt%yﬁﬁﬁ&hﬁﬁmgﬁﬁgg 'tﬂé‘p@eﬁlhﬁghﬂ ed ina

t ext book entitled, Principles of Conputer Speech, red T Witten,
and 15 poARERRUEHZE AL aderi ¢ Press in 1982 (hereinafter the "Wtten

approach"). Wt tAmwother challetige facing any applidation fofrworddenl MlisagiBai@ubh Yis f r om
text enteregd ysding sirrcfeht RRARK 16 Y& iser about the keystrokes being input. With an
10  ordinary typewriter or word processor, each keystroke represents a unique character
which can be displayed to. the user as soon as it is entered. But with word-level
disambiguation this is often not possible, since each keystroke represents multiple
characters, and any sequence of keystrokes may match multiple words or word stems.
This is especially a problem when the user makes a spelling or keystroke error, since

15 the user cannot be certain that an error has occurred until the complete key sequence
has been entered and the desired word fails to appear. Previous systems utilizing
word-level disambiguation fail to provide any feedback until a key is selected that is
recognized by the system as a word termination key such as a space. Moreover,
recent publications have taught away from using word-level disambiguation and have

20 focused on character level disambiguating techniques. It would therefore be
desirable to develop a disambiguating system that minimizes the ambiguity of
entered keystrokes, and also maximizes the efficiency with which the user can
resolve any ambiguity which does arise during text entry.

- Summary of the Invention

25 The present invention provides a reduced keyboard which uses word-level
disambiguation to resolve ambiguities in keystrokes. In one embodiment, the system
includes a display panel which is touch sensitive, wherein contact with the surface of
the display generates input signals to the system corresponding to the location of
contact. Alternatively, the keyboard can be constructed with full-size mechanical

30 keys.

In one preferred embodiment, nine symbol and letter keys are grouped in a
three by-three-array along with three to six additional special function keys. A
plurality of letters and symbols are assigned to some of the keys, so that keystrokes
on these keys (hereinafter the “data keys”) are ambiguous. A user may enter a

35 keystroke sequence wherein each keystroke corresponds to the entry of one rof a

d
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pad. Wtten recogni zes that for approxi mately 92% of the words in a 24,500

wor d ding dopRgday, no anbiguity will arise when conparing pdEUEss/ZR000Ke
sequence with the di ctironary. Wen anbiguities do arise, however,
Witen notes that they nust be 20 resolved interactively by the system
presenting the ambiguity to the user and aSking the user to nmake a

sel ecti on between the nunber of anbi guous entries. A user nust

therefore respond to the system s prediction at the end of each word. Such
a response slows the efficiency of the system and increases the
nunber of keysworkeBecangeiindividual keystrokesrare mmbigyious,nthe depystrakeofequence .cat5
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the punctuation character is desired. Because a plurahty of punctuation characters is
assigned to the key, the keystroke is ambiguous. The system of the present invention
determines from the preceding and following keystrokes which punctuation character
was intended and generates it automatically. The alternative interpretations of the

15  keystroke sequenée can also be provided to the user in the selection list.

In accordance with another aspect of the invention, the word interpretations
are presented in order of decreasing frequency of use, with the most commonly used
words presented first. Items in the selection list are selected by pressing the Select
key one or more times. Keystrokes can be “undone” by pressing a BackSpace key.

20 In accordance with yet another aspect of the invention, the user presses a
Select key to delimit an entered keystroke sequence. 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

25  character, and also serves to delimit an entered keystroke sequence. In another
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.

30 In accordance with another aspect of the invention, the Select key is also used
to select less commonly used words from the 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 mest frequently used word, and again to advance to the third most

35 frequently used word, and so on. This embodiment of the reduced keyboard
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- 4- | arge database of words to function, and nust respond qui ckly
to input k provi de a sati sfactory user interf

Anot her gﬁ’ 859%?5 conpressing the required dat abas%cwg {3300
significantly I mpacting the processing tine requi red to utilize it.

Yet anot her chal |l enge facing the applicafi on of word-I|evel disanbiguation
S 5 providing sufficient feedback to the user about the keystrokes

being input. Wth an ordinary typewiter or word processor, each i
keystroke represents a uni que character whi ch can be di splayed to the
user as soonyfRsmbioubth " » i on
this is often notiggos | Sl r??gfeglact%&n %&1&{6 e re Feléeg gaﬁﬁg}ﬁoﬁ %Q'

characters, an¢ Brhips ﬁéﬁféﬁteéf QE%FSWMCWI’M tlected tbypthe user; ds isor word
stens. 10 aﬂibmatld:&lye‘%ﬁﬁpte’dmibr ButpiORdeid daed 4 AR SxfincdBEing c%n-gﬁﬁ‘éd ing or

keystroke error e . UsS nnot b certaln t hat "an érror has
occurred unt PPO"{Wéeut%ﬁ\“ee?eé‘tﬁg{;b %@ﬁ@gﬂ fras been entered and the
desired wobrd fail b accordapesawith another aspect of ﬂlevmvdnioayﬁie mmmbld;m‘asmg
system t hat ! SR 0

Pat ent Coopera’g&lhﬁsl%?%gg? ' F’ cg:t ?ﬁgu@%% i}fgg‘g‘% m%ﬁmﬁé}?ﬁﬁ@%@%
entitled RedS¥stsm lapisssat 1‘!13 brcha weed syw@rﬁterawbje\ﬁhwh}sbmlt@ndunmon
February 13, th@Smbstt feqeht orat dgbdlilatﬁimmnt}iﬁonodé&&?é Sididg ((Haheiakher the

071 05541 publPRIPE auRel fams the pepetp lpnger Word S aﬁwﬁﬁ} 3 UL PR of
| etters Hhd tofalifodquenayeis gredtemiben that af theenost fegentiwond assheiated ysith the
current node. This “stem promotion” feature is eéspecially useful in systems with
limited display area such that the selection list can not be actually displayed on the
screen, where the user is only able to see the word displayed at the insertion point,
which is the first object from the selection list. The result is that the object as whole
15  tends to change much less frequently from keystroke to keystroke, presenting a less

‘“jumpy” and consequently less distracting and confusing interface.
In accordance with yet another aspect of the invention, multiple
interpretations of the keystroke sequence are provided to the user in the selection list.
The keystroke sequence may be interpreted as forming one or more words, and these
20  corresponding words are displayed in the selection list. Simultaneously, the
keystroke sequence may be interpreted as a number, and this number is also
displayed as one of the items in the selection list. Additionally, a keystroke sequence
can be interpreted as a word entered using an unambiguous spelling method, as the
stem of an incomplete wofd,' and as a system command. These multiple
25  interpretations are simultanecously presented to the user upon receipt of each
keystroke entered by the user. The user may select from the alternate interpretations
by pressing the Select key a number of times, or by directly touching the desired
interpretation in the selection list presented on a touchs’creen.
In accordance with still another aspect of the invention, words are stored in a
30  vocabulary module using a tree data structure. Words correspondihg to a particular
keystroke sequence are constructed using the set of words and word stems associated
with the immediately preceding keystroke sequence (i.e., the particular keystroke
sequence without the last keystroke). Constructing words in this manner reduces the
storage space of the vocabulary module, since word stems are stored only once, at the
35  top of the tree structure, and are shared by all words constructed from them. The tree
consfmeled Tom T 22
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20 menory that stores one or nore vocabul ary nodul es; a display on which

system WE9d/isas2 out put i's presented; and, a processor opePeTAS28/20200
coupl ed to the keyboard, " menory, and di spl ay. Wrds and word stens
(séquences of letters that correspond to t he beginning of a word) are
stored in the vocabul ary nodul es using a itee structure t hat incl udes
a plurality of interconnected nodes. 25 During the operation of
the word | evel disanbiguating systemdisclosed in the WO 97/ 05541

publication, as the user enters a sequence of keystrokes, the system
processor - accestmeturd fiso gyeatly redueesprycessing ceymirements,vsimogsnocseairching ds saqairedt hat
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ggdg; gogﬁl keygset e@g& tb& i3t Qg /eahe ﬁd&edmug Wtredﬁcgfbgoge&@@iné %dl’(ﬁreﬁ%eﬂﬁkw 36t
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nore word 35 can
and/ or word stkeystroke sequences. A further aspect of the modlﬁed tree structure is the automanc

rd

identification of generalized rules for associating objects to keystroke sequences.

10  With such rules, the vocabtﬂary 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

15  keys. 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 associated with the unaccented versions of the characters. This allows the user
to recall and type words containing special accented characters, performing only one
key activation per character, simply by activating the logically associated physical

20  key for the associated accented character.

The combined effects of the assignment of multiple letters to keys, the
delimiting of words using a Select key, the presentation of the most commonly
occurring word or word stem as the first word in the selection list, the inclusion of
multiple interpretations in the selection list, the automatic addition of a selected word

25  to a sentence by the first keystroke of the following word, the automatic addition of
spaces, the ability to compress a large database for disambiguation 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

30 punctuation characters assigned to a single key based on the context of the keystroke
produces a 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

35 entry with a conventional keyboard. When words include accented characters, word
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I nt erconnecfed W t he node representing the precedi ng _keystroke
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words that correspond to the total keystroke sequence. In
accordance with the arrangenent disclosed-in the WO 97/05541 5
publication, words and word stens are presented on the system display
device in accordance with the frequency of use associated with the :
di spl ayed words and word stenms. Wien a |list of candidate words is

di spl ayed, t YSst.e SERE oS Lgnat ed keyboard key to
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| ocati on of _ atively, the keyboard can be constructed
with full-si gtgalrlrg%ﬁg% ca i f@kkgisgys In one preferred

enbodi ment, nine @%ﬂu%&e}’matdeﬂisﬁlébigum gysteupdidclosedaherein redudes ales
by- Lhr ee- ar I giye B QNg cBbitet 0f ek Qeicy BAICnbdrBBtales SRE Sy UPRL bOKEYS. A

D L O b B b S5 .o B e s o o
A user niy ewhile beingegparated ovifiDthe stheubmmke Wherdisclosed GPstkayist paticularly
corresponds L hRigeSR iy ust wiR DAL E\%-WQ{I pgers, or other small electronic devices
that benefit from accurate, high-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
15  provide both efficiency and simplicity when implemented on a touchscreen based
device or a device with a limited number of mechanical keys that may also have
limited display screen area.

Brief Description of the Drawings

The foregoing aspects and many of the attendant adVantages of this invention

-

20  will become more readily appreciated as the same becomes better understood by
reference to the following detailed description, when taken in conjunction with the
accompanying drawings, wherein: '

FIGURE1 is a schematic view of a preferred embodiment of a portable
computer incorporating a reduced keyboard disambiguating system of the present

25 invention;

FIGURE2 is a hardware block diagram of the reduced keyboard
disambiguating system of FIGURE 1;
"FIGURE3 is a flow chart of a preferred embodiment disambiguating
software for a reduced keyboard disambiguating system;

30 FIGURE 4 is a flow chart of a preferred embodiment of software to
determine which text object should be used as the default object in each node of a
tree data structure for a reduced keyboard disambiguating system;

FIGURES 5A and 5B show a flow chart of a preferred embodiment of a
software process performed with each keystroke to disambiguate the intended

35 punctuation character among a plurality of punctuation characters associated with a

\
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: - 5- word. Because i ndi vi dual keystrokes are anbi guous, the

keystroke seoyeesgssan potentially match nore than one \Bp@TiUSasLR00 he
. same nunber of letters. The: keystroke sequence is processed by
vocabul ary nodul es which match the sequencg_to correspondi ng stored

words or other interpretations. Wrds and word stens that 5 mat ch t he
sequence of keystrokes are presented to the user in a selection |ist on the
di spl ay as each keystroke is received. In accordance with one
aspect of the invention, one of the keys is assigned a urality of

. punctuati on chiensfeths. reﬂwednbe)‘@p@ﬁedw@nbmm system; t FEGURE gﬁ shows the

hyphen " -", ang GeQPig PEiSimed wioR ﬁa’éslhﬁﬁ?%ée t%iea%yitflﬁekﬁﬂcﬁ SBT%WkS&fe may
type one 10 of the Ch rac&eﬁs on.the key kge‘?actlva n of the
key at the poi mowgepqrﬁém all Sthg propEssiE oY & AYIRk? bes besh qampletett Because
a plurality of puncFIGURE"6 comparsseths phgsical assocission gfesynibtols toekéysywith e

keystroke i a Y, V,

det erm nes ?r o k%’ggg’r%e%gg? el &%% }&&dﬂ{i fl ﬂage%g%"tl?%k‘{mﬁtho&su%fi fhoen
char act er hatgesersappeaiag Oaﬁbpﬁé'ﬁ@ﬁ’akﬂys i t aut omatically. The
alternative i nt er pr (@RI Bfard @ﬁaﬂﬁe of K@ Ma1E %&cﬁa@iﬂgqagﬁap%ﬁéﬁ%%y
provided to the qL_{ser in the selection |ist. Preferably, the
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FIGURE 8A depicts a preferred internal arrangement of data in a node of a
10 tree of a vocabulary module;
FIGURE 8B depicts the semantic components of a preferred embodiment of
an instruction;
FIGURE 9 depicts four examples of possible internal data items in the
structure of nodes in a preferred embodiment;
15 FIGURE 10 depicts the preferred tree structure of an uncompressed
vocabulary module; |
FIGURE 11 depicts an example state of the object lists which are the
preferred embodiment for intermediate storage of objects in the process of being
retrieved from the .vocabulary modules;
20 FIGURE 12 is a flowchart of a preferred embodiment of a software process
for retrieving text objects from a vocabulary module given a list of key presses;
FIGURE 13 is a flowchart of a preferred embodiment of a software process
for traversing the tree structure of the vocabulary module given a single key press
and altering the state of the object lists;
25 FIGURE 14 is a flowchart of a preferred embodiment of a software process
for building a folded, compressed vocabulary module; '
FIGURE 15 is a flowchart of a preferred embodiment of a software process
for folding the tree data structure of a vocabulary module;
- FIGURE 16 is a flowchart of a preferred embodiment of a software process
30 for locating a second node in a the tree of a vocabulary module which has the greatest
redundancy in comparison to a given node;
FIGURE 17 is a flowchart of a preferred embodiment of a software process
for computing the redundancy between two nodes of a tree in a vocabulary module;
FIGURES. 18A-18K are schematic views of the preferred embodiment of the
35 reduced keyboard disambiguating system during representative use.
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frequency of use, with the nbst commonly used words presented first. Itens
in the selection list are selected by pressing the Sel ect key one or
more tinmes WREYPPbkes can be "undone" by pressing a Qégzoﬁey.
20 To delimt an entered keystroke sequence, the user presses a
Sel ect key. After recei ving the Sébect key, the disanbiguating system
sel ects the nost frequently used word and adds the word to the
sentence being constructed. The Select key is used to delimt an
entered keystroke sequence. A separate explicit Space key is used to
generate a space character, and also serves to delimt an entered keystroke
sequence. 25 In one preferred enbodr ment the Sel ect key is "overl oaded"
with a second function in Detailed Deseription off thePref imentr at e a space

following the Se'%ﬁ&dc&ﬂtﬁcubn&dB&kmﬁﬁmed keyboard
di sanbi guati ng sy m s appr.o ate spacin
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comonl y usefdrmed ds decordandeewl the spreseat iimventions tis @epistedt indorporatddeiniaer . | f

the word pre {O&D ﬁc?ﬂ’tat)% c‘dﬁ@ﬁte?%Zt hePL lé)f (Hé@}ter 52 coﬁﬁuﬁmd ORghdedt 1S

not the desi presses garn to a vance
fromthe rmslseybmqliéntmglerneréed vy @ tquclmee% etb@pi@y %st Frnr oyrepes pf tbisd wor d,

and h cation2 e R treybmd't Iy ﬂ@%uﬁgsﬁmidl?%eiﬂélhg% uﬁﬁdxtxymrdtvme{ld Sﬁ
on. is e he reduce anbi I ng system has
"o’ dedi cat Z}avese%éirsd apgps Bgtuctil £ GUA Sroet PR At AR B Risy GARER) ¢ has
been sel Hct etlech@nical kdys, membrand keps, @td. sKeyboard 54 has a reduced numb‘er of data

entry keys from a standard QWERTY keyboard. In one preferred embodiment, the

keyboard contains sixteen standard full-sized keys arranged in four columns and four

rows. More specifically, the preferred keyboard contains nine data keys 56 arranged
in a 3-by-3 array including a punctuation key 63, a left-hand column of three system

15 keys 58, including a Select key 60, a Shift key 62, and a Space key 64, and a
BackSpace key 65 in the upper row 59 to delete previous kéystrokes. The upper row
of system keys 59 also includes three MODE keys labeled Accent, Numbers and
Symbols for entering modes to type accented characters, numbers, and symbols
respectively.

20 A preferred arrangement of the letters on each key in the keyboard 54 is
depicted in FIGURE 1. FIGURE 1 also shows a preferred arrangement of the
punctuation characters associated with the ambiguous data key 63 in the keyboard 54
for the English language.

Data is input into the disambiguation .System via keystrokes on the reduced

25 keyboard 54. As a user enters a keystroke sequence using the keyboard, text is
displayed on the computer display 53. Two regions are defined on the display to
display information to the user. An upper text region 66 displays the text entered by
the user and serves as a buffer for text input and editing. A selection list region 70,
located below the text region, provides a list of words and other interpretations

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 embddiment, 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. |
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may contain one or more application programs 112, 114. Examples of application
programs include word processors, software dictionaries, and foreign language
translators. Speech synthesis software may also be provided as an application

15 program, allowing the reduced keyboard disambiguating system to function as a
communication aid.

Returning to FIGURE 1, the reduced keyboard disambiguating system 50
allows a user to quickly enter text or other data using only a single hand. Data is
entered using the data keys 56. Each of the data keys has multiple meanings,

20 represented on the top of the key by multiple letters, numbers, and other symbols.
(For the purposes of this disclosure, each data key will be identified by the symbols
in the center row of the data key, e.g., DEF to identify the upper right data key.)
Since individual keys have multiple meanings, keystroke sequences are ambiguous as
to their meaning. As the user enters data, the various keystroke interpretations are

25 therefore displayed in multiple regions on the display to aid the user in resolving any
ambiguity. In systems with sufficient display area available, a selection list 76 of
possible interpretations 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 region 66 at an insertion point 88. In the

30 preferred embodiment, this entry is displayed with a solid-line box drawn around it
both in the selection list 76 and at the insertion point 88. The formatting establishes
a visual relationship between the insertion point object and the selection list, and
signifies that this object is implicitly selected by virtue of being the most frequently
occurring object in the current selection list. Alternatively, no selection list is

35 provided, and only the default object (the object that would be displayed first in the
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associ at ed wexamplé,caskshpwnpe FIGAURE &, a keystroke sequence ABC, GHI, and DEF has

10 been entered by a user. As keys are entered, a vocabulary module look-up is

—

simultaneously performed to locate words that have matching keystroke sequences.
The words identified from the vocabulary module are displayed to the user in the
selection list 76. The words are sorted according to frequency of use, with the most
commonly used word listed first. Using the example keystroke sequence, the words
15 "age,” “aid” and "bid" were identified from the vocabulary module as being the most
probable words corresponding to the keystroke sequence. Of the three identified
words, "age" is more frequently used than “aid” or "bid," so it is listed first in the
selection list. The first word is also taken as the default interpretation and
provisionally postéd as text at the insertion point 88. Prior to pressing the Select 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 example, as in FIGURE 1,
the word appears as text within a box drawn with solid lines that is just large enough
to contain the word. In systems without sufficient display area to show the actual
selection list on the screen, the list of potential matching words is kept in memory,
25  sorted according 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 is 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
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nost overloaded with a space generation ﬁmction, then a space is generated prior to
inserting the text for the next word. Otherwise, the start of the next word will be

15 concatenated with end of the current word with no intervening space. For each press

of the Select key, the next entry in the selection list is boxed with dotted lines, and a

~ copy of the entry provisionally posted to the insertion point (replacing the previously

provisionally posted word) and boxed with dotted lines. Provisionally posting the

next entry to the text region allows the user to maintain their attention on the text

20 region without having to refer to the selection list. At the user’s option, the system

can also be configured such that, upon receipt of the first press of the Select key, the

word provisionally posted at the insertion . point can expand (vertically or

horizontally) to display a copy of the current selection list. The user may select the

maximum number of words to be displayed in this copy of the selection list.

25  Alternatively, the user may elect to have the selection list always displayed at the

insertion point, even prior to the first activation of the Select key. The

disambiguating system interprets the start of the next word (signaled by the

activation of an ambiguous data key 56 or the generation of an explicit unambiguous

character) as an affirmation that the currently selected entry is the desired entry. The

30 selected word therefore remains at the insertion point as the choice of the user, the

surrounding box disappears completely and the word is redisplayed in normal text
without special formatting.

If the second entry in the selection list is the desired word, the user proceeds

to enter the next word after two presses of the Select key and the disambiguating

35 system automatically posts the second entry to the text region as normal text. If the



.often the first word presented and is frequently the only ﬁord present ed.
The user ¢ then proceed to enter the next word wt

t he usual ﬁﬁl eSS keystrokes. High speed entry of teg&’ﬁg”?wabefore
achi eved using a keyboard having a 25 small nunmber of full-size keys.

The reduced keyboard di sanbi guati on systldm di scl osed herein reduces the

si ze of the conputer or other device that incorporates the system
The reduced nunber of keys allows a device to be constructed to be
hel d by the user in one hand, while being operated with the other

hand. The di $edond @ty Xus TnGmHﬁsdegﬁé& Wotd, 3hd se?ql\{ %&grﬁ ihqt %eéic% r{lé#] gxﬁd ¥V|r 221

PDAs, two-way pa 8l ec ron|
accurate, hi éWF;%g'é"eﬁelF‘étxlereh@Fim m@ygf dimesftpiselech theydesiverh entey befoze | ar ge

dat abase procéedinglic anter ﬂié&idxﬂgio@ymeﬁlﬁﬁe %ﬁ&l]‘ég ?H@&lé!@tlbﬂq{é{ #s; %ge J’rdl ng

ddi ti |
dat abase. . TheSGHERArbsses of o SR HEY Faues e Seoatiopi s s sczpifiond 33T FsTiey vhen
i npl enent £d tmbaadded db Sty endroflthes seledtionilise Thosa efiies aemaaop ofttelseRetionm t ed

glrlgger of meqkERE téhovedorh B 1T RIspRlyS® td'BY Giskil. ml"llieegntg" Se?ec?% bY tnultiple

presses of the Select key is automatically posted to the text region when the user

presses any data key 56 to continue to enter text. Alternatively, following entry of the

keystroke sequence corresponding to the desired word, the user may select the

10 desired word from the selection list simply by touching it. The selected word is

immediately output at the insertion point without 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, keystroke sequences are intended by the user as

15  letters forming a word. It will be appreciated, however, that the multiple characters

and symbols associated with each key allow the individual keystrokes and keystroke

sequences to have several interpretations. In the preferred reduced keyboard

disambiguating system, various different interpretations are automatically determined

and displayed to the user at the same time as the keystroke sequence is interpreted

20 - and displayed to the user as a list of words.

For example, the keystroke sequence is interpreted in terms of the word stems
corresponding to possible valid sequences of letters that a user may be entering
(hereinafter the "stem interpretation"). Unlike word interpretations, word stems are
incomplete words. By indicating the possible interpretations of the last keystrokes,

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

35  inthe system, so that some stem interpretations may not be displayed. In the current
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addi tional  accratadonjédt frnh MeSsefctibh fist, and also generates an explicit space character

when appropriate. In such systems, the flag “OverloadSelect™ (referenced in blocks

164 and 174A) is set TRUE. In systems with a separate Space key defined to

15  generate an explicit space character, the flag “OverloadSelect” is set FALSE.
FIGURE 3 is a flow chart of a main routine of the disambiguation software
that generates a selection list to aid the user in disambiguating ambiguous keystroke

sequences. At a block 150, the system waits to receive a keystroke from the

keyboard 54. Upon receipt of a keystroke, at block 150A the system performs pre-

20  processing required for the punctuation key 63 shown in FIGURE 5A, and discussed

in detail below. At a decision block 151, a test is made to determine if the received

keystroke is a mode selection key. If so, at a block 172 the system sets a flag to

indicate' the current system mode. At a decision block 173, a test is made to

determine if the system mode has changed. If so, at a block 171 the keytops are

25  redrawn as needed to reflect the current system mode. If the system mode has not

changed, or it has changed and the keytops subsequently redrawn, the main routine
returns to block 150 and waits for another keystroke.

On the other hand, if block 151 determines the keystroke is not a mode

selection key, then at a decision block 152, a test is made to determine if the received

30  keystroke is the Select key. If the keystroke is not the Select key, then at decision

block 153, a test is made to determine if the system is in a special explicit character

mode such as the explicit Numeric mode. If so, at decision block 166 a test is

performed to determine if any provisionally selected item is present in the selection

list. If so, at a block 167 the item is accepted and is output as normal text. If a

35 provisionally accepted item is not in the selection list, or if it is and has already been
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so, execution proceeds to blocks 170 and 171 where the system mode is returned to
the previously active mode and the keytops redrawn accordingly. Execution then

returns to block 150.

If at block 153 no explicit character mode is active, at a block 154 the
keystroke is added to a stored keystroke sequence. At a block 156, objects
corresponding to the keystroke sequence are identified from the vocabulary modules

in the system. Vocabulary modules are libraries of objects that are associated with

keystroke sequences.

An object is any piece of stored data that is to be retrieved

based on the received keystroke sequence. For example, objects within the
vocabulary modules may include numbers, letters, words, stems, phrases, or system
functions and macros. Each of these objects is briefly described in the table below:

Object Corresponding data

Numbers A number, each digit of which corresponds to a single keystroke,
e.g., the two-digit sequence "42".

Letters A letter or sequence of letters corresponding to pairs of
keystrokes, e.g., the three letter sequence "str". Each pair of
keystrokes is used to disambiguate using the two-stroke
specification method of inputting individual letters.

Word A word corresponding to single or multiple keystrokes, e.g., the
four letter word "done".

Stem A sequence of letters representing a valid portion of a longer
sequence of letters forming a word, e.g., "albe" as a stem of the
word "albeit.”

Phrase A user-defined or sys.tem—deﬁhed phrase corresponding to single
or multiple keystrokes, e.g., "To Whom it May Concern:".

System Macro A word and associated code describing a system or user-defined

function, e.g., "<clear>" to clear the current text region. In
addition to the descriptive word, in the vocabulary module the
system macro object is associated with the executable code
necessary for perforfning the speciﬁed function.

-

FI GURE 10 depicts’
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during represeRfialHeVéoref spelling of the word. For example, words that include the letter
sequence "ie" or "ei" will appear in the list of words even if the keystrokes for these
letters are accidentally reversed from their proper sequence. To simplify processing,

10 each vocabulary module preferably contains similar objects. It will be appreciated,
however, that various objects may be mixed within a vocabulary module.

A representative diagram of a single key 540 is depicted in FIGURE 6. The
internal, logical representation of the keys in the preferred embodiment need not
mirror the physical arrangement. For example 541 is a preferred logical description

15 of a key associated with a French vocabulary module. Three additional symbols 542
(ACA) are required in the French alphabet. Also, the symbols are preferably indexed
543 by order of their decreasing frequency of use in a French lexicon. By extension,
FIGURE 7 is a preferred table relating the indices of logical symbols to key indices
to be used in disambiguation of key présses into French words.

20 A representative diagram of a word object vocabulary module 110 is depicted
in FIGURE 10. A tree data structure is used to organize the objects in a vocabulary
module based on a corresponding keystroke sequence. As shown in FIGURE 10,
each node N1, N2,...N9 in the vocabulary module tree represents a particular
keystroke sequence. The nodes in the tree are connected by paths Pi, P2,...P9.

25 Since there are nine ambiguous data keys in the preferred embodiment of the
disambiguating system, each parent node in the vocabulary module tree may be
connected with nine children nodes. Nodes connected by paths indicate valid
keystroke sequences, while the lack of a path from a node indicates an invalid
keystroke sequence, i.e., one which does not correspond to any stored word.

30 The vocabulary module tree is traversed based on a received keystroke
sequence. For example, pressing the first data key from the root node 111 causes
data associated with the first key to be fetched from inside the root node 111 and
evaluated, then the path P1 to node N1 is traversed. Pressing the ninth data key after
pressing the first-data key causes data associated with the ninth key to be fetched

35 from node N1 and evaluated, then the path P19 to node N19 is traversed. As will be



.-10- Det ai |l ed Description of the Preferred
Enbodi nent System Constructi on and Basic Cperatl
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Symbol s for wifi edchiddeD cms dam stiirBreA R RitsAfopARRLhaS Fnks PO Birént rAd
symbol s to' chillr eercltno €s };1 the vocabulary module tree. The data structure also contains
10 information (instructions) to identify the objects associated with the particular

keystroke sequences represented by the node.
The first field in the node data structure 400 is a valid keys bits field 402 that
indicates the number and identity of children nodes that are connected to the parent

-

try

node and which of the nine possible keys are associated with information
15  (instructions) to identify the objects associated with the particular keystroke
sequences represented by the node. Since there are nine data keys in the preferred
embodiment, at most nine children nodes may be connected to any parent node, and
nine valid keys bits are therefore provided in the valid keys bits field to indicate the
presence or absence of child nodes. Each valid keys bit is associated with a pointer
20 field 404a, 404b, . . . 404n that contains a2 pointer to the respective child node data
structure in the vocabulary module. Since a child node is only present 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 vocabuléry 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.
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keyboard 54 @ 99s159s52depicted in FIGURE 1. FIGURE 1 al so shows mCpusds20208d
arrangenent of the punctuation characters associated with the

anbi guous data key 63 in the keyboard 54 for the English |anguage.
Data is input into the disanbi guation sys’tlg'm vi a keystrokes on the reduced
25 keyboard 54. As a user enters a keystroke sequence using the keyboard,
text is di spl ayed on the conputer display 53. Two regions are defined
on the display to di splay information to the user. An upper text
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three keystrokes. Each object list contains a list of all objects that are associated with
each node. Object list430 is associated with a parent node representing the
10  keystroke sequence ABC ABC from the keyboard of FIGURE 1. Object list 440 is
associated with a child node representing the keystroke sequence ABC ABC TUV. It
will be appreciated that the size of the object list is varied to account for the actual
number of objects associated with each node.
Each object associated with a child node is constructed by adding a character
15  sequence onto an object that was constructed for the parent node. The instruction
packet 406 in FIGURE 8A therefore contains an instruction 558 with an OBJECT-
LIST-INDEX field 556 shown in FIGURE 8B that identifies from a parent node
object list an object that is used to construct the child node object. For example, with
reference to FIGURE 11, the first object "ba" in the old object list 430 is used to
20  construct the second object "bat" in the new object list 440. The previous object
_ identifier field OBJECT-LIST-INDEX 556 therefore provides a link to the entries in
the old object list to identify the old object used to construct the new object.
The instruction 558 also contains a LOGICAL-SYMBOL-INDEX field 555
to indicate the symbol to add to the identified object in order to construct the new
25  object. The LOGICAL-SYMBOL-INDEX fields therefore specify the letters from
final key in the node’s key sequence which will be appended to construct the new
objects. The letter is specified by a table such as that depicted in FIGURE 7 wherein
the LOGICAL-SYMBOL-INDEX fields correspond the logical symbol indices 552
in the first row of table 550 and the row in which the specified key appears is
30 identified by the given key index in the first column of the table. For example, with
reference to FIGURE 11, the first object "CAT" in the new object list440 is
constructed by using the second object "CA" in the old object list 430 and adding an
additional keystroke to specify the T. In the logical symbol index table of FIGURE
7, "T" is the first logical letter on the TUV key, therefore the LOGICAL-SYMBOL-
35 INDEX field of the instruction which generated the object "CAT" is set to 1 to
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letters, nunhgisretaBBs OTHRra WORPQlefn that is shared by a plurality of objects in the
vocabulary module is only stored once and is used to create all of the objects derived
from it. The disclosed storage method requires maintaining an object list from a
parent node in the vocabulary module tree in order to construct an ObJECt list of the
15  child node.
' The entries in the logical symbol index table such as that depicted in
FIGURE 7 need not be single characters - arbitrary sequences may occupy a single
entry. For example, the ASCII string "tlike" might be added to the second object "ca"
from the old object list to form the word "catlike". In this manner, the length of an
20  entered keystroke sequence does not necessarily directly correspond to the length of

an associated object. An ASCII sequence stored at an entry in the symbol index table

would allow a vocabulary object to be identified by an arbitrary key sequence, i.e.,
stored at an arbitrary location within the vocabulary module tree.

The capability of storing objects with an arbitrary keystroke sequence is used

25 to speed system processing of abbreviations and contractions. Abbreviations and

contractions can be 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 in 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

35 to enter the punctuation mark. The disambiguating system uses the same table to
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-12- generated object is a word, a word stem, or any other object. The object type field
10  therefore allows different types of objects to be mixed within a given vocabulary
module. Moreover, the object type field may also include information regarding the
part of speech of the word, information about how the object is capitalized, or
information needed to construct various inflections and endings. A reduced
keyboard disambiguating system using a vocabulary module having the part of
15 speech information may use the additional information to implement syntactical
analysis to improve the disambiguation process; The object type field may also
contain a unique code to allow transmission of text in a compressed form. The
unique code would be transmitted to a remote terminal instead of transmitting the
entered keystroke sequence or the associated disambiguated characters.
20 One of the key features of the preferred vocabulary module tree data structure
is that the objects associated with each node are stored in the node data structure 400
according to their frequency of use. That is, the object constructed by the first
instruction in packet 406 has a higher frequency of use than that constructed by the
second instruction (if present) in 406, which has a higher frequency of use than the
25  third instruction (if present). In this manner, 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 object refers to the likelihood
of using a given word within a representative corpus of use, which is proportional to
the number of times that each word occurs in the corpus. In the case of word stem

30 objects, frequency of use is determined by summing the frequencies of all words
which share the same stem. .

Storing frequency of use or other rank information at each node avoids the
need to determine and sort on the rank of each object when the system is in use. This
has important implications in the. word object vocabulary, since the stored objects

35 may include shared stems common to a very large number of longer words.



.selection list prior to any activation of the Select key), or the currently

sel ect ed obly I f one has been explicitly selected, i | spl d at

t he insertﬁgﬁgg At 88. The selection list 76 d@cﬁhéﬁgﬁé)ible .
interpretations of the entered keystrokes may be ordered in a nunber
of ways. In a normal node of operation,-22he keystrokes 5 are initially
interpreted as the entry of letters to spell a word (hereinafter the "word

interpretation"). Entries 78, 79, and 80 in the selection list are

&

t herefore words that correspond to the entered keystroke sequence,
with the entpeRfmpifteihteRfvd F@xk Jf"tﬁesle rsge;[ms 1&?1%6111&‘@&&1&%@1%&1%' ng

to the keyst oke .seque

FIGURE 1, a Q’c‘%%é @&E{B‘i‘ﬁ’e end mumu;mu@gmaﬁag about eaqbeséﬁn,eq@mged by a
userl. As keysagmﬁeamrprmesﬂng avarheadtﬁoi- arpyrtable ¢bmy h@ié(dtw@cd SDetenmmntg this

si mul t aneous I ma strgke
sequences: ﬁ#rﬂﬁﬁx&ﬁ’ IHEQXER g’?ffltsﬁr@g? n‘\i']l VQCW%U o cl'l@

di spl ayed t oproprssing&xvethgad.hMoreover, whenetbe ifiequéricy tof iBe off mankvis rrdpremntedsor ted
according toj gHew: Qrd ﬁﬁ'gm]

listed first. ni R ihe 5 é*ﬁl%l oeﬂlul(ﬁeé;g%kl%%dghggaa V\osyoééh%l%axp{s "
"ai d” and " bfeguir ?frg&éth‘%’é‘?ﬂqnla 2% fromthe vocabul ary nodul e as being the
mﬁst o obabl While peiferablyrtks pmdsra@ dtéred h»ethk;emtﬂoakq-aﬁeﬂ:aaﬁf@oo% the
three identi e quent e an "aid" or
b o s 1 oE poogrding ¥ 8y ey of ol iyl B oo B Y Ghor o | 5
al so takbh ausetfiedd exsldglse bernssacintest with eachanstruction. The fieguamoplof ysepfislded as

text at the I R, 0 60,
LheS Firet waDa8icbhaih %{*E%‘iﬁ‘evfe;ﬁ“*’%u i RS 5‘?.95“5*"‘?‘2%@&‘"34‘8%’ udebs

i nsertion p\c,)\?‘ﬁ t“%‘é’lated I5¢Hd lfxﬁguegxgy S tuse hewesp d;lﬁqug Abjests é’I’ﬂql%é’le
formatting. determinesriyyl compasing theftequicy bf use field of each object. The advantage of

using the latter construction that associates a frequency of use field with each object
15  packet is that the frequency of use field could be changed by the disambiguating
system. For example, the system could change a frequency of use field to reflect the
frequency with which a user used certain objects within the vocabulary module
during representative text entry.
Returning to FIGURE 3, at block 156 those objects that correspond to the
20  received keystroke sequence are identified in each vocabulary module. FIGURE 12
is a flow chart of a subroutine 600 for analyzing the received keystroke sequence to
identify comresponding objects in a particular vocabulary module.  The
‘subroutine 600 constructs an object list for a particular keystroke sequence. Block
: 602 clears the new object list. Block 604 initiates the traversal of the tree 110 at its
25 rootnode 111. Block 604 gets the first key press. Blocks 608 to 612 form a loop to
process all available key presses. Block 608 calls subroutine 620 in FIGURE 13.
Decision block 610 determines whether all available key presses have been

processed. If any key presses remain unprocessed, block 612 advances to the next
available one. If all key presses have been processed, block 614 returns the

30 completed object list. It will be appreciated that if the main routine calls
subroutine 600 repeatedly with 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 is called
directly to process only the most recent key press.
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64. The default word (the first word in the selection list) is
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W h the exbepkPaoRsaAt aibdTl R FICURE 75 the xAid ke bifefeld o€ e nfedop
than a space) idataappenreid thﬂefotmexamxped tondetermine ifhvalid instructions and a pointer
- 13- correspond to the received keystroke. At a decision block 622, a test is made of the
valid keys bits field to determine if a valid packet 408 consisting of instructions 406
and a pointer field such as 404a exists corresponding to the entered keystroke. If no
10  valid packet corresponds to the keystroke, at a block 624 the old object list is
returned to the main routine to generate the selection list because the received

keystroke is part of an invalid keystroke sequence that does not correspond to any
object within the vocabulary module. The branch of the subroutine 620 that
comprises blocks 622 and 624 therefore ignores any invalid keystroke sequences and

15 returns the object list generated at the parent node for possible inclusion in the
selection list generated by the disambiguating system.

If a valid packet exists corresponding to the received keystroke at decision
block 622, the subroutine proceeds to a block 626 where the new object list is copied
to the old object list. As noted above, to construct a new object list the

20  disambiguating system starts with a copy of the old object list. At a block 626, the
object list from the prior node is therefore stored so that it may be used to construct
the new object list. _

Block 628 fetches the first valid instruction associated with the given key.
Block 630 initializes the iterator NEW-INDEX to 1 so that the first instruction will

25  generate the first item in the new object list. The subroutine then enters the loop
comprised of blocks 632 through 642 to construct the object list associated with the
valid instructions. At block 632 the OBJECT-LIST-INDEX field 556 is examined
and the corresponding object loaded from the old object list. At block 634, the
LOGICAL-SYMBOL-INDEX field 555 is examined and the appropriate symbol

30 (assoclated with the received keystroke through a logical symbol index table like 550
shown in FIGURE 7) is appended to the end of the identified object. It will be
appreciated that an ASCII sequence of length greater than one may be appended to
the identified object at block 634 if the entry in the symbol table 550 at the given key
551 and logical symbol index 552 holds a character sequence. At a block 636, the

35 combined object and symbol are stored as a new object in the new object list. At a



.insertion poi nt 88. Alternatively, the punctuation key 63 may be pressed to
generate I od, hyphen or apostrophe as expl ai ned bel ow.
ot
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of the keystroke sequence, the user may step through the itens in the
selection list by 5 repeatedly pressiddg the Sel ect key 60. Pressing the
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entry at the insertion point 88 with an identically formatted box
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15  overhead. ' ' :
It will be appreciated that the relationship between vocabulary module objects
and keystroke sequences is an implementation detail of the vocabillary module.
When processing the node associated with the current input key sequence, additional
child nodes may be traversed to identify candidate objects having a keystroke
20  sequence starting with the entered keystroke sequence, and that occur with a relative
frequency greater than a certain threshold. This thfesh,old may be dynamically
adjusted based on characteristics of the current node, '.suqh as whether it generates
enough objects to fill the selection list region 70 on the display. The objects are
identified by traversing downward in the vocabulary module tree along valid paths
25  until the objects are identified. Such candidate objects can be identified at the time
the database is constructed from the input word list, é.nc_l the node and instruction
corresponding to the completion of a candidate word can be marked in such a way as
to enable the system to recognize When a traversal of that node corresponds to the -
generation of the candidate word. The special marking'is required since the same
30 node and instruction may be traversed in processing different input key sequences
corresponding to different words after the tree structure has been transformed in the
compression 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.
35  Alternatively, terminal nodes for candidate words may be specially marked in such a



maxi mum nunber of words to be displayed in this copy of the selection |ist.
25 Al t er najviouw®hges2t he user nay el ect to have the sel ection |RGEHUSASREINS
di spl ayed at the i nsertion point, even prior to the first activation
of the Sel ect key. The di sanbi guat_bgg systeminterprets the start of
the next word (signaled by the activation of an anbi guous data key 56
or the generation of an explicit unanbi guous character) as an
affirmation that the currently selected entry is the desired entry. The 30
selected word therefore remains at the insertion point as the choice of the
user, the was that theydire gobmeraed seiffpeedes useshfiirartherywerdsi as described) below.

redi spl ayed i nl'l'[ho&ﬁ@ﬁ &ﬁ'zﬁin g softwareah m‘.‘dt Eteﬁﬁl'xe%l:l Wit R 4bfid neighborhood of
| f the second entr el ection I's the, desired wo ser
proceeds the éeﬁﬁéﬂmﬁ ﬂ%‘sl\"?é))éffem eefP’E thesg gan QRjectyw ﬁ‘g\}é %gﬂuéat"a‘key
and the di san‘ocha%blpwceaan thé yelectionaliét befdre lll hy kegstiokes kerresponditigaptthy t o
the text regi an &cts Are én%erectl Xlthese objeas are included in addition to the objects that are
-14-
directly associated with the input keystroke sequence. Displaying objects associated
with longer keystroke sequences in the selection list (referred to as the "look-ahead”
feature) allows the user to optionally select the objects immediately, without having
to complete the remaining keystrokes to specify the object.

10 Returning to FIGURE 3, at blocks 158-165 the objects found by looking up
the keystroke sequence in the vocabulary modules are prioritized and displayed to the
user in the selection list 76. To determine the sequence of objects displayed in the
selection list, priorities are established between each vocabulary module and also
between the returned objects from each vocabulary module.

15 To prioritize the object lists identified from the various vocabulary modules,
at block 158 the mode of operation of the reduced keyboard disambiguating system is
examined. As discussed above, in a normal mode of operation the word
interpretations are displayed first in the selection list. The object list from a word
vocabulary module would therefore be assigned a higher priority than the object list

20 from the other vocabulary modules. Conversely, if the disambiguating system is in
the numeric mode of operation, the numeric interpretations would be assigned a
higher priority than the other vocabulary modules. The mode of the disambiguating
system therefore dictates the priority between vocabulary module object lists. It will
be appreciated that in certain modes, the object lists from vocabulary modules may

25  be omitted from the selection list entirely.

Object lists generated from vocabulary modules may contain only a single
entry, or they may contain multiple entries. At block 160, the priority between the
objects from the same vocabulary module is 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

35 the number of entries that may be displayed, objects that fall below a predetermined
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list and §23 S the Sel ect key a desired nunber of tine sel ect the
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key causes the selection list to scroll-26nd new entries 5 to be added to
the end of the selection list. Those entries at the top of the selection
list are renoved fromthe |ist displayed to the user. The entry sel ected by’
mul tiple presses of the Select key is automatically posted to the
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‘keyst r okkds, presented to the user in the selection list reglon may be kept to a minimum.
Additional entries in the selection list region may always be scrolled into view by
repeated presses of the Select key.
After the priorities between the objects have been resolved, at a block 165 a
selection list is constructed from the identified objects and presented to the user. As
20  a default interpretation of the ambiguous keystroke sequence entered by the user, the
first entry in the selection list is provisionally posted and highlighted at the insertion
point 88 in the text region 66. The disambiguating software routine then returns to
block 150 to wait for the next keystroke.
Returning to decision block 152, if the detected keystroke is the Select key
25 60, the "yes" branch is taken from decision block 152 to decision block 163, where a
test determines if the current selection list is empty. If so, at a block 164, if the
OverloadSelect flag is set TRUE, an explicit space is generated and immediately
output to the text area. The OverloadSelect flag is a system flag that is set TRUE in
systems that do not include an explicit Spaée key 64, and in which a space character

30 s generated for the first activation of any continuous sequence of activations of the
Select key, or if the selection list is empty at the time the Select key is activated.
Following this initial processing of the received keystfoke, at block 164B the system
performs post-processing required for the punctuation key 63 shown in FIGURE 5B,
and discussed in detail below. Execution then returns to block 150. If at decision

35 block 163 the selection is not empty, the “no” branch is taken to a block 174A. At



25 the word stens allow the user to easily confirmthat the correct

. keystrokes hwoo9ises2 entered, or to resune typing when HGI/US98/26200

. attention has been diverted in the m ddle of the word. As shown in
FIGURE 1, the keystroke sequence ABC GH DEF has been interpreted as
formng the valid stens "che" (leading to the words "check", "cheer",
etc.) and "ahe" (leading to the words "ahead", "ahen, etc.). The stem 30
inferpretations are therefore provided as entries 81 and 82 in the
selection |ist. Preferably, the steminterpretations are sorted

~according to tieskdd@dpedif the Ovedgadiielsct flag is st TRIEE,sespact imaddep as shdémd vbr ds
that can be 0RAAI@keAerh P ReqBicbrcH fiflaY -PHifdcAM point, AUHRIK [AKER Bfla! N°
~ data keys. Th?, X1 mum nunber and the m nimum conposité frequency of
such entries tigeROXATAHIdiPEfinthgnthe s theesclestion Jist (sad adser atthe dusertiqpupaiat 35
in the systemwiefe ithhis BesHE privididnally SpdRted) as icAatGzel By & Wotthligd Slﬁk.a{g&'-a In
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to the word entered by the user. Upon receipt of a keystroke, at block 175A the system performs
pre-processing required for the punctuation key 63 shown in FIGURE 5A, and
discussed in detail below. At a decision block 176, a test is made to determine if the
next keystroke is the Select key. If the next keystroke is the Select key, at a
10 block 178 the system advances to the next entry in the selection list and marks it as
the currently selected item. Following this initial processing of the received
keystroke, at block 178B the system performs post-processing required for the
punctuation key 63 shown in FIGURE 5B, and discussed in detail below. At block
179, the currently selected entry is provisionally displayed in the selection list and at
15 the insertion point with a dotted-line box around the entry. The routine then returns
to block 175 to detect the next keystroke entered by the user. It will be appreciated
that the loop formed by blocks 175-179 allows the user to select various
interpretations of the entered ambiguous keystroke sequence having a lesser
frequency of use by depressing the Select key multiple times.
20 If the next keystroke is not the Select key, from decision block 176 the
routine continues to a block 180 where the provisionally displayed entry is selected
as the keystroke sequence interpretation and is converted to normal text formatting in
the text region. At a block 184, the old keystroke_sequence is cleared from the
system memory, since the receipt of an ambiguous keystroke following the Select
25  key indicates to the system the start of a new ambiguous sequence. The newly
received keystroke is then used to start the new keystroke sequence at block 154.
Because the word interpretation having the highest frequency of use is presented as
the default choice, the main routine of the disambiguation software allows a user to
continuously enter text with a minimum number 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 is not sufficient display area to support
35 the display of a literal selection “list” on the display screen, the set of possible
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15  changes in the word displayed at the insertion point frequently consist of simply

appending an additional letter to the text object previously displayed. For example,
in typing the frequent word “this”, the user presses the four keystrokes TUV, GHI,
GHI, PQRS. Without performing stem promotion, the system would display the
following sequence of objects (one at a time) at the insertion point: “t”, “vi”, “ugh”,

20  “this”. When stem promotion is performed, the system displays: “t”, “th”, “thi”,
“this”. The result is that a new or unfamiliar user tends to have more confidence that
the disambiguating system will correctly interpret his or her keystrokes. The
flowchart in FIGURE 4 shows how the system determines 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

35 - (i.e. corresponds to the initial letters of the longer words). At block 191, a second



changed, or it has changed and the keytops subsequently redrawn, the main
routine woed1895s to bl ock 150 and waits for anot her keyst POK&IS98/20200
On_.the other hand, if block 151 determines the keystroke is not a node

sel ection key, then at a decision block 159, a test is nade to deternmine if
the received 30 keystroke is the Select key. If the keystroke is not the
Sel ect key, then at decision bl ock 153, a test is nmade to determ ne
if "the systemis in a special explicit character node such as the
explicit Nunmeric node. If_so, at_decision block 166 a test is
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determines the frequency of the most frequent word object (MostFreqWord), the total
frequency of that word together with all words of which that word is a stem
(MostFreqWordTot), and the object for which the total frequency of all words of
which that object is a stem is highest among all objects associated with the node
10 (MostFreqStemTot). At block 195, the system tests whether MostFreqStemTot
exceeds the value MostFreqWordTot by at least a factor of MinFactor. If not, the
defauit object associated with the node is left unchanged, and the system returns to
block 198, where the node is marked as already processed before returning to
block 193. If at block 195 MostFreqWordTot is exceeded by at least a factor of
15 MinFactor, then at block 196, the system tests whether the frequency of the current
default 'obj ect associated with the node (MostFreqWord) exceeds the maximum value
of a word over which another object may be promoted (MaxWordFreq). If so, the
default object associated with the node is left unchanged, and the system returns to
block 198. If not, at block 197 the node is modified so that the object associated with
20 MostFreqStemTot is designated as the default object associated with the node before
returning to block 198. _
The test at block 196 is needed to prevent very common stems from being

promoted over common words. For example, the stem “fo” of the word “for” occurs
with a very high frequency, so that for reasonable values of MinFactor (e.g., a value
25  of 1.5), the test at block 195 would be satisfied 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 1L Advanced System Features
1. 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

35  characters are commonly used in a number of languages, for example both English



.system node shoul d be automatically changed, as in the case of Synbols

node. |If xecutlon proceeds to bl ocks 170 and 171 pystem
node is ret‘UPr?g 5% 9 the previously active node and themﬁétr/ﬁg%lé redrawn,
accordingly. Executlon t hen returns to bl ock 150. I f at

bl ock 153 no explicit character node i s38ctive, at a block 154 the

keystroke is added to a stored keystroke sequence. At a block 156, objects
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first object in the selection list. Alternate interpretations may also be sclected by
activating the Select key, or by tapping the desired interpretation in a displayed
15 selection list. FIGURE 5A shows the routine which processes each keystroke
received by the system prior to the normal system processing shown in FIGURE 3 in
which the system adds the keystroke to the current input keystroke sequence,
determines which words correspond to the new input sequence, and generates an
updated selection list based on the new sequence. The processing depicted in
20 FIGURE 5A occurs at blocks 150A and 175A in FIGURE 3. FIGURE 5B shows the
routine that then post-processes the newly generated selection list. The processing
depicted in FIGURE 5B occurs at blocks 164B and 178B in FIGURE 3. All ﬂags are
assumed to have been cleared at system initialization time.
) In starting to pre-process each keystroke, at block 200 in FIGURE 5A the flag
25 ClearPunctMode is checked. The flag ClearPunctMode is set (at block 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 exclusively used for punctuation key 63 processing

are cleared. These same flags and buffers are also cleared at system initialization
30 time. The curPunctWord buffer is used to save the text object to which the
punctuation key software will append punctuation characters to create objects that are
added to the selection list. The pState flag saves the current state of the punctuation
key software and differentiates between the different possible cases for the context in
which the punctuation key 63 was activated. If at block 204 the current key being
35  pre-processed is the punctuation key 63, then at block 206 the current default (or
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i mge, or a sp&dc FFcé!YF@ct 19&19 e ﬁﬁfééméttb%i normal processing of the keystroke as
depicted in FIGURE 3 starting at block 151 or 176. Execution then continues with
5  the post-processing shown in FIGURE 5B, starting from connector D.

If at block 204 the current key is not the punctuation key, then at block 220 if
the pState flag is not set, then at block 222 all flags and buffers exclusively used for
punctuation key processing are cleared, and normal processing of the keystroke
continues at block 212. If at block 220 the pState flag is set to a non-zero value, then

10 at block 230 if the current key is one of the ambiguous data keys 56, then the system
proceeds to block 232 test whether the system flag Apostrophe S is set. The
Apostrophe_S flag is set TRUE only for languages such as English where it is
common to concatenate an apostrophe followed by the letter ‘s’ to the end of a word
(to form a possessive or a contraction with the word “is”). If the Apostrophe_S flag

15 is set TRUE, then if at block 234 the pState flag is found to be set to PUNCT_KEY
(showing that the previous key activation was the punctuation key) and if at
block 236 the current key is found to be the data key associated with the letter ‘s’ (the
PQRS key in FIGURE 1), then at block 238 the pState flag is set to APOS_S
indicating that the punctuation key 63 has been received and that the special case of

20 an apostrophe followed by ‘s’ has been recognized. If either test (block 234 or
block 236) fails, then at block 237 the pState flag is set to PUNCT_RCVD indicating
that the punctuation key 63 has been received and the punctuation key processing
should be performed, but that no special case currently applies (such as recognizing
apostrophe followed by ‘s’). In either case, after pState is set, normal processing of

25  the keystroke continues at block 212.

If at block 230, the current key is determined not to be an ambiguous data
key, then at block 250 the system determines whether the current key is the
BackSpace key. If so, then at block 252, all punctuation key related flags and buffers
are restored 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 is 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

35 continues (via connector C) at block 212. Otherwise, at block 260 the key is
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node i ndl% at expligitlyjastivate the Select key. If the tests at both block 270 and 272 are satisfied,
- the current default or selected word is accepted and output to the text buffer as if the
Select key had been activated. Then at block 276, the current keystroke list is
cleared, and execution proceeds to block 262, where the pState flag is cleared and the
ClearPunctMode flag is set. 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 in

FIGURE 5A (and shown in detail in FIGURE 3), post-processing is performed as

25 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 returns 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
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

35 is found to be set to APOS_S, then at block 332 the text object saved in the



- keystroke sequence, i.e., one which does not correspond to any stored word.
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If at block 330 the pState flag is not set to APOS_S, then at block 352 the

system checks whether the current selection list is empty. If not, then one or more

- objects have been found in the database which explicitly match the current key
sequence in the keystroke buffer (which includes at least one activation of the
10  punctuation key). In this case, the subroutine simply returns in a block 364 without
changing the contents of the keystroke buffer so that the database object can be
spelled if that is the user’s intention. Otherwise, as soon as there are no more
matching objects in the database, at block 356 the text object saved in the
curPunctWord buffer is output as accepted text after appending a hyphen to it. At
15 Dblock 358, keystrokes are deleted from the start of the keystroke buffer up to and
including the keystroke for the punctuation key. Then at block 360 the database is
queried and an updated selection list is 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.
20 :
2. Maximizing Performance While Minimizing 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, lie 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 558 of all packets like 406 in all nodes 400 so
that the stem and word objects are generated in the object list 440 in decreasing order
of their use in the language, a large majority of the instructions 558 of all nodes 400
35  inthe tree structure 110 can be made to have their OBJECT-LIST-INDEX fields 556
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less than the number of word objects the structure is capable of retrieving given the
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ambiguous keystroke sequences and the retrieval process embodied in a preferred
manner in the flow chart of FIGURE 12. A remarkable and novel result, since each
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 valid keys
as indicated by the “1”’s in its valid keys field 562 “010100000”. In a preferred
embodiment the positions 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. If 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* logicél 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
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at mdex 3. The third field of instruction 567, “1”, is the true value of the STOP-
FLAG 557, indicating that this is the last instruction of the current packet, so
. execution of subroutine 620 would pass from block 638 to block 644.
It is possible to combine two or more nodes containing different instruction
10  packets 408 into a single node which can serve the same purpose as the multiple
nodes separately, which means that certain nodes in a vocabulary tree 110 are
redundant in a novel sense. For the purpose of this invention the word “redundant” is
used with respect to two nodes in the sense that one node can be dispensed with by
the operations of the software processes which are depicted in a preferred
15  embodiment in FIGURES 14-17.
_ For example, compare node 560 to node 574 in FIGURE 9. The instruction
packets 566 and 571 on key 2 agree exactly, but instruction 570 on key 4 of node 560
conflicts with instruction 572 on key 4 of node 574, so neither can do the work of the
other, nor can the two nodes be combined into one which would do the work of both.
20 Compare node 560 to node 576. The instruction packets 566 and 577 associated with
key 2 on each node agree exactly. Instructions 569 and 578 are different in the
settings of their STOP-FLAG fields 557, but that difference does not cause them to
~conflict. The essential result of the object retrieval process of subroutine 620 in
FIGURE 14 is the new object list created by executing the set of instructions at a
25 node for a given key. Additional objects can be appended to the end of an object list
without detriment to the correct processing of any of that node’s children. Thus, no
errors would be caused in the processing of the children of node 576 by the execution
of an additional instruction after 578. The essence of the process would be disturbed
only if the wrong instruction were to execute or if too few instructions were to
30 execute. Similarly, the presence of a valid key on key 9 of node 576 does not
conflict with the absence of a valid 9 key in node 560. Therefore, nodes 560 and 576
are redundant and can be merged into a new node 582 which achieves the net effect
of both, and functions correctly as a parent node of the children of both. It will 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
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15 on their respective keys in decreasing order of their frequency of use in the input
lexicon, as in the example of FIGURE 7. Given a lexicon of objects with
frequencies, it will be obvious to someone skilled in the art how block 658 builds a
vocabulary tree of the form 110. In block 660, redundant nodes are identified and
merged together to minimize duplication of data and, hence, turn isolated instruction
20  sequences associated with single objects into generalized rules for retrieving multiple
objects. This process is shown in detail in FIGURE 15. Block 662 identifies all the
remaining NULL pointers from terminal nodes and changes them to point 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
25 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 minimal length bit patterns to instructions and addresses. It will be
appreciated that Huffman coding techniques are well-known in 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
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i ndex table of FIGURE 7, "T" is the first logical letter on the TUV
key, therefore the LOG CAL-SYMBOL- 35 |NpEX field of the instruction which
generated the object "CAT" is set to 1 to

- 20- I ndicate the first letter in the table. Encoding the objects
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advantageously to increase the redﬁndancy of the nodes in tree 110. For example,
not all pairs of letters in the English language are equally common, e.g. “s” is
commonly paired with “t”. The statistics of letter pairs, or bigrams, can be used to
predict the most likely next letter in an object from the preceding letter. With such
10 predictions the logical ordering of the ambiguous symbols in the logical symbol
index table 550 can be dynamically altered to further optimize the use of the first
position. The predictions can be extended to letter triplets, trigrams, and generally to
n-grams.
FIGURE 15 is a flowchart of a preferred embodiment of a software process to
15  fold the tree 110 of a vocabulary module. Block 670 is entered from block 660 of the
flowchart of FIGURE 14. Block 672 initializes the process to begin with the first
node of tree 110 of FIGURE 10 after the root node 111. Block 674 calls subroutine
690 depicted in a preferred embodiment in the flowchart of FIGURE 16 to locate a
node, if any, which is maximally redundant with the current node. If a destination
20 node is found, decision block 676 directs the process to block 678 where the
redundant node(s) are merged together, eliminating duplicate data from the tree
subsuming multiple, individual instances of instructions into shared sequences,
which are general rules for associating keystroke sequences to objects. If decision
block 676 fails, then decision block 680 tests whether the process is done. If there
25  are more nodes to process, the flow advances to block 682 to identify another node.
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
35 BEST-NODE of the node provisionally found to be most redundant with respect to
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15 instructions are read Block 718 reads the instruction packets 406 associated with
key KEY-INDEX from the second of two nodes 400 specified as parameters to the
subroutine and puts them in a temporary list, LIST-B. If key KEY-INDEX is not a
valid key, no instructions are fead. Decision block 720 determines whether either
LIST-A or LIST-B is empty. If not, block 722 fetches one instruction from both
20  LIST-A and LIST-B, reducing the number of instructions remaining in each by one.
Decision block 724 test, whether the instructions are the same in their LOGICAL-
SYMBOL-INDEX and OBJECT-LIST-INDEX fields. If not, a failure code for no
redundancy is returned in a block 726 to block 696 of subroutine 690. If the decision
of block 724 is yes, then block 728 increments 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 pomters 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 is 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
35  decision block 742. If the two child nodes were found not to be redundant, a failure

2
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-21- properly display foreign worgg havi ng uni que characters (such
as "U', which may be entered as a single keystroke on the TUV key).-

" Capitalization may be handled in a simlar manner. Wrds that should

- always be used in all capital letters, with an initial capital letter,
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pointers have been checked, then the accumulated numerical measure of redundancy
of the two nodes originally identified when the subroutine was entered at block 710
is returned. _
It will be appreciated that the calculation of numerical values of redundancy
10 may be weightéd to take into account additional factors such as the number of
branches present at each node and the number of parents which point to a node as a
child. It will be appreciated that if two nodes are not redundant because of the
ordering of instructions associated with a certain key, the order of instructions
associated with low frequency words in the input lexicon could be reordered without
15  impacting the priority of instructions associated with higher frequency objects, thus
increasing the redundancy of the tree.

II1. Representative System Operation - _
FIGURES 18A through 18K depict the display53 of the portable

20  computer 52 during representative use of the reduced keyboard disambiguating
system. After turning on the power of the portable computer, the text region 66 and
selection list region 70 are empty. In FIGURE 18A, the user has typed the phrase
“This is a test”. The vocabulary module has identified the most likely interpretation
of the sequence of the last four keystrokes TUV, DEF, PQRS, TUV as the word

25  "test" and has provisionally posted this interpretation at the insertion point 900 and
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
(indicating 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 in the selection Iist. The
punctuation key processing software shown in FIGURE 5A and 5B has saved the text
object “test” in its curPunctWord buffer. :

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

35 key 63. No object in the database matches the keystroke sequence of the four keys
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character, e previous efault text object is output w1th an appended period.

In the case of a system designed for the English language (in which the flag
Apostrophe_S is set TRUE), FIGURE 18D shows the result that follows FIGURE
18B when the user presses the PQRS key 932. This triggers the processing shown in
blocks 332 through 342 of FIGURE 5B, and results in the punctuation key
processing software adding the objects “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

’s” 931, which is 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”.
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 contain only the
last two keystrokes PQRS and TUV. Querying the database (at block 360 in
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 is also provisionally posted in the text
region at insertion point 940. S

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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951 and is also prov1s1onally posted in the text region at insertion point 950.

FIGURES 18G through 18K show an example for a system designed for the
French language (in which the flag Apostrophe_Term is set TRUE). In this example,
the user types the text object “c’est” which actually consists of the word “c’”

10  concatenated with the word “est”. FIGURE 18G shows the result when the user
presses the ABC key 962. The selection list shows the single character objects
associated ‘'with the ABC key for the French language, including the accented
characters 3, &, and ¢. No special punctuation key processing occurs since all
punctuation key related flags have been previously cleared. The system simply

15  processes the current single-key sequence ABC. Querying the database based on
these this keystroke results in the selection list shown in FIGURE 18G. The text

~ object “a” is the most frequent and appears as the default selection list object “a” 961,
and is also provisionally posted in the text region at insertion point 960.
In FIGURE 18H, 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 list at blocks 156 through 160 in FIGURE 3 after querying the database, so
that the resulting default selection list object is “ ¢’ ” 971. Consequently, each of the
tests at blocks 300 through 306 in FIGURE 5B succeed, and the pState flag is set to
PUNCT_APOS in block 308. Following the objects “ ¢’ 971 and * a- ” 973 in the

25  selection list, the punctuation key processing software (at blocks 312, 314, and 316 in
FIGURE 5B) adds the objects “ 4. , * -7, and “ &” ” consisting of the curPunctWord
“ 3 ” with an appended period 974, hyphen 975, and apostrophe 976. The resulting
default selection list object 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 in FIGURE 18H, the punctuation key processing software executes
blocks 274, 276, and 262 in FIGURE 5A. The current default selection list object
“ ¢’ ” is output as accepted text 983, the current keystroke buffer is cleared, and the

35  system simply processes the resulting single-key sequence DEF as a result of adding
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15 The French language contains a number of very frequently used particles,

prepositions, and pronouns such as le, ne, ce, de, me, se, je, que, tu and te that, when
preceding a word that begins with a vowel, change their final vowel into an
apostrophe and are typed with no space before the following word. Without the
behavior supported by the punctuation key 63 shown in the preceding 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
(¢’ in 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

35 selections of which punctuation character is generated in different surrounding
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f r om subr out iwe 96952 | n .. the main routine shown in Fl GURE BCTAIS98/20200
keystroke was detected by the system at bl ock 150. The receipt of a
new keystroke causes a downward traversal jqn the vocabul ary nodul e

tree, if a valid path exists to a child corresponding to the 5

keystroke. At a block 621 in FIGURE 13, the valid keys bits field of the
node 400 data structure is therefore examned to deternmne if valid

i nstructions and a pointer correspond to the received keystroke. At a
deci si on bl ockkeystrokecantexts ¢onldralge beplterhd For exampld, italo lsegeessivet astifvatizng of 0

determine if améqunsubic<Rdy 69l By 4 BoulA redutSih/déats «_and a
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If no 10 val | WAPEes SUCEHSHNE pethatons,wop gﬁ%‘?}%‘FPBI?BiPSigt“?6:’~bI ock 624 the old
object list is Thoset skilhket it othé hart nailin also UletdgideO tige nalditional RecdbRlegt i on
o eec o6 HSRUBE SN, ot SR YR Bl Tl Wbl BRI
containing legal terms, medical terms, and foreign language terms. Via a system
menu, the user can configure the system so that the additional vocabulary words can
be caused to appear first or last in the list of possible words, with special coloration
or highlighting. Consequently, within the scope of the appended claims, it will be
10  appreciated that the invention can be practiced otherwise than as specifically
described herein.
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frequency of use, wherein each of the plurality of objects in the memory include
completed word objects, word stem objects comprising a sequence of the initial
characters of a yet uncompleted word object, and objects that are both a completed
word and a stem of a word, and wherein all word and stem objects are stored in the
memory in a tree structure comprised of a plurality of nodes, each node associated
with an input sequence and with one or more objects;
' (©) a display to depict system output to the user; and

(d) a processor coupled to the user input device, memory and
display, the processor:

@) | identifying from the one or more objects in the
memory associated with each generated input sequence at least one candidate object
with the highest frequency of use, wherein said candidate object is a word object
when at least one word object is associated with the generated input sequence, and
wherein said candidate object is 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

input sequence as a textual interpretation of the generated input sequence.
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corresponding character without special diacritic marks.

4. The system of Claim 1, 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
where said highest frequency of use associated with any word object associated with

 the generated input 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 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 said confirmed textual interpretation.

6. The system of Claim 1, wherein the plurality of nodes are 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. ' ’

has
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sessed,

node,
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7. The system of Claim 6, wherein the objects associated with a child

node are based on the objects associated with the corresponding parent node to which
the child node is linked.

8. The system of Claim 7, wherein the objects associated with a child
node are constructed using a code pre-stored in memory to modify objects associated
with the corresponding parent node.

This Sheet Has Been Rep

[T




.modul e returns the |ist of objects associated with each node with m'ni mal
processi ng gaser head. It will be appreciat gg }UE

rel ati onship %e]t Wween vocabul ary nodul e obj ect.s Wences,
i's an inplenentation detail of the vocabul ary nodul e si ng
the node associated with the current inffrt key seq aI

child nodes may be traversed to identify candi date Jlﬁ

keystroke 20 sequence starting with the entered keyst rcoke se , and
that occur with a relative frequency greater than a certain threshold.

This threshold may be Ta¢ Wﬂ&lmmS vtk aedcdRSadd W csbﬁm@&gééé“cs of

the current node uch aﬁuyix/n ‘iﬁr]'b ene ates ay%h object’s to fill
t he sel ectl(?ﬁqc} Vith 2 Ghile;Bo E%Pé’ﬁ"tsﬁf@c’@@flé’ﬁ' § crresponding
identified lparent nodermnpglsekmspemﬁd:amm offthe warnerival fdyx oDthel object Sgocibtedg val i d
paths 25 n ts -can be
i dentified g’? h{%xetcpﬁemsggh(ﬁﬁé B?t%ﬁ&cfi dtg%Baseb %glcggnlipfr‘@gt e %ﬁéagr’fﬁ)#é&oﬂf)ut wor d
list, and t 9§ thpoeharagtays peseeintgd (withhthe additionalrinpys dinkinggthe parentnedentolthe i on of
a candi dat e ¢upd dodedn be marked in such a way as to enable the system

to recogni ze when a traversal of that node corresponds to the
generati on of th can eci, a s required since the

WOr The, s
sane 30 node a g-thF lfe\fftF’Bn fﬁg ’Bg’t g@d"‘?‘é E‘éé’g‘i‘ C*d?lPJF"é? ent
i nput key s eqsmem@smth a chxbd)nmd;slpomddnﬁgng objdcts hssne:ated\mt}ﬂ&e abfrespoiding t r ee

structure hag, elﬂgﬁﬁﬂ Ly Oéxfx%l‘ﬁ&&&g%egl’fcanon%fﬁﬁ%méretﬁéb&’% ﬂ&ﬂ&ﬁﬁa ‘%ag%%' bed

bel ow. Only “enoug rmation n
candi dat e woheseguencs QEprdss whish cseatepbisayurseriated with the ‘ﬁ%ldtmée sequence
| ength or specific key values at known positions in the key sequence. 35

Al ternatively, tdilm nghesgsas of Maimd)didaietheutben®d identkp 6f additionalrar ked
in such a 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.

12.  The system of Claim 11, 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
nodes.

13.  The system of Claim 9, 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.

14. The system of Claim 9, 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.

15. The system of Claim 9, wherein the indices of the characters
associated with each input include indices that are assigned to a string comprising a
plurality of characters.

—_—
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= 25- _ way that they are not nerged with nodes used for other words
as descri bedyRprjofdes2 The di sanbi guating software can then RGRVSI8/28308ad
wi thin a defined nei ghborhood of t he descendant s _of_ the—ecurrent node

for these candidate objects, which if fou g can t hen be pl in the
selection |list before all the keystrokes ‘g T respond M“ @i | ects
are entered. These objects are included in addition\wm sLhat "are
dirrectly associated with the input keystroke sequencd. bi s'bl ayi ng objects
associ at ed wi th |l onger keystroke sequences in the selection |ist
(rteferrﬁd to Fts :hlehs.l ooRhedyeeli of Claimf By twitessin alid cods shé toisemstiuot objects
optionally sel ect . obj egts . i B | SRdiRs et e
t he remai ni ng ?8%??‘&"@?%%“@&@??? g nﬁ%g%yéﬁ Aéﬂé%@%oﬁ&‘é&%the I%%%%Pm n ét 0
FI GURE 3, at bpaektsnddssalsesnedesobjspedificationref #y obisskityrg asociated wHb the
keyst r oke sedUgiiand bijEer WakophibaAfn HRYMlIERog e Priori tized and di spl ayed

to the user 1n the'selection list 76. To determ ne the sequence of

obj ects displayed in_ the selection list, priorities. ar s Lj:shed
bet ween each vocabulkry HpUSYSEE™ é#% 16, W effg? W9 Jteﬁteryi‘)gftﬂ%nfg?#g%ljﬁggt s
from each vocafludeyinforeiation regarding the part of speech of the constructed object.

18.  The system of Claim 16, wherein the object type that is specified
includes information regarding the capitalization of the constructed object.

19.  The system of Claim 16, wherein the object type that is specified
includes information regarding inflectional endings and suffixes that may be
appended to the constructed object.

20.  The system of Claim 16, wherein the object type that is specified
includes 2 code that uniquely identifies the constructed object among the objects in
memory.

21.  The system of Claim 16, wherein the object type that is specified
includes information regarding the frequency of use of the constructed object.

22.  The system of Claim 16, wherein the object type that is specified
includes information regarding whether the constructed object is a completed word.

23. The system of Claim 9, 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 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.

24.  The system of Claim 9, wherein where two parent nodes of the tree
are redundant in that all codes associated with a given input that are present in both
of said redundant 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 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
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.15 To prioritize the object lists identified fromthe various

vocabul ary at bl ock 158 the node of operatio duced
keyboar d di@%sggjati ng systemis exam ned. As di scugggj@%@gvrg& in a.
nor mal node of operation the word i nterpretations are displayed first
in the selection list. The object |ist -#-om a word modul e
woul d therefore be assigned a higher priori ty than“ll'!lgxmmmﬂ I]I E[“lz from
t he ot her vocabul ary nodul es. Conversely, if the di sanbi guat® ngs systemis
in the nuneric node of operation, the I’IUITEI‘IC |nterpretat|ons woul d -

be assi gned @me recursite SbRE, Bhd Qfééxd'r&ﬁﬁ@ar{gg ore ViQ%fH dafr m "ReYegs: The

mode of the di sanb| guating’ sysfemt |c at r|or|ty

bet ween vocalUCRFS IIHBEMOE i) e rerpaiging redunday tmarent node lﬁéi“aﬁ‘ﬁwéé %ta8y t hat
in certain repdesand livks @b plitd nddes that WeR PrésefEdHly af the SRR dMRMnAfarent e
omtted fromthe selection list entirely. bject lists

gener at ed fr% vocabul ary nodul es may contain only a single entry, or
they may contain nultiple entries. At block 160, the priority between the
obj ects from the %ane systamaref Fiaiml 24, whetesy ohorer mosolopdes ithattare obj ect
li st %%c?dt&ﬁw{ﬁi'atgaﬁﬁneinﬁﬁttarnﬂ%e prElseat aPb&ialos s&h%dtﬁﬁ&rﬁ%aﬁnpl%&ebcm ar

keystroke se uenﬁ di[ i} ;11 ﬁ - In a, en vocabdl ary nodul e are
al so given drpns fae léf'é{tlg nAEL e codes SPReAty the same pumerigalohieti on
with res pectmﬂex m&bﬁxeosdmfr nursridab ichatacteroindex, peveh ewtednl gaid bedes occur fiehaul t

pr esent atiorhlﬂgrgg%gﬁenlggupﬁgmg%dggde{ngg&g&r& esof use in a represent ative

cor pus of usage data assoclrated With each object is therefore

used to order the objects in the selection |list. Since the selection
list region 70 i 2&i mhegystamaE Claige24, yheesin ene erfneresedaestised tospnpteuct

di spl ayed, oyj&td asdobiated @lith Eidldowodespbgdnbdifyihg &fbjects 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
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
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.

27.  The system of Claim 26, wherein the object type that is specified
includes information to distinguish the input sequence corresponding to the
constructed object from other input sequences that utilize the node.

28. A disambiguating system for disambiguating ambiguous input
sequences entered by a user, the disambiguating system comprising:

(a)  a user input device having a plurality of inputs, each of the
plurality of inputs associated with a plurality of characters, an input sequence being
generated each time an input is selected by manipulating the user input device,
wherein the generated input sequence corresponds to the sequence of inputs that have
been selected, wherein the generatéd input sequence has a textual interpretation that
is ambiguous due to the plurality of characters associated with each input, wherein at
least one of the plurality of inputs is an ambiguous punctuation input associated with
a plurality of punctuation characters, and wherein the input device has at least one
unambiguous selection input for generating an unambiguous output, and wherein an
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-26- m ni rrumffequency of use may be omtted fromthe initial
di splay of tiogisesxion : - list. The omtted objects may bRCT/ASe8202¢ded
to.the selection |list when the user scrolls peyond—the.end of the

di splayed list. The selection list is scr g | ed autongtjcally so "t hat
the currently selected object is always visible. Th?? Hmﬁml e
dedicated 5 scroll buttons to manually scroll addi m’mls, nt o
vi éw, in which case the currently sel ected object maﬁ slrot | out of

view. Alternatively, all objects in the selection |ist may be
di spl ayed si nuinparsequesicy is terminatédopheticthe Usdrinsniptlatedtheuser input device to agyest .

Many of the Pr QRS ciated wwth the presentation of the objects
| ooked- 10 up I#H%%\%ﬁ%& ary nodule are user-ﬂprogram’rabl e by accessing

appropriate system (brenud memerye genipining ahpluplity ofapbispiscregh eheher der
of individual GBiG8) 8f Sbjests assdBmted with an inpiPk&fksice, Whiehédh ehesTith® PlukdlRy

region. The user .may also set the priority, |evel that determ nes the
e o oo B e mpi R e iR oAt Bobspek oS

identified fromeach voc@hul as gisplagté depidtisydtérn Dutpmo tecthe usére andinber  of
entries 15 presented tgnthe, Y58l dolified b okt BB Spth deGideOmhelRYy BfiakePt

to a mninmm o
' display, said processor comprising:

)] an identifying component for identifying from the
plurality of objects in the memory at least one object associated with each generated
input sequence and having the highest frequency of use;

(ii) an output compohent 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 sequence are displayed in order of decreasing frequency of use; and

- (iii) 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.

29.  The system of claim 28, wherein the ambiguous punctuation input is
associated with a period, a hyphen, and an apostrophe.

30.  The system of claim 28, wherein the processor, upon detecting the
selection of the ambiguous punctuation input, provisionally outputs one of the
associated punctuation characters, and upon detecting the selection of a next input,
wherein said next input is a member of a first set of designated inputs, confirms the
previously output punctuation character, and upon detecting the selection of a next
input, wherein said next input is a member of one of one or more alternate sets of
designated inputs, replaces 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 designated inputs of which said next input is a member.

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

J—
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Additional entries in the selection |ist region may always be scrolled into
Vi ew by ted presses of the Sel ect key. After the
priorities %%?%Kgsggzat he objects have been resqolved, at a bl o FICT{{5¥98/20200
selection list is constructed fromthe identified obrecT‘S‘mto

the user. As 20 a default interpretats@n of the anbi l
sequence entered by the user, the first entry mi"ﬂmm lrm “ ‘ﬂ“st .
c L poirt 88 in

is provisionally posted and hlghllghted at the insert
the text region 66. The di sanbi guating software routine then returns to

dect si on_ bl it Abstal i Seck RS Corpviionsly oyramsghEet B apdska oo

the "yes" brmwa?l%nﬂ@mﬁr%m deci sion bl ock 152 to decision block 163,

wh 1 | | f
SOer gt aa o ook igﬁh&;ﬁh&h&bf&éssbxf uggﬂ defé&ﬁxgwlhg%a'e?faﬂ GPa hbﬁ 1n#1§0§ﬁ@&¥

explicit -spatdl MEFM@WWSHWP%&!“? with °n°0‘EFt'BBIC qlphabmc k@ﬁlts ar ea.
The Over | oadse|mettasfociated with thy deteem 67, aparides tthé i:ré&@éusiﬁ?bﬁphﬂ punctuatiofiy St €

that do ot gl Rhyash! e SRASRoBnl o LA R R R B c e
sequence of qErent ganersted inputispquence priorde thecseleetign ofthe iabiguous pumtdation | i st
is enpty at jhp, hhdStaktd'8 ne Bérerdt&d irpat %tﬂe@t&%%mn(gksaid: gﬁhﬁgﬁé guJuF

initial proce33|%g%of t he received kéystro
performs posE ssing required for the punctuation key 63 shomn I n
FI GURE 5B, velredein ithe prosesdon, mpd:eﬁayed:nxigedae\sele&MA aexttilgui WiRkdthnS to

"nor b aneh Pi ek ERFis O altbigydls Sphe ARgoblld il G drore ufltbertd R 1 "°

"no" branch
mclu ing the letter ‘s’, 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 ambiguous
input and replaces the previously output punctuation character with an apostrophe
and provisionally appends the letter ‘s’ as the textual interpretation of said new
generated input sequence, 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

_X

previously output punctuation character.

32.  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 mémory, accepts the provisionally displayed object
with the highest frequency of use associated with the generated input sequence prior
to detecting 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. :

33.  The system of Claim 28, wherein the processor, upon detecting an
occurrence of the ambiguous punctuation input in the generated input sequence,
generates alternate textual interpretations, wherein one or more of the punctuation
characters associated with the ambiguous punctuation input is appended to the object
with' the highest frequency of use associated with the sequence of inpufs in the

_—
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-27- bl ock 174A, if the OverloadSel ect flag is set TRUE, a space

i's added to Wi§ofidsPOf - each text itemin the selection | pgtnansheoo
the insertion point. At block 174, the solid- | i-re—box_around the

first entry in the selection list (and alsg at the ins ' oi nt
where it has been provisionally posted) iélthanged to waw'@mumwl . At
a 5 Dblock 175 shown in FIGURE 3, the systemthen wal ¢ 07 [dCte

next keystroke entered by the user. Upon receipt of a keystroke, at
bl ock 1 75A the system perforns pre-processing required for the

R;Jnct gat i on kG%n@%}:(eﬁhgﬁﬁt sEcﬁ\;eEb?H%n%dnﬁ\ﬂ%regeg{ling i b t pufictdftich ihp?c‘?l ow.
a deci sion bl.oc .test. i e o determine if.the . nex
keystroke is t ﬂh("gﬁq &&Q@C?meﬁ hﬁ‘é‘?&?’f Bﬁl eia§s°F’r?é°r‘]’§&ﬂég’F SRPAFNCSt g
10 bl ock 17&ftihputs\istthergemtrated éput sedueacenthat was tinput ifolidviag Iaé embiguwous | St

and marks it PP o c I Lt e o\ s, Lnitial
processi ng of gu_l?té%%it‘{'}g"é’ HM ga&%%f?? rogg(}al?gaéh o 6%%5’%%3‘%2@"*{3“98 ef‘ﬁmIE
per forns post -detesting themganipgationsef the nser input device toanamambigvousssiection itpun i n

FI GURE 5B, andhndiosentirs Gehekn detail bel ow. At bl ock 179, the currently
selected entry is provisionally displayed in the selection list and at 15

the insertion point,wthya doftedzld ne X_arau the entry. T r.outjne
then returns ¥ br&%syféfgl ek d&@f%?@ ‘P’%éelﬂe b PRSP0 ne‘???%ﬁ“@@ 43?/ t he
user. It will selectigpofs sequenkce of one or more ambiguous input followed by a first selection

' of an unambiguous selection input, selects the object having a highest frequency of

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 inpuf selects an object having the next lower frequency of use
from the identified objects, and replaces the previously output text object in its
display position preceding the previously output single space with each said
successively selected text object.

35.  The system of Claim 28, wherein the processor, upon detecting 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 memory 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 input is an
ambiguous input associated with one or more alphabetic letters, 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.

36. A method for disambiguating ambiguous input sequences, the method
comprising:

(@) generating an input sequence from 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 plurality of
characters associated with each input;

(b)  storing data used to construct a plurality of objects, each of the
plurality of objects associated with an input sequence and a frequency of use,

e
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.that the |loop formed by blocks 175-179 allows the user to select various
I nterpret at"#l 35149 the entered anbi guous keystroke sequence /] n&ohesser

frequency o )
I f the next keystroke is not the Sel ect key,

routine continues to a block 180 where 48e provisio

as the keystroke sequence interpret amljmullﬂimuﬂmﬁlmrted to

sel ect ed

nor mal

keystroke sequence is cleared fromthe

text formatting in the text region. At a bf ock 184} tfe ol d
system nmenory, since the

ase y depressing the Select key multiple tine

recei pt of agnah SR '6e ekl

to the syste
recei ved key$®
bl ock 154.

frequency o
of the disa

ob_]ect, BRCbjEES mmrwedstﬁ al oaﬁ@rdwaemalaa& afa&m 6 Mﬁ Qﬁcﬂaﬁakm

def aul cnol C

htries |

to words ar eBgheEdsd inpyt sevence atleast one candidatgobjeqtavithethe highestlreguency of

nmay be desi rage| whtein@ibcaididate M1i§QKISrdS@ch%tQWﬁn'aﬂl%ﬁt@ﬁrﬂ%ﬁcffsesent ed
n syste re |1 no,
pespislSa Widine pHeriRt B eaidhed al Senchn S1id skt aPiedioR gt f on

first

sufficient d

in

"l'ist" on theoud stemapbjscr wben mohwoskpbjeét jsoassodiated with the generated input

sequence; and
(d)  displaying the at least one identified candidate object

associated with each generated mput sequence as a textual interpretation of the

generated input sequence.

37.  The method of Claim 36, 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
where said highest frequency of use associated with any word object associated with
the generated input sequence does not exceed a predetermined threshold.

38. The method of Claim 36, 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 unambiguous
characters are output immediately following said confirmed textual interpretation.

39.  The method of Claim 36, wherein the plurality of nodes are 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.
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-.28- mat chi ng obj ects fromthe database is stored internally by
the software q30dy the ... default object or explicitly setEosesbo200
obj ect (foll Owng one or nore activations of the - Setect—key)y—+s——

di spl ayed at the insertion point. In such s I

di spl ayed at the insertion point may tendto 5 change lmﬂ IIIEIWH[IIIKMh
each keystroke added to the input sequence, since the nost* ¢ nequen{ _
word corresponding to the new keystroke sequence may bear little or

resenbl ance to the nost frequent word corresponding to the previous |nput
sequence. Thaor es qthie mahodef Chaith 39hevherejrethie objevys asyadiated withea child

chang! ng. appedPds 8 tABR g bR apsosiated i g ot Bbnail Bptehndill3 v ¥

unfamiliar usdhe child nodd islinketli s "j unpi ness" at the insertion point, the
system can be configured so that, rather than al ways displaying the

nost frequent wordgg, . Tlﬁtihéiﬁéd SPCI&QPIDJ“WhBﬂnﬂ ﬂlet m&aate&wmsaaaumﬂce

a word or word stem ob ect onds.

| onger word or“°§? ﬁ‘ieaﬂ" &f%%c?ﬂetpﬁeﬁmf%ﬂﬁﬂemmy to &aﬁ@h&?gtaﬁ%ﬁ %?fic eeds
a threshol d. Wﬂ;ﬂxesuiréspoﬁdmgparehmm pronotion” is that 15 changes in the
- word displayed at the insertion point frequently consist of sinply

appendi ng an addi tizgnal 'ﬂ‘lfetﬁlé't? &thliﬁ ﬁxkvl.@{;ghﬁg{e &fd@‘ﬂs@&'ﬁi Yorldtradt! y&ss  For

exanpl e, in t the user presses {he
fou ;rpkeyst r Ok@gsopmggj @tﬁ a child node by modxfymg objects assoc1ated thh thepcorrespondting

parent node comprises a specification of the numerical index of the object associated

with the corresponding parent node and a specification of the numerical index of one
of the characters associated with the additional input linking the parent node to the
child node.

43. The. method of Claim 42, 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 the final code of
the sequence of codes which create objects associated with the child node.

44. Thé method of Claim 42, 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.

45. The method of Claim 44, 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
nodes.

46. The method of Claim 42, 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.

“his Sheet Has Been Replaced




_GH, PQRS. Wthout performng stempronotion, the systemwould display the

foI I ovm ng squ}ence of objects (one at a tine) at the insertion "t
Vi’ ugh 952 ¢ his". When stem pronotion is peﬁ‘gmipﬁﬁ’éﬁgﬁ%om .

di spl ays: "t", "th", "thi" "this". The result

unfaniliar user tends to have nore conk$alence that m‘“mm\“l W})Wﬂ“atl ng

systemw || correctly interpret his or her keyst roke owchart ,

in FIGURE 4 shows how t he system det erm nes vvh| ch object to display at
a given node for a given keystroke sequence. FIGURE 4 is a

flow chart of a rguti pr. that en te

dat abase of vvord39| n Pﬁe %F%lgg gz YVB%SH’ % %::ﬁ" g‘tfé”m

cor r esponds asscigied with e@nhungm Wdrsmnﬁdm%e chaxacters dh deseemding nunber
of word obj qpde offif frequen Qﬁ%&ﬁﬁﬁﬁc&@’tﬁ@&ﬁ%@@r@ﬁ%&d%&%ﬁ%ﬁwﬁﬁ'ﬂs or word

stens that are generat ed by the - keystroke sequence. At a block 190, a
t hreshol d- "M nFa t.hr hod30 coLres s to the

m ni mum factor b ttﬁgti"f’ sz 611 nWberS’I“ g“"t@'if{t @'F Fhpcgcters
exceed t hat asstoci'atad \mﬂseacﬂlrlaquemludmnﬂlcebﬂmtareatssxgnadada stringcelnprising e

pronoted ovey of chddgdteryor d obj ect (i.e., to be the default object
di spl ayed f| rst n the sel'ection list for that node). The total

frequency of a | ect t freguepcy. o th Word itself pl us

t he sum of the que Fé%e“b"fd %*Ih&apﬁé HYH@yé‘rn r° Bied\iRicERsTUSLORIBHS | s t he

stem 35 (i aﬁsoclatudr\aﬂ'pa) chitd hadetbyembdifying bbjeats bssbsiatetl withetht cogespondingls) . At

bllock 191, %afeﬁ? %88e also includes a specification of an ob]ect type associated with the
constructed object associated with the child node.

50.  The method of Claim 49, wherein the object type that is specified
includes a code that uniquely identifies the constructed object among the objects in
memory.

51.  The method of Claim 49, wherein the object type that is specified
includes information regarding the frequency of use of the constructed object.

52.  The method of Claim 49, wherein the object type that is specified
includes information regarding whether the constructed object is a completed word.

53. The method of Claim 42, 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 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.

54.  The method of Claim 42, wherein where two parent nodes of the tree
are redundant in that all codes associated with a given input that are present in both
of said redundant 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 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, one of said redundant parent nodes is omitted from the tree
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--29- t hreshol d "MaxWordFreq" is set which corresponds to the
maxi mum r el awnio/ss15s95s2 frequency of a word over which anot her sPEHURS2Z0W
pronoted. At block 192, all of t he nodes in the tree aretraversed-and

mar ked as unprocessed. At block 193, the s routine det m
nodes of the tree have been processed. If sgo the routi neﬂ' "Wi"!eﬂm!ml
otherwi se at bl ock 194, the system fetches the next unprocésséd kho

determ nes the frequency of the nobst frequent word object (MstFreqWrd),

t he total frequency of that word together withall words of which that
word is a st enstructure fnmsirre qut the Tempininghredundand pjrent nddgris whgmented by taoy al

frequency of alddewRhd!Ank to child nbdsGhativiaé R:Qéxﬁ%hl 9 the Sfhftfd' rédudH i "ong
all objects associated wth the node 10 l\/bst FréeqStemlot). At block 195,

the system t esR®ennet her I\/bst Fr eqSt enilot exceeds the val ue
Most FreqWor dTot by at |east a factor of MnFactor. If not, the def aul t
obj ect associ at ed wh5.h t ke method ©f €faim us; hwhereth, oae dort hores cotlesntliatt atens

eturning to SnocigBI 4 el R b BRckEart W SEGY: REARRST Bk APOME , |,

at | east a facasrdefined 3s bejgnidgnticst Whenethe &ods| mmfngbe sampe nymeriesh ehieats
whet her the frgauensy tRé shie rﬁﬁfch@ﬂt characterqgaésylewe@mteﬁtsaﬁﬁ S6es adcetr W hh

t he node (Most EreqWrd) exceeds the mum va a word over which
anot her obj ectd‘%%“ﬁée‘%ﬁ ?&%ﬁ%ﬂm? S50, the def aul t

obj ect associated with the node I's left unchanged, and the systemreturns
to 56. The method of Claim 54, 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
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
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.

57.  The method of Claim 56, wherein the object type that is specified
includes information to distinguish the input sequence corresponding to the
constructed object from other input sequences that utilize the node.

58. 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, 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 frequency of use, wherein each of the plurality of objects include completed
word objects, word stem objects comprising a sequence of the initial characters of a
yet uncompleted word object, and objects that are both a completed word and a stem

——
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block 198. If not, at block 197 the node is nodified so that the object
associ ated vmthl%%%‘ nI\/bst FreqStemlot is designated as the deltéﬂbbsﬁmo%m

associ at ed WP ode before returning to bl ock 198.

The test at block 196 is needed to prevent very co

pronoted over comon words. For exanpl e56-the stem™ !‘ nor"
occurs with a very high frequency, so that for

M nFactor (e.g., a value 25 of 1.5), the test at block 195 woul d be
satisfied even though the commn word "do" al so occurs at the sane
node. The word "do; ccu relativ h| frequency,
and it woul Pfe"grd; ‘E‘H a‘géﬁ%i ﬁﬁwté%@ﬁ‘étseﬁf? sﬁqrédn otfeetffé“

di sanbi guat icompsiyst efna plurality bf dodbsncachaupgbemoasted tweitholaa mptnt segixneetand or t hat
node. 30 | ) q¥stem Feat ures 1. Di sanbi guati on
of Punct uat %lthon ‘fﬁ’d}Sﬁgje FI GURE 1 shows one, preferred enbodi nent of the

present invention, in()  apideaiipgcompanent foy identifying:from theppeorjmaye 56
(the "punct %jdct%fhsB&Y ted w&héb‘éélpgeﬁr&éh input sequéﬂéetah@ea@umé shalidar shjetact ers

leed Tn o hoRLRGReRar BraRey ffaﬁe,e@m 556, il s Y

when at least one word object is associated with the generated input sequence, and

wherein said candidate object is a word stem object when no word object is
associated with the generated input sequence; and

(d)  an output component for displaying the at least one identified
candidate object associated with each generated input sequence as a textual
interpretation of the generated input sequence.

59.  The computer-readable medium of Claim 58, 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 where said highest frequency of use associated with
any word object associated with the generated input sequence does not exceed a
predetermined threshold. '

60.  The computer-readable medium of Claim 58, 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
unambiguous characters are output immediately following said confirmed textual
interpretation.

61.  The computer-readable medium of Claim 58, wherein the plurality of
nodes are 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.

i
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--30- and French. Other sets of characters (for exanple, the

characters cq@gsssgphen, . and |l ong dash) nay be assi gnecl’(I'UUsﬂfF@OMy
and di sanmbi guated using the sane principles of the approach as th

di sanbi guati ng system of the present inveption. Tﬂﬂlﬁﬁ Ilﬂnﬂjﬂﬁ“m
context of the keystrokes surrounding a Keystroke on th

key 63 to determ ne which punctuation character is i nt ended.
default behavi or of the punctuation key 63 is also nodified to handl e
certain speci al cases presented by certain | anguages.

The flowcharts in BRGURAHe commshtértr€adables thedinmy off (Dlainh 585 yeltersim the objects

determ nes whi ch character t ene f I wen % f ul:ime

punct uati on k&?® 'fge Vtﬁ'bffaercgﬁ%? 0d’t o'sbbgg ogrgget egﬁhissl %%éogﬁ%e?ergﬂﬁt the
punct uat i on clcanesppndmgmtn@deé@lwhmhihecmldmmsbm uation key 63 are
added to the selection list. The default interpretation of t he
activation of the ggnct ualei einprfter-Raddble HRdRMIIoTeClaliy 63)iwiiereih] the totijectadded
as the first opject i,n.t selection list. Atern e ons
may al so be sé‘P%’G’caé?waﬁa child A EPRSuEtd ué'é'ﬂgeacfo‘%egf? g’rré‘g{n {"g{é‘g’bﬁ%‘; t he
desi red i nt er ph&lifit dbgects assaciated plithytbelcdrfesparelingparent nodet . FI GURE SA shows
the routine which processes each keystroke received by the system

prl or to the nornal SySt'ﬁ{puuur1 %éMbE%BfElﬁd% %hél@lnthe coMs@ﬂ't(; he

system adds the keystroke to the current nput é}ro e .sequence

det er ni nes whiconstwist GbJe%ralS%t?é‘?ﬁjWﬂB a; ghald |bH ebiects asspefated et o5
an updat qfle s&t@pbhdifg pirsht fods e6mpfises hepmzmque ttmemniEkuealpndmesfshe\ g

depicted in object associated with the corresponding parent node and a specification of the
numerical index of one of the characters associated with the additional input linking
the parent node to the child node.

-

65.  The computer-readable medium of Claim 64, 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
the final code of the sequence of codes which create objects associated with the child

node.

66.  The computer-readable medium of Claim 64, 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.

67. The computer-readable medium of Claim 66, 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 nodes.

68.  The computer-readable medium of Claim 64, 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.
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20 FI GURE 5A occurs at bl ocks 150A and 175A in FlI GURE 3.

Fl GURE 5B shows

t he r | Pat then post-processes the newy generated sel ection
list. The proce55| ng depicted in FI GURE 5B occurs at bl and .
178B in FIGURE 3. Al flags are assuned to hav n c stem
initialization tine. In ste8ting to prep m%\
keystroke, at block 200 in FIGURE 5A the flag 25 . g

checked. The flag C earPunct Mbde is set (at bl ock 262) t*o
that all punctuation key related flags and buffers should

start of proccra]ssi 8O, th?hé‘@&& %%an lglm:{r;]fdékﬁﬁ?sé?g&gig

i ndi cate
be cleared at the

i

to be set th at blaq
punct uati on ﬁaﬁhe@cm@ég%# with eac}ap@ubﬂ@easggnCMQ@t@klyrﬁo thea@mraatuh

buffers are aimcaidaag@dmedfthw%@mnbﬁbfmhﬁmlo@%e?&ar&t&?

cur Punct Wor d. § I's used to save the text object to whi
punctuati on ke{f/l‘ 8P

x%&ﬁﬁ objects

ware wi || append punctuation characters to create

objects that are - added to the selection list. The pState flag saves
the current state7®f tHee pemputerstendable mediuieyf Clairh \6d; whareih thefibdicenss at es

bet ween t he diefdh@tra@t@?s Rt Witk éﬁﬁﬁnﬁlﬁﬁn&% 1ﬁ@i’3&@fﬁh t 48 assign

ﬁg\qgeyﬂb&gng 35

punctuation ke s, activated bl ock 204 e carTe
pre- processeﬁorﬁgnsﬂ?ﬁaaﬁlﬂf?g‘l% "'thﬁW €& 63, then at bl ock 206 the current

default (or

71.  The computer-readable medium of Claim 69, whefein 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.

72.  The computer-readable medium of Claim 71, wherein the object type
that is specified includes a code that uniquely identifies the constructed object among

the objects in memory.

73.  The computer-readable medium of Claim 71, wherein the object type

that is specified includes information regarding the frequency
constructed object.

of use of the

74.  The computer-readable medium of Claim 71, wherein the object type
that is specified includes information regarding whether the constructed object is a

completed word.

75.  The computer-readable medium of Claim 64, 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 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.

76.  The computer-readable medium of Claim 64, wherein where two
parent nodes of the tree are redundant in that all codes associated with a given input
that are present in both of said redundant parent nodes are identical in that the codes
occur in the same sequence and specify the same numerical object index and the
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-31- explicitly selected object) is saved in the curPunctWrd

buf fer, and o ®/3ek 208 the - flag pState is set to PUNCTRERUS98/20200
indi cating that the punctuation key 63 was the last  Keéy Teceirvet—
Bl ock 212 represents the normal processi n§9of t he keyst”"’ﬂmm

depicted in FIGURE 3 starting at block 15T"or 176. Exec mmuwmﬁues
wth 5 the post-processing shown in FI GURE 5B, starti ng f% orh cdnnecter D.
| f"at block 204 the current key is not the punctuation key, then at block

220 if the pState flag is not set, then at block 222 all flags and
buf-fers excl usamelnumesical ¢haracter mde)ptmdtﬁmheran thaty foprablcimputsrigr avhichc thild ed,

and normal pr %@?ﬁ?@q?f&d td'6ack OF Bl W redundant gﬂéﬁt'dwesss cﬂi&)ﬁ&leg aldd at

bl ock 220 thep I S set to a non-zero, val ue l.ock 230
i f the currentredungdap tgnéh@same ICRAISiYR1SPRAGOORS Qfspld fﬁ@‘}@%@”@ﬂé‘ﬁ ?sn‘é ogidedem

R[) oc teedsht OSb:ct’lEHiJf tﬁé%&fﬁfrulgvtﬁétxﬁ%embﬁl anc &m&ﬂ:ﬁﬁnén@&ﬁﬂdéﬁhi@m‘éﬁt a}g&@ﬁs The
ostropne on | as n .S er
is P gg’ﬁ ﬁtya?@hﬁ?%e #dab@%st "ﬁfiaBﬁquo%@tdwﬁgF P‘F?geqteqnt%tl t@e

t he end of a vemtitted redunddnit parentnmoda. possessi ve or a contraction with the
word "is"). If the ApostropheS flag 15 is set TRUE, then if at bl ock 234

the pState flag is f?oundrﬂeocé?lﬁplﬁ@rlreﬁ&b%%gmgﬁxg‘ Clalgx 76, s\hﬁé%ﬁ%ﬁé‘@it nfo?t,e

preV|ous key actlvatlon was, t ne punctuati on

the current kepdessthatarsassogialed Wiklea given iy a@é@f&dﬁf%@@%ﬂﬂda%ﬂ%@ wegtue
(the PQRardte ynddes Farédefindd ,ast betng dlerticsic kwhadahé rmde@rspéoefyf tlﬁgsanie set

and that the dEieTEr el et snd tie BURE BleeR it S JOEF daRpCiEC

recogni zed. | fecodes drenr ingsdiffetsnbedquerss in the two redundant parent nodes

236

78.  The computer-readable medium of Claim 76, 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 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 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.

79.  The computer-readable medium of Claim 78, wherein the object type
that is specified includes information to distinguish the input sequence corresponding
to the constructed object from other input sequences that utilize the node.

80. A method for disambiguating ambiguous input sequences entered by a

user, the method comprising:
(a)  generating an input sequence from 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 plurality of
characters associated with each input, wherein at least one of the plurality of inputs is
an ambiguous punctuation input associated with a plurality of punctuation characters,

e
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.block 236) fails, then atmn St at e flag is set to PUNCT RCVD
i ndi cating e gonsdshat the mm"ml MLEHEIT% has been recei vg&,ﬁgggy@
[ ou eci al

punctuation kéy processing* ¢ ts e perforned, but th

case currently applies (such as recogni zi ng apostrophe foll owed by
's'). In either case, after pState is s#0- normal processing of 25 the
keystroke continues at block 212. If at block 230, the current
key is determ ned not to be an anbi guous data key, then at block 250 °
t he system determ nes whether the current key is the BackSpace key.

If so, then aid hesdin 86 Rastodhe RidMEdNARpRD ik &Y uhﬁhei[gﬁdusf ée?&aoﬁ“igg\ﬂuﬁﬁs
are restored &10 t heir Stt at es prl.or A he del et ed, _ez‘st roke, after I ch
normal 30  PPSTELE RBYGFITRE Eém%?{{éw A ‘B‘éﬁ‘i’% pinput s selgstedinues (vi a
connector C) at b(t)ck $odng hfphatlityl of abje2ts) eadheofthe rphuralityedf dbjectot t he
BackSpace ke 1h§1qg t a0 for det erm ne
whet her the g?ﬂl ént %%s/equgncgb M’S stg)&a%%eﬁggl%éc?‘p Eﬁge‘@‘%‘%é"ém ft key
(i.e. a key {mReHengy pfus§pt result in the current word bei ng "accept ed"
and output to the text(duffidedtifylng F6m thepNahlity’ HCEBELE At Wast Bhe %Sﬁzé&tfoke
35 continues (via.connector %)t dat bl ock 212. herv¥|ﬁse, gt bl ock 260 t he
Key is -~ ~associated with each generated input sequence and having a highest equengy. of use;

(d) displaying at least one of the identified objects having a
highest 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 input sequence upon detecting one or more selections

of an unambiguous selection input.

81.  The method of claim 80, further comprising:

(a) upon detection of the selection of the ambiguous punctuation
input, provisionally outputting one of the associated punctuation characters;

(b) upon detection of the selection of a next input, wherein said
next input is a member of a first set of designated inputs, confirming the previously
output punctuation character; and '

(c) upon detection of the selection of a next input, wherein said
next input is a member of one of one or more alternate sets of designated inputs,
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 designated
inputs of which said next input is a member.

82.  The method of Claim 80, 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,
provisionally outputting one of the associated punctuation characters, and

(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

not associated with the letter ‘s’,
-
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~determned to be one that will cause the current word to be accepted, and

- at bl O%O%P&S*Pe pState flag is cleared and the C ear Pungicaskashéreq
is.set so that "a punctuation key related flags and buffers will be
~cleared on receipt of the next keystroke at block 202. 5 | f

at bl ock 232, that the Ap®dtropheS flag is not set, then
at bl ocl“m“ﬁ lﬂjmumlmmiet erm nes whether the Apostrophe_Term fl ag
is set, and at * ¢ bl 8ck®272, whether the pState flag is set to PUNCTAPCS
i ndicating that the punctuation key 63 has been rece| ved and that the

speci al case has been recogni "ﬁ%ﬁ S%hﬁi%ﬂ
havi ng been added to_the sel eé@jon %ﬁé_m%‘ﬁ%’v‘i’o og op e Ter%ﬂf ag P'.g

set TRUE for Iatﬁg‘t}a@b%msuch as French where it is conmon

concat enat e vari ous wor ds endl(n.g |rboa1ﬁﬁ§ﬁfgophﬁe(epgmslona119| t) m,mkma
foll ow ng rd tho L n t ween t et

| onguages, it teppliiof Ot the KXY EnSBRS inp S Hikhet dFich o o ﬁ“eamf}“
generate an mﬁmhgtoﬁ%?;nhemaﬁonmpm;dmt to enabl e t he user to

i medi ately begin typing the f Ov\g G de

explicitly actlvate t he Sel ect 5 he %e elgl&a&t bmﬁé{ ﬁ) Ecel%mgnﬁn%z

are satisfied, sad ne’itﬁ@béﬁ]PP%WPuﬁéF‘bult or selected word is accepted and

out put to the text bferuptﬁldeiechbﬁofthesemmfxﬂthqﬂtM%xﬁsaﬁdu@tteﬁbut
Then at bl ock 276, the curr.ent k%i”

execution proceld® FBOIgHgsINpuAS %‘ch wtltrt}eonﬁ§réﬂmgrefql%l&%r:gc Lq?tgﬁrl@gﬁgﬁﬁ e
Cl ear Punct Mbde lettergsi,s set. On the other hand, |f at bI ock 270 the system

determ nes 20 that the ApostrgpheT, g [ ck
that the pState flag is not se@j &{nm en a bl ovt:)d?? é&z‘%l

pState flag is glngprp@,txp(ymhggmntmerated 1nput sequence prior to the selectlon of the
ambiguous punctuation input;

(ii)  starting a new generated input sequence comprising
said next ambiguous input;

(iii) replacing the previously output punctuation character
with an apostrophe and provisionally appends the letter ‘s’ as the textual
interpretation of said new generated input sequence; and

() upon detection of the selection of a next input wherein said
next input is not associated with one or more alphabetic letters, confirming the
previously output punctuation character.

83.  The method of Claim 80, further comprising:

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,

(a) accepting the provisionally displayed object with the highest
frequency of use associated with the generated input sequence prior to detecting the
selection of the ambiguous punctuation input;

(b) provisionally outputting the default punctuation character
associated with the ambiguous punctuation input; and

(c)  establishing a new generated input sequence of length one
comprising the ambiguous punctuation input.

84.  The method of Claim 80, further comprising;:

—
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.normal processing of I |nues (via connector C) at block
212. PII E I’OCGSSI ng of a keystrg srgg}%z%%ent ed

by bl ock 21\5099/15 ovvn in detail in FIGU
post-processing is perfor med as 25 shown in FIGURE 5B, starting from
connector D. At block 300, if the pStat-62flag is - not set, no

post - processing is required and the subroutine sinply returns in a _
bl ock 320. Bl ocks 302, 304, and 306 check whether the Apostrophe Term fl ag

S set, the pState flag is set to PUNCTKEY, and the current default
word ends with an, L f al e conditions are

bl ock 308 the pSt&edfefeaﬁgééfgg't&fmegﬁe lr%l\i‘fe{bwpu&f’?f@?% g’@“’t“‘eﬁ‘gystem
proceeds to Ssneratedinmitggquenes, setting a new value for pState. If at

bl ock 310 the pState fhpg 'g%n&ﬁﬁné q@ﬂd&l@%ﬁ@% ﬂlﬁexpreﬁanoﬁy'\l&}iié%npoﬁ@

bl ocks 312, 314, d 316 t.he ect saved unct
buf fer is -adB®g ofshe prnctistion Ff‘%ﬁ“?rﬁ §§s°&\af°ér‘”1§b$§‘é aEnbigpoys P@thonhmen

glnd Epgg B r ok expperrieg cto tthey @bject Mitht ﬂxesmtgl&tst ﬁé%\h&n K)ffii#g nd‘s?{ciag?doﬁlﬁ g A
t e)(ztc ob; ecf eden 8§ Bf u]tqﬁltg gHad ée?lel%?ed ﬁlput sequence-t[?dt were Input preceﬁmg the
-33- ambiguous punctuatlon input, followed by 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; and
(b)  selecting one of these alternate textual interpretations upon
detecting the manipulation of the user input device to an unambiguous selection input

one or more times.

85.  The method of Claim 80, further comprising:

(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,
selecting the object having a highest frequency of use and 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,

@) selecting an object having the next lower frequency of
use from the identified objects; and

(ii)  replacing the previously output text object in its
display position preceding the previously output single space with each said
successivély selected text object.

86. The method of Claim 80, further comprising

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 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,

‘\
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curPunctWord buffer is a tion list after appending an
apostrophe aywgé 99n1s9s2an mﬂtﬂﬁmaﬂl@jb s 334, 336, 338, and BEIOUSISL0200xt
obj ect saved in the eur fer is added to the selection |ist
after appendi ng a hyphen foll owed by each of the letters associ ated
with the PQRS key. The pState flag is thePset to 5 PUNCT_RCVD in a bl ock
342. If at block 330 the pState flag is not set to APGCSS, then
at "bl ock 352 the system checks whether the current selection list is
enpty. If not, then one or nore obj ects have been found in the

database whi ch explicit () rratceﬂﬁmhﬁgq;w bt ke ¥aid compsawem@ dbj‘hct ae the
keystroke buffer (which udes at | east oBe activation

punct uati on k&3t lﬂtem{?tﬁg e clirent, BSpergter 1aPw SpgE)Ce g;[cgurdhlig &‘ﬁ sgleghion. |
364 wit hout oftha}hnm'umgpumauatMmpmtsamf t he keystroke buffer so that the

dat abase obj ect can be |
O herwi se, as soon as the e are éﬁegnbézeéeﬁé’rkteh%édgﬁle F%%?éﬁﬁ%sélﬁélext
dat abase, at KimddguoYsSEmPUke text obj ect saved in the cur Punct Wrd

buffer is output as accepted text after appending a hyphen to it. At 15

bl ock 358, keystrolgps arA? dedxﬁlbm@k-xfea&um hemedi@! Qfavinge Ieemfeﬁslegedntﬁbleer up
to and i ncl udi n % % strokef t he nctuati o k% éaf!?ka
360" the dat abdOBFPEAHS ot S mAR e s Bt nBURER R P S tout BReliable O
based on the modipbhents keyprising: e buffer. Finally at bI ock 362, all
buffers and flags for ”ta puré.cﬁééf’trﬁyﬂﬂ dompofi&it 161 ‘ﬁﬁfc@&m rghﬂ‘éh@f" Oftﬁ)l uts,

returning fromthe subro Zin ({mnce
Whi e M ni i zieagh of el ersawated wnhmluraély of character, i generais

input sequence having a textual interpretation that is ambiguous due to the plurality

of characters associated with each input, wherein at least one of the plurality of
inputs is an ambiguous punctuation input associated with a plurality of punctuation
characters, and wherein at least one of the plurality of inputs includes an
unambiguous selection input for generating an unambiguous output, and wherein an
input sequence is terminated when an unambiguous input is selected;

(b)  astorage component for containing a plurality of objects, each
of the plurality of objects associated with an input sequence and a frequency of use;

(¢)  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 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 sequence are displayed in order of decreasing frequency of use; and

(¢) a selection component for selecting one of the identified
objects as the textual interpretation of the generated input sequence upon detecting
one or more selections of an unambiguous selection input.

88.  The computer-readable medium of claim 87, wherein;
(@)  upon detection of the selection of the ambiguous punctuation
input, the output component provisionally outputs one of the associated punctuation
characters;

' This Sheet Has Been Repl
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s e MR 557 55.5% R i o

the tree dat Struct tire® 110 depPcted in FIGURE 10, lie Jev&P

neans to retrieve a | arger vocabul ary of objects while using |ess
storage for the vocabul ary nodul e wi t hot4- I ncreasing the processing
time of subroutine 620. By ordering the synbols in each row of
the | ogi cal synmbol index table 550 of a given vocabul ary nodul e

according to their frequency of use in the |nput | exicon, a 30 |Ilarge

gfur S(r:!t L%lemcll})he st L(Bj | Om?a‘?i%&eeé%ave e| r ﬁ%&@ﬂ&l da1E§<aifli el ds

555 equal t de¥hinput 15 a m@bﬁfloirq first 156t off designatgdtinputs,the rqutput sompbsdtof al |

packet s Ilke;oﬂﬁﬁnsme@i-dvm@gaﬁ 9u§&uatloncharhéi€ﬁ a,;(he stem and word objects
are generated in the of their use

ect t, 440 | asin
in the | anguage, a | aggﬂ 8’? %f§°tb°f“? i"l‘?‘%f’ 55@%@8“‘01‘”@!"1‘“ fdles 400
35 in the tnewnputria@tmmbexp@onanfm oraﬂmemhemateeeismldesxgﬁidaaﬁpuk,ﬁel NDEX

fields 556 output component replaces 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 designated inputs of which said next input is a member. |

89. The computer-readable medium of Claim 87, wherein:

(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, 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
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 ambiguous input;

© 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 next ambiguous input, replaces the previously output punctuation character with
an apostrophe and provisionally appends the letter ‘s’ as the textual interpretation of
said new generated input sequence; 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.

90.  The computer-readable medium of Claim 87, wherein upon detection

of the selection of the ambiguous punctuation input and appending said ambiguous
I
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equal to one. Thus, much of the data in the tree 110 are redundant.

Syst emat i cal Wx)99/15952 i dentifying the redundancies and elim nat?%"ﬁ??@r%%y
redirecting th__paLhS——H——n-lH—ﬁg“’— parent nodes to child nodes and

del eting child node ef erencegggd.eads to a hi ghly fol ded or
wr apped data st Bﬂﬂ g far fewer nodes, far fewer 5
instructions, s |n s than the original tree, yet which still
refrieves every obj ect retrievable fromthe original tree.

Furthernore, distinct instances of paths through the original tree
whose instr ucpummatgmrmplatte the enrrent gensrated @PPHSW@“GHP&@ a sequengg that 181

s gener al | 2ol e el R et iea b o ol
i f.iC cons
t he reduced 1@1'0"5\“(1?'!?2%!1?‘@??3'68@’2’%& 4‘%&%?‘5“83?@3{ qsg%%s kgs"g\ﬂi‘ Qfana: |n3
used 1EOI gegl n%eﬁéiﬁtle& rifut] 3duence pribr 2o gleteetiony afathal selectiomchfl the Fobigusumpl e,
an unfol ded vocahul.ary. tr ] f h
‘g\-‘iﬁl ut7§ oq{aﬂg %QIEPU%IS the d@ﬁﬂt}uhbﬁﬁu lﬁgarc%q %s@%ﬂtltéds

wor ds m ght cd
enbodi ment . Afwithr thieo latibigpoby mmpmmn rinpite m@)oﬁsﬁhbhﬁheéf am%v feeneraigg input

process, the h&@&!fieh@&dﬁe%hpﬁeﬁfg%@mﬁ ipEsusipiabugfor@put nstructi ons, a

nupbgr | ess an the nunber Of word objects the structure is capable of
retrieving given t anbi uous. Key oke eval
process enbodi ed |§?a pride SOmpYter-Te glﬁr{ﬂerf@ rﬁﬁ% givhegﬂgr“w&fié@%@ﬂ%
12. A r emar kakyf an acchrrenvedf the ambiguoss pnmatlaaoﬂnmput in the generafed inpnt sgARSACE] t er s
one object in the obj ect( il'l Stpé30, EutapQ% Rsht §é1?15i1£§s SY{iRflate  textulal

t o] a

response to a key press.”“This Is a tonse nce of | ded tre
software 20 riterpreiglonspwbersisonedr gaqrs gt m@@%@ﬁ@@@rﬁss?%?‘fﬂgg%s as

g? QerRgl 902{ 2cga)r<n§1guous ‘ﬁgﬂ@thiﬂ!ﬁltlhﬁtﬂ 1§ Hbﬁxded to the object with THechigisedefreqlepey d£d i n
the "1"s in it%§e F’&teﬁlé@ }l}ee*F&“%‘é‘i OFDHTB%GB gleﬁ)g%ﬁef%ed » utasfsegﬁéﬁg% Gt GireY
input preceding the ambiguous punctuation input, followed by 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; and
(b)  the user input 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.

92.  The computer-readable medium of Claim 87, wherein:

(a) upon detection of the selection of a sequence of one or more
ambiguous inputs followed by a first selection of an unainbiguous 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.

93.  The computer-readable medium of Claim 87, wherein upon detection
of the selection of the ambiguous punctuation input and appending the ambiguous

/
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_enbodi nent the positions of the "1"s indicate that the 2[err] and 4[err]

keys are v Egg hs 25 and have packets of instructions é Shgss to
child nodesvélgg and 568. Packet SZ’E f:"foé% arn SJ -

three instructio 2 0) and "(2,1,1)" fol |l oned by a
poi nter "P" Iinkﬂml Iﬂ ﬂ Id node‘ 64 f subroutl ne 600 has
processed a |i st eadi ng to node 560, then subroutine 620

were call ed to process a 2 key, which is the ABC key in a preferred
enbodi ment, the 30 follow ng woul d happen. Instruction 561 woul d append

the 1[err] | pgichatios HipaPto GE clidnt generaté@ﬁ #8equénde tb%ﬁr‘i‘ﬁ s@#l glélgflﬁ?fsSga

d 1 buil d bj, e d Th ,
L0 N o 1 e Papdued St GoRmgiEl whroeckan Biemory Wifh bt frmenenptuse | o
not t he ! ast thanaidsuwith apundétuation characeenasspeiatedtwitls sait enbigous puﬁdma:mh_ | i onn36|3

(0]
of key ABC (RUGEEE upor eckdefi B0 st oSt dARRGR Suhdin Safiidely B8 5% DY

obj ect at i ndmkigpousTimput rassociated t wish one or more alphabenc letters, the output

- 35-  coNRpiéneRy esﬁﬁrmsl {heb@utﬁutbef: RACcdrhifletel OWERS obfect! B¢ tHEeRRAIECT S
being built are IH‘EHC
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.
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. the order of the instructions thenselves, e.g. the 2[err] instruction

al ways bui | dsSWORS1SH2r I | object. The third field of instr®CTIUSHS/BEBH)
"0", is the fal se value of the STOP-FLAG 33 557, so the next instruction
567 is interpreted. Instruction 567 would append the 2nd 5 | ogi cal
synbol of key ABC (a "c") to the old object at index 1 to build the new

obj ect at index 3. The third field of instruction 567, "1", is the
true val ue of the STOP- FLAG 557, indicating that this is the | ast
instruction of the current packet, so execution of subroutine 620
woul d pass from bl ock 638 to bl ock 644. It is possible to

conbi ne two or nore nodes containing different instruction 10 packets 408
into a single node which can serve the sanme purpose as the multiple
nodes separately, which neans that certain nodes in a vocabulary tree 110

are redundant in a novel sense. For the purpose of this invention the
word "redundant” is used with respect to two nodes in the sense that
one node can be di spensed with by t he operations of the software

~ processes which are depicted in a preferred 15 enbodi nment in Fl GURES
14-17. For exanple, conpare node 560 to node 574 in Fl GURE 9.
The instructi packets 566 and 571 on key 2 agree exactly, but
instruction 5 on =CONTTTClS Wtn 1 uction 572 on

- key 4 of node 574, so]neither can do the work of the ot hqr, nor can
the two nodes be_conbijned i nt of jboth 20
Conpar e node 56Q to ndde )7€H9The i structlo ets nd |577
associated with Hey Pe€°E %ns 88dti ons {569 and
578 are different in fhe | WOoBteRn &Qﬂ @ct 9 G Fiellds 557, but
that difference |does rjot gause themto conflict. The pssqntial {result
~of the object retébevy ocess of subroutine 620 in RE 14 (is the
~ new object |ist cr eat 4~k executing the set of instructiogns dt a 25 node
for a given key.l Addi ti bj ects can be appended to the enq of an object
| i st

©

o
>

59 ) rlm/—m |65
2 ) ) ) o

58 60
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wi thout detrinent to the correct processing of any of that node's children.

" Thus, no Skjors woul d be caused in the processing of gdygyseromdsen of
node 576 b‘VOPP(é 3§<ecuti on of, an a@?i tional instruction after 578. The

essence of the process would be di'sturbe only if the wong

instruction were to execute or if too fewinstructions were to 30

execute. Simlarly, the presence of a valid key on key 9 of node 576 .does

not conflict with the absence of a valid 9 key in node 560.
Therefore, nodes 560 and 576 are redundant and can be nerged into a
new node 582 which achi eves the net effect of both, and functions
correctly as a parent node of the children of both. It wll 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

whi ch do not continue to

- 36- formthe s3Lenms o of | onger vvord$3 t he poi nt%§ in the valid key
packets 408 have a e - value,—NUL i p—a—pret farted enbodiment to
i ndi cate that there are|n¥YBOARR Her DISPLAY SPEAKER

4 3

b
HEMORY Ve 106
OPBRATING SYSTEM

108 : -
\\ DISAMBICUATING | VOCABULARY
SOFTTARE MODULES

e
APPLICATION PROCRAN - f’ 14
APPLICATION PROCRAN —_

Figure 2



children. Such nodes are called "term nal nodes." For two nodes with child

nodes lid keys in commpbn to both nodes, the res | d
wo B%P.?éf‘ y BEf d}dsyﬁzdiﬁd

nodes nu dundant 5 for their parent nodes to be redundant, and so
on to the nodes descending fromthe children, until term nal nodes
are reached, or until there are no nore descendants on valid keys
sequences comon to the nodes bei ng conpared. FI GURES 14 to 17
depict flow charts of preferred enbodi nents of software processes for

the conpression and fol ding of vocabulary nodule trees simlar to 10 tree
110 shown in FIGURE 1 0. FIGURE 14 is3a fl dd&chart of preferred enbodi nent
of a software process to build a conpressed vocabul ary nodul e. In block 652
a | exicon is scanned to identify any necessary additional anbi guous
synbol s ot her t han }heee—aﬁpeafog on the physical keys, such as in
FIGURE 6 for a Fren vogaaul ary Ynodul e. I n bl ocks 654-656 the

synbol -heik_|l ogi cal _indfces 15 on their respective keys in
decr eas bisglay@kiektion isfand Helr frequgncy of use in the input | exi con, as
in the, @wasnpialyd(;blamheGURE 7. Gvgn a |lexicon of objects with

frequen(frﬁ&%“’yifth F"Ia K to someone skilled in the art how bl ock 658
bui | def ?:tda?:%x;t ‘{,’F{,}%ul ary tree df the form 110. In block 660, redundant

nodes w@ar e md rgedyghoget her to minimze duplication of
data and, hence turnlii so ' ion 20 sequences aSSOCIated with
singl e objectd intg generpl Velder Y fbT Tetrieving nul tiplE
obj ects__This nrnc&ﬁg IS ensoAd i n FI GURE 15. Bl ock) 662 |de$t|f|es
all the ng CEreplotddbigyfor firom term gyl nodes af ‘rvange$ t hem
to poinf € 'ng;f}ﬁﬁi'ﬁ A wiubduatidndey ar,gest[” ninber Jof pa S
i ncreas ng(m@mamber of ful éRCYREMe nDdtH S Toe —HViKerpat Mogep él at ed
that other rules coulld apply to .SS|gn|nq gqh 15 nodes t Oy Fenesdy NU@L
poi nters, and That1§ych rul es -1be appl i ed dynamical l y ™8 he tine of
obj ect pei+ie ed on: q&; S gd to the key strokeg, bein %
processH IR | < i

explicit space at Set Keypad Mode |

insertion point ﬂag. back to Upd;tsep::!ytop __?

Yes No previous value I No

F 3

Is Selectio;x fist Yes keystroke the Keypad Mode
empty’? Select key? Yes automatically
change?

No No
¥ 174A 166
If OverloadSelect flag
is TRUE, add space to Is
end of each entry in Kevpad Mode ves r ¢
selection list and at ggg set? in the ;electzon :
insertion point. list? N
[]
! 174 168
il No
Change solid-line box - 154 N
to dotted-line box Add keystroke to Output expl:;lt
around first entry in keystroke sequence B character bas o:
selection list and Keypad Mode an
: around provisionally l 156 keystroke
displayed text at i | Identify corresponding objects in "
insertion point | vocabulary modules . .
158 r - - .
l — ) | Accept the provisionally displayed |
A Resolve priority between object lists from : ! entry as the interpretation of the :
different vocabulary modules according to: L—ves-»i previous keystroke sequence in the
system mode of operation : I text region, and convert to normal
¥ 160 i text ;
| Resolve priority between objects from the
same vocabulary module

] Figure 3



664, the remaining instances of each unique instruction 558 and pointer

404a are counted so that they may be encoded as uni que patterns of
~bits with shorter bit patterns beyng3§ssigned to hi gher frequency .

i nstructi O¥Q9¥IBS2addr esses to conserve’ 307 space. I n a pr #CIYSSE20hodi nent

of the present invention, Huffman coding is used to assign m ni mal

| ength bit patterns to instructions and addresses. It wll be

appreci ated that Huf fman codi ng techniques are well-known in the art, "and

t hus, need not be discussed in nore dggail herein. Furthernore, nodes

which are child nodes of —3g4
special orderings to facili {onli

nodes may be stored in

B mafkids

d i

n
- 37- retrieval and m nighje&eq ke nunmber of. bits required to address
them Finally, the data genergred gay escri bed above is witten to a
file in bl ock 666. g i nstructions 558 to describe

objects to be stored whil e puiosthreggssingfor tthe tree at bl ock 658, it will be

. . u H
appreci ated that when objects F?%‘Ff_‘gu 't}g?’ orf stens [of

3 179

Provisionally display the
selected entry in a dotted-line
box in the selection list and at

the insertion point

v 175

@ Wait for keystroke

175A
Pre-processing for

punctuation key
(FIGURESA)

176

Is keystroke the
Select key?

No
v 180

Accept the provisionally displayed entry as
the keystroke seguence interpretation in the
text region, and convert to normal text

v 184

Clear old keystroke
sequence

Figure 3 (cont.)



5- words, their character sequences contain additional data which nmay be

.used advant ageously to increase the redundancy of .the nodes in tree
110. For exaipbsisesz not all pairsS5of /let3dBers in the Engli sprjuseiiesRe are
equal ly comon, e.g. "s" is commonly paired with "t". The statistics

- of letter pairs, or bigranms, can be used to predict the nost likely

~next letter in an object fromthe preceding letter. Wth such 10
predi ctions the |ogical ordering of the anbi guous synbols in the |ogical

synbol i ndex table namcally altered to further optimze
the use of the first possdrt on. The predictions can be extended to
~letter triplets, trigr , and generdlly to n- gr ans.

FIGURE 15 is a flowchart of aipreferred enbodi mnent of a software process to

15 fold the tree 110 nmodul e. Block 670 is entered from
- bl ock 660 of the f| ovRehEreshol F| GURE 14. Bl ock 672 initializes the
process to begin with tthe fMWpEgctor ode of tree 110 of FIGURE 10 after

the root node 111. Bl ock 674 qall s1g§ubrouti ne 690 depicted in a
preferred enbodi nent i p—the—ftMeweharty of FIGURE 16 to | ocate a node,

~if any, which is maxi mxllysﬁlxé\ﬁﬁjg%gnt hith the current node. If a

~destination 20 node i fM*“-.. ~—aec+s4 on bl ock 676 directs the process to

- bl ock 678 where the redundantggode(s) are nmerged together, elimnating
duplicate data fromthe tree ¥ Sabsum ng nul tiple, individual instances

- of instructions into shatagdalinedesdmiress whi ch are general rules for

- associ ating keystroke gequemetge @ ob| ects. |f decision bl ock 676
fails, then decision bllockUwBeressedt s whet her the process is done. If there

25 are nore nodes to procesy, the tlow advances to block 682 to identify
anot her node. JRE 16 is a flowhart of a preferred

enbodi nent__of a1§3 t 993 find in a tree 110 a node with

t he jhi ghest degree Mt h respe gi ven node. Bl ock
- 690 | s giak&loadad rom bl Qe w;éart Oolak! GURE)lS.
: already processed

A

2]

Get next unprocessed node. Find
MostFreqWord, MostFreqWordTot
and MostFreqStemTot

195

Is
MostFreqStemTot >
(MostFreqWordTot *
MinFactor) ?

———No

Is
MostFregWord >
MaxWordFreq ?

‘I,/VO 197

Promote MostFreqStem object to appear
first in the selection list for the node

Figure 4



Block 692 initializes a placehol der MAX- SAVINGS for the measured

r edundancy.wégw15

node 111 of tree 0 of

depicted in a flow chart of a preferred

conput e the redundancy of the given node with

Deci si on bl ock 698 tests whether a degree of
bl ock 700 records the identity 35
SﬁLtthe npde provisionally found to be nost red

node.
t han
BEST- NODE

S reported.

| f so,

ock 694 initializes the process to start t
o] FI GURg 10. Bhock 696 calls subrpg{}ﬁ%@ﬁf%

enbodiment in FIGURE 17 to
respect to the current
r edundancy greater

undant with respect

to V4 - 38- t he
gi ven e reported neasure of redundancy as MAX- SAVI NGS.

Deci si on | k o092 tests whether all nod®88 have been evaluated. |f not,
flow Lnhues to ﬂ#ock é&é A icg advances fromthe current node to
t he YebD ﬁg&%nt ﬁ%'}g&%mureturns to block 696. If the
resul eSt at dpci sran %FOCR 5 i702 is that the | ast node has

t hen bl 6CK 706 r¢

current key the
punctuation key?

Is pState
flag set?

Yes No
v 206 v 222
di?avtitu;‘: sc eulgst‘;t:i Clear all buffers and flags
word (if any) as for punctuation key
curPunctWord
i 208
Set flag

pState = PUNCT_KEY

pturns the identity of the

230

current key an
ambiguous data

Yes

is 242
Apostrophe_S No o
flag set?

Yes

234

Is flag
pState set to

pState = PUNCT_RCVD

PUNCT_KEY?
No 236
Is the
current key
No associated
with 's'? 7 yes
{2 J 238
Set flag Set flag

pState = APOS_S

A 4

<

212

4

Process current key

» and generate updated [«

selection list

{
| .
214

214
(¢

/

\//I

Figure 5A




node nost redundant, if at all, to the given node to block 674 of

subr out i {8 §480Hf FI GURE 15. FIGURE 17 4 SLI hart of
a preferred enbodi nrent of a software process to conpu e § nmeri cal
redundancy between two specified nodes. Block 710 is 10 entered from bl ock
696 of the flowchart of subroutine 690 of FlI GURE 16. Bl ock 712
injtializes a count of duplicate instructions. Block 714 initializes KEY-
INDEX to 1. Block 716 reads the instruction packets 406 associated with key

. KEY- I NDEX fromthe first of two nodes 400 specified as paraneters to

~ the subroutine and puts themin’a’teddorary list, LIST-A If key

~ KEY-INDEX is not a valid key, no 15 instructions are read. Block 718 reads
the instruction packets 406 associated with key KEY-1NDEX fromthe

- second of two nodes 400 specified as paraneters to the subrouti ne and
puts themin a te{morary list, LIST-B. If key KEY-IN [ S4p0t a
val id key, ng uctions are read. Decision block 7 %d t erm nes whet her
ei t her <LTST-A or LIST-Bis enpty. If not, bloc 2 fetches one
i nstruction f m bot h 20 LI ST-A and LI ST-B, reduci ng fhe nunber of
instructions pe 2% ng in each by one. Deci si on k 724 t est,
whet her the

ions are the sanme in their LOG C£ 70 SYMBOL- | NDEX
fd7el ds. If not, a failure c¢e nogdundancy
9 tk the decisi on
of bl ock 7 X
SAVED- | NSTR ONS. 25 Control passes again to bl ock 20. If the decision
bl ock 720 testg TRUE, confr ol passes to decision Msock 730, which
tests whether §he t28@ nodes have been conpared rezslgect to all

possi bl ¢ keys. |f notl bl pck 732 increments KEY-IN control

passes eBﬂZfate °‘P§‘é’§1" ‘If the decision at block 73 y r ol
pa_sses ﬁersmstafb? %o 734 1o reset KEY-INDEX to 1. 3 xam nes the
pol nt erT aAsisté ke
l
Yes
v 274
i Select current defaulit
| selected word and
Ioutput as accepted text
y 278
: . Clear current :
' ) 262 keystroke list '
Clear pState flag, and set
:  ClearPunctMode flag
: TRUE to clear all buffers -
and flags for punctuation
i key on next keystroke
! 7
! ' 7
: 214 ~ 278
' y o C e Set flag !

pState = PUNCT_RCVD '
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30 with key KEY-INDEX of the two nodes. Decision block 738 tests whether

ei t her o] r is enpty (NULL), which would be the casgctpkoshobsd Nt €r
in a termWé?D”Hgé@ or for anysker WEgch is not valid. Fﬁne?ﬁer
pointer is enpty, control passes to bl oc 740, which uses subroutine

710 recursively to test whether the child nodes pointed to by the two
non-enpty pointers are redundant. The result of block 740 is tested at 35

deci si on bl oc 42. 1f the two child nodes were found not to be redundant,
a failure \ - 39-

code is retukngdiin a block 744. O herwise, the two children are found to
be redﬁhdaﬁt with a certain nunerical score which is accumul ated by
bl ock 746. y Decision block 748 tests whether the pointers associ ated
with the |la Joey 9 in the preferred enbodi nent) have been

teste k752 increnments KEY- 5 | NDEX and passes control to
bl dcK™7 e test at block 748 determ nes that all poi nters have

t he accunul at ed nuneri cal neasure of redundancy

' Is
Apostrophe_Term
flag set?

310

Is flag
pState set to
PUNCT_APOS or
PUNCT_KEY?

|
Yes

Is flag
pState set to

304 APOS_S?

Is fiag
pState set to

Ni
PUNCT_KEY? o

Y 312 Y 332
Append period to Append 's to
st curPunctWord and add curPunctWord and add
to selection list to selection list
306 314 I 334
o h A d-sto
current default Append hyphen to ppend -
word end with an No¥ curPunctWord and add curPunctWonfd ar.zd add
apostrophe? to selection list to selection list -
v 316 \ 336
Ye Append apostrophe to Append - to
ss 08 curPunctWord and add curPunctWord and add
jon list - to selection list
Set pState flag to to selection lis
PUNCT_APOS j 338
Append -p to

curPunctWord and add
to selection fist

340

h

Append -g to
curPunctWord and add
to selection list

7 342

Set pState flag to
PUNCT_RCVD

Figure 5B



of the two nodes originally identified when the subroutine was entered at
bl ock 710 WO 99/K5952t ur ned. It will be appreci at RCI/USS{20208¢
cal-cul ati on of nunerical values of rédundardy 10 may be wei ghted to take
into account additional factors such as the nunber of branches
present at each node and the nunber of parents which point to a node as a
child. Lt will be appreciated that if tw nodes are not redundant because
of the ordering of instructions associated with a certain key, the
order of instructions associated with | ow frequency words in the

i nput | exicon could be reordered without 15 inpacting the priority of

instructions associated wi th hi gher TTed8@ncy objects, thus

i ncreasi ng the redundancy of the t L1l Representative System
Oper ati on FI GURES 18A gugh 18K depict the display 53 of the
portable 20 conputer 52 during repriesentative use of the reduced keyboard
di sanmbi guati ng system After ni rg,?zon the power of the portable
conputer, the text region 66 and sel ection list region 70 are enpty.
In FI GURE 18A, the user has typgrtdieciBiioASE "This is a test". The
vocabul ary nodul e has identif ; rKe §'°T'ﬁfer pretation of

t he sequence of the |ast four W, DEF, HQRS, TUV as the word 25

"test" and has provisionally postedN{ s interpretatfion at the insertion

poi nt 900 and al so placed this vord first in the selection list as the
default interpretation 901. This Yesfirst _entry in the selection tist has
been drawn with a solid-line pox around it 356 (indicating that it is the

inplicitly selected object), and j\;;pe gs: | so| been prjovi sional ly post ed
in the text region at inserti onc@pﬁr{awg.dﬁngvi h a soljid-1ine box drawn

around it. output as accepted text

{ 358

Delete keystrokes from
start of keystroke
buffer through and
including keystroke for
punctuation key

. 360

Generate updated
selection list based on

modified keystroke
buffer
X 362
Ciear all buffers and
flags for punctuation
key
4 364

( Rewm e

Figure 5B (cont.)



.30 The vocabul ary npbdul e has also identified the word interpretation

"vest" and steminterpretation "vert", and placed

i nterpret atvflﬁﬁgll?ﬁz the selection |{st, Thg punct uati on Key Btr’%%zgossi ng -
software shown in FlI GURE 5A and 5B has saved the text object "test" in
its curPunctWord buffer. In FI GURE 18B, the user has
subsequently pressed the . - ' punctuation 35 key 63. No object in the
dat abase mat ches the keystroke sequence of the four keys

- 40- TWV, DEF, PQRS, TUWV followed by the punctuation key 63. Thus,
the only text obj ects appearing in the selection list are those added
by the punctuation key processi ng software, consisting of the

curPunctWrd "test"” with an append§q£5§£¢q6 911, hyphen 913, and
apostrophe 914. The resulting defaul ection list object is 5 "test."

911, which is also provisionally posted in the text region at insertion
poi nt 910.

Physical Key

ABC - sa

Logical Key
(French Language)

L 541

wr L




I'n FIGURE 1 8C, the user has subsequently pressed the Space key 922. This
has gener at eW@P/E884 i cit space char acter whi ch has t erm nat ePCT/Ki89820200ent
keyst roke sequence, and caused the sy§§en1to 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 exenplifies
one of the default behaviors of the punctuation key 63 - when
activated prior to an activation of t (or Sel ect) key, in the
absence of a match with an obje EHEE dat abase containing a
correspondi ng punctuation 15 character, the previous default text object
is output with an appended peri od. In the case of a system
designed for the English | anguage (in. which the flag Apostrophe_ S is

set TRUE), FIGURE 18D shows t ?ﬁ mﬁq GURE 1 8B when
t he user presses the PQRS keyygsg;i§gggh 553( gfproce53|ng shown in

bl ocks 332 through 342 of FI GURE n the punctuation key 20
processi ng software addi ng the obmgkeiébié'test-s", "test-r",

"test-p" and "test- g" to the ele ion lisgt in that order. Thus, the
resulting default selection list o FCNCNtest' s" 931, which is also
provisionally posted in the text reglon at insertion poi nt 930.

FI GURE 18E shows the result that follows FI GURE 18D when the user 25
presses the TUV key 932 (with the idea of typing the hyphenated word

"test-run". 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 out put as accepted
text, and the keystroke buffer to be nodified to contain only the | ast

two keystrokes PQRS and TUV. Querying the database (at bl ock 360 in 30
FI GURE 5B) based on these two keystrokes results in the selection |ist
shown in

1213145617 :}-552

1y .1 -1"
2 ajc|b|d|c¢| a
3lelé|d|f|e| €| ¢&
4 11}l gl h} 1] 1

550 — s 1115 |k
6| njo|m|d| c
71 r|s|p|q
8| t|lu|v]|daja|uwj|i
91 x|z |y |Ww
L_rJ

551



FI GURE 18E. The text object "st" is the nost frequent and thus appears as
t he de | ection list object "st" 941, and is also tsional |y
posted in tﬁ?%%)?’?ﬁ region at ipseytigm point 940. PB&RI%%?@JRE .
18F shows the result that follows FIGJURE 18E when the user 35 presses the
MNO key 952 to finish typing the hyphenated word "test-run". No

41- speci al punctuation key processing occurs since all flags were
cl eared at bl ock 362 of FI GURE 5B i n processing the previous '
keystroke. Thus the system sinply processes the current key sequence
PQRS, Tuv, MNO Querying the databai? based,0p t hese t hree keystrokes
results in the selection Iist shownHkZUL 18F. The text object 5

"run" is the nost frequent and thus appears as the default selection |ist
obj ect "run" 951, and is also provisionally posted in the text region
at insertion point 950. FI GURES 18G t hrough 18K show an exanpl e
for a system designed for the

408
)
! l
402 406 4042 404b
B | | | - |
VALIDKEY |  INSTRUCTION(S) INSTRUCTION(S)
BITS(9) |FORFIRST VALIDKEY | PONTER | pop NEXT vALID KEY | FOMNTER

INSTRUCTION(S)
FOR LAST VALID KEY

POINTER

404n

400



French Ianguq&g (in which the flag Apostrophe_Termis set TRUE). In this
exanpl e, - WORIES2r types the text _object "c'est" which act RaIgs9s/20200
consists of the word "c"' 10 concat édat éd th the word "est". FIGURE 18G
- shows the result when the user presses the ABC key 962. The sel ection
list shows the single character objects associated wth the ABC key

- for the French | anguage, including the accented characters [err],
[err], and [err]. No special punctuation key processing occurs since al
punctuation key related flags have been previously cleared. The system
sinply 15 processes the current sidEh SEﬁuence ABC. Querying the

"~ dat abase based on these this keystroke results in the selection |ist
shown in FIGURE 18G The text object "[err]" is the nost frequent and
appears as the default selection list object "[err]" 961, and is al so
provisionally posted in the text region at insertion point 960.

ey 63, The objects - ¢ - aMISCELICHIOALSEINALICS A fbase. - and are

added to the selection list at blocks 156 through 160 in FI GURE 3
after querying the database, so that the resulting default selection
list object is " ¢' "971. Consequently, each of the tests at bl ocks

300 through 306 in FI GURE 5B succeed, and the pState flag is set to
PUNCTAPGCS i n bl ock 308. Follow ng the objeggg;" c' " 971 and " a- " 973 in
the 25 selection |list, the punctuation K€y processing software (at bl ocks

312, 314, and 316_in _FIGQRFE BR) adds the ohjects " [ery]l " " [ory].
", and " [Eﬁr]' " consisting of the curPunctWrd " Jerr] " with an
appended p¢lQGITALISYMBOI-INDEXLQBJHCT 315 TINDEX §TQOP-FLAG)
default sel'ection list object is " ¢ " 971, which is also provisionally
posted in the text ‘egion at insertion point 970. 30

| I'n
FI GURE 18I, the user has %ybsequently pressed th%ngF key 982. Sin§§7
the pState flag was set ? PUNCT_APCS as a resul t7~0f processing th

previ ous '



.keystroke in FI GURE 1 8H, the punctuati on key processing software executes
bl ocks 274,wd48nsdpd 262 in FIGURE 5A. The current default | i st

. W /15952"
obj ect Ec' " is output as acggptred zzext 983, the curren %?é@pgke
buffer is cleared, and the 35 systemsinply processes the resulting

si ngl e-key sequence DEF as a result of adding

-42- the current keystroke DEF to the cleared keystroke buffer
Queryi ng t he dat abase based on these this keystroke results in the
sel ection Ilist shown in FIGURE 18! Fidgre 9 text object "d" is the nost
frequent and appears as the default ection list object "d" 981,
and is also provisionally posted in the text region at insertion point 980.
5 FI GURES 18J and 18K show &4 results that foll ow FI GURE 181 when
t he user presses the PORS key 992 (in 18J) and TUWV key 997 (in 18K)
to finish typing [ the word "est". No special punctuation key

processi ng occurséx'%]c.e_t_h.e—-\ Cl ear RgnsgIkete fl ag was set at bl ock 262
ceq '

of FIGURE 5A in proce48il0d Q0R0Pfevi gus™ ~ |/
— ]
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~keystroke, so that all buffers and flags for the punctuation key were
cl eared at blwORY152 202 of FI GURE 5A. Thus the system sinpl yPOT@Se%20260

the current key sequence DEF, P@BS,/ TUBB Querying the dat abase based
on these three keystrokes results in the selection list shown in
FI GURE 18K. The text object "est" is the nost frequent and t hus

appears as the default selection list object "est" 996, and is al so
provisionally posted in the text region at insertion point 995. 15

The French | anguage contains a nunber of very frequently used particles,
prepositions, and pronouns such as le, ne, ce, de, ne, se, je, que, tu and
te that, when preceding a word tEﬁzgaggi with a vowel, change their
final vowel into an apostrophe a t$ d with no space before the
foll owing word. Wthout the behavi or supported by the punctuation key
63 shown in the preceding exanple, this 20 frequent concatenation of word
obj ects woul d otherwi se require the user to nake an addi ti onal key
activation of the Select key in order to termnate the first word object
~(c'" in the exanple shown) prior to typing the second object (est). Thus the
ability of - the punctuation key 63 to support autonatic concatenation
to word objects that end in an apostrophe significantly increases the
ef ficiency and natural feel of the system 25 forqggﬂblgpg??ges such as
French. While the preferred enbodi neRI_O¥ th nventi on has
been illustrated and described, it will be apgfwciated that various
changes can be nmade therein w thout departiAy//frogthe spirit and
scope of the invention. For exanple, those skijJfedfin the art wll
appreci ate that the keyboard 54 of the reducgd kkeyboard dihsanbi guating 30
system may have as few as three or as many” as pnty data kKeys. The

di sanbi guati on techni que di scl osed hergin/is equglly applicab e_%o
keyboar ds of different sizes. The gpecifdc ¢gharacters asso¢fated with
t he punctuation key 63 may’ P2

DO | )

P12

& & >

110



be changed. For exanple, those skilled in the art wll appreciate that the
period coul dw%99/15 replaced by the comma for certain applicagirRi3ss20200
Furthernore, the specific 35 sel ectjgong oBzwhi ch punctuati on character is
generated in different surrounding

43- keystroke contexts could also be altered. For exanple, two
successi ve activations of t he punctuation key 63 foll owed by a could
result in generating an Em Dash "-", whil e three successive
activations would generate an ellipsis "...". Those skilled in
the art will also recognize that additional vocabulary 5 nodul es can be
‘enabled within the conputer, for exanple vocabul ary nodul es cont ai ni ng
| egal terns, nedical terns, and foreign | anguage terns. Via a system

menu, the user can configure the systBq g&hpt] the additional vocabul ary
wor ds can be caused to appear first?or last in the list of possible
words, with special coloration or highlighting. Consequently, w thin
the scope of the appended clains, it will be

430 440
| |
B | | |
OLD OBJECT LIST NEW OBJECT LIST
1| ba 1] cat
21 ca 2 | bat
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10 appreciated that the invention can be practiced otherw se than as

speci fical | ywo9snsesscri bed her ein. PCT/US98/20200
di.sambi guati ng system for disanbigﬁétﬂng3%uﬁﬂguous i nput

sequences entered by a user, the disanbiguating system being of the type

t hat i ncludes: (a) a user input device having a plurality of inputs,
each of the plurality of i nputs associated with a plurality of
characters, wherein input sequences generated by 5 sequenti al operation
of selected inputs have an interpretation that is anbi guous due to

the plurality of characters associated with each input; (b) a nenory

cont ai ni ng data used to construct a plurality of objects, each of the
plurality of objects being associated with an input sequence and a
relative frequency of use, all objects being stored in the nenory in

a tree structure conprised of a plurality of nodes, ggherein 10 each node
is associated with an input sequen ; re objects; the

FROM LIST OF KEY PRESSES
RETRIEVE OBJECTS FROM
VOCABULARY MODULE
SUBROUTINE START

‘ 602

CLEAR NEW OBJECT
- LIST

! 604

POINT TO ROOT
NODE OF TREE

] 606

GET FIRST KEY
PRESS

608

CALL SUBROUTINE
TO PROCESS ONE
KEY PRESS WITH
CURRENT KEY

A

I

610

HAVE ALL KEY
PRESSES BEEN
PROCESSED?

612

GET NEXT KEY

PRESS N

Yes

¥ 614

f RETURN NEW>

\\ OBJECT LIST

Figure 12



.plurality of nodes being connected by a plurality of paths, each of the
plurality paths linking a parent node associated w i nput
sequence V\n'c‘{v 92{1509ﬁfl d node ag$ogi atsgd with the base irﬁ)ﬁlﬁssgg%lﬁfgnr’lce of -
t he parent node and an additional input; and wherein the objects
associated wth a child node are based on the objects 15 associated with
the correspondi ng parent node t gy ' f . e is |inked; and

are constructed using a code prf@ROCESSONENEYHRESP Y o nodify objects
associated with the corraspSHERAYTIEEMRThode; the code used to
construct objects associated with=a chitd ”QQF by nodi fyi ng objects
associated with the correspondLng_paLeauLmu#L————— conprising a
specification of a numerical ijREAD\ALID KEYSBITSEIELBSIsoci ated with the 20
correspondi ng parent node and [a speECURRENTNODBf a |nunerical index of one
of the char act ers associ ‘atet—mtH—he rttonal input |inki t he
parent node to the child node; : digp ay to depi out put
to the user; and (d) a processor
menory and di splay, the processof~
nore objects in the nenory associ at ed
25 | east one candidate object with the f
candi dat e obj ect being a j t | east one word object is
associated wth the generated coPYINEWOBSESIUGSTE and being a word stem
obj ect when no word object is agsao ateOBIBATILIST t he generated input
sequence; and (ii) generating a } usi ng the display to
display the at |east one identified cand¥date &3Bject associated with each
generated 30 input sequence as a| tgdiiBkst OhBDAr et ation of the generated

i nput sequence; said di sanb] gugistrRgcApNt em bei ng characteri zed in

t hat : said nenory t s arranged to elimnate
redundant parent nodes, two parent godesésd the tree being redundant
when al |l codes associated with a P \\EW-INDEX = 1

gach gener at
ghest _frequency of use, the

] 632
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i nput sequence that are present in both of the two parent nodes are

identical inwmew1s952 PC/ES598/20200
the codes occur in the same sequencel@nd sp¥cify the same numerical object
i ndex and the sane nunerical character index and, further, for al

i nputs for which child nodes are linked to each of the two parent
nodes said child nodes are al so redundant ingghe sane recursive
sense, one of said redundant pare f omtted fromthe tree 5

structure in nmenory and the remafning ggndant) parent node bei ng augnented
by any codes and links to ghild nodes that were present only in the
om tted redundant par ent nodg; i nks from any parent node of
which the omtted parent node is a | childggging re-witten as links to

t he remai ni ng redundant parentrhotde—— 2. The system of

U
Caim1, in which one or more |cAIBY%HN ANEA -g Abcl ude 10 speci al
diacritic marks are associ at ed E@L ‘;3¥” i t{ with which the
' i

correspondi ng character w thout actific imarks i s associ ated.

¥ 654
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3. The systemof Caim 2,
t he

4, The systemof Claim1,

object with the highest frequency of use that

interpretation of

when the frequency of use of said
predeterm ned factor the highest
word object associated w th the geTRERFEUDINGUt \sequence,
sai d hi ghest frequency of use
the generated input s

with
t hr eshol d. 5.
one object with the highest
di spl ayed as a textual

generati on of one or
characters are out put
t ext ual

i nterpr
is confirnmed for output as the
i nput sequence upon entry of ahy in

nore characters,
i medi ately foll o

in which the one or

wherein the at
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FIRGTNGDE ATTERGTHE 4
TNPRE 1 esul
W
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correspondi ng character wg hput ggpeci al diacritic 98/20309
| east one identified candi date
is displayed as a textual
the generated i nput sequence is a word stem obj ect
word ggh em obj ect exceeds by a -

associ ated with any
and 20 where
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is provisionally
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t he sequence of codes which create objects associated with the child node.
7. The sysworm9us9s€l ai m 1, wherein the nunber and identity ofpcmm;gmmal

i nputs whi ch correspond to child nodéd | ¥nk83 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 chil d nodes. 5 8. The
.systemof Claim7, wherein each set of one or nore codes used to

create the objects associated with a child node is imediately foll owed by
a pointer to said child node, and wherein the one or nore sets of one
-or nore codes and foll ow ng poi nter are placed sequentially in menory
Wi thin the parent node in the same order as the valid key bits that

i ndi cate the nunber and identity %Modes. 10 9.

~The system of Caim 1, wherein yh&@FREE§EARCH FOR CQdes which create

MAXIMUM REDUNDANCY
SUBROUTINE START
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i 692
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Obj ects associated with a child node are ordered in menory such that

obj ects arewgog/seds’ €ated in a sequence that is sorted with respect to the
frequency of use of said obj gt s.s33 10. P¢ ng%ﬂ}% of
Claim1, wherein the indices of the characters associated 15 wth each

i nput are assigned sequentially to the characters in degcending order of

t he frequency of occurrence of rd objects in
menory. 11. The sy, t he indi ces of
the characters associ at ed Wi t{h TWRNODES: NODES INRRE-B nHi ces that are
assigned to a string conprising a pkur alSUBROYTINE STARTchar dcters. 20

12. The systemof Caim1l, wherein the code sed to o struct objects
associated with a child node by nodifHs ted with the

cor r espondi ng parent node als W&'%E?&U%@H?@c tion of an object
type associated with the constructed obj =ct aqqg)m ated with the child
node. 13. The system of7G riei n the object type
that is specified 25 includes informat %ﬂPﬂwmﬁ)ﬁmf he part of speech

of the constructed object. The system of O aim 12,
wherein the object type that i.s38peci f[i

déls i nformation
regardi ng the capitalizdNCBEMENTt he CO BTy TEEP Bﬁg 15.
The system of O aim 12| WREINDEX t he otjdi:qjoﬂg( mf@g,gTiAs speci fi ed
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I mcl udes information regarding inflectional endings and suffixes that may
be appended 3®wo0%aseshe constructed object. PCT/US9360200
The system of C aim 12, wherei;n the &3 elt 8Jpe that is specified

i ncl udes a code that uniquely identifies the constructed object anong the
objects in menory. 17. The system of C aim 12,
wherein the object type that is specified 5 I ncl udes i nformation
regardi ng the frequency of use of the constructed object.

18. The system of Cl aim 12, wherein the object type that is specified

I ncl udes information regardi ng whether the constructed object is a

~conpl eted word. 19. The systemof Claim1l, wherein the

i ndi ces of the characters associ ated
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Wi th each fnput are assigned sequentially to the characters in descending

order of tQﬁD%@s equency of occurrence of the characters follow ng the

i mredi at el y pr 12 I ng characjger ;i ngghe obj ect associ afed’4Pt he
correspondi ng parent node to which the i ndexed character is appended
to forman object associated with the child node. 20. The
systemof Claim1l, wherein one or nore codes that are associ ated wWith_

a given input and are present in both of said redundant parent nodes are’
defined 15 as being identical when the codes specify the sanme nuneri cal

obj ect index and the sanme nunerical character index, even when said
codes occur in a different sequence in . the two redundant parent

nodes. 21. The system of Claim1, wherein two parent nodes
of the tree are defined as redundant only when all codes associ ated

with a given input are present in 20 94@ h of said redundant parent nodes
and are identical in that the codes ocgur in the sane sequence and
specify the sane ; ¥ . rical

character index,{and further in that /for all ich child nodes
are linked to each of the two/redundant s said child nodes
are al so redundapt i e Sa recursive sense 22.

The system of C hi mRIThisecisi ajtestgr nore codes thht e associ at ed
with a given inppt gnd are preséit Tn both of said rpdunidant parent nodes
are defined as bping identical when the codes specify t sanme nuneri cal

obj ect i ndex nd the sane nunerical character jndegx, even when said
codes occur in ajdiffferent sequence in the two}jredundant parent

nodes.
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23. The systemof Claim1l, wherein one or nore codes used to construct
obj ects assocwadeghsesz h chil d nodes by nodi fyi ng obj ects associ peedsssdoioe

t he correspondi ng parent node #@5%o0/i n38Bude a specification of an
obj ect type associ ated with the constructed object associated with
the child node, and wherein two codes are 5 defined as being identical
when they specify the sane nunerical object index and the sane
nunerical character index and when at nost one of the two codes specifies
an obj ect type, wherein the code that is present in the remnaining
. redundant parent node that is augnented by any codes and links to
child nodes that were present only in the om tted redundant parent
node includes the specification of said object type. 10 24.

- The system of C aim 23, wherein the object type that is specified
i ncludes information to distinguish the input92€juence corresponding to the
constructed object from other input sequences/that utilize the node.

/

This is a test. r

921

=)
922 (space @J@

\

7

M N

=)
\° )

Figure 18C



. 25. A disanbiguating system for disanbiguating anbiguous input
sequences entered by a user, the disanbiguating systen1conprising:‘%%g a
user i nput M&15%4i ce having a plag ayi tyzof inputs, each oFCEE MG ity
of inputs associated with a plurality of characters, an input

sequence being generated each tine an input is sel ected by
mani pul ati ng the user input device, wherein the generated input sequence .
corresponds to the sequence of inputs that have been sel ected, whereihn the

gener at ed i nput sequence has a textual interpretation that is
anbi guous due to the plurality of 20 characters associated with each
input; (b) a nenory containing a plurality of objects, each of the

plurality of objects associated with an input sequence, wherein each of the
plurality of objects in the nenory are further associated with a frequency

of use; (c) a display to depict @@¢emoutput to the user; and (d) a
processor coupled to the user iqyut device, nenory and display, said
PrOCESSOr CONPI | Primirfrimefimge—t=therpeiefpiarppmsl, eomporert=y or identifying
fromthe pluralijy of objects in the/menory at |east on obj ect

associated wth pach generated i npuy sequence and havi ng t he hi ghest
frequency of usef (i) an out pu—cdnponent tor displpyirng at | east one of
the identified obhist tsaattestisld with each geperdted i nput sequence
as a textual intprprjetation of The generated ipputf sequence, wherein
t he objects assofi atled with each input 30 sequencef ar g di spl ayed in order
of decreasing frpqugncy of use; and (iii) a selectiop conponent for
selecting one offhe Jidentified objects for entry intp ajfext entry display
| ocation upon defect)ing one or nore mani pul ati ons ofjthg user input device

to an unanpi gyous sel ection input; wherein saif dijsanbi guati ng system
is characterized]in t hat:
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at- | east one of the plurality of inputs is an anbi guous punctuation input
associated W woge/sesy al ity .of punctuation characters, and whergitrods2o200
- processor, upon detecting the s#l edti 33 of the ambi guous punctuation
i nput and appending it to an i nput sequence, provisionally outputs
"the associated textual interpretation of the input 5 sequence termnating
in one of the associated punctuation characters, and upon detecting
the selection of a next input, wherein when said next input is a nenber of
a - first set of designated inputs, wherein each of said first set of
designated inputs is associated wth the output of a next character
distinct fromsaid provisionally output punctuati on character,
confirms the previously output punctuation character, and 10 wherei n when
said next input is a nenber of one of one or nore alternate sets of
designated i nputs, wherein each of said one or94Qre alternate sets of

desi gnat ed inputs is associated with thesoutput of a next character

distinct fromsaid provtstromarty out put ﬁUﬁEFHﬁTTBn“Etaracter
repl aces the previoEst out put punctuation character i th anot her of
the plurality of pufctugti _ i 1 t helanbi guous
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.15 punctuation i nput wherein the replacing punctuation character is

deternined‘pégé{ﬂﬁg alternate set of designated inputs of which said
next input foer . 28 /2633 The system of CRGHY8200fer e n.
t he conposition of said first set and said one or nore alternate sets
of designated inputs is determned wth respect to whet her there
exists in said nenory one or nore objects associated with said i nput 20
sequence i ncl udi ng the appended ambi guous punctuation input. '

27. The system of C 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 nenory one or nore objects
associated with the input sequence i ncl uding the appended amnbi guous
punctuation input and further appendi ng 25 sai d next input when said next
i nput is an anbi guous i nput. §§0 The system of O ai m 25,
wherein the conposition of said first set a said one or nore
alternate sets of ¢ $ $ } r spect to

whet her there exifjsts in nenory one or nor ated with an input
sequence begi nni nct uati on i nput
and 30 appendi g s d next 1 nput next 1 ng S an anbi guous

i nput . 2T his Tis: s teEstdrafn/C ai m 25, wierefn t he anbi guous
punctuation input}is associ ated-wrth a period, fa hyphen, and an

apost rophe.

obj ects assoc
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- 50- 30. The system of C aim 26, wherein the processor,
upon det ecti Rgb bdrs952 sel ection of the anbi guous punctuati oRCTASR/202600
appendi ng sai d anbi guous punct 2t ifon 33nput to the current generated

i nput sequence to forma sequence that is not associated with any
object in nenory corresponding to a conpleted word, 5 provi sional ly

. outputs one of the associated punctuation characters, and :

- wherein the processor, upon detecting the selection of a next input wherein
said next input is an anbiguous input associated with one or nore

. al phabetic letters but not associated with the letter 's', changes

t he previously output punctuation character to a hyphen, confirns the
provi sionally output textual interpretation of the 10 current generated

i nput sequence prior to the selection of the anbi guous punctuation

input, and starts a new generg@@d i nput sequence conprising said next

. anbi guous i nput, and wherein the processor, upon
detecting the sele O OT - a JIExt | nput wnher el n said jhext input is an
anbi guous i nput asspciated wth one or nore al phabetic lettlers 15 incl udi ng
the letter 's', confirng provisi.onally Qlilibt=gaet=eii| |t er pretati on of

t he
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.current generated input sequence prior to the selection of the anbi guous
punctuatio jnput and starts a new generated i nput sequence

conpri si ngr‘ggigaﬂ?‘?g?t ambi guous inpyy ; 33 and repl aces theq'i%%%@g%"{?

out put punctuation character with an apostrophe and provi sional ly
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 anot her next input wherein said next input is an anbi guous
i nput associated with one or nore al phabetic letters, replaces the
previ ously out put apostrophe with a hyphen, and starts a new
generated i nput sequence conprising said anmbi guous i nput associ at ed
with one or nore al phabetic letters including the letter 's' followed by
said 25 yet another next anbi guous input, and outputs the object in
menory associated with 970said newy started i nput sequence follow ng
sai d hyphen, and wherein the processor, upon detecting the
selection of a n i ' Samm is not associ ated
wi th one or noref al phabetyc letters, confirms the previ ously out put
punctuati on charfpcter. 0 -31. The system off C ai m 28, wherein
t he processor, ClLI nNg the sel ection off t hg anbi guous
punctuation inp arld gpendi ng sai d ambi guous purfjctuation input to
the current genefatqd—+nput sequence to forma sequegncelthat is not
associated wth jny jobject in nenory, accepts the prpvi qionally displayed
obj ect w th the highest frequency of use assocjatqd with the
generated input peqence prior
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- to detecting the selection of the anbi guous punctuation input,

provi si onal | Yyw@yd/13985 t he default punctuation character BSHBUSSAR02D

~ with the anbi guous punctuation input 3l 3%3nd establishes a new generat ed
i nput sequence of |ength one conprising the anbi guous punctuati on
i nput . 5 32. The system of C aim 25, wherein the processor,
upon detecting an occurrence of the anbi guous punctuation input in
t he generated i nput sequence, generates a sequence of alternate

. textual interpretations which nay be sel ected by the : mani pul ati on of

t he user input device to an unanbi guous sel ection input one or nore

tinmes, wherein the first of said sequencé of alternate textua
interpretations is 10 generated by appendi ng one of the punctuation
characters associated with the anbi guous punctuation input to the
object with t Ji ghest frequegg8Qof use associated wth the sequence

of inputs int generated inputysequence that were input pr ecedi ng

t he ambi guous pun O put/ 1011 0we y appendl ng thelobject with

t he hi ghest freque sociated with the sequence ¢f inputs in the
< i nnut fall g nt;l*tlhe mbi guous

generated 15 inpu |
punctuation i nput, ot her conbi nati ong of jobj ects which
sively | ower

i ncl ude objects wit

981 dle feééé
) () )
) o) ) o
e \ e/ \ e/

l Shift || A ’ ABC DEF
S .

|

=N (] ) N

o) (o) (e
)\ ) J

e N\ = N

' PQRS l TUV wXxXyYZ

L____J WSS

\.

J

5

Figure 18I



.frequenci es of use that are associated with the sequence of inputs in the
gener at ed joput sequence that were input precedi ng the anbi guous
punctuati oanRfﬂég,EPand al so $pj gct 33wi th progressivel qucS%é’gmzoo
frequenci es of use associated with the sequence of 20 inputs in the
generated i nput sequence that was input follow ng the anbi guous
punctuation i nput, such that the created objects are created in descending .
order of the conbi ned frequency ranking of said two objects. '

33. The system of C aim 25, wherein the processor, upon detecting the

sel ection of a sequence of one or nore anbi guous inputs followed by a first
sel ection 25 of an unanbi guous sel ection input, selects the object having

a hi ghest frequency of use and outputs said selected text object and
a single follow ng space to the display, and wherei n upon detecting
each subsequent repeated suc ive selection of an unanbi guous

sel ection input selects
fromthe identif ipeck—ais
inits display 3( positio
W th each said syccessively
The system of C i m|
sel ection of thejanb

Cct having the next |ower frequency of use

gerrel 4+ . rotsty} out put text object

precedi ng the previously ou

sel ected text object.
) ereln the processor, upon qetefting the

gg punctuation input and appg¢ndi hg t he amnbi guous

an ob] £
put single space
34.
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- -52- punctuation input to the current generated input sequence to
. forma sequenp@9d/is9s52 i S . associated with a conpl et ed wor dpobjuses/26200
nenory with a hi ghest frequency of u$8 / 33that ends with a punctuation
" character associated with said anbi guous punctuati on i nput, and upon
detecting the selection of a next input wherein said next input is an 5
anbi guous i nput associated with one or nore al phabetic letters, confirns.

t he out put of said conpleted word object as the textual
interpretation of the current generated i nput sequence i ncluding the
sel ection of the anbi guous punctuation input, and starts a new

generated i nput sequence conprising said next anbiguous input.

35. A et hod for disanbi guating ambi guous i nput sequences, the nethod 10
conprising: (a) generating an input sequence froma plurality of inputs,
each of the plurality of 99puts associated with a plurality of
characters, the generated input sequence havin t ual
interpretation thaff rs a plurality of characters

th an input sequence and thjone or nore

each node associ at g mt
the plurality of nodes are connectpd Jy a

obj ects, and wherei

associated wth eadqh input; storing data used to constrjuct a plurality
of obj ects, gqach i ; ; agsociated wth an
i nput sequence andja 1 i ve frequency of use, andfwhdrein all objects
are stored in a trgqe sf conprised of a plugalijty of nodes,
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pi urality of paths, each'of the plurality of paths |linking a parent node

associated with a base input sequence with a child nod:'e?as"soci at ed
with the base input sequence of the 20  pgrent node and an additional
i nput; and wherein the objects associated wth a child node are based

on the objects associated with the correspondi ng parent node to which

.the child node is |linked; and wherein the objects associated with a child
node are constructed using a code pre-stored in nenory to nodify
"obj ects associated with the correspondi ng parent node; and wherein
the code used to construct objects associated 25 wth a child node by
~.nodi fyi ng obj ects associated wth the correspondi ng parent node

..conprises a specification of a nunerical index of the object associated
with the correspondi ng parent node and a specification of a nunerical
I ndex of one of the characters associated with the additional input

| i nking the parent node to the child "node;* (c) identifying fromthe
-one~or nore objects associated with each generat-ed 30+ i nput sequence at
|l east one candi date object with the highest frequency of use, wherein
'said candidate object is a word object when at |east one word object is
"associated with the generated input sequence, and wherein said candi date
"object is a word stem obj ect when no word object is associated with
"the generated input sequence; and (d) displaying the at | east one
.identified candi date object associ ated

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
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with each generated input sequence as a textual interpret at.-l-g_rl.-@f t he
gener at ed i nput sequence; said nethod being char_ac'.t.egl-z_tlad i n that:
said step of storing said all -objects in a tree structure includes the

el i m nation of redundant parent nodes where two parent nodes of the
tree are redundant when all 5 codes assogiated with a given input that
are present in both of said two parent nodes are identical in that

t he codes occur in the same sequence and specify the sane nuneri cal
~obj ect index awerd-leelsdisambignationctel desode dextefromnaaeduged, kéybosider WardHevel

i nput s diéaibighition disabitibuatdeshtifd Wdrdd b %hﬁ)iaﬁeg Eheé’ g%)gﬁcé 9P r&Rfvelt

:.nodes said child nades .are . al so redundan ) recursive
"sense, one of lgep{gnﬁga Jﬂﬂhﬂ?ssmﬁ watches A diglonagy aherl@le IEESiRt ofAncenambigious
‘tree struct ur echaractee signifyingcthe lead o€ wiord) The Lsiaftt arfiele Rli¥cusses many JF0le

bei t 4 0ks T a. chi n th r resent
et UOTSN ShpiaAf5E90 BRONSEAo] ROATR OB Bl
par efit” “Hodé™ ofofigntimes fails to decode a wreird corregtly, decause of theslimitetivrisdnidentifying

‘re-witten as dnySlad wérds hd" SiPinbille £ UeBSHRE words that arggﬂcﬁntt: r@ﬁgéed in the 1°
- 36. The net hpd, of Cl ai m 35, Wée EIJ) the at |east _one I entﬂ ed candi date
obj ect with tCHONENe JBeqanss of ;ﬁ{e ing limitaaens; wosd-layebdisambiguationadaes aot

interpretatiogiwf error-free dehdsdingﬁifﬁ.]{n%bﬂﬁrdimuling%ﬁu@ﬂﬁ@viﬂxz arinﬁ‘oégﬁéiéhc?t &fTone
of, s S

' ct “exceeds
S N A .tk
disambiguation rather than word-level disambiguation, and indicates that character
level disambiguation appears to be the most promising disambiguation technique.
One suggested approach based on word-level disambiguation is disclosed in a
textbook entitled Principles of Computer Speech, authored by 1. H. Witten, and

15  published by Academic Press in 1982 (hereinafter the "Witten approach”). Witten
discusses a system for reducing ambiguity from text entered using a telephone touch
pad. Witten recognizes that for approximately 92% of the words in a 24,500 word
dictionary, no ambiguity will arise when comparing the keystroke sequence with the
dictionary. When ambiguities do arise, however, Witten notes that they must be

20  resolved interactively by the system presenting the ambiguity to the user and asking
the user to make a selection between the number of ambiguous entries. A user must
therefore respond to the system's prediction at the end of each word. Such a response

 slows the efficiency of the system and increases the number of keystrokes required to
enter a given segment of text.

25 Significant effort has been devoted to minimizing the number of keystrokes
required to enter a segment of text in order to achieve the necessary efficiencies for a
reduced, disambiguating keyboard acceptable for use in a portable computer. One
significant challenge is successfully implementing word-level disambiguating on the
kinds of hardware platforms on which its use is most advantageous. As mentioned

30  above, such devices include two-way pagers, cellular 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
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associ ated with any word object associated with the generated i-aput
sequence, and 20 wher e said-hi ghest .frequency of use as_s_(:)ci_at ed with
any word object associated with - the generated input ‘'sedlience does
not exceed a predetermnined threshol d. 37. " 'Thé"net hod of
Claim 35, wherein the at | east one object w.th the hi ghest
frequency of use that is provisionally displayed as a textual

i nterpretation of t he generated i nput sequence is confirmed for

out put as the laege databaseoéwords tatfunctionf and @Bst respongdequickdy tlinpnpkieystrekesctoc e
~upon entry of gpiddP b&ﬁsfa!&ﬁi\% hiSsUhiertabd) ANBtHEP 2L AL iks%qompreésing e HeqitddOn
.of one or nore’characters, wherein, salid one or nore-unanbiguous _ =
“‘characters ar ed¥gbsavithentigriieanily impacsing ke Processing site requized te wiliae itr med
UL 1 g 0TSO Bl i b il o v Ui
e s HOBeh e SAck 1 e S0 bt e B e W
parent node f uotdirary typetvitersoravendamrotéssar ieach kdysttbles epreskits acatique chatditer
final code Of which can e EisFETHICE fhe Usef U 330l i °Eiteed. BLEGHR o' °¢
disambiguation this is often not possible, since each keystroke represents multiple
characters, and any sequence of keystrokes may match multiple words or word stems.

10  This is especially 2 problem when the user makes a spelling or keystroke error, since
the user cannot be certain that an error has occurred until the complete key sequence
has been entered and the desired word fails to appear. |

A word-level disambiguating system that addresses the above-noted challenges
is disclosed in Patent Cooperation Treaty Application PCT/US96/12291, which is

15  entitled Reduced Keyboard Disambiguating System and was published on
February 13, as International Publication No. WO 97/05541 (hereinafter the
"WO 97/05541 publication”).

The system disclosed in the WO 97/05541 publication includes: a keyboard in
which a plurality of letters and symbols are assigned to at least several of the keys; a

20 memory that stores one or more vocabulary modules; a display on which system
textual output is presented; and, a processor operatively coupled to the keyboard,
memory, and display. Words and word stems (sequences of letters that correspond to
the beginning 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

AMENDED SHEET



39. The nethod of C aim 35, wherein the nunber and jdentity of additional
i nputs which correspond to child nodes |inked to a parent .nofl¢ is indicated
in the parent node by a.field of valid key blts that rndicate the
nunber and identity of said chi | d nodes. 5 40 The
method of O aim 39, wherein each set of ong.or nore codes used to
create the objects associated with a child node is imediately followed by
a pointer to said child node, and wherein the one or nore sets of one

or nore codes gB6kiated with ﬁbd&%ﬂ&ep@é@k@ﬁaai&eethai %f@ﬁxt&@&%ﬁ&iédd 'kthultglg dtaﬁggr y
thin the parent n order as e val.i
Fndlcat e the. HERisPg o8 iterdive kevERiG Sgirtper gad. "foadition, Febrescating o
41, The net rpagsible v@drdistandtandwhende that tomespend emﬂe tofal keydroke\keqaénael eat e
"obj ects associ at ed t ol dg.a y
obj ects are " crr‘s‘lea{'{ae ?ﬁe a%ggpuglﬁcﬁaﬁé%‘ql S ggsr@oggadm t{ﬁg S%‘g??}qsgﬂ he
~frequency éf mbligationgweprds and 3@&4@3 are) presented on the BystemTdisplay tdevide di
~Clraim-35, wherRisrdah® with 'tl?eeﬁecﬂfenH‘Sf G§24s36disted with the ﬁﬁgﬁ& %&cﬁ'@s Whd Qlo?@(:h

I nput are assigned uent i al Iy t he characters i.n

~of the frequerty"bf Fr@ﬁd’é‘iﬂ‘ ple WREAS,IS; disrlayed, \HEFrGY%%Pé@P% °PPFaFﬁ§nbry
' designated keyboard key to select the desired candidate word.

Summary of the Invention

10 The present invention provides a reduced keyboard which uses word-level
disambiguation to resolve ambiguities in keystrokes. In one embodiment, the system
includes a display panel which is touch sensitive, wherein contact with the surface of
the display generates input signals to the system corresponding to the location of
contact. Alternatively, the keyboard can be constructed with full-size mechanical

15 keys.
In one preferred embodiment, nine symbol and letter keys are grouped in a
three by-three-array along with three to six additional special function keys. A
plurality of letters and symbols are assigned to some of the keys, so that keystrokes on
these keys (hereinafter the "data keys") are ambiguous. A user may enter a keystroke
20  sequence wherein each keystroke corresponds to the entry of one letter of a
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43. The met hod of O aim 35, wherein the indices of the characters

associ ated with each input include indices that are assigned.to a string
conprising a 20 plurality of. characters. ~44.: "The nmet hod
of Caim35, wherein the code used to construct objects ©associ ated
with a child node by nodifying objects ass@ciated with the corresponding
parent node al so includes a specification of an object type associated with
‘the constructed object associated with the child node. 25

45.  The net hggrd Hecais® iftdividoblek&jsttokédCareDimtifudusP thd Refstioke nkk @dn

I ncl udes a code .that, uniguely identifies the,constructed objegt anong_t he
.objects in pot yymat%ﬂ mbre Han one jygord ethﬁemnﬁ?‘gd a?r%mr?- wiéfei n

“the object typlesysiraite sequanpeds prioeessed by vbeublilaskemoiiles wiiivhi match dgvedisige thie
T requency of uéo?re%oﬁc{ﬂ?g SRS Wofds®Sr 8{%? ?ﬁt'erpretations. Words and word stems that
: -+-. 5 match the sequence of keystrokes are presented to the user in a selection list on the

- display as each keystroke is received. ' o

In accordance with one aspect of the invention, one of the keys is assigned a
plurality of punctuation characters. In one preferred embodiment, the period ',
hyphen -, and apostrophe " are assigned to one of the keys. The user may type one

10  of the characters on the key by a single activation of the key at the point where the
punctuation character is desired. Because a plurality of punctuation characters is
assigned to the key, the keystroke is ambiguous. The system of the present invention
determines from the preceding and following keystrokes which punctuation character
was intended and generates it automatically. The alternative interpretations of the

15  keystroke sequence can also be provided to the user in the selection list.

Preferably, the word interpretations are presented in order of decreasing
frequency of use, with the most commonly used words presented first. Items in the
selection list are selected by pressing the Select key one or more times. Keystrokes
can be "undone" by pressing a BackSpace key. '

20 To delimit an entered keystroke sequence, the user presses 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  In one 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
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47. The nethod of Caim 44, wherein the object type that.is specified

i ncl udes i nformation regardi ng whet her the constructed Obj ect .1s a

conpl eted word. 48. Thé net hod of d ai m 35] “iherein the
indi ces of the characters associ ated with each input "are’assi gned
sequentially to the characters in descendigg 5 order of the frequency of
occurrence of the characters follow ng the imediately pr ecedi ng
character in the object associated with the correspondi ng parent node to

V‘ﬂ' chht |h§ I ndesewétedhw e Bder, 8 1§ﬁﬁmﬁﬁdally0"icaép”tbﬁhfdgmtfﬁlt ﬁﬁ:ﬁi%gaém‘e&(io\fm& h
t he chi 0 aim erein
one or nore c g"“ﬁ%ﬁ?‘“%?%‘“%‘ed upan 5°8F‘8f 85;{%% %{“ﬁ"b 1\“F&?Eﬁ’ "SX%“‘%%
spresent in bot h of The dingwistiondatabaspawhich isoséd to dxsmn@mtejkéyﬂh&keamdhdemg
“identical J}F.aﬁ %&pﬁwsythkf}?stéﬁ% E@?&'aﬁ}ﬁcgﬁés ect 'ld\%rd or wor@nd

t he sane nurrerl aracter | ndex, “even en sal ccur 1 n
different 5 sterdeRpirchavhichy althaugh\pot the et Fequentc ord ssrosiated with the node

250.  The met hasregh oxfaﬁ 15 B8 cmn@yﬁrdmmatfoﬂﬁﬂﬂﬁ s@émbhe 160gRE W@ oS -
- defined as r edlinrda.ﬁa #o Y ﬁg al | des assome ggm #} , ven | g'put are
“present in L BPrdsavhosectotal 'b"é'r’énsr 8 Sf G oSk reqyent
that the codgawvmdpassoowted lndth the cunemmdeecﬂ]lal Cstemnplogpeion’ featdre 1% afptcxally
e cal 00 g SR yHBEGBRPE GRBIRY o v, I HBRIG, " ol
~each of tH@ t mma&mdmhmd pa therrcresngwhere shejusen is enlyiahle to sgecthe weond displayedint
in the at the insertion point, which is the first object from the selection list. The result is that
the object as whole tends to change much less frequently from keystroke to keystroke,
presenting a less "jumpy" and consequently less distracting and confusing interface.
Objects such as words and word stems are stored in one or more vocabulary
15  modules using a tree structure. In this arrangement, words corresponding to a
particular keystroke sequence are constructed using the set of words and word stems
associated with the immediately preceding keystroke sequence (i.e., the particular
keystroke sequence without the last keystroke). Constructing words in this manner
reduces the storage space of the vocabulary module, since word stems are stored only
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
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20 sane recursive sense. . 51. The nmethod of C aim 50,
wherein one or nore codes that are ‘associ at ed with a gEVenllnput and
are present in both of said redundant parent nodes afe;dnflned as

bei ng identical when the codes specify the same nunerical object i ndex

and the same nunerical character index, evegn when said codes occur in a
different 25 sequence in the two redundant parent nodes.

52. The nethod of Caim 35, wherein one or nore codes used to construct
obj ect s associ asseated withc thel uhanceites! Varsionsiof thegchaldotert.s Fiis allowes €b wdel Rot he

. spondi n | ' f -an .object type
associ ated &Wﬁ‘%@?ﬂ§°2%§%¢%’é%%$“%} B
“node, and wher3tivationopershasacter.csimply byastivating the logically asshointédphysicakkeyt foey
specify the Saﬁemaﬁfdd(‘a%bexﬂéﬁ&ﬁ}adé}dex and the same nuner.i cal

: I fies an
“obyect typd. uis GIPIRRLeSLOf the ASRERent A8 LITHe et ShkeY, 16 deuas of
. par &nf” node™” words using a Select key, the presentation of the most commonly occtirring word or
word stem as the first word in the selection Iist, the inclusion of multiple
interpretations in the selection list, the automatic addition of a selected word to a
sentence by the first keystroke of the following word, the automatic addition of
10 spaces, the ability to compress a large database for disambiguation 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 2 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, high-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
area,
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t‘hat I's augnmented by any codes and links to child nodes that were present

only in the omi tted redundant parent node includes thelspecification
of said object type. 53. The method of d aiin 52, wherein
the object type that is specified ‘includes information to d| stingui sh
t he input sequence corresponding to the 3. constructed object from other
.1 nput sequences that utilize the node. 54. A
- conput er -readabl e medi um  havi ng conput er - execut abl e conmponent s
f or di sanbi guati ng anbi guous i nyﬁwwﬁ er - execut abl e

ST O M O g
“with a pluraliwifl becogteamere eeagily :_apprqcnée ah Qiﬁ@ﬂel Aprmess bejtasnunslerstaddby a

“textual inter plefdraideqd thd q&udvangrdetaﬂe& \Wsipfioh, Owhen takeh i Bhjdhétidd Wi the
characters _associ ated.w each (b) "a storage conponent

cont ai ni ng datFCATRINNE WE’(gﬁquf et pI ural ity of objects, eaeh of the
plurality-of obj ectEIGUREl asscsehaﬁad viethofia pnﬁﬁedsaﬁb@diﬁﬁnﬁbﬂ aapbﬁhﬁél ve

struoturs comruaRintdBefialy ryused koRReFE el Setes) F e resem
Eassom ated wi tlnvmohhput sequence and vmdt h oge or nFr e Obj ects, the
The plur Zu Tty 'y g ﬁ“f%*’??ﬁl 180 BRRRARE btk Al bf Vol BRI, | %‘5%
input sequ@ncediggm “E&Fyséem@ﬂ@%ch ated with the base i nput
sesence o 1o PETGORBS IO il G, bl 1 ) S
ggsoctgr rGes\glo ?ﬁé’cmf" HE% ff{ﬁﬁ%ﬁ&ﬂﬂﬁ%ﬁ%ﬂﬂh&é@%ﬂﬂmed obj ect s
associated with a FIGURE4 is a flow chart of a preferred embodiment of software to

determine which text object should be used as the default object in each node of a tree

15  data structure for a reduced keyboard disambiguating system;

FIGURES 5A-5D show a flow chart of a preferred embodiment of a software
process performed with each keystroke to disambiguate the intended punctuation
character among a plurality of punctuation characters associated with a key of the
reduced keyboard disambiguating system; FIGURES SA through 5C show the

20  processing performed upon the initial receipt of a keystroke, and 5D shows the
processing performed all other processing of a keystroke has been completed;

FIGURE 6 compares the physxcal association of symbols to keys with an
instance of a logical association including additional accented variations of the
characters appearing on the physical key;

25 FIGURE 7 is an example of a table associating logical symbols to key indices;

FIGURE 8A depicts a preferred internal arrangement of data in a node of 2
tree of a vocabulary module;

FIGURE 8B depicts the semantic components of a preferred embodiment of
an instruction;

30 FIGURE 9 depicts four examples of possible internal data items in the
structure of nodes in a preferred embodiment;

FIGURE 10 depicts the preferred tree structure of an uncompressed
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;
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child node being constructed using a code pre-stored in nenory to nodify

obj ect s associated with the correspondi ng parent node;: wherein the
code used to construct obj ects associated with a c¢hild: node by
nmodi fyi ng obj ects associated with the " correspondi ng parent node

conprises a specification of a nunerical ismdex of the 25 obj ect

- associated with the correspondi ng parent node and a specification of a
numeri cal index of one of the characters associated with the additional

i nput | i nking FIGIRPd2¢ista flaveichattooft 4 preférrdddemisatitmentcof £ softwaetprbydssg

SPTRCCEC L AEREAE e o B R B R
“the Ihi ghest t Lr equeiﬂﬁ USds adftnwehast ofra prefertad embmdimenttoff sofiGare process
(LR STy Lpormesad e ool el g ol
_gener at ed gnpt?gteg%m?r?&i? °§§gd’ ject listy o nput er - r eadabl e nedi um char act eri zed
“In"that: FIGURE 14 is a flowchaft (bfta préfériedusibodinéit offd sofaede pPocess
~elimnate r ed"fgldﬁﬂfdh&a{ Fo'?éedp ggneﬁ'eg\s’.heg r\'gcatb\{\l?aty module;
E FIGURE 15 is a flowchart of a preferred embodiment of a software process

for folding the tree data structure of a vocabulary module;

10 FIGURE 16 is a flowchart of a preferred embodiment of a software process
for locating a second node in a the tree of a vocabulary module which has the greatest
redundancy in comparison to a given node;

FIGURES 17A and 17B collectively depict the flowchart of a preferred
embodiment of a software process for computing the redundancy between two nodes

15 ofatree in a vocabulary module;

FIGURES 18A-18K are schematic views of the preferred embodiment of the
reduced keyboard disambiguating system during representative use.
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earent nodes of the tree are redundant. when all codes associated with a
gi ven i nput that are present in“.both of the two parent nodes are
identical in that the codes occur in .’ the same s_equeﬁee “and Speci fy

t’he sanme nunerical object index and the sHfs ﬂum\ “\

i ndex, and, further, for all inputs for which Chl|d no “ gm

to each of the two parent nodes said child nodes are al undant i n”"t he
samne - recursive sense, one of said redundant parent nodes being

omtted fromthe tree structure in nenory and the remaining redundant
parent node bei ng augrremedlsbmbxguaung agygtefrp dfor altvdnbigilhﬁng oambigheusn oipet

ks Trom angeiienth Yatelha' 0F { ke, % OEHBIDRRd Sy hh FoiBE ol Gl
child being rdnchsdes: éab auser iinpusg device having amluralng Qfenpm:j aath pﬁtlsrplunaht}eof

f':sgent i :Pgdcgg%?i%t e %%@Q(:t WW hi SS?Vr equen d@s%&]ﬁn@éstér?ﬁéﬁ{edcﬂ}e

di spl-ayed-&s &equential qpe%{aeap F‘ﬂ?"é?dmﬂél’tét m%mtmt@m@atxembupgus duetgence
“is a word st efh@plufity uhe&midws hﬁsociatanwﬁaceacmnpas«eﬁya xﬁéih&fy%hﬁknﬁﬁ & data

obj ect exceeds b fa [ the yenc of use
astom ated w tf° %rﬁ?/ "?%8 %b’f Lol °§l°8’t§ Wi2eth Qlfh@e q‘a

sequence, and assoeiatedswithl ahugbmsseqtieneqandmyrelahveuﬁeeqwmymfatse,dalll\bhjbcts bemgdany
word object a t: o) a
pr edet eJr m ned reg‘fﬁﬁdmrﬁ% IH% 9@{'&[—&}@% &%%éggﬁ&g‘r'gr%’;%%{ﬁﬁ% um
of Caimbd ¢kedyeede isiassopiatedmith amisput sequenssj ansk withtanet dremhteyhbiscts; the
frequency of sl f rloded btk TofiERtddyby! h bGP Paths, | ath gﬁlme plurali

interpretation 11 “ g eneratedq I npuif sequence’l s irmed for “qutp t as

t he textual ¢t (od agociard Whér%ﬁ%&‘ﬁuﬁﬁﬁﬂueg‘?q @echiidorpdent ry
. of any input h!matxatedswith she base input sequence of the parent node and an additional input;

and wherein the objects associated with a child node are based on the objects
15  associated with the corresponding parent node to which the child node is linked; and
are constructed using a code pre-stored in memory to modify objects associated with
the corresponding parent node; the code used to construct objects associated 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 (i) 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
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t he unanbi guous generati on of one or nare characters, wherei-h-said one or

more 25

unanbi guous characters are output inmediately f ’ the ———
out put of said confirmed text ual. [ nt_gmi]pret ation. ﬂ ”@Wi ’ﬂ

The conput er-readabl e nedi um of C ai m'32 ”
construct objects associated with a child node by nodifying obj ects

erein the code us
S

associated with the correspondi ng parent node further includes a

speci fication of whether the code is 30 the final code of the sequence of

..codes whi ch crthaicedesmceut in the sanwe setjashceiandh spdtffyﬂhd dathe numerioglitbject index and

58.

_ The co
~identity of a

-.parent node

key bits that gafdireairsivé Eéhsé) BHRYIT s&ifl fedundant parertt #3bd beoing bmitfdhré 'théltree

.Jnodes

]

10

15

20

25

30

b Senk SRR B oy W, ik, 4l ol BF wBE o TRs .

are linked t%eaiCE @ éhﬁ @vp parentrrodes said child nodésyare alsp gedindantyial thej

structure in memory and the remaining redundant parent node being augmented by
any codes and links to child nodesthit were present only in the omitted redundant
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.

2. The system of Claim 1, in which one or more characters which include
special diacritic marks are associated with the same input with which the
corresponding character without special diacritic marks is associated.

3. The system of Claim 2, in which the one or more characters which
include special diacritic marks do not appear on the input associated with the
corresponding character without special diacritic marks.

4. The system of Claim 1, 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
where said highest frequency of use associated with any word object associated with
the generated input 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
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
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.
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5 59. The conput er-readabl e.nedi um of O ai m 58, - wherei n_each—set
of one or nore codes used to create the obj ects—associ at ed \wm a
|

child node is i mrediately folTowed by a pointef mm\m
node, and wherein the one or nore sets of “Ohe or “‘“m ¢

foll owi ng pointer are placed sequentially in menory within tthe“parent
node in the sane order as the valid key bits that indicate the nunber and
identity of 10 said child nodes. 60. The

conput er - r eadabl e mMedi unTlef syslem 6f Clhim Wesherein tHeenunehgr and édenfity of additional

codes which cr.eat bj,ect i af. LR i1d e_aje. Qg Ny
menory such iApUES W%%gﬁfé%ﬁﬁéégf&s %ngn%ﬁeé;l{"%&? aap%g%u%%{:eelst'%‘g? gt?&sj déglrl? ed
swith respect tparanh@ofle by adield obralid key bits that indishtesthie dupiber and; identity afSsaid
61. .The comfighod&adabl e medi um of C aim 54, wherein the indices of the
- characters associated with each input are assigned sequentially to the
ORaERrhSsers i n vbra cHRRRam o R, Sl SLAECRY of ot S0l g
~The conput er - iceeatthebjsets dssociitedovith & child nolieisdinmediacely fullowed b9fa pdister to 20

characters assaﬁicﬁﬂgd ¥vith e%ch.i{glgut I ncl ude i ndi ces tgat reagﬁslu%ned to

a string sal ARYS: 3pd yhgrein the one pr Mgre Ssis, o1 atie prmore codes'and following

. 63. The compointer-are alhaed sequentiallyniromemiosy withis, thevparent modelin theosimeuorddr 80
construct ob g6l 512580 bl b inthcat dhe Gilbinbér A iGedity 8PSl HiRhoabd. oot S

- associ ated w

10 9. The system of Claim 1, 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.

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.
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t he correspondi ng parent: node al so includes a speci f -eation—of—an obj ect
type 25 associated with the'constructed object asggum mm)“l‘uﬂm
chi | d node. 64. The‘cogp}Jt er-readabﬂ I1 m

63, wherein the object type ' that 1S specified rnctudes ™ dodé that
uni quely identifies the constructed object anong : the objects in

-+ menory. 65. The conput er-readabl e nmedi um of C aim
63, wherein the object type that is specified includes information

“regarding the frequigicy THe systenofoftQlaim 12, wiepein tthel abjedt appecciiat is specified

Chat s Spoct Phige AR ERMNAPI Rt R dinrlR] Bt iRARURC IR, °

-‘object is a memorFonpleted word.

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 system of Claim 12, wherein the object type that is specified
includes information regarding whether the constructed object is a completed word.

19.  The system of Claim 1, 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 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.

20.  The system of Claim 1, wherein one or more codes that are associated
with a given input and are present in both 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.
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. comput er -r eadabl e medi um of C aim 69, wherein one or nore codes that
are associ@ted witPda gTbersystemuef Elaima?% wheseinthei objeast typefthataisdspestfied dant

includes information to distinguish the input sequence corresponding to the
constructed object from other input sequences that utilize the node.

25. A disambiguating system for disambiguating ambiguous input
sequences entered by a user, the disambiguating system comprising: (a) a user input
15  device having a plurality of inputs, each of the plurality of inputs associated with a
plurality of characters, an input sequence being generated each time an input is
selected by manipulating the user input device, wherein the generated input sequence
corresponds to the sequence of inputs that have been selected, wherein the generated
input sequence has a textual interpretation that is ambiguous due to the plurality of
20 characters associated with each input; (b) a memory containing a plurality of objects,
each of the plurality of objects associated with an input sequence, wherein each of the
plurality of objects in the memory are further associated with a frequency of use; (c) a
display to depict system output to the user; and (d) a processor coupled to the user
input device, memory and display, said processor comprising: (i) an identifying
25 component for identifying from the plurality of objects 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 (iii) 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:
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numer i cal obj ect index and the'sdne nunerical ch ' en
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. correspondi ng parent node al so include a specification of an object
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cB.ar a;:t ter iendahsteemitg ﬁheseelatiomm'ttho ambighous pindthatidninputoaret apgeadingi it g0 an
B N
nodes t hat5 wesequeness éerminsting innonen of ¢he tassngiated) prpRIMAtiona chasectersd and fnotde
the detecting the selection of a next input, wherein when said next input is a member of a -
first set of designated inputs, wherein each of said first set of designated inputs is
associated with the output of a next character distinct from said provisionally output
punctuation character, confirms the previously output punctuation character, and
10  wherein when said next input is a member of one of one or more alternate sets of
designated inputs, 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, replaces the previously output punctuation character
with another of the plurality of punctuation characters associated with the ambiguous
15 punctuation input wherein the replacing punctuation character is determined by the
alternate set of designated inputs of which said next input is a member.

26.  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 said input

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 punétuation 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.
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an unanbi 9U0U$n |QQI btafts a new gefidtifled mﬁmr@qﬁe@b dom;ﬁism nRid hedthanbibbiéul i ty
of inputs is guous punctuation input assocliated with a

plurality of 8¢ on characters and said method is characteri zed

~by the steps of:  wherein the processor, upofialetectidg the sélengionhof @ aeriaputowhertinan
-input sequencgyhhat, inBﬁi! H%Sanﬂﬁguous input associated with one or more alphabetic letters
15 including the letter 's', 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 ambiguous input
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
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occurrence of the ambiguous punctuation input in the generated input sequence,

generates 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

10  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

15  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

20 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.

33.  The system of Claim 25, wherein the processor, upon detecting the

selection of a sequence of one or more ambiguous inputs followed by a first selection

25  of an unambiguous selection input, selects the object having a highest frequency of

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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‘whet her t her e PRt §fuep ﬁgwqg ?ﬁtmﬂ'l??éﬁ ﬁgi’%“sa@gﬁaata‘g’é&‘%tﬂdm%put
.sequence begi aniewggenetated inputseinemte compdisitgeidindit gmbiguopsimpitiat i on i nput
-and 25 appendi ng said next input when said next input i's an anbi guous

i(Qtl)OUt upon det ectlon of tﬁlemsb?l ec??%ﬂblgp Wﬂ%ﬁo uéﬁt%%é“%%g%z t%%m%od

i nput  and1@ppSAAPHENSai(®) SenemHS a8 umyhémm)ﬁomrmlurﬂ@y of inpuits; reach of the
gener at ed i npylurality of inputs associated with a plurality of characters, the generated input

sequence having a textual interpretation that is ambiguous due to the plurality of
characters associated with each input; (b) storing data used to construct a plurality of
objects, each of the plurality of objects being associated with an input sequence and a
15  relative frequency of use, and wherein all objects are stored in a tree structure
comprised of a plurality of nodes, each node associated with an input sequence and
with one or more objects, and wherein the plurality of nodes are 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
20  parent node and an additional input; and wherein the objects associated with a child
node are based on the objects associated with the corresponding parent node to which
the child node is linked; and wherein the objects associated with a child node are
constructed using a code pre-stored in memory to modify objects associated with the
corresponding parent node; and wherein the code used to construct objects associated
25  with a child node by modifying objects associated with the corresponding parent node
comprises a specification of a numerical index of the 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) identifying from the one or more objects associated with each generated
30 input sequence at least one candidate object with the highest frequency of use,
wherein said candidate object is a word object when at least one word object is
associated with the generated input sequence, and wherein said candidate object is a
word stem object when no word object is associated with the generated input
sequence; and (d) displaying the at least one identified candidate object associated
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menory 30 corresponding to aconpl eted word, provisi ona[ I y out putting one
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next input is an artbi uous ¥ nput *associ ated with one or nore al phabetic

l etters but not associated wi.th the letter 's',
(1) changi ng the previously output punctuation character to a
- hyphen; thh each generated input sequenté hé a tex@edl fintesprétgtion biithe cﬁ@&ﬁ'ﬂédsinpﬁta' ly
-out put  textual %@a’ et.atl aﬁfg Qe &u rent generated input
- sequence pri or"e‘%"(?n?%éalgé’? Biing ghapqederized in i guous punctuation input;
= and (iii) starting a new generated input

i equence conpri si ngaidGtepsefl sioriag(saidalbiobjectssn arisgtstrugge includes the elimination
'3 . 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 input 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 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.

AMENDED SHE



(‘c) upon detection of the selection of a next i.nput wherein said next
I nput I S an—amnbi guous 1 npul associated wt h one or: m)re al phabetic

IcgtrnE ?:?n ingd u;ﬂhgg tmllul wlu)mw ﬂﬂ”mut put text uaI 15 |:nt erpretati f)ln) of -

the current generated ifput s‘leqtienCe pr| or to the selection of the

anbi guous punctuation input; (ii) starting a
new generated i nput sequence conpri sing sai d next anbi guous i nput;
(iii) replacing tis9. pr éKhecuahtyd of Chainh 3ﬁmhemmtth®mmbarandh®nti@00faddiﬁdnahn

Rt er pr et at  ofpeues Vnkpe Bieslord B des 1ikhe e adparE AU i Tyttt in the
~ (iv)  upon deaesst node by atfield efvalidi keyrbitsfthat »pdtcatartbc memberand identity afispids

"~ wherein said RENd nbdWRUt 1S an anbi guous input associated with one or nore
al phabetic letters, repl aces the previously output apostrophe with a

hyphen, an starts new. Il nput . s ence, conpri si ng said
“anbi guous gnput ‘as& crat ﬁfeﬁéfl m%9 WS ?agﬁéFtp‘Pfa e T mPts; Godes used.. .
. including theto eteaterthe sbjeéﬂs labsociatedbwitls aichild/ addecin rhinediatelyxfollowed by ar]iongerous

" d targt ed
i nput sequenciS P SR el whefdiR ¥he o8 4Bt Rt of ud U mbfgfda B °
-detection of following @ointemarefplaced ssequentiplly invmemeiry, vwithin tiBo parenterede impthe i s
not associ at edait a3 thE vaRd ﬁﬁfbﬁ?ﬁﬁ?ﬁﬁ(ﬁdt@ttﬁeeﬁ&nb&oﬂ{d' 1&@?1:&19} ﬁig tﬂg’&' of

previ ousl¥ out put punctuation character
C ai m 76, 1@ ur ™AEeS. conpri si ng:

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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BRYtiated WARE each inpu&dsakfich 5&2[99&&39‘1&%&%&3.&&5 in descending
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
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
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
same recursive sense.

51. The method of Claim 50, 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.

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
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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30, Th el(zg' ﬁlbedg H\xtﬁqump thﬂgpg é&ﬁ)ﬁpglgpﬁgsretauon that is amblguous 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 sequénce; said
computer-readable medium characterized in that:
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-object-in memtbyeamh tof 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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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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gener at ed i nput seiuence as a textual interpretation of the

generated i nput simu ﬂﬂ eﬂll “mtihe ' obj ect s a_ssoci__ét ed with each
i'nput sequence are's er of d%%reasing frequency of

use; and (e) a selection conponent for selecting one of the identified 5
objects as the textual interpretation of the generated i nput sequence upon

detecting one or nore selections of an unanbi guous sel ection input;
- Wherein said 65 ONPThE Eorfpaterticalitie GlRARAD 6 Claih (3, Wieddih it 8bjectotype

anbi guous i npu sequenalﬁs ara . characteri.zed,in_that: £ £ th
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characters; . . . o . n detect]on of the selec
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characters associated with each input are assigned sequentially to the characters in
descending order of the frequency of occurrence of the characters following the
10 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.

68.  The computer-readable medium of Claim 54, wherein one or more

codes that are associated with a given input and are present in both of said redundant

15  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 occurin a
different sequence in the two redundant parent nodes.

69. The computer-readable medium of Claim 54, wherein two parent

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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(~d) upon det ectian of -the—setection of said next input, wherein said
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72.  The computer-readable medium of Claim 71, wherein the object type
10 that is specified includes information to distinguish the input sequence corresponding
to the constructed object from other input sequences that utilize the node.

73. A method for disambiguating ambiguous input sequences entered by a
user, the method comprising: (a) generating an input sequence from a plurality of
inputs, each of the plurality of inputs associated with a plurality of characters, the

15  generated input sequence having a textual interpretation that is ambiguous due to the
plurality of characters associated with each input; (b) storing a plurality of objects,
each of the plurality of objects comprising a sequence of characters associated with an
input sequence and a frequency of use; (c) identifying from the plurality of objects at
least one object associated with each generated input sequence and having a highest

20  frequency of use; (d) displaying at least one of the identified objects having a highest
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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uous punctuation .
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
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
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
appending said next input when said next input is an ambiguous input.

77.  The method of Claim 74, further comprising:

(@) 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
corresponding to a completed word, provisionally outputting one of the associated
punctuation characters, and
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with any obj ect |n Hﬂmj’ Ull IU“Lconpggent corresponding to a conpl et ed
word, the output co 1y out puts one of the

associ at ed punctuation char" acters (b) upon detection
of the selection of a next input V\/nerei n said next input is an

anbi guous i nput associ at ed W|th one or nore al phabetic letters but 25 not
~associated with the |let (lr;r spon iderectio pfithe selpctioansf & mexiginput iwhereiresaidus| y
out put . | 1y
out put text ua&%%m %8{,‘ %‘?ﬁ% ﬁ{gﬁi%ﬁfﬁea%gn %gé’%éﬁaa? bﬁ“g‘f élLssg%fl}lence :
- prior to the B@Ja@mawdwithtthﬂeletter s, ambi guous punctuation input, and starts
- a new generated i nput sequengg co juiput eHakstértgut ;
30 (c) up 2 de?‘gﬁctg%g'r}ﬂg I%Ogsgg ect ?’gir}ag?%a next ?rﬁgut
~wherein sa d @hyphefeyt " i nput is an anmbi guous input ‘associated with one or

nore al phabetic letters (@ncl udnﬂrgmigle tiet t eprovisionallyhe eucpnut cwmm}nent

confirms the ovi si onal out put tex e

current generg’feé'are? 3408 © s%‘ﬁ B ?qe&te@@%éegwg%i’ﬁ%%%%hﬁ ﬁeéectlon "5t the
anbi guous pung:hhghousrplinnmanonmarunda new generated i nput sequence
conprising said (iii) starting a new generated input sequence comp'rigﬁg'

=

10  said next ambiguous input; and
(c)  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',
§)) confirming the provisionally output textual
15 interpretation of the current generated input sequence prior to the selection of the
ambiguous punctuation input; _
(ii)  starting a new generated input sequence comprising
said next ambiguous input;
(iii) 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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néxt anbi guous input, replaces the previously o_gggt,,pum;t_uatireﬁ*char acter
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..sequence fol |l ow ng
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" not associ at edeldktidh ¥ifie b BRbEs BSﬁhﬁu{ﬁtters thelgut put conpggent
~confirnms the previously tput unctuation ¢har . . .
The conput er - r eadabl e rrég ) um R5PVigIO Sutputing t geunetuation characteryf
the sel ect|onass‘octatsa\aimttwmlﬁguwn@hmﬁatmmmﬁmuadand ap|toe3d| ng tsal d
anbi guous punct uation in to the current rated in seguence
to forma sequence that (F)g "S&Hﬁﬂ‘&g 3 S8 BEREYS Q\Aq{’ PRESRIURISE Rl lenstiipone

storage c&dposemprisingthecambiguous pupamativin input.  accepts the provisional |y
di spl ayed obj ect with the highest frequency of use associated 20 with the

generated input seqgencerkgihéthod 6f CRInE 73, ARG colpffisitg! ection of the
anbi guous upon detection of an occurrence of the ambiguous punctuation input in the
generated input sequence,
(a)  generating a sequence of alternate textual interpretations which
15 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
20  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
25 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
30 (b)  sclecting 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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punctuation input. * ¢ ”ﬂ/ﬁ/ TH 4torrput er -readabl e nmedi um of
~Clai m 82, wherein upon detection of an occurrence of the anbi guous
punctuation input in the generated input sequence, (a)

t he out put conponent generates a sequence of alternate textual
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~the sequence g&ﬁn%&ﬂs&ﬁéﬁg&gg%?é {eordtﬁlglrligg{iy‘s%&uence t hat were input
* precedi ng $he anbi guous (Muncuperi detectignutof fesch osubseanent pispeatedh gsuceessygj ect

~with t he sde QORI ah LRAHEIBENusQElebih MpaOC ated with the sequence of
iinputs in the generated L nput seguence, . that was, i nput, foll ow ng tt}e
"~ anbi guous punctuation input, ®ol | & object having the next lower frequency o
- - 66b- use from the identified objects; and

(ii) replacing the previously output text object in its display
10 position preceding the previously output single space with each said successively
selected text object.

81.  The method of Claim 74, further comprising -
upon detection of the selection of the ambiguous punctuation input and
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
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(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
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 2 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.
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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 designafed 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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90. The conputer-readabl e medi um of C aim 83, . whergi n_LyQ_w__ﬂgtaeeﬁ’Gﬁ’/’
of the selection of the anbi guous punctuation input, and appendi “‘u
anbi guous punctuati-on input- to the cyrrent generat \m

to forma sequence that is 25 associate ith a conple ) Ject *in
t he storage conmponent with a hi ghest frequency of use t hat ends with a
punct uati on character associated with said anbi guous punctuation
“input, and upon detecting the selection of a next input wherein said

next input is an arfi# gudTie i nMpmgsmdabE]ed Meﬂiﬁttxon]?oﬁr_ gzmélg a:?ggﬁimvgfg
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.sequence i ncl F@mpyteriexecutable easnpanentsifurthertcharaaretizeinutbatpunct uat i on i nput,

~and starts a new gQR@TcRmpRsitibR Uf said first® S S sH@ B 5t More AdILribe fsets of
anbi guous Bnp%tesignated 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 ambiguous 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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next ambiguous infmt, replaces the previously output punctuation character with an
apostrophe and provisionally appends the letter 's' as the textual interpretation of said
new generated input sequence, and wherein, upon the input component detecting the
selection of a yet another next input wherein said next input is an ambiguous input
associated with one or more alphabetic letters, the output component -réplaces 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
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.

87. The computer-readéble 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
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

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
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, stich 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 sequexice 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 input 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.
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