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Invention 5 This invention relates: generally to a data entry nethd
apparatus, and nore particularly to a method and apparatus for inputting
text messages froma keypad, for exanple a nuneric keypad. 1 0

Background of the Invention Wth the increasing desire to carry smaller and
smal | er personal communicating devices with optimum functionality such as
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and cabl e where smart roons wl| have o¥EARpre smal |l devices that
operate a variety of appliances or control a varl ety of applications; the
need and desire to enter al phanumaf’,jei efxqtb@t h non-al pha. or nuneric
keypad is ever increasing. 20 ¢ 1"St ates of America it is
standard fof every tel ephone keypad-to have Ietters as well as nurreral S

di spl ayed on the key. r has t he
letters A, B and C d E\&%&héﬂ?eﬁés ﬁg&m %%ﬁ?&&%ﬁﬂ{& "3" has
the letters D, #@paratus,and more partiadady toa @p@&tﬁhﬂe nunmber by
the letters inputting text messages from a keypad, for example a numeric keypad.

10 - Background .of the Invention

. With the increasing: desire to carry smaller and smaller personal
communicating devices with optimum functionality such as pagers,
cellular phones, and other personal communicator devices, and the

'15  desire to automate homes through combinations of
telec'onmiunications and cable where smart rooms will have one or
more small devicés that operate a variety of appliances or control a_
variety of applications; the need and desire to enter alphanumenc text
* through non-alpha or numeric keypad is ever increasing.
20 " In the United States of America it is standard for every telephone
keypad to have letfers as well as. numerals displayed on the keys. Thus,
the key representing the numeral "2" has the letters A, B and C
~ displayed and the key representing the numeral "3" has the letters D, E -
" and F etc. It is common to represent a telephone number by the letters
25  which correspond to the digits on the keypad. -Thus, for example, a
* railway company with the name "Amtrack” can acquire the telephone
. number 268 7225 and can advertise to customers that the company's
- telephone number can be dialed by activating the keys with the letters
A-M-T-R-A-C-K. Dialing these letters will result in only one digital
30  sequence, but one digital sequence can be represented by many letter
sequences.
In the telecommunications field, methods of name selection are
-known which use a numeric keypad. For example, it is known in a
voice mail system to select a user's voice mailbox by keying in from a
~ 35 remote telephone the first few letters of a user's name, as a result of



25 which correspond to the digits on the keypad. Thus, for exanple, a
rat |l way conpany with the nane "Antrack"” can acquire the tel ephone nunber
268 7225 and can advertise to custonmers that the conpany's tel ephone nunber
can be dialed by activating the keys with the letters AMT-R A-CK D aling
these letters will result in only one digijal 30 sequence, but one
digital sequence can be represented by many |etter sequences. In the

tel econmuni cations field, nmethods of name sel ection are known which use a
nunerlc keypad. For exanple it is known in a voice mail systemto select a

user's voi ce mawhishxa shortdigitstream ipdelivered to theoveice anail spstem-ndhei r st

few letters of v@)ié@ﬁ{a'lﬁs , COHAP. &rés%é'xh at digit dtelbt With allhitediset of
streami s delivered t.o
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table. Suffici edenﬁf}gthesdesmed lmser nSnnﬂdrlypaummmdycusﬂemarfsyrmbe desired
user. Sim lqarl ?e'fﬁ@%? (EHi%tiB rf&l‘*ﬁ&.ﬁ Foxsé@?‘cfnq]?ﬁe g this form
of text entry. exanpl e an ine 1n t'ion SYS n1can request t he
first three etinformatiomsystem nm request the first three letters of a destination
airport and, notwithstanding ambiguities in the letters to be represented
by the digits delivered, it can uniquely identify an airport from only
three digits because it has a limited "dictionary" of airport names from
10  which to seek a match. The same approach can be used in a telephone
speed-dial look up arrangement: A name can be selected from a limited
list of names stored in a telephone terminal and a number can be dialed
associated with the name selected.
. Various other approaches for entering alphanumeric input
15  through a non-alpha, numeric only, or other type of keypad having
fewer keys or buttons than the corresponding alphabet have been
developed or are known. Many of these methods take advantage of the
letters displayed on the standard US telephone keypad. However, often
~ the methods associated with the alphanumeric text through the keypad
20  are cumbersome and difficult to edit. In addition, typically the entry
must be restricted or entered in a specific manner such that there is only
one option per sequence of input. More specifically, there is a direct
correlation for a specific input to a specific letter of the alphabet or a
: symbol. Forexample; if a user wants to input the word "call" through a
25  non-alpha keyboard, the user has to enter a specific combination of
numbers and/or symbols to indicate the word call. By way of example
for a user to enter the word call the user must enter the following: on,
2%; 5*%; 5 . Such a method of inputting is very restrictive, time
consuming, and editing is difficult and slow.
30 . International Patent Application, Publication No. WO97/ 05541
| describes a reduced keyboard disambiguating system in which letters are
grouped onto keys in a manner that reduces frequencies of ambiguities
- in word entry. The arrangement described is exclusively designed for
entry of text in languages based on the Roman alphabet.




ai rport and, notw thstanding anbiguities in the letters to be represented
by*the digits delivered, it can uniquely identify an airport fromonly
three digits because it has a limted "dictionary"” of airport names from 10
which to seek a match. The sanme approach can be used in a tel ephone
speed-di al 100k up arrangement. A name cangbe selected froma linited |ist
of nanes stored in a tel ephone term nal and a nunber can be dial ed
associated with the nanme sel ected. Various other approaches for entering
al phanumeric input 1 t hr ough non-al pha,, nuneric only,, or. other type of
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Brief Description of the Drawings
FIG. 1 is a front view of an illustrative text entry device suitable
to receive input in accordance with the present invention.
15 . FIG. 2 is a block diagram detailing internal circuitry of the device

of FIG.1. : :
FIG. 3 is a state diagram illustrating operation of the device of
FIG. 1 in accordance with a first embodiment of the invention.
FIG. 4 is a flow diagram iliustrating operation of the device of
20 FIG. 1ina principal entry mode of FIG. 3. |
- FIG. 5 is a flow diagram illustrating further details of the
operation of FIG. 4. :
'FIG. 6 is a state diagram illustrating operation of the device of
" FIG. 1 in accordance with an alternative embodiment of the invention.
25 * FIG. 7- is an example of nine pinyin entries with corresponding
' digit streams and examples of selected Chinese characters which can be
entered by operation of the alternative embodiment of the invention.
FIG. 8 is a state diagram alternative to that of FIG. 6.

30 - 'Detailed Description of Preferred Embodiments
Generally, a method is now described comprising the steps of:

comparing input with dictionary and language model data stored in
. imemory to generate at least one entry selected by probability of



2[err]; 5[err]; 5[err]; #. Such a nethod of inputting is very restrictive,
tisme consum ng, and editing is difficult and slow 30 I nt ernati onal
Pat ent Application, Publication No. W97/ 05541 describes a reduced keyboard
di sanbi guati ng systemin which letters are grouped onto keys in a manner
that reduces frequencies of anbiguities igword entry. The arrangenent
described is exdusively designed for entry of text in |anguages based on

t he Roman al phabet. 3 Therefore a need exists to provide a user with a

simpl e straightforward rrethod and appa atus for |n ttin anuneric text
t hrough a non- SPYBSPORAlIAG toc edF‘PHF geeF@\ng ng €PN t he

desired al phabhhw@d liltéhhmdoﬁ&b dnu qwmem stemthat is not 5
restrictive to dire

vari ety of choices E,tﬁguorr lygtﬁ:lg%‘?& ‘gfaée&f plﬁl?daeyngsggs %t;oq?g%\@ere a

enbodi ment s of colnprising the steparof: a_nhwattmgdceysmfa keypaxd, whéresxkepl e onl y,

wi th refergnce, Lo LOGsaCSRIMARY bf Shafadiir8dGelivéting input to a processor

corresponding to the keys activated; searching a dictionary for candidate
combinations of characters corresponding to the keys activated; rank
ordering the candidate combinations; and providing feedback to a user
indicating at least a highest rank ordered candidate combination. Here,

10  “character" refers generally to letters or to pictographic or grapheme
characters. .o

It may be noted. that the dlchonary is searchable by combinations
of characters, where the characters by which if is searchable are the same

. as the characters. represented on the keys.

15 A method and apparatus are also described for input of text
through a keypad having fewer keys than the number in the desired
alphabet alone or in combination with numbers and other symbols.
Recognition of the input is preferably correlated with the most likely
text selection from a dictionary, language, or compilation of data having

20  an unrestricted set of characters.

Language model data is preferably used to rank order the
candidate combinations in order of probability, i.e. likelihood of usage
and pi'eferably likelihood of usage in a given language. Such language
model data preferably comprises character combination data. The |

25  character combination data comprises, for example, word unigram data,
letter trigram data, or word bigram or trigram (or n-gram) data or, for
example, in a Chinese or other pictographic or grapheme language
version to be described, it may comprise pinyin letter trigram data,
pictographic or grapheme character unigram data, pictographic or

30 grapheme character bigram (or n-gram) data or word (i.e. pictographic or

' grapheme character combination) bigram (or n-gram) data and the like.

In a preferred embodiment, at least one likely entry can be
displayed in a display area of a device and the at least one likely entry
presented in the display area can'be edited through input of a keypad.




Brief Description of the Drawings FIG 1 is a front view of an illustrative
text entry device suitable to receive input in accordance wth the present

i nvention. 15 FIG 2 is a block diagramdetailing internal
circuitry of the device of FIG 1. FIG 3 is a state diagramillustrating
operation of the device of FIG 1 in accor@gance with a first enbodi nent of
the invention. FIG 4 is a flow diagramillustrating operation of the

devi ce of 20 FIG 1 in a principal entry node of FIG 3. FIG 5 is a flow
diagramil-lustrating further details of the eration of FIG 4. FIG 6 is
a state diagram il | uReferinggnaiydodhe digun \ES:tWEPdeﬁl’@gabﬁS g-general apd
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through which input is received. The display 14 has a text display area
15 and an area 17 for displaying word, letter combination or character
10  alternatives. The keypad 16 has twelve keys with digits 0-9 displayed
- thereon in a standard layout. Also displayed in a standard layout are
letters of the Roman alphabet A-Z. These letters can be arranged in
other arrangements, for example for greater ergonomic efficiency, but
the illustrated layout is preferred on account of established use. The
15  key bearing the digit "1" has the punctuation marks "-", "?" and ™"
displayed thereon. The lower left hand key 18 has the symbols "<<"
-(meaning "backspace” or "scroll left" as is explained below) and *
(referred to as "star"). The lower right hand key 19 has the symbols
">>"‘(meaning "enter" or "scroll right" as is explained below) and "#"
20  (referred to as "pound"). _

* In the preferred embodiment illustrated, the English alphabet is
used. Alternatively, various other alphabets may be used in accordance
with the preferred embodiments of the present invention, such as

-Chinese phonetic alphabets or Russian or Asian alphabets. In the
'25  preferred embodiment of the present invention illustrated in the
figures, the input device is.a keypad having fewer individual keys than
 the number of letters in the alphabet.. Therefore, the alphabet is
- separated into various sequences where a single numeral and a series of
- letters or symbols are represented on a single key, or block of input, of
30  the keypad or other input device. Pressing of akey delivers a digit, but
 the digit can represent one of a plurality of letters or characters.

Referring to FIG. 2, the cellular telephorie 10 is illustrated as
having a microprocessor 30 coupled to the input pad 16 and to the
display 14 using standard ‘input and output drivers as are known in the




4 corresponding to the input; and providing user feedback of the entry
having a |ikelihood of corresponding to the input. Particularly, a nethod
of text entry into a device is provided conprising the steps of activat.ing
keys of a keypad, where a key 5 represents a plurality of characters;
delivering input to a processor corresponggng to the keys activated;
searching a dictionary for candi date conbi nati ons of characters
corresponding to the keys activated; rank ordering the candi date

conbi nati ons; and providi ng feedback to a user i ndicating at |east_a

hi ghest rank ombrédﬁ%m@dtf@ themicraprasessaneileare1d first- memary 3, whidkt er s

generally to IqéP é?d%ﬁbl“e féﬁd%lgg*}ﬁéﬁxdi‘?fiEEPR@M) ahd 4By be
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nunbers and ot hetterstrigrams. The language model data 34 including unigram weight
values for the words and letter trigrams stored in the dictionary.
Optionally the data 34 also includes word bigram and even word
trigram data. Other language model information can be stored with
10  unigram weight values 34. An optional loudspeaker 38 is shown
coupled to the microprocessor. :
Referring to FIG. 3, the microprocessor 18 is shown as havmg
three principal modes of operation for data entry (it may have many
: other modes and functions not relevant to the present invention). The
15  first principal mode of data entry is standard entry mode 40 and
associated with this mode is cycle mode 42. The other modes of data
entry are numeric entry mode 46 and supervised entry mode 48.
Standard entry mode 40 is now described in detail, with the other
modes being described later.

.20 Referring now. to FIG. 4, a flow diagram of a preferred
embodiment of recognizing alphanumeric input in standard mode
through a non-alpha or numeric keypad is illustrated. The example
will be considered where the digit sequence 2 2 5 5 is entered. As
illustrated, the first input digit "2" is received in step 120 by pressing

25  briefly and releasing the corresponding key .- Subroutine 130 will be
disregarded for the present as it relates only to entry of "#>>" and
"<<*'. In step 140 the numeric sequence entered so far is sent on to the
next step for comparison against the contents of the dictionary 33.
- Thus, each entry is appended by microprocessor 30, as it is received,
30 with previously entered digifs and the various possible corresponding
letters are compared in step 150 with words from the dictionary 33.
* The first digit "2" can correspond to A, B or C. The comparison
of step 150 will search for words and (optimally) letter trigrams
beginning with the letters A, B or C. In the case of the first entered



Recognition of the input is preferably correlated with the nost |ikely text
setection froma dictionary, |anguage, or conpilation of data having 20

an unrestricted set of characters. Language nodel data is preferably used
to rank order the candidate conbinations in order of probability, i.e.

|i kel i hood of usage and preferably Iikelihgod of usage in a given Ianguage
Such | anguage nodel data preferably conprises character conbination data.
The 25 character conbination data conprises, for exanple, word unigram
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matches using the language modeling data 34 and in step 180 the active
match or matches with the highest probability are displayed in display
area 17. In the case where only one digit has so far been entered, there
10  is sufficient space in display area 17 to display all three active matches
A,Band C. In step.200 the program returns to step 120 and awaits the
next digit input.
" When a second input "2" is received, the comparison 150 will
: now yield words and trigrams beginning with AA, AB, AC, BA, BB, BC,
‘15 CA,'CB,and CC. If a third input, 5, is received, the comparison 150
" could potentially yield entries beginning with AAJ;, AAK, AAL, ABJ,
ABK; ABL, BAJ, BAK, BAL, BBJ, BBK, BBL, BCJ, BCK, BCL, CAJ, CAK,

“ CAL, CBJ, CBK, CBL, CCJ, CCK, and CCL, but some of these trigrams

may not appear in the English language and will be omitted by step 150.
20 . If a fourth input, 5, is received, words beginning:with AAJJ, AAJK,

- AAJL, AAK], AAKK, AAKL, AALJ, AALK, AALL, AB]J], ABJK, ABJL,
ABK], ABKK, ABKL, ABL]J, ABLK, ABLL, BAJJ, BAJK, BAJL, BAK],
BAKK, BAKL, BALJ, BALK, BALL, BBJJ, BBJK, BBJL, BBK], BBKK,

- BBKL, BBL], BBLK, BBLL, BCJJ, BCJK, BCJL, BCK], BCKK, BCKL, BCL]J,
" 25  BCLK, BCLL, CAJ], CAJK, CAJL, CAK]J, CAKK, CAKL, CALJ, CALK,
CALL, CBJJ, CBJK, CB]L, CBK], CBKK, CBKL, CBLJ, CBLK, CBLL, CC]J],
COK, CCJL, CCK]J, CCKK, CCKL, and CCLJ, CCLK, and CCLL are -
possibilities to be searched in the dictionary (less any combinations
ruled out in the previous round of comparison). From this list of all
30 combinations, the dictionary is compared and any matches are
identified in step 150. In the example presented, the entries with
- matches found in the dictionary are BALK, BALL, CALK, and CALL.
Alphanumeric recognition data can be stored in the memory 31.



Referring nowto the figures, FIG 1 illustrates a general and preferred
enbodi nent of apparatus in accordance with the present invention. An
exanple of a cellular telephone (or other data entry device such as a

wi reline tel ephone, pager or personal digital assistant 5 or

t el ecommuni cati ons device) having a keypadgis illustrated as generally
depicted by the reference nuneral 10. The cellul ar tel ephone 10 depicted
conprises a housing 12, a display 14 and a keypad 16 through which input is

recei ved. The di spl ]E\I/b14 has a text display area 15 and an area. 17 for
di spl ayi ng word, | etiethe:praferrad embedinenty the dictiomary 33;1epreseni®a. The
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i.llustrated, t f&aElilﬁd:ludb thhp beindiination are also then ignored or eliminated. For
.10 - example purposes only, if a first and a second input are 2 2, and the
comparison with the dictionary yields BB, and the dictionary does not
have any entries that would match BB, all further input that would
‘begin with BB combinations is eliminated or ignored. For example, if
: the third is 5, such that the input now is 2 2 5, all the entries such as
15 BBJ, BBK, -BBL, etc. are ignored or eliminated and not compared to the
' dictionary. . '
: In accordance with:a preferred embodiment of the present
invention, a breadth-first search is used to accelerated the comparison
of the input to the stored dictionary entries. Advantages of this type of
20 search are that it reduces the time for comparison and provides results
- with a greater accuracy of correlating to the input. Breadth-first
-searches are described in “Heuristics - Intelligent Search Strategies for
' Computer Problem Solving”. by Judea Pearl, published by Addison-
Wesley Publishing Company, page 42 et seq. and “Introduction to
.25. Algorithms” by Thomas H. Cormen et al., published by M.LT. Press and
~ McGraw-Hill at page 469 et seq..
In a preferred- embodiment of the present invention, the
- dictionary whose contents are stored as a trie is searched using a beam
: search.. Various techniques for beam searches are known in the art. For
30 - present purposes, a beam search is a breadth-first search with limited
- - breadth, where only, say 100 possible matches are considered at any
~moment. This feature is particularly advantageous because spelling
errors are permitted. Preferably, a restriction is established limiting the
number of alternatives that will be searched.




used. Alternatively, various other al phabets may be used in accordance with
the preferred enbodi nents of the present invention, such as Chinese
phoneti c al phabets or Russian or Asian al phabets. In the 25 preferred
enbodi mrent of the present invention |IIustbated in the figures, the input
device is a keypad having fewer individual “keys than the nunber of letters
I n the al phabet. Therefore, the al phabet is separated into various
sequences where a single nuneral and a series of letters or synbols are
represented on a si an'e?ﬂgferabl)th&Whommastabﬁshﬂd whidherestrigtadror ot her
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alternative does not correspond to an entry in the dictionary, the
alternative is given a low score.

10 More preferably, each alternative that does not match an entry in
the dictionary is eliminated. Preferably, for each alternative that does
match an entry in the dictionary, the alternative is compared to a
unigram language model to determine the frequency of occurrence of
that alternative.

15 In the preferred embodiment, all input that matches or
corresponds to-an entry in the dictionary at step 150 of FIG. 4 is returned
to the memory 32. In many instances, there are too many possible
matches for all matches to be displayed in alternatives display area 17.
Moreover, presenting a user with a large number of alternatives is

20  ergonomically inefficient. For these reasons, a language model is used
in step 170 to assign a probability to each of the matched entries
identifying the likelihood that the entry corresponds to the intended
input. Preferably, step 170 causes the entry with the highest probability

| - of correlating to the alphanumeric input to be displayed in area 17 of

25  the display 14 of the device 10. This is achieved by looking up and
éomparing unigram weighting values from language model data 34
(and /or other language model data) for the different candidate
alternatives and selecting the most likely candidates (e.g. four
candidates or some other number up to, preferably, a maximum of 10

30 candidates). '

An advantage of the present invention is that it allows for
ambiguous input and converts that input to a word or alphanumeric
value that has the highest probablhty or likelihood of correlating to the
input. :




5 I ncludes, for an English |anguage data entry device, English words and
|l etter trigranms. The | anguage nodel data 34 including uni gram wei ght val ues
for the words and letter trigranms stored in the dictionary. Optionally the
data 34 al so includes word bi gram and eve\%q\ord trigramdata. Qher

| anguage nodel information can be stored h uni gram wei ght val ues
34. An optional |oudspeaker 38 is shown coupled to the m croprocessor.
Referring to FIG 3, the microprocessor 18 is shown as having three

princi pal nodes of cmdeamngmdvoto HiG a5, adetails Of thersyblroutine1330/00FKer4 arales
and functions whl evant to the present invention). The 15 first

princi pal node of data entry is standard entry mode 40 and, associated with
this node is cycle nbdiellpwingentey atenawadnors digits, andidisplayofitieeric entry
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gescrl bed i det a| l,, h JB} ot he des % igé g&&)h@
eferring rbw t%H %W%B?BFH@F R
recogni zing al rthemummencement o&mmén@dﬁﬁdord)dmodé}rtenmmmm@mhale
i git sequence e sustdbitishing kSR, fie Miapiafia iR Sk ety it i S?t
"2"' is recei vdollowestbspa spacery pressi ng 25 briefly and rel easing the
corresponding key. SAPHRElAdifit irdthdYphdceds, the highest priority match is
10  displayed in alternatives display area 17 of display 14. The program
awaits new date entry at step 190. If the word or character displayed in
display area 17 (the highest ranked match) is not the desired word or
character - e.g. if CALL is displayed, but BALL is desired, pressing
(briefly) and releasing key 19 (#>>) causes step 193 to cycle to the next
15  choice. With each press of key 19, steps 192 and 193 cause the next rank-
ordered choice to be displayed in alternatives display area 17 and in text
display area 15 (eventually returning to the original highest rank-
_ordered choice). If, in step 190, the input key 18 (<<*) is pressed, step
198 causes the entire sequence of digits since the last space (the entire
20  word or character) to be deleted and the program recommences at step
120, where a new input can be received and the word can be re-entered.
" If the entry at step 190 is neither of keys 18 and 19 then logically it must
be another of the keys of keypad 16, representing a digit 0-9 and step 197
is reached. This entry is interpreted to be the start of a new word or
25  character. In step 197 the end-of-word mode ends and a new word (or
character) begins. The program proceeds to step 140 for processing of
the new digit stream representing the new word or character.
Other steps can be introduced. For example press-and-hold
activations of various keys during the execution of steps 182-198 can be
30 given additional meanings and functions.
If, following step 120, key 18 is pressed, step 186 causes the
program to proceed to step 188 and the last digit entered is deleted. The
program then continues with step 140 and the numeric sequence so far



di sregarded for the' present as it relates only to entry of "#>>" and

"<, <[err]". In step 140 the nuneric sequence entered so far is sent on to
the next step for conparison against the contents of the dictionary 33.
Thus, each entry is appended by microprocessor 30, as it is received, 30
with previously entered digits and the var |ous possi bl e correspondlng

| etters are conpared in step 150 with morés fromthe dictionary 33. The
first digit "2" can correspond to A, B or C. The conpari son of step 150
w |l search for words and (opti mal letter trigranms begi nning w p t he
letters A B orenteredr{omigting she @qstpﬁglt} isr geh\gq;'gégtg(pompmﬁprb ptep 0 farhr ee
options (A B %ﬁgag% SsBefprebl e first letters of a mnrd and step 150

det erm nes p05|t|velu§ at . at Iea one is fo hat, if step

150 reveal.s no cand| H‘f‘ﬂ QbeQRrsen aapé'ﬁagéaglk qrg fi‘?ﬁ &}6‘?

letter trigrampf.com mlprégfamhhngahm theesteps dihmra&ed indFIGsl 4tandg5 cant he

I nput are |€dent filﬂe egp&‘tgg kv*ﬂ Ut/ RSN B8R0t favd ' Beocess. In
les are asslt ghe O

step 170, ob he act1ve matches using the
| anguage nodel |m'galdmemtedlmrthe|aequenpeswmowne active match or nmatches with

the highest probabi It by afty tirflé S hdRA40 (exdepPbéiveen steps 184 and 195) the
desired word to be entered in the text display area 15 is not the highest
priority word, key 19 can be pressed down and held down for a
10 . . predetermined time (e.g. 1.5 seconds) and this will cause cycle mode 44
- (FIG. 3) to operate and the candidate matches in display area 17 will
cycle through (cycling to the left if more than one is displayed). Upon
release of the respective button, standard entry mode 40 resumes.
Pressing-and-holding of key 19 between steps 184 and 195 can be given a
15  different meaning (because pressing and releasing that key at that time
~ . already operates the function of cycling through the choices). It is
- preferred that here pressing-and-holding key 19 has the effect of
entering a space in text display area 15.
When the desired word is displayed in the left-most posmon in
20  thedisplay area 17, it can be selected by pressing key 19 briefly (less than
' the predetermined time) and releasing it. This action delivers the word
to memory 32 and to text display area 15 as described above.
If the display area 17 is small in-comparison to the length of the
‘candidate matches, there may be only one candidate displayed at one
. .25  time and key 19 will cause the next candidate (in rank order of
.- . likelihood of selection).to be displayed. '
- The standard mode of text entry 40 described and illustrated in
FIGs. 4 and 5 allows for very fast text entry from multiplexed keys
‘where each key represents a plurality of letters or characters. For
- 30 example, 65% of English text is written using only 100 words. 91% of
these words can be entered without having to use keys 18 and 19 to
scroll beyond the first presented match. Thus the arrangement
described comes close to meetinga goal of one keystroke entry per
letter.

)



area 17. In the case where only one digit has so far been entered, there 10
I's, sufficient space in display area 17 to display all three active matches
A, B and C. In step 200 the programreturns to step 120 and awaits the next
digit input. Wien a second input "2" is received, the conparison 150 wil|
now yi el d words and trigrans begi nning w th,AA AB, AC, BA BB, BC, 15

CA, CB, and CC. If athird input, 5, is rec@ived, the conparison 150 could
potentially yield entries beginning with AAJ, AAK, AAL, ABJ, ABK, ABL, BAJ,
BAK, BAL, BBJ, BBK, BBL, BCJ, BCK, BCL, CAJ, CAK,  CAL, CBJ, CBK CBL, CdJ,
COK, and CCL, but soWéhere theeserdsriogberutered anonllipglded; in thedichignarn

| anguage and Wk S
recei ved, words t%Ielal nd;IEh&Srerﬂo ¥,§g§% %5&6(:}&%%11&5&% %&bmﬁfsadAALJ

AALK, AALL, ABJQOHWS SAQQLentﬂBF@t ABKK, ABKL, ABLJ, ABLK, ABLL BAJJ
BAJK, BAJL, BAKJ, BAIfKaltBﬂelﬂtweBéithodﬁﬁéi& oBﬁlahdaﬂBéﬁ

BOLK. BOLL, S CATPMERABK modgh (ewEaprd Eahibindliph mpgEt is %%ﬁ tﬁ%‘kﬁj
CBJK, CBJL, CBKthe ﬁequencseldf tweBtasecative vmnd@ oocumng @ogetherand toaark,

CCKK, CCKL, and in
the dictionary ?f&easr; any corr%\%nat | ons ru? I N tﬁﬁb&al%%?ﬁ
conpari son). Frean requre adarge memory 31, especi When operatmg in the

language, on account of the very large number of possible bigrams. A
10  trigram language model can used to determine the frequency of three
words occurring together.
In accordance with preferred features of the present invention,
alternative data entry modes are provided. '
- Numeric entry mode 46 can be entered by pressing and holding a
15  key corresponding to the digits'0-9. Upon pressing and holding one of
~these keys, the different multiplexed ‘characters (digit and letters) are
displayed in cyclic order in the display area 17. For example pressing
and ‘holding the "2" key causes_the characters A-B-C-2-A-B-C-2 to be
displayed in sequence (or 2-A-B-C etc.). If the key is released while a
20  numeral is-displayed, numeric entry mode 46 is activated. If it is
released while a letter is displayed, supervised entry mode 48 is
activated. |
Once numeric entry mode 46 is activated, every subsequent key
- press is assumed to be a number, until key 19 is pressed. Thus the
25  number 8211223 shown in FIG. 1 can easily be entered by one long press
‘of key "8" followed by a short press of each of the subsequent keys.
Upon pressing key 19 the program returns to standard data entry mode
: When supervised daté'entry mode 48 is entered, each subsequent
~ 30  letter can also be entered by a similar press-and-scroll method of letter
selection (as is known in the art).
As a preferred alternative, supervised data entry mode 48
operates in the same way as standard entry mode 40 but uses only letter
trigrams to select the next candidate character. When key 19 is pressed,



30 conbi nations, the dictionary is conpared and any nmatches are
identified in step 150. In the exanple presented, the entries wth matches
found in the dictionary are BALK, BALL, CALK, and CALL. Al phanuneric
recognition data can be stored in the nenory 31. 8 In the preferred
enbodi ment, the dictionary 33 represents Eiépl urality of words or synbols
and is preferably stored as a trie, as is described in "Fundanental s of
Data Structures in Pascal" by E. Horowitz and S. Sahni, published by
Conput er Sci ence Press, ges 512- 5 520. The_input is conpared agai nst
t he dictionary saperyised éﬁé@ﬁ?ﬂﬁfsm@delﬁﬂdﬁpﬂ%e displasest (pxdnithe RIs son is

continual |y Up%fe?ﬂah+@tl@e Bigﬂééffﬁﬁ) Rged) wordoRRAGHetOih fredlony 32 not
yield a match is >d an t conbwathg and_an and all fuarther
conbi nati ons tﬁétd gk"ty Y\?{f‘?ao ahd the p1o 9540 or

el imnated. Fo rsté:ﬁ&ardemtmp Imod)el mgsmqaeovﬂsgd entryaniodesis pamicalaa:bcuaeful nput

i ct 1 ontiry HoedORERENAANERGH hhf ircla g B e BckiofFyis8, g S EntyBE . nput.

t hat woul d beginamgs.h BB conbl nati-ons ‘i-s elimnated or ignored. For

exanple, if In the embodiment described above, a predetermined key (e.g.
"~ "#") is preferably to select and enter the hlghest rank ordered candidate
. combination.
.10 - A memory (e.g: EEPROM 31 or a separate computer disk) can be '

provided having instructions and data stored therein that, when
executed, cause the microprocessor 30 to comprise: an input; a
dictionary 33; language model data 34; a search algorithm 150, to search
the dictionary for candidate combinations of characters corresponding

15 to digits received at the input (input from input pad 16); a rank

- ordering function 170 that rank orders the candidate combinations
according to the language model data; and an output (to display 14 or
loudspeaker 38) to.provide feedback indicating at least a highest rank
ordered candidate combination.

20 There now follows a description of how the above embodiment
of a data entry device can be modified for very simple and fast entry of
Chinese characters.

In this embodiment, a method of text entry into a device is
- described comprising the steps of: activating keys of a keypad, where a

25  key represents a plurality of characters in a first alphabet (e.g., pinyin);
delivering input to a processor corresponding to the keys activated;
searching a dictionary for characters in a second alphabet (e.g., Chinese

. or orther ideographic characters) corresponding to the keys activated to
provide candidate second alphabet characters; rank ordering the

30 - candidate second alphabet characters; and providing feedback to a user
indicating at least a h1ghest rank ordered candidate second alphabet
character. ' :

Since ‘the mid 1950s, a standard phonehc representation of

Chinese characters has been-adopted known as "pinyin". The pinyin



the third is 5 such that the input nowis 2 2 5, all the entries such as
15 BBJ, BBK, BBL, etc. are ignored or elimnated and not conpared to the
dictionary. In accordance with a preferred enbodi nrent of the present

i nvention, a breadth-first search is used to accel erated the conpari son of
the input to the stored dictionary entriesi4Advantages of this type of 20
search are that it reduces the tine for conparison and provides results
with a greater accuracy of correlating to the input. Breadth-first searches

are described in "Heuristics - Intell|gent arch Strate or, Conput er
Pr obl em Sol vi ngfongach fghinese gharacter, h@rﬁﬂhmg ‘928?‘3? Up PP hi ng
grrpany tpalge 4801%?.)11&&113 i dns%.b ﬁtl\l/'fmlmwcthemﬁ%% IQHBGHA}IZB by ThOfT{iS H.
rmen et al., publighe . S W d Vﬁseq
In a preferred errbodsmmé'f“ E@‘é’é %ﬂ F¥e gY‘SFacgﬁ
tcgg:]ﬁln;ﬁegr goft samd keypadtlayeut as &raarshbam;;'sﬂﬁb = 'B?amnaqqangrtabh?;ﬁn?us
pur poses, a beam &&ﬁ&é Ee)gsrgmg ﬁ ¥ngﬁ? searcftlf'sa 9{110 mte breadth
where only, say Ah@up@s@sb P&ﬁ%ﬂé@?@eﬁt<ﬁr¥3ﬁmﬁ’>f Thi s
feature is part gk E@&pﬂg 9gndrdigitst e permtted
Preferably, a restr?yf n I s establ shed I|mt|n t he &yr;ier of

alternatives t h’é?Pr\ﬁP‘FrFt TR S2aftHdF, <W Xy>, <q 2> respectiv
Referring to FIG. 6,-a mode diagram for a program operated by

10 microprocessor 30 is shown for this embodiment of the invention.
There is a standard éntry mode 300 with an associated character
selection mode 302. Character selection mode has scroll left and scroll
right modes 304 and 306 as sub-modes. An alternative alphanumeric
entry mode 310 is provided.

15 In standard entry mode 300, a user enters the pinyin of each
‘Chinese character he wants to input by using the telephone keys
marked a,b,c,d, . .. inthe same manner as described above with respect

* to entry of English words. (For verification, a digit string is displayed in
a small window 13 which is located at the top right of the display 14).

20  He can press key 18 to delete a digit that is wrong. When finished, he
presses key 19. The program then proceeds to character selection mode
302 and displays in character selection area 17 of the display the top 10
Chinese characters that have the pinyin entered.. The characters are
rank ordered based on the language model data 34. A number from 0 to

25 9is displayed under each Chinese character. The user can select the
Chinese character he wants to input by pressing its corresponding

~ number displayed. For example, if the Chinese character marked by 3 is
the desired one, he simply presses the key marked by 3 to put it in the
.. textarea 15 of the display 14 and store it in memory 32. The program
30 then returns to standard entry mode 300.

If the user can not find the Chinese character he wants to input
in the display area 17, he can press key 19 again, then mode 304 of the
program gives a list of another 10 characters and these are displayed in
display area 17. The user can revert to the previous list of 10 characters




9 More preferably, a restriction is established which restricts or
elimnates all alternatives fromthe dictionary that are returned which
fall below a predeterm ned "score."” The score that is selected will vary
dependi ng upon the paraneters that are determned to be the nost 5
significant for the application for mhichlghe invention is being used. In a
preferred enbodi nent, an alternative receives a high score if the entry
corresponds to an entry in the dictionary. If, however, the alternative
does not correspond to an entry in the dictionary, the alternative is given

a | ow score. 1y pressing kay 18 ¢ activatemyodeded Siricerthadictionary3derndainst
mi ch an entry ever Bessiblel CRIRY chiraeter i@ usek cftf gheapblind themigiach
alternative that does tch an entry in the dictionary, the alternative is
conmpared to a Gh‘?ﬁ’rcg‘?ﬁ Hgmﬁgo MBB¥Y to deternine the frequency of
occurrence of that dJf the pityindhe iser entered i$ mot hdegitithater puhyémiofai ment, al |
100 BT el oRRAFET ARy B ook i sty 0 (0
t oo many possi Bhxough the loudspeaker 38 or leaves the digit stream displayed
unchanged in window 13 and gives a beep. :
Once the user has-entered the pinyin followed by "#' key 19, the
two editor keys "** and "#" become the selecting keys for the top 10
10  candidate list, one is forward, the other is backward. The user must
make his selection by pressing one of 10 telephone digit keys even if he
-can not find the Chinese character he wants to input. . This returns the
operation to standard entry mode 40 and key 18 can be used to delete
the entered character and start again with pinyin entry for the desired
--15  character. - : ' _
An example of nine pinyin entries, with corresponding digit
streams 502 and examples of selected characters 504 corresponding to
those pinyin entries is.shown in FIG. 7.
There are four frequently used punctuation marks ",", ".", "?",
.20 ""marked inkey 1. The system uses the press/hold mode to enter
one of them. When the user wants to input the punctuation, he presses
and holds key 1. The program enters mode 310. Then the digit 1 and
. the four punctuation marks ",", ".", "?", "I" are then displayed on the
screen one by one. The user can select the punctuation he wants to
" 25 input by release key 1 when it is being displayed.
'In a manner similar to the input of punctuation, alphanumeric
entry. mode 310 is entered in a press/hold manner to enter digits and
Roman letters. For example, if the user wants to enter the Roman
character M, he presses and holds key 6 which is marked by M, N, O.
30  The system then displays digit 6, the small cases of these three
' characters and the capital cases of these three characters one by one.
The user then releases the key when he sees the character M on the
screen.




mat ches for all matches to be displayed in alternatives display area 17.
Mor eover, presenting a user with a large nunber of alternatives is 20
ergonom cally inefficient. For these reasons, a |anguage nodel i.s used in
step 170 to assign a probability to each of the matched entries .identifying
the likelihood that the entry corresponds f@ the i ntended input.
Preferably, step 170 causes the entry with the highest probability of
correlating to the al phanunmeric input to be displayed in area 17 of 25
the display 14 of the device 10. This is achi eved by | ooking u nd .

thas ot FlGs o

conpari ng uni gr am weRgferring todlGe 8, astate|diagiam altamnativesto:
OLTEr | maounge et s gty tfngsnrycnode bmpehtn o Chrese o,
nunber 'ug to, p? ,péﬁﬁO#a .ﬁraﬂf%&elgf%qﬁ“ iei?fg?%%e. é%aﬁn%\%wpgge
of the present fightandsarolbleftimodes 3@lands306careantrltpreds Moge 818 0é FiGnver t s
o hob, S EEFUCI TN e W P8 i Cnott 11
o : punctuation and symbol mode 620 and ASCII symbol entry mode 610.
Mode 620 is reached from mode 300 by pressing and holding key "0".
Mode 610 is reached from mode 300 by pressing and holding one of keys
. 1"1-9"; These modes 620 and 610 have respective scroll right and scoll
10 left modes 621, 622, 611 and 612 similar to modes 306 and 304.
Additionally insert return mode 601 is provided which is reached from
mode 300 by pressing key 19 (#) without first entering any pinyin.
Mode 302 is, in FIG. 8, only reached by pressing key 19 (#) after entering
- . pinyin. Modes 631 and 632 are added (scroll right and scroll left
15  respectively) which can be reached from mode 300 by pressing and
. holding respective keys 19 and 18 for a predetermined time (e.g. 1.5
seconds).. o 1 :
Mode 620 is useful because, in Chinese, there are about 500
punctuation and other symbols that do not form parts of words, but
.20 stand alone. These can be selected by pressing "0" and scrolling left or
' right to select the desired symbol. _
The system uses key 0 to enter Chinese punctuation marks and
other Chinese symbols, such as space, slash, etc. In standard mode 300,
. when pressing and holding key 0 for a predetermined time (e.g. 1-5
.25 'seconds), the program enters the Chinese punctuation and symbol
~ entry mode 620 and displays in character selection area 17 of the display
digit 0, space, punctuation marks, and other symbols.
: 0 ,.:170)%

0123456789

Eg.

30 A number from 0 to 9 is displayed under each symbol (or item).
The user can select the Chinese symbol he wants to input by pressing its
corresponding number displayed. If the user cannot find the symbol he
wants to input, he can press key 19, then mode 620 of the program gives



Referring nowto FIG 5, details of the subroutine 130 of FIG 4 are shown.
If; following entry of one or nore digits, and display of the candi date

mat ches on display area 17, key 19 is pressed, bearing the 5 markings
"#>>" the program proceeds to step 184. Step 184 represents the
commrencenent of an end-of-word node, termyyting the entry of the current
word and causing it to be displayed in text display area 15 foll owed by a
space. At this point in the process, the highest ipriority match is 1 0

displayed in alternatives display area 17 of display 14. The programawaits
new dat e entry aliskebanather 10iChirese\symbels %ngﬂa%ﬂeeﬁfrecﬁ@ﬂaéfﬁédnitgedi spl ay

area 17 (the higjephly 4@AK7d TR G88r dan Fevert fethResrevRsls 1St OO0 b@l@tlgf -
e.g. if CALL is_dI S’Blgalged géjt BALL i sddgibrgﬂg gresm n‘%eti‘?“ lél)ﬁa%g
rel easing key 1Rressing)key,18 1o activate mpade §20y Jhere gre mo n F ce.
Wth each pressywhbélgy 19, steps 192 and 193 cause the next rank- ordered
choice to di spl a ' | Ferell | i.spl ay
area 15 (eventual | yy'_ﬁg? %J?shtl ngﬁé_%a%})eéegrg&&seg{gy g ggﬁ&rbg’ﬁw@%g@éﬁe
choice). |f, irEngligh alpharumeries; puncéyation mazksy angl othep spmbeds. dmep 198
causes the enti FREA Sres i 3 @ iheg 20
word or char act%ﬁwgﬁe@f g%%??ﬁ%r@?%??:o%g% elte_aag:?%l Cﬁg_&lzo,
where a new i ngimedgss- 3> secopdsl the program sagade 010 and displays digit
- 1, space, punctuation marks, and other ASCII symbols.
10 : o ' _
Eg.
0123456789
" A number from 0 to 9 is displayed under each symbol (or item).
-'The uiser can select the ASCII symbol he wants to input by pressing its
15  corresponding number displayed. If the user cannot find the symbol he
*- ' wants to input, he can press key 19, then mode 610 of the program gives
a list of another 10 ASCII symbols and these are displayed in the display
area 17. The user can revert to the previous list of 10 symbols by
pressing key 18 to activate mode 610.
20 - Other digits and Roman letters can also be entered in a
- press/hold manner. For example, if the user wants to enter Roman
character M, he presses and holds key 6 which is marked by M, N, O.
- The system then enters mode 610 from mode 300 and displays digit 6,
the small and capital cases of English letters m, n, o, like this
25 ' :
6mnoM N O Exit

0123456 7

The user can then select the capital letter M by pressing key 4 and the
program returns mode 600. If the user accidentally presses and holds
30 thekeys2to9, and he does not want to enter any Roman letters, he can



If the entry at step 190 is neither of keys 18 and 19 then logically it

nmust be anot her of the keys of keypad 16, representing a digit 0-9 and step
197 is reached. This entry is interpreted to be the start of a new word or
25 character. In step 197 the end-of -word node ends and a new word (or
character) begins. The program proceeds tglgtep 140 for processing of the
new digit streamrepresenting the new word or character. Qther steps can be
i ntroduced. For exanpl e press-and-hold activations of various keys during

t he execution of steps 182-198 can be 30 gi ven additional meani ngs and
functions. |f, pressdkeynitereurn o the siandard mede 300 wyithowpentesnganes t he
programto procreghdrP 1sk&Rs. 188 and the last digit entered is deleted. The

program then continu | step 140 gnd the nuneric sequence so fa
entered (onitting thgi‘?‘géé&d?@‘?‘?@ai@rﬁég?m tgn%e&;}ﬁggﬂjg%wgepe\ﬁmi%o; or
processi ng as beharaeters.t Madd 6321s thesaste admogieptsein BIGd ayd ened®63bisdi nar y
skill in thg ar%iﬁﬁﬁgforrputer programming that the steps illustrated in

FIGs. 4 and™5 c be inplenented in many different forns and do not
have to be i npl ement TheianrarigementofFGs. Lhband 6 or 8 can be used to enter text

using Zhuyin phonetic Chinese symbols instead of pinyin (lower case
Roman) symbols, by suitably displaying the 37 Zhuyin phonetic
- Chinese symbols on 10 telephone keypad keys and suitably providing
10  matching dictionary and language model data. |
S - It will be apparent to those skilled in the art that the disclosed
. invention may be mddified in numerous ways and may assume many
embodimerits other than the preferred forms particularly set out and
described above. For example, instead of providing a display 14 and
15  user feedback through area 17 of the display, synthesized voice can be -
output through the speaker 38 to provide user feedback of a candidate
match. Additionally, the input pad 16 and loudspeaker 38 can be
- remote from the microprocessor 30 and its memories 31 and 32,
providing remote data entry. This arrangement is particularly useful
20 for allowing a standard telephone handset to be used for text entry, for
example for entering paging messages to a paging system from a remote
location. Accordingly, it is intended by the appended claims to cover all
modifications of the present invention that fall within the true spirit
and scope of the present invention and its equivalents.
25 | |
What is claimed is:

REPLACED SHEETS 5G

. A —}
This Sheet Has Been RTliced KT Abstract _paged 43 to paged_._........_..

A




I f at ‘any time in node 40 (except between steps 184 and 195) the desired
word to be entered in the text display area 15 is not the highest priority
word, key 19 cam bepressed down and hel d down for a 10 pr edet er mi ned

tinme (g’mmﬂm and this will cause cycle node 44 (FIG 3) to

oper at "mﬂj e matches in displ gy area 17 will cycle through
(cyclindg té the 4 e nore than one is (}I spl ayed). Upon rel ease of the
respective button, standard entry node 40 resunes. Pressing-and-hol di ng of
key 19 between steps 184 and 195 can be given a * 15 di fferent neaning
(because pressigb_lmid rel easing that key at that tine already operates the
function of cycling through the choi ces) It is preferred that here

pr essi ng- and- h Idlng ke he eff f .enterin ace in text
i pi ay area 15 wineh Tbofker fed SRS afeyife sotmtiriy Ih¢ Sps hib
position in 20 theaﬁvaphg;keyseﬁaﬂ?eypaﬂ cuinerba keyt represerity ajplasalitygpfkey 19

briefly (I Qss téi'\%?#t@fs ﬂfﬁ%‘%ﬂgﬁ%ﬁ%{)“ me) and releasing it. This action

delivers the 0 menory text display area 15 as descri bed

above. If the dlspl a@elmexmgmplgtgraaproqeﬁsmesmdmgtowhel@ﬁgth of the
candi dat e mat chgs; re may be only one candi date di spl ayed at one 25

of "Seloction T owb'e'aséi‘%ﬁﬁ aufichapas i ssting stend aifhepeno descri bed
and i'l | ustrat ectorfesponding to the keys actlvated to provide candldate second
10 alphabet characters;
rank ordering the candidate second alphabet characters; and
providing feedback to a user indicating at least a highest rank
ordered candidate second alphabet character.

i HiiIIBﬁfﬂllTlaced



FIGs. 4 and 5 allows for very fast text entry fromnmultiplexed keys *

wher e eawﬂ%pl urality of letters or characters. For 3 0
exanpl e, 65% of Englis is witten using only 100 words. 91% of these
wor ds ca mmmmEm ']out having to use keys 18 and 19 to scroll beyond
the firs u Thus the arrangegent * descri bed cones
close to neefing & g&al *of one keystroke entry per letter. 12 Where the
words to be entered are all included in the di ctlonary standard entry node
40 (and associ ajed es 4 d sed cont Qu

text.- In alter atl\% 5&1 {ééims BCQHEI? SIhE g{gxeg%e}ygtf%cgﬁéﬁpg
| anguage nodel At deterdunedrkeyl&blselectrandlentesthes hest thatlkeorderedt he
frequency of t s g together and to rank order the
candi dat e matc accor%l% ﬁl%t?s %%aé}kﬂent however, can require a

| ar ge- menory 31, espeC| al | y when operating in the Engl i sh | anguage, on

account of ghe gery ggﬁeMSIdﬁfmpP§§2bhﬁtﬁeﬂé&Hgnsﬁlg1&1e stepi ¢ff am

| anguage no can use ef er m ne, the fregpenc
aHeg actlvatfng one of the keys of the keyp to slect. anJ] enter one of a

plurality of rank ordered candidate second alphabet characters.

4. - The method of claim 1, 2 or 3, wherein the step of rank ordering
10 comprises utilizing language model data-to order the candidate second
alphabet characters in order of probability. '

5. - The method of claim 4, wherein the language model data
comprises unigram data.

15
6. The method of cla1m 4, wherein the language model data
compnses letter trigram data.
-
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wor ds occurring together. In accordance with preferred features of the
prese rnative data entry nodes are provided. Nuneric entry
mode Tﬂllmmmlllﬂm"aﬂmrby pressing and holding a 15 key corresponding to
the didit§ 09." Udon *pressing and hol ding one of these keys, the different
mul ti pl exed characters (digit and letters re displayed in cyclic order in
the display area 17. For exanple pressing and holding the "2" key causes

the characters A-B-C2-A-B-C-2 to be displayed in sequence (or 2-A-B-C

etc.). If the key is released while a 20 nuneral is displa nuneric
entry node 46 i% actfgxientry device comprigingsa keyprd ha W@Staeﬁe¥i°§kéy§/pl ayed,

supervi sed ent reachues fk%re&rﬁﬁ{glalplﬁ‘ih ﬁ:ﬁumphabetemarracﬂéﬁ% 46 is

activated, every. ubseq ent kﬁﬁ%ﬁ% fa g assune a, nunber, until key

19 is pressed. Qn?We i i . qu:qu@‘d % PIOGESSLsi |y be

entered by one doupjedtethe kéypag, didtiohaty, damgudge moslebdatppand outputach of

t he subsequbent &%ée Upon pressing key 19 the programreturns to.standard
e

data entry “nod “When supervised data entry node 48 is entered, each
subsequent 30 | et tthe procesdordeing qmogmmr@yflm seqeweammﬂe@s'reemrdmgsl |

met hod of | ett b 1&isickivated, 38 skarch T Rahdidail€ séédnld alphabet characters
corresponding to the keys activated, to rank order the candidate second
- ~ alphabet characters according to the language model data and to provide
10  feedback through the output device indicating at least a highest rank
-ordered candidate second alphabet character.

8. A method of processing keypad entry into 1deograph1c text,
comprising the steps of:
15 " receiving input as a sequence of numeric values;
' - converting the sequence of numeric values to at least one
alphanumeric unit; '
comparing the at least one alphanumeric unit with a dictionary
. to identify candidate ideographic characters likely to represent the input;
20 assigning through language modeling a probability to each of the
candidate ideographic characters; and
displaying a candidate 1deograph1c character having a highest
probability.

I
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As a preferred alternative, supervised data entry node 48 operates in the
sanme way as st 40 but uses only letter trigrans to sel ect
t he next candi mmmmumunhen key 19 is pressed, 13 supervi sed data
entry node ends; the 'di bl d&yed (or in the preferred alternative the highest
priority displayed) word is stored in nmengry 32 and displayed in text
di splay area 15 and the programreturns to standard entry node 40.
Supervised entry node is particularly useful 5 for entry of words not
included in the dictionary 33 and for entry of nanmes. In the enbodi nent
descri bed above?- a pPcdRYIE? PAMNYISIRG: (e.g. "#") is preferably to select and
enter the highest ragkeppaldrsaid keppad hiaei imppuit avea ahd a display arkajrenory
(e.g; EEPROM 31 _or t{er di s can, bei rQvi ded havi ng

G PRIV Bfeéﬁt“g’d, cause the

.2 _separate £o
i nstructions an?flﬁdpgugg’é‘?aeﬁo?ﬁ@
m croprocessor 30 t odisplay preressingicmeuitry foriprasenting\a S@phical gmage afwae|
data 34; a §earﬂéﬁg+%.b§:ﬂ§}a]c§&oﬂ%éa %;t he dictionary for candi date
r&c

conmbi nations of ¢C ers correspondrn . . _
a memory having at least alphanumeric recognition data stored

therein; and
digital processing circuitry for comparing the numeric input with
the alphanumeric recognition data to provide to the display processing
10 - circuitry candidate recognition information including at least one likely
candidate ideographic character having a highest probability of
corresponding to the numeric input value.

_ 10. A method comprising the steps of:
1S - comparing input with alphanumeric dictionary data and
- language model data stored in memory to generate at least one entry
* having a likelihood of corresponding to the input; and
' providing user feedback of an ideographic character having a

likelihood of corresponding to the input.
20 i . :
11.  The method of claim 10, wherein the input is received at a
keypad of a device and the user feedback is provided through a display
of the device.

25 12. The method of claim 10, wherein the input is received at a
keypad of a device and the user feedback is provided through a
loudspeaker of the device.
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[T



15 to digits received at the input (input frominput pad 16); a rank
ordering function 170 that rank orders the candi date conbi nati ons according
to the | anguage nodel data; and an output (to display 14 or | oudspeaker 38)
to provide feedback indicating at |east-a highest rank ordered candi date
conbi nation. 20 There now fol | owsga description of how the above
enbodi nrent of a data entry device can be nodified for very sinple and fast
entry of Chinese characters. In this enbodinent, a nethod of text entry
into a device is described conprising the steps of: activating keys of a
keypad, where a * 25 key represents a plurality of characters in a first
al phabet (e.g., METHQD AND iDEVICE FOR INPUT QB TEXTSMESSAGES FRONI Ag t o

t he keys activated; searching a dictio xﬁf characters in a second

al phabet (e.g., Chi nese or orther |deogﬁg f% characters) corresponding to
the -keys activated to provide candi date second al phabet characters; rank
ordering tke .30 candi date sec g&ﬁfrs and provi di ng

f eedback tg a user indicating atq?ﬂ%sfﬂgﬁﬁﬁgﬁggébran order'ed candi date
second al phabet character. Since the-m d 1950s, a standard phoneti c

representation of CA mesthod sftart eritey i bd@m@qﬁpawbdmsgmewof ®i nyi n”
The pinyin keypad (16), where a key represents various first alphabet characters
(e.g., pinyin). Input is delivered to a processor (30) corresponding to the
10  keys activated. A dictionary (33) is searched for candidate second
alphabet characters (e.g. Chinese characters) corresponding to the keys
activated. The candidate second alphabet characters are rank ordered,
. for example using language model data and feedback (14, 38) is
provided to a user indicating at least a highest rank ordered candidate
15  second alphabet character.

Figure 2 accanpam.esthls abstract.
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14 for each Chi nese character,

| i ke each English word,

I's made up from

canbi nations of the 26 letters of the Roman al phabet A-Z. So a pinyin based
Chi nese keypad data entry device can have the sanme keypad | ayout as that
shown in FIG 1. The mapping table of 5

English letters is as shown in FIG 1.

0O can represent <

through 9 and digit 1 can represent <p r s>,

respectively.) Re
by 10 m croproc

pr s>

ferring
essor

<t u v>,

<t u v>,

tel ephone digit keys and 26
(Al'ternatively the digits 7 through
<W X Y3/6<q z> respectively.or digits 7

<W X y>, §q' 7>

to FIG 6, a' node diagram for a program operated

30 is shown for this enbodi nent of the invention.

There is a standard entry node 300 with an associ ated character selection

nmode 302. Char act
304 and 306 as su

er
b- nodes.

sel ecti on node has scrol

| eft and4scroll

ri ght nodes

An alternative alphanunerrﬁ entry nmode 310 is

provi ded. 15
each Chi nese chan

abcd, in tH
English words. (H
12
16 —

acter hg=werts—toTnput—y UusT g LHe rerephone keyp
e sane ruanner as' descriled above with re d8 to pn
or veriflication, a digit |string is displaygd in
I am late call me at 415
‘8211223 Jim
15 — :
17’\_
— Uk ABC DEF
1 2 3
GHI JKL MN O
~1- A* ES ES
PQRS TUV WXYZ
/ 8 9
<< CAPS >>
* 0 #
[ \
18// \19

FI1G.7

T stanuard entry noge 300, a user enters the p} nyi n of

mar ked
try of

10

J/



a small w ndow 13 which is |ocated at the top right of the display 14). 20
He can press key 18 to delete a digit that is wong. Wen finished, he
presses key 19. The programthen proceeds to character selection node 302
and displays in character selection area 17 of the display the top 10

Chi nese characters that have the pinyin entered. The characters are rank
ordered based on the | anguage nodel data 2J6. A nunber fromO to 25 9 is
di spl ayed under each Chi nese character. The user can sel ect the Chinese
character he wants to input bﬁafressing its corresponding nunber di spl ayed.
For exanple, if the Chinese c cter marked by 3 is the 6e5|red one, he
sinply presses the key nmaded [by \5 roput T rmtne text g ea 15 of the
display 14 and store it in mbigﬁﬁ &aﬁ] rogrLfANGUAGEhe returns to
standard entry node 300. If TH Q t MOBEth@A?ﬁAn se character he
wants to input in the display laLeall agai n, tng node
304 of the programgives a list of anotl‘er 10 characters and phes
di spl ayed in di-splay area 17. The user dan revert to the prev om“ of
10 characters 15 by pressigg key 18 tlo actijvate node 304.

di ctionary 33 contains I

h
L

| 30
INPUT MICRO
PAD PROCESSOR
38
DISPLAY |4
FIG.2
PRESS + HOLD
$ > “

CYCLE
THROUGH CHOICES

STANDARD
ENTRY MODE

SUPERVISED
ENTRY MODE

NUMERIC
ENTRY MODE




every possi bl e Chi nese character, the user can always find the right
character he wants to input. If the pinyin the user entered is not a
legitimate pinyin of a 5 Chi nese character, the system displays nothi ng
and gives a beep through the | oudspeaker 38 or |eaves the digit stream

di spl ayed unchanged in wi ndow 13 and gives a beep. Once the user has
entered the pinyin followed by "#" key 193/ he two editor keys "[err]" and
"#" becone the selecting keys for the top 10 10 candidate list, one is '
forward, the other is backward. The user nust make his selection by
pressing one of 10 tel ephone digit key ? an not find the Chinese
character he wants to input. This ret g lon to standard entry
tered character and start
again with pinyin entry for the desired - ¢5 character. An exanpl e of
nine pinyin entries, with correspofidrn d 1T_sStreanmsi3gh2 and exanpl es of
sel ected characters 504 correspond nds ELNEIH in entries is shown in
FIG 7. There are four frequently marks ",", ".", "?", 20
"I marked in key 1. The systen1uses t he p ess/ hold node to enter one of

them When the user wants Iﬁf o ﬁel:l.gj esqesignd hol ds
key 1. The programenters &é‘@%&% E&fﬁ?ﬁ%

DICTIONARY

4

COMPARE WITH DICTIONARY. |—150
FIND MATCHING WORDS AND
TRIGRAMS

!

ALL MATCHES CORRELATING |—160
TO THE INPUT

Y

ASSIGN PROBABILITIES TO EACH |—170
MATCH THROUGH LANGUAGE MODEL

!

DISPLAY MATCH WITH HIGHEST }-—180
PROBALILITY OF CORRELATING
TO INPUT

D

FI1G. 4




the fdur punctuation marks ", ".", "?', "I" are then displayed on the
screen one by one. The user can select the punctuation he wants to 25

i nput by release key 1 when it is being displayed. In a manner simlar to
t he i nput of punctuation, al phanuneric entry node 310 is entered in a
press/ hold manner to enter digits and Roman letters. For exanple, if the
user wants to enter the Roman character he presses and hol ds key 6 which
is mrked by M N, 0. 30 The system tfien di splays digit 6, the snall
cases of these three characters and the capital cases of these three
characters one by one. The user then rel eases the key when he sees the
character Mon the screen. 16 Referring to FIG 8, a state diagram
alternative to dhdd 0l i & ww mEaSdQwar =t 4 drlar o= i Sgr ar= st-ardere entry
mode 300 as_well as Chinese (or aother pictographic or graphene) ¢haracter

sel ection Hode|302.and scrol| right and scroll left nofles 304 and 306 are
unal tered. Mbdq 310 of FIG 5 6 is split igd ﬂ-rmlgl ernative #odes in
FIG 8, thepe heing Chinese punctuation and syfrbop fodg 620 and ASCI
synbol entry nmde 610. \-quE '
| —= |
' o
' N an
| Ll <C I
I > -l QQ ]
- x
| 8 =1
' =
[ g !
! << f
| el |
| —
| S ' lQ
i S (7)) '
I b | / (:5
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| J w — |
| w8 =2 rwn f
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Mode 620 is reached from node 300 by pressing and hol di ng key "0". Mode
.610 is reached from node 300 by pressing and hol di ng one of keys "1-9".
These nodes 620 and 610 have respective scroll right and scoll 1 0 | ef t
nodes 621, 622, 611 and 612 simlar to nodes 306 and 304. Additionally
insert return node 601 is provided which is reached from node 300 by
pressing key 19 (#) without first enterings/gny pinyin. Mde 302 is, in FIG
8, only reached by pressing key 19 (#) after entering pinyin. Mdes 631 and
632 are added (scroll right and scroll left 15 respectively) which can be
reached from node 300 by pressing and hol di ng respectivqmﬁp s 19 and 18 for
a predetermned tine (e.g. 1.5 seconds).. Mdyde 620 is usetul>Pecasge, in
Chi nese, there are about 500 punctuatlon and ot her synbol s tﬂmmROQQ_ ot form
parts of words, but 20 stand. alone. These can be sel et -dﬁQNNWTe~.|ng
"0" and scrolllng |l eft or right to select the desired 0 he
uses key 0 to enter Chinese punctuation marks and ot}
such as space, slash, etc. In standard node 300, —w
key 0 for a predeterm3A@
t he Chi nese punctuation ar

sel ection area 17 of
ot her synbol s. STANDARD
ENTRY MODE

RELEASE

PUNCTUATION
AND ALPHANUMERIC
ENTRY MODE

310

F71G.6

~B 8 F @ & M A B %
504 .

/r'YONG DIAN HUA JIAN PAN SHU RU HAN ZI
500

/r—9664 3426 482 5426 726 748 78 426 94
502
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30 ) A nunber fromO to 9 is displayed under each synbol (or item.
The user can sel ect the Chinese synbol he wants to input by pressing its
correspondi ng nunber displayed. If the user cannot find the synbol he wants
to input, he can press key 19, then node 620 of the program gives 17 a
list of another 10 Chi nese synbols and these are displayed in the display
area 17. The user can revert to the prexgﬂgs list of 10 synbols by pressing
key 18 to activate nmode 620. There are t han 600 Chi nese synbols. 5

The system uses keys 1-9 to enter ASCI| synbols, whi gl nclude English

al phanunerics, punctuation marks, ani8o synbol s/ | n§t&ndard node 300,
when pressing/ holding key 1 for a pr&8g ) [ .M-5 seconds),
the program enters node 610 and di spl @
and other ASCII synbols. 10 A nunber f}

synbol (or itenm). The user can select (\\GHESCI| sy e wants to input by
pressing its 15 correspondi ng nquer N spfayed*= e user cannot find
Vv
t he synbol he - ] A Y
<3 7\
o ==
3
I e
o
DV N uouEE
R b= —
< " o L|<.l Z<O5
= Ly Hews
&J* & oo
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wants to input, he can-press key 19, then node 610 of the progfBhONGEE 4
list of another 10 ASCI| synbols and.tshese: are displayed in the display
area 17. The user can revert to the previous li'st of 10 synbols W) Sressing
key 18 to activate node 610. 20 O her digits and Roman letters can
al so be entered in a press/hold manner. Forp gxanple, if the user wants to
enter Roman character M he presses and holds key 6 which is marked by M
N, 0. The systemthen enters node 610 from m)de 300 and displays digit 6,

the small and capita s_of E |i.ke.this 25
6rMMOMNCEXi t 0 1 E@Sﬁlkg ?g’ ‘ﬂ%@nhggh‘ecﬁ %{ge%éb {"ﬁﬂm&ﬁ SN 8Wer M by
pressi ng key 4 aRdmamelgitergr am r et ur ns m)de 600. If the user accidentally

B g, 0 2 Moy e e i o B M Vel GRS 0T
Wit hout enteri ngcl'gﬁqgctp@qud@tQBgrlg the same as mode 44 in FIG 1 and mode 631 is
' S5  similar. _

The arrangement of FIGs. 1, 2 and 6 or 8 can be used to enter text
using Zhuyin phonetic Chinese symbols instead of pinyin (lower case
Roman) symbols, by suitably displaying the 37 Zhuyin phonetic
Chinese symbols on 10 telephone keypad keys and suitably providing

10  matching dictionary and language model data.

It will be apparent to those skilled in the art that the disclosed
invention may be modified in numerous ways and may assume many
embodiments other than the preferred forms particularly set out and
described above. For example, instead of providing a display 14 and

15  user feedback through area 17 of the display, synthesized voice can be
output through the speaker 38 to provide user feedback of a candidate
match. Additionally, the input pad 16 and loudspeaker 38 can be
remote from the microprocessor 30 and its memories 31 and 32,
providing remote data entry. This arrangement is particularly useful

20 for allowing a standard telephone handset to be used for text entry, for
example for entering paging messages to a paging system from a remote
location. Accordingly, it is intended by the appended claims to cover all
modifications of the present invention that fall within the true spirit

and scope of the present invention and its equivalents.
25 :
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Nbd-r—é@%—aJ, Lage.. n.to be entered between worQQ'Q)qfon—L}‘
cha act BEBLAGEMENT3SHEETS he Sane 'hs node 44 in FIG 1 and m)(c]lasgil is 5

si il | BrDestrigtion r paggé nemto pagell€s.] 1, 2 and 6 or 8 can be use enter text
usi ho@@aims) phopesed c¥\3oi peed 2y nbol s i nstead of pinyin (I ower case Roman)
symagymwng(sm t pegedt .. oPpapeiing, the 37 Zhuyin phonetic Chinese

10 eAbstract ke RaMo sti tfably providing 10 ' iwEil i

and{ | anguage nodel dat a. w:ﬁfw 'l |be apparent to thosemsaﬁmugmﬂlgﬂw,ﬂ

t ha djn% b Ny ' may |be nodit®ed i n nunerous* ways tan *
ass| bﬁq‘Edb%C ,ﬁw'flr-nnr than the preferred forns particularly set out
and descri bed above. For exanple, instead of providing a display 14 and 15 -
user feedback through area 17 of the display, synthesized voice can be

out put thr o%ﬁe speaker 38 to provide user feedback of a candi date

mat ch. = Addi |y, the input pad 16 and | oudspeaker 38 can be renote from
the m croprocessor 30 and its nenories 31 and 32, providing renote data

entry. ThisjarrapoaiBthéd iof téﬁtréliﬁ*”iﬁlrd & devReWondPrisingGhedtépy/'ofig @ standard
t el ephone handset to be r(sed éor exa \?FF‘tﬁr‘%/ f or exanp] e fi)r ﬁg} ef i ng
pagi ng messages BEEVRYREKRYS Of 2 keXPRAoWIETS & K6Y FePTReERiS AP IUARG & ngl'y, it
I s i nt ergledchyracters dppciinbedlphabets to cover all nodifications of the
present inventi aniibging%i)umé Q'&OE&EOI‘ E:&ereg}%l{dﬁlg to a set of plural keys
- activated; .
searching a dictionary for a set of alternative characters in a second
alphabet, each alternative character ambiguously corresponding to the set of
10 plural keys activated, to thereby provide candidate second alphabet characters;
rank ordering the candidate second alphabet characters utilizing
language model data to order the candidate second alphabet characters in
order of probability; and
providing feedback to a user indicating at least a highest rank ordered
15  candidate second alphabet character. |

-

2. The method of claim 1, further comprising the step of activating a
predetermined key to select and enter the highest rank ordered candidate
second alphabet character.

20
3. The method of claim 1, further comprising the step of activating one of
the keys of the keypad to select and enter one of a plurality of rank ordered
candidate second alphabet characters.

25 4. The method of claim 1, wherein the language model data comprises
unigram data. . '

5. The method of claim 1, wherein the language model data comprises
letter trigram data.

30 _
6. A text entry device comprising: a keypad having a set of keys, each key
representing a plurality of first alphabet characters; a dictionary of second
alphabet characters; second alphabet language model data; an output device;
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and scope of the present invention and its equivalents. 25 19 Cdains 1.
A nethod of text entry into a-device conprising the steps_QL;_QELLXQLLEQ__a
keys of a keypad, where a key represents a plurality of 5 charactersin
first al phabet; delivering input to a processor correspmmnm f
plural keys activated; searching a dictionary for a set M"mmﬁﬁm
characters in a second al phabet, each alternative characfer®anbi duossly
corresponding to the set of 10 plural keys activated, to thereby provide
candi dat e second al phabet characters; r@gk ordering the candi date second

al phabet characters utilizing | anguage nodel data to order the candi date
second al phabet characters in order of probability; and providi ng feedback

to a user indicating at |east a highest rank ordered 15 candi date second

al phabet character. 2. The nmethod of claim1, further conprising the step
of acti vat iamgl @ processor coupled to the keypad, dictionary, language model data and

output device,
the processor being programmed to receive input corresponding to a set
of plural keys activated, to search the dictionary for a set of alternative
5 candidate second alphabet characters each alternative second alphabet
character ambiguously corresponding to the set of plural keys activated, to
rank order the candidate second alphabet characters according to the language
model data and to provide feedback through the output device indicating at
least a highest rank ordered candidate second alphabet character.
10
7. A method comprising the steps of:
receiving input data from a keypad area of a device having a set of keys,
each key representing a plurality of characters such that activation of a key
generates an ambiguous input signal having a probability of representing any
15  one of the plurality of characters for that key; |
comparing the input data with a dictionary and word bigram language
model data to identify at least one likely entry likely to represent the input
_data; and
displaying the at least one likely entry in a display area of said device. -
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bredeterm’ ned key to select and enter the highest rank ordered candi date

second al phabet character. 20 3. The met hod of claim1, further

conprising the step of activating one of the keys of the Keypad—to-select
and enter one of a plurality of rank ordered candi date se

characters. 25 4. The nmethod of claim 1, wherein the : Wmﬁﬁ””m
data conprises unigramdata. 5. The net hod of claim1,

| anguage nodel data conprises letter trigramdata. 30 6. A t ext entry

devi ce conprising: a keypad having a set2df keys, each key representing a
plurality of first al phabet characters; a dictionary of second al phabet

" characters; second al phabet | anguage nDdeI data; an output device; This is

t he replacenent sheet 20 and a processor coupled to the keypad,

di ctionary, |anguage nodel data and out put device,

8. A: device comprising:

a keypad, said keypad having an input area and a display area, said
input area configured to receive numeric input;

5 display processing circuitry for presenting a graphical image of an

ideographic character on the display;

a memory having at least alphanumeric recognition data stored
therein; and '

digital processing circuitry for comparing the numeric input with the

10  alphanumeric recognition data to provide to the display processing circuitry

candidate recognition information including at least one likely candidate
ideographic character having a highest probability of corresponding to the
numeric input value.

15 9. A method comprising the steps of:
comparing input with alphanumeric dictionary data and language
model data stored in memory to generate at least one entry having a
likelihood of corresponding to the input; and
providing user feedback of an ideographic character havmg a hkellhood
20 of corresponding to the input.

10. A method comprising the steps of
comparing input data received from a keypad area of a device with a
dictionary, the keypad area comprising a set of keys, each key representing a
25 plurality of characters such that activation of a key generates an ambiguous
input signal having a probability of representing any one of the plurality of
characters for that key;
identifying candidate words from the dictionary corresponding to the
input data;
30 identifying, using word bigram language model data, at least one likely
candidate word having a highest probability of representing the input data;
storing the at least one likely candidate word in memory;

This is the replacement sheet
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the processor being programed to receive input corresponding to a set of
plural keys activated, to search the dictionary for a-set of alternative 5
‘candi dat e second al phabet characters each alternative second al phabet
charact er anbi guously corresponding to the set of pl gﬂﬂmmﬂﬂmﬁ"

rank order the candi date second al phabet characters lmﬁ'ﬂ

| anguage nodel data and to provide feedback through t he out put "de¥i ce

i ndicating at |east a highest rank ordered candi date second al phabet
character. 10 7. A nmet hod conprising PRe steps of: receiving input data
froma keypad area of a device having a set of keys, each key representing
a plurality of characters such that activation of  a key generates an

anbi guous i nput signal having a probability of representing any 15 one of

the plurality of characters for that_key; arln he i t data with a
dictionary and whsplaying the atlegstene %@i&]caﬂéﬂ 8’@ Y|aé'3§9w6]ﬁ%
l'i kely ent rdavid é‘%‘n)d to represent t he i nput data and di spl ayi ng the at

lr ggls ; c g g n![ ! E hi e 1y >’/che At Teast o%lealﬁ(e"i‘)rr %gngfda%éa Ivr}jorgef)/tlecsgnteld-m Sth'esdlwf\ay

area through input of the keypad area.
5 .
11. A method of processing keypad entry into ideographic text, comprising
the steps of:
receiving input as a sequence of numeric values;
converting the sequence of numeric values to at least one
10 alphanumeric unit;
comparing the at least one alphanumeric unit with a dictionary to
identify candidate ideographic characters likely to represent the input;
assigning through language modeling a probability to each of the
candidate ideographic characters; and
15 displaying a candidate ideographic character having a highest
probability. '

12.  The method of claim 11, further comprising the step of:
editing the candidate ideographic character having the highest
20 probability.

13.  The method of claim 12, wherein the step of comparing the at least one
alphanumeric unit with a dictionary is completed through use of a breadth-
first search.
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21 8. A device conprising: a keypad, said keypad having an input area and
a display area, said input area configured to receive numeric input; 5

di splay processing circuitry for presenting a graphical imge of an

i deographi c character on the display; a menory having at |east al phanuneric
recogn!tlonhdata stored therein; and digital processing circuitry for
conparing the nuneric input with the 10 alphanunmeric r i

provide to the display processing circuitry candidate rimm]l"ﬂ"m"ﬂmmnr

I nformation including at |east one |ikel®3candidate ideodrafhit charfctrer
havi ng a hi ghest probability of corresponding to the nuneric input val ue.
15 9. A nethod conprising the steps of: conparing input with

al phanuneric dictionary data and | anguage nodel data stored in nenory to
generate at |east one entry having a |ikelihood of corresponding to the
input; and péovi d\ dgVieeeeOpEENEEk of an ideographic character having a

l'i kel ihood 20 of aq@yﬁ%apeﬁal d hdvingRRlinput @rea ¢f distfetskeysneadlskey t he

steps of ¢ i i -
a P Oggglrelsgr%tizl'mg %Ttgra?a arac grglix\'/leadfiltsrt Oalirf)l?abl%@/ B a%{igf?lagfarga,ds%\f& thput th
area configured to generate numeric input upon activation of the keys;

5 display processing circuitry for presenting a graphical image of a second
alphabet ideographic character on the display;
a memory having at least alphanumeric recognition data stored
therein; and '
digital processing circuitry for comparing the numeric input with the
10  alphanumeric recognition data and for rank ordering the candidate second
alphabet characters utilizing language model data to order the candidate
second alphabet characters in order of probability to provide to the display
processing circuitry candidate recognition information including at least one
likely candidate second alphabet ideographic character having a highest
15  probability of corresponding to the numeric input value.

15. - A method comprising the steps of:
comparing input with dictionary and word bigram language model data
stored in memory to generate at least one entry having a likelihood of
20 corresponding to the input; and '
providing user feedback of an entry having a likelihood of
corresponding to the input.

16. The method of claim 15, wherein the input is received at a keypad of a
25  device and the user feedback is provided through a display of the device.

17.  The method of claim 15, wherein the input is received at a keypad of a
device and the user feedback is provided through a loudspeaker of the device.

30 18. A device for text entry comprising:
~ a memory having instructions and data stored therein that, when
executed, cause a digital processor to comprise:
an input for receiving digits ambiguously identifying first alphabet

S characters;
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dictionary, the keypad area conprising a set of keys, each key representing
a 25 plurality of characters such that activation of a key generates an

ambi guous i nput signal having a probability of represen ”ﬂﬂm

plurality of characters for that key; identifying cand| n”mﬂ”m
di ctionary corresponding to the input data; 30 i dent i f yi'ng" usiny
word bi gram | anguage nodel data, at |east one |likely candi date word havi ng
a highest probability of representing the input data; storing the at | east
one likely candidate word in nmenory; Thi24is the replacenent sheet 22
di splaying the at |east one likely candidate word in a display area of the

device; and editing the at |least one |ikely candidate word presented in the

gi spl gy area through input” of the keypad area. 5 11. A nethod of processing
eypad entry into ideographic text rising the steps of:
a dlctlongary%f second alpha bet characters; P

second alphabet language model data;
a search algorithm, to search the dictionary for second alphabet
characters corresponding to digits received at the input to provide candidate
5 second alphabet characters;
a rank ordering function that rank orders the candidate second
alphabet characters according to the language model data; and
an output to provide feedback indicating at least a highest rank ordered .
candidate second alphabet character. :
10 '
19. A method of text entry into a device comprising the steps of:
activating keys of a keypad, where a key represents a plurality of
characters and activation of each key generates an ambiguous input signal
having a probability of representing any one of the plurality of characters for
156  that key;
delivering input to a processor corresponding to the keys activated;
searching a dictionary for words corresponding to the keys activated to
provide candidate words;
rank ordering the candidate words utilizing word bigram language
20 model data to order the candidate words in order of probability; and
providing feedback to a user indicating at least a highest rank ordered
candidate word.

20. The method of claim 19, further comprising the step of activating a
25 predetermined key to select and enter the highest rank ordered candidate
word.

21.  The method of claim 19, further comprising the step of activating one
of the keys of the keypad to select and enter one of a plurality of rank ordered -

30 candidate words.

22. A text entry device comprising: a keypad having a set of keys, each key
"‘".w a plurality of character such that activation of a key generates an
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receiving input as a sequence of nuneric values; converting the sequence of
numeric values to at |east one 10 al phanumeric unit; conparing east

one al phanunmeric unit with a dictionary to identify candi date phi c
characters likely to represent the input; assigning through I “
nodel ing a probability to each of the candi date ideographic charac M‘
15 di spl ayi ng a candi date i deographi c character havi ng a hi ghest S
probabl lity. 12. The nmethod of claim 11, further conprising the step of:
editing the candi date ideographi c charac2gr having the highest 20
probability. 13. The nethod of claim 12, wherein the step of conparing the
at | east one al phanuneric unit with a dictionary is conpleted through use
of a breadth- first search. This is the replacenent sheet 23 14. A
devi ce conpri si ng:

ambiguous input signal having a probability of representing any one of the

plurality of characters for that key; a dictionary; word bigram language model
data; an output device; and a processor coupled to the keypad, dictionary,
language model data and output device,

5 - the processor being programmed to receive input corresponding to keys
activated, to search for candidate combinations of characters corresponding to
the keys activated, to rank order the candidate combinations according to the
word bigram language model data and to provide feedback through the
output device indicating at least a highest probability rank ordered candidate

10 combination.

23. A method of processing keypad entry into alphanumeric text,
comprising the steps of:
| receiving input as a sequence of numeric values where each numeric
15  value has a probability of representing any one of a plurality of characters;
converting the sequence of numeric values to at least one
alphanumeric unit;
comparing the at least one alphanumeric unit with a d1ct10nary to
identify candidate words likely to represent the input;
20 assigning through word bigram language modeling a probability to each
of the candidate words; and
displaying a candidate word having a highest probability.

24. The method of claim 23, further comprising the step of:
25 editing the candidate word having the highest probability.

25.  The method of claim 23, wherein the step of comparing the at least one
alphanumeric unit with a dictionary is completed through use of a breadth-
first search.
30
26. A device comprising:
a keypad, said keypad having an input area of discrete keys, each key
representing a plurality of characters, and a display area, said input area
\
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a keypad, said keypad having an input area of discrete keys, each key
representing plural characters in a first al phabet, and di spl ay area,

said input area configured to generate numeric input Up-a~EE?TV5TTUﬁ~6L~LhQ
5 keys; display processing circuitry for presenting a- ” f a
second al phabet ideographic character on the display; a ﬂﬂ’Wﬂ

| east al phanunmeric recognition data stored therein; and 10 ©

processing circuitry for conparing the nuneric input with the al phanuneric
recognition data and for rank ordering tdg candi date second al phabet
characters utilizing | anguage nodel data to order the candi date second

al phabet characters in order of probability to provide to the display
processing circuitry candi date recognition information including at |east

one 15 likely candidate second al phabet ideographic character having a
hi ghest pr otsaifiguned @freseweempmmcngpub sunb themwmatimpgf a\kelyugenergtes am

device for famt gﬁﬁ_&@%ﬁﬁl Kiind ﬂapr8§é:{ hRPOrRIGE gt 2

stored therejn cau a drgital ocessor to
conpri se: E Ofﬁtﬂalﬁaét%?\f‘i’rn a& Yis anbi guously identifying first

al phabet char act gisplay pébcdissingadivcudfry So€ Presentidiped graphiiealmh@teon the
5 display;

a memory having at least alphanumeric recognition data stored
therein; and

digital processing circuitry for comparing the numeric input with the
alphanumeric recognition data and for assigning word bigram probabilities to

10 .words represented by the alphanumeric recognition data, to provide to the

display processing circuitry candidate recognition information including at
least one likely candidate word representing having a hlghest probability of
corresponding to the numeric input value.

15 27. A device for text entry comprising:

a memory having instructions and data stored therein that, when

executed, cause a digital processor to comprise:
- an input;

a dictionary;

20 at least word bigram language model data;

a search algorithm, to search the dictionary for combinations of
characters and words corresponding to digits received at the input to provide
candidate combinations and words;

a rank ordering function that rank orders the candidate combinations

25 and words according to the word bigram language model data; and

an output to provide feedback indicating at least a highest rank ordered

candidate combination or word.
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second al phabet | anguage nodel data; 25 a search algorithm to
search the dictionary for second gl phabet: characters corresponding to
digits received at the input to provide candi date second al phabet
characters; a rank ordering function tha7rank orders the candi date second

al phabet char acters according to the | anguage nodel data; and 30 an
out put to provide feedback indicating at | east a highest rank ordered
candi date second al phabet character. 24 16. A nethod of text entry into

a device conprising the steps of: activatin eys of keypad where a key
represents a pl uUMETHODfANDDEVKIE FORIINE v@F'BEX'EfMEEg FBOMrAL es
an anbi guous i nput signal having a probq@ﬁhﬁ)of representl ng any one of
the plurality of characters for 5 that key; delivering input to a
processor corresponding to the keys activated; searching a dictionary for

words corregponding to the keys agipsticedf tie migmbgkg-ecandl date words; rank
ordering the candidate words utilizi ng wor d bi gram | anguage
A method of text entry into a device by activating keys of a
keypad (16), where a key represents various first alphabet characters
(e.g., pinyin). Input is delivered to a processor (30) corresponding to the -
10  keysactivated. A dictionary (33) is searched for candidate second
alphabet characters (e.g. Chinese characters) corresponding to the keys
activated. The candidate second alphabet characters are rank ordered,
for example using language model data and feedback (14, 38) is -
provided to a user indicatihg at least a highest rank ordered candidate
15  second alphabet character.

Figure 2 accqn'panies- this abstract.
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410 nodel data to order the candidate words in order of probability;
provi Wﬁ?user I ndicating at |east a highest rank ordered
candl@l word. 17 nmet hod of claim 16, further corrpri si ng the step of

"ml term ned key to select and ent ef

act|
or der
step of actlvaf'
a plurality of
conprising: a k
plurality of ch

I nput signal ha |ng robablllt representing an

plurality of ch
nodel data; an
dictionary, |lan
programmed to r
candi dat e conbi
activated, tor
brgrantlangd%ge

10

15
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tre—irt-ghestlank

The met hod of claim 16, {ul %EE@BMbrSHfEDQ
|n§g one of the keys of the keypad to skl ct and emnter-pn
rank 20  ordered candi date words. 19.
eypad having a set of keys, @hch key rgp esen
aracter such that activation of a key {g

I
fact ki C?WQ{' a dictionary; Wor2 g m(—@ﬁ'—“} heq_

out puh kégpad esa|arké pad rhevmam input atretiof drst:Me key:p,ae:hch
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Bafd |ﬁP§t SealdbHiiRtis fo géheraft ﬁﬁﬁr@ﬂﬂﬁh upontdwtivifive of the

ank o
keyRiel data and to

display processing circuitry for presenting a graphical image of a
second alphabet ideographic character on the display;

a memory having at least alphanumeric recognition data stored
therein; and

digital processing circuitry for comparing the numeric input with the
alphanumeric recognition data and for rank ordering the candidate second
alphabet characters utilizing language model data to order the candidate
second alphabet characters in order of probability to provide to the display
processing circuitry candidate recognition information including at least one
likely candidate second alphabet ideographic character having a highest
probability of corresponding to the numeric input value.

15. A device for text entry comprising:

a memory having instructions and data stored therein that, when
executed, cause a digital processor to comprise:

an input for receiving digits ambiguously identifying first alphabet
characters;

a dictionary- of second alphabet characters;

second alphabet language model data;

a search algorithm, to search the dictionary for second alphabet
characters corresponding to digits received at the input to provide candidate
second alphabet characters;

a rank ordering function that rank orders the candidate second
alphabet characters according to the language model data; and

an output to provide feedback indicating at least a highest rank
ordered candidate second alphabet character. -

and
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25 provi de feedback through the output device indicating at |east a highest

probability rank ordered tandi date conbi nation. 20. .—-Ae-n%i_-hed—d-—groqessi ng
keypad eﬂmuuwenﬂglmqn meric text, 5 conprising theREPLAGEMINT SHEER i ng

I nput as

probability %f trepreseniing any one of a plurality pfic ¢
converting the sequence of nuneric values to at |eapt oﬂ mp?ﬁ?r?ame

unit; 10

dictionary to identify candidate words |ik

neri c val ues where each nujrefTt val ue has ph

Fir
conparing the at |east Oneef phanumar--s—u-n-i—t—;w—t-h—a‘
to represent the input;

assigning through word bi gram | anguage nodel i ng a propgabrtTTy to each of

t he candi date

probability. 1
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of : editing the candadtvatingkaysoha keypau; wheye eskeyprepibedsrits ayplutzdity ofThe

met hod of claim

0 erein the.step of, conparing the at,| .20 . one
al phanureri ¢ unFﬁa\‘ﬂ#\é}saﬁr}d}%‘?’q‘@HgPﬁ each kgy i0ene ?ﬁmb@ga%ﬂn%[‘“ signal
breadth-first spayiply-a probability of representing any one of the plurality of characters for
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that key;

delivering input to a processor corresponding to the keys activated;

searching a dictionary for words corresponding to the keys activated
to provide candid_ate words;

rank ordering the candidate words utilizing word bigram language
model data to order the candidate words in order of probability; and

providing feedback to a user indicating at least a highest rank ordered
candidate word.

17. The method of claim 16, further comprising the step of activating a
predetermined key to select and enter the highest rank ordered candidate
word.

18. The method of claim 16, further comprising the step of activating one
of the keys of the keypad to select and enter one of a plurality of rank
ordered candidate words.

19. A text entry device comprising: a keypad having a set of keys, each
key representing -a plurality of character such that activation of a key
generates an ambiguous input signal having a probability of representing any
one of the plurality of characters for that key; a dictionary; word bigram
language model data; an output device; and a processor coupled to the
keypad, dictionary, language model data and output device,

the processor being programmed to receive input corresponding to
keys activated, to search for candidate combinations of characters
corresponding to the keys activated, to rank order the candidate
combinations according to the word bigram language model data and to



23. A device conprising: 25 a keypad, said key-aad—-haw—n?—an—i—n_-!pﬁt
ar ea ofW key representing a plural i} yREPLACEEENICSBEET jand
a displa : I'd i nput area configured to receive pufferrc - input such
that activat] gener ates an ambi guous i nput ki gnal | a
probabi,m\\“\“\i\m\\“\m‘\i ng any one of the plurality o ~h3r‘%@’?§r@§?or
key; 30 RRIRE T I'splsay *processing circuitry for presen '

i mage on the display; 26 a nmenory having_at |east a}phanuneric

: recognition data stored therein; and di gita?sprocessi ng-etrreurtTy Tor
. conparing the nuneric input with the al phanuneric recognition data and for

- compari Jumer ut i th ; on dat
i phanuner ¢ r cBBRE FeRrbaRR hiauging Butput G ick rAREERG M fHast A tighest
Ccircuitry candi pritsabifitg gk bidetetl eandidate combieltioii ng at | east one | i kel y

. candi date word representing having a highest probability of corresponding
- to the nuneric input value. 10 24. A device for text entry conprising:

20. A method of processing keypad entry into alphanumeric text,

that

5 comprising the steps of:
receiving input as a sequence of numeric values where each numeric
value has a probability of representing any one of a plurality of characters;
converting the sequence of numeric values to at least one
alphanumeric unit;
10 comparing the at least one alphanumetic unit with a dictionary to
identify candidate words likely to represent the input;
assigning through word bigram language modeling a probability to
each of the candidate words; and
displaying a candidate word having a highest probability.
15
21. The method of claim 20, further comprising the step of:
editing the candidate word having the highest probability.

22. The method of claim 20, wherein the step of comparing the at least
20 one alphanumeric unit with a dictionary is completed through use of a
breadth-first search.

23. A device comprising:

25 a keypad, said keypad having an input area of discrete keys, each key
representing a plurality of characters, and a display area, said input area
configured to receive numeric input such that activation of a key generates
an ambiguous input signal having a probability of representing any one of the
plurality of characters for that key;

30 display processing circuitry for presenting a graphical image on the
display;



uctions and data stored therein that, wh (

a N

c L i ocessor to conprise: an input; a dictfi qip{NGEMENT SHEET jat
1?”@“1 m“& Manguage nodel data; a search al gorithm-te e

di et s i nati ons of characters and words corfespondin dijgijt s
received at the input to provide candi date conbi nati ons a1d1\B)MA§;{9§9r n
ordering function that rank orders the candi date conbi nptjons 20 _and rds
according to the word bi gram | anguage m)delkzgat a; and ah output. to provid

feedback indicating at |east a highest ran rdered cant
or word.

a memory having at least alphanumeric recognition data stored
therein; and

digital processing circuitry for comparing the numeric input with the
alphanumeric recognition data and for assigning word bigram probabilities to

5 words represented by the alphanumeric recognition data, to provide to the

display processing circuitry candidate recognition information including at
least one likely candidate word representing having a highest probability of
corresponding to the numeric input value.

10 24. A device for text entry comprising:

a memory having instructions and data stored therein that, when
executed, cause a digital processor to comprise:

an input;

a dictionary;

15 at least word bigram language model data;

a search algorithm, to search the dictionary for combinations of
characters and words corresponding to digits received at the input to provide
candidate combinations and words;

a rank ordering function that rank orders the candidate combinations

20 and words according to the word bigram language model data; and

| an output to provide feedback indicating at least a highest rank
ordered candidate combination or word.



