;e3e 0 D6TO! 27 May, 2003 METHOD ADD APPARATUS FOR | MPROVED MULTI - TAP TEXT
| NPUT 27 May 20d3 CROSS REFERENCE TO RELATED APPLI CATI ONS Thi s
application clainme the benefit of U S. provisional patean MEpR0odtion
entiltled "Touch-Typabl e Devi ces Based on Anbi guous Codes And Met hods to
Desi gn SuchDevices,"” filed Decenber 1 U, 1998, bearing the Serial No.
601111, 665, the contents of which are relied S upon and incorporated by
reference. FIELD OF I NVENTION This invention relates to text input

technol ogy as used in keyboards in which a plurality of synmbols may be
associated to each of a plurality of input neans. Mre particularly, it
relates to an inproved nmultitap nmethod of utility for text input on 10
comuni cati on equi pnent in which the nunber of input nmeans devoted to
synbol input is |ess than the nunber of synbols potentially input, such as
a standard tel ephone keypad. BACKGROUND OF THE | NVENTI ON On t he standard

t el ephone keypad |letters of the al phabet are associated in groups to 1S
keys, and presented in al phabetic order. The key associated to the nunber 2
is also associated to the letters a, b, and c, the key associated to the
nunber 3 is also associated to the letters d, e, and f, and so on. On

cel lul ar tel ephones, designed to be used in any of a variety of |anguages,
"the same keys may be sel ectabiy associated to a group of letters and
accented letters appropriate to the | anguage. For exanple, for a phone
designed to be used ZO in French, the key associated to the nunber 2 may be
al so he associated to the letters a, b, and ¢, as well as the accented
letters [err] and [err] and also the letter g. The standard nethod for
accessing these letters is to tap the key a nunber AVENDED SHEET 2 27
May 2003 of tinmes equal to the position of the desired letter in sone

st andard orderi ng.
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For exanple, if the ordering in the exanple above is a,b,c,h,a,,c, then the
user nust tap the corresponding key 6 tines to access the Ietter ~. Thus
the method is referred to as a nulti-tap method. This 2tkeay 2063t he
advantage g of being sinple to | earn, of predictable behavior, and
requiring software and hardware otmnininal conplexity to inplenent, and

t hese advant ages have lead ~ to pride-spread acceptance of this nethod.
however, the nethod has the di sadvantage o requiring nare than one
keystroke on average to type mast texts, and for certain synbols at |east,
may require a |arge cunber zo of taps per synmbol. Mst users find:these

| ar ge nunbers of keystrokes a burden to perform and any nethod which '
reduces the nunber of keystrokes is thus of great utility. The present

i nvention teaches such a nethod, which preserves the advantages of the
prior art nufti-tap nethod of being sinple to I earn, and requiring m ninal

sof tware and har d“@CROSSRmmCE*]’UHEER’FEDNM@A’HGNQ' e behavior than
the standard nmufti-tap nethod, but this drawback is |argely conpensated for

e et i G R B A KS BBy TPl Bl o
not typlcally randon1 this includes for jnstance all witten natural

| anguageTouelsTypableDeyices Based an Ambighonseades And Methods toDesigaSueh Denieesy 27
Ni ay 20d3 made | anguages, such as Esgfranto and Klingon. The essenti al
aspect oﬁledmcmmhneme,naﬂ&lbsamcgtbc&&ui ot 60%111¢665cthe corgerds ofwhich sreralindh | nput
nmeans in the order in which they are nost likely to be selected by the

user . SThaponand ércoppratéakbydefesencened by anal ysis of the probability of 5
synbol s and sequences of synbols in the | anguage. |Indeed, a hierarchy of
probabilistic data can be collected, permtting increasingly refined
estimates of the |ikelihood OFIELD QFRNVENTION i or-art nethods to reduce the
nunber of keystrokes using word- or bl ack-based predictive text input; such

as the nmet hodmigRvehtioaqelated to-taxtlinpitatchnblopy AP aed IR BSHEYinGFhidly Pr ovi si onal
application nunber 60/111, 665, inevitably result in unstable displays where

the lett ﬁram‘.}‘myﬁﬁﬂﬂhﬁy%aﬁgoéﬁ{eM@gacﬁtofhbﬁuﬂﬁﬁB pék @ tiéahs. Mofd! €Ssed can

sonet i rres not be fully and cor rectly determ ned. ITn these cases, a letter

i's choseudi@ilary, RYéiateORAin imp&weemmam rhéthdd Gutility/ OF BRE inhik Jr©! | €CLEd from
| at er keystr okés is used to change t
10 communication equipment in which the number of input means devoted to symbol input is

less than the number of symbols potentially input, such as a standard telephone keypad.

BACKGROUND OF THE INVENTION
On the standard telephone keypad letters of the alphabet are associated in groups to

15 keys, and presented in alphabetic order. The key associated to the number 2 is also

associated to the letters a, b, and ¢, the key associated to the number 3 is also associated to

the letters d, e, and f, and so on. On cellular telephones, designed to be used in any of a

variety of languages, the same keys may be selectably associated to a group of letters and

accented letters appropriate to the language. For example, for a phone designed to be used
20 in French, the key associated to the number 2 may be also be associated to the letters a, b,

and ¢, as well as the accented letters 2 and 4, and also the letter ¢. The standard method for

accessing these letters is to tap the key a number

AMENDED SHEET
2



15 provisionally displayed letter. This effect can be disturbing to users
and is a departure fromthe behavior of the well-known nmufti-tap nethod. In
order to retdin the display stability of the nufti-tap2%Maxi2008c present

i nvention does not allow information from subsequent keystrokes to result

I n changes~to~synbol s di splayed as the result of previous keystrokes. 4

27 May 2003 OBJECTS 4F THE INVENTION It is one of the essential objects of
this invention to reduce the average nunber of keystrokes required to input
synbol s using a nulti-tap nmethod or an apparatus enbodying this nethod. It
Is a further object of this invention to provide a nethod and appar at us

whi ch can be used for any wiiten natural |anguage. It is a further object
of this invention to provide a display which is stable in-the sense that a
di spl ayed synbol does not change unless explicit instructions to change are
entered by the user. It is a further object o this invention to acconplish
the object of reduo,xQ i.ng. .t nunber key strokes ,required to input
synbol s%m%%ewgﬁé’?ﬁb%&lﬁg%&%ﬁr& g‘?‘%ﬁ?“éﬁ&?‘?% YiHE-zed probability
information, whereby the . data storage requirenents of the nmethod can be
scal ed Far emamyile,tif shel grderingonathe @@puge gbovef istayincdgisg, cthen iheenent i ng t he
nmet hod, maki ng the nethod and apparatus applicable to pith snmall anpbunts of

data st géepefust tippibiel doitgspohinp oy GEinfes b6 bocesy the letkdr J. STHusltHEt her obj ect of
this invention to provide and store positionally dependent orderings

I nf or may, i t; [ p‘&%_ / e I re. on erage to input
a synbng#?ﬁﬁd @Wﬁ%ﬁ?ﬁl e uro tﬁ hgﬁ&%@%@@gﬁlg&h%ﬁdggfx@ ntion to

rovi de ositional, differen, tial thod to store orderings information,
gnd thu e@%ﬁfé@Pﬁ’a €3y P e@gF&fﬁF :bgﬁwrs .amf requiring software and

hardware of minimal complexity to implement, and these advantages have

lead to wide-spread acceptance of this method. —However, the method has
the disadvantage of requiring more than one keystroke on average to type
most texts, and for certain symbols at least, may require a large number
10 of taps per symbol. Most users find these large numbers of keystrokes a
burden to perform, and any method which reduces the number of keystrokes
is thus of great utility. The present invention t;aches such a method, which
preserves the advantages of the prior-art multi-tap method of being simple
to leam,.and requiring minimal software and hardware. It has slightly less
15 predictable behavior than the standard multi-tap method, but this drawback
is largely compensated for by the vastly reduced number of keystrokes. This
method is generally applicable to any language in which strings of symbols in
the language are not typically random, this includes for instance all written

natural languages, as well as computer languages, and most synthetic, man-



It is a further object of this invention to provide a hierarchical
differential b nmethod to store orderings information and thus further
reduce data storage requirements. It is a further obje2f Mayt20€3i nventi on
to provide a nethod to allow a given amount of storage allocated to a

dat abase of orderings to be used optimally It is a further object of this
invention to provide a neans to synergis 10 tically conbine the present

i mproved nultitap nethod of text entry wi th anbi guous-code nethods for teat
entry. It is a further object of Ibis invention to provide an auxiliary

i nput nmeans for advancing synbols in an ordering, thus renoving the need
for timng informati on or a synbol -endi ng i nput neans used in prior-art

nmet hods. 15 Further objects of this invention will be disclosed in the
detailed specifi ration to follow. BRI EF DESCRI PTION OF THE DRAW NGS The
followi ng specification will be presented in relationship to a sequence 6
s ' 27 May 2003 of drawings Figure |: .4 schematic drawi ng of a tel ephone

showi ng the shadciRhpudds,Sdudh 38 Esp@antCAiEKEngiid nunbers to keys. Figure 2:
A flowhart fox using the invention. 5 Figuré 3: An overview of the

invention. Figuge 4. T . o required fo jnput an
exam . ple sent Zﬁgeess gﬁ%lgg%ﬁﬁgtséi;@%@g{nttﬂéﬁgﬁﬁeégkﬁgf I@ge,’s éﬁ"ﬁaﬁg‘iﬁi vari ant s
of this invention's inproved methqd. Figure 5 A graph show ng the average
nunber of keytosaeh PUt IRARYF i Hhe ‘?Eaelf g which they ase mosislikelote. breselactrsht  and
posi tion-independent probabilities, for a standard dat abase of

probabi | i ti esbytheFungt.i Thisvavdetscan bé determitied Ay gnalysis of| the/pobabilitypof hat of
Figure 5, for several other lan guages using a character set which includes

e o Pl s et esnl g tenpien bl oty
Flow chart f Ol:r:mga?bjiﬁgict é]a%abcgg tbb%%ﬂgctgé,%re%%ﬁtigg Enrg:?ga'singly refined estimates
of the likelihood of an ordering.
Prior-art methods to reduce the number of keystrokes using word- or
block-based predictive text input. such as the methods described in US
10 p.atent number US5818437 or US provisional application number 60/111,665,
inevitably result in unstable displays where the letter which should be dis-
played at the moment a key is ;;ressed can sometimes not be fully and cor-
rectly determined. In these cases, a letter is chosen for provisional display,
and further information collected from later keystrokes is used to change the
15 provisionally displayed letter. This effect can be disturbing to users and is a
departure from the behavior of the well-known multi-tap method. In order
to retain the display étability of the multi-tap method, the present invention
does not allow information from subsequent keystrokes to result in changes

to symbols displayed as the result of previous keystrokes.



Figure 9: Flow.chart for construction a database of orderings as used in

t he best-nopde storage nethod. Figure 10: The overview as in figure 3,
further conprising an auxiliary . 7 27 May 2003 i nput2hMay 2003 advanci ng
synbols in an ordering. Figure 11: The overview as in figure 10, further
conprising—a-predi ctive text input nmeans, and an auxiliary-rmnput-means for
use in conjunction with the predictive text input neans. SUWARRY OF THE
INVENTION 5 It is well known that in a natural |anguage different letters
occur with different frequencies. For instance, in the first sentence of
this paragraph) the letter "e" appeared 11 tines, while the letter "z" did
not appear at all. This is also true of pairs of letters, triples of

|l etters, and so on. In particular, the probability that a given letter
occurs may be conditional on which letter or blocks of letters precede the
given letter. For instance, in English, if the letter "q" appears in a word
it is much nore |ikel YBIEQESIOF ITHRANVENTION.-etter "u" that by the letters
"v' or "t", even though "t" is a priori nore probable than "u" or "v". This
information can be exploited to inprove the nmufti-tap nmethod as follows. in
the priorsact multi,-tap nethed on S5 press of the "8" key on the tel ephone
keypad is Igéseﬁuet‘b}h‘?pﬁgenz&mi PBJ,ecfsvﬁ' %Fé5¥ﬁ1°aft°trﬁ8uﬂes* e @XpTAkeed to i nput a
"u", and three presses of the "8" key used to input a "v" . That is, the

t hr ee | wembersofdigysteakss nefluingd to inpd syampolsnsing a rpultiviap meti®dmresent ed in

al phabetic order. In the present nmethod, when 2- or greater block

pr obabi hﬁhbﬁ&aﬁfseemwngamig meekbidat el y previous selection of the letter "q"
inawrd wll cause the letter "u" to be presented first, before "t" or

o 5 e P RRSUEOOEN R B AP el °.L 0 ¢
OO SeNge Bich'can be eed for Aty wiitten natural language.
1t is a further object of this invention to provide a display which is stable in
the sense that a displayed symbol does not change unless explicit instructions
to change are entered by the user.
It is a further object of this invention to accomplish the abject of reduc-
10 ing the number of keystrokes required to input symbols using a multi-tap
method u:;'mg hierarchically organized probability information, whereby the .
data storage requirements of the method can be scaled to match the data
storage capacity of the device implementing the method, making the methed
and apparatus applicable to with small amounts of data storage capability,
15 such as smart cards.
It is a further object of this invention to provide and store positionally

dependeﬁt orderings information to reduce the number of keystrokes require

on average to input a symbol.

[J)]



servation is that the relative probabilities of letters nay depend al so on
the position within a word. For instance, mhlle |n Engl i the letter "a"
is generally nore probable than the letter "b", %ﬁUW%ﬁQBIe that a
word 10 begins with the letter "b" than with the Ietter "a" . This, in nost
positions in a.ward,..'a" should be ordered before "b" in an inproved
mufti-tap nmethod, bon ever, in the first position of a word "b" should be
ordered before "a", in order to reduce, on average, the nunber of
keystrokes required to enter a cord. It should be noted here) as will be
evident to one skilled in the I5 art, that "average nunber of keystrokes"
coul d be replaced by another con venient statistic, such as "nedi an nunber
of keystrokes" , without changing the essential features of this invention.
Thus, throughout this specification, average or expected nunber of
keystrokes could be read as average or ex pected nunber of keystrokes or

ot her approprlaée statisti¢.,on the nunber of 9 27 May 2043 keystrokes. To
make use of bl ofispy BISENETIQ ‘Fcés"ft s jnyention tonpropidecs P@?‘ti? difernyi || i n
put next, and thus reduce the nunber of keystrokes required, a |arge anount
of informat | dimlamethed rtionspotel audesingsihformstionpeo dbis rtdues datey storagk to be 5
stored. However, there is s great deal of consistency across positions in
whi ch orderi r}gq,g;e,ﬁ@gers i's opti mal . W have noted that while "a" is
generally nore probable than "b", in the first p05|t|on "b" ;s nnre

probabl e t han : possi bl e
position, an orﬁe‘?ﬁ%&gﬂo}‘]e °?ﬁﬁ$§‘{s§§@}'€ q\“f{g{chfc? é‘gﬁrﬁ'@g{;pproach
the information_stored is 10 highly redund Since the ordering at a

gi ven posi t& onethedity ﬁm,rmorc;ermsmmfam%o& w@a Bwaé‘mthgf wgducerdata jskarege

position, that is, there is significant continuity across positions, a

"di fferent i alr'éqlﬁm‘mms:h to storage or ordering information is appropriate.
That is, rather than store the ordering at each position, one can store an

i ti al Order'nﬁmg'ﬁﬁtf)%@c@%f’ s ER@REA% ! oﬁmégfeﬂf&r oo gt e

occur. This reduces the anbunt of storage eqw xe stil'1®¥ greater
reduction in stora |s re on n c mt the anppunt of
change mfornﬂl‘?’{m egﬁPf@ﬁg}?aéePE 357%%\‘5@9&6’ ges, where
the i nmportance of a change i s measured by how much the change inpacts the

average nunber Ufiskefuthokayjedseddthisinvention toeprovidel 2 meagy to/Byne2gis3 A fi nal
observation is simlar to the observation of positional continuity in that

| ar ge- bl ockp preiighicnbive thy ﬁfeﬁﬁitllﬁiprmﬂ rbﬂltmﬁ@rﬁsﬂﬁd I ROERLOF With's t 0
smal | - bl ock i nforrratl on.” That is,. while "t" is generally nore probable

than "u", and Eq&aﬁo&’{ﬂ%&q elﬁﬁir\,ore "u" in order to reduce the 5
eystro

aver age nunber 0 In certa Ci rcum;t ances) such as when "Q"
appears in the WS 05|t . robable than "t"
. Thus, rather hh’&ﬁcyg‘fé}f*"eg'?l %r"'g‘é B“‘(’J‘? °Vwetaﬂ @éﬂ% %pgmefms for every
for advancing symbols in an ordering, thus removing the need for timing
information or a symbol-ending input means used in prior-art methods.

15 Further objects of this invention will be disclosed in the detailed specifi-

cation to follow.
BRIEF DESCRIPTION OF THE DRAWINGS

The following specification will be presented in relationship to a sequence



possi bl e i mediately previous letter, one can choose to store information
concerning only those exceptional cases in which "u" should be ordered
before 14 "t"”. Dependi ng on exactly horn the regul ar orZ(TeM%ZQQQ t he
exceptions are stored, storing just the exceptions can result in reduced
storage tequirenent. This process will be referred to here as "hierarchical
differentiation”" and will be explained in nore detail in the detailed

speci fication bel ow. DETAI LED SPECI FI CATI ON Fi gure x shores a schematic

di agram of a tel ephone 10U showi ng the via standard assignnment of letters
to keys 10l. There are no letters assigned to the key |abeled 1, and 3 to 4
|l etters are assigned to each key |labeled 2 to 9, in al phabetic order. In
the prior-art mufti-tap nmethod, to type the word "car”, m 27 May 20D3 for
i nstance, one would press the 2 key three tinmes to select the letter "c",
and then the 2 key once again to select the letter "a", and finally the ?
key _ three tinmes to select the letter "r". Thus, to type the word "car"
requi r e daawisgsl of ? keystrokes, 4 nore than would be required to type the
sanme word 5 an a standard typewiter keyboard. The 'nunber of keystrokes
requi red Figuky1P8 schematic doawing f epteliphoke iRty standhralisn~e t he nunber

of keystrokes required to type the sane word on a typewiter keyboard w |

be refeg nxgexﬁ%f?ﬁtérg'ﬁm?éﬁﬁ%&{s%rmgﬁ of keystrokes. The essential object of

this invention is to reduce the excess nunber ~of key strokes to as cl ose
to zero .possihle. 10 nsi.der, entering the vrord "car"” on a tel ephone
keypad oﬁiwpﬁ? thQEQ‘Eéa’égOBEPﬁP%&h‘hWPWQ%e letters a,b,c, but these letters
are presented i A the order c,a,b, and ? is associated Wth the letters

P, d, 18 s bEigupe 8:sAntavdrview phHithedndention, s, p, q. In-this case it would require
only 1 eecess keystroke to type the word "car" , rather than A e.~ecess

keyst r okepigufe herir! Aol fmiBe lof KepdtrdiBd Pfhired So Tty of BRAlET 1 N Lhe

| etters assocliated to a key can change the nunbe excess keystrokes
required to enter.a word. The n [ of,exce keyst rokes..can be further
reduceoﬁ?fie’{tﬁ’éceo %mgg%”rrgﬁlgﬁis}g&ﬂﬁbﬁé @ﬁ%‘?ﬁ éﬂat“gs ﬁét%r ds are typed.
For inst anc_e)‘i.f initially the ‘ordering of lettexs associated to the 2 key
wer e c,inventionlsdmpieyed melded: ¢ had been entered, the order changed | E

Figure 5: A graph showing the average number of keystrokes required
10 for 1-4 block position-dependent and position-independent probabilities, for
a standard database of probabilities of English words. |
Figure 6: A graph equivalent to that of Figure 5, for several other lan-
guages using a character set which includes the Roman alphabet.
Figurc; T: position dependence of the number of keystrokes, in the prior-
15 art vs. improved multi-tap method.
Figure 8: Flow chart for using the best-mode storage method.
Figure 9: Flow chart for construction a database of orderings as used in
the best-mode storage method.

Figure 10: The overview as in figure 3, further comprising an auxiliary



27 May 2003 to a,b,c, while the ordering on the 7 key remai ned as r,s,p,q,
then it would require no excess keystrokes to type the word "car". If the
order were always changed so that the first letter in27 May20038ng is the
|l etter the user desired to type, then no excess keystrokes woul d ever be
required. 5 This ideal situation cannot be obtained in practice) however
this inven tionteaches a nethod and apparatus by ~ hich the ideal
situation can be approached quite closely. The nethod requires the

sel ection of an ordering for each key at each nonent in such a ~ ay that

t he expected nunber of excess keystrokes is mnimzed, and the apparatus is
a device which functions by 10 this nethod. The v;ay the apparatus is used
is e_~plained in reference to Figure 2. lui tially, at step x000, the user
sel ects the input means corresponding to the Si-rnbol that he or she w shes
to type. Then, at step 1001 the apparatus invokes neans to sel ect an order
for the s~znbols associated to that input 15 neans, based on the prefix,
that is, based.the _synb e Vi ously entered by the user.
Then, at step P@agmﬁ%ﬁ’g%&%‘[ﬁw%g FE-vi sual or audi tory display
means, the first _synbol [n the orderjn eI ect ed. The user then perceives
the symbol, and |FFEQTH&1UL§EF OVEIVIES AHid %éﬂ,tf@athsymmmbamedx wvedesi r ed
synbol (step 10t ?5), this synbol is allowed to be output 13 27 May 2003 by
t he apparat us text Sipad nMd03, ardf an aimndlimydnputt ieansrfesevetindonjutibtion withnot t he
correct synbol, then (step 1009) the user wih activate an input nmeans to
present the ne ing. In the prior-art nmufti-tap nmethod,
the input neanisﬁeftx o\g tpe?'égenfq{iér%gnext synbol in the ordering in step
1009 S is the sanme input neans used to present the initial synbol in step
1000. In the inproved nethod by this._i ntlon t he i nput neans used
to ad vance in the orderi ng lﬁﬁgﬁg‘%ﬁﬁw‘&%m bd1 Qﬁ(a sane i nput neans as
used in step 3000, or, preferably, it is an auxiliary input neans devoted
to this purpose, as e.~plained farther below. id Steps 1U05 and Q09 are
repeat ed al tgr nafelsywelhkhows hBatdinsa mechralylaB@lage different letters occur with

different frequencies. For instance, in the first sentence of this paragraph,
the letter "e” appeared 11 times, while the letter 2" did not appear at all.
This is also true of pairs of letters, triples of letters, and so on. In particular,
the probability that a given letter occurs may be conditional t;n which letter
10 or blocks of letters precede the given letter. For instance, in English, if the
letter "q" -appears in a word, it is much more likely to be followed by the
let;er "u” than by the letters "v" or ”t”, even though "t” is a priori more
probable than "u” or "v". This information can be exploited to improve
the multi-tap method as follows. In the prior-art multi-tap method, one
15 press of the 8" key on the telephone keypad is used to input a "{", two
presses of the "8” key used to input a "u”, and three presses of the 8" key

used to input 2 "v”. That is, the three letters corresponding to the key are



is presented to the, user and output. Referring no to figure 3, we exam ne
in oven=i ew sonme of the essen tial features of the apparatus of this
imentian. Enfry of synbols is via a plurality of input 2%May 2003,
typically enbodi ed as a keyboard to be op 1.5 erated by the fingers and

t hunbs of the user, though the input neans could al so be enbodied in many
different w ays, such as a voice-recognition sys tern, a breath-velocity
detector, and so on. Signals romthe input neans are transnmtted to an
ordering selector 5001 which selects an ordering for the display of sy
nbol s based on the current input neans activation, and, 14 s 27 May 2003
preferably, the recent history of input neans activations. Wien history in
formation is used is an enbodi nent, said history information is strayed in
a situation nenory neans 5003. The orderings selector selects an ordering
fromthe database of orderings 5002 in an appropriate way depending on b

the current situat, that, i s e current.i ppu ans mani pul ati on, and,
pr ef eratﬂf?sef‘fﬁg we%fgﬁgbﬁcs?rgw 5 E‘P%Bﬂ e%’ﬁﬁ@"ﬁhﬁﬁ’%l ét"f'cﬁ‘iga?'e"lp'he ordering
sel ected _is communicated tQ the coypler of orderinns to synbols for display
50d4 hi dHogksprebakilities are @ﬁeéewbwmax'égﬁimare%wwswqwfowetmeﬁi spl ay neans
5005, depending on 1) the set of synbols associated to the rel evant input
10 meanq”dnch wprd wdll oavkerthe detterntulntoche preséntednfitdte befosie? §"ner sel ect or 5001)

The disglay nmeans Hill tspicallyybe a visual display neans, but could al so
be an augt i R@Qﬂ iredhirel3b ok "HA CRhi synbol to the
user Vi :qr';,ngg}age_ %ﬁﬁe [ salffééigrfghuopqg ﬂf‘@?tﬁ éﬁgg%%u&ﬁﬁgﬁ oh neans

vehereby the mhpl i.s com‘ruk‘%i gat ed to the user by a vibration, etc. 15

Prefi>§e§eﬁwae%§it8f8 r-gth methedy, i1 poses of this disclosure, the prefer of a
synbol is the set of synbols ty ped i medi ately precedi ng the synbol which
is to be i Thpedbsemasionsupplies\ans ehseneriof thedrvention. Bootherdley nber changeably in
this disclosure. For instance, in the word "car" the I-letter prefix of the

letter IRrvatid iEhatdbdIelative probabilitleet] Ritersanay défad2idcbs lie prefi. Y of "r”
is "ca", and the 3-letter context of "r" is " ca" where "" is used to

Senot . BN YR o 25 D IS iy S BB Vo | e usec

| generally more probable than the letter "b”, it is more probable that a word
10 begins with the letter "b” than with the letter "a”. Thus, in most positions in

a word, "a” should be ordered before "b” in an improved multi-tap method,

however, in the first position of a word, "b” should be ordered before"’a.”,

in order to reduce, on average, the number of keystrokes required to enter

a word. It should be noted here, as will be evident to one skilled in the

15 art, that "average number of keystrokes” could be replaced by another con-
venient statistic, such as "median number of keystrokes”, without changing

the essential features of this invention. Thus, throughout this specification,

average or expected number of keystrokes could be read as average or ex-

pected number of keystrokes or other appropriate statistic on the number of



gi ven synbol, up to and including the |ast punctuation mark. Thus, "r~is 5
in position 3 in the nord "car". It has been dlscovered that Eﬁf best
ordering for the synbols associated to a given input 3 unction of
the prefix and of the position of the synbol to be typed u3|ng t he i nput
means. Thus, in essence, this invention concerns using prefi.~ and/or
position information to choose an ordering of 10 the synbols associated to
an i nput nmeans. Cboosing an ordering' ' as a function of a prefix. To sinplify
the dis cession, |et us consider a | anguage consisting of three Rords aba,
cca and cac, mth probabilities of occurrence of Qz 0.3 and D. 6
respectively. Al of these words can be typed with the 2 key of the
‘'standard tel ephone keypad. 15 In the standard ordering of letters, a,b, c
these words will require 1, ~, and ~ excess keystrokes respectively. "I
expect ed nunmber of excess keystrokes per letter is thus
(0.1*1+40.3*4+40.6*4)/3 = L23. To reduce the nunber of excess key strokes, e
woul d prefer keystso¥#Sse the order c,a,b, since "c" is the 16 27 May 2003
nost probable first letter, "a" is the second nost probable first letter,
and "b" never oquiﬁ(eaaeafbiochprdhabﬂieies tSpredich whjch letitert the userowilldnposi ti on,
we find that "a" is the nost probable second letter, "c" is the next npst

probabl e sec g‘ghi t U810 tha thds etllesnuzﬁ&ﬂo?ﬁ@fstrbk&tl@@h&dsS@&Eﬁ'ah@ﬁﬁlﬁr
suggesting th e s or erlng c,a,b be used again at the second posi tion.

Finally, at th ir osi_Lio ch b again
since "c" is ? f‘?ﬁ??g °5r695’55fr“é°ﬁ boﬁsr apﬁ tﬂﬁlé é}ﬁgﬁdﬁ'@%sﬁgﬁfgﬁw é never
occurs in the third position. By reorderlng the letters to c, a, b me reduce
the expect e8l stonddeHawevere yhare isacseatrieabo 1““3@9833’13%056?9!-‘)1?191154"0’174913 a very
significant inprovenent. 10 We can do better, ho~ever, by using prefix

i nformation. {hRrihgbf evletids dplimal. Ve hm@deﬁiamm&e ”ia.’histgbmelly\mnds: ab, ba,
ce, ca, and ac, with probablylties 0.D5) Q 05,0.15, 0.45, and 0.3

respect] vely. ol A8l B2, ASHE BRI ip s RS BrobABbER "o e ThUS,

gi ven that t h8" er at sone position Is he ity that the

50, 05/ (4. 05 vy SepGerty ong it s dik ek R PR et Rt PhBRE, s o

is 0.3/0.35= 0.86. We. should choose the order c,b,a_in order in mnlmze
the nunber of "keysth wkpest taltehelr dhissimplg-apprepch dbe, information Stoked Before t he
| etter nhich is to be entered next. Simlarly, if the previous letter is

'l' b", use shgu Ihgjghqyp@ﬁgdme Siiceahs opdeping Aera given posithordisitfpickily simslar ous
etter is "c"

to the ordering at an adjacent position, that is, there is significant continuity

“he

across positions, a "differential” approach to storage or ordering information
is appropriate. That is, rather than store the ordering at each position, one
can store an initial ordering, and then encode changes to this ordering as
15 they occur. This reduces the amount of storage required. If a still greater
reduction in storage is requited, one can chagse to limit the amount of change
information stored, and only store the most important changes, where the
importance of a change is measured by how much the change impacts the

average number of keystrokes used to input text.

10



i 27 May 203 we shoul d choose the order a,c,b. Using 1-letter,
posi tion-i ndependent grefix information, Consider now typing the word "cca"
For the first position, there is no letter prefix, artV Man2003 the
default ordering c,a,b. Then, since "c" is entered, we use the order a,c,Db,
and finallTy, Since c is entered again, we again use the order—a;b;c. W
~cvill enter the word with one extra keystroke. Conputing the nunber of
keystrokes for the other words in the same way, rre find that the expected
nunber of e.ccess keystrokes for this language is 0.17. Conbining prefix
and position information. In the above cal cul ation, 10 we chose an order
based on prefix information, ignoring position information. However, by
exam ning these irords, we find that if"a" is in the first position, then
"b" should be offered as the i;rst choice in the second position, since "a"
isonly inthe first position in the word "aba". Flowever, if "a" is in the
second posh tfinah phsemartiche’ smhiturl 1o the obkéredtich &Spds&%xfa@%nt?ﬁtﬂife, since "a"
only IS occurs in the second position in the word "cac” this way, the

or der g, 4 RatCRORSEIOBR BrobABARY BN cBI1bl Qf?lf&%sg&itiﬁéﬁo%tiﬁﬁ 0 on the

position in ich that prefi% occurs. wre d one extra
keystroke tonanter. the cord L loen~tira. keystroke to enter the ~ord cca,
and no g%é&ﬁ:ﬂ‘é@‘sﬂtf%@‘% fﬂﬁ ’f’?wﬁﬂﬁ ’50&33‘%"{9"’4& worq peobadled cac, gi ving
an e. Ypected nunber of excess keystrokes for the | anguage of

(2* O I - than Bu) 4l thes stmuldribe aydered t heforaUhiein ordersto asdudeettst r okes has been
reduced to nearly 1/10 of the expected nunber of excess keystrokes in the

Pr i or 5aaberdd hembed ofkiyairokhie e ckR@aNiRifstdres AU s Hiuf P evi dent to one

skilled in The art that oae can use prefixes of more than ohe letter, and

| anguag : E Qp 1L, ery, of . words _c sed of an arbitrary
nunber g? P %}%%E!gﬁggé]% 0 tg&gér%%%%p Pgﬂg‘("h"sq ﬁnmg%ﬂfﬂ%gggee ce. To see the
result of plying these teachings to, an 10 eeanpl e sentence) ve refer to
Fi gure 45{'.-%%{3‘3“5@&{‘@%%%?%0’@%‘6’%0%‘& Iwitheespectde 3¢ farewery of keystrokes
required to enter each letter shown: below the let ter. For clarity, a

bl ank i possihdel inmediatelysprevidue leites s ole vad chiwms .toSitotel Bdrynatione

concerning only those exceptional cases in which "u” should be ordered before
10 *t". Depending on exactly how the regular ordering and the exceptions are
stored, storing just the exceptions can resu_lt in reduced storage requirement.
This process will bé referred to here as "hierarchical differentiation” and will

be explained in more detail in the detailed specification below.
DETAILED SPECIFICATION

Figure 1 shows a schematic diagram of a telephone 100 showing the
15 standard assignment of letters to keys 101. There are no letters assigned to
the key labeled 1, and 3 to 4 letters are assigned to each key labeled 2 t0 9, in

alphabetic order. In the prior-art multi-tap method, to type the word *car”,

11



nunber of excess keystrokes required to input the same sentence when orde~r
i ng$ are chosen according to position-dependent pre$xes of length 1 (Figure
| 5 4b} and position-dependent prefixes of length 4 (Fi RT &iayR0&3k shown.
To comput e the nunber of excess keSstrokes) a set of reference statistics
of the probability.of. ~cvords in English was used. As |long as the
statistics used to chose orderings are su~cie~ttly representative of a

| anguage, results simlar 19 Y 27 May 2003 to these should be obtained.
It is clear that the nunber of excess keystrokes needed decreases as the
size of the prefix used increases. Dependence of the excess nunber of
keystrokes on prefix size and position In order to appreciate the utility
of the database conpression 5 techniques which vcriil be e.Yplained bel ow,
and for ~~hieh patent rights are hereby clained, it is inportant to
understand the effects of prefix size and' position dependence on the

ea- pected nunber of keystrokes. It will be shown that the | onger the

prefixes that fopinstencesenk wotld pressather2 kdycthréeotimes 66 bdlecdthé Mdtdpreeent
i nvention over the prior-art mufti-tap nethod. However, as the ~0 1ength of

the prefiles i t i ingh 1 '
e prefiles Imﬁ&ﬁéﬁnﬁﬁ aRePY _n%s@l@&rﬁg?tgm' ]%@oﬁﬁ%{j}i@%%a Firority.

i ncrease dxamati c ing efficient storage o

Referring now to Fi.qure S ~ i, nd ,dat | ot t ed ich,bel ps tQ under stand
the relative i"ﬁ?ﬁ%{’célg’ﬁ &bﬁ%?#itgﬁlﬁlt&lrnf dr%"{)si’ g%EWJngQF Ecasripiéq‘BFFstahe

expect ed nunber of keystrokes. Shown on the horizontal axis is the size of

15 prefixes ustotaliof Tkeystrokesod moxe than weyld hetreanired todype phectame watdphabet i ¢

or dering), and-prefi.~es of size 1 through 4 for the inproved mufti-tap

net hod. Pl otg esh astiddard eypewaitbr Reyboaids The némbeacsfekbysurolas reqfirddepest r okes.
T#~ese data nere obtained relative to a reference dictionary of English

words, to 20 . | el il thie Th urve 200
shows t he expetég é&%ﬁ%&%&%&%?&g&%g&%ﬁgg %ﬁ?ﬁ%&%ﬁ&éﬁggﬁrﬁg i X
informatioa is used, aa~d Lhe : cuae 201 shows, the e(f<p_ ct ed nunmper of
keyst r okes wheiapEed 19 tgIthe same SO aR AdvPevaiter keyboard wilkberaferrest ter i x
information is used. It is seen that as the 5 length of the prefixes used
i ncreases, t heascbhpextess nnmbieeof keystrokes: Thi esseniial object of this invention is

to reduce the excess number-of keystrokes to as close to zero as possible.

10 Consider entering the word "car” on a teiephone keypad on which 2 is
associated with the letters a,b,c, but these letters are presented in the order
¢,a,b, and 7 is associated with the letters p,q,r,s but presented in the order
1,5,p,q. In this case it would require only 1 excess keystroke to type the word
"car”", rather than 4 excess keystrokes in the standard multi-tap method.

15 Thus, reordering the letters associated to a key can change the number of
excess keystrokes required to enter a word. The number of excess keystrokes
can be further reduced if the ordering of letters changes dynamically as words
are typed. For instance, if initially the ordering of letters associated to the

2 key were ¢,a,b, and then, once "c” had been entered, the order changed

12



creases rapidly, for both position-dependent and position independent data.
No increase in prefit length can conpensate fully for negl ect of

positiona.l i'nformation, ho~~ever. Virith increasing pr2&May 20030t h

posi ti on- dependent aad position-independent curves approach an asynptote
(curves 202 aad 10 203 respectively), and the position-independent
asynptote is higher than the position-dependent asynptote. 1 onetheless it
is clear that increasing prefi.~ size has a stronger effect than inclusion
of positianal information, at least up td prefix sizes of 3 or 4. Referring
now to figure fi) n~e see that the effect of decreasing e~.-pected 15 -
nunmber of keystrokes with increasing prefix size is not limted to the
Engl i sh | anguage. Here) the sanme position-dependent curve 20U fromfigure 5
is shown in relationship Wth a variety of curves 2p4 based on data froma
vari ety of other Romance and Gernmani ¢ | anguages. Wil e each of these cun~es
~f ol i onzs ¢ he ral cqQur the as totic valyes are higher for 'Z
27 l\/ayr}‘?(?dé'c’t ﬁ@%ﬁ%&%ﬁ%ﬁgggg,Sle]fﬂ'e’e{”&mteﬁgf’éeﬂ’q’t R 1t wogld | anguages are
witten with a |arger nunber of synbo3s than English, owng to the use of
accent d4qYiEs poexcessdenstrokes to FXpedhe mord dcas.plf sheordenwerenglwaymt ur al' | anguage.
Anot her way to grasp the degree to which the present invention inproves s
over t rvhapgedoso-that thefitst léteqy inehé otddringlly thecketter teudep debifedlat @ present ed
in figure 7. Here, the e.~cpeeted excess nunber of keystrokes is plotted as

a functgy é}fth&f’ﬁbk%c&@s k@sﬁomr‘%‘gg?g%%}éﬁyg{%or-art mufti-tap nmethod 500,

and the inhproved nufti-tap raetho e present invention, and

usi nQ posktian dependent information,and pref xes of |ength 4, curve 301.
It | seeti‘\sdgﬁﬂéﬁu? ?nfmqﬁ’ér%zf‘aﬁéﬁprﬁ%‘%d@“%@ﬁ%éh ed nunber of
excess keystrokes remains fairly constant or even increases with the

posi ti dion teaches aumethod and apparaissobne arhick: thedded] sitaation cahebee. ~pect ed nunber
of keystrokes decreases rapidly wiith position in the ord. Mst of the

excess dppycuchakgsitd elokdly. eThé eetiifeqRiretd ddfebiish b'en i d method are
required to enter the first letter 1b of a word. pace thisTirst letter has

been c est i shed ich allows the
desi rega{e:aﬂ‘lggy ?{)]éa%fe!%g'}né%é% géﬂﬁugﬁsﬁhﬁgéﬁ}la‘gpec\?ﬁ%i% rl‘)ﬁhﬁ’fcé?sed reliability.
keystrokes is minimized, and the apparatus is a device which functions by

10 this method.

The way the apparatus is used is explained in reference to Figure 2. Ini-
tially, at step 1000, the user selects the input means corresponding to the
symbol th-at he or she wishes to type. Then, at step 1001 the apparatus
invokes means to select an order for the symbols associated to that imput

18 means, based on the prefix, thdt is, based the symbols which have been pre-
viously entered by the user. Then, at step 1003, the apparatus presents via
a visual or auditory display means, the first symbol in the ordering selected.
The user then perceives the symbol, and if the user finds the presented sym-

bol to be the desired symbol(step 1005), this symbol is allowed to be output

13



22 27 May 2003 BEST |vl~DE STDR A GE MET~I QD To understand tthe best node
storage nethod, consider a topographic map, with large, flat regions such
as | akes, aad various nore rugged features such as nou@7aMay 20G3s. Your
task is to make as accurate a nodel as possible of the map, using as tools
a collection of disks of various dianeters 5 and heights, which ~ou can
stack one upon the other. To succeed, you nust not only make an accurate
nodel , but one which uses a m ni mum nunber of disks, rn regions in which
the terrain changes slowy, you can produce a good representation with a
smal | nunber of |arge disks. However, when the terrain changes rapidly, you
mll need a | arge nunber of smaller disks to track the 10 changes. |If you
are only allowed a fi,~ced nunber of disks to construct your nodel, there
will alw ays be sonme optinmal way to choose the disks so as to produce a

hi gh-quality nodel. To make the link with the present case, consider the
hei ght and w dth of the disks as corresponding to prefixes and positions
within a word. The larger 15 the disk, the snmaller the prefii.~ You can

t hi nk of the pbgth«apperatiugiangtepod7odfythowever| the prestatedaynitobis'mp the be
covered, and the smaller the area is, the |l onger and nore detailed the

address neededqbiect RGMbLY thee (ﬁ&lfsfaooﬁj RRd L¥er &inea&mgt t %&yahgg%mp

corresponds to the variability of the” excess nunber 2 3 of

keystrokes as f i [ &F1 vi n i hion: Wit hi n;.a-word re:
Formal ly. - der i REogrbe Bt artie b 158 oRItoBL R Bie ol AirFadt method,

(key, prefix, position, pernutation). A pset has the follow ng i ntergreta
tion: If key i theinputmgansysediqpiesenk themexsspmbelindheordgring ustep 3009 n a
word, 5 then present to the user the synbols associated to key in the order
gi ven by pexgnis fhetsama ifputanednsased kd prserdtahe naisial Symtbot @ kRH1I0V0. ¢4 psets.

To use a dat abase of orderings to control the presentation of synbols to a
user,. we need g HRGH A mVAbEHaa U (R mRERidn, il 4RLES [eaS3 44 @
vance in the ordering in step 1009 could be the same input means as used
in step 1000, or, preferably, it is an auxiliary input means devoted to this
purpose, as explained further below.
10 Steps 1605 and 1009 are repeated alternately \.mtil the desired symbol
is presented to the user and output.
Referring now to figure 3, we examine in overview some of the essen-
tial features of the apparatus of this invention. Entry of symbols is via a
plurality of input means 5000, typically embodied as a keyboard to be op-
15 erated by the fingers and thumbs of the user, though the input means could
also be embodied in many different ways, such as a voice-recognition sys-
tem, a breath-velocity detector, and so on. Signals from the input means

_are transmitted to an ordering selector 5001 which selects an ordering for

the display of symbols based on the current input means activation, and,
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pset corresponds to,the current situation, where a "situaxion" conprises
the 10 current prefi.~c to _the key just pressed at sone nonent during tit
entry, the current* position within the word w hen that 2dcMay2003ccurs, and
the key that has just been pressed, that is, a "situation" is a pset with
no pernutation-specified. ~' fe also need a function COVWARE(pseti, pset 2)
which rates psets 15 relative to each other far their applicability to the
current situation. The use of MATCH and. COVWPARE can be understood by
reference to figure 8. in the first step 3000, and for each pset in the

dat abase, MATCH determines if the current prefix corresponds to the input
pset, if the current position is conpatible n~ith the position in the pset,
and if the key of the 24 27 May 2003 pset corresponds to the key which
has just been pressed. It is obvious how to detezxnine correspondence in
terms of key To carrespond in terns of position, the position of the peer

must be , : enk: [t p,correspond in terns

of pref?ﬂfgﬁﬁ%%q%rgé%e??o@ {)Wte&c%&%eﬁ#% %lgpﬁgdﬁ'%;wﬁgﬁt%n the prefix of
the psej. Containnent is deterraineq,by comparing the pre& c of the pset to
t he curicEnation i5rysed ia gp %‘!tté?’,ghb% rfﬁnP%@aG&PBFF%tﬁéedIi@thr just before

the current position, and working backward toward the begi nning of the

| rord. siorationgtemery, medns $203; uThe rerderings iselettor sejects ahasrdpdmg s xrith either

the prefix a or the prefix ga match the current situation, any 10 other

prefi X, frgmCihe fatAlite G0 @Eddiidgs 'FB02Nn! fLagptbpeite Wi ' cept the ATULL
prefix, valni cﬁ mat ches al | ig‘trgefi Xes. Aftget ?he corlr’tp??telhg%go@(step 3000 all

pset s, hgve be dentified. in t ~mat chi t he ,current

O Fuat 1 B8 Pyt ol b tnRE i€ R BRGERC Bt gibees HRafieelthn, der ca wi ¢
respect to each other using the function COMs ~" AR-. |In constructing the
dat abasprefesably.dhessceny history alinpuk aneens maripulptions. Thei orderingvas nade to rate
positional correspondence above prey correspondente, or vice versa. Wthout

| oss of seletudlr iglcbinyunicited o tipseoiplet lvflbrdedings t&%b&@fdr%ﬁﬂé}dence is rated
above prefix correspondence. Then, given two pests, 25 27 May 20D3 psetl.

and pse R 6% PR r i Si: i f _psetl is closer
to the %ﬁor{;r ent p‘g\se?%&g#éoasr?[(f%%suefg o?héegt\sﬁlsaggﬁ@g dﬁésﬂelglfnge?’ﬂ ned will be

pl aced pjgher in..the derin han, t.he ot.her, peat. Jf the positions of

pset | aawsc&??%%o?ﬁg @ﬁrﬁs‘?#ﬂ@ﬁb&ﬁ&%@d\ﬁ%ﬂ%ﬁ TEleFnPRE peat with the
5 longest prefix. Once all the matching psets have been sorted relative to

eachl®t means, sné @) Om\priREng cpsmnicateshfsom; tha orderingtseléctoe H0O1 n st ep 8a02 t he
pernmutation of this peat is chosen far use in ordering the s3nnbols to be

pr esent FHe displayemesar willXyipichBy Be H Visal Aisghay \medrs\Biiblold SEIPERI NGS 10 The

best - mode nethod for constructing a database of orderings ~~I| be described
~in ref ks mkand SehicRe dis t?ﬁaﬁg ﬂg%qu struction 400,
au possﬁgﬁggﬁgﬁgﬁaﬁ?ﬂ%}gets a?gégb%%téﬁé?%d rorrf' a da a§§gg8€f wards (a

user via a voice-synthesis means, or a tactile communication means whereby

the symbol is communicated to the user by a vibration, etc.

15 Prefixes and Positions For the purposes of this disclosure, the prefizof a
symbol is the set of symbols typed immediately preceding the symbol which
is to be typed. The terms symbol and letter may be used interchangeably in

this disclosure, For instance, in the word "car” the 1-Jetter prefix of the letter
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dictionary) along with their probabilities. The probability to assign to
the pset is the probability that it will nmatch the current situation at any
given 15 time. The probabilities will be used to.give 27/MayiRP83 t he
psets. All possible psets includes all possible choices for key, prefix
(including the null prefix) and position v~~hich occur in words in the

di ctionary) each of these choices 2B 27 May 2003 of key, prefix, and
gosition associated to each possible pex7mutati on of the synbols associ at ed
to the key. The nunber of such psets is finite since the nunber of keys is
fixed, no prefix can be |onger than the |largest word in the dictionary, and
no positioa can be larger than the I ength of the |longest word. g Still, the
nunber of possible psets could be quite large, and one nay decide to limt
the nunber of psets a priori by fixing a | ongest prefix to be considered,

bi nning the pasitions into a small nunber of bins so that positions within
a bin are considered equivalent, etc. Neat, in step 400a an initial rating
is assigned to each of the psets. This 10 rating is based on the reduction
in the expect €& Huhplattesy aki.che 2rieterprefeef’reé a” andahe rletterosntisti n t he
dictionary, if the given pset were to be included in the database of
orderings; reldiftVs”toa” where’k)dsused todennte a spack ey stheppersctustins metk.n hen t he
sy~rnbols are presented in sonme initial default ordering, such as

al phabet i c or dpgd {¥m Pdditfor/ WHUBE LA @RI S0 %BE GUIBELHE LML Yefofd BCE, 15
for each past, one only need consider the words to which the pset matches,

aad count the npunber .o essy keyst required i f the. nset,were to be
used. For inst@fice t1"E’t$e( Od?'%q F%aln‘gdr'ég)@%?ﬁt 5 Sqn(ﬁ‘ h rdf "Bhe |
then only those pasts with (position,prefix) pairs: (1, NULL), (2, NULL),
(2,t), (3, NSLLp pesitiep 3 inthe word figarneed t o be considered (NULL represents
the null 27 27 May 2003 prefix, that is, no prefix at all). For each ~of
these psets) andltfiak tree disaemesidotiat tie bt atdeaing foheheHeibold QBodisteine nunber
of excess keystrokes is conputed. Once all psets have thus been rated, that

pset wi th the Jar aesl it tldhs is a function of the prefix and of the position of the

symbol to be typed using the input means. Thus, in essence, this invention
concerns using prefix and/or position information to choose an ordering of

10 the symbols associated to an input means.

Choosing an ordering ‘as a function of a prefix. To simplify the dis-
cussion, let us consider a language consisting of three words aba, cca and
cac, with probabilities of occurrence of 0.1 0.3 and 0.6 respectively. All of
these words can be typed with the 2 key of the standard telephone keypad.
15 In the standard ordering of letters, a,b,c, these words will require 1, 4, and
4 excess keystrokes respectively. The expected number of excess keystrokes
per letter is thus (0.1*1+0.3%*4+0.6%4)/3 = 1.23. To reduce the number of

excess keystrokes, we would prefer to choose the order ¢,2,b, since "c” is the

16



that is, the pact which produces the maxi mal reduction in expected cunber 5
of keystrokes, is entered into the database of orderings (step 4002). If
there is moré tha one maximally rated pact, the one wi27hMaw2003est
position is chosen, if all have the sane positioa, then the one v~ith the
smal | est-prefix is chosen, and if all have the sanme size prefix-and sane
position) one of themis chosen at random 10 Now, to find the next pact to
be included in the database 4003, the ratings of all the pacts has to be
recal cul ated. The rating of a pact is now based on the reduction in the
nunber of |:e~strokes relative to the default orderings and the database of
ordering's thus tar constructed. Consider, far exanple, the case given
above in ~hich the only a ord in the dictionary is 15 "the". Assune that
the pact (4,2,~~L,hig) (nmeaning: for key 4, pressed at the second position,
regardl ess of prefix, present the letters in the order h,i,g) has bees

sel ected at st 41 fag _jnclusion in the abase, Now the pact ~4,2,t;
hig) niTlpstprohable gr"\té? 8T a%l‘ﬁ/ "feé’elfd most 12%9%81[# sty letiepsand r eady been ac

counted for by the pact incl'uded in the database. Note that initially the
pacts 73" negér ogeprs&03 fiess lettey ) Siylagly, atnthe (sagopdtpdsitipn, mevind he sane rati ng,
and, given the rule that if two psets have the sane rating, the one with

t he snajhhesi Brideiniostsprobaiie second 1etedre” i fhe nRbntbsbProtades ted in the

dat abase rather than (4,2,t,hig). This preference acconplishes hierarchical

differ i atyi i By h : 3 LL, ed (b)

(3,2, hie%ﬁ?,%e%‘?%’ étn?%n}’c?g %’%‘Eﬁ&@%}f&“&ﬂ%ﬁ P#Lsé%f@%&ﬁ%a y (a) if key
3 is pressed, at any position 1 ar greater, and regardless of prefix use
the d&r cuderings,sb begsed againpt thesecqpdposition. Etnaélwtﬁgsthlrdmosi- or greater, and
regardl ess of prefix, use the order e,d,f, tc) if key 3 is pxessed, at any
posi t i cfon3 werwoyldelionse tlenatderdmmie, o beagairndinger'e? isthe usest phsbableder e, d, f, each
10 have the sanme effect on the ~;cess nunber of keystrokes required to

ent er tlQRer"{nO{hgttixﬁHeﬂ%sﬁﬁn‘,’ Rd be rfe’v‘%}zeoécﬂﬁtini the Qﬁﬁ{l ?’8%%:62 kpd[};e same prefix

and the sane rating, e one wth the to~est posi eferred, pset
ifferentiation.

(a) wll khe.chas This rule acco i shes, posi tion di f

St eps ﬁ@’?eﬁmalfg@?eﬁsaﬁ? ?’fb&l H%r?‘@ﬁgg*‘%@‘pﬁteﬁd’r‘??’thef ﬁg%el%i“@ quired ~.5 to f
nd additional psets to include in the database. At each iteration, ratings
mll hmetIMbE-S?bt&ﬁEwaﬁéM%ra vasy significpnleimprovemens. whi ch coul d be
affected by the Last added pset to the database. Only those psets which

havelgn poWetdaaniodserterclioteven) byrusinguatiit inféretions Thadsiavipg®t . and have a
prefix which includes :

letter sequences occur in these words: ab, ba, cc, ca, and ac, with probabilities

0.05, 0.05,0.15, 0.45, and 0.3 respectively, ignoring the position in which
these preﬁxes occur. Thus, given that the letter at some position is "a", the
probability that the next letter is also "a” is 0, the probﬁbility that the next
15 letter is "b” is 0.05/(0.05+0.3) = 0.14, and the probability that the next
letter is "¢” is 0.3/0.35= 0.86. We should choose the order ¢,b,a in order in
minimize the number of keystrokes, whenever an "a” has been entered just
before the letter which is to be entered n.ext. Similarly, if the previous letter is

*b", we should choose the orders a,b,c or a,c,b, and if the previous letteris "c”
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or is included by the prefix of the | ast added pset, and apply'to the sane
key 29 27 May 203 as the |ast added peat need have their jratings

recal cul ated, and only these psets need to be resorted2mhMay 2003nship to
the other psets. This process describes the construction of a database of
orderings essen tially ab initio. In practice one mght ~zsh to begin the
process by first ~ including sone | arger subset of orderings known taq.be
useful, such as all or derings with prefixes, up to length 1. Regardl ess of
the initial set of psets, addition of psets can proceed as descri bed above.
This best node nethod is but one of an infinite nunber of enbodi nents of
the general principles taught by this invention for reducing storage re..
10 quirenents. These princigies are tu~o: |) positional differentiation, in
whi ch advantage is taken of the fact that typically positions nearby each
other will rewre simlar orderings, and 2) hierarchical differentiation,
in r~~hich advantage is taken of fact that |longer prefi.Yes wll typically
require orderings simlar to the orderings consistent tvith shorter
prefi.~ces. The Res de stor .15 age et conmbi.nes.these. pringiples in a
veay which is P2 "l“i%%"?ﬁ/alfs HE a’ﬁeﬂe%qagﬁ&ﬁﬁtmﬁ °§'E‘E#B§%d°g6p al | ocat ed
to the database of orderings is fixed in advance.  Using the best node

met hod, what evaformatipagConsider, rew Lypiag the word "cerls adtde first position,l ed in a
way which is optimal for reducing the expected nunber of keystrokes. 30

27 May 2003 AlulKetelis\By létte? prefbl; ANG s&OR ubtthe defaiit drletifig ¢,8,b Theny sigde- ar t
mufti-tap nmethod, sone nethod nust be used to distin- . guish nmultiple taps

hi cb are meank ke AUANGE usd e 65! i RaIBYIRA S, B AUl T 2PS

which are nmeant to input new [etters. 'For |nstance, is typed

entirety using the 2 key witgt ee.faps, ..one tap.and 5t taps for the
letters c, a’"a%@ﬁ1 ?sés%gé{rﬁ?fe?’ o g’%ﬁ'ﬁf ?f@e% HhgSY °rfié§§h pre ?’@bamg% el etters
is usually done in one of two ways, 1) a timng mechanismis used: closely
spaced taps aromputingthe semberagf kezstaekes fon the etherewards irp thevkameway, onger

space between taps encodes the begirmng of a uew group, or 2) an
au.Yiliary keywe figdithad the édpretiéd irimben of Recebk@istiohe fsevhip Mhguhge 15€d as

0.17.

Combining prefix and position information. In the above calculation,
10 we chose an order based on prefix information, ignoring position information.
However, by examining these words, we find that if”a” is in the first position,
then "b” §hou1d be offered as the first choice in the second position, since
"a" is only in the first position in the word "aba”, However, if "a” is in the
second position, then "¢” should be offered as the first choice, since *a” only
15 occurs in the second position in the word "cac”. In this way, the ordering to
choose can depend not only on the prefix, but also on the position in which
that prefix occurs. Now we find that we need one extra keystroke to enter the

word aba, 1 extra keystroke to enter the word cca, and no excess keystrokes
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O a letter-endkng synbol, so that "cab" is entered as 222#2#22~. The first
of this nethods has the drawback of iinniting the speed at which a user can
type. Such a 'keyboard reduires the user to type neithel?t Maw2008icly, nor
too slowy. It is particularly unsuited fox the inproved nufti-tap nmethod
taught by thisinvention. The second nethod has the dra~nback—of--added an
extra 13 Ireystroke for each latter, further stowng input. 'This invention
thus provides for an au.~ciliary key to be used to advance synbols in a
given ordering. Referring to figure 10, we see howthis aux iiiary input
means can be integrated into the apparatus of this invention. 3l 27 May
203 The auxiliary input nmeans 5007 conmuni cates with the coupl er of order
ings to synbols for display 5005 in such a way that each mani pul ati on of
the auxiliary input neans 5007 causes the synbol displayed to be advanced
one in the ordering. This auxiliary key could be applied as well to inprove
5 the s b - L AP hj S h rder .does not depend on
cont ext HSSQ_-E{ ?ﬁgﬁh%&glf%gc I(;Flgp%dfx ﬁg%etdn%%ﬂg&aogﬁg?%? S@y S&é‘f‘keﬁg‘”appl ied to
advance pbols in Y/ i X ordering. rNTEGR~. TI ON OF MULTI - TAP

hi ETHOD@%WWBP 'tiﬁ%%)ﬁ%ﬁ—@gé Fﬁh# gspested; mumberaefhexnges of thi s

i nvention, the inproved or prior-art nufti.. tap nethod can be use in

i nt egr atkeystrokeshascheen meduced tanearbub{id of dheexpectied bRmbes of exceds as t hose
taught in US provisional application nunber 60/1M 665 (GUTt)~"4'1TZ '98),

whi ch i fefitrokbyin fheQiritRiaat atind, ref erence. Far definite ness, ire wll
describe a conbination ~zth the enbodirneat of GUTOyVITZ '9% in ~~hich

sever gl sehect | ES Al t sulstantially gi.multaneous

mani pdl at i W"Bﬁgﬁﬁ%ﬁb‘tﬁs' #sgh@:ﬂ“hm“éﬁwﬁatatgmwk%?eﬁantth%aatrt will be able
15 to Mend these teachings to conmbination with any ot her anbi guous code

met hod. thatgngesaa use prefixes of merghameoneletter, anddangyagesonipesedof t hen t he ben
efits of the anbi guous code nmethod can be conprom sed by the anbiguity 32
27 NMay 20Qabitrary number of words composed of an arbitrary number of symbols

and of arbitrary lengths.

An example sentence. To see the result of applying these teachings to an
10 example sentence, we refer to Figure 4a. Here, a sentence is shown with the
excess number of keystrokes requh—-ed to eptg;r each letter showﬁ'below the Yet-
ter. For clarity, a blank is used to indicate 0 excess keystrokes. Similarly, the
number of excess keystrokes required to input the same sentence when order-
ings are chosen according to position-dependent prefixes of length 1 (Figure
15 4b) and position-dependent prefixes of length 4 (Figure 4c) are shown. To
compute the number of excess keystrokes, a set of reference statistics of the
probability of words in English was used. As long as the statistics used to

chose orderings are sufficiently representative of a language, results similar
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i ntroduced by the conbination with the nufti-tap nethod. A particularly
effective nethod for conbining mufti-tap and anbi guous-code nethods, for
whi ch patent rights are hereby clained will now be des@&7 May 2003was shown
in GQUTO-' I TZ ' g8 that operation of an auxiliary input 8 nmeans with one of
the letter keys of the standard tel ephone keypad can serve to encode a
selected letter, and that, further, if the letters encoded in this way are
selected to be c,e,h,l,n,s,t,y then the anbiguity, as neasured by | ookup
error and query error, is substantially reduced as conpared to the standard
anbi guous code. Vi'e will therefore adapt this code fox the XD present

di scussion. One way to canabi ne those teachings wth the teachings of the
present iwention is to conbine evidence fromboth rmulti..tap input and
aznbi $uous code input to select a nost-likely word or letter roma set of
posse' ble words or letters. Referring noa to figure 11, we find a.
schemati c overview of an apparatus 1~ in which both a multi..tap and a
predictive text input nmeans are integrated. The mufti-tap conponents of
this figure htvtheleshoubl beokipinede Heiacledr thatdhe namber oaxpess kaystaked i s a
predictive text input canmponent, which ca~tld be for instance, one of the
predictivie tgxliel QBHbasRsTROthe BA F tHE PréOREd iferbdddO-~r ' | TZ " 98. For ‘the
enbodi ment to be discussed in nore detail be 33 27 May 2003 | our, that
enbodi nent in which selected letters fromeach input neans whi ch encodes
letters are selected by mani puia~ting an auxiliary input neans in

conj uncti on widpendancepf the exsesscpumhes nikpysinokes asaprefixasizennd i ary in
put means for predictive teat input is required. this auxiliary input nmeans
5 is shown in?bisﬁww Th d1@6Bto appretiatepthrl wiilitylof tHe datdbabe tomprebdién ot her

i nput neans of the apparatus, in particu3ar) the auxiliary input neans for
mufti-tap igp , ARal b i L-tap i nput
'S present Tniepadil bR A eRitthed Belbw AR for RAE Rabbng B 6T "oy
at any noment  chpose. to, 10,use ejther the amii guo code nethod oy the

i mproved nuf t herehy, claimped, 4t ‘SMtWGPd@Q%ﬁ@Eeﬁ@ééd’r?ﬁ* H28/a04 et y of
ways. For instance, consider entering the word "bed" . ~~e hill assune for
t his exanpl e phsition Hependenee op, the fpxpected number of keystrokes. It will be shown

that the longer the prefixes that can be uSed, the greater the improvement of

the present invention over the prior-art multi-tap method. However, as the

10 length of the prefixes increases, the amount of storage which is required may
increase dramatically, making efficient storage of information a priority.

Referring now to Figure 5, we find data plotted which helps to under-

stand the relative impact of positional information and prefix size on the

expected number of keystrokes. Shown on the horizontal axis is the size of

15 prefixes used in a prior-art multi-tap method (size 0 prefix, alphabetic or-

dering), and prefixes of size 1 throﬁgh 4 for the improved multi-tap method.

Plotted on the vertical axis is the expected number of keystrokes. These

data were obtained relative to a reference dictionary of English words, to-
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is al ~ray”s chosen by the inproved nufti-tap nethod for the letters
associated to the 2 key, and the order d,e,f is always chosen by the
improved nufti tap 15 method for the letters associ at e@?t Mayh@d003key. ~Ve
will use a space to denote operation of a |letter ending neans, such as a

ti meout. Fox the a; nbiguous cads nethod, we will wite 2-toindi-cate
operation of the auxiliary key in conbination with the 2 key, 3 to indicate
operation of the au.Yiliary key with the 3 key. Using only the inproved
mufti-tap method, the ward "bed" would 34 27 May 2003 be entered as 222
33 3, and using the anbi guous code nethod as 233. Now i magi ne that the user
types 233, and we allow interpretation by both the anbi guous code and
irapraved mufti-tap nethods. Wen the sequence 233 is received, we do not

| carnv if the user intended only the secoad letter to 5 be typed using the
anbi guous code nethod, or all of the letters, ar oniy the first and

second. |getHeensith eliei probabilities.cThe Gutved200 éHows! thé leRpécted Bitmibet Ni S Sequence
could be interpreted as "bed" pure anbi guous-code T1nterpretation) ar "ced"

(first ' o t a2, ver ssupm.ng that "ced" is
not a V\o%?g{e r?r‘{lﬁﬁe[vﬁlle%ﬁ &gﬁg@y&pt%ﬁ?&smkg%%ﬁ we%@ggn‘sb e‘i’e?’é‘g}lé ;- and 10 the
sequence rendered as,"bed". nsj der. non the sequence 22 3 3, in irnproi~ed
muft i -téﬂr‘fel%qgl %0“45‘8 ,p%Fﬁ?ﬁch%’?Tepfé%ﬁt gusherbpesitionallydnforat i on "aadf ',

"abdi ", "badf", "bbdf', "aafd") "abfd", "bafd", "bbfd", "aadd", "abdd",
"badd", mitheidis igriared, and' enlf iprefix'infoitnatibi isised L Bt is eeenathat ge thdrat one of
these, for instance, "bail' 35 is a word. Now there are t~vo possible

i nter i i y - y ! uery woul d
¥ Qbdfth VP thé refikes hfbﬁ%cr‘é&‘lb',eﬂﬁg %:éﬁcgé#?%mﬂér of%?%r@{ég gg_t query

need to be presented to the user, t e user the
ot hods SHIECHBIJ0s o hERia ATRE At pig Bas b Heraesk dthe sare 11 me. | n
the case of conflicts or 35 27 May 2003 anbiguities, queries carp be
pr esent S¥p insTease in pesfin length e corpansate fully fersneglest dfiosidionalct or
ambl g tizzt-'ormation, however. With increasing prefix size, both positio;l-dependent
and position-independent curves approach an asymptote (curves 202 and
10 203 respectively), and the position-independent asymptote is higher than
the position-dependent asymptote. Nonetheless it is clear that increasing
prefix size bas a stronger effect than inclusion of positional information, at
least up to prefix sizes of 3 or 4.
Referring now to figure 6, we see that the eflect of &ecreasing expected
15 number of keystrokes with increasing prefix size is not limited to the English
language. Here, the same paosition-dependent curve 200 from figure 5 is
shown in relationship with a variety of curves 204 based on data from a

variety of other Romance and Germanic languages. While each of these

curves follows the same general course, the asymptotic values are higher for
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BEST MODE OF | NTEGRATI ON W TH AMBI GUOUS CODES Many vari ant nethods for

i ntegrating anbi guous-code and nulti-tap nmeth ods nay be designed. For

i nstance, based on the data presented previously, 5 ond37¢day 20880d coul d
be to use mufti-tap systematically for the first letter of a t~rord, and

t hen the anbi guous-code nethod systematically for all the other letters of
the word. The best nobde for synergistic integration of anbi guous-code and
multi tap methods enmerges from sevexal inventive insights: x) nufti-tap
met hods ~0 m |l be of nobst use for nrords not likely to correctly rendered
by an anbi gu ous code nethod, such as proper nanes, 2) users are unlikely
to want to use both anbi guous-code and nufti-tap nmethods within a single
word, 3) by using a distinct au,~ciliary iapat nmeans for anbi guous-code

i nput and anot her distinct auxiliary input nmeans for nufti-tap input) it
can be relatively easy 15 to determine if a user neans to use the

anbi guous-code nethod or the nufti tap nethod to enter any given word, 4)
but using sequential signals, that is, by having operation of the

anbi guous- codep@uttiek ladigagespdie PR Ta0Y AEE tisesd tanguages Wiy wAGeS wifieal etter to
which it refers, and the nufti-tap auxiliary input nmeans succeed the letter

o which it r?&&éﬁ nyrhbk G SPingbls fad BhEBIGGHSRY HORS éﬁaec&tﬁﬂ;gserg‘eous

interpretati ons®n i guous=code o -t can be
reduced. 5 Thys, ,,t he best r.aode for ner gi, st conbi nati on of

anbi guous- codgs@ﬂﬂr CHIVES; calnatff ?’Wﬁff?d(g‘?i)r/layeg"t} @gﬁ%%? in nore detai 3 as
follows. Most of the anmbiguities resultin vgmfrom nmul tiple interpretations

due to combi nat i Anathef wayito grasp phedegresrtoiwhicuthepuesenhimventitn improdse t o
| etter boundary confusions in the nufti-tap nethod, be it the inproved

multi 10 tap FRéngR Sholdie multitapanéthBBfis iby! RferdiRb 't@@he H&@d pl'e%entfad’r

exanpl e) one does not knrnv if a repeated sequence “such shoul d be
consi dered as, r Sen n the

i mproved muf t i Fe‘? #5%9 tﬁ%%‘ pro a é%\ﬁ%@ g%ﬁsﬁlr‘)ﬁﬁﬁﬁ%ﬁ%%d ?safjs to
input a letter |s s nultlale tap s can be ergonom cal |y, acconpllshed by

means of an ad¥RetioR Pﬂ?ﬁ}t’Pﬁ sl H@ar‘@’ngﬁh? Brigrert H“@%ﬁ?ﬁﬁ@fh@ﬁ%ﬁn a
| etter-encodi ng i nput neans.

the improved multi-tap method taught by the present invention, and using
position-dependent information and prefixes of length 4, curve 301. It isseen
10 that for the the prior-art method the expected number of excess keystrokes
remains fairly constant or even increases with the position in the word. In
the improved method, however, the expected number of keystrokes decreases
rapidly with position in the word. Most of the excess keystrokes required to
enter a word using the improved method are required to'enter the first letter
15 of a word. Once this first letter has been correctly entered, a prefix has been
established which allows the desired letter to be presented first in order with

an increased reliability.
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Let us represent by *2 the operation of an auxiliary input means with the
"2 key. Then, if the order of letters an the 2 key is c,a,b, thenc , is
encoded by "2", a by "2*2", and b by "2*%2*2". Noiv, usi?fMay2003tion as
above for 2 neaning operation of the auxiliary input nmeans for
anbi guous-€¢ode i nput 37 27 May Q003 on the 2 key, the-word-"cab" can be
entered as 22*22*2*2 using just the nufti-tap nethod, or 22Z using just the
anbi guous- code nmethod. If both input nmethods are avail abl e simultaneously,
then the user can chose to enter "cab"” in any of the follow ng ways: @2,
~2%22, 22*22*2*2, 222*2*2, 222, 5 22*22, 22*22*2*2 and 222*2*2. These 8
pos$ibilities can in part be uniquely associated with letter se quences: a
"star" sequence can only be read in one way, and a ":" sequence can only be
read in one way. Thus, the 8 possibilities ran be rendered: c22, cat, cab,
c2b, 222, 2a2) tab, 22b. Here, partial sequences have been replaced 10

v-ith letters V\hene~Bm'ItM®Egrrcﬁ€AQErﬁmﬁl 9U0US| y. Each of the

remaining 2's in these sequences represent a interpreted in a
mufti-tap interprets tion, and 'a or b" if |nterpreted in an anbi guous code

interpretation. Th each nbe an f or c. If only by virtue of
t he sequeﬁ' %E?%L&S% s%ﬁq dpéﬁ”mﬁeﬁtﬂ sorogsdphichb, c, are
possi bl e and thus this exanple 15 reduces to codi ng using the st andar d

anbi gucnap,sots Jarghifiet ssgionn wch es lakes and vasowsmerenniggéd fdaturei rat es al | of
t he possi bl e com bi nations of coding using the standard anbi guous code, a

r educecsualiral Gubintainotigeain Kour K s f@&a&?tag%cml P NinpgEi gl e the
addi ti onal anb|QU|ty due to the possibility of |nterpreta fon in either a

" & 1 JRERBRE 86 nfho! SRHERS eobls Pl of itk B Varfoudiladetemsar o bt guous
of dﬁén@é’@%ﬂé‘k%cg?‘df e RBPIERE P PRGSLBe sbeTs msiu{c‘éeiéfﬁéi Pmst 6duce anbi gui ty
relative to the standard anbi guous code.
not only make an accurate model, but one which uses a minimum number of
disks. In regions in which the terrain changes slowly, you can praduce a good
representation with a small number of large disks. However, when the terrain
changes rapidly, yon will need a !arge number of smaller disks to track the
10 changes. If you are only allowed a fixed number of disks to construct your
mode], there will always be some optimal way to choose the disks so as to
produce a high-quality model.
To make the link with the present case, consider the height and width of
the disks as corresponding to prefixes and positions within a word. The larger
15 the disk, the smaller the prefix. You can think of the prefix as giving the
location of a place on the map to be covered, and the smaller the area is, the
longe;' and more detailed the address needed to specify the area. Finally, the

topography of the map corresponds to the variability of the excess number
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5 According to the best node of operation of this invention, the anbiguity
due to possible sinmultaneous interpretations iu terns of an anbi guous code
or a nulti~tap code can be reduced by creating a prece@hMay 8068 onshi p be
tween the trco possible interpretation nechanisns. The foll ow ng convention
is optimal in that 1) it allons for nulti-tap input to be used for ~nords
which to are not |i3tely to be in the dictionary, and thus not likely to be
correctly interpreted, and yet 2) allans nords nhiclz are likely to be in
the dictionary to be typed using the ambi guous-code nethod) and 3) permts
| earners of the anbi guous-code nethod to make a snmooth transition from
mufti-tap in anbi guoas. code input during the | earning process. The-
convention is that 15 ~rords are to be interpreted in a nufti-tap
interpretation unless any of the let tens in the word are entered using the
anbi guous-code auxiliary input nmeats. The reverse convention is also
possi bl e. For typical ~ords, one or the other of the auxiliary input neans
will be rewired to enter the ~ard, and thus it is straight forward to
determine if of keys@okes 7 fungti®D o3 prefix andymsitionovithin-erwdrde word using t he
nmufti-tap ar anbi guous code nmethod. W have seen that for English there are

on average 15% %Mrﬂi%ﬁ@&?@&pﬁ&dréx@ﬁﬁtﬁﬁm %1yltd Be'a qub@upch | etter, a

| 5% chance to use the nufti-tap auxiliary input neans, for devices which

use an auxili p&ﬁ i ﬁﬁi}% i d i.nce .t he average
word in Engli g%&l"g apﬁpggll% {nbg}’gﬁ/thg e*'t%f%aélaar%?le?%neor%gw LR, chance
that the nufti-t auxi liary, i nput apns wll be used z}t. | east once in any
gi ven ward. IFP°P?€:§L§’€M§ ,d,pvga,enm E‘Gﬁg@’tﬂ‘%fe ak Posifion igigowerdgode
descri bed above, the auxiliary input neans has a 45% chance of being used

to enter an§ thenepresent tethe uger thewymbelowsodiitad tekey inl themrdersgivemaby | east
once v:~hile entering an average word when the word is entered using this

met hod. Thus, pepmsteliohl?e duidise dftordedhs a5k bolldbfiorlef efE. ned in softvrare
vrhich nmethod the user intended to use on any given word according to which

't notther of ¢ uits datRBR o KRR ol he SRS o BT o 2 core 15

default arrangenent may be made, preferably, to interpret the word in the
anbi guous- codsserewpaged a-fynction CSsitustionspsat hgwhiche defeomites iffwe
anbi guous code auxiliary input nmeans, it may be preferable to adopt the
muf ti-tap int esqircetrasponds ftothedurrene sithetion, whereptsituatisn” esthprised theéi ng t he
au~iliary input nmeans for anbi guous-code
10 current prefix to the key just pressed at some moment during text entry, the
current position within the word when that keypress occurs, and the key that
has just been pressed, that is, a "situation” is a pset with no permutation
specified.
We also need a function COMPARE(psetl,pseté) which rates psets
15 relative to each other for their applicability to the current situation.
The use of MATCH and COMI?ARE can be understood by reference to
figure 8. In the first step 3000, and for each pset in the database, MATCH

determines if the current prefix corresponds to the input pset, if the current

position is compatible with the position in the pset, and if the key of the
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40 27 May 2003 text entry. lu this way, the use of the auxiliary input
means for anbi guous cads text entry can be introduced gradual | and wi | |
al ways provide sone benefit in enabling the user to e Mex&‘iﬂ-’n letters
directly and unanbi gu ously, a ithout passing through a nufti-tap
interpretation. 5 Thaugh it may not contribute to reduction’in total
anbiguity, it is consid exably nore ergonomc to performthe conbination of
auxi liary input neans pith synbol encoding neans in two different nay)
dependi ng on whether the auxiliary input neans associated to the

anbi guous- code nethod, or the auxiliary input nmeans associated to the
multi-tap nmethod is concerned. In 10 the case of the anbi guous-code

auxi liary input nmeans, the auxiliaxy input neans activation should occur
before or during the activation of the synbol encoding input neans to wbich
it refers, while in the case of the nulti~tap nmethod, the auxiliary input

means %édﬁﬁ#&&%%@ 1e§ GtliciPhiseTust BeerPprebé@s It isbvifustiis, synbol - encodi ng
o} I C It

nmeans refers.” In typical use, the 15 anbi guous-code entry
method wi |l be used words expecte thesuser to be in the.dictionary,
whi | e ttAiGEFAHRE F%%Pﬁ%g |'~'|'°~“Bg°g§‘§}§ 75, SQigseReng fp SR el ser o pect s
not to be in the dictionary. 41 27 May Q003 OPTIIvl. | ZATI ON OF CODE FOR

REDUCEpositivBEsheCposkiiorsriRthermset/mmst be dessithen or equrl\to e currentiot t ouch
typabl e: each synmbol is not al ways gotten by the sane sequence of i nput

means rgitinl Joicafrespondrinttaend sfgsefigabe prefix tob thewmirtend situgtish f or typabl e
devi ce ‘optim zation disclosed in GQUTQ ~VI TZ 98 can be applied to nufti-tap

devi ges. Ac ' h ' f: i i on, one

esser%t i’gptéﬁg%aﬁlo%gﬁ gﬁr)lI %@P |E gﬁﬁf grhnirﬁ? P??ﬁtma%a%eﬁkgﬁgphh?%@%x pect ed nunber
of e.YCess keystrokes. Followng th each i of GUTO~~'.I,.TZ '98, the

e, YCessthe (mrefi obhe et tp &b%?‘?ﬁ% Btegﬁtl?tg?f[}%yege%%' %%%%’Pﬁd“g’n opti mal

assi gnment of synbols to keys. In particular, al pha betic ordering could be
mai nt ai ghe detvdrijhst befara the gurréns positiosy and whrkjng backwsrd toward the

beginning of the word. For instance, if the current prefix is _go, then psets
with either the prefix @ or the prefix ga match the eurrent situation, any
10 other prefix, such as fga does not match the current situation, except tl;e
NULL prefix, which matches all prefixes.
| After the gompletion of step 3000 all psets have been identified as match-
ing or not matching the current situation. In step 3001, all those psets which
match are ordered with respect to each other using the function COM-
15 PARE.
In constructing the database, a process to be discussed further om, a
. decision was made to rate positional correspondence above prefix correspon-
dence, or vice versa. Without loss of generality, let us assmﬁe that positional

correspondence is rated above prefix correspondence. Then, given two psets,
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~.0 by choosing an optinmal partition of the synbols. ALTER~-1 ATE CHO CE OF
STATISTICS Up to no, we have been considering choosing orderings Rzth
respect to statistics dran froma representative sanpl eﬂ'bmaweobaﬁguage to
be typed. In some circunstances, other orderings rnay be preferred. For

i nstance, when the inproved nufti-tap met hod and apparatus taught by the
present inven i5 tion is used to enter and access nanes and addresses in a
dat abase an a handhel d device such as a cell phone or personal digital
assistant, then the 42 27 May 2003 relevant statistics are those of nanes
and addresses, not those of general |anguage. |ndeed, one m ght choose
statistics drawn froma |large set of nanmes typical of a | anguage when the
device is used for entering nanes, and the statistics of the nanes already
input into the device when the device is used to access nanes. In the

| atter case, the weighting of letters and prefixes could 5 be a function of
the nuraber of tines the nanmes and addresses in the database have been
accessed, rather than statistics based on the general usage of such nanes
by a popul at'i opsetif and pset2, OQMPARE il aeterss pset b ffethe Thusitivat efbpsesl &
orderings need not reside on the physical device used far text entry.

Consi der, for dpkapeRe clftertBditRng dnd JsRORREMAR, Tral doel RAGHILA T

permts callers to be connected to enpl oyees hen 't er enters the

carne of the I #Rad. The o

orderi ngs rrayegé)hgg?%fam?%n IX?K %%d?ﬁgf%gp “ﬁgp&%ﬁ%ﬂ? #3 ePB?HE?ﬁgﬂs%
unrestricted | an and t he automat sw t chhoard coul d communi cate
sel ect ed orderi—rﬁg Q%% ar¢, the, gAYy then (LOMPARE avill return| the :pset withithecal | er
types. Such a setup presents a nurrber o] advant ages: not only are the
orderings adaploagest prdfixe corporation's tel ephone data, but al so, m ninal
storage and processing is required in the user's handset. Preferably) the

03 e My 2003 ol RAEESENEORARANE Bofll sl NablibOfh LR RGN 10 Wh Ch

letter choice is being made. ver, the net can operate ith no

speci al i zed ha rrent be t andar el I n th| S case,
voi ce synt hem@t‘ﬁé 95 Er%%eﬂhmz Ig iﬂ’nﬁﬂ}e e Repmutatiope as t he
di spl ay neans. . . )

of this pset is chosen for use in ordering the symbols to be presented to the

user.

CONSTRUCTION OF A DATABASE OF ORDERINGS

10 The best-mode method for constructing 2 database of orderings will be
described in reference to figure 8. In the first step of database construction
4000, éll possibly relevant psets are constructed from a database of words (a
dictionary) along with their probabilities. The probability to assign to the
pset is the probability that it will match the current situation at any given

15 time. The probabilities will be used to.give a rating to the psets. All possible
psets includes all possible choices for key, prefix (including the null prefix)

and position which oceur in words in the dictionary, each of these choices
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Al ternative choi ces of orderings are also appropriate yr hen idling out com
5 peter based forns. Sone fields in sone fornms may require input from

di fferent subsets of |anguage, and thus different statiedtMey 2003 t hus
different optimal orderings. For e.~ample, ~hile entering a URL

t LI ni versat~Resource Locator), one finds that the sequence'vc w" is very
common, while in general |anguage it is rather uncomon. Thus, an ordering
conditional on a sequence of wWs 10 which causes wto be presented first in
an order nould be appropriate for a held in which a URL is to be entered,
but would be potentially inappropriate for a field set to receive
unrestricted English input. In conclusion it is noted that nunerous

enbodi ments of the teachings of the present inv entian beyond those
specifically described here are possible, I~ and nmhich do not extend beb
and the scope of those teachings, which scope is defined by the appended

cl ai ns. in 5§rticular,.it i s obviQus even t? one not, very skilled in the
art t hok ey Eafix, andHdsijlonaassogiaied tp fach gossiple permutation pfithet he st andar d
anbi guous code, to the | anguages here chosen for illustration, or to 44

27 NMaysyoeds agsptiates: toothe key f—l‘gheq@nﬂnegf suehspeetsi i lfinjte sinceathect r orii ¢ devi ce
could potentially benefit fromtext input nmeans, and thus fromthe

t eachi ﬁaabafoftmysjdmeﬂﬁb refix|can ibe lokger flin ﬂié\d_b.f%gﬁ wérdlintthe text input
met hodol ogy descri bed here coul d be conbi ned with well-known

i r BREPERYOHE BRRIGN Tl B otk 42 bk SORBRRE Mg e

US5$1$~37, Reduced keyhoard di sarnbi guati ngconputer, |nventors: G aver;
Dal eb L Stillithe gumber ot pagsible psefscaulg psiquite large.iand one may decidefto, 1, 99$ US
provi sional application nunber 6Q 111, 6fi 5, Decenber 10,1998, "Touch
t ypab! #imiietheammben of gsets1a peibtidydising o egestpdefietdbdicorisiesialyi gn such de
vices", Inveatar: Howard Gutowitz. 45 | ~ 1 27 May~2003
binning the positions into a small number of bins so that positions within a
bin are considered equivalent, etc.
Next, in step 4001, an initial rating is assigned to each of the psets. This
10 rating is based on the reduction in the expected number of keystrokes required
to enter the words in the dictionary, if the given pset were to be included
in the database of orderings, relative to the expected number of keystrokes
required when the symbols are presented in some initia] default ordering,
such as alphabetic ordering. This reduction can be calculated rapidly, since,
15 for each pset, one only need consider the words to which the pset matches,
and count the number of excess keystrokes required if the pset were to be
used. For instance, if the dictionary consists only of the word "the”, then
only those psets with (position,prefix) pairs: (1,NULL), (2,NULL), (2,t}),

(3,NULL),(3,h), and (3,th) need to be considered (NULL represents the null
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What is clainmed is: Caim1l An apparatus for inputting text using
mufti-tap, conprising a plurality of synbols; a plurality of key inputs, at
| east one of said plurality of key inputs S associ at ed 2 Mays2@83ti on of
said plurality of symbols, a display, ~ database of psets, each of said
psets having a pernutation of sonme of said plurality of synbols, at |east
two of said pasts having a pernutation of said portion of said plwality of
synbol s associated with said at | east one of said plurality of key inputs
10 wherein said pernutation of a first of said at |east two psets is shift
i nequaval ent of said permutation of a second of said at |east two pasts,
wherein when said at | east one of said plurality of key inputs is
activated, said portion of said plurality of synbols is displayed on said
di splay according to said pernutation of one of said at |east two pasts.
>5 Caim2 The apparatus of claim 1l wherein said at | east one of said
pasts has a position-dependent pernutation and wherein when said at | east
one of Said plurality of inputs is activated) said pardon of said plurality
of synmbols is giefig] thaeis, 0o psefixcatcil pFatyearh ob thtsepsets) and ot eadls podsible Ny sai d
posi ti on-dependent pernutation. Caiw 3 The apparatus of claim2 wherein

sai d_posi tion- gamandac, therdiiicibh 3 themibBOT efbAl keflirbhd/ £ AhinBhted” al m O

The appar at us aim1 wherein said at | east one sal d pas as a

prefi x- dependent fHer.nut at.l o n rein n,saigd egst one of said
plwality of i nputds;‘clerswaﬁ%ehg?%d;ﬁmg}%&g&tre??@ﬁatcﬁsetsﬁ'%h %Pﬁmtt I8 synbol s
is displayed on said display according to said past having said

pr ef i x- dependethat i the psati wich Amwgnsmmah@ductzop mexpecied ngtrbern S ~fi e
apparatus of claim4 wherein said pacts having said prefix-dependent

per mut at i onss haf/keypireles xis entered ito Al databaptdi orderiags(sbepr4602) dbthkdls of
claim$S wherein said prefix-dependent pernutation 1s hierarchical -

di~ential. 5 &Abfl fad the HhBALANY pRE LA bne il HEYORAPSBLORIC!S 19

coupl ed to sai ey Inputs via a ec nicati ons

apparatus of claim1.furthet conprisi.n t |least one auxiliary input,
wher ei n when sQ@%d&?‘FL&W&‘Fﬁ PA# 036&811&?3 pRes%ith thesmplleshprefixiisir al it v

of key inputs are activated, said ponnmutation of said at |east one of said
pacts is changehbsenagd ifiathiavahhe sppmsiae peefisfand| saime pbsitioa; ene obttieth synbol s
di spl ayed on said display are transmtted and stored. Caim 10 The

appar at us of cilsadheseh sthenéem. sai d display is selected ftomthe group
c~sisting of a visual and auditory display. Caim1ll The apparatus of claim

1 in which ;gi d mztgh@{@tﬂéh Iﬁm REbE U Alde@N é?vaalﬁegﬁggm@gg%et her

sai d apparafus is usg or text put or text retrie

apparatus of claim1 _further c risin redi gti.ye text Lnput pneans

sel ectively opé?tglﬂsé)ftagtl ﬁtpé?tﬁ(rqbg tgzﬁu&ﬁ@'ééa . b"é’érréppg)ﬁg agpset WRAY means as
text. C~im 13 The apparatus of claim 12 further conprising neans to

determne if shastdcondre reduction sathe prebirofilepsttokey relatinet tostheadefadhoul d ba
used to determ ne the synbols 20 di spl ayed on said di splay neans. Al VI ENDED

SHEET 47 orderings ond the database of orderings thus far constructed. Cousider, for

example, the case given above in which the only word in the dictionary is
15 "the". Assume that the pset (4,2,NULL,hig) (meaning: for key 4, pressed at
ihe second position, regardless of prefix, present the letters in the order h,j,g)
has been selected at step 4002 for inclusion in the database. Now the pset
(4,2,t;hig) will have a 0 rating: any effect it might have has alreaQy been ac-

counted for by the pset included in the database. Note that initially the psets
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27 May~1003 C am 14 The apparatus of claim| wherein said database of
orderings conprises field-dependent pacts for entering text into
conputerized 'fornms having text entry fields. Caim 15 27May2003r
constnacting a database of psets for use in a nufti-tap input 5 device,
sai d devi-ee-having a plurality of |cey inputs and a displ-ay;,—s&ai-d- devi ce
being used to input text frnnmed fioma plurality of synmbols, the nethod
conprising the steps of: associating with at | east one of said key inputs a
portion of said plurality of synmbols; formng at | east two psets having
pcrtnutations of said portion of said plurality of synbols so that said
permutation of a first of said at |east two pacts is shift 10 inequival ent
of said permutation of a second of said at |cast two psets; and displaying
on said display said portion of said plurality of synbols 15 according to
said pernutation of one of said at |east two psets when said at | east one

A S 5 Sk o L

ciairn ormng a a WO pse urt her incJudea
the step of selecting said pernytatio f sai.d at | east two psets based on
positio tl""ﬁfRﬁFﬁﬁ‘éf’Fé ?sﬁlﬁfaﬁ%;&ﬁég’e%g@ gpallest,prefix ds chos@eei n the step of
formng at | east two psets further includes the step of selecting said

per nut a(4,2 1 hig)iwould becinsertedwin theedatebaseather thae (42,6 higbr mation. daim

18 A nethod of form ng a database having ~I~i psets, each if said psets

havi ng ghpesreiteict abedmylizhes Hiérarahteap diffetedtiatibn.aSililarky] iHe synbol's, the
nmet hod conprising the steps of (a) formng a set of 1?;rset ?sainNDED SKEET ~8

27 Mo, A R L SR BN IRk oot O poct
respectively (a) if key 3 is pressed, at any position 1 or greater, and regard-
less of prefix, use the order e,d.f, (b) if key 3 is pressed, at any position 2 or
greater, and regardless of prefix, use the order e,d,f, {c) if key 3 is p'ressed, at
any position 3 or greater, and regardless of prefix, use the order e,d,f, each

10 have the same effect on the excess number of keystrokes required to enter the
word "the”. Given the rule that if psets have the same prefix and the same
rating, the one with the lowest position is preférred, pset (a) will be chosen.
This rule accomplishes positional differentiation.

Steps 4002 and 4003 can now be repeated as many times are required

15 to find additional psets to include in the database. At each iteration, ratings
will have 'to.be recalculated for certain psets, those which could be affected by
the last added pset to the database. Only those psets which have a position
greater than or equal to the last added pset, and have a prefix which includes

or is included by the prefix of the last added pset, and apply to the same key
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(d) assigning a rating to said another past based on past's inc¢luded in said
dat abase of pasts; (e) repea~liing steps (c) and (d) until,all pasts in
said set of pasts have a rating; (f) including in sai d2ddMay ¥ai d one of
said set of pasts having the largest rating; and (g) repeating steps (c)-(~
until said database of pasts has N pasts. 10 Csbn 19 The nethod of claim
18 -wherenn said step of formng a set of pasts includes the step of formng
said net of pasts using position information. Claim 20 The nmethod of claim
19, further including the step of including in said database of p~ only
those pasts of said set of pasts haviung a |low position. CaimZ 'fhe

met hod of claim 18 wherein said step of frnrning a set of pasts 15 includes
the step of form ng said set of pasts using prefix information C aim 22 The
met hod of clainms 21, including the step of including in said database of
pasts only those pse2s of said set of pasts having a small prefix. G aino
23 'flee method of claim 18, wherein said database of N pasts is used in a
mufti-tap input device and Nis selected so as to mnjimze Igs-taps.

O af i m 7~ Thes bt tast added: pagt Resd hayh Eheds Fatings G“GB’PE’E%L@"{S‘W‘H;[S $€s is used
in a mufti-tap input device having an anount of storage and N is selected
so as to m nipekts @eeditalbemesorted di relatiomsbip toADENLIED pSetis, EET 4~ f 27 May
2003 neans mani pul ations typically required to enter a synbol, conditional

on sai d probabihiiveseesd dkaBksthelcosstiitelon of aldatatige bﬂqﬁﬁ'ﬁdgﬂ@é@ge means
said orderings or éequivalently information allow ng said ordexings to be

reconstructed, r oul.di a -Sel j fro ,d stored
orderings as téfmgu‘ﬂh“?‘t}ﬂ‘ (r}% Prﬁgnﬁ?eg%é \%}%ghgh‘sﬁgstg[)\)eeg%pg};éeg%sl @ ﬁ%ut , and
the synbol curreatiy being input, coypling said %;deri ng sel egﬁed by said
means to s& docludingspme dargensubsetoofi orperingskann ¢ bepseiub suehoasall psm sai d
| anguage nay be selected by manig ~.0 elation of said input neans in the
order given hjeriapgt Gritheprefikadup teltengtipl. Gleghvdlesd off biee inttidl-setl obbsets,ai m 16
v~herein said step of assigning subsets of synbols fromthe | anguage to

possi bl o ase GG o ARGEGLSMEREIIRNE=? (1° 0l P 15 Ghage
put one o sai Tu8sbmede suthed 1THoRs Shr Bl s HERRoRRE: " coul t o
N & subst antziyfat!hleygelngrvavl principles taught by this inventioﬁ for reducing storage re-
10 quirements. These principles are two: 1) posiéional differentiation, in which
advantage is taken of the fact that typically positions nearby each other will
require similar orderings, and 2) hierarchical differentiation, in which ad-
vantage is taken of fact that longer prefixes will typically require orderings
similar to the orderings consistent with shorter prefixes. The best mode stor-
15 age method combines these principles in a way which is particularly useful
when an amount of storage to be allocated to the database of orderings is
fixed in advance. Using the best mode method, whatever storage is available

for the database can be filled in a way which is optimal for reducing the

expected number of keystrokes.



nunber of input nmeans manipul ations typically required to i nput one of said
synbol s. 50 27 May 2003 G aim~8 A nethod for constructing a database of
orderings carnprising the st$ps of constructing assoaat@oMayR003
pernutation of synbols associated to a input neans with at |east one
property-sef-ected fromthe group consisting of 5 input means,position in a
R~ord, and prefix, rating the inpact, of each of said associations on the
expect ed nunmber of input neans mani pul ati ons, given the associations

al ready in said database of orderings, if any, selecting fromsaid rated
associ ations a subset of associations wwi th a sub 10 stantially high

rati ng including one of said associations in said subset of highly rated
associa tions in the database of orderings, repeating said steps of rating,
selecting and including, as required. Claim~9 The nethod of claim~8
further conprising the steps of 15 ordering with respect to the position of
the associ at i QUEHIIARAS ROPUT MEANSWOR MULMBSTAPUNEUY hi gh rating,
selecting fromsaid associations ordered with respect to the position of

t he associgt, S p At ~ [ bst ant,ial |y, J.om.position, whereby
sai d dat ab]gistggg’fi%g? ge’??ﬁ{ds ‘g‘gg‘ﬁéé‘%‘“gg%h",déﬁym !‘?q ’é%legrff’irgd?t?‘h'at abase of
orderings,, 5~ . ﬁ? May . 2003 Cl aim 20 The nmet hod of claim ~8 further

conpri s ERigh opltip e‘ﬁgs\éﬁh‘ 2 TeRgt i A vance Je the prlerimg of spmbelsof t he

associ ation said associations with a substantially high rating, selecting

f rom saiand assdtiplectapo nehich arermeanti to inpuwts peve tettens.t Bor insedrick, e t he S

associ ation an association with a substantially small prefix, whereby said

dat abas gopd »ediekitfpel BRYIPIsisy the> Aep, Witk ithiee ERY, I dlb t%faiﬁase of

orderi ngs.

5 two taps for the letters c¢,2 and b respectively. Grouping these taps to rep-
resent lette_rs js usually done in one of two ways, 1) a timing mechanism is
used: closely spaced taps are interpreted as being in the same group, while
a longer space between taps encodes the beginning of a new group, or 2)
an auxiliary key, typically the # key on the telephone key pad, is used as

10 a letter-ending symbol, so that "cab” is entered as 222#24#224. The first
of this methods has the drawback of limiting the speed at which a user can
type. Such a keyboard requires the user to type neither too quickly, nor too
slowly. It is particularly unsuited for the improved multi-tap method taught
by this invention. The second method has the drawback of added an extra

15 keystroke for each letter, further slqwing input.

This invention thus provides for an auxiliary key to be used to advance
symbols in a given ordering. Referring to figure 10, we see how this aux-

_ iliary input means can be integrated into the apparatus of this invention.
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10% & ( )eff glelncl)etiig@férlgg{ﬁ:i@ﬂg%ulw% dod ambiguous-code methods, for

which patent rights are hereby claimed will now be described.

1t was shown in GUTOWTTZ ’98 that operation of an auxiliary input

8 means with one of the letter keys of the standard telephone keypad can

serve to encode a selected letter, and that, further, if the letters en

coded in

this way are selected fo be ¢,eh,ln,s,t,y then the ambiguity, as measured

by lookup error and query error, is substantially reduced as compared to

the standard ambiguous code. We will therefore adopt this code for the

10 present discussion. One way to combine those teachings with the teachings

of the present invention is to combine evidence from both muiti-tap input

and ambiguous code input to select a most-likely word or letter from a set of

possible words or letters.

Referring now to figure 11, we find 2 schematic overview of an apparatus

15 in which both a multi-tap and a predictive text input means are integrated,

The multi-tap components of this figure have been alreé.dy presented in de-

tail. Component 5009 is a predictive text input component, which could

be for instance, one of the predictive text input embodiments described in

GUTOWITZ '98. For the embodiment to be discussed in more detail be-
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low, that embodiment in which selected letters from each input means which
encodes letters are selected by manipulating an auxiliary qut means in
conjunction with one of the letter-encoding input means, an auxiliary in-
put means for predictive text input is required. This auxiliary input means
5 is shown in figure 11 5008, and is preferably distinct from the other input
means of the apparatus, in particular, the auxiliary input means for multi-tap
input 5007, when sajﬁd auxiliary input means for multi-tap input is present

in the apparatus. |
Consider an extreme case in which a user may at any moment choose to
10 use either the ambiguous code method or the improved multi-tap method.
Most words could be entered in a variety of ways. For instance, consider
entering the word "bed”. We will assume for this example that the order c,a,b
is always c_hosen by the improved multi-tap method for the letters associated
to the 2 key, and the order d,e.f is always chosen by the improved multi-tap
15 method for the letters associated to the 3 key. We will use a space to denote
operation of a letter endix_:g means, such as a timeout, For the ambiguous
code method, we will write 2 to indicate operation of the auxiliary key in
combination with the 2 key, 3 to indic.ate operation of the auxiliary key with

the 3 key. Using only the improved multi-tap method, the word "bed” would
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be entered as 222 33 3, and using the ambiguous code method as 233, Now
imagine that the user types 233, :;nd we allow interpretation by bath the
ambiguous code and improved multi-tap methods. When the sequence 233
is received, we do not know if the user intended only the second letter to
- § be typed using the ambiguous code method, or all of the letters, or only
the first and second letters, or only the second and ;;hird letters. Thus, this
sequence could be interpreted as *bed” (pure ambiguous-code interpretatioﬁ)
or "ced” (first and/or third letters are multi-tap). However, assuming that
"ced” is pot 2 word in the dictionary, ihis hypothesis can be rejected, and
10 the sequence rendered as "bed”.

Consider now the sequence 22 3 3, in improved multi-tap this is *add”,
and in the ambiguous-code interpretation "aadf’, *abdf”, "badf”, "bbdf’,
"aafd”, abid”, "bafd”, "bbfd", "aadd”, "abdd”, *badd”, "bbdd", "aaff”,
"abff”, *bafl”,"bbff". Let us assume that one of these, for instance, "baff”

15 is a word. Now there are two possible interpretations of the input sequence,
"add” or "baff” and a query would need to be presented to the user, to allow
the user to select the interpretation which is meant.

These examples show that both multi-tap methods and ambiguous code

methods can be operational at the same time. In the case of conflicts or

35



9'10%&' ()- ,R,,,,,,-bA 10B al0%& ()-&10%m& ()- 10 10

10: s10%& () - 6109%& ()- ~410%& ()- --& w 012z[ <bA 10B010%& ()- $ 10%r& ()-3
1$ 10%& ()-3 310%m& ()- !3109%& ()- ! 10%m& ()- 222227 MayRN03

10Bs10%& () - 3310%& ()-3310%&' ()-3y 10%& ()- 10m 10m

10m 10%r& () - 3K333. 4x44dEbC 10B 109%&' ()- 10%& () - 109%&' ()- 3Y10%&' () -

109%&' () - F10%& ()- 45c555606dEbC )

10B3/ nmLO%&' ()-3@ 10%&' () - Y(s10%&' ()- &L0%&' ()- $109%&' ()- 33"nlo%& () -
0666?7A7B7C7D7P7xnbC 10By 10% h& ()- 10 10 10S : 10%& ()-s610%& () -

34109%&' ()- F1Z10%& ()- P777<8889dEnbC 10Bs, 10% h& ()- S10% h& ()- 10%

h& ()-sl 10% h& ()- s@0%h& ()- s10% h& ()- 9i 99: N: : : dEnmbC 10B' 10% h& () -
Y%d0% h& ()- #310% h& ()- F10% h& ()-10% h& ()- 110% h& ()- :>;

. #<r <<dEnbC 10B, 5z10% h& ()- G2g10% h& ()- 0g10% h& ()- Y.F10% h& ()-, z10%
h& ()- )10% h& () -

ambiguities, queries can be presented to the user to allow the user to resolve

the conflict or ambiguity.
BEST MODE OF INTEGRATION WITH AMBIGUQUS CODES

Many variant methods for integrating ambiguous-code and multi-tap meth-
ods may be designed. For instance, based on the data presented previously,
5 one good method could be to use multi-tap systematically for the first letter
of a word, and then the ambiguous-code method systematically for all the

other letters of the word.

The best mode for synergistic integration 6f _a.mbiguous-code and multi-
tap methods emerges from several inventive insights: 1) multi-tap methods
10 will be of most use for words not likely to corractly rendered by an ambigu-
ous code method, such as proper names, 2) users are unlikely to want to
use both ambignous-code and multi-tap methods within a single word, 3) by
using a distinet auxiliary input means for ambiguous-code input and another
distinet auxiliary input means for multi-tap input, it can be relatively easy
15 to determine if a user means to use the ambiguous-code method or the multi-
tap method to enter any given word, 4) but using sequeniial signals, that is,

by having operation of the ambiguous-code auxiliary input means precede
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the letter to which it refers, and the multi-tap auxiliary input means succeed

the letter to which it refers, the ambiguity introduced by possibly simulta-

neous interpretations in terms of ambiguous-code or multi-tap methods can

be reduced.

5 Thus, the best mode for synergistic combination of ambiguous-code and

multi-tap input can be understood in more detail as follows,

Most of the ambiguities resulting from multiple interpretations due to

combinations of multi-tap and ambiguous code methods are due to letter-

boundary confusions in the multi-tap method, be it the improved multi-

10 tap method or the prior-art multi-tap method. That is, for example, one

does not know if a repeated sequence, such as "22" should be considered

as representing a single or several letters. Since in the improved multi-tap

method, the probability of needing multiple taps to input a letter is smal),

multiple taps can be ergonomically accomplished by means of ean auxiliary

15 input means operated in conjunction with a letter-encoding input means.

Let us represent by *2 the operation of an auxiliary input means with the

. "2 key. Then, if the order of letters on the 2 key is c,a,b, then ¢ is encoded

by "2, a by *2*2”, and b by "2*2*2". Now, using the notation as above for

5 meaning operation of the auxiliary input means for ambiguous-code input
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on the 2 key, the word "cab” can be entered as 22*22*2*2 using just the
multi-tap method, or 222 using just the ambiguous-code method. If both
input methods are available simultaneously, then the user can chose to enter
"cab” in any of the following ways: 322, 32*22, 39%22%2%2, 320%o%o 999,
5 22%22, 22%22*2*%2 and 222*%2*2.
These 8 possibilities can in part be uniquely associated with leiter se-
quences: a "star” sequence can only be read in one way, and a "+" sequence
can only be read in one way., Thus, the 8 possibilities can be rendered: ¢22,
ca2, cab, ¢2b, 222, 2a2, 2ab, 22b. Here, partial sequences have been replaced
10 with letters whenever this can be done unambiguously. Each of the remaining
2's in these sequences represent a "¢” if interpreted in a multi-tap interpreta-
tion, and "a or b” if interpreted in an ambiguous code interpretation. Thus
each 2 can be any of a,b, or c. If only by virtue of the sequence "222”, any
of the 9 possible permutations of a,b,c, are possible and thus this example
15 reduces to coding using the standard ambiguous code.
This example is an extreme case which illustrates all of the possible com-
binations of coding using the standard ambiguous code, a reduced-ambiguity

code,-and a multi-tap method. In this example the additional ambiguity due

to the possibility of interpretation in either a multi-tap mode or a reduced-
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ambiguous-code mode, resulted in a total ambiguity which is no less than

that of the standard ambiguous code. In a typical case, however, additional

information input by means of manipulation of the auxiliary input means

will serve to reduce ambiguity relative to the standard ambiguous code.

5 According to the best mode of operation of this invention, the ambiguity

due to possible simultaneous interpretations in terms of an ambiguous code

or a multi-tap code can be reduced by creating a precedence relationship be-

tween the two possible interpretation mechanisms. The following convention

is optimal in that 1) it allows for multi-tap irput to be used for words which

10 are not likely to be in the dictionary, and thus not likely to be correctly

interpreted, and yet 2) allows words which are likely to i)e in the dictionary

to be typed using the ambiguous-code method, and 3) permits learners of

the ambiguous-code method to make a smooth transition from multi-tap in

ambiguous-code input during the learning process. The.convention is that

15 words are to be interpreted in a multi-tap interpretation unless any of the let-
ters in the word are entered using the ambiguous-code auxiliary input means. '
The reverse convention is also possible.

For typical words, one or the other of the auxiliary input means will be

required to enter the word, and thus it is straight forward to determine if the
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user meant to enter the word using the multi-tap or ambiguous code method.

‘We have seen that for English there are on average 15% excess keystrokes per

letter, and thus, for each letter, a 15% chance to use the multi-tap auxiliary

input means, for devices which use an auxiliary input means in the multi-

5 tap mode. Since the average word in English is approximately 5.5 letters

long, there is a 60% chance that the multi-tap auxiliary input means will

be used at least once in any given word. In the same way, for the reduced-

ambiguity ambiguous code described above, the auxiliary input means has a

45% chance of being used to enter any given letter, and thus a 96% chance to

10 be used at least once while entering an average word when the word is entered

using this method. Thus, most of the time, it can easily be determined in

software which method the user intended to use on any given word according

to which of the éuxﬂiary input means was used in the course of entry of the

word. If neither of the auxiliary input means is used in a given word, some

15 default arrangement may be made, preferably, to interpret the word in the
ambiguous-code method.

While the user is learning the use of the ambiguous code auxiliary input

means, it may be preferable to adopt the multi-tap interpretation for all let-

ters, except those entered using the auxiliary input means for ambiguous-code
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text entry. In this way, the use of the auxiliary input means for ambiguous-
code text entry can be introduced gradually, and will always provide some
benefit in enabling the user to enter certain letters directly and unambigu-
ously, without pessing through a multi-tap interpretation.

5 Though it may not contribute to reduction in total ambiguity, it is consid-
erably more ergonomic to perform the combination of auxiliary input means
with symbol encoding meens in two different ways, depending on whether
the auxiliary input means associated to the ambiguous-code method, or the
auxiliary input means associated to the multi-tap method is concerned. In

10 the case of the ambiéuous—code auxiliary input means, the auxiliary input
means activation should occur before or during the activation of the symbol-
encoding input meaus to which it refers, while in the case of the multi-tap
method, the auxiliary input means activation should occur after the actiﬁ-
tiop of the symbol-encoding means to which it refers. In typical use, the

15 ambiguous-code entry method will be used words expected by the nser to be
in the dictionary, while the multi-tap method will be used for words which

the user expects not to be in the dictionary.
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OPTIMIZATION OF CODE FOR REDUCED NUMBER OF KEYSTROKES

Multi-tap typable devices are not touch typable: each symbol is not al-
ways gotten by the same sequence of input means manipulations. Nonethe-
less, many of the methods used for typable device optimization disclosed in
GUTOWTITZ '98 can be applied to multi-tap devices. According to the teach-

% ings of the presex;.t invention, one essential ergonomic criterion for multi-tap
methods is the expected number of excess keystrokes. Following the teach-
ings of GUTOWITZ ’98, the excess number of keystrokes could be reduced
by choosing an optimal assignment of symbols to keys. In particular, alpha-
betic ordering could be maintained while reducing the number of keystrokes,

10 by choosing an optimal partition of the symbols.
ALTERNATE CHOICE OF STATISTICS

Up to now, we have been considering choosing orderings with respect to
statistics drawn from a representétive sample of the language to be typed. In
some circumstances, other orderings may be preferred. For instance, when
the improved multi-tap method and apparatus taught by the present inven-

15 tion i; used to enter and access names and addresses in a database on a

handheld device such as a cell phone or personal digital assistant, then the
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relevant statistics are those of names and addresses, not those of general lan-
guage. Indeed, one might choose statistics drawn from a large set of names
typical of a language when the device is used for entering names, and the
statistics of the names already input into the device when the device is used
to access names. In the latter case, the weighting of letters and prefixes could
be a function of the number of times the names and addresses in the database
have been accessed, rather than statistics based on the general usage of such

names by a population of users.

Distant database storage. The database of orderings need not reside on
the physical device used for text entry, Consider, for instance, an automated

corporate switchboard which permits callers to be connected' to employees

when the caller enters the name of the employee by typing on a telephone -

keypad. The optimal orderings may be different from the optimal orderings
for entering unrestricted language, and the automated switchboard could
communicate selected orderings to the caller’s phone, interactively as the
caller types. Such a setup presents a number of advantages: not only are
the orderings adapted to the corporation’s telephone data, but a.l'so, minimal

storage and processing is required in the user’s handset. Preferably, the

43

10gp

10/

10g 109& ()-3 10 10 10y: 109& ()-6109%& ()- 4109%& () -



YF10%&' ()-, 10%& ()- MaVK@ 10g 10 10 10; 10%&' ()- 8&10%& ()-3L5z10%& () -
9s3z10%& ()- !f31MLOY%& ()-<dEVK@ 10g 1010% & ()- nlO% & () - 10&/3&' ()-
Y10% & ()- L, 10% & ()-S &10% & ()-j LdEVK@ 10g 10 $I 10?(78&@)!-2 30% & () -
10% & ()-310% & ()- 10% & ()- 110% & ()-4/~JdEVK@ 10g

10F2Z10% & () -3/ 10% & ()- -10% & ()-F+10% & ()- )10% & ()- &10% & () -
),-./:~ @ 109109%& ()- 10%& ()- 10( 10( 10(SF:10% & ()-!, 6t10% (& ()-
F410%4 & ()- ~ dE~_ @ 10g@ 109& ()-z109%&' ()-10%&' ()-1z109%&' ()-

@O0%&' ()-10%& ()- BdE~ @ 10g -f10%& ()- *f109%& ()- S(

109&' () - S&z10%&' ()- @310%&' ()-Y "10%& ()-& LOPaB7@ 109 10&8<10%&’ ()-F
y8S109%& ()- 3 96S10%&' ()-y3 10%&' ()-  1f10%&' ()-

user handset is capable of signalling the user as to which letter choice is
being made. However, the method can operate even with no specialized
handset equipment beyond a standard telephone. In this case, voice synthesis

software, operating on a remote computer, can serve as the display means.
Alternative choices of orderings are also appropriate when filling out com-
5 puter based forms. Spme fields in some forms may require input from different
subsets of language, and thus different statistics, and thus different optimal
orderings. For example, while entering a URL (Universal Resource Locator),
one finds that the sequence "www® is very common, while in general language
it is rather uncommon. Thus, an ordering conditional on 2 sequence of w’s
10 which causes w to be presented first in an order would be appropriate for a
field in which a URL is to be entered, but would be potentially inappropriate

for a field-set to receive unrestricted English input.

In conclusion it is noted that numerous embodiments of the teachings of
the present invention beyond those specifically described here are possible,
15 and which do not extend beyond the scope of those teachings, which scope is
defined by the appended claims. In particular, it is obvious even to one not
very skilled in the art that these teachings are not limited to application to the

standard ambiguous code, to the languages here chosen for illustration, or to
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applications to telephones. Essentially any electronic device could potentially
benefit from text input means, and thus from the teachings of this invention.
It is further obvious that the text-input methodology described here could
. be combined with well-known word-completion mechanisms to further reduce

the number of keystrokes required for some varieties of text input.
PATENT LITERATURE REFEBENCED

5 US5818437, Reduced keyboard disambiguating computer, Inventors: Grover;
Dale L., King; Martin T., and Kushler; Clifford A. Oct 6, 1998
US provisional application number 60/111,665, December 10, 1998, "Tou.ch-
typable devices based on ambiguous codes and methods to design such de-

vices”, Inventor: Howard Gutowitz.
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What is claimed is:
Claim 1 An apparatus for inputting text using multi-tap, comprising
a plurality of symbols;

a plurality of key inputs, at least one of said plurality of key inputs
§  associated with a portion of said plurality of symbols,

a display,

a database of psets, each of said psets having a permutation of some of said
plurality of symbols, at least two of said psets having a permutation of said portion of said
plurality of symbols associated with said at least one of said plurality of key inputs

10  wherein said permutation of a first of said at least two psets is shift-inequivalent of said
permutation of a second of said at least two psets,

wherein when said at least one of said plurality of key inputs is activated,
said portion of said plurality of symbols is displayed on said display according to said
permutation of one of said at least two psets.

15§ Claim2 The apparatus of claim 1 wherein said at least one of said psets has a
position-dependent permutation and wherein when said at least one of said plurality of
inputs is activated, said portion of said plurality of symbols is displayed on said display
according to said pset having said position-dependent permutation.

Claim 3 The apparatus of claim 2 wherein said position-dependent permutation is
20  position-differential.

Claim 4 The apparatus of claim 1 wherein said at least one of said psets has a
prefix-dependent permutation and wherein when said at least one of said plurality of
inputs is activated, said portion of said plurality of symbols is displayed on said display
according to said pset having said prefix-dependent permutation.

AMENDED SHEET
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Claim § The apparatus of claim 4 wherein said psets having said prefix-dependent

permutations have prefixes of variable length.

Claim 6 The apparatus of claim 5 wherein said prefix-dependent permutation is
hierarchical - differential.

Claim 7 The apparatus of claim 1 said database of psets is coupled to said key
inputs via a telecommunications link.

Claim 8 The apparatus of claim 1 further comprising at least one auxiliary input,
wherein when said auxiliary input and said at least one of said plurality of key inputs are
activated, said permutation of said at least one of said psets is changed.

Claim 9 The apparatus of claim 1 wherein said symbols displayed on said display
are transmitted and stored.

Claim 10 The apparatus of claim 1 wherein said display is selected from the group
consisting of a visual and auditory display.

Claim 11 The apparatus of claim 1 in which said psets have different permutations
depending on whether said apparatus is used for text input or text retrieval.

Claim 12 The apparatus of claim 1 further comprising predictive text input means
selectively operable to interpret sequences of operations of input means as text.

Claim 13 The apparatus of claim 12 further comprising means to determine if said

orderings or said predictive text input means should be used to determine the symbols

20  displayed on said display means.
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Claim14  The apparatus of claim 1 wherein said database of orderings comprises
field-dependent psets for entering text into computerized forms having text entry fields.

Claim 15 A method for constructing a database of psets for use in a multi-tap input
device, said device having a plurslity of key inputs and a display, said device being used
5 {o input text formed from a plurality of symbols, the method comprising the steps of:

associating with at least one of said key inputs a portion of said plurality of
symbols;

forming at least two psets having permutations of said portion of said
plurality of symbols so that said permutation of a first of said at least two psets is shift-

16  inequivalent of said permutation of a second of said at least two psets; and

displaying on said display said portion of said plurality of symbols
according to said permutation of one of said at least two psets when said at least one of
said plurality of key inputs is activated,

Claim 16 The method of claim 15, wherein the step of forming at least two psets
15 further includes the step of selecting said permutations of said at least two psets based on

position information,

Claim 17 The method of claim 15, wherein the step of forming at least two psets
further includes the step of selecting said permutations of said at least two psets based on
prefix information,

20 Claim18 A method of forming a database having N psets, each if said psets having a
permutation formed from a portion of a plurality of symbols, the method comprising the
steps of’

(a) forming a set of psets;
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(b) including in said database a pset from said set of psets;
(c)  selecting another pset from said set of psets;
(d) assigning a rating to said another pset based on psets included in
said database of psets;
8 (&)  repeating steps (c) and (d) until all psets in said set of pseis have a
rating;
(  including in said database said one of said set of psets having the
largest rating; and

(g)  repesting steps (c)-(f) until said database of psets has N psets.

10 Claim19  The method of claim 138 wherein said step of forming a set of psets
includes the step of forming said set of psets using position information.

Claim 20 The method of claim 19, further including the step of including in said
database of psets only those psets of said set of psets having a low position.

Claim 21 The method of claim 18 wherein said step of forming a set of psets
15 includes the step of forming said set of psets using prefix information.

Claim 22 The method of claim 21, further including the step of including in said
database of psets only those psets of said set of psets having a small prefix.

Claim 23 The method of claim 18, wherein said database of N psets is used in &

multi-tap input device and N is selected so as to minimize muti-taps.

20 Claim24 The method of claim 18, wherein said database of N psetsis used ina
multi-tap input device having an amount of storage and N is selected so as to minimize

said amount of storage.
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means manipulations typically required to enter a symbol, conditional on
said probabilities of blocks of symbols,
storing in said storage means said orderings or equivalently information
allowing said orderings to be reconstructed,
5 providing a means to select an ordering from said stored orderings as
a function of the text which has been previously input, and the symbol
currently being input,
coupling said ordering selected by sald means to select orderings to said
input means so that symbols from said language may be selected b} manip-

10 ulation of said input means in the order given by said selected ordering.

Claim 17 The method of claim 16 wherein said step of assigning subsets
of symbols from the language to said input means of said device further
comp'rises-the steps of

ordering possible assignments of said subsets of symbols from sﬁid lan-

15 guage according to the number of input means manipulations typically re-
quired to input one of said symbols,

selecting one of said assignments which results in a substantially low
numl;er of input means manipulations typically required to input one of said
symbols.
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~ Claim 18 A method for constructing a database of orderings comprising

the steps of

constructing associations of a permutation of symbols associated to a
input means with at least one property selected from the group consisting of
input means,position in a word, and prefix,

rating the impact of each of said associations on the expected number of
input means manipulations, given the associations already in sald database
of orderings, if any,

selecting from said rated associations a subset of associations with a sub-
stantially high ra.tiﬁg

inchuding one of said associations in said subset of highly rated associa-
tions in the database of orderings,

repeating said steps of rating, selecting and including as required.

Claim 19 The method of claim 18 further comprising the steps of

ordering with respect to the position of the association said associations
with a substantially high rating,

selecting from said associations ordered with respect to the position of
thé as;séciation an association with a substantially low position, whereby said

database of orderings becomes 2 position-differential database of orderings.
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Claim 20 The method of claim 18 further comprising the steps of
ordering with respect to the prefix of the association said associations
with a substantially high rating,
selecting from said associations ordered with respect to the prefix of the
5 association an association with a substantially small prefix, whereby said

database of orderings becomes a hierarchy-differential database of orderings.
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