; UWMKKYZ[\ ] "e3ehe<>z 6VTO t 27 May 2003 TOUGH T' YPABI r E DEVI CES BASED ON
AVBI G OUS CODES AND METHODS TO DESI GN SUCH DEVI CES FI ELD OF | NVENTI ON Thi s
inwentien relates to the design of touch S 10 typable @7vwegs2008d the use
of touch-typabl e devices in conputing and tel econmuni cati ons, and nore
particularly to touch-typabl e devises based on strongly touch-typable

T ety

mm e t han y00 15 20 zs
years ago, keyboard engiggpeti ng has been a d of r-esearch and
devel opnment, resulting in many Conpeting de5|gn®u5MVth the growt h of
personal conputing and tel ecomruni cati ons, the nunber of keyboard designs
has nmultiplied as designers attenpt to accommodate the wi de variety of
constraints and to e§$ glt Sﬁﬁortunltles these new technol ogi es present.
Nonet hel ess, HRUOHS: CRREH MR desi gns i s not
due to this varlety oVETHARG Qi RESXGY, SUGH R &®St i es. Rather, it results
froman inconpl ete appreciation on the part of keyboard designers of the
constraints inherent in the problens they are trying to solve. It also
refl ect's the Jack of generéﬂgigiﬁﬁéﬂﬁﬁﬁLiﬁﬂhods for optinizing with
respect. to these constraints. The present state of the art is thus
represented by a plethora of partial solutions. These 3.11s axe cured by

t he keyboard ﬁ’é’s‘? GRVeBEhoR TeI2LE At EDyEhen Bepiwy @ teuelntion. To illustrate
the many typesls ddvidelss anyale GBe éh e cphlyRile BBHNGES in 27 May 2003 ° r
are applled to,the esign of a vari %%¥ of .devi ce enbodi nents, each

pr ef er r e FOTRUELRS ﬁi%sttﬁ F?%H“‘P“;’;’lﬁﬁﬁ 8pAUPPTH RIFtACHIR%YY set of design
constr ai IHcStoIBl@-ﬁﬁﬁbaBt déwdeiat beaecu erills@gohdl y @dubnt ¥yasddie 5 devi ces.
Touch typhgggPllke aying a_nusical instrunent, i s a manual skill which is
difficul 2 eus (Fodesc BN SHOSEARE1 1 1Ys ORFPAL AMPLEBOWRi fy t he acquired
not or patdedess. This difficulty places strong constraints on keyboard
design. The famliar Qnerty

10 CRGR 0 I

Since the invention of the typewriter more than 100
years ago, keyboard engineering has been an active field
of research and development, resulting in many competing
designs. With the growth of personal computing and

15 telecommunications, the number of keyboard designs has
miltiplied as designers attempt to accommodate the wide
variety of constraints and to exploit opportunities these
new technologies presént. Nonetheless, much of the
variability of prior-art keyboard designs is not due to

20 thig variety of constraints and opportunities. Rather, it
results from an incomplete appreciation on the part of
keyboard designers of the constraints inherent in the
problems they are trying to solve. It also rxreflects the
lack of general, effective methods for optimizing with

25 respect to these constraints. The present state of the
art is thus represented by a plethora of partial
solutions. These ills are cured by the keyboard design
methods taught by the present invention. To illustrate

the many facets of this invention, the optimizing methods



10 keyboard hand its close variants such as the Azerty keyboard used in
France) owes its dom nance to ingraining and overlearning of the notor
patterns involved in touch typing Thus, the w de establzjsﬁ bppg of the »
Qnerty keyboard has created a barrier to entry to inprove 5 keyboards,
such as the Dvorak keyboard. Indeed such. keyboards have gathered but a
limted user conmunity Due to its |arge nunber of keys, the Qnerty keyboard
is unsuitable fox handhel d and small er typabl e devices. The advent of such
devi ces opens a niche for keyboard designers. A new design in-this niche
whi ch beconmes dominant will. likely conserve its dom nant position even if
nore optinal designs appear later, due to the intrinsic tendency of
repetitive notoarpadpried to tierdesignadda Tariegy of pdetidenposes an

Saddl i ng Fut ur o oAEReRTaC AP et S8 PAC FpRRRRRETS kBe el G

"there are two selutappredaahgivem seheoprdemigartorsawatats educi ng t he nunber
of input means required to 30 encode a given set of synbols 1) chording
met hods) in 2 27 May 2003 which a conbi nation of ~. nput neans are
activated to encode Bechrsyabolinventid) rmibtes dis toudbstypaimlehi ch a

conbi nation of ~. S .:£a i gRaD Chor di ng net hods
have not 5(r)ret Wi g%?%%’ti %ﬁcgl%gg'gﬂs’%n@ga*%%have g’élen her et of or e
difficult to J. eashrumenspedat @ mapwglf eivildx whigh [fsndifbiomikke tbhe ti ne

i nvest ment requi T [Wol r i s codes in
conbi nation w tﬁégﬂ%? I ng %g%%ﬁ@hoﬁlh;r%grea 't%prrngggf_f;kg;‘éas a so7.ution
to this probl emecgolixed motog mFttEumEs) NVERE QAEficultyt placemn sbbpegt of the

present inventi j ﬂh%?é he [o[a tially

opti mal . anbi gugggggﬁa?g%\% §§ ]?é%a e %%/jigéqés.ﬁﬁ tlggugi?%;@%g?pobj ect of
this i nvEhtion keybeard dendsSivetdiogs Yawianhe sl g8 blhe Azerty

strongl y-touch- Mo} ; I p%p,]j i géj er
object of this ?{ﬁggﬁéfdo%g?g%&gl&%‘ra%\%ggzo e%yéggr S gﬁlgtgéb‘l%ggp r t%%% typi ng
on both fu7.1- sep8doverlenrmiag hlk theyReiardParverns fovelinad dpj beeclf this

I nvention is totwﬂb;lr;]? AR PRe abiRie bAtdRIIREE Hdee0BE 0Ll RRRY-tPhones or
t wo-way pagers t0 othez~ such devices, w thout human inte~rention, and thus

i nexpensi vel y. Xe¥EQe¥Rhaghreeatesdt ar Rrariet EAt ey §ot Iprayedde 2S
touch-typabl e pgegBoatad] Gubal afTHeSHPGHek keyboard. Indeed such

keyboards have gathered but a limited user community.
Due to its large number of keys, the Qwerty keyboard
is unsuitable for handheld and smaller typable devices.
The advent of such devices opens a niche for keyboaxrd

20 designers. A new design in this niche which becomss
dominant will like1y~conserve its dominant position even
if more optimal designs appear latexr, due to the
intringsic tendency of repetitive motor patterms to become
fixed. This prospect imposes an enormous burden of

25 responsibility on keybhoard designers to avoid saddling
future generations of keyboard users with suboptimal
designs.

There are two main approaches in the prior art
toward reducing the numher of input means required to

30 encode a given set of symbols 1) chording methods, in



3 27 May 2003 ' ' A further object of this invention is to provide
keyboards which are typable by the driver of a vehicle wthout
unnecessarily distracting the dra.ver. A further objecf7omay 2008vention is
to grovide for 5 typable comuni cati on devi ces whi ch axe inexpensive to
manuf acture and work with standard tel ephone comunication systens. A
further object of sone of the preferred enbodinents of this inventionis to
facilitate the IO transfer of typing skills of touch typists trained on
conventi onal keyboards to novel keyboards through partial conservation of
the |l ayout of the conventional keyboard in the |ayout of the novel.
keyboard. A further object of this invention is to provide 15 general

met hods t oshgicbd eceonbriniapionsot dawutwineans Faeeagt sigdanei al |y mi ni nal

| ookup err t %H&E er j-RC [S ntJ lsS,.t QO provi de genera
met hods toé}f)crogdguggcﬁ igugtﬁsmg%désta\rf\ﬂ%‘% s;\?gaég’sulbr{s)?%ﬁt%fla ly mnimal query
rate. 24 Acdupinhtionpfecymbpls Hrs engeded &y esck olypudyimgana. device to

reduce 1y Riffld; B Ubk Soas nbbk AL 18RI GELn ArahiSad BRALLEN TS O provide a
handhel d conputing device which i1s twce foldable. 4
5 since they have been heretofore difficult to learn to
operate, and few are willing to make the time investment
required. Thus, only ambigquous codes, or ambiguocus codes
in combination with chording metheds, hold any real

promise as a solution to this problem.
10 OBJECTS O INVENTION

It is thus an object of the present invention to
provide methods for the design of substantially optimal
ambiguous codes for typable devices.

It is a further object of this invention to provide
15 methods for the design of strongly-touch-typable
ambiguous codes for typable devices.

A further object of this invention is to provide
keyboards suitable for touch typing on both full-sized

and miniature keyboards.

20 A further object of this invention is to enable
sending alphanumeric messages from ordinary phones or
two-way pagers Lo other such devices, without human

intervention, and thus inexpensively.

A Eurther object of this invention is to provide
25 touch-typable personal digital assistants.



27 May 2003 A further object of this invention is to provide a one-handed
keypad suitable for inplenmentation on a hand held conputex. A further
object of this invention is to provide a 5 one-- and twmyd@dogeypad ‘
suitable for inplenentation on a hand-held conputer or a deSktop keypad. A
further object of this invention is to provide keyboards which are
Querty-like. A further object of this invention is to provide 10 ea~3ily

| . ea~cnabl e chordi ng keyboards. A further object of this inventionis to
provi de synexga.stic hybrids of chording and anmbi guous keyboards. A furthex

obj ect of this i nweFur@hekScb9elt OYE dehts  DupdhtidgY HEr &6l pRbodaguer yi ng
mechani smfor t~abl.e 15 de' ~t~.ces enbodya. ng anbi gl ~ous codes . A further

obj ect of thikeyhopassi ¥hich asepkyRplake LY diieh - A5iyiery odr pewebdcle

di sanbi guat i Iﬁ?%& LRahbl-e;gexi oY1) Feaus codes. A

f uxt her objegﬁ'o t %%hfﬁvent%ongis %@ﬁﬁﬁgggge épggghfﬁfid

chor di ng/ a~i guous code keyboard fully conpatible with the standard

t el ephone keyboar d. further.obje f.this invwenti,on. s to gvi.de
ergonorai.c assig§1§§ﬁf e&f°é9§§%l§£t€h%%d5§7e 100, 1540 ?56§Eée'fﬂpfurther
obj ect5 of t hitsyamienidomimuni che iphodédiess swidlanidelinexpensspar est

touch-typabl e interface for, typabl e devices c rising touch acreeng. A
further obj edtamfagruze gRdnWPsK Wét{JOSﬁW?ér%]@@l’i%ezat i on across a set

of natural 3.&gHA8%%tion systems.

A further object of some of the preferred
embodiments of this invention is to facilitate the
10 transfer of typing skills of touch typists trained on
conventional keyboards to novel keyboards through partial
conservation of the layout of the conventional keyboard
in the layout of the novel keyboard.

A further object of this invention is to provide
15 general methods to produce ambiguous codes which have a

substantially minimal lookup error rate,

A further object of this invention is to provide
general methods to produce ambiguous codes which have a
substantially wminimal query rate.

20 A further object of this invention is to provide a

device to reduce typing injuries.

A further object of this invention is to provide

a handheld computing device which is twice foldable.



A further object of this invention is to provide a device typable using the
one hand hol ding the device, with reduced scanning tine. Still further
objects. of this invention will be 10 described an the 2gtMaybdO®scription
bel ow. ~I EFDFsSCRI PTION GF THf i ~R~W I NGS The detail ed description of the
preferred enbodi nents of the present ~inverition will be discussed with
reference to the drawi ngs, a brief description of 15 ~ wh~.ch foll ows.
Figure | shows an overview of the optim zation considerations for producing
a typabl e device according to the pxesent invention. Figure 2 slrows a
flowchart for the constxuctian of 20 devices based on strongly touch

t ypabl e anbi guous nodes. Figure, 3 ,shows a flowchart fox the construction of
anbi guous coded $¥rtheyighjest PhddtisoABvertfstbAscterPTRFEEn2 and opti ni zed
W th respeghe ianiBASReBAPRATL S L Tdrehinglemdhitat 24n MY 20@8aFi gure 4 shows
a~flaw chart of particul ar enbodi nent of xhe nethod of Figure 3 using a
random seafel G9MPREET zati on nethod. Figure 5 shows the distribution of

| ookup error 5 probabil 3.ty for randonmy chosen anbi guous codes on several
sel ected keys. Figure 6 shows the distribution a~ query probability for
random y chose® &nbthern RPieshest gitigedbryanting dst ke PEAMISE 8f keys. 10

Figyre 7 shous g E@*v—ﬁmféa keypsl rRatash & Ao nPRL e Bhzahi on. Pigure 8
shows a flaw chart of the construction of strongly touch~typabl e anbi guous

codes. Fi garkarsi-heddscotBitey eF ryrdegitepr keyRafnbex of keys ~15 fox random y
chosen, and substantially optim sed anbi.guoua codes. Figure 10 plots auery

rate vs. nunber of keys for randomly chosen, aRd substaqb%ally optim zed
anbi guous code furthexiQRiest19* Mis LPY¥RRAPTAROFC (REYIGE. query rate for

some substpiiiciraé OR:dNaedoRebiheuque. codes on a range of nunber of keys.
Figure 12 shows a table relating |evels of strong touch typability to the
nunber of keys required to

A further object of this invention is to provide
10 eagily learmable chording keyboards.

A further object of this invention is to provide
synergistic hybrids of chording and ambigucus keyboards.

A further object of this invention is to provide a
touch-typing-oriented querying mechanism for typable
15 devices embodying ambighous codes.

A further object of this invention is to provide a
touch-typing-oriented disambiguation mode for rypable
devices embodying ambiguocus codes.

A further object of this invention is to provide a
20 hybrid chording/ambiguous code keyboard fully compatible
with the standard telephone keyboard.

A further object of this invention is to provide

ergononic assignments of symbols to modes.



27 May 2003 ' ' achieve that level, for several different optimzation

nmet hods. Figure Z3 shows a flow chart of the nethod for synthesizing

encodi ng synbols. 5 In order to help the reader appreciﬁméﬁg ggity of the
present invention in the face of.the multitude of apparatus engo i ments
which are required to clearly and distinctly point out the broad scope and
various aspects of the invention, a table sunmarizing these enbodi nents | U
axed their major features is shown in Figure 14. Figure ~5 shows a
smart-card enbodi ment with 16 keys devoted to encoding of |etter synbols.
Figure 16 shown a smart-card enbodi nent with 9 keys devoted to encodi ng of

| ett Er synbols. 15 Figure 17 shows a keyboard enbedded in a steering wheel

Figure is shows a telpEnesneniddieet oobaiat iavdntiont islo ¢odeigd 210 keys.
Figure 3.9 shows an exanghi rgduced~anbé%$i£y 20 _al phabetical Ly ordered
anbi guous code i ARRFHANCERL T SnEEANCR2PERE HRuSht BYRAMENLLERTAGRID shows a

Querty-1i ke keybpgsableodevites donplrhs s RoOGEhtsbde@alkUp error rate and query
rate, while 8 27 May 2003 respecting the ordering of letters on each row

of the Qnerty keyboard. Figure 21 shows an alternate Qunerty-I|ike keyboard.
~i guace 22 shows an antfuguhes digekeastl whikodheshtionaid td preaide NUNEri C

keypad | agout. Figure 23.shows_an ergonorg c_touch-typi ng-oriented
disanbiguﬁtion_n%é#%ﬁﬂz %ﬁo i JTE4 é#ﬁné? Ea%?{ﬁﬁ &ﬁégYa - a method to
al l ow queries to be answered in a touch-typing oriented manner. 1U Pigure
25 shows a one- hande i a, thoard designed for conservation of
xyping skills betmee§\gﬂggﬂgggggeggdoﬁaggﬁaﬁﬁgaﬂﬂgﬁbﬂﬁﬂﬁhprOVl e a

device typable using the one hand holding the device,

with reduced scanning time.

Still further objects of thig invention will be
10 described in the detailed description below.

BRIEF DESCRIPTTON OF THE DRAWINGS

The detailed description of the preferred
embodiments of the present invention will be discussed
with reference to the drawings, a brief description of

15 -~ which follows.

Figure 1 shows an overview of the optimization
considerations for producing a typable device according

to the present invention.

Figure 2 shows a flowchart for the construction of
20 devices based on strongly touch typable ambiguous codes.

Figure 3 shows a flowchart fox the construction of
ambiguous codes satisfying at least one ergonomic
criterion, and optimized with respect to these ergonomic

criteria.



Figure 26 shows a two-handed errtbodi mraat of a keyboard designed for
conservation of typing skill's 15 . between one-handed and two- handed
keyboards. Tn this case, the two-handed keyboard is weizhmpf, 2003m8Xi mum
simlarity in typing notions between the two keyboards. Figure 27 shows a
t wo- handed enbodi nent of a keyboard designed for conservation of typing
ski 3.1s 20 between one-handed and two-handed keyboards, zn this ease, the
t wo- handed keyboard is evenly wei ghted between ' the two hands. Figure 28
shows an i ntegrated nouse/ keyboard. 9 27 May 2003 ° Figure 29 shows a
"top view of a twi ce-foldable informati on appliance in the unfol ded state.
Fi gure 30 shows_a bottor%;/i ew. ?i a thvx,i ce(—x'gol dahl e.~. nfqQrmati on appliance
~.n the unfol dEFSES: & S GuF oS FPaTRoRE RATHCEEATF STRRAAEEPRT or mat i on
appli ance bB tie mesbedfof deidustas eusimey aatamipraseaddhti onal functionality.
Figure 32 shows, a tw ce-focl&dabl e information appliance in the tw ce~fol ded
state, revERFIPEAAP2 1Bt her functionality. Fa. gure 33 shows a

tw ce-fol dabl e informati on appliance in a detached state, allow ng

t wo- handed typing.. Figure 34 sho a tvpical rspnal d-~.gitaZ assistant 1S
with a touch sc @ﬁ.e gi E;Iﬁ?wes é"%‘es%%%\%n?(‘?%?c"aﬁp ngggnejr 1 gital assistant
Wit s a pot erbbathilyityr 08 peareieinl k egivosend anbigiouss cd8és dh and C show t hree
nodes for~a 16-key Eeégtg)é\rd. 2a Figure 37 shows a standard tel ephone

| ayout. F~S§UFER3E%H &9ri d chor di ng/ anbi guous code keyboard embodi ed
in a tel ephone. 10 ' 27 May 2003 Figure 39 shows the distribution of

| oakup error rates _an uer ates far all hybrid chordin,g/ anbi guous codes
of a specifi eda,éltgr”l}..e ug%?w%d'%ﬁa %%Inflémmgnl%%%‘p?aﬁ’@ tYate of the
standard ambrgtatomlgdehoseriagbt quovk) codessorn delverat hedledter t he creation

of number of keys.

10 Figuie 7 shows a flow chart for directed random walk
optimization.

Figure 8 shows a flow chart of the construction of
strongly touch-typable ambiguous codes.

Figure 9 plots lockup error rate vs. number of keys
15 for randomly chosen, and substantially optimized
ambiguous codes.

Figure 10 plots guery rate vs. number of keys for
randomly chosen, and substantially optimized ambiguous

codes.

20 Figure 11 shows lookup error rate vs. quexry rate for
some substantially optimized ambiguous codes on a range
of number of keys.

Figure 12 shows a table relating levels of strong
touch typability to the number of keys required to



mufti-level strongly touch-typabl e arnbzguous nodes. Figure 4~. shows a
flowhart for the creation of a specific enbodinent of a nufti-Ievel.
strongly touchabl e anbi guous code. 10 Figure 42 shows 3% WWaV RdiEVi ce p
suitable for inplenmentation of the r~ulti-Ilevel anbiguous colde of figure
41. Figure 93 shows the device of figure 42, operating to display the first
revel of a nmufti-Ilevel, anbiguous 15 code . Figure 44 shows the

second-l evel code of a nufti |evel anbiguous. code. Figure QL5 shows

t he-device of figure 42 operating to d~,splay part of the seGnd |evel code
of a ~nulti-level 20 ambi guous code. Figure 4fi shows the sequence of
operating states of the device of figure 42 while used in conbination with

a nufti-level agBhoevdTne@dBevdl ! ¥Re $dira0r diftdvadl” opdimizatiolBy 2003 ° '
Figure 47, |ike flgéée 4& shows the operating states o? t he devi ce of

figure 42 whil e™§582F%n conbination with a nufti-level anbiguous code to
type the word "think". In this case, however. the operation of a visual

cache to 5 reduce scan tine_i s show v~rell. ~3ET~1LED SCR| ~~' ~~ O~
THE | NVENTI ON Def i ni ¥4BH¥€ AASSHSAS; 8 ?\‘é‘?"f 6&@1‘%‘?"3 cP‘FgﬁP‘?c%qrect s
definitions of wohtfesiZzidgCoRERYing Whtisdiswi || be used in the fo~. | ow-. ng

detailed 10 specification. Language G-.ven a set of synbols, one can
construct sequences of synbols, and assign probabilities to the sequences.

The set of synbols, mequwdeeeso Helpyth®lrbadepdapirecitebhatid hinieg assi gned to
t he sequences Wi |l be 1S referred to here _as a l-anquage.,L For clara.ty of
di scu8si on, andt&ft?ﬁﬁﬁgnPiﬁ?Y?QR}thﬁns &age ohi %iH8¥FRWQﬂ? °fhe | anguages
we will refer tappasaturs efmbadivenisawhidnguagesquiredhtascradiglyi aha and
though for concheleness Moty dut Bhe k0855 e Ve SIS aedbets

of the invention, a table summarizing these embodiments

10 and their major features is shown in Figure 14.

Figure 15 shows a smart-card embodiment with 16 keys
devoted to encoding of letter symbols.

Figure 16 shows a smart-card embodiment with 9 keys
devoted to encoding of letter symbols.

15 Figure 17 shows a keyboard embedded in a steering
wheel.

Figure 18 shows a telephone with a substantially
optimal code on 10 keys.

Figure 19 shows an example reduced-ambiguity
20 alphabetically ordered ambiguous code in application to a
portable telephone.

Figure 20 shows a Qwerty-like keyboard, optimized
with respect to lookup error rate and query rate, while
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20 "punctuation”, zt will be understood by these o~ ordinary skill in the
art that synbols in this discussion may be any discrete unit of witing,

i nad udi ng standard synbol s such as Chi nese ideograns o7 M?ﬁzeﬁg,synbol S
such as the nonce of the artist fornmerly known as Prince, 1 27 May 2003
Reyboar d/ ~nput Means A keyboard is a conponent of a conmm na.cations and/or
conputing dev~.ce which transforns physical novenent by an operator into
synbol sequences. Keyboards conpxise at | east one input neans which 5 is
responsi ble far the transformati on of some subset of the physical notions
oper at | vespectairia e didexieypadr detneassoneeachsebwobfsynbol sequences.
The physi cal venent. used to operate a keyboard is typa.cally in the form
of nnti@WFékyf ?éﬁﬁ%?@ﬂmﬂor 10 thunb or of a hand-held stylus. This
definit~. on extends to other bodily notions, such as head, tongue, or eye
notions which m ght serve to signal. a Choice of synbol fromthe | ~eyboard.
A devi ce conPFFureRh SRRMRH HY engvwestyntikBekerbeasd. wi || be
referred to as a 15 typable dev:i.ce. By "typable device" tore understand
not just the physical device containing the keyboard, but the entire
comuni cat i ofigyee 2@ i shows cn Embd ouppebkeybeardeembodibdditeda the linits

f that S i hed e 20 on the underlying anbi guous codi ng
gs)chema. S?#ﬁ%ﬁ%ﬁc Qy%)a:pagglri%%g"\%'ce i n which input synbols appear
directly on a display which is physically part of the typable device, the
limts of the s stgg*are cl ear and def.i.ned bﬁ t he ghysigal gerineters of

t he devi ce. SRR AN SXEopOMic, toNCERLYBINg K R Be t ypabl e

devi ~eeqi Bativpsatide g dwandset sending information to a central
conputer, the Central conputer begin responsible for decoding or othervrise
acting on the textual information conmunicated fromthe handset, then 30

the "typabl epfgyi &0 Bitbud S WIS 23 #8x' BChMPRoA"Eo 8110w

queries to be answered in a touch-typing oriented manner.

10 Pigure 25 shows a one-handed embodiment of a
keyboard designed for conservation of typing skills
between one-handed and two-handed keyboards.

Figure 26 shows a two-handed embodiment of a
keyboard designed for éonservation of typing skills
15 ' between one-handed and two-handed keyboards. In this
case, the two-handed keyboard is weighted for maximum

similarity in typing motions between the two keyboards.

Figure 27 shows a two-handed embodiment of a
keyboard designed for conservation of typing skills
20 between one-handed and two-handed keyboards. In this
case, the two-handed keyboard is evenly weighted between
the two hands.

Figure 28 shows an integrated mouse/keyboard.



27 May 2003 ' " central conmputer, as configured to operate in the required
manner by software built in view of the teachings of this invention. It

wi |l be appreciated that each o the at |east one 5 inppy MagEoE®NPrised 1n
a keyboard can take a wi de variety of physica3. manifestations, The
essential feature of an input neans is that it permts an operator to
se7.ect a subset fromthe set of synbols to | ae encoded by the keyboazd.
Dith this apprec~.ation, and in order to 10 increase the readability of
this present specification, the word "key" wild, often be used

i nt erchangeabl y th the rds Y Typ S CGees of
seciuent~.ally sg%eg?rﬁg ?%%%t gﬂgbSﬁ%ﬁfcﬁeaﬁshggc%rﬁéﬁﬁéégéelect
sequences of jaebsRkEioR Qﬁpsyﬁﬁmésdﬁruhetdnfcidbdoétayabols whi ch can be
encoded by the keyboard. It is to be appreciated that well-known

handwr 3.t ~. ng recognition software permts a kind of typing in which the

| nput neans transwg&ee @ocehdaﬁgta%bzgiondrﬁ\&a ®F EOtwoBs-fSidatble sel ection
of a subset o~ a sel 20 of synbols, Touch ping is the process by which

t he symbol seqﬁenmeslaneagpheieﬁédﬂﬂr%hﬁtqﬁfl %o&FB t8sing only or

predomi nately kinesthetic rather than visual or auditory feedback. 2S
Strorsgly correlated synbols cad synbol sequences It is well known that

di ffesent |ettersragneer 3tnshowslsa viwicetifidlslable finfqueaties. For instance,

in the previous_sentence, he | ett S en ear e while the 14

27 May 2003 PEPRAANes- ifi ﬁo?nﬁipé%}d%ﬂ éﬂq% ﬁgvéé §g§$§o true of pairs
of letters, HYidRkebnadf fhatteofaldeg. so on. is arelated fact that words
do not all occur ~r~.th the sane frequency. The 3-letter word "the" is very
common in 5 English, while the 3-letter word "zap" is rather unconmon.

These statistical pignegubar khbRs &akwise Lssiidblel hardeshglonf ambiguous
codes. Tndeed, statrstical |rregular|t|es have been epr0|ted a.n keyboard

desi gn at | eappldancee inhshienveieeofoldedpiate, nevesling YaEticularly
concef,ned Wt %%FQQE ggg }?99 sequences whose distribution in typical

sanpl®s of t tan Strongly correlated with the distribution
of other symbols or symbol sequences such synbols~MAII be called strongly
correl ated synbol s,, For t he s "o Qf d in English
and other | anguag&sgHFe; Hél@g?ggtﬁet%hﬁeo %8&§§§E§§ a strongly

correl ated sywpaliagicecant aedétabhehuétmpfamvimgcewe-hangéa i's not random
intypical. text, . In Hebxew, the synbol. ".n is correlated as well with
particu~. ar X¥YB¥&-er symbols since Hebrew uses a different synbol for sone
|l etters occurring at the end of a word, and ends of sentences are

correlated with ends of words. Refex~exxce Statlzhe%g' Ee ref erence
sCatistics on sywﬂﬁﬂ991§eééeﬁ9€§5u§eHYPb°ﬁ%é%%ﬁ§9q SAFEBLafPEL® R heen 25

symbo{g ax' e M%lé&ﬁ'c@ﬁ%bﬁﬁﬁd by anal ysis of a reference corpus. A
reference corpus is arge collection of text chosen to represent some

aspect of |anguage. As is well known to linguists, there are significant.

f undanent al probléﬁggg? %%nihf%%tén?§§9529rﬁbfgbﬁél'&ygf%éanngQEQﬂL

features of a |an as oppo
with a potentially transparent keyboard.

Figures 36A, B and C show three modes for a 16-key
keyboard.

20 Figure 37 shows a standard telephone layout.

Figure 38 shows a hybrid chording/ambiguous code
keyboard embodied in a telephone.

10



27 May 2003 ~ ° to features pertaining to particular classes of text or
particul ar types of witers. These problens are beyond the scope of the
present ‘invention. |3ere we refer throughout to a set 27 Mayc2008¢e
statistics gleaned from 5 analysis of the British National Corpus, one of
the |l argest corpora existing at the present tinme for analysis of English.
Choosing a corpus is a necessary step toward gathering results which permt
vari ous net hods and enbodi nents to be conpared. Nothing in this particular
10 choi ce shoul d be construed ae limting the scope of this invention. In
particular; the choice of a Corpus of English Ianguage texts is an
arbitrary choi ¢g, n S Id be rned _for any ot her
witten natura%lﬁg;r%ﬁja&mf% %é%od&%ﬁgs lc?anga‘g‘? FA*Phe United staxes,
t he keys olrﬂt&St ehd phmerry keypadier aldf hnbridalchbr@mwwhlgabmers as well as

nunbrs, I e poggh@ 0, 2 al so

correspon rﬁge%t éﬁ%neé%e%j{kgfg %tﬁ%t‘h‘?:ﬁ tgggktéémg‘orregg“oﬁdl ng to the
nunber 3 aargbqnerworammfn&hﬁgst@dalxd Iidv-'tga\IOSSdg:odve and f, and so on in the
standard ordering of letters in English. Thus, the sequence of key presses
associated to the digit set~uence 233 al so corresponds to the 7.etter
seqéences add, Pigere o0l shows al flaf chhrtfoar eh&EngtdatiodSofior ds, as wel | as
vari ous a I e a sequence is

consi dere (ﬁhg\%gé%re%énéa ﬁ1§ I'WJI}P%E’B%% a?%;é&g%g} S‘r%éi% i st of meani ngful
sequences. Thus aII of these | etter sequences, neaningful or not, are
associated wt i & wahd ay et hat the sequence
of key’ pressesla?' 2 I\/IahgbgOOSE,%SS |g€2£r§eﬁg§d¥éngtm§l Xffhg sequences add.
bee bed, e#ﬁe%fdcsmwe@tdeéoﬁlwloleﬁieSen@mﬁmg}ogsbablmen no confusion
Wil ara. sgy,iqudesodbdqs” may be used to mean "neaningful decodings”. The
set of symbols used in 5 decodings, in this exanple, letters in the

al phabet, will be re:~erred to as decodi ng synbols, or sinply synbols if no

conpusi on wi || paghse, 4ﬁrshobbease3§pmesamessu§e§biét feRcodings, in this

exanple, digits, will be referred tQ as encod~.ng synbols. 14 Axabi.guous
codes Anblm*éﬂ%?‘as"fs%‘ﬁ i inderey FBHAPYE t9sfeapf. On t he at andaxd

t el epho~ keypaek 4sed in the United States, there are 12 keys, 10 of which
encode a-digit, and several o thse, typically 8, encode in add~.tion 3 or 4
|l etters of "the al phabet, arranged in IS al phabetic order. These assignnents
produce an anbirjgone £Ddhows. thé devieel bf cmlghrt_-hm,sto@md-atgjn@nbi guous code.
This code | s abe f.gh La, t i.;nce several letters
axe encode%IDO%' é’lqﬁ F(lge ?hs:‘}é%relgl'sﬁo 8™ |guaﬁ"i‘snoﬁ“ﬁﬁ§t be used to
deckifde whi eddef 20 the several letters |s |ntended by the operator. In
typ~:cal applications, suc'n as a voice response system the intended
letter is found by conparing the input sequence with.a | ~.st of stored
responses. |n tRiguseechd ahmws theeverongfleval srdecef rregmdhies correspond to
the 25 inp ser is presented with a list of these
responses,y%‘r’ﬁ%\l}\‘ﬁggﬁmﬁ%r%rdéshe must choose. The order in which these

choi ces are presented nay be arbitrary, or may depend on the frequency by

whi ch each respgy Sy deHER3RE ARl 41 dfiratingopses 30

presented in dec easlng or reque
display part of the second 1evel code of a miltvi-level

20 ambiguous code.
Yigure 46 shows the sequence of operating states of

the device of figure 42 while used in combination with a

malti-level ambiguous code to type the word »think”.

11



17 27 May 2003 27 May 2003 Standard keyboards. There are essentially
three standard keyboards a.n wi de use: the Qunerty keyboard.and ~.ts close
variants, the i2-key tel ephone keypad and the typicalh27iﬁkhﬁzobgnerhc '
keypad and i.ts close variants. It is a unique advantage of ‘this invention
to provi de keying nmet hods useful both on the standard tel ephone and nuneric
keypads, as well as on a specially designed keypads di scl osed herein.

9t soag touch typaloility A weakly touch-typable device 0 is a device in

whi ch the assignnment of synbols to keys i.s essentially fixed: only
relative to such Qﬁﬁgc an 1@t ¥PI dgxe ' J ~es fQr

encodi ng parti cul Zﬁl syrsogl')g B'slf%r?g*ggrﬁhacﬁ?a%ﬂ%opra tegﬁaﬁﬂ;l.n tv?,i‘QIeIs say
that a typablaf dihé cevises ofofdgyreod2 hwhipabhsed fin tcambir@mtionvedily t ouch

typable, 2) based on.an anbi guous code. and yet 3). such fhat in a norna
node of operat i'@'?c'jll,tla']teov at'%gélf’u(?aﬁc’ﬁ?e_p? h%m?/p‘gﬂﬁ & i"?téuﬂ_}* pr dduce
text at an acgeiy adse, eitlevlir, 2l apErit 169U heivigumndidacrl ¢ig act ed
fromthe touch typing task to intexvene in_the disanbiguation process.

St xong® t ouch ¥Sasds |§qan tdme &8 EBPWoRSJWBILe; it is a neasure of touch
typability which depends on a host of factoxs, say per'ta~.ning to tine
i ndi vidual typists, sone pertaining to the uses to which the typabl e device
Wi 7.1 ~5 be typically put, and sone pertaining to the structure of the

typabl e device itself. ofn B G Sk £u¢ gggsnce, a given
typab~. e device may be TEntry 02~ ' OCl e for sone
typi ng tasks, but not for others. 1$ 27 May 2003 ~ ' It is to be

appreciated t
typability, Sera. . -2 pr-odteed and the distraction of the
touch-typi ng user, depend on a nunber of factors, including: 5 the

di sanb3. guati on neans, the context of the use of the machine) for instance
whi 7. e driving or T8 segtdomgoddegts definitions 9fhwasda &pd to be typed,
whi ch det er m i5s. ' shhepke o] r  red, . st reference
statistics, the éséﬁ :%%%r}% r?é'l!ingihviﬁghgl irtl;a/%l?éslt ; ﬁ\@ﬁ# g&%lal&r gf erences,
and 10 specification.

nt§ of the definition of strong touch

Language Given a set of symbols, one can construct
sequences of symbols, and assign probabilities to the
sequences. The set of symbols, sequences of symbols, and
the probabilities assigned to the sequences will be

15 referred to here as a ianguage. For clarity of
diséussion, and without limiting the scope of this
invention, the languages we will refer to are written
natural languages, such as English, and though for
conecreteness we may refer to symbols as Yletters" or

20 *punctuation", it will be understood by those of ordinary
skill in the art that symbols in this discussion may be
any discrete unit of writing, including standard symbols
such as Chinese ideograms or invented symbols such as the

name of the artist formerly known as Prince.

12



t he means by which the attention of the user is 15 drawn to the

di sanbi guati on nechani sm (for instance, a voice-synthesis nmechani sm which
speaks the words or words in a query to the user may OR7'May®00BE noxe

di stracting than a bell or a flashing light). 20 ~.' hough strong touch
typability, like tenperature, iS a matter of a degree, it is, like
tenperature, perfectly well-defined. The stxoag touch typability of a
typabl e device can be quantitatively neasured, with respect to any user or
group of users, once these various factors 25 are fixed, using standard
exper|nﬁﬂrbbapdéinnmwsﬂéakﬁlthmn*&@xﬁhageasbpmpedenn ofieaart. Furthernore,

two co 0, ron I|t caxz= asured directly from an

anb~.gngga%35§%?é}%% uﬁgéﬁggr% #5 rorWh?ﬁBs rﬁﬂﬁ%??@ﬁl val ues of

strong phyehcaypadweethmty 130 Eﬁ'ﬁl’d)ﬁm.‘aa:w gﬁutd wiymbot saquedcéect reference to
19 ! May 2003 po ulatlon of users, but only mnth reference to the

anblguo§§ybﬁﬂﬁg? 159 Rt Jeast éﬁﬁéﬂ&PﬁFemeﬁﬁérﬁhF§ a | ower bound to
strong §aueBsbyRabbrei tor tHe It&aﬁis&%rn{afﬁbnaoée\ébﬁs %558{9 ggr equi res user

Intervention after every word or even after every three words in order to
di sanbi §het phyaheat m&t%ﬁﬁﬁnQR§§§¥¥W%éwgﬁvtﬂvﬁﬁh thpakeyboardl respect to

any toug? Bygbﬁ% §§%B1}E¥=lomer bound of strong touch
typabfl ity can be expresse I'n ter 7- continuity of attention. If a
user s attention nust be substantlally contlnually focused on the operation

of the disangbg |on chauxsn1to uce tex g hs di,sanbi guous to an
accept abl e | e¥8I P rﬂP(ﬁRﬁﬂﬁaﬁ OPFERGPY 2t BE¥RORFPabl e. ES The
practicak topeeéalb nﬂnOﬁhétfdﬁﬁadfou@hlbhpéh~f:nngsp&ﬁHﬂbfs to a user of
aver age ski in the art_of touch_typing, and i s hi her t han t he

Wheor et FBYMD| 8%ePt 13 AP TR G Lt USed. Soﬁﬁgﬂnﬁg BPlﬁﬁtﬁGﬁérlcal ae wel |
25, CONEH UphebXBAARt VL] ISk aE ekl | REnEET Sk 4 0 1011 01 of

strong touch typabi nurer'i cal val ues are as3ighed to strong t ouch
t ypabi | mpyibnswhmhoﬁlm LRexvsf Hoo slgmadr laophaﬂuaeqqér ymbobr Thi's

nUMer | C3lofNBhaCkErLEALd Oh SMER onbiibligh d8LACLLY POI Nt out the

di fferences e’ 1nventive devrces S of the present
d3, scl osererdingatd fhisrdefinitsidmwds ldnbedereferredAtet agng~.y touch

ypable anbi guoys_code is an anbi guous code on which strongly touch typable
eV|cest¥R?bgg gﬁgﬁﬁe 20

By "typable device® we understand not just the
physical device containing the keyboard, but the entire
communication system in which this typable device is
embedded, the limits of that system defined by dependence

20 on the underlying ambiguous coding scheme. In the case
of a typable device in which input symbols appear
directly on a display which 1s physically part of the
typable device, the limits of the system are clear and
defined by the physical perimeters of the device. In

25 more general cases, in which for example the typable
device includes a telephone handset sending information
to a central computer, the central computer begin
responsible for decoding or otherwise acting on the
textual information communicated from the handset, then

30 the "typable device" must be understood to include the

13



27 May 2003 Feedback Dev~.ces In devices which permt the user to intervene
at various points in the decoding of synbol sequences generated using

anbi guous codes, sonme manner of sensory feedback to thgzuaay 2003 equired.
Typically, this 5 feedback will be in the formof a graphica

representation of synbols, however, feedback could take many forns, such as
auditory, tactile, or even ol factory. Ergouorab.a Factors Design of
keyboar ds i npl enenti ng anbi guous codes invo7.ves satisfying many
constraints. 10 These may include reduction of |ookup error rate, reduction
of query rate CLJ a : C L n 1 the size of
the desired Eslg/lggé?d%b@%ln%%ﬂ bé‘%]%{fvﬁ 1']hIl&(?g(/i%sot igggkaggbgé%\r,\tdlg@such as the
Querty keybogeduipédneakegpddy softwarms imileypadyviewgofathey of 15
partition structure, angtaomc fidelity, mninmal node changi ng key use,
partition stFBREAIRIS Y *%i*?Y?F;JL%Etmeen one- and two- handed typing,
and conservation of conventions such as a~.phabetic ordering. Qher
constraints include: the ergonom cs of_disanbi guation 20 neahani $ns, the

ergononi cs of t helbnWadtnge orPREAKISE DAt BEF s PRbEPE, aF otR2ENPMRel, and
avai | gbili tyiﬂéuﬁoﬂgﬂﬁ%.n?oﬁ?ffé'é&eﬁlaé K oagiadicag 8afer CGigéNg ends of a
ystemutilizin

conmmuii cati on g anbi guous “codes. Lookup Error neasures the
error conm t vatibyyacf Sobyshedl goani festaduions.s ki eRsentiabi guat es by

systemati cal | el ecti.ng_the - I nj c ~g.fromthe
set of possi5¥8%35808¥n8§ ﬁﬁpgﬁ%éﬁﬁﬁﬁEgﬁgﬁgégﬁgthgk$k%sg8tﬁggf%% up error
rate of a coge ealkbe sunsubset firdm pissiddte cfecydbods thibé emeoded the 30
nost probab~. e decodi ng of _an_anbi guous sequence, of _the, Z1 27 May 2003
ref erence pr ¥abPfi Yg?aFﬁe ﬂbggi%h¥?cﬁﬁﬁﬁ%q% 2O Fﬁg $BsBFHFE W d- based
di sanfpi guat i Qpereld@ee tHeqvandssiegy noAnthanpredehra sppag€icaydbn) ., that
is, are words. Lookup error is the praobability that the npst-I||ke

] | kel'y
decodi ng i s Shevworde "ke¥r eWLlbneltamde Jigash qteschproeghl Bnrere| v
expressed as o HoSast PenbALKRaRE# Or rate, i,n units of words per |ookup
error. The | ookup error rate I's the reciprocal of the |ookup error
probability. Query probability is the sum over all (meaning ul) 10
decodi ngs whi_ch .are t i ; j i L Neer nce
pr obabi 11ty GRRIAE] 8. sHB BEBohHE Bk iRdidn ity Bl n B N E e or d
wi || have norehd Haputneessaningbuliedetodselgctarmequencetord subaery nust be

made of the user as to decide,whigh 9 LNGSS £SAAU%an! Be encoded

by the keyboard. It is to be appreciated that well-known

handwriting recognition software permits a kind of typing

in which the input means translatee a collection of

drawing motions into the selection of a subset of a set
20 of symbols.

Touch typing is the process by which the symbol
sequences are generated from the keyboard using only or
predominately kinesthetic rather than visual or auditory
feedback.

25 strongly correlated symbols and symbol sequences It is
well known that different letters appear in words with
different frequencies. For instance, in the previous

sentence, the letter "e" appeared 11 times, while the

14



| S use. The reciprocal of the query probability is the query rate,
expressed in units of words per query. The query rate gives the average
nupber of words entered between queries. 8ubetabtial @7 Magp20a3/ A code
will be said to be ZO substantially optimal with respect to a property if
It is anong the best codes with respect to that property given other
constraints i nposed an the code. For exatrcp~e, a code on 20 keys may have
a |lower value of the | ookup error rate than a code on 2 keys, and yet the
code on 2 ZS keys may be substantlally optimal with respect to the ' | ookup
error ﬁatEeg|VEh dhd nonsappean athAll-h&hdsdésbalse prieyef Substantially

opti nmal S fyed e C r nultaneously
substaﬁ??ﬁglﬁ op |§§$§MA¥%5$E%§é%$ to egéﬁ %%gagcgghe ?o% of ergonom c 22
27 Mayré@@8ed Faconshawiwbdsds Simmcm)ra@ﬂr @awug winkl stle bateare not linited
to key nunber | oku rror rate ery rate. For these three
constréFﬁ9§enEH|r¥h8fgc ﬁ%??%iw?ﬁ%aﬂﬂggy6f¥3?§?e& OOk B error rates tends

5L0 '“C%ﬁgiisw thh§1gueﬁa 32f Spr@ntdi®d M Jppk Ul ebt@erand query rates tend
to i ncrease as key nunber decreases. The best val ue possible for a given

crltermmnomMGn tthege $bﬂt%$¢¥%#lcﬁrﬁqgﬁﬂﬂ?%¥ﬂ3§ &80 PEZUSEBN criterion may
be better %F§nb8§taﬂgféu£§% Ogﬁﬁkﬁﬁplgtﬂﬂﬁgtigﬁﬁ other criterion
hgofle "R

10 nust™ ed ae we )e érgononm c ' constra~.nts rel evant
to a guteagdeatgulesshabe hbem.cxmﬁQﬁnﬁdzmn«kthaard dpsiganet wei ghted as

an initjal ste ds taught by tha~s invention. It
is to ﬂ-@ I'? ?e&i"ﬁ giB +€ar?‘?%ag‘f an 7.5 anbi guous code cannot be
discussed in the absolute but rmust be eva~. ~tated relative to a set of

reference statistics for the Ian‘gn be enco 4%5 i ndeed, given any

10anbi guous c@@earFtPP§tﬁS§§?5¥¥ ¢ %¥ﬁ£ i stics such that
code | q}/ﬁfeheegeﬁﬁssé &Qséi‘%@ﬁd‘zprﬁi ft‘ﬁl%‘ils'fséhbibbcéf Gven a set
of refe ence sta

sta.cs, an estimate of th q£t~ mal ity of a given code
can betmhtanmeaubsbnnexpélYneh?@nﬁiﬁhﬁ¢ﬁﬁ¢kfﬁ 8 on of random codes,

Subst i R R ot PRE ghEbale OF ot v%ﬁm:f@?‘ﬁél onl'y 2
r ef er ersyentiol =0 willds be dai&aﬁlgnapngbh eeteidtenl coyudbolisi.cFors substantial ly
190 S UpCPIRTRL | P HRr ¢ SEERACHARd U Fhot £5h MH SERTe T Ut on.
At Ieas:tar?uagésswu@dabaea fthehend of ca vedntdnmavmayneha art. These are
wor d tmﬁ%roné%%lﬁ&%%ﬁlg%zgdsymbol since the distribution of
sentence length is not random in typical text. In Hebrew,
the symbol *." is correlated as well with particular
20 letter symbols since Hebrew uses a different symbol for
some letters occurring at the end of a word, and ends of

sentencés are correlated with ends of words.

Reference Statistics  The reference statistics on
symbols sequences used to measure the correlation between
25 symbols are typically estimated by analysis of a
reference corpus. A reference corpus is a large
collection of text chosen t0o represent some aspect of
language. As is well kpown to linguists, there are
significant, fundamental problemé in constructing corpora

30 to represent general features of a language, as opposed

15



5 di sanbi guation. Tn word-based di sanbi guation, a list of words along with
their probabilities is used to choose anong alternate decodi ngs of a given
encoding in the ' anbiguous code. For instance, all worgsmdy 20663 | st which
are neani ngful decodi ngs of a. given encoding may be 10O conpared, and the
Wrd with the |argest probability sel ected. Bl ock-based di sanbi guation is
simlar, except that the list contains fragnents of text up to sone size,
along with the probability of the fragnents. Both word-based and

bl ock- based di sanbi guati on 1~ nethods are special cases of a nore general
framewor k, whj.gh i - Lsanbi i OR,,. ich a

| ist of seque%%egg\}gg&%ésésoﬁ‘?%%%ﬁ&qeﬁ I%?%Egg???t g?agﬁgg d?ga%#g\l%i on is
ef fected by rpaetecobatotihes of strithrs.s Thebe pobblenbairé Nsey@pnce”
synbol 20 mhicg defi nes Porst boundari es in,Ianguages such as Lnglish is
for the purpoSBE BFORR; QL JFRE REFRAPIYERTAPBnt FEER WRyFSNer synbol . One

can define a thebughoS€IENE CSe@IVE SRR PEERBREL LEL 681 &dnddi BBl d
sequences include The "space" synbol, and thus ex~Cend 25 beyond Word

bounda®i es. CRB2E¥ALHOE UERR BT HPRINationadqGonpus, wane hof richaide a

wi | dc~rd synb%rgagﬁté G811 88 di Sl A HRINSHEERL WPL 50 f@f’t%‘la&vﬁi? trary
subsequences) “vrfirch su” bsequéences may or may nof correspond To WozZds . i.n
t he | anguage. oEnEnglishay, Chodsingra |gompayepliex a3becepsaty nstoep drsvanfd a

| anguage can ' N, 44 A 2 . used in a
disanbiguatioﬁgﬁggkéégug%?sﬁggﬁékﬁéé %ﬁﬁ%ﬁgg?¥5l§§§ @8%%§§?Ca? | at i onshi ps
bet ween subsegmbodiments te b atgipared.t o Noehthygeinothis chsribiduiean

possi hl.e interpretations,  of an anmbi guousl oded seguence. For 5 clarity,
we fogbs t hi sc_EB_SEPf F’E&%ﬂt"r‘gn‘i’%n"%ﬁf'%ﬂk‘?rﬁ%ya'f’y BEEL 3N PsERPPYRE IS unl ess
ot herwi se speghiefilioh! ¥R PdrPEoaliy edn! efolyet B8SE Sdiphedbf N the art
that the nethods taught by this invention do not depend on wordbased

di sanbi guat i ofiRghAFhol RRFURHS HBFLRIdS G REPASHaTEncheier. usBle S itions
Apartition obnalykihegehnd be ferfimila IFCURLSoPHER LR LLDQAURAM { Ne

el ements of the séet 1s equal to n. Typically, given I nteger admts many
15 partitionslaBggagehe integer 5 has the partatzan 3:2, but also the
partition 2:2:i.. Algorithnms for generating all the partitions of an

i nteger axe well known to those skilled in the art. M/st prior art codes

use anSevet z- Bapodings capdrbesodings hatin TheaUpatedt svates, Wwhelkeytsd 24 t he
extent possible given the nunber of keys.in celation to .t nunber of
letters to be® ngoﬁﬁg?p&ﬁ eﬁ'ﬁ%?go?’fe -°§=1t§f‘t éf-"t’e?)%?ak‘&tl?gf?thtee?ar?é As

wi |l be furtheelexasnfedoees pveypitsllBhadthethe RegessibéSpsibirs ti th
respect to song erg%ggnic considerations,, it naEBbe sub-ggtinal W th 25
respect to ot fr@fsMIMREHeE o2 ??e??wmlélgofma PotiBtteTdedr R amd ch
excl usive ri gl stReekEor 8bPréspbi@lhg MR nambbrssr @08bY touch-typable
anbi guous codes, and 2) substantially optinmal anbiguous codes. Ambi guous

codes 280 ray KOrseEpeRAinglty Yieiletitenn dhoe.sardnf) yanduen arypabl e,
el ther subst She dEgnlsbd oD APNENd et 5, mpsTabfty 2005 optimal.
Thus, the sequence of key presses assoclated to the
digit sequence 233 also corresponds to the letter
sequences add, bee, and bed, all of which are English
25 words, as well as various meaningless letter seguences
such as cff. Hexre, a sequence is considered to have
meaning if it appears in a reference list of meaningful
sequences. Thus all of these letter sequences,
meaningful or not, are associated with the same digit

30 sequence. We will say that the sequence of key presses
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typabl e, or both substantially optiml and strongly touch typable. xhe

di scl osure begins by pointing out how to nmake S anbi guous codes ~n both of
these genera, and a.dentifying whether a code is contapgeMayR@@3her of the
genera. Tt then explains how to use codes in both of these genera to nake
typabl e devices, and how these codes may be used to soJwe various design
probl enms confronting the designer of tO typable devices. The best node for
practicing this invention depends on the constellation of desigh criteria
which are to be optim zed accordi x~g to the teachings of the invention.

Thus, several particylar, ti rel evant .and, |5 u ul, situations
ate cho%e% Y & FHS?&%&’% ?rﬁé%ﬁqgnég%%n?ﬁse a}fﬁlh&% gﬁg’déﬁces taught by the
pr esent andvehtdrpRreT decodiwgs off thehienesdiviy cdBxnanwhenbnbl t by persons
skil.7.ed in the ar& accorcHJaéééé.the teacggn s of this invention extends
consi dePAHHYBAEY ¥iid 1t AE EDec) 1BEs 3 omeY, ?w@?%#F@dmﬁﬁBodinents pr esent ed

her ei n. viadd UGE QX HeBBRIAGS PAT fiheUkat 68SepmidlSIQEednigonstraints are
solved in these enbodi nments. G ven the teach~.ngs enbodied in these cases,
Pt wil | deredings, d5 5héSsRXIMRIE. Jethersrin Hde BdrkeRBEncWibht ur es

appr opr@tflperied0%cd8h 46cadinp leyRibbser SR U A O shiBbTs di fesi gn

probl ens. one enbodinent is optimzed wth respeCt to |ookup error rate
excl usi pe~confugiion wibddrrdsr, anddEbpgret ¢Hreyrbedehngedwih |inited nenory
and congiyt L nch ROVWGL, tﬁ!i!sheféngﬁ@e, d?aéih@é @PP.?’_}TE retesiBalesard. W-.th such
a machi ne, compudting resources may not be availabl € to support a conplex
quer yi ngs neexieadism Byxbaser intervention in the di sanbi guati on procesc~.
Thus this machi ne uses one of the sinplest 5 possible disanbiguation
mechani snms, which conprises systematic sel ection of the nost-probable
1@ecodi namixfguwonus godes chubiunps codes as such are well known

in the art. On the standard telephone keypad used in the
United States, there are 12 keys, 10 of which encode a

digit, and several of these, typically 8, encode in
addition 3 or 4 letters of the alphabet, arranged in

15 alphabetic order. These assignments produce an ambiguous
code which we will call the standard ambiguous code.
This code is abec def ghi jkl mno pgrs tuv wxyz.

Since several letters are encoded on each key, some
method of disambiguation must be used to decide which of
20 the several letters is intended by the operator. In
typical applications, such as a voice response gystem,
the intended letter is found by comparing the input
sequence with a list of stored responses. 1In the event
that several of the stored responses correspond to the
25 input sequence, the user is presented with a list of
these responses, from which he or she must choose. The
order in which these choices are presented may be
arbitrary, or way depend on the frequency by which each
response is the correct regponse, with the responses

30 presented in decreasing order of frequency.
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Anot her enbodinment is optimzed with respect to query rate exclusively.
This enbodinent is designed for 10 use by the driver of a vehicle. such as
an aut onobi |l e. Though conputing power nay be available;ﬁowﬁupﬁgbg a conpl ex
gueryi x~g nechani sm use of such mechani sm should be kept t0o a m ninum so
as to distract the driver as little as possible fromdriving. 15 ~, ~ next
enbod~. ner ~t pxovi des a phone 3ceypad optim zed with respect to both | ookup
error rate and quexy rate and wh~.ch is conpatible with the 3. ayout of
standard tel ephone keypads. Another enbodinment is optimzed with respect a
20 canventi.onal criterion: preservation of al phabetic order. Letters are
arranged on the standard touch-tone keypad in al phabet order. xt ig

possi ble to preserve the al phabetic ordering of the conventional telephone
keypad and yet reduce | ookup and query rates by optim zing over 25
partitions. 27 27 May 2003 Optim zation over partitions |leads to an
addi ti onal enbodi nent ~.n which keyboards with substantially opti mal
guery~and | ookup error are exhibited which preserve as well|l as possible the
traditional Qunerty keyboafid arrangenment. A further enbodi nent
il3.ustrating the design of keyboards which correspond as we~.Z as possible
to conventional designs is a keyboard based on an anbi guous code and
corresponding to a nuneric keypad. |10 For many applications, a keyboard

whi ch can be ergonom cally operated in both an anbi guous and a
nonar nbi guotts fashion is desired. To this end, it is



preferable to chose anbi guous codes on a nunbex of keys which divides the
nunber of synbols to be encoded. A I5 nunber of keys equal to ~ the nunber
of .synbols is particularly preferred. The desirabl e cogyauag@@@3dof this
preferred choice are exhibited by this next e~nbodinerit . Another

enbodi mrent shows how keyboards cari be 20 optim zed for cross-platform
conpatibility. In this enbodi nent two ke~' boards, a one-handed keyboard and
a two-handed ' | ceyboa~d, are designed to be opexated in potential7.y rapid
alteration, in such a way that touchtyping notions used to operate one of

t he kegbandsasd Zkeyboarder SHrdecswe edsentdadhyt thrag sbahdasdused to

operate the other kgy oard. T is§§%ﬁgpard Egs Ehe gdstio al aduant ax, ~e of
havi ngheXROBERR M T H14% Y&stfudes yfiTaYi e PBE -BBIWEFP G5°BFher objects
and adyapi ages, mevliiké?.e_&ﬂ%gihﬁﬁe&%aﬁhandetn& Egpseseryi cation. 28

27 May 2003 The above-nentioned enbodi ments taken to%ether show t hat

di f f er dhtkreyhonpH ¢ deaypam|andiitie cdasekvagdagtsept thalBt§, which, since a
gi ven

er. .na Y, s_f eral. di t in turn inplies
5that 5H§%8H3n¥gﬁéﬁﬁﬁé§ %gq%g53f'éﬁ ;é$ﬁ€é§%k%%ﬁgggfgggﬁﬁgsolutions to
co- exi methods ssefmk betid ae.the sbtgndarsi tglephoneoantontiaesipr ob3. em nade
possi bl e by _.the ama~ t ypabl e devi.ce .si zes .achi.eyabl e .wi t h anmbi guous
codes, nggﬂﬁ'tﬂfc‘éﬂ‘iﬂ%%@% apeqpse(ﬁ‘?’aﬁﬁlé’:% esg e&séﬂ?ﬁﬂ? described 10 in
thi s eghadngBed. hdheignbodi nents di scussed up to this point involve both

har dwar e and software specification. Howevex, ~.t is possible to achieve
many of the objects of this iinrention using a purely, or predom nantly,

soft Walg@ rong touch typability A weakly touch-typable device

0‘ is a device in which the assignment of symbols to keys is
essentially fixed; only relative to such a device can a
typist develop physical reflexes for encoding particular
symbols using particular motor patterns. We will say
that a typable device is strongly touch typable if it is

5 1) weakly touch typable, 2) based on an ambiguous code,
and yet 3) such that in a normal mode of operation, a
touch typist can use the-typable device to produce text
at an acceptable level of accuracy without being unduly
distracted Erom the touch typing task to intervene in the

0 disambiguation process.

Strong touch typability is a matter of degree; it is
a measure of touch typability which depends on a host of
factors, some pertaining to the individual typists, some
pertaining to the uses to which the typable device will
25 be typically put, and some pertaining to the structure of
the typable device itself. TFor a given touch rypists,
for instance, a given typable device may be sufficiently
strongly touch typable for some typing tasks, but not for

others.
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1S solut3.on. An exanple software solution is worked out in detail to show
how specifics of existing hardware can be incorporated using appropriate
software to achieve some of the objects of this inventighmsy 203l set of -
enbodi ments synergistically unitess, 20 for the first tine, two alternative
approaches to produci ng keyboards with a sma3.1 nunber of keys: chortling
nmet hods and anbi guous-code nethods. First it is shown that by ergonom c
construct~.on of chortling patterns, coupled with optim zation of |ookup 25
error rate and query rate) an ambi guous code on n keys can bé nade to

beh li k ' d tially | h keys. \Wen,
 parti cular thi e RoaBrs SBBpRFLATES At ok sh $ie K3 sAeNERE T he o
letter keys it tdie SeFiddtdonBEINOKENE OcuERI tydd 1A%y, déchayrcE088

properties of substantially optimal_ codes w thout chording on 13 keys.

Comments on HEW e penduses godushe cdtserashidh off dhgs SouchntyméRBut with
reference to fs[%,'s%%p%?f& Be exhamged 6Pdf’$5§?c5ré,a%£ﬁ9ﬁngﬁor 5

concr et eness scussion 1's carried out wth respect to this
enbodifrent, but tie corhentdsapbligugbbenahdansso all enbodi nents. Second,

it is shown that conbinkn ~ I r it h e met hods
exenplified by the 0 p&gl\ﬁg(?%?(ggﬁgog?ngﬁg,S%)%gaﬁutr%%tr'&o ler?putfto%eans can be
further reduced, in thiinstsarp~-whileadppuingeamsetaile wSeding apenat e an

anbi guous encodi ng w-. tc{% Lk;s el ements. The nunmber 9 is chosen so that a
handhel d devi ce~enbodyi9f§**h~. s code~can be operated using the fingers and

thunb of ,S the hand hehd Ranthefdeskeeco perefpadialwitet-detex@finadsst rongly
touch_ typabl e device. F3.gu~ce 2 shows_an_operational overview of a

stronffy touch typabl e idelaZE Eh8cdeBR P APUFRBULIBEEESuch a devi ce

possesses ~. nput ngans.He-FalepebabtaPiffidgi ch !0 140 causes sequences
of encodi ng synbo7~s to be generated | ~I. A etycongly touch typable

ambi guous code i s wsed the migglihefetbeqirdtetdual diymiditng synbols to
sequeness of decodarrg lss, hN Th sequences of encoding
00" LS o B Brddlen 1838

synbol s may then be seléctive o] er'on a !5 d~.sp~.ay for direct
observation by thes usenhef nledne Bevwhechothe natsternt e ciff ahiec usermikor
fuxthgr processing, trangrnl 3 ol Qi oSh8I305 442 mechaniem (fox

instance, a voice-synthesis mechanism which

gpeaks the words or words in a query to the

usexr may or may not be more distracting than a

bell or a flashing light).

20 Though strong touch typability, like temperature, is
a matter of a degree, it is, like temperature, perfectly
well-defined. The stxong touch typability of a typable
device can be quantitatively measured, with respect to
any user or group of users, once ﬁhese various factors

25 are fixed, using standard experimental protocols, well-
known to those skilled in the art. Furthermore, two
components of strong touch typability can be measured
directly from an ambiguous code: lookup error and query
error. Thus, numerical values of strong touch typability

30 can be assigned without any direct reference to a
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30 27 May 2003 It should be poa.nted out that the anmbi guous code of the
device of figure 2 overview satisfy other ergonomc criteria in addition to
strong touch typability. Coastructioa of eubstantial 7. g7omay20080des The 5
met hodol ogi cal steps to optim ze an anbi guous code with respect to a set of
ergonomc criteria are explained in reference to figure 3. In sumary, the
steps are as fol~. ows 200t selecting a set of statistically 10 correl ated
decodi ng synbols to be repz~esented in an anbi guous code, conprising the
sub steps of - Q07 selecting a set of referez~ce statistics, . 15 -. Q08 .
anal yzigaguh he ishabifs hsedk, CBLE ebAlyORiOh Sevdadicd &l@tde to the statistics
selected i s step x007 2001 selecting a disanbiguation nethod. 20 ' 2002

sel ect BAigHeUSURPER 4R gHe8BieB- synbols. 2003 sel ecting the ergonomc
criter3.a with respect to which the code should be substantially optinmal

25 - 200 weighting the . ~.npo~tance of .ergonomc criteria selected in
step QQO03. 24Bestemperaguus, ophene zis i anlomehdebhurgll to 'strchig May 2003 ~00G

Chst aAtRr s YERPIRERY, TR BRE CERTE o el el T e appr eci at ed

Sthat threquices 286R thtergbnbi2ROIfrepnhévery amd &t igvranyfeder, and that

the application of one of these steps,could influence the choices at othex

.

of the?é’%ﬁ’eﬁ?.resel"&?ﬁ? FEgﬁFGfﬁgt?h@iW#%qebﬁ%mqmé’% steps will now
be_expleainBtershieBr28A819oL8aERDEySaBRL i eip AR Ad Yy cOTT €3 al ed

synbols to be represenfed in an guous co s step”is conprised of

the sultoueps typisgogngagetedni any atask. of Theflovenc dsiat icft i cs, and 2008

strong touch typability can be expressed in terms of

O continuity of attention. If a user's attention must be

t5

substantially continually focused on the operation of the
disambiguation mechanism to produce text which is )
disambiguous to an acceptable level, then the device is
not strongly touch typable.

The practical lower bound of strong touch typability
pertaings to a user of average skill in the art of touch
typing, and is higher than the theoretical lower bound
just described. In order to bring numerical as well as
conceptual precision and definiteness to the inventive

20 notion of strong touch typability, numerical values are

assigned to strong touch typability in terms of values
of lookup error and quexry error. This numerical
characterization serves to further distinctly point out

the differences between the inventive methods and devices

25 of the present disclosure and all prior art methods and

devices.
A strongly touch typable ambiguous code is an

ambiguous code on which strongly touch typable devices

may be based.

20



anal yzing the statistical corxelation of synbols relative to the statistics
selected in step 2009. The goal of t5 these steps is to identify those
synbol s which are capabl e of being represented anbi guogqlmaﬁbo;; ' ‘
di sanbi guati on net hods work by exploiting correlations between synbols to
make predictions about which sequence of decoding synbols shoul d be
associated with a given ZO sequence of encodzng synbols. |If a decoding
synbol is distrirbuted random y-throughout all texts to be encoded, then it
cannot be represented in an anbi guous code, since no predictions can be
made about a randomy d~.stributed synbol. Typically, for any natural

| anguage, th&Fepdhasks Deviges) 5 Grvaaes: KRICE PRI e ioMSSFstence,
letters int '?9% f ENnglz ' afR tRetBEcE&RSRy Uf Ynibele) are
suffica.entl ;ﬁs ati st (?EI ﬁ}fréo%?rsepgﬁgggt %g_t tg?l ef fecti've anbi guous code for
t hese synbol sserprermes]gernpratedTueingt anbiguows heedesnifsing megaeraof

punctuation 30 synbol.s, ich. ar i gn=.~k . tiaafdscal-ly, corr.el at ed
3x 27 May Q% ﬁseéaéigr]?cgi & ?:hgngs\?\nrt %g?ﬁ%&?‘%‘?@r sﬁédrl%%&%&grgkgused to
W ~. testhe | apguigck WiQY ibee idetchiel Sonfn efecasg2éffieail 2008 depend on the
natural |anguage to be represented. Anay.ysis of _statistical correlation of
synbol s used ??P@P%qqac?ér?%é’&rs I &ﬁguéB. ¥ n G\%?&%ﬁb\ﬁ?‘gﬂ ?"nge
linguists. Sttﬁi’n)f%mss,e%\ﬁﬂ{ iz a@d‘i‘t&%?b' gHativg, et herkn A hat ok eady
been nentioned, there are Currently at [east two well-know net hods of

di sanbi guati on, bl ock-based and ~0 word-based di sanbi guati on. Both of these

met hods use séﬂ% Ll iGR P i at iR 1BG! WeeReGHERPES 1M TEihdARdi Ctions
about which se %nce(igfpé(?e){:o inglﬂséyﬁ%gll S toeget in co% espor?g'eﬂra?ge with a
gi ven sequencaminigwrics diodps yintwelyesHsat isifysRgbmanyl corsttadntisased et hods -

can be, 15 au nt ed t hou uae of. hi r-lee . Qf i bout a
Iangugge, suctreEs iy sﬁh'lau aﬁfdggﬁg‘%ﬁ 8? i$h]éh§o§ﬁ3%¢ %ﬂ:leg' present net hod
~. S t0o const r gedudt erirtH Laisrye adtesuc lekationr of as i membex tdfe keatsect ed

di sanbi guati on nethod, o decodi.,ng .sequence to ~0

ptimal. selectign of
correspond t ocCeRRISEERLIHP S Sice °%h<§?‘§f gﬁﬁ'}r? FREIL of the
ee7. ected di saghsaitail 05, WRId1 GGar iindf kegRearibesteh aid athdgjwereyof the

anmbi guous code to be thus designed., Thi's nethod will be illustrated with
respect to thkewkoard: -Pheretkeymnad.h£¥cFUTETARLIEURRY 0 PR LEr itYe of

di sampi guat | o, pELfRgh 4AELAL N UndlcRABDIEGUALEEY, MRIARASL Wdde-al SO be

di sc{rgged. St %Pg% , sge ecting the nunber of enggdi ng synbols. The

sel ecti on of changimgckeyfulsc @inig thpmFtyuctyrey uePrPatiPititesi gn of a

typabl e devic ?e,‘g 3~ . QuC Thi s_.58l j [4Ss in view

Py 55" “Bobias S AT UM UL i LY, 5anl! E6hSER VAL L
conventions such as alphabetic ordering. Other
constraints include: the ergonomics of disambiguation

20 mechanismg, the ergonomics of the encoding of weakly

correlated symbols, look-and-feel, and availability of
computing resources at the sending and receiving ends of

a conmunlcation system utilizing ambiguous codes.

Lookup Error measures the error committed by a

25 disambiguation mechanism which disambiguates by
systematically selecting the most-probable (meaningful)
decoding from the set of possible decodings of an
ambiguous sequence. Thus, the lookup error rate of a code
is the sum, over all possible decodings which are not the

30 most probable decoding of an ambiguous sequence, of the
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factors, including the size of the typable device and the acceptable |evel
of ambiguity. These iactoxs and their interplay are best explained in
reference to concrete exanples; such exanp~.es are take7 May 2008 in this 5
di scl osure. Step 2003, selecting the ergonomc criteria with respect to

whi ch the code should be substantially optinmaa. An essential aspect of this
invent~.on is the ~d3.scovery and definition of several ergonomc criteria
10 which determne the quality of a typabl e device based on anbi guous
codes. These criteria include strong touch typability, |ookup rate, query
rate, anafemenceipepbakiliky h|tthg Rosgible degodingser vani theof

convent | riil} u . S-pl rm tibilit 15

regul ar F?§%5§| {g?%é?ﬂ a%%% ‘ggé%gr{&r’% e%%’eﬁfgﬁg so%ﬁgegpgﬁgggti on, one or
nore of ahtieendcwiithr aa"apgcét swalsvbntthat tisg adeswgredel aobkppbl e devi ce.
Step x004, weighf=.ng t Lportance Qf erqgongnic.criteria selected in step
2003. WAEHOko! E:hﬁngﬁ'ﬁgg%f%}éoﬁbﬁ ctq'beri ."gglkﬁéyr grEFIANTt 15t he design
§f a typakl endevbeeecEOsRe Ve icek@ dhod MROLbaYeRightipese criteria
nmust be decided upon, It is rarely the case that the sane Optinmnumw th

t
respect SKBrEsgrdeAseRgBABRT cLRP | 12PN YN FEPHEaEEhi dvetinitiencfhat er gononi ¢
criteri QBraF.ah%rC?BSk (rf &P, 1808 Al d iy %x‘%ﬁnr'aﬁgf[ gsaEB%O hecessary to

optimse re ve to a er ergonomc cCriterion. p 5, selecting an
opti ni zxereprosabodf The bpokwp z#ryem prwabiaddd inyl.] be di scussed in nore
detail bel ow, random sel ection, and directed randomwal k. O the 34 27
May 2003 two, random selection is typically easier to inplenent, yet

di r ect e¢uesydpirovabllptpduces tiet tsumcasiesr alledmebwingEubpds are
representative of a.large c3.ass of nefhods whi ¢ch m ght be appropriate for
Phe des 3&&%“&85”8?9‘&9?9 pReF e e{m%ﬁf’%ﬁélg&aﬁlﬁﬁ’dﬁﬁﬁsi nSfance the

first chaediegéranbidy ﬂa‘ﬁaﬁ_@lﬁ@t}td%f e P NHedRuedqhe! Qwistgﬁvagnbef of codes
to be examned is small enough that all of_ them Can be chécke
exhaust thel probabplibycthappd yIHER HCEhWidilz devenmerehshasel ected 10 an

step 2a W@gg b balklly ty i gu 0 a pr odueed.
RegardSleses 0 ?ﬁéfggt%é?‘g%‘?%h ﬁho’g@":see ect (%dalﬂﬁrgxglgéﬁlﬁg sone skill
must be masied ofhtheapgeyi a5 ttedeeide dvhiclpradd dbeseubetadtingk| goopt i mal

nmbi guo CO . In.nsr ul.ar mgg = Jum i s.15 required with
1sespectkj'% 'sg’gl%r EFC.éLg%S%%;ﬁé?c?rﬁ e |%ggt£1’é)°nca§{{liilttyi %spFé‘Fer abl e to consider
each er gueaty tateit exppestedsth wmwitsadfitwerds weer gogrgn TRl mate can be
made of the code qua ~.tﬁbulti mat el y_achi evabl e. .This estimte can be

|
i nval uaEToFaEeN VG hY® 1 RESSRED RIS 9 to WOFPEc8BEexed Wil | be

di scussertivaerDgaedebal, ! bel ow, once two optim zation nethods have been
fully introduced. Raadom Search The basic nethod for finding a code with
good properties is to choose codes at random test their 25 properties, and
sel ect those which have the best properties. Exhaustive enuneration, i.n

which all'codes in the candidate set are tested, is typically not a viable
Substantial Optimality A code will be said to be

20 substantially optimal with respect to a property if it is
among the best codes with respect to that property given
othex constraints imposed on the code. For exawmple, a
code on 20 keys may have a lower value of the lookup
exror rate than a code on 2 keys, and yet the code on 2

25 keys may be substantially optimal with respect to the
lookup error rate given the constraint that the code be
on 2 keys. Substantially optimal ergonomic codes will be
defined as codes which are simultaneocusly substantially

optimal with respect to each of a collection of ergonomic
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option since the nunber of codes is too large to be tested in any
reasonabl e anbunt of conputer tinme. a 35 27 May 2003 Random search
provides a benchmark by which the utility of other netbgdgmayf200de '
sel ection can be neasured. Suppose that a set of ergonomc axiteria, and a
wei ghting on those criteria is given. one ct~n estimatE 5 the substanti al
optimality of a first anbiguous cede with respect to those criteria and

t hose wei ghti ngs by generating additional anbiguous codes at random If in
a small nunber of randomtrials it is possible to find a code with equal or

better val uef%%ﬁ%igﬁe%&o'c RS+ St Y eI ENHGRNPULC 66 WXl aiklaggt he

first code) irst Code is not substantially optimal. If, on the
ot her hand, té J=mn rensdmwicokap ersobsrakne i and yuemy&ar@rbeFosf rax~dom

trials is required.to produge a_code_ Wit ~ tter n ox equal to
the 15 f~, rst %ﬁﬁkﬁhﬁﬁél?ﬂﬁégﬁ?lﬂggfePaﬁﬁgeggiﬁgiggﬁaiﬁgf %%% first code is
substanti al | yooRiidtdd. Wddkupekererceatesf teude b imcrieaise witHetai|l a
met hod for rejecting the hypothesis that a candjdate anmbiguous code is
subst@nt i al | guemy i ¥ate, 13nd RakY yPokHR STreY LTV FRY ttﬁ‘%a?:."ni ng a

set of relevapt, ey nildiver debi-Bgsas. aPM@PEsY aradfie 0~ codes which
contains the candi date code. 3001 determ njing the set of ergonqmc

criteria 25 poshibkepter a @iwerieriferdandraeR LRy DIMAP KEidegCantial ly
optiml. 36 ;. ?Z%Myofgoog%ti%%t&%demeaﬁ%ﬁ%w%@b%tte%%t tHanCedgs from
m nAed Th st 3 .. I

the set deter 3003 eval uati'ng each of the codes
sel ected in Bésp PoNLibie hvalaspebtativabiehwbén t smmes ahhgsh@ricedioneri a

deterpgined in step 3001, .3 4 npag.l.,.ng e val of the cand3. date
codelg1 with T€hele ?Bt%%z%éjfgr;mﬁ@'cri&bggfaEQ%See%&éh%ﬁ?an step 3001 with
the val ues ldchiopPdinty SdéRaR03o iaf gavpnofesign wlate bd derdded step 3003

are nore optinmal than the val ues of the_cgndidate coﬂa,,&ﬁgn t he ?ypothesis
that the candBoBakRd cHaRlY SIRAFIERTS HEAGRERE; 3. 3R AP eS8 13

Detai | s concepni BgriAE38c S6FRMEthods taught by this invention.

It is to be emphasized that the optimality of an
15 ambiguous code cannot be discussed in the absolute, but
must be evaluated relative to a set of reference
statistics for the language to be encoded. Indeed, given
any ambiguous code, it is possible to construct a set of
statistics such that code is optimal with respect to the

20 constructed statistics.

Given a set of reference statistics, an estimate of
the optimality of a given code can be obtained from
experiments comprising the generation of random codes, as

well be discussed in more detail below.

25 Disambiguation Methods Substantial optimality for
ambiguous codes is well defined only in reference to a
chosen disambiguation method. A code which is
substantially optimal with respect to one disambiguation
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Step 3D00, determning a set of relevant constraints which define an
appropriate set of codes which contains the candi date code. ~'he set with
respect -to which the substantial optinality of a candi g7tMayo2@038s to be 20
eval uated nust be appropriately defined. Sone of the potentia~.ly rel evant
constraints are: nunber of encoding synbols, partition structure, and

adm ssion of a specified order~.ng, such as al phabetic ordering. F,~.ch of
these constraints limts the set of codes to which the 25 candidate code is
appropriately conpared to. Step 3001, determining the set of ergononmc
criter imethdd mass pratt Heos’ubischntihalbpndpdﬂhﬂ oplith Eysiscts uhsst antial |y
optlnal Sqne Of&h? crjteria, which, mght 37 27 May 2003 be relevant for
t he andtiRY% 403 5REbLGHBEEPR . | ookup error rate, query rate,

adm ssion of a specified ordering, such as al phabetic ordering, adm ssion
of a regular layout, and anatomc fidelity. 5 Onee steps 3004 and 3001 are
per f or ned, d“‘dlriﬁﬁﬁtbl‘}f"l%ndéﬁa@BHS“EFb‘mm‘P@@%ér% weskl ket i ned, and

th~. a ds BRied d y. r resents an exanpl e
i n whi th se]]és %{t cglgies are degl ned 3ééﬁa%g lij)%% kgav‘g'gnc?as possi bl e

Sparti t i digambiinition.0 Ispeort-bdsedndibsandigrecoitimg asyl‘d:mt sof where the
spec~. fied. nu

7,49, 11 nd.l13..This definitio | etes step
3000 THere Ay athA i e BEPBREAETRIES, 5 VReT e ShESTS! cvant
er gonorariog | d X draibtel detcdehgENbiak | §iven ehedEing LHp @%1 Toget her,
t hese steps determine a !5 distribution, the shape of which can be

det er i HERAFROGE RRSIA -s X3 ARgLaBrepsakboworss %d@"e Ikiathevliicgure 5, 5000
Codes fipdn paddh ALY iduddanadr 8£S8! 5%314 eﬁeéa\ﬁkftré}g%étep 3802, and the

| ookup error of €ach is neaslred, conpleting step 3 The data are
1Qr esent eompared o an%é‘-lhgeﬁ@!ﬁovkﬁb theolaygest rmlp#hi:hitxof | ookup error

rate) v, %ﬁ@e&‘“”"iﬁ b‘&%@ S Qhiini 9&8&”1& 40"‘-”-@ ror. It xs
seen t hat dlstrl utlons econe I NCcreasing s rong peaked as the nunber
of keyst:ham:rtelase]slstchoﬂtaipnsocEeagmeBta epfatext hupp twer-. sdsmﬂuﬁze A5

probale | t I ng | ookuyp.probabjlit we gbtain the data shown in
figure & éb 3@?%g?§&?$531§UOR§aL%%n%#ﬁﬂ?ﬁ“?%ﬁe whose substanti a
optinallty to be tested is selected Thi s code is the 14-key code pn gt cr

zk s~rj a a hi. so ud xf ym 30 vl groposed i I k. The | ookup exror of
this code 38Both word-based and block aged dlsamblguatzon

15 methods are special cases of a more general framework,
which we will call sequence-based disambiguation, in
which a list of sequences is associated with a
probability, and disambiguation is effected by reference
to this list. It is to be noted that the "space" symbol

20 which defines word boundaries in languages such as
English is for the purposes of this discussion no
different from any other eymbol. One can define a list of
sequences and sequence probabilities in which saiad
sequenceg include the "space" symbol, and thus extend

25 beyond word boundaries. One can go further and define
sequences which include a wildcard symbol and thus define
lists of sequences which contain arbitrary subsequences,
vhich subsequences way ox way not correspond to words. in
the langunage. In this way, arbitrarily complex

30 repregsentations of a language can be built up, and can
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27 May 2003 relat~.ve to our reference statistics is 105 words/| ookup
error. Proceeding as above, we determ ne that 14-key code with an

even- as-possi ble partition with | ookup error equal to an that -
of the candidate code can be 5 found a.n 7 randomtri a%g gﬁé%\??r"té"ge. | f
repeat the process, except for using query rate instead of | ookup exror
rate as the relevant ergonomc criterion, we find that a code with better
guery rate than the candi date code (4 words/query) will be found in 3 out
of 4 randomlU trials on average. Thus the anbi guous node of [1]
substantial ly, optinmal.either w,th respect lookup error rate, or with
respect to qu%?yu??g?ea.‘nl‘?\ Lepmid %@?p@&%%?é'c,glﬂgrﬁ“?%“i‘%‘?emst codes are
better than tbgnghveic case. sdait el 1ok iidheipsi bewsofleslinse dween 15
explicitly optimzed with respect to an ergononic criterion, then it is

likely that i|€aRsPROPTIRBRE alit LAINGPDYE FRMIMCRSr BepEREn (RPadIR1e
criterion asgeashsedatd bils [EPRES lank) ABL1G280888! Eeqibndd . |RROUATE

statistics. D rected ndom : irected rando IS an Iterative
opt ~. nf zat i oncharhty, wer Ebeus dthish @pestidd cagipneohowel - kmsin cogei- s used

as a seed for ratl S, or., ich.may be better than
t he best prengﬁgﬁya#%%}ﬁbdQ%&%&g’ p’)‘lrng%% soitgi%ﬁ’éggt %?c %’(?%’r better
codes are thueild beumpprdtbapeddndwheoss dkilliedstinbthex@ptvamad the
intuitively, and then nore fox~ghal 3.y. zn the present coptext,

opti mi zation ’B?g]é?r‘g? gedeEht Re G H"%’@é%é@f‘_ 5'8 BAE PERA Mo ¢
criteria, we Bfsed2di b P05 s Ehyn o rietaih sdmknqud ©0ge wlrHde 3l uct ure
0 e _space to be searched. In the absence of suc now edge, one iIs in
f th to b hed. In the ab f h™know ed bl i nd
of for8sight B8 ¥8edhich direction to nove to best continue the search.
Thus, the safest procedure 5 to take small as possib~, e steps in as many as

possi bl e directions, and refrain fromnoving until steps in each of these
as many as poBarbtitiome ecAipmstitaien bfeancuiaktegerdnahsl & agrarel. As an

accurul ation @f, sma~. | _step. V..l ead a cher _into a cul-de-sac, any
such 10 sear cﬁngﬁg%fﬁ %"écﬁué?%ﬁttﬁ W Th °§e%;’859;ﬂ‘g§t%r?£etd'tﬁ' E8kh2sch

al ways the seeqadl stembarpindllyf, W pioensingegerbidnias mygnhues. Mre,
formal Ly, the gro lemis to take nB8.ni nal SR_‘SES hou%g1 t he space of
anba. dBous coBREELFIPRPr B9 (R PFSIEF fs PRROERR PRSELSIRR & 2ondE ¢ he

desired nodesaldscerdipart tridie Jenahi ngsgekithing Fo¥addd¥dhting a1l
substantially rni.ninmp7, steps 3.n space of anbiguous codes correspond to
si ngl e pai rw §BepRRFEL Bt oRR LOhian dategesh fFeoredd chacwy &y ihwse to encodi ng

synbol's. At egeiy $LEPiRTeRO Ae ORiddE £3Li@N 0Bt BRfes i gfsarpeeg;eg.!a_lglse to

test as nmany pairTw se pernutations as possible, preferably all possible
pai rwi se per npeasibhe partitionp iThatodsl, etepabpithowsimgettivh pdio-ri se

per mut,at i on i ch_gi 2| ven= i Ret ro t.y .0 _be
Pher o8y opti nhScs b ASTRUNSREvds RE BipBhr e REARTAPRIRGRR "0 (e
pai rwi se per mbobathensumbsex hof cletttersatdoive kencpdéd; etlee mumbewie. 7, t he
steps 9f the~rﬂggpggs per key is the same. As will be further expanded

below, this choice is a sensible choice with respect to '

some ergonomic considerations, it may be sub-optimal with

25 respect to others.

There are two genera of ambiguous codes for which
exclusive rights are herein c¢laimed. These are 1)
strongly touch-typablé ambiguous codes, and 2)
substantially optimal ambiguous codes. Ambiguous codes
30 may be substantially optimal but not strongly touch
typable, strongly touch typable but not substantially
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are as follows: ~0 27 May 2003 4000 choosing a starting code fromthe
set of candi date codes. . 4001 generating new codes fromthe starting code
by :perturbation of the starting code, 5 preferably, by2panpay 2003
pernutations of the assignmexit of synmbols to keys, preferably all possible
pai zwi se pernutations. 4002 neasuring the propert~.es of the codes thus 1D
generated. . 4003 checking if -a stopping cr~.terion has been reached, such
as a criterion of limted further snprovenent. 4444 outputting the best
code, if the stopping 15 cxiterion has been reached. 4005 if the stopping

Critericptifal,nakeib8er bababadcishepkép@ih®l S8 ideddiRSeitRigrodes
generated by perturbation of the current starta.ng code contain a code 20
bet t er tyRaPlthe oxuPrsly sybstapsdallysoptingl tard Stxpnglapdeuch t he current
set of Qetter than the current best, selecting the~best of these as
t he new“current best . 25 ~1 27 May 2003 4007 selecting a new starting
code. If step 4005 yie~.ds YES, selecting as new starting code the best

code fromt current set, .else elect a.new starting codqe fromthe S
current setng’%éﬁ&gﬁFuﬁﬁoRegéﬂﬁxé i BRICFERD R M > when there is

sbut onesmyidnickis @odee Rn BpthnbZednese! gehesd, Und Neadiasiswnde from the set
of eand~.date codes is a sinple matter o choosing the code in the set 10
whi ch Hether fpeedspdmnarniainedofin: REtHeY 1k e I&WRAr Itvhen there are

sever alyyd B1Aihe RewS 8oMukbaRsars! YnoBbi NI FERAM & ':M&lttcﬁ partial
ordering on the values of the criteria, and it is not obvious how to sel ect
anong thRkse typalde devices: avdbbev theseceoder may be used to

solve various design problems confronting the designer of

10 typable devices.

The best mode for practicing this invention depends
on the constellation of design criteria which are to be
optimized according to the teachings of the invention.
Thus, several particular, practically relevant and

L5 useful, situations are chosen to illustrate the range of
the methods and devices taqght by the present invention.

The range of machines which can be built by persons
skilled in the art according to the teachings of this
invention extends considerably beyond the specifics of

20 the preferred embodiments presented herein. Various
extreme or particular cases of design constxaints are
solved in these embodiments, Given the teachings embodied
in these cases, it will be clear to one skilled in the
art how to combine features appropriately in oxder to

25 solve intermediate or hybrid design problems.

One embodiment is optimized with respect to lookup

error rate exclusively. This embodiment is designed for a

machine with limited memory and computing power, such as

26



t5 opti m-. aation procedure. One ray to perform sinmultaneous optimzation is
to optimze with xespect to each variabl e i ndependently. ~hen,~in cases of
conflict, where the sinultaneous aptinutrt can not be gehj dooihi s 'bei ng
the generic case, t0 sone weighting of the inportance of each criterion
must be eatabiished. And that relative weighting is part of the de9~.gn
co~traints . Conatruatioa of Strongly Toutsh-typable Codes In order to
facilitate the explanation. of how to make and use 2S strongly

t ouch-typabl e anbi guous codes, we w3.11 fix three increasingly stxict

| evel s of str qg1ﬁqr pa ~ ~ | f

typabi | xty iggexenp it5.€ed gétg ggéﬂa?,m %ﬁ%ﬁﬁ%}ﬂ#@%#§¥§bfgs°§98%§y 2003
char act eri zednay rdmatbehavarilghdeliot yppso2) avuraiplen queaytigand accepts

di stractions every 15 seconds, that_is, a query.rate of qQns query every 5
wor ds on aver%‘g',‘glrﬁ‘rﬁf‘% Talio&gt 41 efvgmb%?%eﬁ? qrb%%ﬁﬁa&bfl@ﬂ{agfpﬁat is, a

| ookup error ﬁsﬁ@aéa‘. oM@y tRAsCHAERIRE YPEdlSondlofl WheaRd md1ednut es of
tymlu% Level 8 This ] evel of touch typability ie i0 exenplified by a |ess

casual® |ess Regsihlf digFmbicuRsias: Beeharisms . Etigke compIHees) types 20
vor ds per m e Gt 12 GRilelrdbRl bRCLRE Vot Hoobth 1P Gt nknBE biy 2

query rate of “one query every 10 words on average, and 2) acCepts

percent | ookupieenx@neadiag.i s, a 3. ookup error z~ate of one error every 100
words, or 5 minutes of tjrping. Level C This level of toueh' typability is
exenplified by a skilled typist characterized 20 in that he or she 1) types
40 words per m nutzacuhkrerpdimgnst §acopoind s it reeperedstot hat is, a

query every 24 words .on average, .and accepts a 0.5 percent | qokup error,
that is, a | CBRRRY SAGH e@ﬁ?@n’ﬁfglséym?“@? %&@%ﬁ%ﬂﬁé‘s’s (S‘Fségﬂﬁépgﬁg . Wth
refergmce to \iggWe the Wik bfod! vhRDEL & heswed il drD fRwobYak .St rongly
touch touchabl e codes conprises the fo~.low z~g steps 43 27 May 2003

5000 Det er mi n PP FATRULNG PPHELcBa¥%f ba ket tahie Lo eMpposits 8r rate and
quexy rate. gomplex querying mechanism, use of such mechanism should

be kept to a minimum, so as to distract the driver as

little as possible from driving.

15 A next embodiment provides a phone keypad optimized
with respect to both lockup error rate and query rate,
and which is compatible with the layout of standard
telephone keypads.

Another embodiment is optimized with respect a
20 conventional criterion: preservation of alphabetic order.
Letters are arranged on the standard touch-tone keypad in
alphabet order. It is possible to preserve the
alphabetic ordering of the conventional telephone keypad
and yet reduce lookup and'query rates by optimizing over

25 partitions.
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5 5001 Sel ecting an anbi guous code optim zation nmethod. 500x Determ ning
the m ni mal nunber of keys required such that using said nunber of keys and
the optim zation method se3ected in step 500. it is po2y Magy 2003chi eve the
8 values of | ookup error rate and c,~uery rate determ ned in sstep S000.
5003 Determ .n~.ng the maxi mal nunber of keys allowable given the design of
the target 5 typable device. 5004 Deeiding if the design criteria are
conpatible. If the nunbex determned in step 5003 i.s greater than ar equa
to the nunber determned in step 5002, then the ;p design criteria are
conpat ~. bl e Op$imdzgtion: REraparkbtionsobsnds thaniadditionaleria are

conpat i . et, ) ' 0. t.he L mzatiaon procedure
cel ot YR H RS kBvBbaRas Wivn WbACA EPL Bty

t ouch- tpeahyt arahilicglmys ecode. a¥e ekbybired ndiiclp medsdae tazen the procedure
fails. 4 27 Ma 03 tailg.of this nmethod are as_follows; Step 5000,
Determ‘?ﬁi?'g aﬁj&?ﬂyﬁiﬁevé%asaéélﬁmaﬁieg‘f%‘ﬂé RR[FError rate and query
srate. TEihSargunghtbe done by testing of an individual or group of S

i ndi vidual s, or by sinply preselecting desired va3.ues for | ookup error
rate and query rate, for instance, by selecting a |l evel of strong
touch-typab3y i deh desaiimead aPPMEr St £ fi é(;qm i ng an anbi guous
code optim zation f(a)lsr?et hod. In ref ereﬁceﬁtﬁ% ‘{E}&%J%%n rﬁc% i on of

subst arkeykidardspmihisnh ae¥irgspavdcagdewebbove, pesmili® ito zati on met hods were

di scussed:  random,searc ng dir r omwa3. k. Random search is 3. ess

power f lﬁ'oq}ml&n?&cgﬁlggﬁdg% %ﬁ%’g‘%ﬁ&@ﬁﬁ?ﬂ & "r'ii"r%“’r‘ﬂ?rrber of |~

al | onededay arids durgdespomdding godat haméeivel kefpatesi red strong

touch-typability is | ow enough. An ever weaker nethod, se7.ection of a code

in a single randomtxial, could be suf f is lent irz some circunstances
1070 see this pd} g Gplicheibns, 08t RéyhoSRIRIRRILddiEHea! results 20 are

di scussed in referéncé to figures 9, 10 and ~.1.

ergonomically operated in both an ambiguous and a non-

ambiguous fashion is desired. To this end, it is
preferable to chose ambiguous codes on a number of keys
which divides the number of symbols to be enccded. A

15 number of keys egual to ¥ the number of symbols is
p&rticularly preferred. The desirable consequences of
this preferred choice are exhibited by this next
enbodiment .

'Another embodiment shows how keyboards can be

20 optimized for cross-platform compatibility. In this
embodiment two keyboards, a one-handed keyboard and a
two-handed keyboard, are designed to be coperated in
potentially rapid alteration, in such a way that touch-
typing motions used to operate one of the keyboards

25 transfer seamlessly to touch-typing motions used to
operate the other keyboard. This keyboard has the
additional advantage of having the potential to veduce
typing injuries, as well as other objects and advantages,

as will be described in the detailed specification.
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In this experinment, 5000 anbi guous codes with an even~as-possible partition
were selected at random from each of the sets of anbi guous codes for 2-20
key9. In addition, for each nunber of keys 2-20, an opigsj 260325 run was
performed using directed randomwa7.J~, in each of threkE conditions, 1)
optim zation for |ookup error rate only, 2) optimzation for query rate
only, and 3? optim zation for both | ookup error and query rate, using a
target value nethod. Fromthe val ues of |ookup error ~5 27 May 2003 rate
and query rate calculated for the randomy sel ected codes, the follow ng

statistics were ¢ uted. b a , er, al ue, and

nmeda. an va-~. ue. A%%}%t ﬁz’g’é’es"?‘%%’f%?%"gg %ﬁé%#%%(r?%ééeqan I é%%%téeffoPhPﬁe 1 ookup
5 error rat e thatd dif fer@mite ké§bbardt heesubmyly adief fdmant kdnds bl t he
results of an optirri.zatiln‘)”glirg n in which looktéggerror rate and_query rate,

respect i vel y ORtd&alidYao offi6RFE RrPTERR PR AEES SeyPeREIBesul ts

from optim zaid,0sdydtall AiWFeeBnt0QkES, Sk OFurml AnglikHydx 10 rate were
simul taneously optimzed are_shown in figure Ix. Fromall these data, a

deci si%on can.meshandsmeauss be arPvhdedt for severphdifdenedtuse. ~1h3~.e it

is always pr r akl . oML at LS.adissposal, it
may be that ggcﬁégéédgloévxg:#ﬁﬁ% tﬁeg?ﬁgg§%n§ %%E%jéjé sdlﬂill%lj'entzx, %Tr'%rp%"%g'?’gnce, any
si ngl e, randesdutisel dxt ¢fhisoprobdeind nade ppesibledyxnheesmalli f t hese
criteria.axe suffi.cientl.y Lax. This, wl j.scussed further, bel gw. Step
5002, Det ex~riHReR$ ﬁ%é”?ﬁeni%ﬁﬁﬁsnﬁ%%?v%‘?féeggéié BANPE CO98K ¢ A5t usi ng
sai d nunber afh&k e Edidabipt perachadndigitall sudiadaat idesrepedOO0l ~. t
is possible to achieve _the val ues of | ookup error rate and query rate '
det er %h3. ned 3 "'ii't‘e‘i) eSS iMEPEn ref erence tv the experinental results
descri bed 25 above, and the se~.ected levels of strong touch typability

descri bed above, one can construct a table gzving the m ni mum nunber of
keys required for Bhelembodimenthr désrugeed wh & ridieg medett dypvedakei ty, and

reference to t 0 LoLzal i j one ' ~hi.a ble is 30
pr esent ed in%rﬂg .a%%idzgog/géh%ogﬁ%‘?{e%{%nmogﬁ# i'né%t he maxi mal
nunber of keyiks gdemidilec tg vehieke nasygof dthe ubjangeioft whdlel e devi ce.

Anbi guous codgs_w || be typicall sed in small. devices, and the nunber of
keys wiJ.| getfS&RFi]R B‘@%‘%cm}%ﬁhe Kl b%ﬁ@%‘?ﬁ%é?ﬁé’u'z@"ﬁ?a@&t al typable
devi CE5 Si ze. gol yicion .C 336 examplensoftwary solorim adkaorkedenr such as the
convention of _using 12 keys for a tel ephong keypad. Step 5a04, Deciding if
the design odetaty, tg shayhow, 59591}‘.:{.8§h%§ 91%3&4%% CAYsP&p 5003
is

incorporated using appropriate software to achieve some
of the objects of thisz invention.

A final set of embodiments synergistically unites,
20 for the first time, two alternative approaches to '
producing keyboards with a small number of keys: chording
methods and anmbiguous-code methods.

First it is shown that by ergonomic construction of
chording patterns, coupled with optimization of lookup
25 error rate and query rate, an ambiguous code on n keys
can be made to behave like an ambiguous code on m
substantially larger than n keys. When, in particular,
this method is applied to the standard ambiguocus code,
the 8 letter keys of the standard ambiguous code gain the
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10 greater than or equal to the nunber determined in step 5002, then the
design criteria are conpatible, otherwise they are not _ As will be seen
nore clearly in the deta~.led specification of the devigengypoeo3ents
presented bel ow, 15 the nunber of keys permi ssib7.e in a typable dev~.ce
can depend on many factors, and can be nore or less rigidly determ ned by
these factors. Step, 5005, If the design criteria are conpatible, as
determ~_ned in step 5004, agply the optim zation procedure 20 selected in
step 5001 to construct an appropr~.ate strongly touch-typabl e anbi guous

code. Igredentimee ofotsubestpatibl 2yt bphihe eodeedetchdwat 3.s. |f the
procedure fails thj_{} g? | east one, of thﬁ fol |l ow neg t hi ngs nmust happen: ZS
A stro P A 58Yiet ROEMFREEBBHOW 450 extend ampdguayss  The devi ce
desi gn doddReidaitddn didenewetothFBGEhKEY Swith | AWEdratdia.Hf strong touch
typabil ~.ty is accepted. The device is abandoned, Smart Card oa 9 to 1G

| et t er BRgldshgan be gxtepded b9t aRbex| Lyngragrd - EOX si zed devi ces

scont ai zré@?ws%r’ (o syeh 2s a s&ﬁ “zmg %[ED y. They are

curren{vfd)?ﬂ:use I n app icata?(%rﬁgssucﬂ .a§ s%%%&?y an %él |r$’rgt, but have

many ottieerthies snblodimeat, Pukstbebodinments séqopiky hypemeérallyy messi bl e to equip

a smartgcar d- si jce with a touch-typabl e keyboard, and thus vastly
i, Sy,

expand applications which these devices can serve. As a sinple
exanpl e, in banking and 15 security applications, smart card users nust

currently renenber g str-~. of digits ich is the password for the
devi ce. HowSRGond,; i 35 Wetgﬁgr F°@§?B,n%a%>ﬂ5f‘6?£¢réﬂfbr, t hough
rel ati @lnmled thetPde withathel Ref wgagxgﬁ?m !l g, pe~used in the place

of a difficult-to 20 renenber, albeit short, nunmeri‘c password. Exanples of
Osnar t - ereyvisiuse @mbodimenty, o thiei pumbar of atipulyerng heam ddodi nent coul d be

oppl) e S sorthad, Sbhabidor A AL gk b (e

Frankl i'n rporation an u pr esent
t echnoltmyyoperates mn lambigaocns eneodingrestls ubstelvmaritdsy. f arde ds conpl ex and

power - consuni ng .co ni_cation, c open r.transm ssi on of data-entered
bt he RIS A 160 HBeRaPE. HhABeR PRPGASE detie smbodying |

this code can be operated using the fingers and thumb of
) the hand holding the device.

Operational overview of a strongly touch typable device.
FPigure 2 shows an operational overview of a strongly
touch typable .device based on an ambiguous code, Such a
device possesses input means, the manipulation of which

0 140 causes sequences of encoding symbols to be generated
141, A étrongly touch typable ambigucus code is used to
map these sequences of encoding symbols to sequences of
decoding symbols in step 142. These sequences of encoding
synbols may then be selectively output, either on a

25 display for direct observatiom by the user of the device,
or in some electronic form for further processing,

transmission, or storage 142.
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27 May 2003 enbodi nent teaches a | owcost machine for ergonomcally and
efficiently sendi ng nessages using standard touch tones, and standard
touch-tone generators. Mst telephones have but 12 key27 Magrogsoci ated 5
with a touch tone, in the sense that activating each key causes a

di stingui shed touch tone to be emtted by the phone. However, the universal
DTMF standard provides for ~. 6 touch tones,, and the DTM tone gener at or
installed in~ nost tel ephones is capable of generating all |16-of these |4
tones) By exploiting the adda.tional tones, each of up to ~.6 keys can be
assigned to a touch tone, and used t% encode all‘E)hanurrerl C synbol sequences.

Q her things bei ngttediheild deePeingel PHE hhaberhora U £OESWEE t he
anbi guity of m{%ﬁ%@%@tﬁ&&@ tzhe%erlmﬁ s&'@fsff%?ﬂnélgel%h oordi @i S

enbodi ment hus to use sdbstantially all of the 3. tones to
encode al phamemasaquaﬁﬁesionntphsi’rrms towehi aapifldieyt-he comuni sati on
of information raith 7. ow-anbiguity codes can be produced using readi ~.y
avai |l abl e, | ow cost components. 20 Th~.s enbodi nent has the Further Obj ects
of provi di ngCensaudtiogpal aubstniidliyr optinel tcaﬁsazl SiTheed devi ce

rovidir~g a nethod for, sijnul.atin astof encodn nbol wh
Far\éer thgn tet 1%%‘? olpgiga I:\eﬁ&%’l ng Pgeﬂ“%zﬁh?%hal 3 '%53

generated by :?eé%%’étﬁﬁtcﬂ% set 'of2 érfoyor@03critevidliag aa:p@aamkae ief a
device in which'lookup error as the _dom nant erg nom c criterion.

providing a KeSERERRAS iU Aih=Ep Pay T8e FPEBALY g iR tFEFRMiAEe %8 adapted for
smart - card-si geth feyi ces.  providing a di sarnbi guataon nechani sm which is

operabl e using very lTimted conputer nmemory. . providing an exanple of a
syst em wher ei n nore thaﬁﬂ%@&imﬁgaat‘-l of peabisiiigaliyy be operabl e,

each apted to local c | first
di sanDi guati on nmechani s‘%’ ttl {%SC%?’% de&"ﬁdJ cgtieg %?P%%%t%dat t he
sending end of a s conmmlarﬁtanouiguohsl eod%ecoqﬂrih:’mgrtﬁl-gyanﬂ:olstmhanl sm

is used at the receiving end of the conmunication. . W will now discuss in
detail the manner in V\/rékch t hese objects are achieved by the present

enbodi ment. D strongly touch- tiopablseikeybagr 8 selBIdf GfdigHeces are

statistics,

15 - 2008 analyzing the statistical
correlation of symbols relative to
the statistics selected in
step 2007

. 2001 selecting a disambiguation method.
20 . 2002 selecting the number of encoding symbols.
. 2003 gelecting the ergonomic criteria with
respect to which the code should be

subgtantially optimal.

25 ' . 2004 weighting the importance of.ergonbmic
criteria selected in step 2003.

. 2005 selecting an optimization method.
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small, so only a small nunber of substantially fullsized keys can be
~.ocated on them xf sone of the area of the card is to be.xeserved for a
vi sual display device, then the area available for key27 mMdyw2008r reduced.
The 5 preferable cdnprom-.se in nunber of keys between the reguirenent of
substantially full-sized keys for touch typability, and the requirenent of
a | arge nunber of keys 50 27 May 2003 to allow or 7.ow anbiguity codes,
is in the range of 9-16 keys. Two possible |layouts for devices with a
nunber of keys in this range are shown in figure 16 and 1.5. 'The

arrangenent sand fzmia@palyiihg ehet Bpt kY Saedént Mt ko® g,@j_é)ég&pshi p to other -
r

co~aponents of the smart card will be discussed in detail bel ow

i 3yut heei zi ag encodi ngd ™ P58 €088y nfherebrsuwhstarmutatbs with neaningl ess

deaod3ngs ~lith refer 89 Bhﬂﬂgﬁoﬁ§1c$&ésuérgi§} &de set of decoding
)

synbols into two 10 subsets: 1 core set, consisting of synbols to be
associ at ed encodi ng synbols bearing a one-to-one relationship with physical

i nput neans,;.and -3) an |Li.arV <S opsi sting o ols to be associated
with encoding i olbgae ﬁgﬁeﬁégggﬁa%ﬁo- ﬁé#%ﬁ%é%ﬁi%ﬁ% 15 physi cal

5 nput rEROE riiggiap BEO@pplikdn int baymerlesd, odndyghdteshgi Nng encodi ng synbol s
further c%@prises Egﬁ step% of 1~1 establishing a first, potentially

anbi quRPL IR Shi%h OB 8% SPresesHbeREsCorlE ntnblirenne the with encodi ng

synbol sghoiddeh QC @tined DeETRALEeDBEEDET BeORL1d Orddier tyygpship with
physi cal signals wh~.ch can beegene?ated by the typé%ﬁgfdgg?ce for

physi c ARBAiaaiione qf thesecstenrg wikbonew be explrimkditi fyi ng short

sequences of encodi ng synbols which are such that no possi-bl e decodi ng of

t he sequence of encoding synbols forns part of a meani ngful decoding,
Step 2000 selecting a set of statistically

0 correlated symbols to be represented in an ambiguous
code, This step is comprised of the substeps of 2007 '
selecting a set of reference statistics, and 2008
analyzing the statistical correlation of symbols relative
to the statistics selected in step 2007. The goal of

L5 these steps is to identify those symbols which are
capable of being represented ambiguously. All
disambiguation methods work by exploiting correlations
between symbols to make predictions about which sequence
of decoding symbols should be associated with a given

20 sequence of encoding symbols. If a decoding sywbol is
distributed randomly throughout all texts to be encoded,
then it cannot be represented in an ambiguous code, since
no predictions can be wmade about a randomly distributed
symbol. Typically, for any natural language, the symbols

25 used to encode that language (for instance, letters in
the case of English, ideograms in the case of Chinese)
are sufficiently statistically correlated that an
effective ambiguous code for these symbols can be
designed. There may be other symbols, such as punctuation

30 symbols, which are significantly statistically correlated
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SF ' 27 May 2003 .03 establishing a second, potent~,ally anbi guous,
code as a relationship between subsets of the auxiliary set of decoding

synbols with the short sequences of encoding 5 synbols ﬂdw‘.;*?b@% in'step:
102. For exanple, let us associate 16 encodi ng synbols wt e 15 DTMF

tones, so that said tones phxsically represent the encoding synbols. The
tones wall be 1~ J.abel7.ed (0,1,2,3,4,5,6,7,8,9, *, #, AB,CD . W wll
take as the core set of synbols the letters [a-z], and associate themwth
t he physieal ~.y repxesentabl e encoding synbols via a first ambi guous code
as fo7.~.ow (o,aw). (I,bi). (2.cx)., ¥S.g ., (4 e~ .Q§Ei4ég. 6,9). (7.hv).
tBrkY). (9, 1)Witai?*¢aél‘y.°&&ﬁ’-ﬁ) _an@(;_%ﬁ; t é ﬁé‘i‘?ef% 3 ,Ql)a.g“s\/\,fgﬁ'&eéthe
first el ementyofypacd Oal 4 HidiRge hehenede NdetyaINWs Aubd BRoseeRRd
el enent of each pa3.r gives the decodlng synbol s associ atéd to the encoding

symbol . The a2898 |depentktonitheeagurglsianenagete e xepreagndech set 20
. t~ | n n T H " nb |
o e oo Al TR ap oo PUSUER VO 162 £000, SRRIEA0 Y %7

to represent space™. a e sequence i s ABA,

Whi ch S£or r espentistéw nhdmurfal/. I2oguagedésodi wglbeknmc et e pkz zkp zkz pyp
pyx zyp zyXx).. Bone, of these decodi ng sequences formpart 2S of any Wird in
our xeerence +F9UHSeani ngful sequences, thus the encodi ng sequence ABA
is a suitable sequence for representing an elenment of the auxiliary .set,
axed we foamthe pair (ABA "space") to represent the space"” synbol. The

"space~ synbol carf¥tREHLa cileg 30draprpigUAEqThRethashs, Afhich i nput
means will caysg dReSBAYSRGE ngntti%aa,?ﬁgeféaéfé,éﬁﬁ@@lag Za&e 15y ed_each

time said input means iI's activated. On recei ving end, May 2003
a decodi ng netwe well-knowmgthods v ddgavhiguasion o hieek-haeed' aadnbol .

Lot olbnt an) eVt dopted Bt RRRI6RC BRCh00R M Gel L e | ¢
entirely transpstistid¢sl odrelatdon Bataebht somibdls [tas gakaxiliary set of

decodi ng synbol s_can, be represent.ed in this way., It wll b ppr eci at ed
that given tf@r%‘%‘%’b%&?‘?’%aﬁg&??‘ SeAPERFantt defobe %° woul d be

easily capabl gepfifrEsttddpci{dntd’ Gith augoUEhi SanlehdeF i Rihgl U
desired nunber of sy nthesised encoding sy nbols, given a set of reference

st atistics, eYmbelsi Beth phadirbaspedcand verdrhrsedmethadsfcamsdi ng
symbois. Pr ovadahéiteea ARAEH Gkl RanTBAEA0LER VN lb b eARE AU NG Very

limted conputer nezaory. e ~.imted 15 processing power and nenory

capacity of plesswrgencsugh &8 dvsr BYShpHsapdt semarhisns aftealgqale@fum on | ow
anbiguity in i i el | i . i vail able in
e%?éejédexg\g QY% =K 9495 £o! E&LQEE}%QM eﬂ%ﬁ s s 'abdd

the card to be iguation nachinery X any anbi guous
code, nost o stiehdilsaupixpketior &of he, sehected pdidamdiguet izanput i ng

e act - ng. vRRERSSr PR SRS HIBE0R EECHPE FSRSRSR S encoding |

shoul go be se-cegiegpond tb aWadH erfd®dding sequence. Therefore, the
details of the selected disambiguation method can
influence the detailed nature of the ambiguous code to be
thus designed. This method will be illustrated with
respect to the selection of word-based disambiguation as

25 the disambiguation method, though other disambiguation

methods will also be discussed.

Step 2002, selecting the number of encoding symbols.
The selection of the number of encoding symbols is
crucial to the design of a typable device based on

30 ambigucocus codes. This selection is made in view of many
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25 limted conmputing capability of the smart card, querying for alternative
decodi ngs can be elimnated entirely. In the absence of querying, only the
nost probabl e decoding for each encoding need be store@d7 May 2003 the
nost probab~. e decodi ng sequence wi Il be output by the 30 di sanbi guati on
mechani sm when each encodi ng seguence is 53 27 May 2003 received. Wth
this sinplification, a parta.cularly conpact form of the database can be
obtained) e.g. inthe formof a sinple suffix tree. 53nce querying is
elimnated sufficient visual feedback can be provided 5 using only a
si npl e, faaweyweimaleglinge rohet sdizepbdythéotypalabpl devicsi agd echheé ne travel i ng
banner display related tq the.t of _di spl used in_pocket calculators or
digitalaﬁﬁ§hﬁé§ie'ﬁﬁz§ Eﬂgﬁﬁ%g§¥anggﬁﬁ§t§%ﬁF°¥ﬁ R Ty the 10
NDSt - Pr DivedEl He il N AL @xP1edned $HoreHePBAcOUEPUbondead 3,1 refer to as
si mpl e | ookup di sanhi guati gn~_ Si npl e | ookup di sanbi quation is only
ef f ect | AR Y, FNGD \FETPARS SHSEEaKBHeEP AERT iR $icient2y strongly
g ouch typad] Seuzldus a surprising consequence of strongly touch 15 typab-~.e
codes ie that they perrai.t effct~.ve operation of very sinp7.ified
di sanbi guati on nechani snms. An exanpl e 16-key substantially opti nal
anbi guous ¢ J | e~f Qr | ion in the pxesent e dinment is the
code air bi cfm%qgﬂﬁgo ﬁkbfcaggf ﬁg. ngégoﬂfcs 1 Eﬁflﬁfgﬁaé.ookup error
rate 4Dé4Sspexitdtd adiddh ahedicodanghaulideby Q%Qt&ﬁtf@llfr ds/g~tery, this
code is sho is an ex%gﬁgﬁ 7. ayout gl on a,l6-letter-key smart card in
figure Rtimdts AR ffse ESPESEsOh HRi Ayvemkian ks rihe di spl ayi ng
decodi SHIkQ t i ; Kexbpald). and an
auxi|i2§59§%gﬁﬁpﬁg§%gﬁ%l, mhk?h%?sg%ﬁﬁﬁ%}2%§§9%?53¥e, andg%%uld be used to
1®ncode ¥hich idetexyingldihe amailityyponstypableddeviemdossedamwil . |, be

di s~uss ] N fere . Ot ogli . re it is to be
especi a%{%c?‘e%%#%%é't hgﬁﬁlggpfqggténgéﬁsggél‘g%@i%% Z?%‘%‘% pl aced in such
a way ttypalZlicy h idukupArate; Maprg0f8téet apatompat £odeiityhl and t he

t hunmb- agt uat auxi.l iary -i.nput _nmeans 52.are_pn_a confortable position to be
act uat W%ﬁ@ﬁ%ﬂ?‘d %‘%ltlﬁl%s FPBBFEYaEﬁgnr? HECRERHLOMhi | e, at the same

time, aphewdtiod EdRiture] keoss-bakgEobnasomescibi ity ven the smal |l size
f the smarf card, and al so allow ng the screen to be confortably and fully.
h

13 a. enedresrlaet by ffe Yeyohtd FPd BE2RnERBE andPePRAAIRR O™ ithfer of the hand

actuat| éﬁpif@aéﬁ%&'} JHRARDY Ror@N@r38hedli Srypbalie pgeferred arrangenent
sol ves the problem 1D of allow ng a touch-typabl e Keyboard arid a

| ar ge- aSPLRVADE L£qlithin sleaisan oLt 8 tiRablendeviceo-exi st on a

Step 2004, weighﬁing the importance of ergonomic
criteria selected in step 2003. When more than one
20 ergonomic criterion is relevant to the design of a
typable device, some weighting of the importance of these
criteria must be decided upon. It is rarely the case that
the same optimum with respect to a given ergonomic
critexrion can be achieved when that ergonomic criterion
25 is considered in isolation as when it is also necessary

to optimize relative to another ergonomic criterion.
Step 2005, selecting an optimization method. Two

optimization methods will be discugsed in more detail

below, random selection, and directed random walk. Of the
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smart card. Since gueries~ are not permtted at the sending end in this
enbodi nent, this code was chosen by directed 15 randomwal k optim zation
using lookup error as the only criterion of optimality.2¥ytmay 2gode noted:
that | ookup errors using this code will occur on average only once every
roughly 1& pages of typed text: Thus this code is suitable for accurate
cormmxni cation of substantially |long 20 nessages, even in the absence of a
guery~.ng nechanism If it were desirable to sacrifice some | ookup
optimality at the sending end in order to reduce processing of queries at

t he receiving d, a r QSggﬁgg .. zed, fo ery and
| ookup error it?aéwrgﬁdgé ggg\g/cgé&ge y |~c1§'ptke>?glllé%(2t% gmgférp?lxﬁjh a

| ookup error rysiteddfre26€8 wendanh-wabk prahtes daedterr abdes!{ 1THese

wor ds/ query. oi ce . of a code_optimzed both with respect to = ookup error
rate and quex “Fh?@t%SSFdaBS A AR Yﬁ19§ya7H3§?F F&Bs§~9fcunstances,

1) if the snukdettode whiehi mighetbs hspidpi=an Insrpener 8abige sepport a

query mnechanasm andJor %) 8 guery-based di sanbi guati on nechani sm woul d be
55 27 May 2@3¥els&yPablengeyies; vi Ty 9Ne FasssmbprcARPHARCS the at ed at

the smart card:;zEal Shbo@biah/ Thilgitths NeodeSovilll cbabshaped piio he user

conposed nessages using a smart card, sent themto another conputer over a

phone line, 5 nambegnef| godes nbordie @anigredd sa smed bnendughntiatuat i on

pass using a ngre ROWRLiLULLH! ﬁgr@b ¥ inei | ndeed, the second

di sanbi guati on pass need trot be pertorne y € g]érson who conposed t he

nmessage, but could be perfornmed by a second person, for instance ZO the

first person's secr%t ar case,, the |l.oqku ,errorﬁéaée of.this
PANR

~secorid code is strPP égpb;$~ YHI the qphinegtipg, me Leqted he

rate ap Wi ch iqy ¢fteperBoski Whetdeby Nindst £italeq 14y BoRImSY I A1 @iy OXi mat el y
7. error every 100 words. By 15 any reasonabl e neasure, both of these

7.6-~. et t er - ké}PAeGd@FeNRIPABEe@ onsheRAEd ents Gfglther opbhmigptbir, as a
Lypi st 1YDi O @R Hot0 A3 BEEaMA S el 000N doridPRR119 FHEYOhe 2uguigTY ONCE

every three mnutes for the first ett'erkey-co once every five
m nutes for thhenceppdyisg2theanethoddio qoubsiucke stibstrangiahby septeimal

optim zations far. g codes .9 Jett eys, ind, for exanple,
the code akw Iaf%:laﬁg}i)% ggﬁésépgﬁf%;.]?ne&g?gujag’ S{?zegop&?ﬁ?%%ﬁ'“o%sﬁy for | ookup
error Y¥sate, anmguitred wdkhprespect arnl spemal satrgonofid. ¢ébiverils/atookup

error and 4.4 25 woxds/query.re ctively. .This cede is shoyw, in an

exanpl e | ayoutor}?r?'a)ig- Ilgt PE¥?ﬁ§ Fare %‘%F&({]eﬁ g 8‘?‘8‘.“"&% m zing for
bot h | ookup erdrdterdbn ElgstULHYis6lLE Hor0 wHsrety' a6t 8t inatoneaide Met hod,
one can al so construct codeé?such as am bnz cfi dhx evw g7r kos |uy pqt

with 30 | ookuPaser O 5R8 6o8Ryavat sy Hluivetfdyadrhéekabler r ofbdhd G 2

wor ds/ query resRSqlaeeeldn BE ifvaPu | SR Hbe-tahiNgYERQO3 that since no
e

guerying can be performed using si | ookup di sanbi guati on, strong touch

typaba#lty carrRbimigabdoni pragess. i as twikk et discusselupnerene deiasl An
eval uation Mugleihg; MAGeaEwh 0o 184t ford g%[sé)%%%eoﬁgé'ﬁ Pufly 2

sufficiently Iow xate as to praduce accepta
introduced.

Random Search The basic method for finding a code with
good properties is to choosge codes at random, test their
25 properties, and select those which have the best
properties. Exhaustive enumeration, in which all’ codes in
the candidate set are tested, is typically not a wviable
option since the number of codes is too large to be

tested in any reasonable amount of computer time.

14
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Even for these 9-key codes, the | ookup error rate ig conparable to the xate
at which skilled typists produce . typing errors, hence these codes can be
considered strongly touch typable in this context. Furg@feMays2008 10 the
smart card would typically be used for short nessag3.ng, conpositaton of

el ectronic mail, comunications to pagers, and the |ike, standards for text
accuracy may be | ower than standards for transcription of final-copy text,
for instance. It is fromthese considerations that 15 we arrive at the
defi.nit~. on of 9 to xfi keys as the preferred range for this enbodi nent.
More than 16 keys are difficult to fit into a smart card format whsle
retaining the advantages of substantially full-sized keys. On the other
hand, anmbi guouS3BBARSSATFeREPVIIRE 20PeRCiFk BY\WiNsE 8est rongl y Couch
typabl e wiydiliegpettotikert hethbd®|oF doaanddigieatbANcA®@Eani sms conpati bl e
with the Smart ¢ rd'%‘lim'te corrputingd?omer. .Feedback to the typist A
smart car d“*’é&h’i’ﬁge BHPSE PR & S6RuB® FAOPYE ¥ e Xdaul @de operated by

a person VhaedBhtisg dorc WHeekestideriahis Vpivain. nNogselidg kacigadback fromthe
cargd as to the&gro ref%'COf the co ni cation, and/or getting feedback from
t he” machi ridtsy PHPSERRE T SPFARGL HY Obf 8t i o ARBLTYRHE rdepi®ntial |y over a

phone | i nerelpcpoteNtheld Yrlifet e andr Fhode S@Q%ﬁ@iﬁg’é‘%e53aze?~0f‘ the 30
e snart card. t Is

basis of the s ol s put by the typist an t :

desi rabl e)? nEP? ?ﬁ%&&‘?ﬁeﬂf@@a‘ﬁﬁew s as 7T o03Edit et 1y fromthe
card wheneueillt henbedrsr Yahlibai ©fitaleorPuid RPekEEDe L Eihdi 4t into the card
t4 supply that feedback. Hexe_ it is.pointed out that the conputing

resour ces BIF¥IER T3 &7 g%‘?ﬁ%f"&ﬁ?ﬁe‘ﬂﬁg‘cﬁeaﬁ’%cre\?&tr‘%ss than the
corput i ng giaeaueegenoertediterisitianethe dkiztdesaarpitthent thae Even if no

di sanbi guatj on database and software,is present on the card, and using only
rudz. mentgé Bé:l 83@?0:}‘\7 c"% F(‘:'E?{ar\%a\%%yl‘) mﬁ'to those 10 skflled in the
art, a unique character can be sent directly to the display in response to
each key press,. where .eai dsch cier,.is_t st _pr.obabl e according to the
reference stat stt'i%rs‘)et}feetc’g'grgrglé%bédi &Peﬁaﬂg’.eet %B%% . BUsi ng for exarnple

t he code oawtistantiallly-ldngegnimbery of mamddin &xpads gis Tetuilesdri bed above,

t he r8sul tj (RVAe] e ' dabl e human. For

exanpl e, t%é;%?{b(raé‘tgeY\?%&59%Fkg%§ée?ygg%%§§%§$e§£,equté&édg?et SUsi ng ~. bl ock
(silAgl e- | efixar) codai i o Wty cudeetderf gpde\erispsurthrrptbeafitkstehen kears ago
our oat herdeX Q49 Bhnala iRy 08ptfKad .CONt I nent, a nea nation, conceihed in
liiertk, and dedicated to the proposition that all uen are created erual.
This | evel of accuracy is already enough provide a rough guide to the

typist as to tkarhexéederRe sBerigurienNs2ne tdiRtRr 8GRt Qh gnNtering on the
smart card. This _exanpl e shows that disanbiguation can be acconplished Wth

extremel y U908 £RBFrIeSANge RS PYPRERRSI &g~ CaRchiveFer equired i s t hat

needed to &illiicliBCcodds L BLBSL &GS Al Chpttinal. DEn dhiflagyedehd) response to

actd' vation of the 15 58
0 steps are:

. 3000 determining a set of relevant constraints
which define an appropriate set of codes
which contains the candidate code.

. 3001 determining the set of ergonomic criteria

25 with respect to-which the candidate code
may be substantially optimal.
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27 May 2003 keys. This approach is scalable in terns of the conputing
resources required. Wth successively mare nenory, 2-,3-, and hi gher-bl ock
probabilities could be stared and used as the basis of g¢epma/<Peus

bl ock- based 5 di sanbi guation, and tYtus rendex the text wth increasizag
accuracy for display to the usex.. While bl ock-based di sanbi guation is well
known in the art, it has heretofore proved to be not practical. This
exanpl e shows the reason for this: bleak-based 10 di sanbi guation is not
power ful enough to effectively disanbi guate codes which are too anbi guous.

zn this exanpl e bl ock- d.di 1,0 1 Q.S .C e € o] ichis
sufficiently st ror?gl y ??@?hrgbggﬁ?%yﬁﬁﬁygiﬁ %&B%?gargr%i g‘&@&g Pf%rﬁ{] it
permts effective 1S di sanbtheasetndetdéimindd dek sleepedogrt hod. The pr~. or

art has taught away from bl ock-based di sanbi guation in favor or word-based
di sanbi guati on. However, in application of the teachings of this invention,

bl ock-based di sani guaizipdB evalBEEiARCEN ARG icBR38 beisptegtisal 20 use
' The exanple further shov~rs that 11 word-based di sanbi guation i s not

%equired to practice the te&8EBPn3B03fwith srespesk: toneagh afnti®o- processor
is notg required to praCtiCe$?§8n6ﬁ98héf¥€ﬁ#¥atd@ﬁ%rﬁiﬁ&ﬁ”ihon’ and 3) nore

25 than one, potentially di rent, disanbl guation nechanlisns can be used
in the sane eonmun~. cati on s§epeAdBhsed on anbi guous codes. Wrd- based

di sanbi guati on, or anot her di sanbi guation nmethod, could be used at the
receiving end of a conmunication sent fromthe smart 3~ card, while locally

the smart card issusi ngopampbephkonl B9 vahddpi2003 banagdagdisaddae guation
to provide feedback to the usgé of the smart card. As the size of the

bl ocks used in bl ock-based WASEnBEBREET OrF ithe S¥SOROMigeCRAERELRY of text
rendering 5 increases as megehectgﬁeyﬁrstég 3%%&?wﬁhﬁ9¥h§i%§1£9§ anount of
storage required approaches that of the storage requirenents of word-based
di sa guation, and since found in step 3003. 3If any of the values

found in step 3003 are more optimal than

the values of the candidate code, then the

hypothesis that the candidate code is

substantially optimal can be rejected.

15 Details concerning these steps:

Step 3000, determining a set of relevant constraints
which define an appropfiate set of codes which contains
the candidate code. The set with respect to which the
substantial optimality of a candidate code is to be

20 evaluated must be appropriately defined. Some of the
potentially relevant constraints are: number of encoding
symbols, partition structure, and admission of a
specified ordering, such as alphabetic ordering. Each of
these constraints limits the set of codes to which the

25 candidate code is appropriately compared to.

Step 3001, determining the set of ergonomic criteria

with respect to which the candidate code may be
substantially optimal. Some of the criteria which might
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wor d- based di sanbi guati on generally gives better resu~.ts than bl ock-based
di ~sa: nbi guati on, word-based 10 di sanbi guation will generally be preferred,
if.there is enough nenory available to support it. Fur2fiaiag@003ations |f
there is nenory available on the smart card beyond that required for
storage of the disanbi guati on database and software, then the potential IS
applicat~.ons of this device are greatly increased. For itaatance, with
only a few bytes of additional nmenory, a user could call an appropriate
vo~, oe response system for tel ephone directory information, request a phone
nunber bey rejevagti fox theeanallysisest i dentedndiriptienfoad®taren on ZO t he

smart-cgargd keyboard, and could then store the :%ri eved phone nunber in the
user rréﬂ?ﬁ%mf SFIPE: SALGoWAPERYi FOFo ABIFRION RE @ powerful, machine. Query

8rror Mpddiifaedl oRdering!,YRabh, &s UEVPKEEOIc bMRIVGlL The present
enbodi mEnt concerns an instance in ich 25 query error is the dom nant

const r Admisgiony efbRke resilas He¥Peh: |and Auphmif 5idslikat.ue to reduce the
gquery rate since the effort to answer queries distracts fromthe typing
task. Tn some app3.ications, however, reduction of query rate is of

Spar anount | Opeet ateps 8000 afd 3AYL 2008 wRxfomsedy ld be di splayed on a

vi sual di spl. i,n_nmost practical_jnmplenentations .of abl e devices

i npl enéﬂﬁ%ﬁ"d %8s © 8‘8e§?°9\ﬁ’é%’[?%e°‘<ﬁ%i%ﬁ _ ﬁ%ée@é’ﬁq%s at herw se

ur gent lgnhd adiip &dstirdbueionptbanVbensimsled Usaiddrllyll | Wikghrd &A1, then, for
safety reasons, distracting tha& vision to the eval uati on of quexies nust

be keptPrepeRt#H W“E&_@nl%ﬂh Eﬂﬁe‘??’é% eEerodaf axe zﬂﬁﬁ%@ Afeans, it is
c-. “ucu?dvitr% ri‘l)g'aﬁ]é%e%ﬂh%eboghﬁiém%%tfdﬁ} hglg Mhid e driving a car,

bot h hands e user are generally occupied in holding the steering
Owheel . apeaifdeshmunied ofoendogding esymiols sothdre e \apectifded he steering
wheel te pakl e vige. IS j - ieved by enbeddi ng
the i ntﬁx&%ﬁss (;713 %ei?ypggﬁ gsde?/ggg’é %é)ﬁergﬁlfq?%cﬁi’g‘%gégeri ng wheel .. 1S
Ref er r igteepn @000.0 Thegurie is7denermbhedttimt dyokuprisarredf isnpde means coul d

be enbedded in a'steering wheel 2Q0..Mny sieering wheels conprise

crenul 9 sre&r?‘ﬁ?& ﬁ"’r’ﬁ@?"’ﬁ‘l"cr Eﬁ?‘%ﬁﬁ’éﬁeﬁb’fst ef?v’f’?&é\a%ti@nprovi de better
grip f Gorgietdd Gtlep 3000 .t PEgRLRELPT thesdidss ddtdrimizfe Ratural . to
associate a first plurality of input neans 201 with each of a plurality of

S hese HERTRUGOR, WWhen sbRPedPlVERiGR 53R RevShararingd kel , four of the
ffirst Tt "RARA 12’ | sepsC20b2C584 ﬁ’%oﬁ he {4 AR ¥ iQfuepan hand. The
of the s y

regi on teering wheel contacted the drivers 25 hands may change
from NP qodesmfinam eadx dissrihebionecare Relaqtasd, turns the steering

wheel tSGRUA fhd Uit WS oM EheoTboilp Buliays O Ligpiapt od by the

driver s one tinme can be recogni zed a positionsensing
means, memduresia complietdnoostep BLO3suThe Spatsereaie ipredentsedvash si npl e

! l ﬁcz ng%:;cgecﬁtggfolot]m@ evz\:hzio%h (%%gbirggti‘ipggcgiléf bfocﬁgt.ilpd eenztrotzg those skilled
rate) vs. the number of codes with the given percent
lookup error. It is seen that the distributions become
increasing strongly peaked as the number of keys
increases. If the process is repeated but with query
)5 probability replacing lookup probability, we obtain the

data shown in figure 6.

To illustrate step 3004, a candidate code whose
substantial optimality to be tested is selected. This
code is the 14-key code pn gt cor zk wj a e hi so ud x£f ym

30 vl gb proposed by [1]. The lookup exror of this code
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27 May 2003 A second p3urality of input neans 2D2 can be placed al ong the
outer or upper surface of the steering wheel, whereby one of said second

i nput nmeans is contacted by the thunb of each hand whi Iﬂﬁbﬁ,ﬁgggri ng wheel
is grasped by the > driver. Again, which of the second I nput’ nmeans are
contacted by the thunbs of the driver at any one tine can be detected by an
appropriate position-detecting neans. Wth respect to the steering-wheel
enbedded keyboard just sketched, it is natural to select a code on 8 keys)
said keys to be associated with the first input neans contacted by the

fi f b jds, al i_th - S t chi ng~ b i at ed
W Uh 1 he secOMIALIS HRo gk EBAPAETER BURrTRELI AR G MR/ ApRrED o
, ~~Nhi guosss exatar .akeidcerdABY MENgbbYE, i 6dé Bstrmiaid AHavhalk K&t lkadet aught

by this inventjign for selecting substantially optinmal codes, and optim sing
only with redfddt &b eMeR-gFePpspabde RATEHHESR Eith flqokupsenrer, the

fol l owi ng codgnfl 8d eht PetkB¥-SthakSEnbE eyt die BENNHateP UoksY caﬁxbgﬂ' th a

| ookup error rate of 70.2 r~ords/loakup error, and a query rate of 4.1
wor ds/Xuery. Imnddeughaandom sripdg-onj gverage- t Hdfs ova atepeadx eheal cul at ed

w th respect r renc tatkshi =xd usi siympl.e wor d- based
di sanbi guat i on ﬁ%e%ﬁ?ﬁb?&%a %%ﬁérré@%ﬁé%ﬁa ld‘[]f%ref%cfg chS’ﬁé‘“Phi s code
m ght 5 wel | exrdrwaatieglast ¢theoreldeant hesgomsieid it atiican)gwe find

touch-typabl e.. A typistJdriye ing 2p words/ m nute woul d be distracted
frch)m dr?/ei nge"'ﬂ}Pta %%Iga? ét'ﬁlﬁil‘o;?f?‘%g\lgl 3‘*%5%&#&5 urYS’,e Iqléﬁ’éjyﬁaFSlosoften to
be conpati bl ecgid N4s akad/igniery) whllhBe ofdgid fm{l@b cﬁitez%%aﬁ;‘iiahﬁﬁﬂ typist D

may not be able to type 20 wards per nminute while b2 y 2003 driving,

potentd al | y Biiifgian F1t REeFagPat | SHYAi BheAMetan AP @R yidiing rates into
an accept ab- SHAMR =01y LHARGaLOUEERLY PRI Jdobe 15 3e%gr!

e
addi tional strategies uci ng query rate, yond choosT i
subst anti al | yraiyst,i wad wisde reapdcthteegqeerntmafies oaiedis wusielh respect

conbi nation. They inclu Tncreasi the tatal nber_.of keys by .14

i ncreae~. ag tthJ(; %‘Lﬂ?ﬁ’grr ag‘? 'kg\?é{"ag?iiggt bt eg%/taeerageﬁwﬂ G .9l§'l‘gténvm°¥ﬁebe
appreciated that this could be done, fox instance, by addi ng anot her row of
keys on the steeriing wheel, qr,. equivalentl ki ng each key 15

mul ti posi ti onabl e AR E%‘liﬁg°§ Ehy 'r_nbk n%t‘l‘%%? g&%ﬁ/\m’:ﬁh%&\ﬁé‘ or nore keys are
presspsl si nulaneidly bprensedd withfieswedt Bl gRmad ng synbol s.

El i m nati ng queries when_the | ess-probable 20 decodi ngcz are nmuch | ess

probabl e tharF?jif@rr_'ft?é"t' F8Ba e 18t dHRHY sthat, ol sy Rite ubSHANSERALNG how
close the proliilinal %S reBBele! ¥ECERADSERIONAIE AN reastrliohap

5 e
decodi ngs nust” be to I nvo gquery 1s a paraneter se val ue cou*ld 25 be
sel ect ed by t¥espesdx tosgoy zeasehahlenseb .l Iangages|aratilgtdes . enbodi nent
in which ' query rate is a relevant ergonomc criterion. Using a hybrid
ahor di ng/ anbi guous code nethod, as described xn detail below 63

Directed Random Walk

20 Directed random walk is an iterative optimization
method wherein, at each stép, a previously best code is
used as a seed for generating new codes, one or more of
which may be better than the best previously found. As
the process is iterated, better and better codes are thus

25 found. The procedure will first be explained
intuitively, and then more formally.

In the present context, optimization of ambiguous

codes with respect to one or more ergonomic criteria, we
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27 May 2003 Using a disanbiguation nethod which is nore powerful than
s~. npl e wor d- based di sanbi guati on. Phone keypads eo~npat~.ble with

ax~, sting phoae keypads In this enbodinent, the |im tatz'pmaym'oba nunber of
keys 5 ~.s paranount since the keypad nmust be canpatible with existing
telephone ec~ui prnent which generally have x2 keys. For the purposes of
this enbodiment, we require that two of these keys nust be reserved for
non-|l etter synbols such as space, backspace, period, and an end-of 10

transm ssion synbol. Thus, the 26 letters nust be distributed over at nost
10 keys2E5Wne e Aghidiemk knaydedas pindbe s5Kuptureoetrile and ni ni mal

query rate.@ rébcggngé?%Jﬁgﬁfllrg hat apsdnie bgesggélghggi%&ﬁﬁnethods t aught

by this Tnvention an sl ng the even-as-possi arti on 10 kays)
Codes soms 8 hilnﬂtﬂi(ﬁpﬁeaisbtgpﬁ Ko N@&Chrdlaacbionnth tmowvkup error rate

of 138 ywo o) er te,of rds/ can be found,
whi | e s?%ﬁ%éa%eoél}g@!ﬁ%%ghn% %‘L’ng }f l:‘%Ku'p"?x rggieggtgrﬁ‘g?‘g %‘Eery rate. Thi S
$hou?. dtcbetﬁwmﬁaem tats tﬁmdi@ﬂwptepso&n%sr fkfAyOhs 200801884 | oOkup error
and the qger rate 2.2 wo dslq3§§¥\of t.he stanﬁard anbi guous code, thus,
there i 4t ?F%%@R%MIaq BYViBSe uphdh Stenet v ®AC aver the

st andar gg apheé gl 04k mﬁs asS@dislﬁﬂbem&@@el@say Hh%édbéé’ﬁ | ookup error rate

and query rate is sh 2571 n an exanpl e layout on a tel ephone keypad in
figure ewalygterhyand Wme P §n)1 ok stidoni of smalD- key codes

propose Jg%ﬁ%g Eat Cae2nd.. 8P application
CITE ep%t espe% a’i?ag%]g I'Tst o} thggg' ggdggc' %‘gpb%‘g j to mgr ew dhi
16~t x pt peayeln mmm&mﬂme@ withr at d restBrubdrgeotedkte error, and a 64
27 Nhy rat wor.ds/ que il.e the second, rpq adf abz ol x
earv tﬁ59392gf ?wﬂ?%quMﬁaﬁQ gFF%¥ Pgh of cpnBYemL SR/ P%okup error,

and a qygﬁ&ké@I@VQﬁuéBZ wor ds/ query. These codes are both sxgnzficantly
inferior to the 5 exanple |0-key code which is herein des~.gned fox this
task. As neither the United states Patent Cl TE tegic, nor EPC pat ent

appl i cation gl & £hanit, enad 'ﬂ%bWemlrseﬂBeEEkéomiH‘nF tion of the

e Wt

cited anbi guous codes, nor are the statistics avail respect to
whi ch though the space of ambiguous codes and direct these

15 steps though that space toward the desired codes.
According to the teachings of this invention,
substantially minimal steps in space of ambiguous codes
correspond to single pairwise permutations of assignments
of decoding symbols to enceding symbols. At each step of

20 the optimization method, it is desirable to test as many
pairwise permutations as possible, preferably all
possible pairwise permutations. The step is completed by
choosing the pairwise permutation which gives the largest
improvement in the property to be thereby optimized. If

25 there is no largest improvement, then one of the pairwise

permutations is chosen at random.

In reference to figure 7, the steps of the method

are as follows:
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14 these codes are optimzed ~if they are indeed optim zed), we can draw no
further conclusiane as to the aub$tantial optinal 3.ty of these codes.

Anot her useful conparison a.s to 9-key codes Wi ch arezwm'a?‘imn accordi ng
to the teachings of this 15 invention with xespect to both | ookup error
rate and query rate. W construct, for exanple, the node am baz cfi dbx evw
gjr kos luy pgt with | ookup error rats 109 worda/l ookup error and query
xate of 6.2 v~crds/query. Conpaxing these results, we find that the

i npxavenents 20 which result fromthe teachings of this enbodinment are from
two sources Z) usipg rr% y L t ¢ Qigent ofs | ookup
error rate and que‘r1y xa e,d raz"ilﬁ'g}c%ﬁlgptai tﬁ’???‘% o?éu@%\nff r espect tg)fl ookup
errox rate~and. wa.th respectandidater godese.. | f the approach taught by 25
this enbodiment to ~.s extended to 17.- and 12-key codes, one finds for
exanple the 11-key code, avy bn cl dhx aso fip gjo kr mu gt sz with | ookup

error and query saes ofpfl yamMenrde/ingoken 6sdes Brsh Ithe swndsmhguery
respectively, and the 12-key code aw bn sky dhg ef go ip 30 jr |z nx ev to

with | ookup error arid quer\eoe & BPTSeEbaBica/ PH shardinghgodes, 2

wor ds/guery respectively. 6§)re_f%}a&ﬁ¥,’Zgg%gbyﬁis@?/%mtiéﬂigmotfhe use of
the * and # keys for the encoding of "non-letter synbols, we can

dramatical |y i nmprove | ookup térx@ssignmentanf symbolsittalleys.nprove query
rates, bringing the standar(: e- i ds confortably
into the (level B) strongl ﬁ‘ﬁ&?@@%&b?@ﬂgﬁgé&fﬁgﬁ% not these

i nprovenents outwei gh the reqimutationsthe ability to encode non-. letter
synbols by using * and # keys Gan only be decided in reference to the

i ntended uses of the devices 14 so constructed. It is to be noted that
non-letter synbol se coul ghdz meREGhgUEhROpEEEertfdE asf Afhed g @hwyyThol s
as described in z~eferex~oe to the smart-card enbodi nent specified above.
zf tht0* key and # key are. S8P8Ma%SP to encode non-letter synbols, then a
| ~ particularly ergonom c schenme, v~rhich respects in part the convention
of using the # synbol as an end-oftransm ~asion synbol is as follrnas. Let
# encode the space® syt rif13-ethedfing-ifdassheppingceienion hasdbekement ence
synbol . and ###aend-of - tra ].88i0N L .2 i npl exity
of enG0ding a synbol s vari esrks‘%gr?éjzeéefség\g\?% ?hgr:‘ﬁ?%%a rlfl‘%q?éitg{ﬁteﬁg synbol .
Dependi ng on the appl ~. cat i durtdtegudmpeevemenhe * synbol could then be used
to encode ot her non-letter synbols such as backspace, ~ (far electronic
t~aa.i 1l applications) , and/or 2.5 be used as a node changi ng synbol .

Tel ephone kaypad 3& al phedetiutmitidngTehe bebedeode i agmntstoppivigut i on
for a gever el y constrained keyhoar.dde ign Er obl em i n.which the nunber of
keys i fixed, the placenent® WWZ’? PEER; Z8%CPeRy the ordering of 34
synbols on these keys is fixed. This problemarises in the design of a
keyboard which 1? preserves as well as G 27 May 2003 possible the
fanmiliar al phabeti® or dd@9hgilofthenStopRiagr eTakeTyoR RATIRE been s

conpati b~.e with existing, m = ng,k , )} has

i nproved | ookup error rat an% quercg' %&egigggcg%g¥§ﬁotﬁ%%€?rﬁard

anbi guous 5 code. These constedestgensratedabyi peredrhasssiomt dhehoose t he
nunber of keys an which to base%{}g %gg_l uous code, 9(:-e can choose) for
exanple, to allow the anbi gtfﬂﬁ? FPTF PR CPEE EPREFHR 30 keys of

t he t egephone keypad, | eavi ngetter crand thekengravai baedbt ecddx. encodi ng 10
non- al phabetic synbols. Al so. while the standard

. 4006 if there is a code in the current set of
codes better than the current best,
selecting the best of these as the new
current best.

25
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anbi guous code uses an even-as-possible partition, one may choose an
alternate partition and stir, respect the given constraints. Gven the
constrai'nt of al phabetic orderl ng, ~each 15 ordered par tzﬁwmynbo% el enent s
into 10 groups coarresponds to a uni que anbi guous code. G ven sufficient
conputing tine, it would be possible to evaluate the | ookup and query
errors of each of these codes, and choose the best. An alternate and nore
efficient 20 procedure is to apply the opti m-, zati on nmethods taught by this
invention to th| Enstralne go m zation, problem This invention teaches

that a ninirfal nFReShRTtHRg (R4’ HIEE ¥R shoul d be
defined, in the ab ~aenRPPs0 lb&ﬁgl’ﬁbl ogefélgg |gg ﬁmrﬁ‘)@aer@{n one nore 25
conpl ex e3.enentary step. In the curfant cont an anbi guous” code is a
ordered list of ~. 0 gmsﬁastbfe bestecgdesﬁmmttﬂm ' @btrdret tegsts, occur in

exactly one group, [ n oul t terg appear in

al phabetic order. An (%)?'\g 5gil§°gb égéf g%\mff ‘?ffFofg‘Eﬁ é'é‘edt uv ~rxyz.
SThere are thus 9 gapscm&m&m&tbag nbexrgndons. U#&hfﬁdmﬁmgﬁﬂthtep consi sts of
noving one |etter acro%§%97 27 May %893 one gap. For instance, if we
choose the second gap¥* I@bﬁ°p?5&ﬁcé n one el enentary nove either'the
code aba d ef gh ij kI tirma 4pgr stun ~z, by noving the letter c to the
left, or the code a bcd ef gh ij kl mm opqr stay ~xyz, by noving the letter
b to the ri Jhen ghezes ig sasgcppﬁesrééaﬁmal to ke ptiimizadies whi ch can be
obt ai n = RN C can be sinply
genera’?%c#y%@v%gﬁ ctﬁlhl S ott%é%ﬁva@ﬁgnkgrgmd&?ﬁ §£é)€ea(’:j|§ fclgéch@éj% %f the directed

r andomeusdes nist Feodsigiplen matalam/e,f choosing tiaaeewd&zrﬁn ttheorsetskil l ed in the

rt how,to.a t|m t hod ught. by this invention in the
ld;r esent™iEtsR g%s}/%'%ﬂp mliﬁewﬁg #ﬁ thcéitjé')'&'rrpl e, the code ab ad
ef gh indwdveo witkén &Here/amyaevwhm arheeﬂtp ®s s rate of ~5

wor ds/ | ook error ,and a ,query. r te of ~ 8 words/query. This code is shown
ina pr%"f'@‘?tl‘l? tapequaly onbd %F' rEe;’/EahuBfa:PQ q’eﬁ;hcﬁféiqlﬁﬁg gure 19. The

error rgn ahefvdiies C@sﬂq;xsﬂ@ﬂt@rlaa cafmai £dis ndt s Qus syar d anmbi guous

code, w~,th a |ookup error rate of 29 wor ds/ | ookup error, and a query i
rate oft®. selestawans }heBETW@éuﬁﬁeiPnﬁF%énﬁfmb‘?ﬁtIm%rtﬂm rate is

re %%\{M(En?sacr Jthe inprovement in query rate is nearly a

act or i ce of easy-to-scan al phabetic ordering, nor
eonpati bxlity with existing tel ephone equipnent. It is i to be appreciated

encoding of TA% Y SBSEEYG) SAPrABRENE BB TRTKSRAR P20 this
ennbodi ognebhi 2es wraiﬁ respemg: agat leaacbawamﬂabyerimmﬁdmysubst anta.ally

opti mal__codes, for a roduc 27 May 2003 The
met hod me%'pt’rrr‘n%%ﬁ?%r? %B'E‘I#I'tl §EEV?HE‘$T€F§P?RHBI imted to this
enbodi gt imirh £y kbPde achieved, thls being the generic case,

20 some weighting of the importance of each criterion must

be established. And that relative weighting is part of

the design constraints.

Construction of Strongly Touch-typable Codes In orxdexr to
facilitate the explanation of how to make and use.

25 strongly touch-typable ambiguous codes, we will £ix three
increasingly strict levels of strong touch typability.

° Level A This level of touch typability is
exerplified by a casual, tolerant typist
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applied, for instance, to the smart card enbodi nent pxeviously discussed,
to produce optiml codes wth 5 al phabetic ordering on an array of 9-16

| etter--synmbol bearing keys. Qnerty~like ~Ceyboards Thg7qgaym@3used in
t he previous enbodi nent to ger~erate a keyboard which at once 1) is
conpatible wwth a standard keyboard, and 2) is optimzed 10 with respect to
various exgonom .c criteria, can be used 'to produce keyboards which are 1)
simlar to the standard Qenerty keyboard, and 2) are optim zed with respect
to various ergonomc criteria. As in the previous enbodi nent W wi ||

mai ntain as well as poss ayqu dar, ard by

mai nt ai ni ng the orderi ?1‘340 %tttﬁg-(igégi éﬁn%%%{oﬁggﬁoﬁajpo K s%y?r?])d yet
optim ze over partiti ongomis pesswiontier and symdmptss shi sssraar imn mveeyl ookup

and quexy rates as wel Irjssasﬁ?pos 'blg {_.I'h' s enbodi nment & jres the further
restriction that lette GRRREi n EPAT t A7 AT TR K&K OB GUPEX by t he

Querty arrangenment. Theiei8XisswordsSefugneragd, kaydanr didaayay g which are
Qnerty-like in that they have three rows devoted to |etter keys, and

vari abl e nunbers of colRRKEERE 1oRkYReeHEODE tRAL B c@A Jrekup rxerc| ear
that with but one colu HeS 0 % uery rates
must be very high, and t téérgﬁitgngu{srgﬁ% %ﬁ?bﬁ@%ésdugﬁ&g%ggn%}%h
corresponds to the ordewinupest ofytyplisgof the Qnerty keyboard. Thos code is
gr ~ertyui op asdf gh~ky zxcvbamwi th 30 a | ookup error rate of 2.8

woxdsJl ookup error, and a 69 27 May 2003 query rate of 1.1. words/query,
a code of such poor qualeved EhaThiist leselindf kiebwyeh ceypmkaidciant dld e for any

serio use. As the nunber af, Gol.upmms ~ ncreases are ahle to find
betteréa_nd better anbi gqjﬁ??q‘é(fggé g&tat?ﬁsg ?Pa??éﬂt';,\ﬁee_,ssa§ anber of
col ums increases, the wiguiste chaactegdizé@din tEh@OHeidk i oy hoped
mai nt ai ni ng substantially full-sized keys, increases as well. ThuS design

of Qnerty-1ike keyboar &P Wexdshpex BARPESNAREG angeRtsh dstaanwiionsi ty and
keyboard si ze. Ii:,for‘) ol vvijg,g-ui ich is
Querty-1like and subst ant ieﬁ? tﬁgcggarrg's?zae gﬁg'a A;)O’C‘Eellt&e)(%%gj%g%?ﬁyet
using full-sized keys, duexyt evesycdfl werdseen awerxgueswn and 2. guncep2. A
strongty touch-typabl e cad t i.all i igh re to | ookup
errorggnd i query rate iO'Ls‘i:'f‘:‘?-:\%:l/ég&ri g@)%@# %r%&é’s@afwgl%}j K %%&;%‘pvb n mwth
| ookup error every s68 ewmrais xakedofueny evesy Sbedy IdrUdNomlsgawry 5strongly
touch typable with respectutto \%rffl %&gg class of typists and keyboard uses.
In fa.gure 2D this codé™ SR i ggpreferred arrangenent . A typab3e
device with a keyboard as de9cribed in this figure would be suitable for
not e-t aki ng, conposi ng el ectroni il, . ang the like. It would be readily
typabl e with no or® m nikfye} &Fﬂiﬁg SVe%m9gn'%°‘.P%ﬁﬁq¥l%ﬁb%3.th t4¥e st andard
Qrerty keyboard, and, eueimfuifiledMiNaSskilledi Bfsh &Y haddotrilddf at
eas~.|g fnto a pocket. It I's to be noted that internms of ~. ookup and query
rat es20t he cost of adhein rghato hehexrQabet §) ctywesit4dwoxdshingy, mdmytenhen t he
convention is adhered t 0%l = | a 17
keys are D devoted to |%%°?§°%&?ﬁ?o?§@%?°&%°%%vnve%~. océvyj%oer%oar 1"t ?gl\rég
assignnments of letters i, & ey, eweryi 20 wdtis QY dverdd#)3 and 2)

accepts a 0.5 percent lookup error, that is, a

loockup error every 200 words, or 5 minutes of

25 typing.
With reference to figure 8, we point out that the

method to construct strongly touch touchable codes

comprises the following steps:
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codes such as wr t bu gi ov pof ade ky ~hzcx nnm with a |ookup
error rate of 7483 words/| ookup error, and a query rate of 290 words/ query.
Thi's is-equivalent to one | ookup error every 3D pages @7 mdiegobsxt, and
Less 5 than one query per page of typed text. It is difficult to inmagine a
use with respect to which this keyboard woul d not 3~e strongly touch
typable. Wth reference to figure 21, we see that this code can be laid aut
in such a Way that s8 letters at or very 10close tp their Querty
positions, these letters are indicated in bold face. In this arrangenent)
to nmaxi m zeet he $000 | Retexyining ypiant iteitiiors veduesentt ypi ng on the Querty
keyboard and on this optjm zed LEy-1i ke keyboard,, the fingers shou3.d be
pl aced on the hone roﬁﬁ%épggg;F:%é%QQhuqu%§éf%?Fn6EP GPeEHe left hand is on
the (space) key and theténdex finger of the right hand is on the (ej) key.
Not ab~.y by bringing bath the space key and the ~e~ to the hone row, this
| ayout makes a step fromthe Qunerty layout in the direction of anatom c
fidelity, ~p in { oht e LSk RG rel atave to
Qnerty, and the ﬁggﬁh?gﬁﬁwﬁﬁgfé??gﬁggs f.nS@?g P?t?ﬁg%ggég relative to
S5the Querty wei ght. Eymethedbl e asai gnmeats of symbols to keys, any
anbi guous code can be brought into optiml coherence with the Qnerty (or
ot her 25 convet~ta.onal ) keyboard . It is to be noted that by all ow ng
some departaere f500Rshétedmiyidig el daringl auwbey sEbkegsti al gain has
been nade in terns of fuq&%%?nal CMQ%%% simlarity. Wien the rows are
slightly displaced re et Pgh& {49dMg §gid,BHMRer  REy are in the
standar d Querty | ayoUkeydlild Aihel Lptidf Med R0RRLHBA! shebbEal | nger moti on
required to operate the various keys of this Qnerty-Iike keyboard is the
sane or similar to thénf¥ﬁgér5QRki£%1 Pessddleo tepechievehshet andar d
pQuerty keyboard. Thi SyldddistdAlisbitd 12400 baRE! WEANGHAR, ! LgEgonom C
criteria of preservation of a convertional ordering, an t fie €rgonom ¢
criterion of preservadeberminediremtegn®000unction. I n view of the nany
conpeting criteria which mght be opt~.tnf.Zed, and the variety of user
popul ations ~d their neds, it would be notivated in practa. cal
I npl enent at sons 5003 uD&teteminasy tthaliaotimale pambes bhokegﬁ bet ween the
optima. zed Querty-like keyboard gnd other caqrrespondin eyboards optim zed
or optinized as é%#?"ﬁ?iﬁ $¥¥ﬁﬂn§h§ SPIgn & Fgﬁ 5pr8eher ergononic
scriteria, S suchygpgabpek@évaws. query rates. This choice would be
facilitated if the ~. abe~.ling of the keys could be changed 3.n software.
This object could be attained if each key were equi pped with a display

nmeans capable of ggps Dayidthsti ¢ aand dayig%yggﬁkgﬁkaaaEE”E- such di spl ay

means could D for instance conprise an |irght-enB.tt~. ng di ode array, or a
| i qui d-crystal displ agompaeible. i |thse mpbegecdeterninedt hose skilled ixx

the art that the keyb ' aylels t [ e, the, present

enbodi nment coul-d be a%%%gegﬁﬁ%gg%gﬁéreséfgé |o%rg9 géthlgggeservation of
ot her conventional kepbmbexd distsexmined uch skep 5002zethgnkelboard used in
mFrance. design criteria are compatible, otherwise

they are not.

» 5005 If the design criteria are compatible, as
determined in step 5004, apply the
optimization procedure selected in step

15 5001 to construct an appropriate strongly
touch-typable ambiguous code. 1If they are

not compatible then the procedure fails.
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ari a Keypad-| ake Keyboards This enbodi nent has the object of making the
advant ages of as anbi guous keyboards avail able to rcuost conputez use's,
v~ath mniml cost and 72 27 May 2003 __",.,.., W thapegpameain their’
ex3.sting hardware. These advantages notably include the advantage of
one-hand typability, and the advantage of potential conpatibility with
anbi guous keyboards desi gned for hand-held devices. 5 Standard 101~key
keyboards for workstations and personal. conputers include a nunearic
keypad, typically to the right of the part of the keyboard laid out in a

Qnerty arrangenent, .~pi,cal L.y e [ S.| u L. .of arrow keys, or
ot her i nput rreanstogftﬁé'éﬁ \75 Fgggnégph%dt%gé %?@ﬁ&%ﬁs'near the nuneric
keypad. Referring now to figure 22 we present an anbi guous code optim zed

fox a conmmon nuneric keypad | ayout 6p0 taken together Wth the neans for
mov~. x~g the cur sGte80PORer BeEEERINIRG AHANIHAE1vE, ValngsePEc keypad 600
has in 1S thigepRERIR 1bokbySelo¥ dfiliSari ARieryPeReRdI NgLeR gLNeE design
constraints,aéone or a13.°oP¥tﬁesg keys coul d be used forggunctuatéon, or
ot her synbol de dene kassesthog afi yn ¥duak o @xoyp ofl uence the choice
of theg nunber,_of. 0 S| [Woly : i ,Qut =, gn of
Ietter%s and or%é‘rd&sy ltgl’s%%v§§ %gﬂggyaéirdéé%f%]ﬁn%?%gégg% ?’ér“h?éfﬂ?es of

t hi s enbpdi mBrickarpe errerasatgnandt qoéryanratd, diomsnsedacee Byplurality of

keys in the rnzneri.c keypad optior~a~. use of 1he t.hunb-actuatabl
auxiliary 25%%ﬁ&ﬁ?%ﬂ§aﬁ%afaeghﬁ ggtﬁﬂﬂ%s.oqéhwéxqaq& l&HbF@c#ﬁFEﬁ‘ﬁ?dthose
skilled in thgoce. t3lat said assignnent of an anbi guous code to a
plurality of keys in the anmb~, guous keypad can be ach~.eved in 73 27 May
2003 software; there is no need for special-purpose hardware. However, if
a.t s desired !oghaye sond,Keuiebiifio et Anstinkiud 2eld peihiilatisn
e~, enents of the anbiguous code, then sonme nodif~.cation of the keyboard

| abellQ a. ng meched.5 dagxefegents govehe eonrtmiationamsl e of the use of an
anbi guous coqﬁ]i i i 5HH§4#§E C ~.n which
letters are asm%§§§§ﬁ¥§ﬁ?%bggvgwfﬁﬁgﬁgﬁﬁg?&%y ae owﬁfnlﬁgze | ookup error
and quexy r atoptimitdationsmethotls were sdibemizysed:ompumsionTseaccteand| ust r at ed
in 0 ~f figurg 22 of. bu ax d ej.gi hz.ky 1 n.ov.pr s t w.has | ookup
error rate ofEESESRo& g%gﬁgﬁ'eﬁ?‘acé?‘xa%%an’gmﬁ@lﬁ VR 8°8Pr§§g than

wor ds/ query. dildeetetimaaaddnm haskal batdyapesnr fliice it atheabowPertHore the code

is lajd out in such a way ae_ to, preserve in rt .an al ahetic ordered. The
15 allowed keysyis highpenough, andrghe levéi %@ desired

strong touch-typability is low enough. An ever weaker
method, selection of a code in a gingle random trial,
could be sufficient in sowe circumstances. To gee this
in more guantitative detail, some experimental results

20 are discusgsed in reference to figures 9, 10 and 11.

In this experiment, 5000 ambiguous codes with an
even-as-possible partition were selected at random from
each of the sets of ambiguous codes for 2-20 keys. In
addition, for each number of keys 2-20, an optimization

25 run was performed using directed random walk, in each of
three conditions, 1) optimization for lookup error rate
only, 2) optimization for query rate only, and 3)
optimization for both lookup error and query rate, using

a target value method. From the values of lookup error
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5 given code has not been optim zed relative to al phabetic ordering; it has
only been optimzed with respect to | ookup error rate and query rate.
According to the teachings of this invention, it woul d2peviagszedse to

si mul taneously optim ze w3.th respect to |lookup error D rate, query rate,

al phabetic ordering, and/or other ergonomc criteria. To illustrate the use
of the thunb-actuated auxiliary input neans for node changi ng, we refer
again to figure 22. W assune for the sake of this illustration that the

auxiliary input nmeans is conprised of 4 keys: up 602, down 6D3, |eft 604)

and ri ghitesndarguurkeste taasalbuadt fopathd i:emdund WHidas | Mol enent ed
with. 4 depressible keys, but theg are sonetines inplenented as a touchpad,

a j oyst9des othey Fold auimgr sgabisticgpupre eAmRptadat ibeptmul tip3. e,

differ | NGt f Lpu [ ; ElyaqIt IS ?4 27
May 208‘%{?}?%2&1 r%ﬁé’atah‘{aeut' %ﬁlﬂe?lg %r ‘erg;gég %@ %1%y%ﬁﬁ'y§1§?e | al ael ed
with syttiese sitatshettilemn axieo pdobtethiénafibingum s foadehe Addkup case digits.
These ot her s ol s _can _be.obt ai ned epressin speci fi.ed one of the
four KeYED (#{q) esaéﬁﬁil.n?)%% S Eguggﬁeg%g qUEY, %ch’@%ﬁ ~mez~t of
nodes twitple ARt dihanagpklimdbyt iy path i Wiz Mockig t key for
upper case letters. _603 (down) nuneric/punctuata~oa node. say (left) left
synbol ¥R Fatr) ang queryyFefFer i FREPeGHEYrlon Yas the sfle be appreci at ed
that 1)g mids PAEACh ShtiRdeadaRaLor PYhAl G tﬂﬁmauxi liary keypad

axe possible, and in accordance W th the teachings of thi's invention, and
2) w t FPREimkzatsanansdn yvhighklpplvp ebronpatersand quedtdi ti onal nodes

nd syr@.ﬁ! , ' t i )] ' means. Assi gnnent of
lo'zlyn‘ool S Oé%%%@%%%&ﬁ%% Sg&&ﬁ@%f%}%ﬁﬁ%@ﬁh reference to anot her
enbodi nEigureltial. difcms aldn thesepibtaabi edémimidercaaimgi ments, i ncl udi ng
this enbodi,nent. 20 |.ects _and.adyant ages, of |3-letter-key codes Several
ol at cP ORI Ao SPLER, SEAmRRE OB ERRD (4% A8 oIHALR It 1 he

sur pri sigcahenss iprefdralld Hozuee 8ReaRESEUsSowdRe ytHgyhaards in which
t he nunber of keys devoted to strongl y correlated synbols is substantially

25 hal fORR' I FELERAAAY it EYoRE Fhadr Rela®e PMERIs mathoshmaycul ar, it we
§ ake t hse SQlfOf o RO Hok qg;sq:gh@ggdaﬁ%esjbgge]fé\{a& mbol s as the set of

letters [a-z~ used in~English, then t erred nunver of keys is 13. The
sur pri stekegkedi¢ade sfouldl paett specifjedogriteriamndli dthesecl ude: strong

touch- typAbLLi 4 Yare s AUIUHSy Q4N THYBAR B BV HT QU teXt entry.

further below.

n

Step 5002, Determining the minimal number of keys
20 required such that using said number of keys and the
optimization method selected in step 5001 it is possible
to achieve the values of lookup error rate and query rate
' determined in step 5000,

With reference to the experimental results described
25 above, and the selected levels of strong touch typability
described above, one can construct a table giving the
minimum number of keys required for each of the three
levels of strong touch typability, and reference to the
three types of optimization mentioned. This table is

30 presented in figure 12.
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ergonom ¢, touch-typable, querying. conpat~. b~ ~ ity wth standard
keyboard | ayouts (Qunerty keypad, nuneric keypad, and tel ephone d keypad),
pxovi di ng for conservation of typing skills from 1- t0221hagqgﬂ03ypfng, '
providing for an integrated nouse/ keyboard. providing a mechanismto
reduce typing a.nj uries . ~ urther ol ajeats and advantages wi |l becone
clear in detailed specification below, which takes up in turn each of the
above-1listed objects and advantages. stroag touch typabi 3.ity Referring
again to figures 11 ',p aad 12, we see that with respect to word-based

di sanbi guati on, anb~.gu codes on, 23 keys can ,be found which are strongly
touch typabl e, evé’?epors(@%'acpﬁﬁﬁm’%‘éﬁt W%%&“{“ﬁ&r of 'keys

di rect ed- r andamoiRih e~ gived’ tBYaSeksn et hatk dﬁ%@étbQQFaBQéedeWc&i. nd, for
instance, the code aw irnn ck du_ef go by |J§LJS ly mx qt rz with a | ookup.
error rate ofAmdiguauedsprdeskuplerbertyrirerblymaed iy smefllodewdrees) query,
(level C str u ahiel { i ,ﬁg_q i h I ferred

ar r angenent ia%@i%%r gﬂ# Q.Agkdjlc.&%ga‘ggis];é% ovg{llfﬁ%s%\(lz\ggt@%ém?%?e can be
reduced furt hwtweenibeyseiget anfl topal arppasl eMdechceostizel. s Thowomapor t ant
gqueries nust be to requ3.re user attention. .rn the. limt ere guerying is
turned of f erﬁaisre@'y,c’og?fgnitéc’?1 F’B}Skﬁﬁg%rr?%ra e HEREFs| §UFBUER g?}ﬁabi lity.
Wth this codanvedRiivh F Quindyi L Regsrfon avanaghonepkeypaatel y once
every two pages of typed text, that is to say, at a rate nuch | ess than the
rate of typing errors of even very skilled typists. Thus, 13-key codes

exi st which are 13y 500lag Debidingder rene fedtgrd Qidhe B Bet asks, for a
wi de range of users. "Bargonaaai c, tonch~typabl e Juuanbi guoua tit e-~atxy

rnlith any amsmpasidliecydfatiie apubenydetemmineddmn #rePeSA8i sie it nay be
advanj@geous i h SPLD. j i J si; ol enter

i nf or%@ti on i#ﬁeﬁéﬁﬁﬁggﬁﬁ%ng}r’ﬁgﬁ% z;réeg:’ézt?n&?% dilpln Béﬁati on to-
t he di sanbi gusG0R ,0rthédai ahes design atiterisareofcomgutdhles kbehepatide it is
advant ageous f.or the unanbi guous text entry mechanismto be as ergononic as
possi bl e, er i 7 &%%eani ng in this case s~.nple Co operate. Fox

anbi guous keyboards neant to be touch typed, it is advantageous if,

further, the keyboard can_be operated. |n unpanpi gyous, text-entry node in a
t ouch-typabl e mandd widd bfe S€eRaPeE§ 6*?%%@%}%4%@99%ri or art to

achi eve unambiguious daslorf M YhdS 8¢ e SEMbda Y pesbhted?belfBy, 2003

keys is to use a chording nethod. Tn satisfya.ng théir urge to maximally

reducdSt he nutemuiberes keysr pergireibbarin RSiprtle Hevdceomsnstent |y
taught avay fAGUL Gl Mt Fa3ebleC! aRA UIDSE e ks 1Laal -Gbokey- N0 5
ept_si npre. "By argu

patterns can an’el'ementary conpi natori al nt, the
nunber of keydettarmioieddyt admwse factors.

Step 5005, If the design criteria are compatible, as
determined in step 5004, apply the optimization procedure
20 selected in step 5001 to construct an appropriate
strongly touch-typable ambiguous code. If they are not
compatible then the procedure £ails.

If the procedure fails then at least one of the
following things must happen:

25 ° A stronger optimization method is chosen.
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than 3~ the nunber of synbols to be encoded if the Conplexity of a chord is
never nore than 2, that is, if it is never required to active nore than 2

i zxput reans 14 substantially s~. nultaneous7.y in ordeR7 May2008guously
encode a synbol. The present invention teaches, by contrast to the prior
art, to provide a nunber of keys no |ess than ~ the nunber of synbols to be
encoded) if a sinple nmechani smfor unanbi guous encodi ng of those 15 synbol s
is to be provided. Tn particular) the present invention teaches to provide
at |east ~3 keys to represent the letters [a-z], and at | east one node
changi ng keys whiThe witen cecdesdgnnieombidhfifedntoi atlonefef midwee keys
encoding letters.serves to unialuely and 20 unanbi guous7.y encodi ng one of
the letters assoc}feaﬁse'd tc said key encoding letters. la an anbi.guoue
keyboard, sone keys represent a plurality of synbols with a single

keystroke. To use the sanme _keyboard in an unanmbi guous node, said single 25
keystroke m&t bét dSHEThIRINE REaStreRg: teneh ctieabidsitey riske, perhaps of

the same key, to peididegach ' individual symbol associated to the key to
be singled out. For ergonomcs, it is preferable that said conbination of
keystrokes be ag sinple as possible, and 30 for' a touch typability, a.t is

referabl e tpat bstant. al l.y t ane .conbi nati on of strokes is used fox
d%B 27 May 2003§ﬁﬁ%§%88ﬁ§h§¥éﬁ?ﬁ?ggPegll synbols. These two criteria are

best satisfied if 1) the sane nunber of synbols is associated wsth each
anbi guoys key, and 2y the _nu of .synbol. s on each anbi guous key zs small
Taken t%@%{'ﬁe‘?‘fr‘g %e"sé‘%ﬁ%t lgroﬁ%g‘eﬂrnﬁf%st hﬁ?‘afﬁe"ﬁ' A¥®d nunber of keys
for an suméeamtica X0 e rdith dard @ikedt Audicty PesniS1.pey hal f of the nunber

of synbols to be represented anbi guously. Arid, in the Tase where the
synmbol sCOBPeeR GRRANATEE SWCh RE BcPrefeerar| and e remdiabet ) t he

They are currently used in applications such as security

10 and banking, but have many other possible uses. This
embodiment shows how it is possible to equip a smart-
card-sized device with a touch-typable keyboard, and thus
vastly expand the range of applications which these
devices can serve. As a simple example, in banking and

15 security applications, smart card users must currently
remember a string of digits which is the password for the
device. However, with a typable smart card, easy-to-
remember, though relatively long, pass phrase in natural
language could be used in the place of a difficult-to-

20 remember, albeit short, numeric password. Examples of
smart-card sized devices to whiéh the teachings of this
embodiment could be applied include the personal digital
assistants manufactured by the Franklin Corporation and
sold under the trademark REX.

25 Given present technology, the small size of smart
cards substantially forbids complex and power-consuming
commmication components for transmission of data entered

on the keyboard on the card. Thus, this smart-caxd
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10 criteria taken together inply that 13 keys are preferred. Orze way thus
observation can be exploited to produce an ergonom cs, touch-typable

anbi guous keyboard with an ergonom c. touch-typable ungqhngﬁqggogext'entry
node ie described in reference to figure 23, and in referenCe to 15 the
case of ambi guous representation of the letters of the Engl 3,sh al phabet
with 13 keys. rn this figure, each of the subset of keys used to

anbi guously represent the letters 700, encodes exactly two letters. the
typabl e device further conprises a node key 701 and a neans for 20 placing
t he device i i [ ' r i d e. _JThe neans
for placing t °?9§§E2vgbg§§§§egi%§ﬁ? |%%gﬁgﬁgéﬁﬁngﬁgkééSﬂggfﬁﬁ}fﬁntry node
coul d be a scidvefsietenslyhsehding andssagepandineg seandapickbuchhi ch of
these nodes is required at any_.given instant, or 25 a key devoted to this
node change, WMegpard E4RY a%ﬁt???éhtﬁ°q?uﬂﬁnQi?§SFﬁer i nput neans, such as
a double tap on the node-changi ng key 701. when in unanba. guous text-entry
node, activation of the 701 key causes one a selected synbol fromthe two
synbol s associ at e¥ofitt kedepbores have Heut| k7 Heva.y epgh asspeianedded when
said key i.n g I f.t 0 i [ Lakly.7 2 y 2003
si mul Faneoule;Q% tgh%g)ﬁghq%?ggéy#ﬁl?q% sg%%%rt}#???%?g’btﬁk#%g %?qlh%e aino
synbol s on easusiesy ai dislénghishedt yowdl) tandh e dbependtited@ byl ehé synbol

and a right |, ~, I 1 he .~.eft s ol pn_the
7.eft and thzxggﬁht ggﬁﬁ%?rbneﬁﬁéuﬁﬁgﬁﬁgxﬁﬁgﬁhgﬁ%a§FaFﬁeg£,Xagfﬁog T| oss of
genera3d.ity, lchacueht cohesheard the aFME | tomms gerdratoli yabtanied ihe 70l
key whereby unanbi gyous text ,entry can be achi eved. m&gn a key in the

ol ural ity 700RE SEIPPROBES: 45 CORBRRLE IO IFIRIAt 1 aF612F RELIERR | of
Ssymbog. s selgeed B?ﬁg’st?gﬁ@sﬁhg‘,tﬁ@dad&iﬁi%ai?%n@)/ _é&cﬁhéfpﬁﬂr%' ty 700

is activated without ey being substantia~.ly sinultaneous
activated, tHénkeye cpghbesappdined e e diaurhtone, avdsuged| tot he keyboard

i s designed M ele]s 't;ﬁg' e ’QQ@?& l.d he 1.S of
unanbi guous %%&#Q%hfggh%gﬁpgggg ec$%1~s |qéﬁiﬁe?%%gget?gﬂ§ﬁg§é§%gols in
t he ot her noeemallokble- lppgay the cmtwbler -aftkeyw;g theEleweni thean opti nal
anbi guous code, .coupled_to unlimted. co ti ower and_ulta. nmate.
yot-to-be di SNBHEMIEY 2F PRSP A5a0RIATTY di Fhapsc Ky Huctls ofeaching

di sari$i guat | @f thdese atbbgiment Sbeusnee omsd aupetanaiallynaihecfour se of

typing a text  which
yping the 16 touch tones to encode alphanumeric sequences. In

this way, machinery for the communication of information
with low-ambiguity codes can be produced using readily

available, low-cost components.
20 This embodiment has the further objects of

U] providing a touch-typable keyboard for a smart-
card-~sized device.

. providing a method for simulating a set of
encoding symbols which is larger than the set
25 . of encoding éymbols which can be physically
generated by a device
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require :intervention of a human operator to effect full disanbiguation
True touch-typists type without | ooking at the 5 keyboard, keeping their
eyes focused on the text being produced, or the copy bg7wialy 2008ri bed, por
the touch typists, then, it is preferable to have all c,~,terying fox
alternate interpretations of anbi guous sequences done in such a way that 1)
their-eyes are not diverted fromthe sO 27 May 2003 text-display screen
and 2) queries can be answered in a sinple, stereotypical nmanner fromthe
keyboard. These objects can be aCCOmplished by reserving a key for
advancing i# a |msdviefimepndi datampler dF, aaddvicghihobhieg 5 t he anbi guous
woxd on the screen.. Users scrooll thxough the |ist of eand~, date words using
this scroll key,tQRltHR &I %%exa?"g'lnﬁg*ﬁ ERIANPMEC scrol | " key is
pressed, the worgedgetivh scroll box is considered selected. Wth reference
to 23 and 24. we explain in detail 10 the software underlying
touch-typing-oriented querying, sad the visual display it controls. Ixr the
first step goo A s Qﬁﬁ@ A t j he. di sanbi guati on
nechanisn1hgs di cové%%gf%}ha ﬁ%&%gﬁhgga%n§§%%%%¥né?ﬂfcﬁecod~,ng~sequence
5in the dat abase germassgomlsidio ishadiptiedpbresmadt Agas@qyepe@. Entrance i.n
t he query node gggses a means to draw the users attention to the decodi ng
under query to it 'ay. These nmeans coul d be visual nmeane~such as the
framebox ' 702 shown in figure 23. The possi bl e decodi ngs are then ordered
according to 20 their likelihood (step 802). Then, (step 804) the
most xi kel y Hecod@¥yiding & dpamiguatdoacmeehaniamewhiehtisi th the. t ext
previously ente j ‘ Walall y i means. The
software is theﬁﬁ%?gggfg&ﬂ%gﬁﬁete tqg%gﬁg? F%%ﬁ?e%%gﬁé?ﬁgyécroll key, or
sone other 2~ key (step 806). If sone input is received from sone ot her

key, then the 4 thion -t he, user, i s xenmnoved (step 808),
t he decodi'nig.| i g%’@%elﬁrg ?#e%t%%l&r S5 guéY?"-‘E‘ﬂt‘gp%ﬁe Bt BPTB10), and
) anbi guous text ethary omgeliisanbdenteion m8¢hanism WdyMBy 2003 On the ot her

hand, if input fromthe sexol|l E@é ~..S deﬁectfd at step 80f>, then a test
is performed to REFIPFYHEACHR e § oot RERL neamPREREionakcodi ngs in the

data base 81x. |dagdieiicidies.! T ewiccohsdeCcqdEgge. S replaced S with the
next nost probabl e decoding (step_81~), and step 806 is zeturned to. If

there i s no nextdiaamk e Meshadilgn ishvaedptefpravige the typabl e
device enters UNgERKHINSS e %&%&¥.gﬂdﬁhéssgﬁﬁfﬁgbéﬂdagfvfh(Step 81~),
y ,

_Wen the decodi ng sequence has been unambi guous ntere e nmeans to
ddraw attention teommnigaiyions 'whideowegetondpdis@nbighationnbi guously

d decodi v LSt 810 d anbi
Coxt ontry npde Teaiiiaf dd et o kbl BGhEFLaG b a8 BF Bnél o Situ

presentati on of domhirdrasttiiores has been presented in terns of
touch-typi ngoriented querying, it will be appreciated that the sane nethod
could be applied in other contexts, such as when the "al ecod~. ngs" are

words with welwird neaditgfuss it detadat 8hashahfe? YHOSRYENS, OF ~rhezi. -
t he u~decodirjgs" are
these objects are achieved by the present embodiment.:

0 Strongly touch-typable keyboard Smart card devices are
small, so only a small number of substantially full-
sized keys can be located on them. If some of the area of
the card is to be. reserved for a visual display éevice,
then the area available for keys is further reduced. The

3 preferable compromise in numbexr of keys between the
requirement of substantially full-sized keys for touch-
typability, and the requirement of a large number of keys
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D various possible translat~.ons of a word into a foreign | anguage, and the
probabilities of the decadings are supplied by an automatic translation
program Conaervaticrn of design across platforns as a§7ewgﬁpgﬁbg ‘
criterion: a nouse/keyboard Consider a user of a small 5 typable device
equi pped with a one-handed touch-typabl e keyboard, such as a personal
digital ass~.stant. In the course of a typical day, the user m ght also
type on his or her'desktop conputer equi pped with a two-handed keyboard. |f
both of these devices are to be effect~.vely .0 touch typable for that

user, the notagr tLer d_= . 7 y 03.t Qrie- ari

t wo- handed kéc 3‘2‘?’ éverﬁ‘}:ﬁ li%g'gg‘bggéné:?'a%o%%@'po%%% &?‘%r’n"é"‘?ﬁ’o?f"eg'?ﬁe
interval bet .t ITwol pemsdblehkayoot keybpadeiri cdshavith angembeReot

requi renment for cqg#serv,at& on of tyg%ng skills. To shar pl)i draw t he obj ect
5 of conservatEYeh 1 WS FGRERi AFS SRPWRSID AW S e #d dfe nEBRs by which

this inventi giyagiiemitet bbidS FAREESEnaBePOdE it 2R jgent in which
~.- and 2- handedglgeyboards may be urslgd i,?] rapi d ﬁeraﬁagﬁgg%%?s

enbod~. ment dwieddenshipeohekhies repbeaents s hhafimartocardt mildf dat a
into forns, %écrai%ugyega%?hgggﬁigrbg\fgwpa'sed forms. It will be of use for
as a ¢

interaction wth a progra suc ane or a drawi ng program 1) which
requires quick axternation of typing and cursor novnent, and/or z) where

t he sywbal s i S J LQpPriat r [ Y. m|y..vary dependi ng on
where the co‘?éf?gi‘.egl%%“?%?é% .B@ﬁégt'ﬁ%ﬂ? a fﬁ&ngoﬁﬁﬂflgﬂﬁu

confi gur ati ofwitth meRtrnlessydeavdingd awitlsfefarvgice KesEigarevest heir
hands fromthe keybogrd to nove the_npuse,_ In tasks which involve both

typi ng and Fixddsuche 8Rti Afr dprading BENPR 18EOHTHS | abel i ng a

desi gip presenfifithetint 19 GOMRYHLCEetCr 86RsifEihd |4 s2¢Lob@ suoh as an
HTNL form this alternating use of mouse an keybdard can be quite sl ow

and | abor i oustssociateds ngreAymbel 8 nbeamint: @ Rerse-ones nounted in a

frane 2S whi %1@&?%5?@\'%%%@%&91@”: @r}ﬁieérmjs o ré?r t he functions

of a nouse as Wwe’. Ince users nmay pre 0 use a

t wa- handed keybdddearfyosetr ednsiatihyyof esymimrits \td bekagsepdataiewdtx usage

of the one- hande%.ke boar d.wi éh use of the one-hande it.1g 30
VIbsE

keyboard, it
desirabl e t o R 5 PaRYe %nm?)rb’fhtck'e%éﬁeg@tgén% rl?i W%'F]ar as
possilfl e, so pifydicalenifiputs deahsctstepanoée! S8fhen,2thhkbetBod 6f

LU Y Pl NG B nenizing ehcoatng symbors hortnsr Yompelses Lhb Steps
of
U 101 establishing a first, potentially
ambiguous, code which associates subsets of the-
. 20 core set with encoding symbols, said encoding
symbols bearing a one-to-one relationship with
physical signals which can be generated by the
typable device for physically representing

encoding symbols,

25 ) 102 identifying short sequences of encoding
symbols which are such that no possible
decoding of the segquence of encoding symbols
forms part of a meaningful decoding.
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Referring now to figures 25, 28 and 26, we see how this object can be
attai ned by the choice of an anbi guous code which is such that it can. be

| aid out on the one handed keyboard so that the novenegZsMaly 20@3fi ngers
and the thunmb of one hand (in this case the right hand) are the sane,

whet her that hand is typing on the one-handed or~two-handed keyboard, and
that, further, the typing | novenents of the other hand are simlar to the
novenents of the hand chosen for one handed typing. The design strategy i.s
as follows: Choo:fgsa 13- node wi th substanti al Ii m ni mal | ookup error
rate and guely ra ?fh%ﬁ%s W5 i98000d,y Bt epbLati¥ 1.3 keys. A | ayout
with S keys in thambogusewy &A@»a% o relacTofidhep( BagRRoRO and 3 keys in
the bottomrow ~.s a preferred arrangenent. Choose ﬁ hand m || actuate
the one-handed D Rebeets 0f yhe A kisekegs ofcHechdingi n the one- handed

| ayout, and rel at t Qﬁg:n a,ous.step : where -
wei ght on the ho é rowflss‘p:ﬁtalg%% sle\?&"tgggﬁ? §§ ?ﬂg gf‘?%ngest fingers
$s maxi m zed. 84 syfBolhyi@d3ifiedkdmEtepnliNRe top row i s higher then
wei ght on the bottomrow. Then, to ohtai.n a layout for the two-handed
keyboard, pair each key actuated with the left 5 hand to a key actuated by

the right harér &xsmplepl Vet the FEEddiagd s_sd@ﬁeoagnghg?mﬁgﬂyers of the pair.
are laid ogt E mnpetrical.ly, with respect. to ar pl ane which cuts
the keyWdkhdtBe 16 DTUREones, FQ Fhat &aid kenes pbysareidyt he tap of the

keyboar ge resgattaﬁeté‘ﬁcéafﬁglsirm' Al EBnQ CRifh LEe 13 original keys)

associ ate " one synbol to fine of" the keys In eac pair chosen iz~ the
10r evi ou@abeébedﬂﬁpslc&niib‘bﬂlﬁwﬂh93' \/Va)#'ﬂa@ocbﬁg t hWel@idhbe- handed

keyboar ay t r t hande eybogrd. Tf favoring
t he one%ﬁgﬁdga k ?/\8%3 % 8%e<t 3{'1%3]}6171 18}&%85& ﬁf‘t ?5( er oa the
f:hosen hsgdcsfzde Dlliemhes.th\othf’ﬁ mmeﬁﬂagyh@@xdd B]gﬂﬁﬁbmtaéﬁCéagn o .
owWer - pro it etter on t site ai t he keyboar avoring
t he . tvvoBPfﬁ'ﬁH(llz %ﬂrs'?Sa%‘r "'tﬂdecl‘i‘é’ %QRQSVS choose to place either
the | owgp, amw@ bwheﬂ exp) @:blcu Lo |&Nter(sQeoy, 46YEN, v davpl the

t wo- handed keyb oard so that e
15 8,ky),(9,1), {*,m), (# n), (A,pz), (B,qr), (C,s), (D,t),

where the first element of each pair gives the encoding

symbol, and the second element of each pair gives the
decoding symbols associated to the encoding symbol. The
auxiliary set of decoding symbols will be a singleton set
20 coneisting of the symbol "space®. Thus we synthesize one
encoding symbol to represent the one decoding symbol
*space*. A candidate sequence is A8A, which corresponds
to the following decoding sequences (pkp pkz zkp zkz pyp
PYz zyp zyz). None of these decoding sequences form part
25 of any word in our reference list of meaningful
sequences, thus the encoding sequence A8A is a suitable
sequence for representing an element of the auxiliary
.set, and we form the pair (A8BA,"space") to represent the
“space” symbol., The “space" symbol can then be associated
30 with an input weans, which input means will cause the
sequence of tones associated to ABA to be emitted each

time said input means is activated. On the receiving end,
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83 "' 27 May 2003 sunmed probability on each half of the keyboard is as
equal as possible. Beginning with the 13-key code selected to illustrate
the teachings of this enbodi ment, and choosing 5 to fagpmaye003ht hand,
one constructs the keyboard | ayout descr~,bed in figure 2S. Wen this

one- handed keyboard is expressed as a two~haaded keyboard, the resulting

| ayout is shown in figure 26. bn this keyboard. the right hand types
approximately 84 percent 0 of the letters, while the |left hand types
approximately ~. 6 percent of the letters. This asymmetry is desirable in

that the |arge | QF I A MY i ] t he sane
manner whet hgrdgﬁég%?éﬁg%%%%%@% %é-g?\ﬁo%kg‘ngga p%é%%rg@% ';lkésh ?s(oggéﬂ%
Conrersel y, . répacet syrboly. ivhetdes i fivent inpht ndeank el Gasgh ¢ iatdednl y
occasional ly watth, a ane--hand keyboard, ,if.nmay be.desirahle to have as
even as possFBI® §erghe Q}W‘TW@%%Rﬁ&?eﬁﬁg'hlﬁs%ﬁc?%l%eﬁ%#éﬁthé’rt wohanded
keyboard. ThissphiResiféd drecctliticewgtbeill higneht ¢y Nofdnspataiti t&f the

t wo- handed keﬁboard as_ shown in tiguae 27. It,y@ll be appreciated that
subst &nt i al | FREUPSF cR FPINFETALY 15THE PHRELEABY F8F (Shi dRFIH ARG

t wohanded veg £f cdhi e kyhiRalattae ihhehs@MRaps the typing notions used
on the one- hamglke?/board, whet her .Slt he one- hgs~ded keyboard is typed

with the rigitwilibe bfiretigtd thapgiebn the aboive bpeotficatjppy 2piogtasthet bdrdinay a 13- key
anbi guous node there are 2~3 different ways of pairing honol ogous left- and

ri ght-hand key. - i : 1283 nunber is
smal | enoughg%ﬁQ@Lyﬁg%ggxggggﬁqgFﬁyﬁgﬁagraﬁgg§g§§?gﬁ€%g%%ﬁ}hggtmo'hands Xn
each gset of pairings cap be eval uated, and. dependi o) e .

nost -1§y met r Aesirgg nypgler o WF@‘P?‘* %‘Wéﬁ’%ﬁr’{ﬁ%ﬁg’ E{S?e“aaess? F&é&@“\é}?" %%%el _
internedi ate val ue, the appropriate assignnent can-be selected. Referring
now t o fi gur en®8firsh(ambignpuse eodgifentheeore sas obencodingtddePdeyboar d) we see how
the objects of this enbodi nent are achi eved by equi ppi ng the keyboard w3,th
a 10 plurality of keys 300, a thunb-actuatable input nmeans 301, nouse keys

302, a palmgrip 303) and a display 3Q4. The keyboard may be further
equi pped wi t Rravidingna cdisambimmtd onomeshenisspywhich sis copexatsléy oneans

of the keyboard_to_be c i ed 1 th g ut Thi comuni cati on
means coul d H&%ﬁnﬁ??aﬂwm};g‘?‘f?r“}‘% %irre esgggom%%i%gflf%%érreans such as an
i nfrased conpuoceabing pewes.anthandmeriyosapacityl ofiahtesentpported on a
support neans, suc

.as a deskto wher eby the keyboard can be ved ever
t he support ﬁEHﬁE'agi‘/"ﬁeﬁ’H%rch#de%%&@ Prﬁﬁgfﬁaggi‘ﬁ %ﬁ%’@{!‘ﬂ? ThePhal m of
the hand act uabkpgaitieikevamsighouheddey @eatignbs Diefbe abbnpesingped with a
means for palmgrip neans_for engagi ng sai d base of thﬁepal mto allow said
pressure to BOWEKf &8t AValiable\AthFhe,Saxd, £8aP8. de¥PtetekPs for engagi ng

sai d base of dggg%géugggoﬁa,@c@ﬁ%r ating the keyboard are-~preferably
formed nmeans where the formis such that slight pressuire is effective to

nove the'keyboard in any desired direction. For instance, the formcould be
of 115 pai m Ty S8CROTRGHPRL B el oF BB M Saihb EABAORS | 1T PRS0
effort, on the part of the computing hardware and
software as well as on the part of the user, is incurred
in selecting which of the alternative decodings to an
ambiguous encoding should be selected. In view of the
25 limited computing capability of the smart card, querying
for alternative decodings can be eliminated entirely. In
the absence of querying, only the most probable decoding
for each encoding need be stored, for only the most-
probable decoding sequence will be output by the

30 disambiguation mechanism when each encoding sequence is
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actuating the keyboard are free to nove in a way 87 27 May 2003 effective
to actuate the keys, even while the keyboaxd i5 in notion. Thus this
keyboaxd' can be used in situations, such as for playi n@ZmayRe03ganes, ~.n
whi ch not ~. on needs to be sinultaneously input a3ong with synbol: sequences
5 such as text. It is ta be noted that while this device perforns the
functions of a nouse, it bears litt7.e physical s3. mlarity to a nouse. It9
foxm factor is determ ned by the anatomnmy of the hand in a confortable
pos~Ltion for d touch typing. The device nust therefore be cons~.derab7.y
| ar ger rhaaivedt andidtdl bbisesimpid fivatisms af parwiculgxilge devi ce
substantially differept_. To.co ni cate,nots.ox~ af the keyboard 30a to the
conputeF?m33¥5 té§%o§ d*h% ?ﬁﬁi%ﬁql?%aQHﬁﬁﬁ ?gn Selsi B égﬁeans, such
ﬁs g trgokhaoba,zimpiéisunffmt&mae.dsmﬂdﬁedqgeﬂ-yﬁhg agt. pref eLany, t he
eyboard_30%5 can _be (ther equi pped, w i asing neans, such as springs,
to J.ifFlﬁﬁénﬂE?goﬁPgHé ?n?réhﬁéqiaiﬁﬁdyﬁéﬁ ﬁégnbewﬁ€?vﬁﬁ8dmeight ' of the
and on ke rg &8 sensklpd 1 hd N4 Niqy TN
20ntrad?§??ﬁct?§%? ﬂhgnm ﬁg subsEag?%if%?ﬁ?ﬁ%%é%gagéﬁgigggtEgrhand IS
appl i edexswphe, kayBbagde-1ire Kexdtking damngs ddsplayerpletell y fixed to
t he sup r i § Ss i ba i - handed keyboard
may the?gﬁ§hg§§ggggggo§?¥%%%9§H%v%?ﬁgigﬁgéébggg%ug?%?ﬁ 2§Fupted by the need
t o novedagdbalewatiobeshe one- handed keyboard.for quick typing/ nouse
novenent alternation. 88 27 May 2003 Yxsual Repregeatati ox~ of the
Keyboard ~t will be appreciated that when using a single device which

support's nor ehiBanefh6dasdi gub RSO LHRk@ichadn19NenaDde) it nay be
hel pful to the user to have a 5 representati on of the Current association

19f keysm@EtnPspheble decefing-seuenamdf stoysdapad entprs. di spl ayed

devi ce, Whe1S PLES ﬂ{fi ‘9%4 : for ypabl e
device,w??“#EIO?EEg?tFéuésaf |+??© rqP%%gﬁagégggﬁg'de§?c %% since for
such deviookup diosambiguatith. isfonlhe effiectivellyi dperablenwitbw (typical 3,y

by the f} f o] 0, 148 i . s. .any da, apl ay nmeans

i %t egr at"“é@g?ﬁ?’b‘gt ﬁéaggygﬁligﬁoé}? :,gr’#‘%tgld: llrhn:ﬁisq ?IEgJPg}NeXPBﬁBhpt y%i st. The

n?sthus%&pﬁbﬂeasmhhsr&ps&spﬁiﬂmM%nxnﬁﬂﬁpkhmﬁeOFSsg&bﬁ?lyhegﬁbﬁsiCgl Iayogg
t he ke rd is 15 represented in the visual.. display. Such a device ~

135 anc-iWRRRLF GAREA 45 DHRE CORFY BRFTI ARISERAYE PREFEH}OB! SEhe |

embodi "Ry @empLiEEEdl 8ibMNbighSEl@P WetharA@w@l.i 0a of typiag injury Typing

injuries (repetitive stress syndrone) afflict many keyboard users. Numerous
~0 keyboards have been designed in an attenpt to attenuate the stress of

the repetityws BRhihgla hBVREYCLubS LMy dpthanl! anBiRaeNs" ecogni zed that
the nost effective nmeans to Treduce typlngggnjurles is for the typist to
R¥SPemta emoodiment

t ake redPdgr syitakdef fom applheativn sing-
isthe code aw bi cx d ej foghv ky L munpz gr 8 t

20 with lookup error rate 4043 words/lookup error, and a
gquery raﬁe of 68 words/query, this code is shown is an
example layout 51 on a l6-letter-key smart card in
figure 15. This figure also reveals a display means 50
for displaying decodings of encoding symbols entered via

25 the keyboard, and an auxiliary input wmeans 51, which is
thumb-activatable, and could be used to encode a variety
of additional symbols and mode changes, as will be
discussed more fully iﬁ reference to other embodiments.
Here it is to be especially noted that the display means

30 50 is preferably placed in such a way that 1) both the



25 however, as typists are often unde~c tane pressure to conplete their
typi ng work. The one-handed keyboard just described offers a so3ution to
this problem WhiJ.e the one-handed version of the preggmag2e08snent has
been described as being used with the right hand, it is 30 evident that the
same design nethods lead to a 3. eft~ handed one--hand keyboard as wel|.
Each of these 89 27 May 2003 keyboards is capable of encoding all of the
sanme synbols. A therapeutic typabl e device equi pped with both a righthanded
and a | eft-handed keyboard, such as both a |leftand a right-handed

~nouse/ keyboard as descri bed ahave ul I W either the
| eft or the f?gﬁ?rhm? rf“%ﬁl?se%gt |d(5"ndls tﬁ'gsu ﬁggglﬂ)%ll'ggo?mk%% rds; a user
Wi shing to refpee mePesis2 Wreétiess donifvritedleopbsditige f@rbsone period of
time, for instance, for 15 mnutes. usi,ng_one of tﬁe ke boqus and t hen
switch for tABtwakedobyePRdPHId  (ife thd s fdSYrhert %y’i){é’i"ﬂ, 3@tk eby the

user gives eﬁﬁﬁé?ﬂ& %xg@sg%{ﬁw noﬁﬁéBO(El&WiﬁgnEthlgégM b 4 Pidie
productivity, 1T desired, the typable devisé coul e eqgul pped wth a
| ocki fig neanassvposhibbe) diverertte emallosdzenefothe hemarteraxd, tand

keyboar ds, enforci S.alternating use. Lt | ppL ecy t hat when
therapy is cB ?e?g ,w%ﬂ% %E ré%%ulh§$% urﬁoﬁgggt?§%ﬂ£%%§db$%r ~.on of the
keyboard, wi hewedrtheehai fugamd foxmery bykithles thumbi ard. thel daddée PDA W saw
in the smart-_card enpodi ment :0 descr.~ b above th i ted S..C ni ent and
ergononi ¢ t ofpPIEE {’Tgeg%ggfa’é%rae%?%mg ?%aﬂ‘flguﬁe'\'}lg%és bk e Cg:?‘/ghbl guous
codes in sucithsvapibiat akdrpréfederl kathmaeriens selves| ehedoRybldie fingers

of one or bath hapds and the thunb may be used _to gct uate further input
meand0 in ' SOfaptieHLEY & nERRCRHARANS | axgafRd B la¥ReTR% on above the

thunb or thug@ﬁsaﬂﬁiet Bi%gg%fiﬁéaﬁ’é wefddcra%mgpebaéfﬂsea&ﬁ £f the

keyboard. The present e ment concerns a typabl e device at a sonewhat

| ar ger scal esmrthcagds the sane concept in conjunction with a folding .0
concept in order to design a tw ce-foldable information appliance which may
ergonom cal ly performdifferent 90 27 May 2003 functions when it is

unfol ded, once fokifnde-gadrigs ceré alate perniltitedt atcthé osehnding camsequence

of anbi guous |5 typabl e, deyices built b resent inventi ermt effective

for the codi A§. §\é‘g§t3 FT‘?“‘FUI&-”S? z‘ﬂydcfgé“iag‘"n':}‘gsﬁns Yp&g’s”g?%gé“codes. It is

renarigabl e t hahabhewdBkhepsihos@ii o udiiey Rehapr dervb~ashthé eoly once 1)

of natural |anguage, 2) use teys, and 3), are small aoggg%t be placed in a
e

e
pocket or a SFEEPTRAGRIOBaEPtINRLILD- ethdd Mehiei BOBS RPF¥Png a
hand-hel d Cowgugiﬁbcﬁhﬂéo&é&bﬁiﬁmd&dﬂo%a%e%éédoﬁi?"&'ﬂé@ry units

whi ch are the size of a keyboard designed for an anbi guous code, paid units
bei ng confi geveslyeroughdyyifi pagesfofidippeat fexgi-nFhus. thihe codeab® needs of

e oo Bt R BN EBEY 8 U0h S & Mo ALY BN UREL AL REITY Yoggnnect o

y
to each other Tn each of';: a varrety contigurations.
conpw@l ng deviessages,akevennihethe palagende ofolze quergingpinephsoiput e¥f a

personal di 0142, o33° aRb38hn1 2 £S' SRIFrcd S 4HGY' SesR 2Ly S0 O
the sending end in oxdexr to reduce processing of queries
at the receiving end, an example alternate code optimized
for both gquery and lookup error is aw bu e¢x d eV pz go hv

25 im ky L NQp r 8 t with a lookup error rate of 2670
vords/lookup and a cquery rate of 101 words/query. Choice
of a code optimized both with respect to lookup error
rate and query rate wonld be appropriate in at least two
circumstances, 1) if the smart card were in fact

30 sufficiently powerful to support a guery mechanism,
and/or 2) a query-based disambignation mechanism would be
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Wth reference first to figure 29 W specify in detail a tw ce-fol dable
conputer built fromfour substantially sane-sized parts, each of which is
adapted to performa specified function and are conneck2FdViay 2008 25 ot her
in a fol dabl e and/ or detachable way. Figure 29 shows such a device ~.n the
unfol ded state. Tt is thus revealed that one of the parts 9Q0 has a first
surface which functions as a first visual display, while 90l has a first
surface which functions as a first keyboard and 30 902 has a first surface
whi ch functions a9 a second 91 27 May 2003 keyboard. Preferably, the
keyboard | ayout on said first and second keyboards is a 13-letter--key

keyboar d, h&eag&m@am@@mceﬁ @dxﬁnu@ﬁ.&ﬁtﬂrﬁb ihieibta@lapart 903 has a
fa.rst surfgce whi ch f tm ﬁlas argjaglr E’F node- changi ng 5 thunb sw tches,
to be used i EBALT BRS OnT 3LHET ShE Per ERe HaFeeedBhd keyboards. The

first keybaasdahse, rra&nn;htaolxéa @mpawcd ndsksligédandinghh Basek It wi 7.1 be

evident - to_those sﬁ%@ n the art that a simlar onflguratlon

exi sts whi EF*Fs 8§ "\/\nt?ha’f%@eire??mm’é:ﬁd O¥¢H & RRCPENIEPD  sini | ar

conigur atl @pdcan :kme)tlhaernﬁﬂndm; perfdenadear sadtgrirent and reattachnment of
ed, a_two-handed ke boar]d?@a%s\ e obtained from by

t he four rts i-:%'}et

det achrrent ﬁa“"P $eARGRRAE WHIENE PO PO SEMBWPUE O gure 33. 5
9'igure 30nekhasishe umbebdedtersecohd|dizahbigoamiitnepaks wedt t om vi ew.
Part 904 is g fael ephone Ee&)ﬁ] 9D5_and corres (H gg econd vi sual display
905. Part &§ RIS - BPERPRNC, FEM g%ﬁ’et 8 Ye$Hi9% keyboard.
Parts 904, x385coabs be9@3rformad bg secsanadspetsmns folr Ondeatice 900, 9D1, 902,

903 espec ve ~Q7. the ¢ uter along the line 908 shown in figures
29 d 30 5@2’ Hﬁsc rPetrﬁé) cgn ecr SF Ton shown in fsgure 31_ In this

configuration the third keyboard i s exposed For typing, and the th~.rd

vi sual di spl ay i‘. %gédﬁ?geast %o%g?ﬁeesﬁ%[}d{rﬁgeddﬁ@h% edthe keyboard

~,ayout ~.s a ~ board or cesTare possible. "this
confi gur at ic@#emgmtlﬁé- gxbyenglyedoved as t@maned,orfogpanetancm,t ations, the

lr:‘lsSLtl ZI :g% lag %e gtlsh’gg‘fﬁ Cév%g ?&ent unct |)3'L'LQF| t@a%%l | (23)7(t (I\a/g; 2-(;-})3, °

typing errors, approxlmately 1 exror every 100 words. By

15 any reasonable measure, both of these 16-letter-key codes
must be considered strongly touch typable, as a typist
typing 20 woxrds per miniite will only need to answer a
query once every three minutes for the first 16-letter-
key-code, and once every five minutesg for the second 16-

20 letter-key-cade. Perfdrming the same optimizations for
ambigdous codes for 9 lettexr keys, we find, for example,
the code akw bng cly dhx epv £im gr jot suz optimized
only for lookup error rate, and with lookup error and
query rates of 116 words/lookup error and 4.4

25 words/query respectively. This code is shown in an
example layout on a S-letter-key smart card in figure 16.
Optimizing for both lockup error rate and query rate sing
the directed randowm walk method, one can also construct
codes such as am bnz cfi dhx evw gjr kos luy pgt with

30 lookup error and query rates of 109 words/lookup error
and 6.2 words/query respectively. It is to be noted
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than the fully unfol ded conputer, such as a gam ng functioiaality .

Finally, the conputer can be folded along the fold 909 shown in figure 3x
to provide the tw ce-folded 5 configuration shown in fRgunay32008his is t'he
configuration in which the conputer wou3,d be typically kept for
transportationf xn this configuration the device could be small. enough to
fit into a pocket. Furthex, in this tw ce-fol ded configuration the -

t el ephone 10 functionality is.exposed for use. For many users, this WII be
t he nost fxequent3.y used configuration of the device. It wll be noted

that we havegghowidhe ﬁ&'%&&%ﬂaﬁe%&bféme@n@w@im@ of a

previous enmbodi nent, thoug ny ot her choices are pasel ble.” 1S To

recapi t ul at elookupkdisambimiaficly 6a089 ReuehntyRabihity AR My
communi cat i 0, 24¢ls COUR | 110 (e &2\ 10URED! BRPOR! LaESAES. Y as a

t el ephone, a persona igital assistant, and a [aptop conmputer. ' zt wll
be appr eci at edabyat hos emskt |beednade @se tar wheGhehial opup ¥rarfs occur

the-elenmentary unit i nhel udi th eyhoard Iaf ' f

t ouch? - scr eeft ,atﬁ’éﬁf?%:ge’% Xen"%iy ﬁtléoﬁﬁ gﬁr ngéﬁéea%édsmtg‘éésﬁo? t{%QS devi ce
cou~. d be fus{érribAcCtRese d-Rihaicadas,dthe Loskuphereverrazs idie tactile
feedback fromthe keyboards built fro%st ndiabréﬂ 5 gﬁfressabl e keys. Many
ot her vari anESmRRERRE. tB| Bhe FAFE ate FrifiedbXP S RFCFURE present

i nventi on. Se{;bm?eefm?@ Betied Uhetel YoAkLE cBAVhE CobiPidetay a touch$creea
This invention permts software as well as 93 27 May 2003 hardware

enbodi nent s. stnopatyi conek typableetifbdhist coRbest esSERFtReNeinge can be
used 40 desa I qp&fy Vi.ge . Sd ouch screens,
suchlgg t he gg&i%as(go %%ﬁona éai gi:tigalggs?)%tgﬁtggng{ﬁ:%%éthe 5 3Com

cor por at i on messagingncemposit ioraddinellecRAoiPTha ], acommnhhi cest iorwer

trademar ks, For the sake of Jllustrata.o rail, focus on the PALM PILOT
cl ass of devFi?eE?“-"ﬁ':chh‘q1 cﬁ'%etl n %ﬁ@:aar\é%nﬁﬁfeﬁx%a%%%‘%aﬁ P¥hni ng a
variety of appl i6abiOPRaR’ SehRdErds o0t rahecRipelibad6E hBigaD-sgser i bed
could be applied to any tépabl e devjce conprising a touch screen. 1n .

reference totPK§ur ox~in e Thas faarmcshesge Fﬁﬁsmﬁﬁmﬁt&ss
typigglly CORRXh2eive LPUERe SEE LAY Tl ofa of Qﬁcﬂssﬁé?étéé(etl’iégl on 1001
which is used for % entexing characters via hand-wil~. ng recognition '

sof tware. Sapgefewrhdsrangei for rduyinenhpdimeny . suMprgi Baanf 16 HeeYduch
screen, or bg, egl t£l¥narN e Em&ﬁ ial and

sur pr~. si ngn?'yergt é%gggg{ﬁgﬁgép%‘z?rﬁa{%rio |ament a?é tkﬁat f/@%}s'jééof a

t ouch~t ypabl eekeyhbdngdthae advevtages ofpaubstgniiadliyhfel: eehzede design a
radi cal ly new user jnterfacg for,.infor N prhisapc t yboar ds
need not-co gyg‘fobnl E%t@%%%r%#ﬁ'séﬁé%%%‘% g%g%gcgﬁig%‘ggfr%%%%%. The -
same 200uch sgegsnmayenot abe bettomyll paidudiotypablepplithatespeet ogy am and f or
.5 the keyboard. The_crucial, pbsexyvation. ig.that if t eyboard s weakly
touch typab7tée Pﬁ@ﬁl?hélﬂé%bﬁ??%m&? FB'“B@QSPESI ‘éﬂrg% et he user
to be operati TharHsgris {gggeémf,‘"m' pwere the keys are, w thout

vi sual referesmésr.t %hﬁg themkeyboar can be used to enter data 94 27 May
2003 :

Feedback to the typist A smart card equipped with simple
lookup disambiguation could be operated by a person who

25 is a competent touch typist, needing no feedback from the
card as to the progress of the communication, and/or
getting feedback from the machinery at the receiving end
of the communication, potentially over a phone line and
potentially in the form of speech synthesized on the

30 basis of the symbols input by the typist on the smart

card. It is desirable, however, to provide feedback
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I nto wh~.ch ever application programis currently displayed on the
touchscreen. If, further, the keyboard is strongly touch typable, then the
keyboard can be used to produce high quality text, eveR7iMay®@003ecen space
is 5 used for quexying feedback to the user. Wth reference to figures 3~1
and 36, sone of the ' particular features of the PALM PILOT c7.ass of

devi ces which are accounted for in the present enbodi nent are: The ability
of the touch screen 100Q to easi~.y 10 present alternate keyboard | ayouts.
The ability of a touch screen to present images of different |evels of

i nt ensi Qi rapdlyr fromdthéecard witrmevwer tHexreparacewffticaknthe regi on for

catering 15 characters 1001, al. so r ve fromthe tQuch_ screen, or in a
non- cenFPIPUFABEoREEPUFRES t BthE sjgrl‘ere%}.rﬁ)e fRrdde S‘Ppﬁgré( fbPtona3 digital
assi at affielegbBekUn a variety of progranms, such as scheduling 20 prograns or

addr ess- book prograns, which nmay conpete for space on the touch screen with
a keyboard. The ability of touch screens to easily present alternate

keyboard | ayguts ig Eéeﬂoiﬂ?é@i&@f@%ﬂ " ao%p%éi%@agle%ogga@éen | nput.
means to represent many different synbols or groups~of synbols, depending
6n the heeded tb pBovide wagivbobeedkadk wiwamyen lesp gheanthene. Wen a-

touch screen.i.s used to _enbody.a.k oayr each,~. nput neans is associ ated
wrth o SRR PEGTPagiarenr Ry i e 1ehim

Iﬁual function of the
touch s@&igrmbiguatibaval Edepifynandlisama quatioaldatabeisemaadani cal |y
activated input neans is exploited to Q?ﬁF nmeans different

) gi ve. each i
functi offPLAYATE AFcPERBEPL LB SRR (B3 n F5h YRS Ywi Il be appreciated,
however pridiglentheySelBceibRet 60w H8, ORiclilnathawnt RJTREdaRI cal keys of a

tradi tional, aepréssable structure by equipping each nmechani cal key with
50 s own skiddied imethecartn ahvRiqrs Chawxaghamedn be sent

directly to the display in response to each key press,
where said-character is the most probable (according to
the reference statistics) letter associated with the key.
Using for example the code aw bi cx d ej fo g hv ky 1 mu
15 n pz gr 8 t described above, the resulting text would
typically be quite readable by a human. For exampie, the
first line of the Gettysburg address, rendered using 1-

block (single-letter) statistics reads as follows:

oour score and sehen kears ago our oathers irought
20 oorth on this continent, a nea nation, conceihed in
liiertk, and dedicated to the proposition that all

uen are created erual.

This level of accuracy is already enough provide a
rough guide to the typist as to the text he or she is in
25 the process of entering on the smart card. This example
shows that disambiguation can be accomplished with
extremely small amounts of memory; here the only memory
required is that needed to store the 16 characters which

will be displayed in response to activation of the 16
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for node changi ng here~specified in reference to a touchscreen conpr~. ai ng
devi ce could be applied to devices coatprising nechani cal keys, such as
many of the other > devices specified in the present digg beo3M | de
selection One strategy in keyboard design to increase the nunber of synbols
whi ch can be encoded given a ffixed nunber of keys is to augnent the
keyboard w~.th a nunber of nobde-changi ng keys. Pressing a nod-changi ng key
changes the synbol' encoded by a plurality of other keys. The canoni cal
exanple is the shift key of the standard typewiter keyboard which changes
t he synbol encoded by the~~.etter keys fromlower case to upper case.
Upper-case letters could in principle be encoded on a 5 separate set of

keys from the Kemss.enaedi fiShrcRehr 16 Bk abli! & Terdldot ftHéOE%ﬁ% letters
occurred with the same frec~ency as, | ower-case letters in typ

conmmruni cat i ons, *3IRUFCEA-FeIEFEE] pRIHh FWCEREFHISdYCHOTS demsrye | | n

principle, havnzlg APPahd mgi:elzoméczeag&%bhsnﬁi%s%aﬁr&&% Rkerkp different
nodes does not inply that an upper cane letter nv.st be assigned to the

sane key as the “592’73%91326@§ 8 P ¢eddntneup Pinek-Raged | etter. Th: e

sane- key sassi grurﬁummguahp&en and PhaE et8ebetml $ext NIth 3nerehsnig
conventional, conceptual ‘f atistical xelationsh~. ps between lower- and
upper - case | et t FFYTASYTREE H‘F@ﬁé‘ya'f% %% ¥8%Hri nci pl es which gui de the

assi gnment of synbols to nodes and of synbols to keys wi thin nodes:
adherence to statistjcgal | gt Lonshi ps herence.to ent i opal
rel ati onshi ps, and y&'ﬁrgf’&&fg‘%@se‘gn‘%ﬁﬁ’ggﬁu?@l%t B ?ﬁ‘i%p PN symbol s.
In the design %@famypﬁblmdmiceeefcﬁﬁpb@va wrbegmmuq:x&edeeaihe pr obl ens
associated wt he dESI?e ﬁs are %a% th (I% gﬁ e si.nce a
plurality of ke F RRIEC 5PF P IRE 0Pt SREf RIRITERE ar e t han one
letter sifnbol odisadigkeyiomnics hbt powerdénl oéndughstavelfedtlieelp encode
synbols 15 is t I | d. t he et hods whi ch
éﬁ% igéaﬁgé}'fod%&éu“{gh Eémuou% “%&8’? D nngf‘tisx synbol s can

have been above appll ce anbi or <2
al so be appli edexmianbloebfba@pdbdimmwhaasorpmscbmleﬂl wighowmi ded t hat

these nan lette | 1 ection of
synbols to be eélc%é/deq‘%g%ﬁ % u%gégg%h%f%%%ﬁgg 8‘9 t}{i)o g&bsets

corr espondi ng teufﬁ?dnsnt%d@sﬁa@r@?ngb@u%t thatisit pernivs Rifegtdweed according
to how mgch mangpilsidibOReicn rmw 5‘1%13(:@61b595? rmhoef t'ﬁﬁa by tgobt ain

each node and/or how equentr% each node are used. Thus

we can speak of hg¥ iGRweht Tewo ybl‘?cﬂ?‘bﬁ'ﬁﬁ9 @m@?i@hﬁf-% én favexr der of

i ncreasi ng anDUgE SudHd - BBSED W idamB Deni £\, ednémm ai M [PAR cERES, and/ or
decr easi ng probab| I|t3é of the s¥nbol s in the node. 9
the teachings of this invention, block-based
disambiguation is made operable and viable for practical

20 use.

The example further shows that 1) word-based
disambiguation is not reguired to practice the teachings
of this invention, 2) a micro-processor is not reqguired
to practice the teachings of this invention, and 3) more

25 than one, potentially different, disambiguation
mechanisms can be used in the same communication system
based on ambiguous codes. Word-based disambiguation, or
another disambiguation method, could be used at the
receiving end of a communication gent from the smart

.30 card, while locally the smart card is using simple block-
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27 May 2003 Letter synbols axe preferably placed in the first node or
nodes. The subtl e design issues have to do with nethods :for assigning
non-letter symbols to nodes) and arranging the spatial 27angiy 2003each node.
5 Afirst statistical nmeasure to be taken into account is the probability o
non-l etter synbols. Sone.of these non-letter synbols, such as punctuatiarn
~naxks and digits, are essential to ca~nnunication and may occur with a .
frequency rivalling or exceeding those o letter synbols. JI1 Thegs
punctuation marks are candidates for inclusion in the pra.mary or secondary
synbol Baged ndisamEidusdt iore o dmaridied deedbackexd thebgsepnsst dered are
aorrel a%i ons Wq_joch a({Si se fromnon-letter acting in concert with other
non- | et }é'? %‘?ﬁﬁ) ¥ %one non- 1 etter synbol s have 15 conventional and
conceptual relatyonships with other nonletter synbols, for exanple, the
synbol (left arenthesis) is related to the synbol) (right parenthesis), as

the two synidf¥} FBg iz ahdhe Plockscysefedni hyockHBasedbol is related to
h Afud Sl i gB. ' d of
bhr ace SetambAfuddion WhOIe, THY Bitutfcy) 8B 8k BRI O™ o

£gr ase 0z sentence). e exanples o s, common to
st ustecxgager ammpldge Hawevarhest eamesblockuging thegaagese such as
English T 0 re | ocal  .relatiopshi ps which could be
account 25 t%;rzeé}ié %ee%ééi (ri%’ﬁré’ﬁg St tggksﬁtcpg?igﬁﬂr‘?ﬁﬁ’ poses, such as the
rel at i onedujrdmsntee o vbrd-baddie disambiguanioh, CAAADSiNcaised in site

addr esses g t he \é‘f.rl d . Wde Wb &gRLségr Uni,versal Resource hocators).
Non- | et Y& ‘%F—*’r’éb ?ﬁ?&i\g%%%% neradily gi¥es beteewveesultal , and
concept iigdn 6l Gl -Be D Qb iloialteondBword [b¥BY¥q 2003 synbol s. For sone
synbols, it is possa.ble to analyze their statistical relationships with

t
1@ach ot‘?}%ﬁamhjtmiaf@fcé? aridel enereddyube poeferneds, ifisthent uiki es are needed,
or epepéﬁ&is-q};%ﬁ#g W@]}a%l%a@ou%%Pbggﬁeiﬁynbo~' s 5 for statistical.
et Synno

anal ysi s, nc nay never-appear’in a text. Exanples here are
"backspace", "page up", and other synbols which are used to edit, exani ne,

or ot hexwi se manipul ate a text i ven . reference statistics constructed in
this Waeé"',‘réhe’% ?Pé@tti"&tgﬁ‘}’n tytﬁfet §"|egf‘rﬁeﬂ'tam81‘:ys?%ﬁ'§b3c% Mddeis to

ar xangesrmaier Syl Beyohd WHatd regniedt sbpe stakagei 683ne cOnventional , and
concept rel ati onshi ps are best satisfied. A further constraint which

|
coul d HilfapRiguation, angd sREtWARRpntReD e tpetientiiale
150 1 anged@lt i caltbl iy altlie dehiiceyaRel grahe1f i thigu.and across

nmodes in a way that "makes sense", thaf ~.s,”that the synbol. pattern is

si npl e, 13aEANGer Fifterttablay fews bytep ol pdditlenal avemdrwera vel | -t rai ned

touch tyfdsSteouBY defMeldn té%g?cg}?ﬂ‘i@:'e yeaea Pgsﬂw&et%r&n%g tnfrequently 20

~ used synbols on_a keyboar, hus) mmenoni ¢ potenti e the
over r i dreheRiR i necty dnfonyarden, orequdst alcplvtmel mumbeas$- frequent |y

PHF
used s . .S I pate ni otential can be
quanti fl 31@51’% %?q?e?}ér?r‘e&nt al %f"é"t%%cgf%g?&%%‘?f PR &ks wel | 25
2known t the symanct] ozl keybwaid,~ ansl cauddt BReAPHLERE thén exanpl e | ayout of
letter Sé/ﬂb0|s a-z], digits, and.the 32 nonletter synbols 99

retrieved phone number in the user memory for laterx

downloading to another, more powerful, machine.

Query Error Minimization - a typable device for a vehicle
The present embodiment concerns an instance in which
25 query error is the dominant constraint on typable device
" design. It is generally of value to reduce the query
rate since the effort to answer gueries distracts from
the typing task. 1In some applications, however,
reduction of query rate is of paramount importance.



27 May 2003 found on a standard keyboard is provided. This arrangenent
conpri ses three node changi ng ke~Ys, and 3 nobdes, each nobde contalnlng 1.6
synbol keys, ~s shown in f i~gure 36A-C . This Iayout 27 mayzao3d f or
PALM i ~~hOT s cl ass nachines. zt has not been shown to be optinal by
psychol ogi cal testing. The first node (figure ~6A) conta~.ng an ~anb3guous
code for the letters, a space/ backspace key, ;a basic punctuation key, and a
key for shifting nodes in either the forward ox the backward directions.
The Second node (figure 368) contains keys for the digits, and certain
punctuation mark rra e n ither as a

t el ephone, or asagefﬁ gr§8e§P2%+%?%$fﬂg%%Pﬁ%ﬁﬁgyggggﬁa§The third node
(figure 3COLrr aidisti @ﬁ-a@ddnchnonmblammm@m ofartpabier degédeso that 1) a

sh~.f~t key relates synbols with related ana.n ch a en and .
cl osed par edfd&Eentgng gpbigupps; €0 %sxegﬁ’ﬁ’bd:h%eaﬁisgﬁn le ggﬁd synbol
shapes, . as \a-aiid RHRURBRCLLERNEY IOt AAENERES ex4mBUBY #RELOBhES

appl i ed vvhereby ‘~haxd" synbol s, nore aagul ar synbol s) are on the left,

wh3. 5 e ~sofuser WlnﬂoﬁecéﬁroVEHe%y SAfetVo Y6FSORE ri ght . Since al |
or nost keyg g&\%ove ot We-i 8 BROLS  the garma%ﬂhswbt;%@aeenmasehan' SIms

as descr' x; be caa operate in each node. Sel ectabl e traaspareney of
t he keyboar beQrepanttioy a mimivsim.y EVAp| whent quenies @#‘eaﬂ’ﬁéﬁbba‘rd d~. sp~ayed

on a touch-screen devic 0 a i goo 27 May
2003 keyboarﬂ‘dg?ﬁﬂylu}? Helﬁa??’ Séhﬁgige@n ggtt"'h%gr est of the
screen is dejidtshdtdion] amuixithet, owhmlegdm:wg d]caeceibmeh hapds bfom t he

keyboard such as an address bogk agg f ce display real estate in
suchl@evi cesthe usex aTe generalily; o upgﬂ r rhd"‘i af “6ELHBEN keyboar d
arid applicap foﬂwlfaﬂéa%sulaha sRol 08 NpKendRand, aiai ®RblrenelION program
be~.ng very small. Keyboards used an present devices are not neant to be
practically £mm¢hqrﬁ¥tﬂ&;‘inﬂ)lwmﬁl Hot pperake let\mﬁll%ldﬁvéﬂﬁrenel y smal |

10 si ze. .0 t d%“lgg v n uces
keyboar ds m‘“ﬁﬁ %taéln?))t?gﬁ E‘gsggat%g typ gs,th%vg%b:u(r% tu%%ﬂ% mted

envi xonment ff ﬁHte ﬁmaﬂiesdmneoﬁlaep'elgomlthﬁ gite®rings wheedt.. The

i nportant observation is that since the keyboard is 15 touch-typable, it
does not have tv be displayed to the user. The user s fingers ~~know' where
the kpys are, W thuidrdifigy ueey toafiggreolscewd heme Ehas tiny heybeard can be

made transpa‘(bgnt OCCUD%TFUQ"XBHQ S’&tl r E’Eb@%ﬂﬁ%l% whi | ﬁvhtéeh appl i cation
program can e ee
Di spl ayed i nzw! S MYy sﬁ@m@wew%cdmpfﬁéycmamw dncazweon program

to produce input toit. In figure 35 a ke board di sp e§>~ n thls way 1003
i s shown wi tHRREE )| FRAK B efmtheow eg}] ‘Eq’n%rqﬂ’éscé 8P ogr am

di spl ayi ng afgtawgoar LAIE, ~ od $1eHR0BEREEEng Aniliaas 2 W aspar ent

keyboard, th ated ~. igure in a shade of gray,
whi | 20t he appawml |m q:smgrme a fiowt phunalhfek off dguat weangoR0d be

possible to al er t h e i%%ﬁaoarm g he
keyboar d, f o™ Jé a%? ) (Ffsqﬁrsaf%'&%g’{ Ptgn%o%gﬁ érem]h eve~. 0 '?%luch
typi ng skx~. Britérhgeasps ettty dteesrimg whedloufowhatf dilid efiorat pogad: i on
27 May 2003 means 201 are contacted by the fingers of each hand. The

region of the steering wheel contacted by the drivers

25 hands may change from moment to moment, for instance when
the driver turns the steering wheel through a large
angle. Which set of 8 keys are contacted by the driver's
hands at any one time can be recognized by a position-
sensing means, such as a combination of pressure

30 gsensitive keys with simple electronic circuitry, which
combination will be evident to those skilled in the art.
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may contain synboas of different |eve~.s of famliarity to the user. To
account for these differences, the transparency of the keyboard eauld al so
be' adj usted as a fx~nct~.on of node, becom ng increasi2g/May2003 r anspar ent
i as the unfamliarity of the synbo3.s in the node increases. xt is to be
noted that the same effect of d~.staxxgu~.shing the keyboard for ithe
applications program could be acconplished by adjusta.ng other visual
factors, such, as.th olor. of the image),..ri_addition to ifs f

tr anslﬁr“"&frﬂf‘% mé@of’ai éBPKE‘o'?‘ﬁ?F%u%O#(e% %Ispﬁ‘h e‘?rﬁ"cﬁ‘!%nt

obser e it &3 o iplpehr isBr 888 CHE Ot hé NSt SxLHEH lwhEWE N idk-disy Dased ~. s
that chording patterns which require but two keys to be activated

aubst g off Fpigd RACCRGAHENG MEEBR 1S SORFRCERR IR gh e whi ch causes

a Quer, T tj%q; 18208t e8P ha! whebi efs. | earnabl e and
fan trftéﬂr/e cf'?g ed;a‘}g%t ed E‘% g Far%egu‘gfér comm%ﬁ%é{b%v%?é, the prior art
i has prawisrex.hatAgstior,diwhdchaofethe segondrinpuhpheans mrethis will not
becone ner.a’, | cepte f Lt sybeen _noted that there are two nain
prior- etaef'ptper%f&g%et %&@é‘%ﬁst ﬁga}:gge‘iﬁ%@?c % Y PR ShBTE Ffhber of keys:
chor digg deidwds By anrhppropsiandepssi bbos- déhecttbig Giedis f he present
~.nrention is to teach how to synergistically conbine these two nethods, >
Ve can distinguish two kinds of chording nethods 1) nethods in which a key
ar keys ar q{ias efeifbdtotd Reel 4BELEORY-Fhed D! SHHEISHQ  HSybSM-gXxanpl e is the
fam-.13ar shift key used for keying uppercase letters by a chording
conbi rMmswrskegtahed, sHitf dscaptural Bo| seleet kaycode dnmed oBys, 27 'May 2003

wll ge i r Kk hj e ) ods in which
) chor dss%fé%?%\?%tcﬁ %eeaac S&?Q#%& gngﬁir?’}al?i %%‘/:E%‘Tlé ¥%¥?€rm€%§£ substantial ly
si mul t @desisted By thee fiineeest ofnbothnkahds healovigtwdththwse nethods is 5

used, in_a sups ,uenHi enbodi pent, the second of these nethods is used. The
essentiPefiet it - RS t&sgchSBPc%ﬂFg i FOER FR® $ee9BAt substantially

Si ”U: t ARSI Smkld \critdibrRld ByPehe ehuiBRUbE "BRESaEBvéeadily un3.fied into a
single

Anmbiguous code selection -Applying the directed-random-

) walk method taught by this invention for selecting
substantially optimal codes, and optimizing only with
respect to the gquery rate, we construct, for instance,
the following code on 8 letter keys: aksz bcev dfi gmo
hgt jnw luy prx with a lookup error rate of 70.2

) words/lockup error, and a query rate of 4.1 words/query.
As throughout this specification, these rates are

calculated with respect to our reference statistics, and
using simple word-based disambiguation as the |
disambiguation method. The query rate for this code might

5 well be too high to consider this code to be strongly
touch-typable. A typist/driver typing 20 words/wminute
would be distracted from driving by a query approximately
every 12 second, likely too often to be compatible with
safe driving. On the other hand, even a skilled typist

0 may not be able to type 20 words per mimite while
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| O gesture by a human user. Thus, a pair of keystrokes is no or little nore
difficult to master than a single keystroke, yet, a pair of keystrokes
contains substantial 3.y nore information than a single g¢€xkpiy 2a3 arid thus
can be used to create easily aperable, |low 15 anbiguity codés and typable
devi ces based oa these nodes. Thus, to make the keyboard easy to | earn,
chords nust require no nore than a pair of keys to be activated
substantially sinultaneously. 3n this enbodi nent, one of the pair be3.ng a
key reserved for form ng chords, and the 20 other a key corresponding to at
| east one de@9¢ing,sybbentiddly byivepirgy e Mdlldcicpghipebebivgehhan two
keys to be activated substantially sinultaneously, and very frequent

synbol s couRMeB¥ aBdobYRiBY FREPS AREh@A AGGRRE AN FIMPEhERE exceedi ng t he
scope- 0~ t higs LA4CRLLEA t¥pabilicy., S preferred that at |east one of the
decodi ng syn%gas&ig a str%ﬁgl§ c&??elated synbol. In this way, should a
chord be~forned inproperly, when a shaft key is activated when it should

not Re or not acty e i t i .0 iQn re my
be able to 30 co&hé%% 88§h§ﬁyéf%$t%#&fﬁé§§al %&1%%%%5%83¥$%u§§d§§;$§a
chc~rdi ng agdeaybirgtelsbepond clnbsing @ isntistamtdaiiynegtinadngodepber o~
ways, according Lp t he tegchin s_of .this ephodi neant, gnefex~x~ed
conbi nat i on8Ngy EREEEHSERAT ST e LIRS ¢ pata iBakion, e by

subst anti al hncsadegul t aneously activated in order . to encode any
substantially psobabl.e synbol. |ookup error and~ox query error is

optim zed, chording is acconplished using a nmade-shit 10 key, (preferably)
such that the prgbabi ki s WS t (#Hﬁyg Kk LS. ni mzed. Werx
chardi ng and anb?guougﬁé%ﬁggﬁgﬁﬁggz‘gagﬂgo xfigfag% rdPﬂb to these

t eadBi ngs, surpri si nginadeasing ncheimmbenr oflikeysanetavatabdd Bg will be

each finger. It will be appreciated that this

could be done, for instance, by adding another
row of keys on the steering wheel, or,
equivalently, making each key _

15 multipositionable, or using a chording method
by which two or more keys are pressed
simultaneously to encode a different subset of
encoding symbqls.

° Eliminating queries when the less-probable
20 decodings are much less probable than the most-
probable decodings. The parameter controlling
how close the probability must be between most-
probable and less-probable decodings must be to
invoke a query is a parameter whose value could
25 be selected by the usexr, Such a mechanism
could be of value in any embodiment in which

query rate is a relevant ergonomic criterion.

. Using a hybrid chording/ambiguous code method,
ag described in detail below.
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denonstrated by the present enbodi nent in wh~,ch a hybrid

chor di ag/ anbi guous-code nethod is applied to a tel ephone e~a~bodying the

st andar d anbi guous code. W have already seen that the2gtMayi2003anbi guous
code has rather poor ~U |ookup error and query rate. It is there~oxs quite
extraordinary that using a hybrid nethod a keyboard based on the standard
anbi guous code can be nade (7.evel C) strongly touch typable. The objects
of this enbodinent are to produce a keyboard which is 2~ ~ strongly touch
typab3.e, ful 3,y conpatible with standard tel ephones enbodyi ng the Standard
anbi guous code, | Qfking?Z dbwamr2A@3atfdriMmethb® WHIALES, mosd NPl e to |earn,

and uses a m ni nal nun?ei f keiin qgﬁ}uges. A staridaxd tel ephone
enbodyi ng the st arRFEFLE SRR & U@gi debpsed HRATPEIRIGAe 38. It is seen
that a plurality of keys i0000 are used to encode |letters and digits, there
are~ei ght_.o~ these,. Two ke 1000/, 100Q2 encode only digits, and tw keys
10043, 7. JO5RSHEXRAss ﬁgmﬁ?)%ﬁll@t f’gfhswg‘l"gg*lﬂéﬁﬂf geYE%%ct ively. In this 10
enl aod~. menthisnemaidimeat keyte Sehbciteibn banthd engberpof aasissti ng of 10001,
10Q0Z. 10 L.0004 will he. used as a, mde-changi key, preferable key

| 0001 ené%%%ﬁéa??ﬁégﬁijﬁFeiaﬁ% F¥P§§JWE%?§8 ﬁ%ﬂp4%iﬁggbgg¥éferred to as the
shift keyexifsting coslEphonki efuipieht bhaciale generaliyt hakkeyid5 10001 can be
eonveni.ently agtivated t he th c~.the | eft hand ile the tel ephone
is. held eﬁ%heg?%ftt%%gﬁ PORS P% % r "5’3?'"?1 "§ GETHXD activate the

ot her keyshatFowoarE ailiesdi ey must Vi cfeselteed | 1t nbhubéetse used to active
the shift ' the tel ephong is hld in the 20 =fight hand, key 10004
can be usﬁ%%g?%‘!écqlsﬁgt FB?%?. %ﬁSES%%ﬁﬁj BFTIRY B8PS AP ®553. ural zty Z0000
t 1@ cor r asosoilagidie syebsl withushetb8\vedddt tato ntusg Bebsets, wha.ch will be
referred hift. se nd.the non_shifi set respectively. Letters

w il be aésigslt%%g‘gp o%tvﬁ% ﬁé “%ﬁ%l ??,ke%sﬁshfrﬁtéhnéseteéggf?%gq | ookup error is
m ni mM zedeethORini@yl Mepk@P 3 rogqueate amnd ainimlriqredy rame «of t he sets,

Koy OV | 86200 NP3 ha dilae WBEngid oBEhns SVNGR! RBCREAPT! Y ONe Tetter pex

taught by this invention and using the even-as-possible
15 partition on 10 keys, codes such as amg be cdu £iy gpx hl
jsv krz nw ot with lookup error rate of 138 words/lookup
error, and query rate of 9.3 words/query can be found,
while simultaneously optimizing for lookup error rate and
query rate. This should be compared to the lookup error
20 rate of 29 words/lookup error and the quexry rate 2.2
words/query of the standard ambiguous code, thus, there
is an overall improvement of by more than a factor of ¢
over the standard ambiguous code. 8aid 10-key code
optimizeé for lookup error rate and query rate is shown
25 in an example layout on a telephone keypad in figure 18.

We may also compare this 10-key code with two 9-key
codes proposed in United States Patent CITE tegic, and
EPO patent application CITE epo, respectively. Thé first
of these codes, afg bkn jlo mgr ew dhi sux ptv cyz has a
30 lookup error rate B6.5 words/lookup error, and a



5 the probability of activating the shaft key is mnimzed. As is usually
t he ease, sinmultaneous optimzation with respect to | ookup error rate,
query rate, and other ergonomic cr~.teria inplies conpRyrmayg 2003 | nst ance,
one could potentially achieve better ~, ookup error rates and query xates by
renov~.ng the restriction that one of the shift. nonshift) sets is conposed
of a single letter per key and allowi ng the nunber of letters in the shift
set to vary fromkey to key. However, regularity of the 5 partition into
shift and x~oashift sets nakes the keyboard easier to | eaxn, an ergonomc
criterion which is here given high priority. Leaxnability could be further

o casy to r onBHBErEese PRt (PHOMRET eidn; S FePRorrhatEver | could
conprom se | ookbp e:txcuwraingscﬁncttheuyhasataewomk;emrareraﬂre ofi~10sf f er ent
ont ai ns but oNETTMFpeFrRe Y GReras S ERRRERL s an
2003 The, resul ?§°§§“§?.r§“mt“w§ﬁ§§‘§¥§?§§@$';‘ée‘?t%i?ﬁ 30, where

£% 49 = ein des ?

| ookup error r S8 guery'ra B9 o es, as well.
as t he standar dagkbi uoneitbhee tSRCUnited StiabebePaiEntdCiMAttegic,e all of 5

t he codes are %g yﬁgpkhgpéﬁ@étq%ﬁl @{gﬂo 8u§rec%91§b}£$%twi%5e better by a

smal | nultiple. n“rs quite and t he best
code CEHLNSTY wesheet: ltwokbp eenahiruchien off 43¢ obtads ebbddegrseicodesand query

rate of Z1 vvor%ﬁéﬁgﬁ)&ﬂ%Fa%gt?ﬂg%glgggifamteh@@tﬂ tleeskgcgt@g idpanbi guous

code in terms 0 I'mes better £erms of query error.
This bed® codethssﬁb@dﬁﬁ agej opidmigrg b SFheyyayk EndeRdreptivdzefitnent s of

the shift set grecuhiddhindl ﬁ&rﬁ%me%ﬁéfusll%fseﬁ -td knkSahosddmcsaphasi zed

again that this code Is 15t best code with respect to our reference
statistics, otestisakitysofcthess 4P988d ot her best codesr though it appears
to be anong the best or statistics drawn from many alternate corpora of

English. It should be further ioprem ated that the same hybrid
Chor dxng/ anbl guous M]er usefu Comparison :I.B to 9- key COdeS Wthh

are optimized according to the teachings of this
15 invention with respect to both lookup error rate and
gquery rate. We construct, for example, the ¢ode am bnz
cfi dhx evw gjr kos luy pgt with lookup error rate 109
words/lookup error and query rate of 6.2 words/query.
Comparing these results, we find that the improvements
20 which result from the teachings of this embodiment are
from two sources 1) using more than 9 keys to permit the
improvement of lookup exror rate and query rate, and 2)
optimizing both with respect to lookup errox rate-and'
with respect to query rate. If the approach taught by
25 this embodiment to is extended to 1l- and 12-key codes,
one finds for example the ll-key code, avy bn ¢l dhx ew
fip gjo kr mu gt 8z with lookup error and query rates of
215 words/lockup error and 10.) words/query
respectively, and the 12-key code aw bn cky dhg ef go ip
30 Jr 1z mx sv tu with lookup error and query rates of 313
words/lookup error and 13.2 words/query respectively.
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20 nethod could be applied to arbitrary anbi guous codes in which the
underlying anbi guous node is not constrained to be the standard ambi guous
code, indeed is not constrained to be in al phabetic orﬂm 20030nly 8
keys, or with an even-as-possible partition. Ey allow ng nore freedomto 25
choose codes, hybrid ahordi ng/ anbi guous codes can be found of such high
quality in terns of |ookup error rate and query rate that other ergonomc
criteria, such as rninimxing use of the shift key, could be profitably
conbined with optim zation of |ookup error rate and query 3U rate. These

opti m zatpaps, sheyord ihher g Qe oF the nr Nty diggent, which seeks
full conpatlblﬁﬁfy wth 159 27 May 2003 er?gglng Ieg ones, they are

however, Wes |enfkeEAPa ehaoncopeteasn ﬂVWE°b$eéﬁhFaanQ#mah;nalrm further
facili tatf,q;,_kzﬁ,é e_ag | ddrdo¥ %&p%habbhbéeén%&ai Si yhaard, the letters

which formthe 5 shift set are preferably represented on the correspondi ng
key u5|ngT&ﬁQUﬁﬁéﬁéaskFﬁngépﬂthe\ﬂﬁ@ﬂ€a¥¢mFQL§Ph9ﬁ%'4qmﬂ?hebhensh|ft set are

r egr esent gelisurds! EVRFGASD1IVEIA®RS thas (Shaun H)nséf&&gﬁ: 3suchlternately, the
two sets could be indicated by letteri.ng~ varying 1n size, coO-~.OX,

typef ace BYRARLe papgef . (WheShgE 91 @0t sthesh l@Prov@ientse text to be typed

contai ns gutwighl the FéucthbhtoBehe hBENidPRoSBhéddd@pnaust be operat ed
substax~tial ~.y sipu3taneously with the correspondlnggletter key, this

letter wilebtesc s¥mbels dveMEdnd utadBigubUe%s Crp @kt 8st) when a letter in

the nonshiddi el ihSréfdtincedro iR qaééeaé@%bagof UL GelE¥ed S OPErated, and
the letter is represented anbi guously. |In view of_ the teacﬁlngs c~f thls

i Pent i onsojgongtrEpcted he Ixphe ck? PeeBOtE@tthatenanskaRFeguat i on nechan3. sm

COr I €S PONghniihiled cblil & w%%&&&‘tus&%Wséq\%déBYéfcéﬂdd&ﬁmgcat ed w-.thin the
t el ephone) at the sen in d of .thé conmuni cation, and or at the

recea. vi ngy"iR}sofst fes a?nc’ﬁfleﬁﬁ“c?o?%%t SR -SBYE cent r al conput er

whi ch !5 &fsodisitCopédiEisabibdwl enhome As e Ay e #Saey, afd the standard
t el ephone_keyp there are 4 k S ava bl e to encode non-letter -

i nf or mat | SR Tt T e nERRE of 108 27 May 2003
SISt hesi Zﬁath:telmndlrmg Snytomic C@:ﬂ'mmebe%f&m\tespém riwrpaEt ofhgron- | etter

synbol s encod l.e usk ephone, keypad can.be_further increased. In
parti cul aFo" ?ﬁ%&ﬁn égﬁﬁéygk P Y62V RE B 2ha S

transm1551on symbol is as follows. Let # encode the
space symbol=end-of-word symbol, ## encode. =end-of-
sentence symbol, and #Hi=end-of- transmission symbol.

20 In this way the complexity of encoding a symbols varies
inversely with the probability of the symbol. Depending
on the application, sequences ¢f the * symbol could then
be used to encode other non-lettey symbols such as
backspace, @ (for electronic mail applications), and/or

25 be used as a mode changing symbol.

Telephone keypad in alphabetic order This embodiment
presents a solution for a severely constrained keyboard-
design problem in which the number of keys is fixed, the
placement of the keys is fixed, and the ordering of

30 symbols on these keys is fixed. This problem ariges in
the design of a keyboard which 1} preserves as well as
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can be provided if even |lower |levels of anbiguity are S' required. For
instance, with 4 shift keys, each associated to one letter on each letter
key, totally disanbiguoua text entry can be achieved, 27oKiay 2008¢e '

i ncreasi ng the nunber of keystrokes per Setter. In short many associ ati ons
of subsets of decoding synbols with 10 ~ ~ahift keys can be inmagi ned. One
particul ar class of assignnments is considered in a later section on

i nternationalizat~:on of these~teaehings, up to now described in detail
me~inly with respect to "English. It will be appreciated that using the
shift key in 15 conbination with the remaining non-letter keys, ~.xx the
preferred arrangenent the *, # and fl keys, can be used to encode at | east

6 non-letter shappinle §3}€hf%f%’-lﬂéﬁc%lf’5{i‘l’"6 18R4T nofel henpEandsithol s, and

the like. 8rrogmagiicRal bode V33, 39 thdatiBndasdnaehi sunlls RedaaLds Especial ly
when used by a novice user, the keyboard of the present” enbodi nent coul d be

operated in sutelePhARenkeYPal: PRE ¥eh P ka9 iprpred SkRPaP EFERS when ~. t

shou~. d not berjpe GOABeiPerdtR! 88 dQsphesd . t@meagt&idﬁrd binBBSudde shi ft
key w3.17. not be pressed when ~.t should be. O ten, 2S such a nmanipulation

will, résult ﬁ°%ené°5§?ﬁﬁgF%%%tr&éEBﬂﬁH°E ? *%tﬁpsgﬁ?ﬁ%t@o ‘Efé’?ﬁ ce is
eﬁpegtl n;} ﬁgrreﬁélﬁumed Sfe}E&?,@bﬂgwﬁﬁmUeBCmsd thehambithioud code.

chor di ng/ anbi guous co n these cases, _rather an |ssua ng a.query, an
a~.ternate di sSRB° ﬂhé?’f’Sﬁe rngﬁ'f"fs]@npfgaa]iqr?“‘/\ﬁ & HRIHREUONFT Eo%y 30
activation is fgnotilletBérs o eaeasy- 100keps uehei Sellpthonei 27 May 2003
interpreted as,bein enco |ng e, in the dard anbi us code
Ciften, this i hf’@?f?’egiﬁ %ﬁﬁe% keys tagﬁi?ﬁfee%’érdeﬁﬁ ‘?ﬁ@ user.
isto bm not ednbhaélpnabbbecohwboas Sieen while fmgusﬁr&&rm strong7.y
correlated cy ace fpaa. red on e sa t.h 2 weakly or
uncorrel at ed s?ﬁ%bé“%?a&kg a?h?venngrP%BgmﬁFeﬁ#eg 4l PB%s

d~. sam guat i onmspf évmise w0 @Itrelmat:eepamﬁ.slom anteb sehll s:rm:e)ctl shereant but
(backspace) keggg by th ysery or vice D versa. Touch-.typing-oriented
gquex~yiag It Faf °|pa5b e in this enmbodiment to use the selected shift key
as the scroll key for queryi ng, when querying is permtted as descri bed

o ol 1 o el kAL S RAL I UGS ol IR T GYadiRG, | Q825 2 S T

key or a scroll Keya I ven nonent erm née omatl cally
gi ven tHe appr opdemémttlmfe of\\aeérelementevinte 19 Qm‘m?exyl ng node the key

functions as a.ggrolls ,Jfagytoaé'qﬁﬁhtl@r%ﬁﬁ%uwélcéd&nseﬁeﬁ sutiehbikgy. O
cement” of shift ke

A7.teraate pla S Referrlngba gain to figure 38, we note
that this enboGPﬁEhtiMﬁlEEerﬂi‘dé@PbﬁéQP PesgEblghdragrRIURh§heXi st i ng,

standard, tel eQRERES andd ghetPriieees &f @adBnef atiddecloddd hamwge of this,
enbodi nent in mnd, they are preferably equipped wth addi ti onal . key 5 or

keys 1005 to fGH@PF%rF]’%fsbPﬁE A pLtRERACE Pn?s““'rengFé‘FJreé'& to place these

addi ti opgl kGY?:%Ee&ﬁhﬂa Sisdes sﬁpllaghe:zé %&ah@mld&m&ehédw»taﬁ@ntbny act uat ed
by the thunb o

t he hand hol ding the te7. egg uch (H_g %tnent IS
shown in figur &P38. iRAYLPBNED sCerpaised o 591:3( pro

This invention teaches that a minimal elementary step in
the set of possible codes should be defined, in the
abaence of information suggesting the use of some more

iS complex elementary step. In the current context, an
ambiguous code is a ordered list of 10 groups of letters,
such that all letters occur in exactly one group, and
within and across groups, the letters appear in
alphabetic order. An example is ab ed ef gh ij k1l mn opgr

30 stuv wxyz. Thexe are thus 9 gaps separating the groups.

An elementary step consists of moving one letter across
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110 27 May 2003 fingers of the hand holding the tel ephone teither the

| eft or the right hand) nay al so be used 10005. Cull~.r~g ~. nfrequeat words
is'gueries Tt is often the case that a very frequent w7dMmay 2008guous wi th
a very 5 infrequent word. For instanCe,~in the case of CEaLNBTY' for
English,.-the.very frequent word "for" is anbi guous w th-the-very-infrequent
word "fop". By elimnat~.ng these very ~. nfrequent words fromthe

dictionary, the effective query rate can be inproved with very littJ.e~ 10
ef f ectO$h 988w WEIOF dRgEanre: i bhav§ ¢lprse the serondigamgerd N question. For

i nst ange ﬁﬁl&l@éeh e ’Ew : Lmproved. to.l. guery every v6
vvords?fagi/ elm natli%n%ﬁ\%oreggﬁe ose t%%%%a%‘}@g%%a%ef t{pc}es e1'1"e°s§§qt han one part
i n 50 efthghs drjd k1This opgicl Bhgvcexybhe by hhewialy thd dretiteastanes by-
appl i gati qn, of ~~gap _factor) given by, rati o between two words in the
quer y?t%}f a.eﬁhe%ﬁb§gef f’ggﬁeﬁtbﬁai tsfé :l'igg]t M SRENBEUM | for instance,

. the gapcdAChY movimgt the 380teths €bSthé bﬂgkm; @iddy € ~00~ is obtained,

two codes,, t st gndar d_anbi guous code ( SA 0 and the CEHLNSTY code are
par t i ciRegifiedoiceded add PRsehble Fedes grhich camthe aditadated oa There are

tWo M dnel el dentakty! najJd ' I tl,_Q’% resent enmbodi ment, both
of whi £ axeerieg‘ginl ?ng%gg g#‘gr%gér é%}é%ﬁ% |nEDtQ%Z.A 25 in

appl i cximpdy generetedacBives this holsexmaintomn.anfhadw are 1) handling
accent a eat. oL, generalized .codes which are app3.icable to
many I%&?@Iﬁ'&é}éiﬁl 8%0%&688?‘%38?&?%?53‘?'55‘!%} \mqtlhc’g’e Hrved¥ | y di scussed.

) 111 bbvdyy iR0R31Bapd! evydenterd cond/belyil Fat) U Eh - tMHdw €N With letters
Whi ch nmay appear in both an,accented_and an unaccented form For exanple,

in Fr &iftifp! 'tﬁ?&;ﬂBE"WF?F%ﬂ“ége“@‘,‘s pughyy by thig ¢ xs generally
| npor tiferitd oR (iinsE}x@gﬁk‘ébgﬁb%&%@@thﬁb}ﬁ%;&is%%gﬁn%ce”t s, far

instance, the word '~~.eve" (neani ng "student' can ~.guous with the
wor d Eind,~fopnexampde; r the seode abhmd mff ghliikip oacipgrt 8 to use anot her

shi ft is all. j f whi.ch has the function of
? sel ec§ |§nzgiwg}r}%§c\§§%§§§u§e%l§% %&%Q}%t erdo\f\v;%\r‘l{lﬁggﬁlﬁ F*EEtbi nation with a
' key ermrstlisnguieryt rheet of. 5E8rwonds Auery t 0 Thisnteddee 1) ghowd CEHLNSTY, we
can ke:.é/ t he accent dshi ft ke%ari‘n cont‘ié?n tion with the "def' key to encode
ei t her™h b Prejprred grrangemaat 2y & 3‘%?@ i% FPeRBe™on” nechani sm t o
deci deinfigurel 16heThe! uPros CRRtEs iSf HHIP VoA ehoRlld Hedi ven word. Using
this approach, we find that wwth sone set of word-.fxequency statistics for

Fr encifomPamego kG Fhgger §F Fheedayd amiplapous; coden Witk ® wit hout an
accentisdiip efevr Rke( 5?4234%&#1&1&& WA, Shid o C‘E}Sﬁ)égfbm the

t el ephone ~Ceypad, any of the keys on the bottomrow c e used as an
) accentrate of * 2.2 words/query.. Thus the improvement in lookup

error rate is more than a factor of 2, and the

improvement in query rate is nearly a factor of 3, with
no sacrifice of easy-to-scan alphabetic ordering, nox
compatibility with existing telephone equipment. It is

3 to be appreciated that the the discusgion above in
reference to the choice of 11- or 12-key encoding of
letter symbols for a telephone embodiment apply to this
embodiment as well; using optimization over partitions,
substantially optimal codes for 11 and 12 keys can be

) produced.

63



sh3.ft key, for exanple. In spec~.ally built keypads, an additional. key
could be provided to supply tl~e accentshift function. For ergonomc
reasons, it is preferable S that this accent-shift key ﬁ?lﬁ@ﬁ@ﬁﬁﬁﬂ 3n" a
manner simlax to the way the usual shift key is operated, €.g. such that
thunb notion in one direction ~s used to encode a regular shift operation,
while thunb notion in an opposite direction ~.s used to~encode the .
accent-shift O operation. 112 27 May 2003 Ml ti-yaxi guage Anmbi guous Codes
Since the statistics of one |language are typically different fromthe

statistics of anghiaemethBauaseopeimiet 1t @véxsfﬁ%afcaahbahlsy optimal. with
respect to one Iagﬂuage may not be 5 substantjal7.y optimal with respect to

anot her 3. afyH&4g8LtIX BedeclamiERd| kO Jihidh gmpaddenttyy pabreukit Ber espect to
3. b | | i t th
o & anopontas g gt i gt g L0 o

| anguage. Fof -exanpl opt~, mzed for pexforns ~.eas
wel | for Frerevichsiyadiedussedci to qgatdduashaprinadr cotiesoptithal ity with

respect to French, .zn thi.,s_particul ar__exanpl.e, FLLNSTY renmipns strongly
{ouch typabPOEURBREAEs BERETERA OF 51 RRAAY Bif 9-06l SSHEEHEVRRRL case w Ch
xespect to »khriagokeyes. 15 In order to gain economes of scale,

manuf acturers may Wi sh to produce a single machine operable in many | ocal
| i ngui stic environnents. Since a typable device, for instance, a nobile

phone, may piekeyallikenRugpkeyss! ales @brtaldh Wataarhi EHeugréGﬂé’ué or whi ch
it is designed, 20 it is useful to have a single code which applies to many
| anguages, &Bbodimepki §0| ageeraty & dithoagshahish B onere hhyifor all

machi nes in | Qe RUR: gt LS e rget,Li i St

conmuni ty. p égggigxggF?ygtﬁ% sa&gite ﬁﬁ%ﬁﬁgsagg ngégbggﬁiéﬁééﬁready
desdi bed, miths reepechl tot vapiaui cargorangico exitetda, whancbe aised

't ~. tinized wit t t diff t | .
mul a1 ang 62 PTOREER; BEVPERERR RS (s Do IORLAG! b: PR SHGRIRG. |
criteria w igher@yPReybbaraaCin@t Nerakdibytialivdd a3th rddpece/tdBy 2003

sub-step the step of weighting nultiple | anguages with respect to each -
ot her. Diff ¥o&ACURe PEEPRANLS cREhERY 8 ¢ Afp o heaPEevious f eebediment

Ci T CUNBLancey wi9l hEShAHER alelEad IRAMAHIR EhEULLIRROUSE Vel I M 28 Wi th

respect to 5 statistics o ngl i sh and“Gernan, and yel weight perfornmance
of tlRe code skiendardserboayd Hay)| Maintasinimae thepordeninghafi wlef or mance with

respect to pLef i | i e, | ich the m ni mum
perfornanceggg QEX|ﬁFzég,S%ﬁ%ﬁh%ﬁ%?g%%gﬁrgﬁ%?&%F épggﬁ%% e&?%% to as a
m ni - m x pr pagtdtéon€onf~these opiderad mympolist sor espeot minimizet of

| anguages 11, 12 ....1n, _and set of .ergonom c.criterja, el) e2, ... ,
em G ven téb@om &ngg'fgﬁ}ﬁe’s'agﬁ? wy d%PoP"&E&ﬁiSrgéhb ic criterion era,
we rate cl embodiment requires the further restriction that letters
20 remain in the same row of keys as given by the Qwerty
arrangement,

There exists a sequence of keyboard layouts which
are Qwerty-like in that they have three rows devoted to
letter keys, and variable numbers of columns, from one up

25 to 10 columns. It is clear that with but one column, that
is, but three keys, 1ookup.and query rates must be very
high, and there is but one possible ambiguous code which
corresponds to the ordering of symbols of the Qwerty
keyboard. This code is qwertyﬁiop asdfghjkl zxcvbnm with

30 a lookup error rate of 2.8 words/lookup error, and a
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as better than c2 it f or c¢c~. the mninmumof emover the |anguages In is
greater than the m ninmum of em over the | anguages In for c2. Wen several
ergonomtc criteria must be optinmzed against, it my happmayt2e@3one code
is better than another in the mai-mx sense with respect to 0 one
ergonom c criterion, but worse with respect to another ergonom_c.criterion.
In this case the ergonomc criteria nust be weighted with respect to each
ot her as has al rg&dy been described in detail.. As an exanple of these
Ceachi XY XAtS 15 Jopoxds/aHgTvirt B FeSgeef SuchoBRep error and query

error & Ay ehaf 1@%&“%&5‘13@&9’ L §eeé@gghgamgl fgﬁ aI gLl,ow non-al phabetic

orderings, and use 8 regular input nmeans a auxi Py input neans and
an accESnions fusesuxifs &8"? mpbﬁrneénsplsmnshéncrbasearege~aﬁé i nput means

can b y & d n Wth one the auxiliary

i nput ea‘rrl-\}eanstcl> ﬁﬂﬂ@’% 3 c%gl(rad?"r?g?‘%%gga‘&gé?gﬁd‘é aﬁ‘ﬁodl nF %s has been

3 preV| Gaehey tdimss,r |ataad:heF|nmlbearonfl cebé.mnnpt iAtFeaged)  FhaegPeféet 0 the set 5
n es consisting of French, | i an, Portuguese and Spani sh, each

I angua%ezgeﬁﬁ%géﬁ‘i optadn 5?’ B’PX eazd. sPaiRtR1RINg Usi ng t he direct ed

randommﬂﬂeﬂﬁt&n N4 -2 adhl keizbndineeéséeﬁusg #ELTOZ 4, %' x a kn r par d
49 t evc 10 fus with (lookup error rate, query ra of (3250, 265),

(1140

°f( mg-)ikea#GYPQQ?EQSQmD‘ﬁtV\Pehareermexzdpmim French, Italian)
Por t ugyasse cﬁ?‘%ﬁ]?ﬁ: e % S e h atively poor
performance on nql%g ,B E%¥88r;%gnsg\%gfh §§1 ugg T of (6~,4.8,(93, 10,
and 1tex8qile) weesypisdt |boeb3ailasangeybsam‘dl ﬁhzahnﬂ@tQ@érspnmé ng tinme, but
optim zi Wi, t.h LeSR ct to _Datch, En llsgk and German, one can find
codes @@%%W%Wy & pame, §ize a8 dpogkel ¢alenlatorich ya, el ds
112x0,v/eh) udihkp £4A4).- sdeeat kByS7) 7oaomﬁ\ﬁ§ £3H e %eSed esgctlvely This sane
Code vyi eI ds | 53 ZO) 306, 50 I525 36 (4236. 2?2) for each, Italian,

Por t ugthesE A T4 RO o s Pe SEFOREYY g@ﬁlhmm%blme@ﬁeesul ts are
respe a1t I ages early as good as
t he r%@g&%‘% n?glogl%“%e%@g%b?ah?tggewgﬁhleé C?f;[?%x? 1Pfgse | anguages is

¥ expl i cTuexy omties Asd awehass yesdl ospsaggdst ¢hiajkthe ama evllid f erent the

goner 3B oAl BBEerCVELy R WBRRalCond (RNGE Syery | "0

genera I'Zes" t'o ~ 27 May 2003
I n prais.|&a&omis,cmmeznges);rbhglyetoacnntypamevmtnh reERges to include
|namet|-Ian ua ot|m~ zatlons hene, are_nore comerci al then

concept Qb CYPhGER 2P KS¥RepFaURRMt b5 this disclosure is
t hat mﬁ@emmlcoﬂer fer BRORA exeh pbefept&&t & rangement .

A typable device with a keyboard as described in this
figure would be suitable for note-taking, composing
electroniec mail, and the like. It would be readily
typable with no or minimal learning by anyone familiar
with the gtandard Quwerty keyboard, and, even built with
full-sized keys, it would fit easily into a pocket.

It is to be noted that in terms of lookup and query
rates, the cost of adhering to the Qwerty convention is
high, even when the convention is adhered to but
approximately. In the code given above 17 keys are
devoted to letter symbols. If we now allow for
arbitrary assignments of lettexs to 17 keys, we find
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| anguages shoul d be such that the code should be strongly touch typable. In
t he cases exam ned above, vpti.m zatior~ with respect to French, rtalian,
Portuguese and Spani sh d3.sco~rered a code which is |evwpy i |y touch
typable 1 with respect to these | anguages, but the nlnlnal performance is
barely level A strongly touch typable Wth respect to Dutch) English, and
German. Strongly tvuah typabxe handhel d dBVi ae which i~r typabl e using one
~aad. In the hybrid chording/anbi guous node i enbodi nent descri bed above,
i.t~was shown how a distingui shed input neans can be used to form chords

wth input geges 806RIhBOwaEDEANRUS Yoo QSIS S WIS Ky 1080k 8 T gUCe the

anbiguity of the overall system I's present shows how™t he sane
i nput nmeanswd&h Belaokupberhotoratéopl ?Qﬂ&nuqrdﬁfl@n&upoerenrodang

anbi guousl y _e d t hi uous c
expressed a§ gﬁ%&?t §¥ g 5&§/$@$8§ gﬁEﬁ%é o IHAY ﬁ aﬁg
nanlpuIat|ouaesebmkaptersefeeVeﬁyfmmsﬁagnﬂxﬁﬂ uypeﬂeteﬂtngaﬁﬁﬁmebg, a second

Sequence of i nput neans nani pul ati ns serves to_sel ec econd subset of
decodi ng syﬁgﬁPsgnﬁnﬁugﬁyoﬁer 92 % YYPeh & cond §8béé§f§§“étsﬁﬁset of

the first sypsginet Benbli withUbESpedt swsmuqi the kegaadrautaéﬁidl and thus

a subset of the first subset), and so on. This is a ~~diw de and 0 conquer"”
approach, a®c§ubR REKFPRER¥VECEED t¥)RADIS: the art. ~. owever, it is not been
her et of ore understood that 1i6 27 May 2003 a) the nunber of surressi.ve
subdi vi sions of the set of synbols can be Iimted by making the small est
subsets contain Wikb raferencesyobblgumm®lihive wepr Ebsht thisacbdguous "code,

nor b) that divi,sion S8 n_so s to _nmnimxe the

anbi gui ty OP%BQHEH'% §{¥5 5’80 Reh ey T%Paﬁ') qtahgfggﬁﬁﬁgﬁ t 9¥r B9E¥%t i on can

be qpti m zedlosel eosmairamew}-ypmuaﬂs NEheigeelect@enogke criteria, such

as adherence tQ conventlon%62€$?% t hat the transition between levels in
rSh

the hierar chpdigated 1B Be P RS AFegereREl sEPgAsingEe s of key
presses onlﬁhéssaﬂ@afieﬁ@fléﬁiﬁ'mﬁné m%e@hse%%g nW;He now be

described in detail, reference to figured 39 to
under st ood @wgrtyhkeybeapdtanfconfthis optiinmiaed QWQUWehbé devi ces t hat

can be buil Q?BPQ&QInghéo§1€§ﬁ%§§ﬁgsconque @d@d gyep %EOHOHgn%Otypable

devi ce whic res on a approach 1o €o nstructlon
whi 118 i ni merchgthabi ghét yrdend/ GingoneHtther lefgohentcisrobethen such as

adherence t nyent i o it 7. . withi e S¢O f_this enbodi nent.
Thi s enbodlggﬁgéfz iéegewgetéﬁ fé#ﬁ% é%ﬁﬂ%§1 %y%£8u8ﬁ9£€p§BP Wt a single

hand. It hathéthgoidkéyonauoﬂﬁlyaiy ebxitryian) @otht the 8padd IkéYp@ﬁm tting a
fully unanblgyous text-enty permtting a substantlal y opti mal,

strongly toli&® {§pabPethanly dﬂ%wt IQH%ﬁquﬁoﬂé es 2 step from
the Qwerty layout in the direction of anatomic fidelity,

20 in that the weight on the home row is increased relative
to Qwerty, and the weight on the strongest fingers is
increased relative to the Qwerty weight. By suitable
assignments of symbols to keys, any ambiguous code can be
brought into optimal coherence with the Qwerty (or other

25 conventional) keyboard.

It is to be noted that by allowing some departure
from strict Qwerty ordering, a very substantial gain has
been made in terms of functional Qwerty similarity. When
the rows are slightly displaced relative to one another,

30 such as they are in the standard Qwerty layout, much or
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27 May 2003 3) permtting a mninmal-keystroke node for data-retrieval. 9)
I's such that the above three nodes are nmaximally ergonom cally conpati bl e)
Prefexably, this device can be configured such that, i27aNdy2003t0 the
above-stated ergonom c critexia, a new ergonomc criterion, scan tine, is
al so optim zed.. Optim zation of scan tine will be discussed.i-n-a-section
be7. ow. An overview of the nmethod for constructing a typabl e device based
on nufti-Ilevel anbiguous codes is de~scra~bed i x~ reference to figure 39.

I n t hdnast KF Lhe fifger, mobdopr regUdREd| &9 cprerafe dehagvasimug s are

sel ect T ; wedlg I Bhral at rese t he anbi guous
code, )S%ds nélgh&?u?(?a&u e,)!L oxigggrr%rg %x%%?%@%,g?h%bﬁ%%%xs: a through
z. xn tdehexiingesp ntgipnareguguadnte coperate e istasdacied for the

over-3al | fti-level,c .. Ihks onomic criterion could be, for
exarp Ere iR BeEyRRsRg, Aok e, HADSLEREPRCR EFaft Ot E M AR Ehe

er gonosigoridmilce ldr tifr flah @ fplrebekoatiofi 08 & actiihrdagt Sbmald t aneously .
sel ected, Tn the next step 152, the _ second-I|evel decoding synbols are
di vi deRFINEdyARd ShenSIg0neRr Ry ST RBEEON| of -PERIFHREA®D Fhch

secondsd,avEit SoSefundtigch '@ way that the overall code is opt~.mzed
Wi th xespect to the selected ergonomc criterion. Up to this point, the 118

27 May 2003 construction is not different fromthe construction of any
optim zed [ . e qﬂgij | onstraints, for
I nstance o r@%jﬁfm%%%nﬁgﬁ%ﬁpg%%g i%gf%ey‘f?%aol S, ésljﬁgﬂlaé}h%t the next step
of 5 cCbheséptirnized,candehexvantietdy bf tbes pepilstipns L33 the second~l eve3
encodi synbols are coll.ected ipnto grqQups. Thesge oups are treated as
decodi %e%%rﬂﬁﬁis'f d‘ret aro_ulﬁ &’?t I“PE%XPgﬁgafﬁmc : Otherwise said, the
encodi fign PRt £t Lind E SR delvivek £8081 966 0iFeAe ol Nnehsyabol s |1 fox

the first-level code. Hence, a first-level. encoding synbol 1s assigned to

each ghetween dihs mptimizest Qwersy-aile gheyBoardanddiennal optini zation

of erg ggp%' deri S ' . O ' T second- | evel .
synbol‘g I'n %"%ﬁ%luﬁ.]% n géﬁg’r g’?’?igggﬁal %\geﬁg&%s I'n cgrgr%lq’%?ﬁl evel code can
be optwithkeceapedt nos e celiertddnf ofir ohherr gugmmemicrétiréria,lhese criteria

D Opubh e TR S R hRRET ThL8 bt SRS S oL ne P
step lBdcilirated tif |thellaedqidg bifutheokeys ucdwld ilse ecttaiedl in a typable
devi Cein software. This object could be attained if each key
were equipped with a display means capable of displaying
at least one symbol at a time. Such display means could
‘ for instance comprise an light-emitting diode array, or a

liguid-crystal display, etc.

it will be appreciated by those skilled in the art
that the keyboard design method used to prepare the
present embodiment could be applied to the presgervation
or partial presexrvation of other conventional keyboard
designs, such as the Azerty keyboard used in France.

Fumeric Keypad-like Keyboards This embodiment has the

object of making the advantages of an ambiguous keyboards

available to wost computer users, with minimal cost and



In this description of the construction of a nufti-|level code) the
construction of the second-level code was descr~. bed as proceedi ng the
construction of the fixst-level code. In using a devi cq;emyb% a 25
mufti-level code this order is reversed: first an el enent of” the
first-level code is selected by mani pul ati on of input means, then an

el enrent of the second-level code is selected by further manipul atiqp..of

i nput nmeans. This is the essence of the divide-and-conquer approach. It
will 30 be evident to one skilled in the art that this 119 27 May 2003

constructi ogpithuhng ehanget inueHeiP éisiSinge hepdwael.NCitudget hird- and
hi gher-1evel codes. Tn practice, properties of each |l evel of the 5

nul ti -1 evel adyaatagss petablyuirghednidhe, asyemtaged ofoonenhand desired
properties 1‘1%.;5_#@J Q¥e' - 3hd- f L& (oTe03) sR[E - Fppnt s

pr esent ed tg.' on?rlekégl'ygi Il Eisﬂtér aeti‘(raé&ﬁécl)fvé? h3. ?ogynh&ﬂt%gn%g& agg???nhggti on can
be pl anned awdtheawbigudusdkeyiipardsy clagignest foire hapdhbeldf devic@sr uct ~. on

of this enbqgi tq h ' Lgu ] hel p .exhi bit. the procedure
n - fur 1 genbARery 1077 REV hBRRHAS 40 kRt ISHY, don heraPhefc

over-al |l nufdcmputers! inelladet aonumestiar ikeypwd,t ltgpliicadtyl evetheode and three
for the S second-| evel code which c rise e fti--level code. In this
enbodi ~ant & hf e_tngBﬁﬁFn' ekcﬁ? g'gyz}’%ﬁﬁﬂt B&}rétu(?“lthémﬁi QMETEY code are
strong t ouc?ax_tzwgéméhty_, THHEEN1 By | Otherddd GRIcIRGRY A sefh8rf 4Esbw! evel
node is optimzed relative to anatonmc fidelity, and al phabetic D ordering,
and the secd®¥s,e@d otbge ispubtreanseifachive: foy ae¥ingsshef partition,
anatgmc f~. Ly, S i iaﬂgzpetic ordering. The first step
3100ﬁ|nn t he r#s? r’ugglggnégP {'ﬁ‘?éi.gérrblgé ~'ment is the selection of

i second-1evel) decoding S synbohs. These are the letters a-2. Then strong
touch typabi ~.ity, cquexy error. apnd | oo error are selecied as
ergonorn~.c cri téﬁifng6¥gtﬂ8wn€|?t %mﬁlbga'&eWﬁssFépEnsiﬁfi?%aﬁ, and 3103
respecti vel YWodEheptimigedt £pxr 34 Odommsmniriinar-iid kelyipbyl Laysatesbed as a
ergonom c criteri Since this device js neant to_be typable using the

on. O
120 27 May3F6O3tPEREBEY BHLREha IR NPT APVERE 8B6i CUTSaRae%hi ¢
fidelity is yHuridTagtedl WeeBvhSaB1E! Sald Qﬁil'ﬂe_x’i%é"k%ypﬁﬂdsﬂocﬁ&ée$ﬁond! ng
first-l1evel encoding synbols, one for each finger “°5 Anatomc fidelity is
chosbh as arthdegemgmpdectiit keydrof gatinus &iged-| Pependdag on sther 3| 05.
Each ncodin (o] IS i rSk= I I ol C S tQ_several
encodi ng sy%m ?Bf gr%n%‘ﬁghgggéhdgéme%/gfcao%g%x#(ﬁegﬁi 3%’%@???? B(;? t he
second- | evelusesbderi punekuatien, 10r citheac lsywibdlise 4nfli theskevthesynbol s

corr esponds c{e%ilc_l:m constraints could influence the choice of the

number of keys to be assigned to-letters, the
20 distribution of letters and other symbols over modes and

80 on. The eesential features of this embodiment are:

s - agsignment of an ambiguous code to a plurality
of keys in the nmumeric keypad

. optional use of the thumb-actuatable auxiliary
25 input means to change modes.

It will be appreciated by those skilled in the art

that said assignment of an ambigucus code tO a plurality
of keys in the ambiguous keypad can be achieved in
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second- Level encoding synbols, so the nunber of second-|evel encoding
synbol s should be 16 for anatomc fidelity to be naxi mzed, 16 second-| evel
encodi ng synbol s can be associated with second-I|evel dezoMays2063synbol s
such that evenness of partit~.on is nmaximsed if the 26 second-| evel

decodi ng..synbol-s are distributed over the second-I|evel encodi.ng.synbols
such that either 3. or 2 second-|evel decoding synbols are associated with

each of the 16 second-|evel enéédi ng synbols. This distribution 20 inplies,
k-

in tur ROLENRFepHIRER = 7R B seselaldengmosg davideiasen | | be
ul ti ma Sogkat £d; yi £A50) | RSk, |, decqdi ng synbol s.
Next , Fﬁ*”é?gg’ 3%%56?€a}%mh%%%t I C 0%3%4%@ g%g'eéc?égsagsgﬂgﬁéonom C
criterbenlabellied withtthevelemanis &5 the ianbligwpus idddesspaen to this

criterign.r LLe i mul t ous_optimzation.Qf both the first- and
second-sg'gﬁeﬁggbgkéaém_tof rs}ﬁ'f% ‘?é%ﬁrr‘ﬁq-lt"ﬁg M8t Bes az nust be

5 di spl ayelhered. atohgbes i £ @sriteretd dimslies RIfaheC AskeaRFORMi N t0 the input
means associated with 3D each finger respectively. Since these displays are

121  SMPREYOUB0ROIR rim i s PYddNS oive IRhopsgyans ambigyiouspl ies in turn
that | ebler $nf Witk NEefi&sSd t i sgociated to
second- | evel ndecog:li ng. synt)olEg‘-g’e'[vvnailé(::gh:L are Z%ogaﬁggﬁyggggcggtceﬁdgt o the
first-wagvap EQcBRHBLZS retkumhiegrar andswesyaretie, owiibput neans
associ il ' r he " second .group of setters,
fol l ovm%%gsf{%g {:lgrg%*g%%%d#&%?aﬁop a ée't i éﬁl %ﬁ&@%&gwgﬁgﬁ gRed to

0 secondfligueé. 22 nafdowgese W] giadepdiyatlethg @ blvepf i kSt gor derwencodi ng
synbol ,assocjated with the inp means assogiated to the next finger, and
S5 on PBP B hORTRISTRRF (1358 Qe AS b HARISH G ORRBORFEOBpt BRS. A1 ngw { h

respeciubeyakebabst | SoorHSdeidys, G0N SRAMRIEAR FAROS1¥agaRn O der ed

partition of the 26_letters, .sanme way as_hg een discussed for
ot her PRBBIAHEARSSRR 3bRYRs HAxthtsn cofd et ladd outhiof sthb 4 el enents of

t he or ge;,gﬂi Qé‘riétﬂa‘?ébé??é ﬂ?‘ﬁ'aﬁetéﬁ?ﬁitpﬁa%@@i 3%[?!:-82{9”@_&& so that all of

the ergonommc criteria listed can sinul'taneously.optinrze As twill be
S shown givenheodetbas abtidwesn mptdmicfed relatdventdealphabbtse?7 enbodi ment,

codes w S-as- S riitiQns, eve or the first-7.eve7. code,
can be&égﬁggﬁf/\hﬁeﬂ%%&%iitﬁe}z{as?%m%ﬂsiﬁﬁa WQ'F&SEEEPGFB &P of the other

er gonoltbokapi eeron cansi aisd t neetd.y Adcdraity 880€nesubS$t anti al

al ghabeti]cmgrderi Is C osﬁ%&?a eréonom’ C ?rgi tegrizgﬁ of the second-| evel
anbi gubgachings ?ﬁ?&h% VRHOT ot r}é”n(3‘(51‘-’6'-‘30P"’p89§rf’6¥’éet §oray out the

| et t er §iAa1PRhbods1PaSSE Rhzd RridiPhaliledr dor h.BSkaBi ¥gpoall of the other

constraints on the assignnent of lettérs to second-7.evel encoding D
Osynmbol Fatey vEREEYicERLe r GHirhabetic gisiering. andderngtbar be neasured in any

nunber gpboNBME: EP{téRS]ance by the

To illustrate the use of the thumb-actuated
auxiliary input means for ﬁode changing, we refer again
to figure 22. We assuwme for the sake of this

5 illustration that the auxiliary input means is comprised
of 4 keys: up 602, down 603, left 604, and right 605
arrow keys. These functionalities are typically
implemented with 4 depressible keys, but they are
sometimes implemented as a touchpad, a joystick, or some

0 other device capable of generating multiple, different

signals as a function of manipulation by the user. It is
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127z 27 May 2003 nunber of pai.rw se pernmutat~.ons requa.red to bring a
given ordering into strict al phabetic ordering. In reference nowto figures
41-47, we describe a strongly touch typabl e handhel d deznay 2opabl € ‘'usi ng
one 5 hand, eriCOding at |least the letters ta-z], and enbodyi ng a code
constructed according to the above described nethod. In order for a device
built according to the present enbodinent to be touch typable, the-division
of the synmbols into subsets, subsets of subsets, and so on 10 nust be
fixed, that is, not changing depending for ir~tana on which synbols have
been -previ oggl pechbeeadthdbi inffiqire e peglaraliey ¥Et Reybearequi renent of
touch typability, and the teachings of this_invention could be applied in a

broader ~ cont@pelefowiths ¥mERls ANRE TPars thoee e5nphet 3TBHIWR%ani sms can
si gni ficant lyygeedynechiis Bugbea;Hft Kevddtk@ineBUkyRbBES LBR Hehavior of

the word-conplet3.on nechanismis conplex and difficult to predict, a
machi ne wi t bbrednedohyl depovassingia specdifiiest onecpfathe sEowpuktys ypabl e.

Nonethexess, .t S tiod.zatd t ha o] togch typable
code’ | ead Fg gﬁﬁe§¥§%§Q&g§di§%ﬁ%ﬂ% ron E@%ﬁ%ﬁﬁg%é,aééﬁgﬁﬂ%ﬁg %Eomer t he
anbi guity, whdegetbedinputdmeanyl i ithe Gaxildaaff Zeypdd Thus, augi atenta. ng

a strongly touch typable Code w3.th word--conpl eti on nechani sm does not
transport 25 the device beyond the scope of the present invention. For the

present enbodi mert weghBkap) hehisy tdr AdrvmivpdeOkabBaletbersynbol -i nput
typabl e part of the device nust be able to be held in one hand, and be
typabl e by the hand hol ding the device, and that hand 30 only. To 3.,imt

the requirenment foor digght g?ﬁﬁ Nud®@Sic Aunktdatriéh MBde2003 the synbols can
be i nput though gequeﬁces(o ngnipMzﬂﬁﬁglof gh# 5 inpﬁt means: 4 input

means operable by the fingers of the hand ho7.dir~g the device 2100-2103

and 1 ~, nput means oaﬁbghqgefg}éigﬁgtgg?&ozu1 hsggand hol di ng t he device

2104. The devi ce sho rga Be held in the | eft hand:
it is evident that the symetric device designed to be held in the right
hand or an anbadextrous_device operable b i ther hand eoul d al so be
condfructed. Preferab$9y, ﬁégBE}afiéhQuﬁ PPof*®¥le i nput neans 21D0z103
is a visual display al OG 2~.09 showi ng the el ements of the subset currently

associated with the given input nmeans. Qperating the input neans selects
t he correspondi ndts widdt beTREPra@iRteR diRpt-1)opthex pEsthgrmerssSiof t her

refine the syhiat /%?Lgyggogggégrtﬁgaéﬁﬁ%iﬂggws§g§ﬁggogggr subset s of

synbol s. For exanpl e, n s~ycabol spacé" can be associated with the
i nput nmeans miGibliehi andr 1ot Aerorgames Wity ddieatteachingsi afuthi#®ans 2104

can be preferabl i.spl.awed,on. i spl T a-zj can be
di stri buted 568?*?%%“4aﬁﬁpg? Q%QESQZ%%ﬁgg%ggﬂ%%ﬁgegig?réﬁ%&??on of letters
overist he i npifiputeaanss pddieieha) mdweserarsb sysbiod snican. bezassbgned abi gui ty
il ookup error rate and/or query rate) of the result~. ng code ile

si mul t aneoustsy %&‘Pﬂ&g@ﬁt HBﬁ'_dBnQ}j%%f?fon ﬁsmef’?csw‘gaﬂﬁpg.° Thi s
adher ence aiglsadd8riNQY et disetskadf indhoee ddradedy ekfarehyestspl y
scanning the candidate letters. Figure 42~shows an arragg&nent of the

letters [ a- Anothey ambadiaens: t T3t @isqussiondsh @PRidFahitentrhe fzrst
I nput means gl enbdimetits) 1HE188EA9 khIP UmBBBRRE .

20 Objects and advantages of l3-letter-key codes Several
related embodiments of the teachings of this invention
exploit the surprising benefits of optimizing

" ambiguous codes for keyboards in which the number of keys
devoted to strongly correlated symbols is substantially

25 half of the number of strongly correlated symbols. In
particular, if we take the set of strongly correlated
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~Za 27 May 2003 2101, (mr] wa.th the third input nmeans 210Z, and finally
(s-z] with the fourth input neans 2103. These associ ati ons constitute
first-level subsets in a first-level code, xn general,2¥7tMayl2008 preferred
to 5 associate 4-8 letters with each of these 4 input neans: thereby the
subset of..letters associated to eac3r~ input neans can be-further

subdi vided into 4 subsets, each of which contains no nore than two letters.

The utility of this limt thon will bec %deent shortly, and it will IO
be evifROlE agnLhe et ol ARTERESalR- RS ftéﬁﬁﬁ%ﬂgs of this

enbodi N=Tole UETaT=EN figreat npwgd and a different
nunbe @tpﬁr?gﬁ neans. e\rgtggaﬁsgg ggtfgf secoﬁ%u é%l ubsets whi ch di vi de

15 t heodriefsitsxofela d3bdetterhbey tadei for Explish simkuder figure 43. Figure
43 is a table of four colums arid four rows. The columms are | abel ed by
the input neans activated at the first step, the rows by the synbols
associ at ed « 0 eatircngpiouchanypabilhtysecond step. Thus, 20 . for instance,
if input nmeans 23.00 is first activated, then at the second step, the
synbols ac wll be associated to input neans 214a, be to the input neans

5 21. 01, etc.e Thi %W@ﬁ@;ntoh&hcbppamép mmu dqou@alas exror and query
rates, given the constraints on subset 25 size descrlbed above. 1'he | ookup
error and queryQQ%ﬁﬁyfor this code are (1100, 69) using oux reference
statistics. It is to be noted very carefully that in this exanple, the
letters in the first |level. subsets are axraugeable in al phabetic ordering,
but the |etd ers engcs®ndin souchdtypablesuiseryeinge only partial |y
arrangeabl e xn al phabetic ordering. It was decided for this exanple 125
27 May 2003 to | oosen the al phabet ordering constraint at the second | evel

in order towper r&dmﬁwﬂwhwemtnndthnakw keylssard Thysuty oduce a cads
which is as stro i@ ypabl e i pCSSIb 2. hIS shows that al phabetic
ordering can be Gﬁ#¥ YP§Q: nJamer ic keypad, 1E?’ﬁbnonic

pcriterion, and t aepi ghting of optim zation propertles can be different
at different levels in a nufti-|evea anbi guous code. The advantage, aga-.n,
of al phabetic ordering is that it reduces scan tine, especially for novice
users. Sincg the, QuUrQaPf Y, | evel is small
scan time |§ |n%%ny cas gﬁ%{FB&E%g@%gﬁéﬁesfu@%ﬁggffggﬁggg by mechani sns to
be di scussed pr eS|~ tho 2-hasdedgtypindesired |letter, the user first
activates one of the input neans 27.00-21p3 corresponding to first subset
containitxg the desired letter. The user then se7.ects one of the
second- | eved sulmedvdidihchFuir aaC intabratedngoade [ibeybdgrd. means 2104- 2103
corresponding to a set of letters containing th desired letter. ' Figure
4~4 shows an exanpl e ~operat3.on of the device in which the user types the
letter e. Wth r f&gﬁgté)dé%nyﬂygm4zomgea§@etfy§ ifglis associated with
i nput nmeans 2100 by the Tirst |level code. The user. activates this input
Snmeans, and the<ﬁ@q# ¥2%ecomes that shown in figure 44. Now the letter ais
aSSOCIated with the input neans 27.01. Wen this input nmeans is
nmani pul ated) the letter a is output. The same sequence_ of manipul ations of
i nput meansFerthes cbiectsn anl advatagest willbbecomeheleatein s anbi guous.

As in th r _enbogdi nent s h e op.a.li ntended is
deternpﬁgﬁgifgn?gﬁﬁ% &faﬁﬁpﬁtmﬁggﬁblguap' ﬁ%cﬁén?%n#u séaé57 May 2003
Wor ds @Eetgatgbedebylgus&essge&ﬂs/and<aaMahga§bs.xequired letters in this
manner, and termnating the woz'd by act~.vation of the input neans 2104
associated wth the thunb, two-hand operation. It should be noted that

SiNCe Jedgh goeshE eﬁg&m +S lﬁ@f&ﬁﬁz@nﬁgaeneeshfhg&ss) 1ihis input

nmet hod can rn1t SIS O one- hand/ two- hand ment. MNbore
Oexpl i cand 12,i Neoseehthat | witi ceeanegthdicc moxdrhasedr st stroke of each

14| ot (PSR PR, ol dubde Efed B 13 SELS BHR BEURRAR' [T, ©F Coch

si nul t andeiksaye Shebagivetouskr vysalply,siesadn dorodnnents which coul d be
based on this remark. For instance, the ~~fingering~~ H&chanlsn1of j 4]

coul d HReaamPliphen. RYPighst PaiRI U TEatesd-SRnoemyTY hand
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15 enbodi nent coul d be based. The code proposed by 14J is based on notion
sensors capabl e of sensing several positions per finger, to encode each
wet ter unanbi guously. This requires relatively sophi stigea 20030' S
ftowever, using a two-handed variant of the 20 present enbodi nent, sinpler
sensors coul d be used. ~These sensors would need only record binary
(up/down) information for each finger. Both software and hardware

conpl exity could be reduced in this nmanner. In addit3.on, a nmach3.ne build
according to the teachings of this 25 inrention Wuld be sinpler for the
user to learn and operate. Visual cache Scan tine is the time it takes to

{ypi ot vasual | 2 05h SePREREE, BBAYEY 05 FEAR: J57 TREKIMG FBP SF9 then |
presses the coaw aspekddn. &f goeliv £53B Liynex gt dat Kith Redobkug nunber of
of & keyboar d-STHEF FaHE- b P 5o bRE Y Ao R Re o Dach GBIeFY GHEE &% o
of a keyboard_’ - ~pe 0 he
desired key is21 anddsgqueiylg (Leseh|C)s eapond outhy tfmibiqaaef i r mHison, or

preci se .l ocal i za&i q.r[é gt is to i n$ Qve . _scan ti ng,.t%lrj}ough the famliarity
01;] t ypi féal ;Jﬁgi}:\n h: ﬂ?l’ﬁhﬁb@iﬁ :r(gige?‘fﬂadfg_ef“ﬁﬁtb’i{ i) Fi:_és'o; de][i ng was
chosen for idigfcubsed| alovde tifi rgnbad want be |xedaceari ant o

al phabetic ordggli rtai e a ected.fromthe.group of letters
on a given keygf%gr}g%ig I%@’@r‘fhgﬁ%lé ianégfélﬁ‘l'étcf% gg'f'ée%tceo ttgP%g l?)‘?"‘Pt he vi sual
di spl ay associ frmartant haedmsidsepitsliss 6ol pequire aser tdtrembion. In

i kel y-to-be-s t I Mol t @ﬁg agm.Ng themin a
di sti ngui shed gﬂéegfuu Sngirlr% e?u?}%%%ﬂ{%e{%i \eéﬁp?éoa)ﬁnd?n elg)t'i g]%?[ﬂ eis

anal ogd@s t o theclowclerrer usde rcontxnhs conphittyrapiditissomsthotisisor e
recently-used (2 | | S er, e N | ckly, under
t he hypot hesi s tﬁ%t18§¥%£9%§%ﬁ%|§£g%§%°?£ %%EQQF? %|§f?§§%§53%§5 aga~-, n
Here, |etters emee mverrgdtvo ragebcofhdvped-téxt babhrt if tohewmy. r&cent use, but
on the basis of hen! 1&&s ehaoQsk e s‘g& Y statistics of
t he | anguage. Sﬁ%]ﬁ{,u?%‘hjég%ertm BV| sutg%.tgcg%h iglg\gén%ng‘lgp?gp%?%f e. One

embodi nent of ¥eXN fkalleddhwrigke} wehelddssy ichdes igxdsthwhidmtawet of the
currentysembodi gRitan1k! £6r Vi WidBer SRR 881 845ch Ihdling iatxsNVERL 5 ON pernits a
w de variety of no ITi cations without nng%fica??oﬁég?é?%é gssé%tial

qual ity, for iwdsF@sgendtisereations xn the size and | ocation of the
cache, how the cache is orgax~ized, howit is 3abe7.led, and the like . ~2s

Ergonomic, touch-typable unambiguous text entxry With
any ambiguoug keyboard, and any disambiguation wechanism,
it may be advantageous to provide a mechanism by which it

20 is possible to enter information ih an unambiguous
manner, for instance, to add information to the
disambiguation database. For all uses of ambiguous
keyboards it is advantageous for the unambiguous text
entry mechanism to be as ergonomic as possible, ergonomic

25 meaning in this case simple to operate. For ambiguous
keyboards meant to be touch typed, it is advantagecus if,
further, the keyboard can be operated. in unambiguous
text-entry mode in a touch-typable manner.

30 One strategy often employed in the prior art to

achieve unambiguous text entry using a small number of
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27 May 2003 From anal ysis of our standard statistics, we find that of the
letters la-f] associated to input neans 2100 by the first-level code, "a"
is the nbst likely to be the first letter of a word. Sp7iMay2008f the
letters 1g-1] 5 associated to input nmeans 21.01 2101, "~." Is the nost
likely to be the first letter of a word, "o" the noat likely fromImr]
associated with input neans 21a2, arid "t" the nost likely fromthe letters
| s-z] assoc~.ated to input nmeans 2103. 10 Hy placing the letters a,i,o,t in
a di stinguished portion of the display, for instance the upper-left hand

corner ofkdyae idi 66| @ ar eRoseSALmatREAW i eachsiyiiy rmeaps. This makes
these letters the fjrst-encountered letters in a standard left-to-right,

t op- t 0- hAPEHFMEQi VRIS Ys EEANCH & AUBRED Ofaleys di =8 ngpr ef erabl y, ot her
than thi kxe@loaeti @fsitnedsshawe edngibeentiyt tabght Phialketsremor der, al phabetic
ordering is I,ntai ned f.or the cl)'gﬁ\er (Sa'%ters In the subset. The distinction
bet ween tHREVFELPE, 3 | FPEEIERBAG AETORE eYSt tPAE FRAMNPE can be 20 further
masked bypitiettiki Sgn el kept eE il eCOBPran dietpnsiy e, etc, of font for the
cached Iett“gé, t han f.or the rest of the I%tgtgris. Ref erring. . now to figures 45
and 46, vEPRILAFRETHhATIIRERT v dCoRUEREE BE TIWPE: ber LeRte scan tine.
2S Fi gur echdn $hehe dmbeli b€ sypibdlst Bo ke dnsodefieifedhy t hout the use of a

vi sual cache,. and figure,46.shows the sa word entered using a visual
cache. Th‘ﬁ%‘fﬁlﬁﬁlg}(g‘ffé FBord 18 neyveg mexs. & neﬁt eﬁb’d‘ BF f+fst activating

the firstit npuhevenne@lddces retpoadhag: thahhe ighiteieahs. Hefore 30 the

fi,pst inpu a is_actiyated he.di spl ay. as_shown 129 " 27 May 2003 in
t it seconﬂ‘%‘:’cﬂg‘}31 ﬁﬁilajofy tsﬁ.gtu ¥?§ﬁ7deu.sr1§1&% ‘f%fglt'? et 481¥he displ ay '
changes tendddst assynboli.nThhcptddentt dtovention\\beaclidye byput nmeans 2101 is

t hen acxiy t efter "t' js.quiput.. The di.splays,change simlarly as
t he ot herc‘?aéet%ggtfspg(;fékf%gr&gfaa njt'hitgkﬁp%‘%lgeeﬁt 3’1"5%;: I%sf:%ﬁr’% 46, the

di stinct i bessbehaned the nember rofasgmbols ite beseadodethcHéE as marked by
witing | .S, S ead a5 ' L.case letters, while letters
riot in v%‘als A l(':‘gc e'ﬁgsrmegfé#lsp aygg&ﬁ{sl?nég&%g%%%%stgqs&ter s. For 1 our

r dber encesytbmilissis ctr heeprovidedhatindpaysicsdatr, ofhd ipreehttters of words are
eithez a,}| t e nl t . pf i er beginning to enter a
word wil Iimp?'lt%ént %a%%u?rgeﬁﬁ%t@e?ei% g’?g??/ﬁl ﬂ:%cache. As a word is
entered t¥epresent| the-lertport (3@l eand Rindesstsommmegiet is created by the
ent er ~. Ngeodnd;h d.yhlRHSyhd S ek eln SRBEheth cgghed shoul d change
as a vvordcl S eln e}reg%, wan vvﬂ]% ?epend :([)Ih Wqﬁch_m‘%:g“{lghbglﬁ%g entered. In
the case of theekeipe Prdoingiletiars) geress '¢O' upsweldh@ndn vi sual cache both
befor e acthimdigaBusiy tdiRchiihgtord Rl thRANSk e28a bR QR edCtb Vat i on of the

second, i ngut ans, as, sh?lwn inthe first four rows of figure 46, each
aid key encoding letters.

In an ambiguous keyboard, some keys represent a
plurality of symbols with a single keystroke. To use the
- same keyboard in an unambiguous mode, said single
25 keystroke must be combined with at least one other
keyetroke, perhaps of the same key, to permit each
individual symbol associated to the key to be singled
out. For ergonomics, it is preferable that said
combination of keystrokes be as simple as possible, and
30 for a touch typability, it is preferable that
substantially the same combination of strokes is nsed for
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row corresponding to an input neans display. Once "t" has been sel ected.
Tha letters in visual cache are a, h,o,w, as shown in the second set of 4
rows in figure ~46. After the first input neans (input 2y eny 2003 is

selected to begin entering the letter "h", there are onJ.y two possible
letters which formparts of words according to the reference statistics,

these are the letters "h" and 130 27 May 2003 "i", both of these appear
in visual cache in the second display. Continuing in this way for the
letters, i,n,k, we find that the desired letter is always in visual cache

for this word. Indeed, after-the first input neans 5 mani pul ati on for
entering the letter '~i", there is only one possible |letter which could

have been i nt emgadbiduduse eusey of ald $pdtolent Ehesry taoworikenmiat Beedat abase.

In this case, , d; Enpu rml?'h:g | af i | S.redundant, and the
letter "i" coultb%%gesouitssggggi %r#rg@i ;t%‘gfggﬁeo a te? %es%?g J‘%put means

mani pu7. ati on. aBgpkizted wisansiguarbiguarr kegpuand g bhe addiveronfil synbol s.
N has a1 1 ea0y Bl U et Olnicldons. RepARRALY, IBSkLAN Sekfol! OV1 OO 2

conpl et el y unanbi guous net hoc nputtlng synbolsin a i e dvice
based or® 15 antrhggeusriteads. imply Nbapr ke predanbest inppher afm&eyBnpl e way to
provi de unanbi | iloubis b i Sy sl t'pﬁ@é : Lguous

i nput means 2. %%lejﬁ%m I :?uhﬁsuér/%%%ﬁﬁhg&pg%i tslgon vvhe*r:e It J'ltgs]%{elgsi |y
activat abl e by heRé ehurhs h 9% symeoly &oebreteRyeSRnteh. (Ot her positions,

30 however, CO%%iBGo&Jlgﬁeﬂndzniﬁ heiePEESE Whe2B oSl BWRbo14d ttdV@g Chosen to

limt the size of Second-|evel subsets to at npst 2 synbols. Thus the
di sanbi guat i on GHPEFREERESE Rirel e B8y BT TR ANc RB® B PhRReHedtheed synbol

correcthy, or idridelria ixed t&fetHerOiRSTy tHAGOLS Sdys BY&Mere@rifich it is
pai red. Any di sanbi guation software could generate a signal to indicate

whi ch of the two synbols it v~ould choose were the corresponda. ng i nput
means to be sel ect egndywdyhehils edbsebivhicn @adl be Oattyfl oheed sesl gradpe@Vi de

f eedback to the 30 user, for instance by highlighting the |letter to be 13l
27 My 5003 chOAIPIoie FaVRECIPEORS RIRICBAYS eiBRarhar IR phed | et ter

the usex has't kggopbndd, @oudhttyMribleduhdmbigxplhi CtdxtdeftrP m@eatibon i xzput
means 2x05 sho i fiﬁgure 4% to force ’Eﬁhe chgi ce of the_other, noni

hi ghl i ghted syfFSCFiBeS SR FEFereRas 6P HHWruddn G douseiesancente ~r

mechani 48n i s shiien case fof) ambiduousAvrepredarpiataendat ahd Uettdds off i gure shows

how t he word "thinLy" tered. e e four lLupn=-agives_the letter
t hat woul d be’ e‘oéﬁ%’ﬂ &véggﬁé?l% ﬁjrghb}%l%egfg‘i n%butt%?rfgag{é]@g%ae?gﬂbe
activated afterofachevaibsst of kéys fusedtt@armnbiguounlyl mpptesmdnshased

-o-enter the |aldQrs Ao, RECURLY SuhBLIY ‘cud QerEAAIP3xfie ofarhlpUl Means

t
220 and then input neans 2 €én’ activated to enter letter "t",
then further aclewigei furtdieri ppmriaesns PoBS keyuToR sekdecatmedns forter "u".

Then "u uld t fd | &1 t8kn én%?%ﬁ . ‘Q,_Qf%joqle l etters can

be ent erzgg una %%ggﬁs% idr?ﬁﬁfsﬂway? %en t e sgeicooné‘g‘?eve , s?ub~xets

conta3. n but orteedteentyy mafes ofke mesnerLQy Hlagéng ither BUPAMEDI guousl y
device in ambiguous or unambhiguous text-entry wmode could

be a software means which detects, depending on context,
which of these modes is required at any given imstant, or

25 a key devoted to this mode change, or a particular
pattern of input on other input means, such as a double
tap on the wmode-changing key 701. When in unambiguous
text-entry mode, activation of the 701 key causes one a
selected symbol from the two‘symbols associated with a

30 key in the plurality 700 to be encoded when said key in
the plurality 700 is activated substantially
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1 ~ even without activation of the input means 2105, arid thus input nmeans
2105 is inapplicable. For the given code, the letters d,f,h,I,n, and p are
al ways entered unanbi guously. Stxoag Touch Typabilitys2FMayr2003ht and
Thresholds ' i Strong touch typablity is a new, inventive concept

deaeri b3ng-a-defa.nite class of machines. The |areadth of this coacept has
been pointed out through a variety of enbodi nents placed near the

boundari es of this class,, .an s indigating_ its extent. 332 27 May 2003
To quilWé_it%af’BﬁiYnY’%gﬁe% e?%&ﬂ%eydi_s &&rgr&fs Youch typability,
this gga¢hkoBEfWhe PAEFEHE SfmEdlLrddtdath HEERIL dneC paraahakzat i on of
stronaﬁtouch typability which w31.1 al7.ow the strong touch typability 5 of
any aBPgtisubeceamregefccheasiflidy, SERPY: &t s rditdSYIbelhat code fail's

Wt hi agghgosgasel OEhEhké¥é YL 1108 e f0lsymRI0WA0R HY Aldggt i cS It has

a3.rea een nentioned that 10 representing a | anguage in terns of a

i cor pusndf thexrigbtasywbel or the cakght amdhgn iomguiost $heBe, t he sake of
numer ~., def.Lni L.en lhe | i carpus as a collection of
at | eX&%ﬁ%BtmgF’hBohgmgéﬁgr%ﬁé%’ atfhér g"%dﬁ(;:rsn%ﬁ %%%%ge%egf al -interest newspaper
inn;hQsh&t%&tgdSriEhgaagﬁ;at&pnPmﬁiﬁhe\ﬁ?mukyy'ﬁguﬂmﬂg?f f?pr kLnds oLbkey
nunbers: ysi cal key nupber, chordi ey, ri sr, .effectiye key nunber,
and c@ﬁB@BﬁS&°§PfEE¥ vERkEY ?Rﬁéhﬁ:aéﬁ%ﬁﬁggﬂ fbkﬁﬁhﬂé¥¢XFhe nunber of
i nput Z,&l&ﬁg%w leat60§§ 8¥E0PhEed AN dinBnaLARI Witdy e Joas 26 keys

W ale

| abel ter, a shift key and a space key, it thus has a physica
) key nitelyer the 2eftCrymbprigirecyeirtirg unambignasaiof af&kdifact conbi nati ons

of ke i 0 s : ) AU SHVES yboard, the shift
key cﬁ‘%\%a@%n&gﬁegﬁw@ﬁ %@P%?ﬁ?q%{%e?%é%ﬁ 0 f&?t%dgl%capi tal letter,

t her efchiee 708 kelebledagdshbstantially , signkdanaodsdry afct38red@d,=S3, since the
shift é(;% g one .does 5}8‘& ncode fn%t?s#/nbol . Ot herw seb.%a:;g‘, a keyboard

whi ch FRENEq §PaPent S 3219 rﬁqﬁﬁiﬁﬂﬂﬁqﬁ}ykey ardcoul d be build
With §Rybibesiacaly h@}é&gggacboomm'w AGEiGnA woded, either an upper

case or "a | ower case 27 May 2003
then this same method of unambiguous text entry could be

used also in reference to the symbols in the other wodes.

Touch-typing oriented querying Even with an optimal
ambiguous code, coupled to unlimited computing powexr and
ultimate, yet-to-be discovered a;tificial-intélligence

) techniques for disambiguatioﬁ, some ambiguous sequences
may be generated in the course of typing a text which
require intervention of a human operator to effect full

disambiguation.

True touch-typists type without locoking at the
5 keyboard, keeping their eyes focused on the text being
produced, or the copy being transcribed. For the touch
typists, then, it is preferable to have all querying for
alternate interpretations of ambiguous sequences done in
such a way that 1) their-eyes are not diverted from the
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|l etter. Tndeed, sone early typewiters were of this structure. Effective
key nunber: Ga.ven a set of synbols to represent in an anbi guous code, a
set of language statistics, and a nunber of physical kesmdy 2008 € exi st's
an optimal anbi guous code wh~.ch has the best possible | ookup and query
rates, given that these are the only constraints on the code. Let us cal
these rates P1 and Pg respectively. Any anbi guous code on any nunber of
physi cal keys will have an effective key nunber of P a.f its |ookup rates
and query rates are equal to Pl and pqg) It is inpossible for a keyboard

wi th a phystert-adispeayosckess a:fassz)t ltarexR els0 carnpber angwesedi puaus code
wth an effective key nunber, equal to or greater than P, It _is prfeetly

possi bl e, afd"Bi8al PyerRetYRYE? t'??éfne(fnf&' gheu§exla¢a%r%n ABRR%a. cal
nunmber of Kgy§eEr aéaﬁlnbéfééé&ﬁbﬂ&ﬂ‘éﬂ’ﬁ@u@é%ﬂrfﬁ 4 heoy Pr %Porrb' ned

effective key”nu s an experiméntal obsefvatioh that the | ookup
error ratesagvangingyinadebist ofiandidate yosgei n&ndalhmw:mﬂjes are

substanti al ho

expe$| ment ai:ﬁr es*‘ﬁ'égoﬁgf%g&é&i él‘?%ﬂere e ‘é‘ﬂg%% S for é‘r%rl sh, the

| og of the she9laiatiafl ganqbidm wards) usding thibi aemly key ataad tag t he | og
of the substanti all at & bservation a I us . to
define a si ﬁﬂ?ﬂ‘ ﬁﬁn%eg ng?%’rq%‘af!ﬁé I?&ﬁzghro ¥ at? BEFRS % ate of a
code: the pwep@cihothef sthelpdbort id Qxﬂﬁqidetedrséhéctedluery rat e) of the

code onto the best-fit line in a log-log plot. 134 27 May 2003 Consi der,
for exanple, the standard anbi guous code. This code has (|l ookup error rate,

query rate) of (§9tR PefefERtECtd B ldHd 2001 e eRbPailCif -46'1t | ine of
figure 11 and linearly interpolating, we fi'nd the value b5 Which is

t hud0t he colbeneaftwaetunderbying manchotyplagsonhented ausyring, code.
Though t he d u d nd with
2 chording BB hkoefolnCBLRoBRY 3L BotRyalRy B8 Eng HFRdl o B

egui val ent angaegbiyghasybéen adstarsiedt ibaiatlﬁs~ophe nﬁfsamlm.t@.lm&x 96 phyS| cal
(or chordin coyrse fractiqnal ph 5| s _are, not poss~.b~.e
in practi ce%SEFﬁ%ﬁ@s agg ﬁ?‘fg"?’fﬁ# ctg'{% §Bb§¥%rﬂ‘?a¢ﬂ‘4’§9 i mal

code’ on 6 kageoapHgUsegquéhse dinhiid &mﬂa@ekuareéépéna@tw & query rates
better than the standard 15 anbi guous code. These consi derations allow us

to dé&fine alppuki €BCogdingi ?e‘i'i"?ﬁ‘ﬁ-ar ERtTance 43 the Queey 3R subst anti al

opti mal ity @h,g@Qbhng ahsokapdﬂw Yned HRrdArBUREYoh A ESERLO @ code will be
said to be substantial. optinmal with respect to these rates if its conbined

ef fective kdgcadibor undew query cc@de ¢tisplaychoThesg negnsuemokd he t hexe

are no ot he n € r y |nea

preci se, al Jé)%?'{'g? grgﬂé{'h%g]%? ?’fj@?’gﬁ‘ ngonkﬁgo ouﬁﬁn?%ﬁgl IiIty: an

anbi guous catie possh.bmgl tdebodimgh eaxieftiheed cadesedoagtgrdimg hts ypabl e if its

co ined eff tlv eas can ead this definition
her | af éﬁeg Eﬁxigarﬁ? ﬁ{:ﬂ’ ?\i?i)f ort'rﬁle@ddgéf: g@ﬁ %ﬁﬁl??stouch

typabl e, Xt jakely3Qebodtng iaoai&pﬁyau cmtheantdraeneiy é@ﬁﬁeﬁi eater than
ox equal to those_of- a stron touch t %bl e code_for ' lish.. wince the
combi ned ef Wadty $BekEg*huREE -"‘B‘FSJclﬁéE’i"(éje 21\ By P86 indidated by

the attention means. The gsoftware is then prepared to

detect either input from the scroll key, or some other

25 key (step 806). If some input is received from some other
key, then the means to draw attention to the user is
removed (step 808), the decoding is added to the text
previously entered (step 810), and ambiguous text entxy

mode is reentered.
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5

0

standard anbi guous code is less than 10, it i.s not strongly touch typable
by the considerations'of this section. 5 By neasuring the conbi ned

ef fective key nunber, any anbi guous code can | ae screep 2003sessi on of
the strong touch typahility propex'ty. For instance, the hybr~.d

chor di ng/ anbi guous code: ab a df a gi h ~k 1 ma n pgr s uvt wz y

di scussed above has 9 physical keys: the D 8 letter keys of the standard

t el ephone gﬁ% jft . a_gchortli ey npunber of ~.6; it
is equ~. va%t op%&r&a%bh?‘gdo&?eéggéko?§§g‘ Fﬁaeﬁ‘éﬁﬁgﬂt}éﬁéy%sw th no shift
key. \dé¢tectedpt istap B06&f thepap testolis pekSofhe@ked, s@elefy) rates are
(431,2 COXXEeS ondirﬁ? 5.,to a conbined effecti ve key nunber of 12.a. Wth a
gap factoer® o?’us%tf R LHU6x Jeel b,6e484ing8, ashbadiatat o a conba. ned
ef f ectihage ki nunbethede 4%,7 2he burkBner qubbASHy 258 , this code is
strongly touch typ~ble. ~It ‘shoul d be not ed thg*tiét h%: %fec%%%%aéd effective
key nuwbieh the |nesst mest mreobabde: Becgding tabhepr8l4) | |andtstep code ie

subst i Y, i i addi tio constraint of alphabetic

or der ?ﬁég* aj[é];? e %%én% év\%y, ﬁé:rh%%g_ ggn%‘é’dﬂ%ﬁr ‘as%r%??‘??%? anmbi guous code
enbodi decrdingg, dtlhenie prefdrablyokthe gypapleSdeeices @itédd 00 g9), yiel ding
a conmbined effect 3. ve key nunber of 15, though a.ts physical key nunber is
4 and 'I"?%'g%’r%é‘?‘fé }gﬂ%efr%l%&o s 88, FSFFigggaaE?Y%ng? Rouch typabl e code,
and t hg1e) f fwliernashe alewrlindh seghendenhakele o MeamBsL&sH) ned ef fective

key nunber is due to the O addit~.ona3. ergonom c cotTstrai‘at of al phabetic
or der | PRE¥¥Fedndthe means fq drewe attertigni keothecerexr isi s additional

const rgifitved h ﬁ%#i i Sybpst 1A ' 003 By

contrast, ¥?1e E f/hsdls?dl %E%y%%%ggkéﬁog&w%?e%%& %?g%c#\%i %ﬁ a a hi so ud

xf yt caddied)ito Hadwe (dxidhing dexty)(stepeB8l0j &idSand)igumsks aeaairbi ned

effectjyv unber_ of .8.47. ,This is neither substantially optiml 5

nor st¢%§5$§¥?§ﬁgﬁ;f?ﬁ%ﬁ%%?dbégﬁfPesgﬂg'fact that its physical nunber of

keys is greater than 7.0. Although illustrative enbodi nents of the present

invention have been, describhed herein wth reference to the acconpanying

dr awi ngs, i‘ﬁur trg'“b% nerRecs £68 0 iph gt eopratentRteian A is not linited to

those p1€&ie AR HAP Heon drdskhtbdYahi eefmgt@rt&&aﬂ&f‘@ | modi fications
Killed i w tho

may be effected therein by One_skilled in the art arting from
t he scepterfed HueNYAdit.i dit. widl| bet appraeirted that (tthe same

e/ e oS 3% AR 13 brRERS PodbRrney SRE a7 hen,
ht t p: / by, Tdecedings) jqrenhwosdsewithenelatod ahdanings} .Ltdnfrd USP

5, 83. 8,4 di tquatingy,conputer . US5818437, Cct 6, 1998
[3] Re ﬁ‘g%bﬁ%%%g‘} ﬁ%%ﬂghg’??%%ﬂs‘%?gme%%s@%m; W9$/ 33111 25
~ [ 4] VaEpigusoppessidil & itgeslagiond oél aswodéatmbd ey KeykorRed, CH 97

El ectroni ¢ Publicatigns: r.g, FUKCI MOTQO, - Masaaki and T4NOVURA,
Yoshi n:gﬂﬁg‘ﬁ’ﬁeH the px%%pa%iiitg\és of the decodings are

supplied by an automatic translation program.

Conservation of design across platforms as an ergonomic
criterion: a mouse/keyboard Congider a user of a small
typable device equipped with a one-handed touch-typable
keyboarad, such as a persconal digital assistant. In the
course of a typical day, the user might also type on his
or her desktop computer eguipped with a two-handed
keyboard. If both of these devices are to be effectively
touch typable for that user, the motor patterns used in
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I nterface vaboratories 1-1 Hi kari-no-oka, Yokosuka-shi, 137 27 May 2003
Kanagawa- ken, 239 JAPAN web reference:

h~t p://www. acm or g/ turing/sigs/sigchi/cha. 97/ 27 May 2003
proceedi ngs/ paper/fkm ht m#U2~.. 138 27 May 2003 What is cllfainmed i5: 1. A
typabl e device conprising: an input mechani smresponsive to user
mani pul ati on to generate sequences of encoding synbols; a strongly touch

t ypabl e anbi guous code nechani sm whi ch maps the sequences of encodi ng
synbal s~t o sequences 5 of decodi ng synbols; and axe out put nmechani sm whi ch
sel ectively Rites u e user

mani pul ati or}ﬂioéf sal d%?iﬂpﬁ?@ﬁ&gﬁég?%%&&%%%@ﬁe %(fé\%i@gﬂo%? ta%al m 1
wher ei n sai ossidig.y Theushorypubthe atitepial eieare dienvses of

substanti al | | tapy, f hani snn, and further
conpri sing éﬁgﬁg%%hﬁig%xag?% SE%% 5 #?ég&fléﬁéi¥%é?%5?§EFﬁi§§rBy sai d |nput
mechani smdt mmﬁv?mbggoﬁstypﬂngnekjﬁbmsr%dmm#b}siwﬁmgmabbjg&e put hn
correspondence with said se of .encodin s .and nmapped to sa
sequgnces oiocfg&%’ﬁieﬁéfa ?'Bﬁaag g’ﬁpi %o@gaﬁémvsﬂﬁ d3. The
typabl e devigiRe @leatisdbip WhibRM €his Sﬁmbxs&mwldha%h thiRakbg elbi guous
code is an optim zed anbi guous code, optjm zed wth respect fo ergonon1c

criterion | Ke P EUED Feadp greodimenterin vhich loorme @-hendednat omi ¢
fidelity, aggbc?h fbgehééd af&ﬁidcﬁl Gl e, consex-vati,vn of

conventlon crosspl at rn1conpat| 11y, regu arlty of layout, and scan
time_ 139

This embodiment concerns a one-handed keyboard

10 suitable for entry of data into forms, such as
spreadsheets or web-based forms. It will be of use for
interaction with a program, such as a game or a drawing
program, 1) which requires quick alternation of typing
and cursor movement, and/or 2) where the symbol set which

15 is appropriate for entry may vary depending on where the
cursor is on the screen. Using the standard computing
configuration of a Qwerty keyboard and a mouse, users
must remove their hands from the keyboard to move the
mouse. In tasks which involve both typing and mouse

20 manipulation in rapid succession, such as labeling a
design presented on the computer screen, or f£illing in a
form, such as an HTML form, this alternating use of mouse
and keyboard can be quite slow and laborious. In this
embodiment, a one-handed keyboard is mounted in a frame

25 which may be moved over a surface and thus perform the
Functions of a mouse as well as a keyboard. Since users
may prefer to use a two-handed keyboard for predominantly
text-entry tasks, and intermix usage of the one-handed
keyboard with use of the one-handed keyboard, it is

30 desirable to have the layout of keys on both keyboards be

as similar as possible, so as to permit seamless transfer
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"' ~, 27 May 2003 The typabl e device of claim3 wherein said vptim 2ed
anbi guous code ~.s substantially optinmal. 5. The typable device of claim3
wherein one of said optimzed ergonomic criteria is coRFrMayc2008h 5
convention, wherein said coherence with convention is the standard

associ at.i.on..of..al phanuneric synbols with the input nmechanismof_a standard
t el ephone keypad, said standard associ ati on of al phanuneric synbols with

i nput ans conpr 3i ng an,assgci ati.on of non-|etter synbols t0O with a first
pl ur aﬂ?%lO&F%agB'PﬁBﬁ- FEH‘@?' T ihe e $Hhiddias aierh a second

pl ur abizhyeal k8ybehiar, and non-letter inputs. 6. The typab~.e device of
claimb5 wherein at | east one other of said optimzed ergonomc criteriais
sel ected fromthe group consisting of query rate, |ookup error, anatomc

idel ~.ty, RefepYsi ;)thi g8l fo%%&g%%ﬁ%/% %Qla%d"% iy gé%t abl e device

further conprises east nput” devic at Least one
chor dithg si mbjectiecanebkeatkained ynxite arhoiowutf and axdiidpuaae- | et t er i nput

. devi ce nvent i onal | sspcjated with the symhols o,i, *, and #, said
chor dicﬁ’éoﬁ h _}’déﬁi Eéf’geﬁﬁﬁko%%r%ﬁ £ ri]ﬁciégﬁerﬁf’e%’re iHesubst ant'i al

si mul Ry keybbazl bBOPUhat etke lRchdniaBs A t3RC Fidhgehly kgt y of inputs

associated with |letter synbols such that a subset of the letter synbols

associthtedhibh odarei hpats (18 Haiw Fagedhs tHaht el Agesynbol of said
anbi 91 SafidS- whethB® E¥REDhEnd CVd C&Ping !B Pl RS- RqRREr ation of one

of said letter and non-letter 1nputs "a~.one associates a subset of
cor r espotaiongandede keyhpandi4and g fptdennddee- typisgrbol s, whil e

oact ennce B 2R, GEREE nHE And bl lod 0 pbeReBREDT otner

| et t elesf aBROBiaicdhoseh $oidonechaideditdygigig.er and non
The design strategy is as follows:

° Choose a l3~key code with substantially minimal
lookup error rate and Query rate.

) Choose a physical layout for the 13 keys. A
layout with 5 keys in the top row, 5 keys in
the middle (home) row, and 3 keys in the bottom
row is a preferred arrangement.

) Choose which hand will actuate the one-handed
keyboard.

. Arrange the keys such that, in the one-handed
layout, and relative to the hand chosen in the
previous step: where

- weight on the home row is maximized,
- weight on the strongest fingers is

maximized.



| etter input neans with another encoding synbol of said anbi guous code. 8.
The typabl e device of claim7 wherein operation of at |east one of said
chording device with one of said |letter and non-letter 4 ciates '
one of a plurality of single letters fromsaid correspoznﬁ'w,ﬁn% g letters

Wi th a correspondi ng encodi ng synbol. 9. The typabl e.device of claim8
wherein the plurality of single letters are CCE HL,N S T,Y respectively
for said letter and non-letter input devices conventionally |abelled 2
through 9. 1b . The typable device of claim1 further conprising a first
subset of primary inputs and a secaz~d subset of secondary inputs, and
wherei n sai d anbi guous code is a It~.t-l eyel anbi,guou code wherein a
first 5 activation of one of svfﬁlgﬁge%%n&%gc’?nm& 8t thentirst subset
of decodi ng synbol s, and a secamigithaicon \thiei botdm ade.of said secondary
inputs selects a second subset of decoding synbols. 11.' A typable device
conprising a plurality of input's including a plurality of statistically
significant synbol ¢nputsehprtembdding dagbut ataxt yheftwi-dangedcal | y

significant synbols, sai | | of  statjsticall i gni fijcant synbol
i nputs being of cardi na?‘??{g&%@sb%%ﬁnéafi'l%&zéf%g;%eéo‘giﬁ} %«gecia? nality of
s?i ;:Ihpl lﬁrﬁLi ty 011: st fa'éi bihég? wkg{gmmac_adtpmﬁgmrtgmmy ?t I (rargs]t one
0 e nenbers of sai (o) g SLi s i.C S o]
inputs is set in corres%oﬁgenac%xrt'o rrlr%lﬁea%%hg% '.(F)E{rjlle"%lf5 éscgum agt ﬁ?'?':%?ziyscal |y
signi ficant synbols, an@fwkke gairsare laddr cupmEwmeteicallyhowkth such t hat

pai d typable device is stk %o QU b . t bl e devi ce of
claim1l wherein said cotrexgg%oa ergt C %’??s#lf%%e %Wgzé‘ft%ggeergonom c
criteria including quex¥erbeaxd [asokbg center, andhteons cExdrdéhet y,

10 bottom to the top of the keyboard.

e« "0f the two gymbols associated to each of the 13
original keys, associate one symbol to one of
the keys in each pair chosen in the previous
step. This can be done in a way favoring the

15 one-handed keyboard, or in a way favoring the
related two-handed keyboard.

- If favoring the one-handed keyboard:
retain the higher-probability letter
on the chosen-hand side of the two-

20 handed keyboard, and place the lower-
probability letter on the opposite
side of the keyboard.

- If favoring the two-handed keyboard:
25 for each of the 13 keys, choose to
place either the lower or the higher
probability letter on a given side of
the two-handed keyboard so that the
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physi ol ogical fidelity, partition structure, and wherein i coherence with
convention of said correspandenee is substantially optimal. ~.3. The

typabl e'device of claim7. wherea.n said strongly toucR7tMag2€03mbi guous
code nechani sm has a guery xate of at |east 10 woxds per query and a | ookup
rate of at |east 108 words per |ookup, relative to i statisti.cs.drawn from
a corpus of text which is substantially representative of the | anguage and

contains at least 10 mllion Wrds. .,14., The typabl evice of claim1l
wherein sai d i nput mechani SYHE %‘&?@%’t%}? 8%1 ?a&%e f Pke | ayout. ~.5.
The typabl e device of claighd whgiciri sed hd la1mMashag he enmbedded in
an vehi cul ar steering wheel, whereby said ty%g%ie dev?c§§%§3§be used by the

driver while driving. 142 27 May 2003 16. The typable device of claiml

wher ei n sai agly chy, b ypal Y& bgtantial ly al phabetic

| ayout . 17.g?ﬁ%ﬁ?§%§bV%9§e€?%éﬂﬁghgfa.n1 Q&ﬁgrg%ﬁ g Id strongly touch

t ypab3ig2lusteats theuteackings . of sthiohginbadimentt,ypabdl ehobslingespect to

nore than.one._| u 18._The typabl e device.of .claim1 wherein said
strongfy FEUCR ?§§a§?§h80§%“%55°%§’ﬁ%ﬁéﬁrﬁﬁﬁ§ %Peqﬁgy ©f%fe and | ookup rate

wi t hi nlaypatcdabepibelieihesigmas il e winste this ane-handedt aber of inputs.

19. The typabl.e,device of ¢laim 1l further conprising a touch screen, said
t ouch EEY%BﬂrﬁnéFuB¥H§e§§Fé 39 7t T YR %Qnﬁg%EQWHQPeFﬁesaid decodi ng

synbol $.a853P%hat 2dv¥hiNigaghowh ﬁgiﬁgﬂ' BRIt ar @ns tively transparent. 20
. The ;gpgﬁle gevige of claim 3. further conpr??iﬁggg mechanismto rel ate
t he | okeyboardi the. uidhtiband typesrdpnreoxtimatedyt Benpeageatconput er

dzspl a d ein the.decadi ol s .associated to each of 5 said
oinputsggrgﬂg ?%ﬁ%?th Qﬁlg§i§€+3§§§¥g§¥“§ﬁ¥§§Pda?BﬁBﬁE@PgaiXplay“ 21. The
typabl a¢dpereentl ofl ehan Rétters heThiprgymietgye BUdRsaghuakabl e input, a
Pal m 04, PendldeRe Tatbo M SAL L) ' H eyt RS 32 "Bt e g effective to
performed in exactly the same manner whether the one-

handed or the two-handed keyboard is used.

5 Conversely,. if most typing is done with a two~handed
keyboard, 'and only occasionally with a one-handed
keyboard, it may be desirable to have as even as possible
weight on the two hands when used to operate the two-
handed keyboard. This object can be achieved with an

0 alternate layout of the two-handed keyboard as shown in
figure 27. It will be appreciated that substantially 50
percent of the typing motiéns used in typing on the two-
handed version of this. keyboard are the same as the
typing motions used on the one-handed keyboard, whether

5 the one-handed keyboard is typed with the right or the
left hand.

It will be appreciated that for a 13-key ambiguous

code there are 2'® different ways of pairing homologous

left- and right-hand keys of a two-handed keyboard. This
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I nput unanbi guous synbols, said palmgrip permtting 5 said typabl e device
to be noved along a surface by 143 27 May 2003 pressure frond the palm
while the hand is in a confortable position for typinga7eRgyspodadi spl ay
being effective to display the set of synbols currently associated with
said input. 22. The typable device of claim~, further conprising four
substantially sanme--sized, substantially flat portions, sash of said
portions being fpldably connected to each other, whereby said typable
device is 5 twice folded. 23. The typable device of claim1l wherein a

subset of SahfbePPYs SRETR eSS0 arC %%&n&ir}:”ofafﬂesﬂf-??}#é ongly
touch typab~. e anal ogous nechani sm code nmap$ at |east two of The letters
a-z to eachagfigned tabtee %WoihﬂnﬁﬂalnMﬁgﬁgbyegapﬂ Pyhubngs dean dee nay be
typed with usi éggﬂé%ﬁd a L . when typing
using a rel g?%éﬁ%ﬁgﬁbigﬂu%ué ypa e%éle&htggﬁﬁ%pgﬁwgsﬁsﬁﬂg' i?\;\ﬁb“ﬁaon%ls. 24. The
t ypabl e devimosteasyimetn XS weighsiing He desigedenobrogomei d decodi ng synbol s

to saga.d inputs_issssuch that i d _assian t adnits a substantially
physsologich%ﬁrE§?+ﬁ5§ Y%ikﬁnf¥ﬁﬁaa¥$ﬁE%F§§§S|ésgiﬁ?%%n%f°iﬁ % 3. wherein.
sai d i nput ssgalectedd out in standard nuneric keypad format. 25. The typable

device of claim1l wherein said strongly touch typabl e anbi guous code
mechanismis a nufti-Ievel amnbi guous code nechanism 1~ 27 May 2003 27.

The typabl .e devkefephisd aidk A5 Itidurel 2807Rr bakagda ik dd Yl Primary
I nputs and wherea,n said nu3.ti-level anbigupus code nechani sm conprises a
first-Ievel cagbhgnded kevkoardl ysassndiowetbe ahbegueust thirle, wherein a

Lo Feony SaBiedl F06 lnSa0dh i) THOLEbIAM Eng ERSnAT 0L 10 Y0,
ef d6xd pri phuyalibpytofidesss sSHI(cles thurdbraactuagable input means
301, mouse keys 302, a palm grip 303, and a display 304.
The keyboard may be further equipped with a communication
means to enable symbol selections by means of the
keyboard to be communicated to the computer. This
15 comminication means could be simply a wire, or a wireless
communication means such as an infrared communication
means. The keyboard is slidably supported on a support
means, such as a desktop, whereby the keyboard can be
moved over the support means by means of pressure f£rom
20 " the base of the palm of the hand actuating the keyboard.
The keyboard is preferably equipped with a means for palm
grip means for engaging said base of the palm to allow
said pressure to be effective in moving the keyboard.
Said means for engaging said base of palm of the hand
25 operating the keyboard are preferably formed means where
the form is such that slight pressure is effective to
move the keyboard in any desired direction. For instance,
" the form could be an indentation in the body of the
keyboard which securely engages the base of the palm. By
30 moving the keyboard in this way, the fingers of the hand

actuating the keyboard are free to move in a way
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synbol drawn from said second-|evel anbiguous code. 28. The typabl e device
of claim 27 wherein said typable device is a hand-held typabl e dev$ce and

said _p~.urality of primary inputs is of cardinality 27vﬁ|a?eﬂno3ai d
primary inputs axe in one-to-one correspondence with 5 the tingers of a
user's hand.holdi ng said device. 29. The typabl e device .of..cl.aim 28 further
conprising a plurality of displays) each of said plurality of displays
belng aSSOCIated with one of said primary inputs, each of said plurality of

di spl BEERLINE T RTINS the HEYF) afVeRewhiindthy keybotxd ots sai d
first h8\e 0 C T, devi ce of
clalnfégwﬁﬁereln sal th?t.?9§59§?aa#§Fg§gﬁ§s%§g%n Q an?@%%g% optim zed

with rms:pecﬁs tfort gelaying mmpandrqgamyserLnrwhsehdncbtaiaﬁtnéml code is
optlnl W t.h 1 8SRES al Bhg PIC ord and said second-| evel code
is optYMhi CF%WH%1 B’ 8 Y 8ﬁglgF %& PIYFRERFF ng, and evenness
of Fnﬂgudh(ah Hedit . 27 May 2003 31. The typable devi ce of claim3D further
conpri sing an unanbi guous i nput, sai-d unanmbi guous i nput being operative to
unanbi guously sel ect one of said decoding synbols of said second-|evel

anbi guous oadee 3 BeJCAARLALIGHISE Shik!abVISY whersi at | east one

nost probabl e decodi ng synb I's displayed first on at |east one
of salthejlﬁghca;ummyﬂ me’bl 1 beassrédt;tlael plawﬁﬁ.cmerei n said at | east

one I i a hat visual |y distinct
from o %%ﬂ%b% pt obaﬁ\q’t&% sc58 .gngg’s“y“%#%"gags\'@%%é ?g P¥evi ce of claim
26 Burﬁﬁ!era:jmwy &:mg:u: hanbatint 3 ebmgoctablbe Yposi rSbeomm pill ati gndof
sai d secondar ea, eratjiye t rate upanbi quously code
synbol’éo %amp-hté‘ﬁ’ "B-%Eag‘?‘ﬁ?j Exﬁyﬁgﬁg%%% g:‘sYng t he steps

of : seigﬁéfgcmwuanaé&*aohﬁub@ bﬁnaeﬁhésﬁéiﬁg far%s%li gg-' evel .

anbi guous code, said nufti-Ilevel anbi guous code conprising a first-1|eve
anmbi guehs' QQNRFQﬂﬁFh§Q§n§@9dﬁULﬂéf@?ranbkguous code, se~.ecting an ergonomc
criterion to be optim zed for said nufti-I|evel anbiguous code, dividing
saa. d sel ected decodi ng synbols into second-1evel subsets,

To commnicate motion of the keyboard 305 to the

computer, said keyboard is equipped with a2 motion sensing
means, such as a trackball, familiar to those skilled in
the art. Preferably, the keyboard 305 can be further
equipped with a biasing means, such as springs, to lift
the keyboard away from the support means when the weight
of the hand on the keyboard is lessened, thus
facilitating movement. In contradistinction, when the
substantially full weight of the hand is applied to the
keyboard, the keyboard remains relatively stably fixed to
the support means whereby typing is facilitated.

The two-handed keyboard may therebhy be used for long
typing episodes, uninterrupted by the need to move a
mouse, and the one-handed keyboard for quick typing/mouse
movement alternation.
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10 assigning a second-|evel encoding sxnbol to each said second-| evel

subset so that said selected ergonomic criterion is optimzed, collecting
sai d second-| evel. encodi ng synbols into groups such t bat pmayvs2608d
ergonom c criterion, possibly i46 27 May 2003 1S identical to said
ergonom c criterion to be optimzed for the nuffs-1level code, is optimzed,
assigning a first-1level encoding synbol to each of said groups, whereby an
optim zed nufti-Ilevel, anbiguous code relating second-|evel encoding
synbo7.s and 20 first-level encoding synbols is created, and enbodyi ng said

muf ti-1evel eQdgy gdgﬁ?glg daVbFethnaoK paat-Yel i16e Yy eat ed by the
nmet hod of cl‘gi m 4&% T earré't ﬁog%ofhcl aie%b%f?urt ég?ﬁclorrpﬁr\elr sing the steps
of : ~ sel ecppreciated) thédc wheppubingt § atnglé devies gdimlic criterion of

said nmufti-Ilevel. node.5 lectin r S cond.ergonqomn ¢

criterion ofs"%of%%ﬁrﬁ é‘:\?‘gﬁ‘ %%)1 e,gmggg{elé?:gnﬁ&ﬁ%%ku% er?%(lger q; affird

]?-r gonolm' c rr!ﬁdcm’,ij(ilt m‘faysf:;)edlhmbtfh%emztmodeebrftdihu;re’_( hﬁf pgnilagar ;)f iy
irst-level ~encod~. ng synbol s at ~ er eby, anat om i delit a first

er goroni ¢ CFSRFESSILAEION @F the: SPLTERT aBoRCiaLLahGLXaYP WAER ng t he

mber of 51 i f
nunmber o 5?@?}5&@‘6@ #RCdvas ﬁ%ﬁ’@ﬁksdﬁbpi—;ﬁyéﬁ'%&%@‘@i@iﬁﬁ?g&, -

partition, rst ergondmc criterion of said second-Ievel,
optim zed 1Xevingtat8ddsl wousht B sspreaeetatien|equldg e @fhaadmgononi ¢

o O o oy A P et el s 2s s
al phabeti ¢ araleh-typebhle devided) eigoeofior such aiewvivesf, swwk second- | evel
COdeH) all of the keys are hidden from view (typically by the

fingers of the operator) while in use. Thus, any display

neans integrated into the keys is of limited utility for

the touch typist. The most useful visual representations

are those in which the physical layout of the keyboard is

15 répresented in the visual display. 8Such a device 304 is
shown in figure 28, but could be incorporated in wany of

the embodiments described in this disclosure.

Reduction of typing injury Typing injuries (repetitive
stress syndrome) afflict many keyboard users. Numerous

20 keyboards have been designed in an attempt to attenuate
the stress of the repetitive motions involved in typing.
It has long been recognized that the most effective means
to reduce typing injuries is for the typist to take
regular breaks from typing. This is geldom practical,

25 however, as typists are often under time pressure to
complete their typing work. The one-handed keyboard just
described offers a solution to thig problem. While the
one-handed version of the present embodiment has been
described as being used w@th the right hand, it is

30 evident that the same design methods lead to a left-
handed one-hand keyboard as well. Each of these
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147 27 May 2003 37. A nethod for the optinized[constxmation of

at ~ebi guous codes conprising the steps of ; a) selecting a set of strong7.y
statistically correl ated decodi ng synbols, conprising2hMay@003s of: 5
galecting a set o reference statistics, and analyzing the statistical,
correlation of synbols relative to said reference statisti.cs,.-.b)-sel ecting
a di sanbi guati on nechanism c¢) selecting the nunber of encoding synbols) 10
d) selecting a set of ergonomc criteria, e) weighting said ergonomc

cri t erkeybarnds \is tappadile stthencofingepdlt phigthe e neyebols. met hod, and
g) appl vi,ng the opfing,zati 0 0 . et | al.m 37 wherein
Said e %ﬁapaep"bt#{/i%i%'g oﬁgﬁkgzgf{}lgﬁpﬁéﬁ%%ﬁc%% ?gseélﬁt? steps of: 1.
choosikgndedterid i nd et anden keybbavfl, candhdas ebatiies, 12+ ass3. gni ng

said starting, cads to, be a current code_and a current. best code, 3.
generaf"é’i“?'ngaa‘tg £ %ﬁi%&!ﬁ?’%&a§ iascg‘??%ﬁ#’%‘ga%b%‘{/e’pert ubation of
5 sai d CeGUENtbE Wisetit dd Qrit? eiMhex2003 DBEEWboB et Perritiet ilgmsd of the

assignment_of 10 synboxs to keys, pref rﬂblg al | possible pa~, rw se
per mut && okt evg t igths JFi Yy sueh &E’B@Ft P&sXBYPREAERS 0 8 M¥PFew codes, 5)

checki DO {n@ 56 PEEE it itdVe1at 888 N injuries could type

for some period of time, for instance, for 15 minutes,

using one of the keyboards, and then switch for the next

0 period of time to the other keyboard, whereby the user
gives each hand a resting period, with no decrement to
typing productivity. If desired, the typable device could
be equipped with a locking means which would alternately
lock one or the other of the keyboards, enforcing

5 alternating use. It is to be appreciated that when
therapy is completed, the user could return to a two-
handed version of the keyboard, with no relearning of
typing skills required.

Foldable PDA We saw in the smart-card embodiment

0 described above that it is convenient and ergonomic to
place the text screen of a typable device based on
ambiguous codes in such a way that part of the keyboard
is manipulated by the fingers of one or both hands and
the thumb may be used to actuate further input wmeans, in

S particular, mode-changing input means, in the region
above the thumb or thumbs and to the side of the finger-
manipulated part of the keyboard. The present embodiment
concerns a typable device at a somewhat larger scale
which uses the same concept in conjunction with a folding

0 concept in order to design a twice-foldable information

appliance which may ergonomically perform different
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15 reached, such as a critera~on of limted further inprovenent, 6)
outputting said current best code, if said stopping criterion has been
reached, 7) wherein if said stopping criterion has not 2iyega 2ﬂoosached
checklng whet her said set of new codes contains a code better than said
current beat code, 8) wherein if there is at |east one code in said set of
new-codes better than said current 25 best code, assigning said current
best code to be said current code, 9) wherein if there is not at |least one
code in sa~.d set of new codes better than said current best code,

assi gni ng s&giceYoheNivheadsr 39st @nbs1dedodncrelregiied, ahniapde

géfron1sa|d
set of new codes, and ~.0) repeating sai d steps in sequence eginning with
said step oﬁogdsdrating a set of new codes. 149 |' 27 May 2003 39. The
met hod of claim3? wherGrt said step of selecting a set of ergononic
criterza conprises the steps of selecting a | ookup error as az~ ergonotrde

criteria and sel m&sngwacq%tbydab]:@rdmgm iy gosQrpeigingerion, the 5
met hod further conpr|3|ng the, steps of; 1) deflnln%BEEron t ouch

typaba. | i t y SOPSECRERLELPE BURATRP Qﬂgﬁﬁﬂ des 18 ¥e Bha?ate and

query rate, t_?fbaé%eae&rabag bﬁﬂmw@ie mmﬁfdso&a&gne wqehéed such that
using said nmniml nunber of keys "and sai d optim zation” net hod and

accept abl e @E&HFPFaﬂPVBH#aPBsP%?mi%xhﬁM?Q§ﬁqﬁ'WP&FB aRe ghePPoeatd may be
achi eved, 3 gtelftill 2oR0chleciRIG™r HATHAI1O1aNEUSGE) | SYaRLE O ven * he

desi gn of a target typabl evice,” and 4) maXa. m unber of keys
i s | ess thasubstdntialiy fnmlrbelzafkews amhér) evxecemalhgesemghstep of

conpri oi'ng HRoRIASeR 4R0p BPUBEF Bt h e e G BAD] o code whi ch

conppy ses t abeidinentl is based on building a hand-held computing
device from substantially same-sized elementary units
which are the size of a keyboard designed for an
ambiguous code, said units being configurable in a
variety of ways depending on the instant needs of a user.

15 The elementary units can be foldably and/or detachably

connected to each other in each of a variety of
configurations. In this way the computing device can
alternately play the role of a laptop computer, a
personal digital assistant, a telephone, a gaming device,

20 and so on.

With reference first to figure 29 we specify in
detail a twice-foldable computer built from four
substantially same-sized parts, each of which is adapted
to perform a specified function and are connected to each

25 other in a foldable and/or detachable way. Figure 29
shows such a device in the unfolded state. It is thus
revealed that one of the parts 900 has a first surface
which functions as a first visual display, while 901 has
a first surface which functions as a first keyboard and

30 902 has a first surface which functions as a second
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5

5 1) seleetirtg a synbol set to be represented in an ergonom c code, 150
27 May 2003 WO QD 35091 PCTNS99179343 2) sel ecting a neasuxe of code
ergonont cs, 3) selecting the cardinality of the set of2zdvlays2@02nts, the
cardinality being less than the 10 cardinality of the synbol set) 4)
selecting. a plurality of reference sequences of synbols from.the.synbol
set, S) analyzing the statistics of the reference sequences to construct
data for the neasure of 1~ . code ergonom cs, and 6) ~searchfng the set of

possi bkeYRemEd. f BXef QAR v thea keyborxa: LavPytopri AatdvEivet of the measure
of COdgn 8T GOROAA WeyBbards T Nad 16Q5 oERTLIY gCﬁégﬂgagﬁlsyg%zgﬁ%ﬁ,sequence

using a reduced-a gurty code conprising t ecting a
reducedaaybogheryChmmngsEir@ posdiibd et. h&hey fiinbl spguense3ihde a sequence of

code elene ts t he .sel.ect ed r.educed- anpi U|t co nsmtting the
sequent&®d a%?em?}%cﬁq?cﬁwggeﬁ%ﬁ) Pﬁ e"%‘?“)’ﬂﬂ%“QOOS 10 4) at

the reeﬁumrswmﬂmw; N dephided IthCQﬁ\b&&aEQBhewﬂerioﬂhégéam sai d sequence
of code el enents) 42._ A tﬁfable devi ce conpri si ng: glurallty of

aet uat bFEtkand ?%994 peRdRaRgFdsn oTHE: FaRstebevberrdnbspreantity of keys
havi ngeg B%ﬁéﬂaf%eggvf&g%ﬁaﬁ%@h gfdlhereviytih BReLeidoh order S to

deS|gnate a 11 xst Furality of es assocl a wth a
parti cbhbathone akillﬁdrﬂnutﬁhlap¢ @hateysﬁlanlaEaSOnfmgukaysom~ t he

Plural LLYeph Ysn 48 Qe A dnd 18R hondoolaRogaaolg O third

nodes
similar configuration can be obtained by simple

rearrangement and reattachment of the four parts. Indeed,
a two-handed keyboard can be obtained from by detachment
and rearrangement of the four units as shown in

figure 33.

Figure 30 shows the unfolded twice-foldable computer
in a bottom view. Part 904 is a telephone keypad 905 and
corresponding second visual display 906. Part 907 is a
third visual display, and part 908 a third keyboard.
Parts 904, 905, 906, 907 form the second surfaces of
parts 900, 901, %02, 903 respectively.

Fol&ing the computer along the line 908 shown in
figures 29 and 30 we obtain the configuration shown in
figure 31. In this configuration the thixrd keyboard is
exposed for typing, and the third visual display is used
as the corresponding display. Here the keyboard layout
is a 1l2-key keyboard, but ﬁany other choices are
possible. This configuration might be used when, due to
time or space limitations, the user is unable ox
unwilling to open the computer to its full extent. It

might also be used to supply a different functionality
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of the plurality nodes associated with the particular one 10 of the
plurality of keys) actuating only the particular key, and aia, anbiguous

i nput nmechani sm wh3. ch determ nes) based upon subsecl r ggrigagcio@si ons of -
the plura7.ity of keys, whether the second or third code is ~. ntendad when
only 1S the particular key of the plurality of keys is actuated. 43. The
typabl e devi ce according to ol aim42, whexein the at | east two-keys

i ncludes at |east one auxiliary key and at |east one al phaxxuneric key. 44.
The typabl e device according to claim42, wherein the at | east tw keys

corresponds ghanethBefudty agxfdhda Yo t%&d 2B RBanUSBRi g key O~ two
al phanuneric keys. 152 27 May 2003 45. The t ypabl e devi ce according ~o

clai m 42, whupetianadihyal phanuneric key has fine nunber and at |east two
letters assoaxated therewith. 46. The typabl e device according to claim42,
wher ei n each al phanuneric key has one nunber and at |east three letters
associ at ed therenﬂnhlli53tdec¢mp“xex;&&m.AH fol@ed; along the fold

RTE u9. ALLe, A L9, AYL..AYu99. A LA 9.

= A3. L ANEE'%\B%GA%L SRoEfGree AT le{l}f_s% ﬁS FASCR5EOIEe A AFL. A(s. A3
9 A5 A& . AbhfAgllbat fon shown 1n figure 32. This is the
L A39. Aa&% AFL. AU% A3' L. Al u Aa . AFOL. AY . AF. % Al :

s. Al . 9. A39. gonfigyrabionsin m Ahe gemguggrwould be typically

A9. AsL. AL. A i lLrAS. £
9. ANGL. Au&kgpé £of tﬁﬁxg&ﬁ“ onar A , ot ASORSJ'guratm%\ the device

ALI A AL . ApuAAgbngmahlLeu@ngh/xo fit into a pocket. Further, in

“nzo.m - ny Sl Gubeacoladt Suphdira i We et TN g WA
“Y. A0&y. AHL fAfeidnabitp ﬁsLé&ybsed for use. For many users, this

ALYALE B A LI AL A B A A5 A ALSIWNEL 1,01 & 24 cal cal cal ca

Ul E“a] cal caeireabl cat colralsalnedad]tirl el aake” ahbmi] anal cdddiaieaj | I nlv
<
keypad with the ambiguous code of a previous embodiment,

though many other choices are possible.

15 To recapitulate: thanks to ambiguocus codes, we can
design a portable communication and computing device
which functions alternately as a telephone, a personal
digital assistant, and a laptop computer.

It will be appreciated by those skilled in the art
20 that if each of the .elementary units, including the
keyboard units, are built from touch-screens, then the
variety of configurations and uses of this device could
be further increased. What would be lost, however, is the
tactile feedback from the keyboards built from standard,
25 depressable keys. Many other variants are possible,

consistent with the teachings of the present invention.

Software embodiment for a typable device comprising a

touchscreen This invention permits software as well as
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exploited to give each input means different functions
and different labels depending on mode. It will be
appreciated, however, that the same effect could be
obtained with mechanical keys of a traditioﬁal,
depressable structure by equipping each mechanical key
with its own display device. In this way, the methods
for mode changing here specified in reference to a
touchscreen comprising device could be applied to devices
comprising mechanical keys, such as many of the other
devices specified in the present disclosure.

Mode Selection One strategy in keyboard design to
increase the number of symbole which can be encoded given
a fixed number of keys is to augment the keyboard with a
number of mode-changing keys. Pressing a mode-changing
key changes the symbol encoded by a plurality of cther
keys. The canonical example is the shift key of the
standard typewriter keyboard which changes the symbol
encoded by the letter keys from lower case to upper case.
Upper-case letters could in principle be encoded on a
separate set of keys from the keys encoding lower-case
letters, and if upper-case letters occurred with the
same frequency as lower-case letters in typical
commnications, then this could be a defensible choice.
Also in principle, having upper- and lower-case letters
accessible in different modes does not imply that an

upper-case letter must be assigned to the same key as the
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/R’ -
10%& () is chosen in practice because there are strong
conventional, conceptual and statistical relationships

between lower- and upper-case letters.

5 Thus there are three principles which guide the
assignment of symbols to modes and of symbols to keys
within modes: adherence to statistical relationships,
adherence to conventional relationsh;ps, and adherence to
conceptual relationships between symbels. In the design

10 of typable devices employing ambiguous codes the problems
apsociated with the design of wmodes are particularly
acute gince a plurality of keys must already carry the
burden of encoding more than one letter symbol on each
key, and the number of keys available to encode symbols

15 is typically shaxply limited. However, the same methods
which have been above applied to produce ambiguous codes
for letter symbols can also be applied to non-letter
symbols such as punctuation, provided that these non-

letter symbols are strongly correlated.

20 The collection of symbols to be encoded by a
keyboard will be divided into subsets corresponding to
modes. Modes can be at least partially ordered according
to how much manipulation is required on the part of the
user to obtain each mode and/or how frequently the

25 symbols in each mode are used. Thus we can speak of
primary, secondary, tertiary wmodes and so on in order of
increasing amounts of manipulation required to obtain
each mode and/or decreasing probability of the symbols in

the mode.
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mode or modes. The subtle degign issues have to do with
methods for assigning non-letter symbols to modes, and
arranging the spatial layout of each mode.

A first statistical measure to be taken intoc account
is the probability of non-letter symbols. Some of these
non-letter symbols, such as punctuation warks and digits,
are essential to commmication and way occur with a
frequency rivalling or exceeding those of letter symbols.
These punctuation marks are candidates for inclugion in
the primary or secondary symbol set in any effective
keyboard design. Next to be considered are correlations
vhich arise from non-letter acting in concert with other
non-letter symbhols. Some non-letter symbols have
conventional and conceptual relationships with other non-
letter symbols, for example, the symbol (left arenthesis)
is related to the symbol) (right parenthesis), as the two
symbols act together to express meaning. The symbol
is related to the symbol , as the two symbols express
similar meanings (end of a phrase or sentence). These
are examples of global relationships, common to most uses
of the language, in these cases including languages such
as Egglish. There are other, wmore local, relationships
which could be accounted for in keyboard designs for
specialized purposes, such as the relationship between
and / in the expression :/ commonly used in site
addresses on the World Wide Web (URLs or Universal
Resource Locators).

Non-letter symbols may alsc have statistical,
conventional, and conceptual relationships with lettexr
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Given reference statistics constructed in this way,

10 a next step in the assignment of symbols to modes is to ‘
arrange the symbols in such a way that the statistical,
conventional, and conceptual relationships are best
satisfied. A further constraint which could be taken into
account is the mnemonic potential of the arrangement.

15 Preferably, all sywbols are arranged within and across
modes in a way that "makes sense”, that is, that the
symbol pattern is simple, familiar, preferably visually
well structured. Bven well-trained touch typists may
revexrt to a visual scanning mode to find infrequently

20 ' used symbols on a keyboard. Thus, mnemonic potential may
be the overriding concern in the arrangement of modes
devoted to less-frequently used symbols. It is to be
appreciated that mnemonic potential can be quantified
using experimental protocols for memorization tasks well-

25 known to psycholcgists.

To illustrate the approach, an example layout of
" letter symbols [a-z], digits, end the 32 nonletter
symbols

~S1e#sE ex () _-+={[1]|\:;""'<,>.2/
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The first mode (figure 36A) contains an :ambiguous
code for the letters, a space/backspace key, .a basic
punctuation key, and a key for shifring modes in either

) the forward or the backward directions.

The second mode (figure 36B) contains keys for
the digits, and certain punctuation marks, arranged so
that this mode can function either as a telephone, or as
a rudimentary calculator/numeric keypad.

; The thixd mode (figure 36C) contains additional
punctuation marks, arranged so that 1) a shift key
relates symbolg with related meanings, such as open and

. closed parentheses, oxr, if there is no related meaning,
related symbol shapes, as an aid to remember the symbol

) placements. A convention is applied whereby Mhard“

, symbols, more angular symbols, are on the left, while '
sgoft" symbols, more curved symbols, are on the right.
Since all or most keys have exactly two symbdls,
grgonomic disambiguation mechanisms as described above

> can operate in each mode. |

Selectable transparency of the keyboard Currently,
typically implementations of a keyboard dispﬂayed on a
touch~screen device in the PAIM PIOT class comprise a

w
|
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109%) & () - (RERE,88"9R08C YR Ym the keyboard, such as an address book

application. Since display real estate in such devices
5 is extremely limited, sharing the display between
keyboard and application program results in both keyboard
and application program being very small. Keyboards used
in present devices are not meant to be practically touch
typable, nor could they be, given their extremely small
10 size. However, appllcation of the methods of this
invention produces keyboards which are small enough to be
touch typable, even in the limited environment of the
touch screen of a personal digital assistant. The
important observation is that since the keyboard is
15 touch-typable, it does not have to be displayed to the
user. The user's fingers "know" where the keys are,
without the user having to see them. Thus the keyboard
can be made transparent, occupying the entire touch
screen, while the application program can be opaque, and
20 also occupy the entire touch screen. Displayed in this
way, the user types directly on the application program
to produce input to it. In figure 35 a keyboard displayed
in this way 1003 is shown with an application program.
1002 in this case a drawing'program displaying a drawing.
25 Since it is impossible to draw a transgparent keyboard,
the keyboard is indicated in this figure in a shade of
gray, while the application program is shown in black.
Indeed, it would be possible to allow the user to select
the level of transparency of the keyboard, foxr example,
30 as a function of his oxr her level of touch typing skill.

It has already been pointed out that different modes
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109 (D e iU e midbes] s oming increasingly less transparent

as the unfamiliarity-of the symbols in the mode
increases. It is to be noted that the same effect of
distinguishing the keyboard for the applications program
could be accomplished by adjusting other visual factors,
such as the color of the image, in addition to its
trangparency.

Hybrid Chording/Ambiguous Keybecards The important
observation on which this aspect of the present invention
is based is that chording patterns which reguire but two
keys to be activated substantially simultaneously, such
as the chording pattern which causes a Qwerty keyboard to
encode capital letters, are readily learnable and gan
therefore be adopted by a large user community. However,
the prior art has proven that chording patterns any more
complex than this will not becowme generally accepted.

It has been noted that there are two main prior-art
approaches toward typable devices with a small number of
keys: chording methods and ambiguous-code methods. One
aspect of the present invention is to teach how to
synergistically combine these two methods.

We can distinguish two kinds of chording methods 1)
methods in which a key or keys are reservgd for the
function of forming chords, an example is the familiar
shift key used for keying uppercase letters by a chording
combination of the shift key with a letter key, and we
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these methoeds is used,

The essential insight of this aspect of this
invention is that substantially simultaneous activation
of a pair of input weans is readily unified into a single

10 gesture by a human user. Thus, a pair of keystrokes is no
or little more difficult to master than a single
keystroke, vyet, a pair of keystrokes contains
substantially more information than a single keystroke,
and thus can be used to create easily operable, low-

15 ambiguity codes and typable devices based on these codes.
Thus, to make the keyboard easy to learn, chords must
require no more than a pair of keys to be activated
substantially simultaneously. In this embodiment, one of
the pair being a key reserved for forming choxds, and the

20 other a key corresponding to at least one decoding
symbol. Rare symbols may still require more than two keys
to be activated substantially simultaneously, and very
frequent symbols could be associated with a single input

means without exceeding the scope of this invention.

25 : It is preferred that at least one of the decoding
symbols is a strongly correlated symbol. In this way,
should a chord be'férmed improperly, when a shift key is
activated when it should not be or not activated when it
should be, the disambiguation software may be able to

30 correct for this error.
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substantially simultaneously activated in oxrder

to encode any substantially probable gymbol.
L lookup error and/or query error is optimized,

. chording is accomplished using a mode-shift
10 key,

. (preferably) such that the probability of using
" the mode-shift key is minimized.

¥When chording and ambiguous-code methods are

combined according to these teachings, surprising and

15 synergistic results are obtained as will be
demonstrated by the present ewbodiment in which a hybrid
chording/ambiguous-code method is applied to a telephone
embodying the standard ambiguous code. We have already
seen that the standard ambiguous code has rather pooxr

20 lookup error and query rate. It is therefore quite
extraordinary that using a hybrid method a keyboard based
on the standard ambiguous code can be made {level C)
strongly touch typable. The objects of this embodiment
are to produce a keyboard which is

25 . strongly touch typable, fully compatible with

standard telephones emboedying the standard
ambiguous code,
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. simple to learm,

° and uses a minimal number of keying gestures.

A standard telephone embodying the standaxd

5 ambiguous code is shown in figure 38. It is seen that a
plurality of keys 10000 are used to encode letters and
digits, there are eight of these. Two keys 10001, 10002
enceode only digits, and two keys 10003,10004 enccde the
non-letter synmbols * and # respectively. 1In this

10 embodiment, one of the keys selected from the group
consisting of 10001, 10002, 10003, 10004 will be used as
a mode~changing key, preferable key 10001 encoding the
digit 1. This selected key will be referred to as the
shift key, for reasons which will become evident. Key

15 10001 can be conveniently activated by the thumb of the
left hand while the telephone is.held in the left hand,
ﬁhile the right hand is used to activate the other keys.
For an embodiment in which the right thumb is used to
active the shift key while the telephone is held in the

20 right hand, key 10004 can be used as the shift key.

FPor each of the keys in the plurality 10000 the
corresponding letters will be divided into two subsets,
which will be referred to as the shift set and the non-
shift set respectively. Letters will be assigned to the

25 {shift, nonshift) sets so that

° lookup exror is minimized,
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. queries are minimized,

. one of the sets, without loss of generality,
the shift set, contains exactly one letter per
key,

J the probability of activating the shift key is
minimized.

As is usually the case, simultaneous optimization
with respect to lookup error rate, query rate, and other
ergonomic criteria implies compromise. For instance, one
could potentially achieve better lookup error rates and
query rates by removing the restriction that one of the
{shift, nonshift) sets is composed of a single letter per
key and allowing the number of letters in the shift set
to vary from key to key. However, regularity of the
partition into shift and nonshift sets makes the keyboard
easier to learn, an ergonomic c;iterion which is here
given high priority. Learnability could be further
improved.by selecting the singletons such that the
collection of singletons is easy to remember, perhaps by
mnemonic. This selection, however, could compromise
lookup error rates and guery rates.

There are 11664 different pairs of shift/non-shift
sets obeying the constraint that the shift set contains
but one letter per key. This number is small enough that
all possibilities can be tested for their ergonomic

properties.
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5 the codes are better than the standard ambiguous code,
most are better by a small multiple. However, this
distribution is quite large, and the best code CEHRLNSTY
with a lookup error rate of 431 words/iookup error and
query rate of 21 words/query is 15 times better than the

10 standard ambiguous code in texrms of lookup error and 10
times better in terms of query error. This best code is
abC dBf gHi jkIL mNo pgr8 Tuv wx¥z where the
elements of the shift set are written with uppercase
latters. It is to be emphasized again that thia coede is

15 the best'code with respect to our reference statistics,
other statistics may yield other best codes, though it
appears to be among the best for statistics drawn from
many alternate corpora of English. It should be Ffurther
appreciated that the same hybrid chording/ambigucus code

20 method coﬁld.be applied to arbitrary ambiguous codes in
which the underlying ambiguous code is not constrained to
be the standard ambiguous code, indeed is not constrained
to be in alphabetic ordering, or only 8 keys, oxr with an
even-as-possible partition. By allowing more freedom to

25 choose codes, hybrid chording/ambiguous codes can be
found of such high quality in terms of lockup error xate
and cquery rate that other ergonomic criteria, such as
minimizing use of the shift key, could be profitably
combined with optimization of lookup error rate and query

30 rate. These optimizations are beyond the scape of the

present embodiment, which seeks full compatibility with
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operability of this keyboard, the letters which form the
shift set are preferably represented on the corresponding
key using an uppercase letter, while the letters in the
nonshift set are represented as a lowexcase letter, as
shown in'figure 38. Alternately, the two sets could be
indicated by lettering varying in size, colox, typeface
etc.

Use of-this device is simple. When the text toc be
typed contains a letter in the shift set, then the shift
key must be operated substantially simultaneously with
the corresponding letter key, this letter will be
represented wnambiguously. By contrast, when a letter in
the nonshift set 1s required, the corresponding letter
key is operated, and the letter is represented
ambiguously.

In view of the teachings of this invention, it will
be appreciated that the disambiguation mechanism
corresponding to this embodiment could be physically
located within the telephone, at the sending end of the
communication, and or at the receiving end of the
commmication, for instance at a central computer which
the user contacts by telephone.

As we have seen, on the standard telephone keypad

there are 4 keys available to encode non-letter

information such as mode changes. Using the method of
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of non-letter sywbols encodable using a telephone keypad
can be further increased. In particular, added shift keys
can be provided if even lower levels of ambiguity are
required. For instance, with 4 shift keys, each
associated to one letter on each letter key, totally
disambiguous text entry can be achieved, albeit while
increasing the numbexr of keystrokes per letter. In short,
many associations of subsets of decoding symbols with

* ‘shift keye can be imagined. One particular class of
asgignments is considered in a later section on
internationalization of these teachings, up to now

" described in detail mainly with respect to English.

It will be appreciated that using the shift key in
combination with the remaining non-letter keys, in the
preferred arrangement the *, # and 0 keys, can be used
to encode at least € non-letter symbols, such as

punctuation symbols, mode-shift symbols, and the like.

Error correction using the standard ambiguous code
Especially when used by a novice user, the keyboard of
the present embodiment could be operated in such a manner
that the shift key is pressed at times when it should not
be to encode the intended text, and at other times the
shift key will not be pressed when it should be. Often,
such a manipulation will result in a meaningless decoding
if the disambiguation device is expecting corxrectly typed
encoding sequences in the hybrid chording/ambiguous code.
In these cases, rather than issuing a query, an alternate
digambiguatioﬁ can be attempted in which the shift key

activation is ignored, and the encoding sequence is
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It is to be note that in t e device shown in
figure 38 a strongly correlated symbol (space)
is paired on the same key with a weakly or uncorrelated
symbol (backspace). This pairing potentially allows
disamiguation software to correct errors in which (space)
'is meant but (backspace) keyed by the user, or vice
versa.

Touch-typing-oriented querying It is preferable in this
embodiment to use the selected shift key as the scroll
key for querying, when querying is permitted, as
described above. It will be appreciated that whether the
key functions as a shift key or a scroll key at any given
moment can be determined automatically given the
appropriate software. When the device is in querying
mode the key functions as a scroll key, and otherwisge
functions as a shift key,

Alternate placement of shift keys Referring again to
figure 38, we note that this embodiment has been designed
to be operable using existing, standard, telephones. If
telephones are manufactured with use of this:embodiment
in mind, they are preferably equipped with additional key
or keys 1005 to function as the shift key. It is
preferred to place these additional keys on the sides of
the telephone, where they can be actuated by the thumb of
the hand holding the telephone; such a placement is shown
in figure 38. Additional keys to be actuated by the

110



10MsS>10%1&' () -6 5zX6~\= 1
10! FY+" 10%>& () - ! qF#10%+& () -! "F#10%& () - ! "F#10%mE () - 10%& ()-!s10%J& (
)-5gaB7= 1 10! 10L=10% ()- 910%& ()-8Z10%& ()- 6: 10%& (7 éél 003
"109& ()-.109%& ()-FgE= 1 10! 10! AY#109%& ()-! @10%& () - '@#1 209 () -
109%: ()- @ 10%' ()- 10 10F$+ z  }~<E= 1 10!
10! VI 17" 109%&’ {) - S. 109%& () - L- F10%& () - Y9* 10%& () - ! hY#109%& ()-!-| Y#10%& ()-
ADEFGW-\ = 1 10! 10! LS10%& ()-!HOY10%r& ()-z "10%& ()- 10 10

fingexrs of the hand holding the telephone (either the

left or the right hand) may also be used 10006.

Culling infrequent words in queries It is often the case
that a very fregquent word is ambiguous with a very

5 infrequent word. For instance,lin the case of CEHLNSTY
for English, the very fregquent word "for" is ambiguous
with the very infrequent word "fop". By eliminating
these very infrequent words from the dictionary, the
effective query rate can be improved with very little’

10 effect on how well that dictionary represents the |
language in question. For instance, the query rate for
CEHLNSTY can-be improved to 1 query every 46 words, by
eliminating words whose total probability is less than
one part in 50 thousand. This culling can be achieved

15 for instance by application of a "gap factor" given by
the ratio between two words in the quexry, e.g. the wost
Erequent and the least frequent. If, for instance, the
gap factor is set to 500, the distribution of figure xxx
is obtained, two codes, the standard ambiguous code (SAC)

20 | and the CEHLNSTY code are particularly pointed out in
this drawing.

Internationalization There are two main issues in
intermationalization of the present embodiment, both of
which are readily solved by a person skilled in the art

25 in application of the teachings of this invention. These
are 1) handling accents, and 2) creation of generalized
. codes which are applicable to many languages at once.

Both of these issues will be briefly discussed,
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Handling accents. Many languages are written with
letters which may appear in both an accented and an
unaccented form. For example, in French, "e® may be
written as %e", "é€", or "&”., It is generally important to
aistinguish these accented letters. Without accents, for
instance, the word "&léve" (meaning "student") can be
ambiguous with the word "@levé" (meaning "raised"). one
natural approach is to use another shift key, which we
can call an accent-shift key which has the function of
selecting an accented version of a letter when used in
combination with a key encoding that letter. For
instance, to treat French using CEHLNSTY, we can key the
accent shift key in combination with the *def" key to
encode either "“e" or "'e”, and then rely on a
disambiguation mechanism to decide which of these two
accents is appropriate for a given word. Using this
approach, we find that with some set of word-frequency
statistics for French, a (lookup, query) rate of (38,3)
for CEHINSTY without an accent-shift key, but (584,24)
with an accent shift key. For the telephone keypad, any
of the keys on the bottom row could be used as an accent
ghift key, for example. In specially built keypads, an
additional key could be provided to supply the accent-
shift function. For ergonomic reasons, it is preferable
that this accent-ghift key be operated in a manner
similar to the way the ﬁsual shift key is operated, e.g.
such that thumb motion in one direction is used to encode
a regular shift operation, while thumb motion in an
opposite direction is used to encode the accent-shift
operation.
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one language are typically different from the statistics
of another language, a code which is substantially
optimal with respect to one language may not be

5 substantially optimal with respect to another language. A
code which is strongly touch typable with respect to one

language may not be strongly touch typable with réspect
to another language.

For example, CEHLNSTY, optimized for English,

10 performs less well for French than a code specifically .
chosen for its optimality with resgpect to French. In this
particular example, CEHLNSTY remains strongly touch
typable with respect French, though this will not be the
case with respect to all languages.

15 In order to galn economies of scale, manufacturers
may wish to produce a single machine operable in wmany
local linguistic environments. Since a typable device,
for instance, a mobile phone, may preferably have keys
labeled with the ambiguous code for which it is designed,

20 it is useful to have a single code which applies to many
languages, g0 that this labelling can be done in the same
way for all machines in a broduction run, regardless of
the target linguistic community.

Applying exactly the same techniques as have been
25 already described, it is possible to produce ambiguous
codes which are simultaneously optimized with respect to
several different languages. In a multi-language
optimization method, the step of weighting ergonomic

criteria with respect to each other can include asg a
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respect to each other. Different weighting schemes are
appropriate in different circumstances. For instance, one
may choose to simultaneously optimize with respect to
statistics of English and German, and yet weight
performance of the code with respect to English as more

important than performance with respect to German.

A preferred weighting method is one in which the
minimum performance is waximized, such a procedure will
be referred to as a mini-max procedure.

Consider optimizing with respect to a set of
languages 11, 12,..., 1ln, and a set of ergonomic
criteria, el, e2, ... , em, Given two ambiguous codes
cl, c2, and for each ergonomic criterion em, we rate ¢l
as better than c2 if for ¢l the minimum of em over the
languages ln is greater than the minimum of em over the
languages ln for c2. When several ergonomie¢ c¢riteria mst
be optimized against, it may happen that one code is
better than ancther in tﬁe mini-max sense with respect to
one ergonomic criterion, but worse with respect to
anothexr ergonomic criterion. In this case the ergonomic
criteria must be weighted with respect to each other as
has already been described in detail.

As an example of these teachings, consider
optimizing with respect to lookup error and query error
for a set of languages. In this example will we allow
non-alphabetic orderings, and use 8 regular input means,
and a auxiliary input means and an accent-shift auxiliary

input means, so that the 8 regular input means can be
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been previously described.

First consider optimizing with respect to the set
5 of languages consisting of French, Italian, Portuguese
' and Spanish, each language represented by a set of

reference statistics.

Usging the directed random walk method, one readily

finds codes such as joz mbhx akn rpw d iy 1 gg t ev ¢
10 fu 8 with (lookup error rate, query rate) of (3250,265),

(11400,3800), (4720,505), and (6280,400) with respect to

French, Italian, Portuguese and Spanish respectively.

This code has relatively poor performance on Dutch,

English, and Gexrman, with values of (65,4.8),(93,10), and
15 (360,13) respectively.

Using a similar amount of computing time, but
optimizing now with respect to Dutch, English, and
German, one can find codes such as e¢jk ¥ biy 1 fv e mo a
Bz p hx g tu 4 gqw n which yields (1220,44), (816,44),

20 {480,47) on these languages respectively. This same code
yields (253,20),(306,50),(525,36), (4236,272) for French,
1talian, Portuguese and Spanish respectively. And while
these results are respectable for the out of sample
languages, they are not nearly as good as the results

25 obtained when ambiguity with respect to these languages
is explicitly optimized. These results suggest that the
more different the languages are from each other, the
less performance on one language generalizes to

rerformance on another language.
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scheme are more commercial then conceptual. The
important inventive concept taught by this disclosure is
that even the minimal performance over the selected
languages should be such that the code should be strongly
touch typable. In the cases examined above, optimization
with respect to French, Italian, Portuguese and Spanish
discovered a code which is level C strongly touch typable
with respect to these languages, but the minimal
performance is barely level A strongly touch typable
with respect to Dutch, English, and German.

Strongly touch typable handheld device which is typable“
using one hand. In the hybrid chording/ambiguous code
embodiment described above, it -was shown how a
distinguished input means can be used to form chords with
input means encoding ambiguously coded symbols in order
to reduce the ambiguity of the overall system. This
present embodiment shows how the same input means can be
used both for chord formation and for encoding
ambiguously encoded symbols. In this case the ambiguous
code can be expressed as a multi-level code: a first
sequence of input means manipulations serves to select a
first subset of decoding symbols, a second sequence of
input means manipulations serves to select a second
subset of decoding symbols, and so on. Preferably, the
second subset is a subset of the first subset, the third
subset a subset of the second subset (and thus a subset
of the first subset), and so on. This is a "divide and
conquer" approach, as such well known to those in the

art. However, it is not been herxetofore understocd that
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symbols can be limited by making the smallest subsets
contain moxe than one symbol, and thus represent an
ambiguous code, nor b) that the manner of subdivision can

5 be chosen so as to minimize the ambiguity of the final
ambiguous code, nor ¢) that ambiguity reduction can be
optimized while simultaneously optimizing other ergonomic
criteria, such as adherence to convention, nor d) that
the transition between levels in the hierarchy can be

10 accomplished with chords consisting of pairs of key
presses only.

A concrete manifestation of these discoveries will

now be described in detail, with reference to figuresg 39
to 47. It will be understood that this is but one of an

15 infinite number of devices that can be built according to
the teachings of this invention: any typable device which
relies on a divide and conquer approach to code
construction, while minimizing ambiguity and/or some
other ergonomic criterion such as adherence to

20 convention, fits well within the scope of this
embodiment .

This embodiment is a device which is strongly
touch-typable with a single hand. It has the additional
desirable characteristics of

25 1) permitting a fully unambiguous text-entry mode.

2) permitting a substantially optimal, strongly

touch typable, ambiguous text-entry mode,
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maxlmally ergonomically compatible.

Preferably, this device can be configured such that,
in addition to the above-stated ergonomic criteria, a new
ergonomic criterion, scan time, is also optimized.

Optimization of scan time will be discussed in a section
below.

An overview of the method for constructing a

typable device based on multi-level ambiguous codes is
described in reference to figure 39,

In the first step 150, a set of second-level
decoding symbols are selected. These are the symbols that
are to be represented by the ambiguous code, and might
include, for example for English, the letters a
through z.

In the next step 151, an exgonomic criterion is
selected for the over-all multi-level code. This
ergonomic criterion could be, for example, strong touch
typability or lookup error. In general, many ergonomic
criteria of the multi-level code could be simultaneously
selected. In the next step 152, the second-level decoding
symbols are divided into subsets. An encoding symbol is
assigned to each second-level subset in such a way that
the overall code is optimized with respect to the
selected exgonomic criterion., Up to this point, the
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number of encoding symbols, such that the next step of

5 construction can be executed. In this next step 153, the
second-level encoding symbols are collected into groups.
These groups are treated as decoding symbols for a
first-level ambiguous code. Otherwisge maid, the encoding
syrbols of the second-level code become decoding sywbols

10 for the first-level code. Hence, a first-level encoding
symbol is assigned to each group, forming a first-level
ambiguous code. Additional optimization of ergonomic
criteria can be performed in the assignment of
second-level symbols into groups. In general, each 1evé1

15 in a multi-level code can be optimized with respect to
different ergonomic criteria. These criteria may be the
same, or may be different from, the ergonomic criteria
with respect to which the over-all multi-level code is
optimized. In the final step 154, the multi-level code

20 thus constructed is embodied in a typable device.

In this description of the construction of a
multi-level code, the construction of the second-level
code was described as proceeding the construction of the
first-level code. In using a device embodying a

25 multi-level code this order is reversed: first an element
of the first-level code is selected by manipulation of
input means, then an element of the second-level code is
selected by further manipulation of input means. This is
the essence of the divide-and-conquer approach. It will

30 be evident to one skilled in the art that this
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multi-level code must be simultaneously optimized to

achieve desired properties of the over-all multi-level
code. The present embodiment is presented to concretely
illustrate how this simultaneous optimization can be
planned and executed.

-The overview of the method of construction of this
embodiment is shown in figure 40. To help exhibit the
procedure in-full gemerality, three ergonomic criterion
are selected for the over-all multi-level code, two
criteria for the first-level code and three for the
second-level code which comprise the multi~level code. In
this embodiment the three ergonomic criteria applied to
the multi-level code are strong touch typability, query
error, and lookup error. The first-level code is
optimigzed relative to anatomic fidelity, and alphabetic
ordering, and the second-level code is optimized relative
to evenness of partition, anatomic fidelity, and
substantial alphabetic ordering.

The first step 3100 in the construction of this
embodiment is the selection of (second-level) decoding
symbols. These are the letters a-z. Then strong touch
typability, quexy error, and lookup error are selected as
ergonomic criteria for the multi-level code in steps
3101, 3102, and 3103 respectively. Then, in step 3104,
anatomic fidelity is selected as a ergonomic criterion.

Since this device is meant to be typable using the
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is maximized when there are 4 input means and 4
corresponding first-level encoding symbols, one for each

finger.

5 Anatomic fidelity is chosen as an ergonomic
criterion for the second-level code in step 3105. Each
encoding symbols in the first-level code will correspond
to several encoding symbols for the second-level code.
Anatomic fidelity of the second-level code is maximized

10 if each of the 4 first-level symbols corresponds to 4
second-level encoding symbolg, 50 the number of
second-level encoding symbols should be 16 for anatomic
fidelity to be maximized. 16 second-level encoding
symbols can be associated with second-level decoding

15 symbols such that evenness of partition is maximized if
the 26 second-level decoding symbhols are distributed over
the second-level encoding symbols such that either 1 or 2
second-level decoding symbols are associated with each of
the 16 second-level encoding symbols. This distxibution

20 implies, in turn, that between 4 and 8 second-level ‘
decoding symbols will be ultimately associated with each
of the 4 first-level decoding syubols.

Next, in step 3106, alphabetic oxdering is selected
as an ergonomic criterion for the first-level code.

25 Optimizing with respect to this criterion requires
simultaneous optimization of beth the first- and
second-level codes. What is required is that the letters
a~z must be displayable in alphabetic order on the
displays corresponding to the input means associated with

30 each finger respectively. Since these displays are
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that letters from the first part of the alphabet must be
associated to second-level decoding symbols which are in
turn associated to the first-level encoding symbol which
is associated to input means associated to the first
finger. In the same way, a second group of letters,
following the first group in alphabetic order, must be
assigned to second-level encoding symbols associated to
the first-order encoding symbol associated with the input
means associated to the next finger, and so on for the
other two first-level encoding symbols. Optimizing with
respect to alphabetic ordering thus corresponds to
choosing an ordered partition of the 26 letters, in the
pame way as has been discussed for other embodiments of
this invention. This time, each of the 4 elements of the
ordered partition must have between 4 and 8 subelements,
so that all of the ergonomic c¢riteria listed ‘can
simultaneously optimized. As will be shown in the
detailed description of the best mode for this
embodiment, codes with even-as-possible partitions, even
for the first-level code, can be found, while optimizing
as well with respect to all of the other ergonomic
criteria considered.

Finally, in step 3107, substantial alphabetic
ordering is chosen as an ergonomic criterion of the
second-level ambiguous code. This means that it should be
possible to lay out the letters as well as possible in

" alphabet ordering, given all of the other constraints on
the agsignment of letters to second-level encoding
symbols. Divergences from strict alphabetic ordering can

be measured in any number of ways, for instance by the
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number of pairwise permutations required to bring a given

ordering into strict alphabetic ordering.

In reference now to figures 41-47, we describe a

strongly touch typable handheld device, typable using one

5 hand, encoding at least the 1e£ters [a-z}, and embodying
a code constructed according to the above described
method. 1In order for a device built according to the
present embodiment to be touch typable, the division of
the symbols into subsets, subsets of subsets, and so on

10 must be fixed, that is, not changlng depending for
ingtance on which symbols have been previocusly entered.
This fixedness pertains only to the requirement of touch
typability, and the teachings of this invention could be
applied in a broader context. For instance, allowing

15 word completion mechanisms can significantly reduce the
number of keystrokes. But since the behavior of the
word-completion mechanism iz complex and difficult to
predict, a wachine with word-completion is mot in any
strict sense touch-typable. Nonetheless, the same

20 | optimizations that lead to strongly touch typable codes
lead to effective word completion mechanisms, since the
lower the ambiguitﬁ, the better word completion can be
effected. Thus, augmenting a strongly touch typable
code with word-completion mechanism does not transport

25 the device beyond the sceope of the present invention.

For the present embodiment we make the further
limitation that the sywbol-input typable part of the
device must be able to be held in one hand, and be
typable by the hand holding the device, and that hand

30 oply. To limit the requirement for digit motion, most of
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input means operated by the thumb of the hand helding the
device 2104. The device shown in figure 41 is meant to

be held in the left hand; it is evident that the
symmetric device designed to be held in the right hand or

an ambidextrous device operable by either hand could also
be constructed.

Preferably, associated with each of the inpu£ means
2100-2103 is a visual display 2106-2109 showing the
elements of the subset currently associated with the
given input means. Operating the input means selects the
corresponding subset. The input means 2104 can be used to
further refine the subset selection and/oxr be used to
select other subsets of symbols. For example, the single
symbol "space" can be associated with the input means
2104; this or other symbols associated with input means
2104 can be preferably displayed on display means 2110.
The letters [a-z] can be distributed ovexr the 4 input
means 2100-2103. The distribution of letters over the
input means is preferably chosen so as to minimize the
ambiguity (lookup error rafe and/or query rate) of the
resulting code, while siﬁultaneously adhering to the
convention of alphabetic ordering. This adherence aids
the novice user in finding a needed letter by simply
scanning the candidate letters.

Figure 42 shows an arrangement of the letters [a-zl}
in which the letters [a-f] are associated with the first

input means 2100 , [g-1] with the second input means
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finally ([s-z] with the fourth input means 2103. These
associations constitute firgt-level subsets in a
first-level code, In general, it will be preferred to

5 associate 4-8 letters with each of these 4 input means:
thereby the gubset of letters associated to each input
means can be further subdivided into 4 subsets, each of
which contains no more than two letters. The utility of
this limitation will become evident shortly, and it will

10 be evident to one skilled in the art how to extend the
teachings of this embodiment to languages with a
different number of symbols, and a different number of
input means.

An example set of second-level subsets which divide
15 the first-level subsets shown in figure 42 is shown in
figure 43. Figure 43 isg a table of fou£ columns and four
rows. The columns are labeled by the input means
activated at the first step, the rows by the symbols
associated to each inpuf means at the second step. Thus,
20 ' for'instance, if input means 2100 is first activated,
then at the gecond step, the symbols ac will be
asgsociated to input means 2100, be to the input weans
2101, etc. This assignment is chosen to minimize lookup
error and query rates, given the constraints on subset
25 size described above. The lookup error and query rates
for this code are (1100,69) using our reference
statistics. It is to be noted very carefully that in
this example, the letters in the first level subsets are
arrangeable in alphabetic ordering, but the letters in
30 the second-level subsets are only partially arrangeable
in alphabetic ordering. It was decided for this example
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and to produce a code which is as strongly touch typable
as possible. This shows that alphabetic ordering can be
optimized, or not, just like any other ergonomic
criterion, and that weighting of optimization properties
can be different at different levels in a multi-level
ambiguous code. The advantage, again, of alphabetic
ordering is that it reduces scan time, especially for
novice users. Since the number of symbols displayed at
the second level is small, scan time is in any case

small, and can be further reduced by mechanisms to be
discussed presently.

To type a given desired letter, the user first
activates one of the input means 2100-2103 corresponding
to first subset containing the desired letter, The user
then selects one of the second-level subsets by again
activating one of the input ﬁeans 2100-2103
corresponding to a set of letters containing the desired
lettexr. Figure 44 shows an example'operation of the
device in which the user types the letter e. With
reference to figure 42 we see that e is associated with
input means 2100 by the firxst level code. The user.
activates this input means, and the display becomes that
shown in figure 44. Now the letter e is associated with
the input means 2101. When this input means is
manipulated, the letter e is output. The same sequence
of manipulations of input means serves also to select the
letter b, so the code is ambiguous. As in thé othex
embodiments, which of the letters b or e is intended is

determined from context by a disambiguation mechanism.
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Words are entered by successively selecting the required

letters in this manner, and terminating the word by
activation of the input means 2104 associlated with the
thumb, two-hand operation. It should be noted that since

5 a two-stroke method is used to encode each letter, this
input method can form the basis of a one-hand/two-hand
embodiment. More explicitly, if one hand is used to
indicate the first stxoke of each letter, and the second
hand is used to indicate the second stroke of each

10 letter, then first and second-stroke information could be
input simultaneously. There are numerous physical
embodiments which could be based on this remark. For
instance, the "fingering" mechanism of [4] could be the
physical substrate upon which a one-hand/two-hand

15 embodiment could be based. The code proposed by [4] is
based on motion sensors capable of sensing several
positions per finger, to encode each letter
unambiguously. This requires relatively sophisticated
sensors. However, using a two-handed variant of the

20 present embodiment, simpler sensors could be used.  These
sensors would need only record binary (up/down)
information for each finger. Both software and hardware
complexity could be reduced in this manner. In addition,
a machine build according fo the teachings of this

25 invention would be simpler for the user to learn and
operate.

Visual Cache Scan time is the time it takes to visually

locate a desired letter from a set of letters. The

hunt-and-peck typist visually scans the keyboard to f£ind
30 a next letter and then presses the corresponding key.

Scan time is determined by a number of factors, including
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desired key is, and is using visual scanning only for
confirmation, or precise localization. It is to improve
scan time, through the familiarity of typical users with
an alphabetic ordering, that alphabetic ordering was
chosen for the first-level code of this embodiment.

In a variant of alphabetic oxdering, certain letters are
selected from the group of letters on a given key for
display in a distinguished, selected area of the visual
display associated with the key. Thege letters are the
most likely-to-be-selected letters at any given moment,
and placing them in a distinguished position makes them
easier to find. The principle is analogous to the cache
used in some computer processors to store recently-used
data in registers where they can be gotten at quickly,
undexr the hypothesis that data recently used is more
likely to be used again. Here, letters are placed in
cache not on the basis of their recent use, but on the
basiga of their likelihood to be used next, given the
statistics of the language. Still, the term "visual
cache" seems appropriate.

One embodiment of a visual cache will now be
described in the context of the current embodiment. It
will be appreciated that this invention permits a wide
variety of modifications without modification of its
essential quality, for insﬁance, modifications in the
size and location of the cache, how the cache is

organized, how it is labelled, and the like,
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that of the letters [a-f] associated to input means 2100
by the first-level code, "a" is the most likely to be the
first letter of a word. Similarly, of the letters [g-1]

5 associated to input means 2101 2101, “i" is the most
likely to be the first letter of a word, "o" the most
likely from [m-r] associated with input means 2102, and
"t® the most likely from the letters [s-z] associated to
input means 2103.

10 By placing the letters a,i,o,t in a distinguished
portion of the display, for instance the upper-left hand
corner of the display area associated with each input
means. This makes these letters the first-encountered
letters in a standard left-to-right, top-to-bottom visual

15 scan of each associated display. Preferably, other than
this selection of a mingle letter out of alphabetic
order, alphabetic ordering is maintained for the other
letters in the subset. The distinction between the
letter in cache and the rest of the letters can be

20 further marked by selecting a different coloxr, size,
style, etc. of font for the cached letter than for the
rest of the letters.

Referring now to figures 45 and 46, we see how this
obsexrvation can be exploited to reduce scan time,
25 Figure 45 shows how the word "think" is entered without
the use of a visual cache, and figure 46 shows the same
word entered using a visual cache. Thus, in figure 45,
the letter "t" is entered by first activating the first
input means 2103 corresponding to the letter "t". Before

30 the first input means is activated, the display as shown
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in the second column of the figure. Once 2103 is
activated, the display changes to that shown in the third
column. When the input means 2101 is then activated, the
letter "t" is output. The displays change similarly as
the other letters of the word "think" are entered.

In figure 46, the distinction between letters in and
not in visual cache is marked by writing lettexs in the
visual cache in upper case letters, while letters not in
visual cache are displayed using lower-case letters. For
our reference statistics, we find that 42 percent of
first letters of words are either a,i,o, or t. Thus 42
percent of the time a user beginning to enter a word will
find the required letter immediately in cache.

As a word is entered the most-likely next letter
changes as context is created by the entering of the
word. Thus, the letter selected to bhe cached should
change as a woxd is entered, and will depend on which
word is being entered.

In the case of the word "think" The lettexr "t" is
found in visual cache both before activation of the first
input means, and before activation of the second input
means, as shown in the first four rows of figure 46, each
row corresponding to an input means display. Once "t" has
been selected. The letters in visual cache are a,h,o,w,
as shown in the second set of 4 rows in figure 46. After
the first input means (input means 2101) is selected to
begin entering the letter "h", there are only two
possible letters which form parts of words according to

the reference statistics, these are the letters "h" and

130

, 1% May 2003 * 6u]
U 10%@ ()- 10< 10< 10<<10%<&’ ()- | y8! 10%<& () y610%<&' O-1y+ 10% <
<& ()-

_@1!



| #10%C3C3& ()-3! #10%QQ& ()-3 10%@ ()-& 10%@& ()- .WU6j @1 !
SBL1OY@E ()-!)y#10%& ()-!1 ) y#10% ()-!$)y#10%@& ()-'h "y&I0% ()-'Y '
"y&10%& ()-FA= 11 S 100& ()- S)10% & ()- S)10%&' @y 2608 ()- 10@
10@ 10@10%@& ()- FW 478} [<1= 1 10(<10% & ()-!F1"10% (& ()- FI 3##10% (& ()- °
S)109& ()-" S)109& ()- S)10% & ()-89:F" L jK= 1

10( <1@0%0% ()-s109B& ()-F'109%& ()-Y' F'10% O O% ()- Y@ L10%% ()- 10( 10(
FITI1"A2K= 1 10(F9% 109%0% () - ! #&10%00% () - ,

1090 () -, ymLOY%O& () - g! #10%00& () - y@L0%0& () -"B"J"" #>Hwh} A ?K= 1
10(s610%0& ()1i64 BOKSHE )tHede abpeelin) vibtal Cdel& {1 -thd 148¢kd ) -

display. Continuing in this way for the letters, i,n,k,
we find that the desired letter is always in visual cache
for this word. Indeed, after the first input means

5 manipulation for entering the letter ®»i", there is only
one possible letter which could have been intended if the
uger is in fact entering a word in the database. 1In this
case, then, a second input means manipulation is
redundant, and the letter "i! could be output immediately

10 after the first input means manipulation.

Explicit disambiguation and inputting of additional
symbols. As has already been pointed out, it is
generally desirable to provide a completely unambiguous
method for inputting symbols in a typable device based on

15 ambiguous codes. In the present embodimént, one simple
way to provide unambiguous input is by provision of an
additional unambiguous input means 2105 shown in figure
41 in a position where it is easily activatable by the
thumb, which is the preferred position. Other positions,

20 however, could be chosen.

In the present embodiment, it was chosen to limit

the size of second-level subsets to at most 2 symbols.
Thus the disambiguation mechanism will always either
choose the desired symbol correctly, or it will chome the

25 other, incorrect, symbol to which it is paired. Aany
disambiguation software could generate a signal to
indicate which of the two symbols it would choose were
the corresponding input means to be selected by the user.
This signal could be used to provide feedback to the

30 user, for instance by highlighting the letter to be
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figure 41 to force the choice of the other, non-
highlighted symbol.

An example use of this unambiguous text entry
mechanism is shown in figure 47. As in figures 45 and
45, this figure shows how the word "think® is entered.
Here the fourth columm gives the letter that would be
output were the unambiguous input means 2105 to be
activated after activation of the first and second input
means used to- enter the lettexrs of the word "think". For
example, if input weans 2103 and then input means 2101
had been activated to enter the letter "t", then further
activation of input means 2105 would select the letter
»a*, Then "u* would become the first letter of the word.
All possible letters can be entered unambiguously in this
way. When the second-level subsets contain but one
letter, this one letter will be entered unambiguously
even without activation of the input means 2105, and thus
input means 2105 is inapplicable. For the given code,
the letters d,£,h,1l,n, and p are always entered
mmambiguously.

Strong Touch Typability: Measurement and Thresholds
Strong touch typablity is a new, inventive coﬁcept
describing a definite class of machines. The 5readth of
this concept has been pointed out through a variety of
embodiments placed near the boundaries of this class, and
thus indicating its extent.
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typability which will allow the strong touch typability

5 of any ambiguous code to be measured, and to thus decide
if that code falls within the scope of this invention or
not.

Language Statistics It has already been mentioned that
10 representing a language in terms of a corpus of text is a
topic of research among linguists. For the sake of
numerical definiteness, define a representative corpus
as a collection of at least 10 million words drawn at
random from a general-interest newspaper in the target
15 language.

Key Number We need to define four kinds of key numbers:
physical key number, chording key number, effective key
number, and combined effective key number. Physical key

20 number: the number of inputs used to encode symbols. A
minimal qwerty keyboard has 26 keys labeled with a
letter, a shift key and a space key, it thus has a
physical key number of 28. Chording key number: the
number of distinct combinations of keys which encode

25 symbols. For the minimal gwerty keyboard, the shift key
can be combined with any of the letter keys to form a
capital letter, therefore this keyboard has a chording
key number of 28+26-1=53, since the shift key alone does
not encode any symbols. Otherwise said, a keyboard which

30 is fully equivalent to the minimal gwerty keyboard
could be build with 53 physical keys, each one encoding a

single symbol, either an upper case or a lower case
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ptimal ambiguous code which has the best
possible loockup and query rates, given that these are the
only constraints on the code. Let us call these rates Pl
and Pg respectively. Any ambiguous code on any number of
physical keys will have an effective key number of P if
its lookup rates and query rates are equal to Pl and Pq.
It is impossible for a keyboard with a physical number of
keys less than P to support an ambiguous code with an
effective key number equal to or greater than P. It is
perfectly possible, and usually the case, that an
ambiguous code on a physical number of keys P has an
effective key number less than P. Combined effective key
mmber: it is an experimental observation that the lookup
error rates and query rates of substantially optimal
ambiguous codes are substantially related by a power law,
as shown for example, by the experimental results of
figure 11. Here it is shown that for English, the log
of the substantially optimal query rate is linearly
related to the log of the substantially optimal lookup
rate.

This observation allows us to define a single number
' relating the lockup error rate and query rate of a code:
the projection of the point (lookup error rate, query
rate) of the code onto the best-fit line in a lcg-leg
plot.
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the standard ambiguous code. Though the standard
ambiguous code is defined on 8 physical keys (and with a
chording key numbex also of 8, gince no chording is
involved), it is equivalent in ambiguity to a substantial
10 optimal code on 5.96 physical (or chording) keys. OFf
course fractional physical keys are not possible in
practice, but these results indicate that a substantially
optimal code on 6 keys could be found which has lookup
error rates and query rates better than the standard
15 ambiguous code.

These considerations allow us to define a precise,
albeit arbitrary, numerical threshold for substantial
optimality of combined lookup error rate and query rates:

20 a code will be said to be substanti#l optimal with
respect to these rates if its combined effective key
number is within 0.01 of its chording key number, if
there are no other ergonomic comstraints on the system.
We can 'also define a precise, albeit arbitrary, threshold

25 for strong touch typability: an ambiguous code for
English can be defined as strongly touch typable if its
conbined effective key number is at least 10. We can
extend this definition to other languages by requiring
that for a code to be strongly touch typable, it must

30 have a lookup error rate and a query rate greater than or
equal to those of a strongly touch typable code for
English. Since the combined effective key number of the

135



! |
Y+*"109& () -! Y+*"109& () -#(10%& ()-!F"10%& ()-!F"109%CC& () -1 F109%&' () - appppp
qad! r~_= ! 1 P@10%z& ()-s 10%& ()- ~10%& ()- 10 10 29May 2003

109%& () -! @10%& ()-!rrs?tttuz[<~_=1!

(:10%& ()-1%A0%& ()-Y"'10%& ()-g! FG'10%z& ()-f! Y@¥1Q%&' () - L K@10%&' ()-u
5vsvv\ wwwi A?4= 10zy> 10% & ()-6@10% & ()-3! PE@10%& () - 3;

310W *H10% & -1 c*#109%&' ( H=, 10z!3
I 109%&' (zﬁ éfgl 5('%"’29(‘}&%0& 9 ﬁlé@&s(f ?916*’ 1y i§Oli*°E02xEyyyy] zO[m a?H=

102! | ) k0065 Xy ¢ szr# @Stia@%&néid&:?a&%/ﬁs(é%% 9& ()-,Z10%& ()-
m|}}}}}}}~ 102! 10967& ()-f sI1094& ()-1FY 3

109& (FeF54AMOR () - } n~"WU6~_@ T#10%r&' ()-3 | TT#109& ()-3 | TT#109 T & ()-3
T

By measuring the combined effective key number,
any ambiguous code can be screened for possession of the
strong touch typability property. For instance, the
hybrid chording/ambiguous code: ab ¢ df e gi h 5k 1 mo n
Par 8 uv t wxz y discussed above has 9 physical keys: the
8 letter keys of the standard telephone keypad plus 1
shift key. It has a chording key number of 16; it is
equivalent to an ambiguous code on 16 independent keys
with no shift key. Without application of a gap facter,
its (lookup,query) rates are (431,21) corresponding
to a combined effective key number of 12.8. With
a gap factor of 500, this improves to (440,46),
corresponding to a combined effective kev number of
13.75. With or without a gap factor, this code is
strongly touch typable. It should be noted that the
conbined effective key number is less than the chording

key number, still, this code is substantially optimal
given the additional constraint of alphabetic ordering.
In the same way, the one-handed hybrid chording/
ambiguous code embodiment has a code with (lookup, query)
rates of (1100,69), yielding a combined effective key
numbexr of 15, though its physical key number is 4 and its
chording key number is 16. It is a strongly touch typable
code, and the difference between the chording key number
and combined effective key number is due to the
additional ergonomic constraint of alphabetic ordering
of the first-level code. Taking into account this

additional constraint, the code is substantially optimal.
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By contrast, the l4-physical key code of Fujitsu, pn gt
cr zk wj a e hi so ud xf ym vl gb, has (loockup, query)
rates of (105,4), and a combined effective key number of
8.47. This code is neither substantially optimal

5 nor strongly touch typable, despite the fact that its
physical number of keys is greater than 10.

Although illustrative embodiments of the present
invention have been described herein with reference to
the accompanying drawings, it is to be understood that

10 the invention is not limited to those precise
embodiments, and that various other changes and
modifications may be effected therein by one skilled in
the art without departing from the scope of the
invention.
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What is claimed is:

1. A typable device comprising:

10% u& () -, @
10-u 10-u 10-u< 10% u& ()-! HAQ610%IU& () -
109& ()-!109& ()-zY

109&' ()-zf 109%& ()- 9}rg\ =

an input mechanism responsive to user manipulation

te generate sequences of encoding symbols;

a strongly touch typable ambiguous code mechanism

which maps the sequences of encoding symboles to sequences

5 of deccding symbols; and

an output mechanism which selectively outputs

sequences of decoding symbols in response to user

manipulation of said input mechanism.

2, The'typable device of claim 1 wherein said

strongly touch typable ambiguous code mechanism is

substantially physically distant from said input

mechanism, and furthex comprising a comminicator to

3 communicate signals generated by said input mechanism to

said ambiguous code mechanism whereby said signals are

put in correspondence with said sequences of encoding

symbols and mapped to said sequences of decoding sigmals

by said ambiguous code mechanism.

3. The typable device of claim 1 wherein said

strongly touch typable ambiguous code is an optimized

ambiguous code, optimized with respect to exrgonomic

criterion including at least one of query rate, lookup

error, anatomic fidelity, physiological fidelity,

partition stxructure, conservation of convention, cross-

platform compatibility, xegularity of layout, and scan

time.
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optimized ambiguocus code is substantlally optimal.

5. The typable device of claim 3 wherein one of said
optimized ergonomic criteria is coherence with
convention, wherein said coherence with convention is the
standard association of alphanumeric symbols with the
input mechanism of a standard telephone keypad, said
standard association of alphanumeric symbols with input
means comprising an association of non-letter symbols
with a first plurality of a 4 non-letter inputs, and
lettex symbols with a second plurality of 8 letter and
non-letter inputs.

6. The typable device 0f claim 5 wherein at least
one other of said cptimized ergonomic criteria is
selected from the group consisting of query rate, lookup
error, anatomic fidelity, and physiological fidelity, and
wherein the typable device further comprises at least one
chording input device, the at least one chording input
device being an auxiliary input and said non-letter input
device conventionally associated with the symbols 0,1, *,
and #, said chording input device being operable in
sequence or in substantial simultaneity with an input
selected from said second plurality of inputs associated
with letﬁer symbols such that a subset cof the letter
symbols associated with said inputs is associated with an

encoding symbol of said ambiguous code.
7. The typable device of claim 6 wherein aoperation
of one of sald letter and non-letter inputs alone

associates a subset of corresponding letters with
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non Ietter input in combination with at least one of said
chording input device associates a subset of other
letters associated with said one of said letter and non-
letter input means with another encoding symbol of said

ambiguous code.

B. The typable device of claim 7 wherein operatiocn
of at least one of said chording device with one of said
letter and non-letter inputs associates one of a
plurality of single letters from said corresponding
5 letters with a corresponding encoding symbol.

9. The typable device of claim 8 wherein the
plurality of single letters are C,E,H,L,N,S,T,Y
respectively for said letter and non-letter input devices

conventionally labelled 2 through 9.

10. The typable device of claim 1 further
comprising a first subset of primary inputs and a second
subset of secondary inputs, and wherein said ambiguous
code is a multi-level ambiguous code wherein a Eirst

5 activation of one of said secondary inputs selects a.
first subset of decoding symbols, and a second activation
of one of said secondary inputs selects a second subset
of decoding symbols.

11.' A typable device comprising a plurality of
inputs including a plurality of statistically significant
symbol inputs for encoding a plurality of statistically
significant symbeols, said plurality of statistically

5 significant symbol inputs being of cardinality less than
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the cardinality of said plurality of statistically

significant symbols whereby at least one of the members
of said plurality of statistically significant symbol

inputs is set in correspondence to more than one of said
statistically significant symbols, and wherein said
correspondence is chosen such that said typable device is
strongly touch typable,

12. The typable device of claim 11 wherein said
correspondence satisfies at least one ergonomic criteria
including quexy rate, lookup error, anatomic fidelity,
physiological fidelity, partition structure, and wherein
coherence with convention of said correspondence is
substantially optimal.

13. The typable device of claim 1 wherein said
strongly touch typable ambiguous code mechanism has a
guery rate of at least 10 words per query and a lookup
rate of at least 100 worde per lookup, relative to
statistics drawn from a corpus of text which is
substantially representative of the language and contains
at 1east_10 million woxds.

14. The typable device of claim 1 wherein said
input mechanism has a substantially gwerty-like layout.

15. The typable device of claim 1 wherein said
input mechanism is embedded in an vehicular steering
wheel, whereby said typable device may be used by the
driver while driving. '
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alphabetic layout.

17. The typable device of claim 1 wherein said
strongly touch typable code is simultaneously strongly
touch typable with respect to more than one
language.

18. The typable device of claim 1 wherein said
strongly touch typable code has at least one of dquery
rate and lookup rate within 5 percent of the best
possible code for a given number of inputs.

19, The typable device of claim 1 further
comprising a touch screen, said touch screen including
said input mechanism and wherein said decoding symbols
associated with each of said inputs are selectively

transparent.

20. The typable device of claim 1 further
comprising a mechanism to relate the location of said
device on a surface to locations on a computer display,
and wherein the decoding symbols assoclated to each of

5 said inputs are a function of said locations on said

computer display.

21. The typable device of c¢laim 20 further
comprising a thumb actuatable input, a palm grip, and a
display, said thumb actuatable input being effective to
input unambiguous symbols, said palm grip permitting

5 said typable device to be moved along a surface by
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display the set of symbols currently associated with said

input.

22. ‘The typable device of claim 1 further
comprising four substantially same-sized, substantially
flat portions, each of said porxtions being foldably
connected to each other, whereby said typable device is
twice folded.

23. The typable device of claim 1 wherein a subset
of said input mechanism is of cardinality 13, and said
strongly touch typable analcgous mechanism code maps at
least two of the letters a-z to eéch of said subset of
inputs, whereby said typable dewvice may be typed with one
hand using substantially
the same gestures as when typing using a related
unambiguous typable device typable using two hands.

24. The typable device of claim 23 wherein the
assignment of said decoding symbols to said inputs is
such that said assignment admits a substantially
physiologically optimal layout.

25. The typable device of claim 1 wherein said

inputs are laid out in standard numeric keypad format.
26. The typable device of claim 1 wherein gaid

strongly touch typable ambiguous code mechanism is a
multi-level ambiguous code mechaniswm.
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first-level ambiguous code and a second-level ambiguous

5 code, wherein a first manipulation of one of said primary
inputs selects an encoding symbol drawn from said
first-level ambigquous code and a second manipulation of
one of said primary input means selects an encoding

symbol drawn from said second-level ambiguous code.

28. The typable device of c¢laim 27 wherein said
typable device is a hand-held typable device and said
plurality of primary inputs is of cardinality 4 whereby
said primary inputs are in one-to-one correspondence with

5 the fingers of a user’s hand holding said device.

29. The typable device of claim 28 further
comprising a plurality of displays, each of said
plurality of displays being associated with one of said
primary inputs, each of said plurality of displays being

5 operative to display the decoding symbols of said '

first-level and second-level ambiguous codes.

30. The typable device of claim 29 wherein said
multi-level ambiguous code mechanism is optimized with
respect to lookup error and query erxror, said first-level
code is optimized with respect to alphabetic ordering,
and said second-level code is optimized with respect to
substantial alphabetic ordering, and evenness of

partition.
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31. The typable device of claim 30 further
comprising an unambiguous input, said unambiguous input
being operative to unambiguously select one of said

decoding symbols of said second-level ambiguous code.

32.‘The typable device of claim 29 wherein at least
one most probable decoding symbol is displayed first in
ordexr on at least one of said display whereby scan time
. is reduced, and wherein said at least one most probable
5 symbol is displayed in a way that is visually distinct
from other less probable decoding symbols.

33. The typable device of claim 26 further
comprising a plurality of secondary inputs, manipulation
of said secondary inputs being operative to generate
unambiguously coded symbols.

34, A method for creating a typable device
comprising the steps of:

selecting decoding symbols to be represented in a
multi-level ambiguous code, said multi-level ambiguous
code comprising a first-level ambiguous ‘code and a

5 secdond-level ambiguous code,

selecting an ergonomic criterion to be optimized for
said multi-level ambiguous code,

dividing said selected decoding symbols into
second-level subsets, .

10 assigning a second-level encoding symbol to each
sald second-level subset so that said selectéd ergonomic
criterion is optimizéd,

collecting said second-level encoding symbols into

groups such that a second ergonomic criterion, possibly
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the multi-level code, is optimized,

assigning a first-level encoding symbol to each of
said groups, whereby an optimized multi-level ambiguous
code relating second-level encoding symbols and
first-level encoding symbols is created, and

embodying said multi-level code in a typable device.

35. A typable device created by the method of
claim 34.

36, The method of claim 34 further comprising the
steps of:

selecting strong touch typability as a first
ergonomic criterion of said multi-level code,

selecting query exror as a second ergonocmic
criterion of said multi-level cede,

selecting lockup error as a third ergonomic
criterion of said multi-level code,

fixing the number of first-level encoding symbols at
4 whereby anatomic fidelity, a first ergonomic c¢riterion
of said first-levei code, is optimized,

fixing the number of second-level encoding symbols
at 16 whereby evenness of partition, a first ergonomic
criterion of said second-level code, is optimized
simultaneously with anatomic Eidelity, a second ergonomic
criterion of said second-level code,

selecting alphabetic ordering as a second ergonomic
criterion of said first-level code,

selecting substantial alphabetic ordering as a third

ergonomic criterion of said second-level code.
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symbols relative to said reference sgtatigtics,
b) selecting a disambiguation mechanism,
c) selecting the number of encoding symbols,
10 a) selecting a set of ergonomic criteria,

e) weighting said ergonomic eriteria relative to

each other,
£) selecting an optimization method, and
g) applying the cptimization method.

38. The method of claim 37 wherein sald step of
applying the optimization method comprises the steps of:

1., choosing a starting code from a set of candidate
codes,

5 2. =assigning said starting code to be a current

code and a current best code,

3. generating a set of new codes from said current
code by pertubation of said current code by
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5) <checking if a stopping criterion has been
15 reached, such as a criterion of limited further

improvement,

6) outputting said current best code, if said

stopping criterion has been reached,

7) wherein if said stopping criterion has not been
20 reached, checking whether said set of new codes
contains a code better than said current best
code,

8) wherein if there is at least one code in
said set of new codes better than said current
25 best code, assigning said current best code

to be smaid current code,

9) wherein if there is not at least one code
in said set of new codes better than said
current best code, assigning said current code
30 to be a code selected at random from said set of

new codes, and

10) repeating said steps in sequence, beginning with

said step of generating a set of new codes.
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of selecting a lookup error &s an ergonomic criteria and

selecting a query error as an ergonomic criterion, the

5 method further comprising the steps of:

1) defining strong touch typability by acceptable
quantitative values of lookup error rate and

query rate,

2) determining the minimal number of keys required
10 such that using said minimal number of keys and
said optimization method and acceptable
quantitative values of lookup error rate and
query rate may be achieved,

3) determining the maximal number of keys
15 allowable given the design of a target typable
device, and

4) if said maximal number of keys is less than said
minimal number of keys, then executing said step
of applying an optimization method.

40. The method of claim 37 further comprising the
sajid step of selecting a reduced-ambiguity code which
comprises the steps of:

5 1) selecting a symbol set to be represented in an

ergonomic code,
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9!""10%&f()'S!'jéy%&sghééﬁfgéy%%e(Lé}E{H4¥1@§'of the set of code
elements, the cardinality being less than the
10 cardinality of the symbol set,

4) selecting a plurality of reference sequences
of symbols from the symbol set,

) analyzing the statistics of the reference
sequences to construct data for the measure of

15 code ergonomics, and
6) smsearching the set of possible codes for a code

with a substantially optimal wvalue of the
measure of code ergonomics.

41. A method for communicating a symbol sequence
using a reduced-ambiguity code comprising the steps of:
1) selecting a reduced-ambiguity code,
5 2) 'coding the symbol sequence into a sequence of
code elements in the selected reduced-ambiguity

code,

3) transmitting the sequence of code elements to a
regeiver, and
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elements.

42, A typable device comérising:
a plurality of actuatable keys for inputting
information, each of the plurality of keys having a
plurality of codes associated therewith, wherein in order
5 to designate a first code of the plurality of codes
associated with a particular one of the plurality of
keys, at least two keys of the plurality of keys are
actuated, and wherein to designate second or third codes
of the plurality codes associated with the particular one
10 of the plurality of keys, actuating only the particular
key, and
an ambiguous input mechanism which determines, based
upon subsequent actuations of the plurality of keys,
whether the second or third code is intended when only
15 the particular key of the plurality of keys is actuated.

43, The typable device according to claim 42,
wherein the at least two keys includes at least one

) auxiliary key and at least one alphanumeric key.

44. The typable device according to claim 42,
wherein the at least two keys corresponds to either an
auxiliary key and an alphanumeric key or two alphanumeric
keys.
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