
;UVWXYZ[\]^e3ehe<>z 6VTO_t 27 May 2003   TOUGH-T'YPABIrE DEVICES BASED ON
AMBIGIOUS CODES AND METHODS TO DESIGN SUCH DEVICES FIELD OF INVENTION This
invention relates to the design of touch S 10 typable devices, and the use
of touch-typable devices in computing and telecommunications, and more
particularly to touch-typable devises based on strongly touch-typable
ambiguous codes and substantially optimal ambiguous codes. BACKGROUND OF
THE INVENTION Since the invention of the typewriter more than y00 15 20 zs
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 telecommunications, the number of keyboard designs
has multiplied as designers attempt to accommodate the wide variety of
constraints and to exploit opportunities these new technologies present.
Nonetheless, much of the variability of prior-art keyboard designs is not
due to this 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
reflects the Jack of general) effective methods for optimizing 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
the keyboard design methods taught by the present invention. To illustrate
the many facets of this invention, the optimizing methods   27 May 2003 ` r
are applied to the design of a variety of device embodiments, each
preferred as the substantially optimal solution of a given set of design
constraints. The instant invention relates to touch-typable 5 devices.
Touch typing) like playing a musical instrument, is a manual skill which is
difficult to learn. Once learned, it is difficult to modify the acquired
motor patterns. This difficulty places strong constraints on keyboard
design. The familiar Qwerty 



10 keyboard hand its close variants such as the Azerty keyboard used in
France) owes its dominance to ingraining and overlearning of the motor
patterns involved in touch typing Thus, the wide established base of the
Qwerty keyboard has created a barrier to entry to improved 15 keyboards,
such as the Dvorak keyboard. Indeed such. keyboards have gathered but a
limited user community Due to its large number of keys, the Qwerty keyboard
is unsuitable fox handheld and smaller typable devices. The advent of such
devices opens a niche for keyboard designers. A new design in this niche
which becomes dominant will. likely conserve its dominant position even if
more optimal designs appear later, due to the intrinsic tendency of
repetitive motor patterns to become faxed. This prospect imposes an
enormous burden of 25 responsibility on keyboard designers to avoid
saddling Future generations of keyboard users with suboptimal designs.
'there are two main approaches in the prior art toward reducing the number
of input means required to 30 encode a given set of symbols 1) chording
methods) in 2   27 May 2003 which a combination of ~.nput means are
activated to encode each symbol, and 2) ambiguous codes, in which a
combination of symbo~.s are encoded by each input means. Chording methods
have not met with practical success 5 since they have been heretofore
difficult to J.earn to operate, and few axe willing to make the time
investment required. Thus. only ambiguous codes, or ambiguous codes in
combination with chording methods, hold any real. prora~.se as a so7.ution
to this problem. 10 OHJEC~'S OF THE INVENTION It is thus an object of the
present invention to provide methods for the design of substantially
optimal. ambiguous codex fox typable devises. It is a further object of
this invention to provide 15 methods for the design of
strongly-touch-typable ambiguous codes for typable d$vices. A further
object of this invention is to provide keyboards suitable for touch typing
on both fu7.1-sized and miniature keyboards. 20 A further object of this
invention is to enable sending alp~ric messages from ordinaxy phones or
two-way pagers to othez~ such devices, without human inte~rention, and thus
inexpensively. A fuxther object of this invention is to provide ?S
touch-typable personal digital assistants. 



3   27 May 2003 ' ' A further object of this invention is to provide
keyboards which are typable by the driver of a vehicle without
unnecessarily distracting the dra.ver. A further object o this invention is
to grovide for 5 typable communication devices which axe inexpensive to
manufacture and work with standard telephone communication systems. A
further object of some of the preferred embodiments of this invention is to
facilitate the IO 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 minimal query
rate. 24 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. 4  



27 May 2003 A further object of this invention is to provide a one-handed
keypad suitable for implementation on a hand held computex. A further
object of this invention is to provide a 5 one-- and two-h~.ded keypad
suitable for implementation on a hand-held computer or a desktop keypad. A
further object of this invention is to provide keyboards which are
Qwerty-like. A further object of this invention is to provide 10 ea~3ily
l.ea~cnable chording keyboards. A further object of this invention is to
provide synexga.stic hybrids of chording and ambiguous keyboards. A furthex
object of this invention is to provide a touch-typing-ariented querying
mechanism for t~abl.e 15 de'~t~.ces embodya.ng ambigl~ous codes . A further
object of this invention is to provide a touch-typing-oriented
disambiguation mode for FYPable devices ernbodyin9 a~i9uaus codes. A
fuxther object of this invention is to provide a 20 hybrid
chording/a~iguous code keyboard fully compatible with the standard
telephone keyboard. A further object of this invention is to pxovide
ergonorai.c assigx~ments of symbols to modes. 5   27 May 2003 ' ' A further
object of this invention is to provide a substantially transparent
touch-typable interface for typable devices comprising touch acreeng. A
further object of this invention is to provide S optimization across a set
of natural 3.anguages: 



A further object of this invention is to provide a device typable using the
one hand holding the device, with reduced scanning time. Still further
objects of this invention will be 10 described an the detailed description
below. ~IEFDFsSCRIPTION GF THfi ~R~W,INGS The detailed description of the
preferred embodiments of the present ~inverition will be discussed with
reference to the drawings, a brief description of 15 ~ wh~.ch follows.
Figure I shows an overview of the optimization considerations for producing
a typable device according to the pxesent invention. Figure 2 shows a
flowchart for the constxuctian of 20 devices based on strongly touch
typable ambiguous nodes. Figure 3 shows a flowchart fox the construction of
ambiguous codes satisfying at least one ergonomic criterion, and optimized
with respect to these ergonomic cr~.teria . 6   27 May 2003 Figure 4 shows
a~flaw chart of particular embodiment of xhe method of Figure 3 using a
random search optin~.ization method. Figure 5 shows the distribution of
lookup error 5 probabil3.ty for randomly chosen ambiguous codes on several
selected keys. Figure 6 shows the distribution a~ query probability for
randomly chosen ambiguous codes on several selected number of keys. 10
Figure 7 shows a flaw chart for directed random walk optimization. Pigure 8
shows a flaw chart of the construction of strongly touch~typable ambiguous
codes. Figure 9 plots lookup error xate vs. numbex of keys ~15 fox randomly
chosen, and substantially optimised ambi.guoua codes. Figure 10 plots auery
rate vs. number of keys for randomly chosen, and substantially optimized
ambiguous codes. ' 20 Figure 11 shows lookup error rate vs. query 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  



27 May 2003 ' ' achieve that level, for several different optimization
methods. Figure Z3 shows a flow chart of the method for synthesizing
encoding symbols. 5 In order to help the reader appreciate the unity of the
present invention in the face of.the multitude of apparatus embodiments
which are required to clearly and distinctly point out the broad scope and
various aspects of the invention, a table summarizing these embodiments lU
axed their major features is shown in Figure 14. Figure ~5 shows a
smart-card embodiment with 16 keys devoted to encoding of letter symbols.
Figure 16 shown 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 is shows a telephone with a gubetantially optimal code on 10 keys.
Figure 3.9 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 8   27 May 2003 respecting the ordering of letters on each row
of the Qwerty keyboard. Figure 21 shows an alternate Qwerty-like keyboard.
~iguace 22 shows an ambiguous keyboard embodied in a 5 standard numeric
keypad layout. Figure 23 shows an ergonomic touch-typing-oriented
disambiguation mechanism. Figure 24 shows a flow chart for a method to
allow queries to be answered in a touch-typing oriented manner. IU Pigure
25 shows a one-handed embodiment of a keyboard designed for conservation of
xyping skills between one-handed and two-handed keyboards. 



Figure 26 shows a two-handed errtbodimaat 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 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
ski3.ls 20 between one-handed and two-handed keyboards, zn this ease, the
two-handed keyboard is evenly weighted between ' the two hands. Figure 28
shows an integrated mouse/keyboard. 9   27 May 2003 ` Figure 29 shows a
'top view of a twice-foldable information appliance in the unfolded state.
Figure 30 shows a bottom view of a twice-foldable ~.nformation appliance
~.n the unfolded state. S Figure 33. shows a twice-foldable information
appliance in the once-folded state, revealing an additional functionality.
Figure 32 shows a twice-foldable information appliance in the twice~folded
state, revealing yet 10 another functionality. Fa.gure 33 shows a
twice-foldable information appliance in a detached state, allowing
two-handed typing. Figure 34 shows a typical personal d~.gitaZ assistant 1S
with a touch screen. Figure 35 shows a typical personal digital assistant
with a potentially transparent keyboard. Figures 36A, B and C show three
modes for~a 16-key keyboard. 2a Figure 37 shows a standard telephone
layout. F~.gure 38 shows a hybrid chording/ambiguous code keyboard embodied
in a telephone. 10   ' 27 May 2003 Figure 39 shows the distribution of
loakup error rates and query rates for all hybrid chordin,g/ambiguous codes
of a specified stru.Cture, compared to the loo3cup and query rate of the
standard ambiguous code. 5 Figure .40 shows a flow chart for the creation
of 



mufti-level strongly touch-typable arnbzguous nodes. Figure 4~. shows a
flowchart for the creation of a specific embodiment of a mufti-level.
strongly touchable ambiguous code. 10 Figure 42 shows a typable device
suitable for implementation of the r~ulti-level ambiguous code of figure
41. Figure 93 shows the device of figure 42, operating to display the first
revel of a mufti-level, ambiguous 15 code . Figure 44 shows the
second-level code of a mufti  level ambiguous. code. Figure Q15 shows
the-device of figure 42 operating to d~,splay part of the seGOnd level code
of a ~nulti-level 20 ambiguous code. Figure 4fi shows the sequence of
operating states of the device of figure 42 while used in combination with
a mufti-level ambiguous code to type the word "think". 31   27 May 2003 ` '
Figure 47, like figure 4& shows the operating states of the device of
figure 42 while used in combination with a mufti-level ambiguous code to
type the word "think". In this case, however. the operation of a visual
cache to 5 reduce scan time is show as v~rell. ~3ET~1LED DESCRI~~'~~ O~'
THE INVENTION Definitions and Basic Notions This section collects
definitions of words az~d concepts which will be used in the fo~.low~.ng
detailed 10 specification. Language G~.ven 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 1S referred to here as a language. For clara.ty of
discu8sion, and without limiting the scope of this invention, the languages
we will refer to are written natuxal languages, such as >3nglish, and
though for concreteness we may refer to symbo3s as "letters" or 



20 "punctuation", zt will be understood by these o~ 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 nonce of the artist formerly known as Prince, 12   27 May 2003
Reyboard/~nput Means A keyboard is a component of a comnmina.cations and/or
computing dev~.ce which transforms physical movement by an operator into
symbol sequences. Keyboards compxise at least one input means which 5 is
responsible far the transformation of some subset of the physical motions
operative to activate the keyboard into some subset of symbol sequences.
The physical movement used to operate a keyboard is typa.cally in the form
of motion of fingers and/or 10 thumb or of a hand-held stylus. This
definit~.on extends to other bodily motions, such as head, tongue, or eye
motions which might serve to signal. a Choice of symbol from the l~eyboard.
A device comprising a keyboard aCCord~.ng to this definition will 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
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 is physically part of the typable device, the
limits of the system are clear and defined by the physical perimeters of
the device. 2n 25 more general cases, in which for example the typable
devi~ee includes a telephone handset sending information to a central
computer, the central computer begin responsible for decoding or othervrise
acting on the textual information communicated from the handset, then 30
the "typable device" must be understood to include the 13   



27 May 2003 ' " central computer, as configured to operate in the required
manner by software built in view of the teachings of this invention. It
will be appreciated that each o the at least one 5 input means comprised in
a keyboard can take a wide variety of physica3. manifestations, The
essential feature of an input means is that it permits an operator to
se7.ect a subset from the set of symbols to lae encoded by the keyboazd.
Dlith this apprec~.ation, and in order to 10 increase the readability of
this present specification, the word "key" wild, often be used
interchangeably with the words "input means". Typing is the proGees of
seciuent~.ally selecting at least one input means an order to select
sequences of subsets ~5 of symbols from the set of symbols which can be
encoded by the keyboard. It is to be appreciated that well-known
handwr3.t~.ng recognition software permits a kind of typing in which the
input means trans~.atee a collection of draw3.ng motions into the selection
of a subset o~ 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. 2S
Strorsgly correlated symbols cad 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
27 May 2003 letter "z" did not appear at all. Th~.s a.s also true of pairs
of letters, tripler~ of letters, and so on. It is a related fact that words
do not all occur ~r~.th the same frequency. The 3-letter word "the" is very
common in 5 English, while the 3-letter word "zap" is rather uncommon.
These statistical irregularities can be used in the design of ambiguous
codes. Tndeed, statistical irregularities have been exploited a.n keyboard
design at least sa.nce the invention of Qwerty. 10 We are particularly
concerned with symbols and sy~abol sequences whose distribution in typical
samples of text is substantially strongly correlated with the distribution
of other symbols or symbol sequences, such symbols~will be called strongly
correlated symbols. For is example, the symbol "." often used in English
and other languages to indicate the end of a sentence may be a strongly
correlated symbol since the distribution of sentence ~.e~igth is not random
in typical. text . In Hebxew, the symbol. ".n is correlated as well with
particu~.ar 20 letter symbols since Hebrew uses a different symbol for some
letters occurring at the end of a word, and ends of sentences are
correlated with ends of words. Refex~exxce Statistics The reference
sCatistics on symbols sequences used to measure the correlation between 25
symbols ax'e typically estimated by analysis of a reference corpus. A
reference corpus is a large collection of text chosen to represent some
aspect of language. As is well known to linguists, there are significant.
fundamental problems in constructing corpora 30 to represent general
features of a language, as opposed IS 



27 May 2003 ~ ` to features pertaining to particular classes of text or
particular types of writers. These problems are beyond the scope of the
present invention. I3ere we refer throughout to a set of reference
statistics gleaned from. 5 analysis of the British National Corpus, one of
the largest corpora existing at the present time for analysis of English.
Choosing a corpus is a necessary step toward gathering results which permit
various methods and embodiments to be compared. Nothing in this particular
10 choice should be construed ae limiting the scope of this invention. In
particular; the choice of a Corpus of English language texts is an
arbitrary choice. The same analysis could be performed for any other
written natural language. 15 Eacodiugs and Deaodiags Tn the United staxes,
the keys on a telephone keypad are often labelled with letters as well as
numbrs, typically with the key corresponding to the number 2 also
corresponding to the letters a, b, and c, the key corresponding to the
number 3 also ZO corresponding to the letters d, e, 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 also corresponds to the 7.etter
sequences add, bee, and bed, all of which are English 25 words, as well as
various meaningless letter sequences such as cff. Here, a sequence is
considered to have meana.ng 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 I6   27 May 2003 233 is an encod~.ng and the sequences add.
bee bed, eff and so on are decodings of the encoding 233. When no confusion
will ara.se, '~decodings" may be used to mean "meaningful decodings". The
set of symbols used in 5 decodings, in this example, letters in the
alphabet, will be re:~erred to as decoding symbols, or simply symbols if no
confusion will arise, and the set of symbols used in encodings, in this
example, digits, will be referred to as encod~.ng symbols. 14 Axabi.guous
codes Ambiguous codes as such are well Jcnown in the art. On the atandaxd
telepho~ keypad used 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
letters of the alphabet, arranged in IS alphabetic order. These assignments
produce an ambiguous code wb.ich we will call the standard ambiguous code.
This code is abe def gh3 ~k3. also pqra tuv wxyz . Since several letters
axe 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
typ~:cal applications, suc'n as a voice response system, the intended
letter is found by comparing the input sequence with a l~.st of stored
responses. In 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 may depend on the frequency by
which each response is the correct res3ponse, with the responses 30
presented in decreasing order of frequency. 



17   27 May 2003   27 May 2003 Standard keyboards. There are essentially
three standard keyboards a.n wide use: the Qwerty keyboard.and ~.ts close
variants, the i2-key telephone keypad and the typically 17-key numeric
keypad and i.ts close variants. It is a unique advantage of this invention
to provide keying methods useful both on the standard telephone and numeric
keypads, as well as on a specially designed keypads disclosed herein.
9tsoag touch typaloility A weakly touch-typable device 0 is a device in
which the assignment of symbols to keys i.s essentially fixed: only
relative to such a device can a typist develop physical refl~es 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
from the touch typing task to intexvene in the disambiguation process.
Stxong touch typability is a matter of degree; it is a measure of touch
typability which depends on a host of factoxs, say per'ta~.ning to tine
individual typists, some pertaining to the uses to which the typable device
wi7.1 ~5 be typically put, and some pertaining to the structure of the
typable device itself. For a given touch typists, for instance, a given
typab~.e device may be sufficiently stroz~gl~r touch typable for some
typing tasks, but not for others. I$   27 May 2003 ~ ' It is to be
appreciated that two of the key elements of the definition of strong touch
typability, accuzacy of the text produced and the distraction of the
touch-typing user, depend on a number of factors, including: 5  the
disamb3.guation means,  the context of the use of the machine) for instance
whi7.e driving or while sitting at a . desk,  the kind of text to be typed,
which determines 14 in part 'the level of accuracy required, the reference
statistics,  the skill of the individual typist)  individual preferences,
and 



the means by which the attention of the user is 15 drawn to the
disambiguation mechanism (for instance, a voice-synthesis mechanism which
speaks the words or words in a query to the user may or may not be moxe
distracting than a bell or a flashing light). 20 ~.'hough strong touch
typability, like temperature, iS a matter of a degree, it is, like
temperature, perfectly well-defined. The stxoag touch typability of a
typable device can be quantitatively measured, with respect to any user or
group of users, once these various factors 25 are fixed, using standard
experimental protocols, wellknown to thage skilled in the art. Furthermore,
two components of strong touch typability cax~ be measured directly from an
amb~.guous code: lookup error and query error. Thus, numerical values of
strong touch typaba.lity 30 can be assigned without any direct reference to
a 19   ' 27 May 2003 population of users, but only with reference to the
ambiguous code in question. Like temperature, there is a lower bound to
strong touch-typabi~.ity. It is clear that a device wh~.ch 5 requires user
intervention after every word or even after every three words in order to
disambiguate cannot be considezed strongly touch-typable with respect to
any touch typist engaged in any task. The lower bound of strong touch
typabflity can be expressed in terms of l4 continuity of attention. If a
user s attention must be substantially continually focused on the operation
of the disambiguation mechauxsm to produce text which is disambiguous to an
acceptable level, then the device is not strongly touch typable. ES The
practical lower bound of strong touch typab~.~.ity pertains to a user of
average skill in the art of touch typing, and is higher than the
theoretical lower bound just described. zn order to bring numerical ae well
as conceptual pxecision and definiteness to the xnver~tive t0 notion of
strong touch typability, numerical values are assigned to strong touch
typability in terms of values of lookup error and query error. This
numerical characterization serves to further da.stinctly point out the
differences between the inventive methods and devices ZS of the present
d3,sclosure and a13 prior art methods and devices. A strong~.y touch
typable ambiguous code is an ambiguous code on which strongly touch typable
devices may be based. 20 



27 May 2003 Feedback Dev~.ces In devices which permit the user to intervene
at various points in the decoding of symbol sequences generated using
ambiguous codes, some manner of sensory feedback to the user is required.
Typically, this 5 feedback will be in the form of a graphical
representation of symbols, however, feedback could take many forms, such as
auditory, tactile, or even olfactory. Ergouora5.a Factors Design of
keyboards implementing ambiguous codes invo7.ves satisfying many
constraints. 10 These may include reduction of lookup error rate, reduction
of query rate, selection of a number of keys consistent with the size of
the desired keyboard, compatibility with existing keyboards such as the
Qwerty keyboard, phone keypad, or numeric keypad, regularity of 15
partition structure, anatomic fidelity, minimal mode changing key use,
partition structure, compatibility . between one- and two-handed typing,
and conservation of conventions such as a~.phabetic ordering. Other
constraints include: the ergonomics of disambiguation 20 meahani$ms, 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
communication system utilizing ambiguous codes. Lookup Error measures the
error committed by a 2S disambiguation mechanism which disambiguates by
systematically selecting the most-probable (meaningful) decoda.x~g 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 probab~.e decoding of an ambiguous sequence, of the Z1   27 May 2003
reference probability of the possible decodings. In the case of word-based
disambiguation, xhese sequences begin and ead with a space" symbol., that
is, are words. Lookup error is the probability that the most-likely
decoding is 5 nvt the correct one. The Lookup error is conveniently
expressed as a rate, the lookup error rate, i,n units of words per lookup
error. The lookup error rate is the reciprocal of the lookup error
probability. Query probability is the sum, over all (meaning ul) 10
decodings which are not unique (meaningful) decodings, of the reference
probability of said deeodings. This gives the probability that a given word
will have more than one meaningful decoding, and therefore a query must be
made of the user as to decide which of these decodings to 



IS use. The reciprocal of the query probability is the query rate,
expressed in units of words per query. The query rate gives the average
number of words entered between queries. 8ubetabtial Opti~mal~.ty A code
will be said to be ZO substantially optimal with respect to a property if
it is among the best codes with respect to that property given other
constraints imposed an the code. For exatrcp~e, a code on 20 keys may have
a lower value of the lookup error rate than a code on 2 keys, and yet the
code on 2 ZS 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 simultaneously
substantially optimal with respect to each of a collection of ergonomic 22
27 May 2003 ' ' constraints. Such constraints a.nclude but are not limited
to key number. lflokup error rate and query rate. For these three
constraints, pairs of constra~.nts are correlated. Lookup error rates tends
to increase with S query rate, and both lookup error and query rates tend
to increase as key number decreases. The best value possible for a given
criterion when this g~.ven criterion is the sole optimization criterion may
be better than the best possible value obtainable when some other criterion
10 must be optimized ae well. Thus, the ergonomic ' constra~.nts relevant
to a given design must be deca.ded upon arid theix importance weighted as
an initial step of the optimization methods taught by tha~s invention. It
is to be emphasized that the optimality of an 7.5 ambiguous code cannot be
discussed in the absolute, but must be eva~.~tated 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 statista.cs, an estimate of the opt~.mality of a given code
can be obtained from experiments comprising the generation of random codes,
as well be discussed in more detail below. 25 pisambiguatioa Methods
Substantial. optimality for ambiguous codes as well defined only a.n
reference to a chosen disambiguat~,on method. A code which is substantially
optimal with respect to one disambiguation 23   27 May 2003 method may not
be substantially optimal with respect to another method of disambiguation.
At least two disambiguation methods are well known in the art. These are
word-based and block-based 



5 disambiguation. Tn word-based disambiguation, a list of words along with
their probabilities is used to choose among alternate decodings of a given
encoding in the ' ambiguous code. For instance, all words in the list which
are meaningful decodings of a. given encoding may be IO compared, and the
Word with the largest probability selected. Block-based disambiguation is
similar, except that the list contains fragments of text up to some size,
along with the probability of the fragments. Both word-based and
block-based disambiguation 1~ 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. Tt is to be noted that the "space"
symbol 20 which defines worst boundaries in languages such as Lnglish is
for the purposes of this discussion no different from any other symbol. One
can define a list of sequences and sequence probabilities in which said
sequences include the "space" symbol, and thus ex~Cend 25 beyond Word
boundaries. One can go further and define sequences which include a
wildc~rd symbol and thus define lists of sequences which contain arbitrary
subsequences) vrhich su'bsequences may or may not correspond to wozds . i.n
the language. In this way, arbitrarily complex 30 representations of a
language can be built up, and can Z4   27 May 2003 ' ' be used in a
disambiguation method. For instance, syntactic and semantic relationships
between subsequences can be brought in to resolve conflicts between
possible interpretations of an ambiguously coded sequence. For 5 clarity,
we focus this specification on well-known wordbased disambiguation, unless
otherwise specified. It w5.11 be appreciated by those skilled in the art
that the methods taught by this invention do not depend on wordbased
disambiguation; any other disambiguation method can lU be used. Partitions
A partition of an integer n is a sex of integers such that the sum of the
elements of the set is equal to n. Typically, a given integer admits many
15 partitions, e.g. the integer 5 has the partatzan 3:2, but also the
partition 2:2:i.. Algorithms for generating all the partitions of an
integer axe well known to those skilled in the art. Mvst prior art codes
use an evetz-asposaible partition. That is, a partition in which, to 24 the
extent possible given the number of keys in relation to the number of
letters to be encoded, the number of. - letters per key is the same. As
will be further expanded below, this cho5.ce is a sensible choice with
respect to some ergonomic considerations, it may be sub-optimal with 25
respect to others. 'T`here a.re two genera of ambiguous codes for which
exclusive rights are herein claimed. These are 1) strongly touch-typable
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 25   27 May 2003 optimal,
neither substant~.a2~.y optimal nor-strongly touch 



typable, or both substantially optimal and strongly touch typable. xhe
disclosure begins by pointing out how to make S ambiguous codes ~n both of
these genera, and a.dentifying whether a code is contained in either of the
genera. Tt then explains how to use codes in both of these genera to make
typable devices, and how these codes may be used to soJwe various design
problems confronting the designer of t0 typable devices. The best mode for
practicing this invention depends on the constellation of design criteria
which are to be optimized accordix~g to the teachings of the invention.
Thus, several particular, practically relevant and l5 useful, situations
ate chosen to illustrate the range of the methods and devices taught by the
present invention. The range of machines which can be built by persons
skil.7.ed 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 constraints are
solved in these embodiments. Given the teach~.ngs embodied in these cases,
it will be clear to one skilled in the art how to combine features
appropriately in ox'der to 25 solve intermediate or hybr~.d design
problems. one embodiment is optimized with respect to lookup error rate
exclusive~.y. This embodiment is designed for a machine with limited memory
and computing power, such as 26   27 May 2003 ~ ` a smart card. W~.th such
a machine, computing resources may not be available to support a complex
querying mechanism fox user intervention in the disambiguation procesc~.
Thus this machine uses one of the simplest 5 possible disambiguation
mechanisms, which comprises systematic selection of the most-probable
decoding of any given encoding. ' 



Another embodiment is optimized with respect to query rate exclusively.
This embodiment is designed for I0 use by the driver of a vehicle. such as
an automobile. Though computing power may be available to support a complex
queryix~g mechanism, use of such mechanism should be kept to a minimum, so
as to distract the driver as little as possible from driving. 15 ~, ~ next
embod~.mer~t pxovides a phone 3ceypad optimized with respect to both lookup
error rate and quexy rate and wh~.ch is compatible with the 3.ayout of
standard telephone keypads. Another embodiment is optimized with respect a
20 canventi.onal criterion: preservation of alphabetic order. Letters are
arranged on the standard touch-tone keypad in alphabet order. xt ig
possible to preserve the alphabetic ordering of the conventional telephone
keypad and yet reduce lookup and query rates by optimizing over 25
partitions. 27   27 May 2003 Optimization over partitions leads to an
additional embodiment ~.n which keyboards with substantially optimal
query~and lookup error are exhibited which preserve as well as possible the
traditional Qwerty keyboafid arrangement. A further embodiment
il3.ustrating the design of keyboards which correspond as we~.Z as possible
to conventional designs is a keyboard based on an ambiguous code and
corresponding to a numeric keypad. l0 For many applications, a keyboard
which can be ergonomically operated in both an ambiguous and a
nonarnbiguotts fashion is desired. To this end, it is 



preferable to chose ambiguous codes on a numbex of keys which divides the
number of symbols to be encoded. A l5 number of keys equal to ~ the number
of symbols is particularly preferred. The desirable consequences of this
preferred choice are exhibited by this next e~nbodimerit . Another
embodiment shows how keyboards cari be 20 optimized for cross-platform
compatibility. In this embodiment two ke~'boards, a one-handed keyboard and
a two-handed 'lceyboa~d, are designed to be opexated in potential7.y rapid
alteration, in such a way that touchtyping motions used to operate one of
the keyboards 25 transfer seamless~.y to touch-typing motions used to
operate the other keyboard. This keyboard has the additional aduantax,~e of
having the potential to xeduce typing injuries, as well as other objects
and advantages, as will be descri3aed an the detailed specification. 28
27 May 2003 The above-mentioned embodiments taken together show that
different keyboard uses imply different kinds of optimality, which, since a
given user may need keyboards for several different uses, in turn implies
that 5 mechanisms must be provided for several different solutions to
co-exist in a single dev3.ce. A surpra.sing solution to this prob3.em, made
possible by the ama~,l typable device sizes achievable with ambiguous
codes, is the twice-foldable personal d3g~.ta1 assistant described 10 in
this embodiment. The embodiments discussed up to this point involve both
hardware and software specification. Howevex, ~.t is possible to achieve
many of the objects of this iinrention using a purely, or predominantly,
software 



1S solut3.on. An example 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 invention. A final set of
embodiments synergistically unitess, 20 for the first time, two alternative
approaches to producing keyboards with a sma3.1 number of keys: chortling
methods and ambiguous-code methods. First it is shown that by ergonomic
construct~.on of chortling 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 ambiguous code, the 8
letter keys of the standard ambiguous code gain the 29   27 May 2003
properties of substantially optimal codes without chording on 13 keys.
Comments on how to extend ambiguous code creation discussed throughout with
reference to English can be extended to other languages. For 5
concreteness, this discussion is carried out with respect to this
embodiment, but the comments apply general7.y to all embodiments. Second,
it is shown that combining a d~.vide and conquer method with the methods
exemplified by the 0 previous embodiment, the number of input means can be
further reduced, in this examp~.e 4 a.nput means are used to operate an
ambiguous encoding w~.th is elements. The number 9 is chosen so that a
handheld device~embodying th~.s code~can be operated using the fingers and
thumb of ,S the hand holding the device. Operational ove=vie~~of a strongly
touch typable device. F3.gu~ce 2 shows an operational overview of a
strongly touch typable.device based on an amb~.guous code. Such a device
possesses ~.nput means, the manipulation of which !0 140 causes sequences
of encoding symbo7~s to be generated l~l. A etycongly touch typable
ambiguous code is used to map these sequences of encoding symbols to
sequeness of decodarrg symbols in step 142. These sequences of encoding
symbols may then be selectively output, either on a !5 d~.sp~.ay for direct
observation by the user of t3~e device, or in same electronic form for
fuxther processing, trangrnis~ion, or storage 142. 



30   27 May 2003 It should be poa.nted out that the ambiguous code of the
device of figure 2 overview satisfy other ergonomic criteria in addition to
strong touch typability. Coastructioa of eubstantial7.y optimal codes The 5
methodological steps to optimize an ambiguous code with respect to a set of
ergonomic criteria are explained in reference to figure 3. In summary, the
steps are as fol~.ows 200t selecting a set of statistically 10 correlated
decoding symbols to be repz~esented in an ambiguous code, comprising the
sub steps of - Q007 selecting a set of referez~ce statistics, . I5 -. Q008
analyzing the statistical correlation of symbols relative to the statistics
selected is step x007 2001 selecting a disambiguation method. 20 ' 2002
selecting the number of encoding symbols.  2003 selecting the ergonomic
criter3.a with respect to which the code should be substantially optimal.
25 -  200 weighting the . ~.mpo~tance of .ergonomic criteria selected in
step Q003. 240 selecting an optimization method. 31   ' ' 27 May 2003 ~OOG
applying the pptimization method selected in step 2Q0, whereby
substantially optimal ambiguous codes are produced. It wild. be appreciated
that the steps 2000 through 5 2D03 might be applied in any order, and that
the application of one of these steps could influence the choices at othex
of these steps. Details regarding the application of these steps will now
be explained. Step 2000 selecting a set of statistically f0 corre3.ated
symbols to be represented in an ambiguous code. This`step is comprised of
the substeps of 2009 ' selecting a set of reference statistics, and 2008 



analyzing the statistical corxelation of symbols relative to the statistics
selected in step 2009. The goal of t5 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 ZO sequence of encodzng symbols. If a decoding
symbol is distributed randomly-throughout a11 texts to be encoded, then it
cannot be represented in an ambiguous code, since no predictions can be
made about a randomly d~.stributed symbol. Typically, for any natural
language, the symbols 25 used to encode that language (for instance,
letters in the ease of Engl~.sh, ideograms in the case of Chinese) are
suffica.ently statistically correlated that an effective ambiguous code for
these symbols can be designed. There tray be other symbols, such as
punctuation 30 symbols, which are sign~.~icantly statistically correlated
3x   27 May 2003 with each other; and with the letters or ideograms used to
wr~.te the language. The fine details of steps 2007 and 2008 depend on the
natural language to be represented. Ana7.ysis of statistical correlation of
symbols used in 5 written natural language as a well-known art to
linguists. Step 200l, se~.ecting a disambiguation method. As has already
been mentioned, there are Currently at least two well-know methods of
disambiguation, block-based and ~0 word-based disambiguation. Both of these
methods use statistical~correlation between symbols to make predictions
about which sequence of decoding symbols to set in correspondence with a
given sequence of encoding symbols. Hoth block-based and woxd-based methods
can be 15 augmented though uae of higher-level information about a
language, such as its syntax and semantics. The goal of this present method
~.s to construct an ambiguous code such that, relative to the selected
disambiguation method, optimal selection of a decoding sequence to ~0
correspond to each encoding sequence. Therefore, the details of the
ee7.ected disamb~.guation method can influence the detailed nature of the
ambiguous code to be thus designed. This method will be illustrated with
respect to the se~.eat~.on 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 ~.s crucial to the design of a
typable device based on 3~ ambiguous codes. This selection is made in view
of many 33   27 May 2003 



factors, including the size of the typable device and the acceptable level
of ambiguity. These iactoxs and their interplay are best explained in
reference to concrete examples; such examp~.es are taken up later in this 5
disclosure. Step 2003, selecting the ergonomic criteria with respect to
which the code should be substantially optimaa. An essential aspect of this
invent~.on is the ~d3.scovery and definition of several ergonomic criteria
10 which determine the quality of a typable device based on ambiguous
codes. These criteria include strong touch typability, lookup rate, query
rate, anatomic fidelity, physiological fidelity, conservation of
convention, partition structure, cross-platform compatibility, 15
regularity of layout, and scan rate. Dependa.ng on the application, one or
more of these criteria may be reaevant to the_ design of a typable device.
Step x004, weight~.ng 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 criterion can be achieved when that ergonomic
criterion 25 is considered in isolation as when it is a~.so necessary to
optimise relative to another ergonomic criterion. Step Z005, selecting an
optimization method, Two optimization methods will be discussed in more
detail below, random selection, and directed random walk. Of the 34   27
May 2003 two, random selection is typically easier to implement, yet
directed random walk produces better codes. These two methods are
representative of a large c3.ass of methods which might be appropriate for
the design of a S given typable device. xn some oases, for instance the
first chording/ ambiguous code device considered below, the number of codes
to be examined is small enough that a11 of them can be checked
exhaustively. Step aD06, applying the optimization method selected 10 an
step 2a05, whereby substantially optima. ambiguous codes are produeed.
Regard5.ess of the optimization method selected in sxep 2D05, some skill
must be used when applying the method to produce substantially optimal
ambiguous codes. Tn psrtzcular, when an opt~.mum is 15 required with
respect to several ergonomic criteria at once, it is preferable to consider
each ergonomic criterion fixsst in isolation, whereby an estimate can be
made of the code qual~.ty ultimately achievable. This estimate can be
invaluable for fine-tuning the 20 optimization process, as will be
discussed in more detail below, once two optimization methods have been
fully introduced. Raadom Search The basic method for finding a code with
good properties is to choose codes at random, test their 25 properties, and
select those which have the best properties. Exhaustive enumeration, i.n
which all'codes in the candidate set are tested, is typically not a viable 



option since the number of codes is too large to be tested in any
reasonable amount of computer time. a 35   27 May 2003 Random search
provides a benchmark by which the utility of other methods of code
selection can be measured. Suppose that a set of ergonomic axiteria, and a
weighting on those criteria is given. one ct~n estimatE 5 the substantial
optimality of a first ambiguous cede with respect to those criteria and
those weightings by generating additional ambiguous codes at random. If in
a small number of random trials it is possible to find a code with equal or
better values with respect to the 1Q given ergonomic critexia than the
first code) then that first Code is not substantially optimal. If, on the
other hand, it can be shown that a substantially large number of rax~dom
trials is required to produce a code with wa~ues better than ox equal to
the 15 f~,rst code, or that on better node exists, then the first code is
substantially optimal. With reference to figure 4 we state in detail a
method for rejecting the hypothesis that a candidate ambiguous code is
substantially optimal. In summary) the 2U steps are: 9000 deterrai.ning a
set of relevant constraints which define an appxopxiate set o~ 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. 36   27 May 2003  30p2 randomly selecting a subset of codes from
the set determined in step 3007..  30D3 evaluating each of the codes
selected in step 3D02 with respect to each of the 5 ergonomic criteria
determined in step 3001.  3 D Q~4 compari.ng the values of the cand3.date
code ' with respect to the ergonomic criteria se3ected in step 3001 with
the values 14 found ~.n step 3003. if any of the values found in step 3003
are more optimal than the values of the candidate code, then the hypothesis
that the cand5.date code is substantially optima. can be rejected.. 13
Details concerning these steps: 



Step 3D00, determining a set of relevant constraints which define an
appropriate set of codes which contains the candidate code. ~'he set with
respect to which the substantial optimality of a candidate code is to be 20
evaluated must be appropriately defined. Some of the potentia~.ly relevant
constraints are: number of encoding symbols, partition structure, and
admission of a specified order~.ng, such as alphabetic ordering. F,~.ch 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 37   27 May 2003 be relevant for
the analysis of the candidate code are: lookup error rate, query rate,
admission of a specified ordering, such as alphabetic ordering, admission
of a regular layout, and anatomic fidelity. 5 Onee steps 3004 and 3001 are
performed, a distribution of code properties over a set is defined, and
th~.a d~.str~.bution can be sampled randomly. Figure 5 presents an example
in which sets of codes are defined as having 1) an even-as-possible
partition, and 2) a t0 .specified number of encoding symbols, where the
spec~.fied number ~.s 7, 9, 11, and 13. This definition completes step
3000. Then it is determined that lookup error is the sole relevant
ergonomic criterion. This determination completes step 3041. Together,
these steps determine a !5 distribution, the shape of which can be
determined by random sampling, steps 3002 and 3003. In the figure 5, 5000
Codes from each distribution are selected, cornplet3.ng step 3802, and the
lookup error of each is measured, completing step 3C03. The data are
presented as >.0 - percent lookup error (the reciprocal of lookup error
rate) vs. the number of codes with the given percent lookup error. It xs
seen that the distributions become increasing strongly peaked as the number
of keys increases. Tf the process is repeated but w~.th query !5
probabiJ.ity replacing lookup probability, we obtain the data shown in
figure 6.' To illustrate step 300k a candidate code whose substantial
optimality to be tested is selected. This code is the 14-key code pn gt cr
zk s~rj a a hi. so ud xf ym 30 vl qb proposed by ilk. The lookup exror of
this code 38   



27 May 2003 relat~.ve to our reference statistics is 105 words/lookup
error. Proceeding as above, we determine that 14-key code with an
even-as-possible partition with lookup error equal to or better than that
of the candidate code can be 5 found a.n 7 random trials on average. If we
repeat the process, except for using query rate instead of lookup exror
rate as the relevant ergonomic criterion, we find that a code with better
query rate than the candidate code (4 words/query) will be found in 3 out
of 4 random lU trials on average. Thus the ambiguous node of [1]
substantially optimal either with respect to lookup error rate, or with
respect to query rate. Indeed, with respect to c;uery rate, most codes are
better than the given code. As a rule of thumb, if a code has nest been 15
explicitly optimized with respect to an ergonomic criterion, then it is
likely that it is not substanta.ally optimal with respect to that
criterion, as measured with respect to any reasonable set of language
statistics. Directed Random Walk 2U l7irected random walk is an iterative
opt~.mization method wherein, at each step, 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 wi7.l fixst be explaa.ned
intuitively, and then more fox~cnal3.y. zn the present context,
optimization of ambiguous codes with respect to one or more ergonomic
criteria, we 39   27 May 2003 assume no detailed knowledge of the structure
of the space to be searched. In the absence of such knowledge, one is blind
of foresight as to which direction to move to best continue the search.
Thus, the safest procedure 5 to take small as possib~,e steps in as many as
possible directions, and refrain from moving until steps in each of these
as many as possible directions have been evaluated and compared. As an
accumulation of sma~.l steps may lead a searcher into a cul-de-sac, any
such 10 search should be augmented with a "restart~~ procedure wh~.ch
always the search step back out of unpromising or blocked avenues. More
formally, the problem is to take m3.nimal steps though the space of
amba.guous codes and direct' these 13 steps though that space toward the
desired nodes. According to the teachings of this invention, '
substantially rni.nima7. steps 3.n space of ambiguous codes correspond to
single pairwise permutations of assignments of decoding symbols to encoding
symbols. At each step of 20 the optimization method, it is desirable to
test as many pairwise permutations as possible, preferably a11 possible
pairwise permutations. ~'he step is completed by choosing the pai~rise
permutation which gives the largest improven~nt in the property to be
thereby optim3.zed. 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: ~0   27 May 2003  4000 choosing a starting code from the
set of candidate codes. .  4001 generating new codes from the starting code
by perturbation of the starting code, 5 preferably, by paixw'ise
permutations of the assignmexit of symbols to keys, preferably a11 possible
paizwise permutations.  4002 measuring the propert~.es of the codes thus 1D
generated. . 4003 checking if -a stopping cr~.terion has been reached, such
as a criterion of limited further smprovement.  4444 outputting the best
code, if the stopping 15 cxiterion has been reached. 4005 if the stopping
Criterion has not been re~ahed, checking to see if the set of codes
generated by perturbation of the current starta.ng code contain a code 20
better than the current best code.  400f if thexe 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 ~1   27 May 2003  4007 selecting a new starting
code. If step 4005 yie~.ds YES, selecting as new starting code the best
code from the current set, else, select a new starting code from the S
current set at random. Upon compXetion, return to step 400x. when there is
but one cra.terion to be optimized, selection of the best code from the set
of eand~.date codes is a simple matter o choosing the code in the set l0
which has the most optimal value of the criterion. However, when there are
several criteria to be s3.multaneously optimized there is but a partial
ordering on the values of the criteria, and it is not obvious how to select
among these values in order to best advance the 



t5 optim~.aation procedure. One ray to perform simultaneous optimization is
to optimize with xespect to each variable independently. ~hen,~in cases of
conflict, where the simultaneous aptimutrt can not be achieved, this being
the generic case, t0 some weighting of the importance 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
touch-typable ambiguous codes, we w3.11 fix three increasingly stxict
levels of strong touch typaba.l~.ty.  ~.evel A This level of touch
typabilxty is exemplif5.ed by a casual, tolerant typist 42   27 May 2003
characterized in that he or she 1) types 20 words per minute and accepts
distractions every 15 seconds, that is, a query rate of ons query every 5
words on average, and 2) accepts a 2 5 percent lookup error,, that is, a
lookup error rate of one error every 5b words, or two and 3~ minutes of
typing.  Level 8 This level of touch typability ie i0 exemplified by a less
casual, less tolerant typist characterized in that he or she 1) types 20
words per minute and accept6 distractions every 30 seconds, that is, a
query rate of one query every 10 words on average, and 2) accepts 15 a ~.
percent lookup erxor, that is, 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
exemplified by a skilled typist characterized 20 in that he or she 1) types
40 words per minute and accepts distractions every 30 seconds, that is, a
query every 24 words on average, and 2) accepts a 0.5 percent lookup error,
that is, a lookup error every 200 words, or 5 minutes of 2S typing . With
reference to figure 8, we point out that the method to construct strongly
touch touchable codes comprises the fo~.lowiz~g steps 43   27 May 2003
5000 Determining quantxtatxve values of acceptable ~.ookup error rate and
quexy rate. 



5  5001 Selecting an ambiguous code optimization method.  500x Determining
the minimal number of keys required such that using said number of keys and
the optimization method se3ected in step 500. it is possible to achieve the
8 values of lookup error rate and c,~uery rate determined in sstep S000.
5003 Determi.n~.ng the maximal number of keys allowable given the design of
the target 5 typable device.  5004 Deeiding if the design criteria are
compatible. If the numbex determined in step 5003 i.s greater than ar equal
to the number determined in step 5002, then the ;p design criteria are
compat~.ble, otherwise they are not.  5005 2f the design criteria are
compatible, as determined in step 5004, apply the optimization procedure
selected ~.n step !S 500. to construct an appropriate strongly
touch-typable ambiguous code. Tf they are not compatible then the procedure
fails. 44   27 May 2003 Details of this method are as follows; Step 500o,
Determining quantitative values of acceptable lookup error rate and query
rate. This could be done by testing of an individual or group of S
individuals, or by simply preselecting desired va3.ues for lookup error
rate and query rate, for instance, by selecting a level of strong
touch-typab3.3.ity as described above. step fi001, Se~.ecting an ambiguous
code optimization 10 method. In reference to the construction of
substantially optimal ambiguous codes above, two optimization methods were
discussed: random search and directed random wa3.k. Random search is 3.ess
powerful than directed random walk, but may~suffice if the number of l~
allowed keys is high enough, and the level of desired strong
touch-typability is low enough. An ever weaker method, se7.ection of a code
in a single random txial, could be suf f is lent irz somie circumstances .
To see this in more quantitative detail, some experimental results 20 are
discussed in reference to figures 9, 10 and ~.1. 



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
key9. In addition, for each number of keys 2-20, an optimization 25 run was
performed using directed random wa7.J~, 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 ~5   27 May 2003 rate
and query rate calculated for the randomly selected codes, the following
statistics were computed: best value, worst value, average value, and
meda.an va~.ue. A11 these statistics are plotted in figure 9 for the lookup
5 error rate, and in figure 10 for the query rate, together with the
results of an optimization run in which lookup error rate and query rate,
respectively, was the sole ergonomic criterion optimized for. The results
from optimization runs in which lookup error rate and query 10 rate were
simultaneously optimized are shown in figure lx. From all these data, a
decision can. be reached as to which optimization method to use. ~1h3~.e it
is always preferable to use the most powerful method at one's disposal, it
may be that a less powerful method may 15 be sufficient, for instance, any
single, random3.y selected code could meet specified criteria, if these
criteria.axe sufficiently Lax. This will be discussed further below. Step
5002, Detex~min~.ng the minimal number of keys ZO required such that using
said number of keys and the optimization~method selected in step 5001 ~.t
is possible to achieve the values of lookup error rate and query rate '
deter~n3.ned in step 5D00. With reference tv the experimental results
described 25 above, and the se~.ected levels of strong touch typability
described above, one can construct a table gzving the minimum number of
keys required for each of the three leve3s of strong touch typabality, and
reference to the three typ8s of optimization mentioned. '~hia table is 30
presented in figure 12. 46   27 May 2003 Step 58Q3, Determining the maximal
number of keys allowable given the design of the target typable device.
Ambiguous codes will be typically used in small. devices, and the number of
keys wiJ.l genexa7.ly be a compromise S between key size and total typable
device size. In some cass, convention may enforce a key number, such as the
convention of using 12 keys for a telephone keypad. Step 5a04, Deciding if
the design cxiteria are compatible. If the number determined in step 5003
is 



10 greater than or equal to the number determined in step 5002, then the
design criteria are compatible, otherwise they are not_ As will be seen
more clearly in the deta~.led specification of the device embodiments
presented below, 15 the number of keys permissib7.e in a typable dev~.ce
can depend on many factors, and can be more or less rigidly determined by
these factors. Step, 5005, If the design criteria are compatible, as
determ~_ned in step 5004, agply the optimization procedure 20 selected in
step 5001 to construct an appropr~.ate strongly touch-typable ambiguous
code. If they axe not compatible then the procedure fai3.s. If the
procedure fails then at least one of the following things must happen: ZS
A stronger optimization method is chosen. 47   ' ' 27 May 2003  The device
design is modified to axxow for more keys. A lower value of strong touch
typabil~.ty is accepted. The device is abandoned, Smart Card oa 9 to 1G
letter keys Smart cards are substantially credit-card sized devices
containing computer components such as a processor and a memory. They are
currently used in applications such as security l0 and banking, but have
many other possible uses. This embodiment shows how it is possible to equip
a smartcard-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 str~.ng of digits which is the password for the
device. However, with a typable smart card, easy-toremember, 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 which the teachings of this embodiment could be
applied include the personal digital assistants manufactured by the
Franklin Corporation and sold under the trademark REX. Given present
technology, the small sixe of smart cards substantially forbids complex and
power-consuming communication components for transmission of data entered
on the keyboard on the card. Thus, this smart-card 48  



27 May 2003 embodiment teaches a low-cost machine for ergonomically and
efficiently sending messages using standard touch tones, and standard
touch-tone generators. Most telephones have but 12 keys, each associated 5
with a touch tone, in the sense that activating each key causes a
distinguished touch tone to be emitted by the phone. However, the universal
DTMF standard provides for ~.6 touch tones,, and the DTMF tone generator
installed in~ most telephones is capable of generating all l6 of these I4
tones) By exploiting the adda.tional tones, each of up to ~.6 keys can be
assigned to a touch tone, and used to encode alphanumeric symbol sequences.
Other things being equa3., the larger the number of keys, the lower the
ambiguity of codes associated to these keys. The teaching 15 of this
embodiment i.s thus to use substantially a11 of the 3.6 touch tones to
encode alphanumeric sequences. ~n this Way, machinery for the communisation
of information raith 7.ow~ambiguity codes can be produced using readi~.y
available, low-cost components. 20 Th~.s embodiment has the Further objects
of  providing a touch-typable keyboard for a smart card-si.~ed device.
providir~g a method for simulating a set of encoding symbols which is
larger than the set 25 of encoding symbols which can be physically
generated by a device 49   ' ' 27 May 2003  providing an example of a
device in which lookup error as the dominant ergonomic criterion.
providing a keyboard/visual display device S geometry Which is adapted for
smart-card-sized devices.  providing a disarnbiguataon mechanism which is
operable using very limited computer memory. .  providing an example of a
system wherein more than one disarribiguation mechanism may be operable,
each adapted to local computational capabilities. In this case, a first
disambiguation mechanism fa used to provide feedback to the user,.at the
sending end of a s communisation, while a second disambiguation mechanism
is used at the receiving end of the communication. . We will now discuss in
detail the manner in which these objects are achieved by the present
embodiment. D strongly touch-typable keyboard Smart card devices are 



small, so only a small number of substantially fullsized keys can be
~.ocated on them. xf some of the area of the card is to be.xeserved for a
visual display device, then the area available for keys is further reduced.
The 5 preferable cdmprom~.se in number of keys between the reguirement of
substantially full-sized keys for touch typability, and the requirement of
a large number of keys 50   27 May 2003 to allow or 7.ow-ambiguity codes,
is in the range of 9-16 keys. Two possible layouts for devices with a
number of keys in this range are shown in figure 16 and 1.5. 'The
arrangement and functionality of the keys and their 5 relationship to other
co~aponents of the smart card will be discussed in detail below.
i3yutheeiziag encoding symbols using enood3.ag sequences with meaningless
deaod3ngs ~lith reference to figure 13, let us divide the set of decoding
symbols into two 10 subsets: 1.) a core set, consisting of symbols to be
associated encoding symbols bearing a one-to-one relationship with physical
input means, and 2) an auxiliary set consisting of symbols to be associated
with encoding symbols bearing a many-to-one relationship with 15 physical
input mesn$ (step 100). Then, the method of syz~t~esizing encoding symbols
further comprises the steps of 1~1 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 wh~.ch can be generated by the typable device for
physically representing encoding symbols, 23  io2 identifying short
sequences of encoding symbols which are such that no possible decoding of
the sequence of encoding symbols forms part of a meaningful decoding, 



SF   ' 27 May 2003  i.03 establishing a second, potent~,ally ambiguous,
code as a relationship between subsets of the auxiliary set of decoding
symbols with the short sequences of encoding 5 symbols identified in step
102. For example, let us associate 16 encoding symbols with the 15 DTMF
tones, so that said tones phxsically represent the encoding symbols. The
tones wall be 1~ J.abel7.ed (0,1,2,3,4,5,6,7,8,9, *,#,A,B,C,D) . We will
take as the core set of symbols the letters [a-z], and associate them with
the physieal~.y repxesentable encoding symbols via a first ambiguous code
as fo7.~.ow (o.aw). (l,bi). (2.cx). (3.d). (4.e~). (5.fo). (6,g). (7.hv).
tBrkY). (9,1) ~ f*.'~). t#.n). (A.pz). (B.qx). (C.s). (D,t). where the
first element of each paix gives the encoding syanbol, and the second
element of each pa3.r gives the decoding symbols associated to the encoding
symbol. The auxiliary set of decoding symbols will be a singleton set 20
consist~.ng of the symbol "space". Thus we synthesize one encoding symbol
to represent the one decod~.ng symbol. space". A candidate sequence is ABA,
Which corresponds to the fo7.2owing decoding sequences (pkp pkz zkp zkz pyp
pyx zyp zyx). Bone of these decoding sequences form part 2S of any Word in
our xeerence list of meaningful sequences, thus the encoding sequence ABA
is a suitable sequence for representing an element of the auxiliary .set,
axed we foam the pair (ABA,"space") to represent the space" symbol. The
"space~ symbol can then be associated 30 r~rith an input means, which input
means will cause the sequence of tones associated to A6A to be emitted each
time said input means is activated. On the receiving end, 52   27 May 2003
a decoding means w9.11 transform the sequence A8A to the "space" symbol.
Whether a given input means is associated to a single physically
representable encoding symbol, or a synthesized encoding symbol) is
entirely transparent to 5 the user. An arbitrarily large auxiliary set of
decoding symbols can be represented in this way.. It will be appreciated
that given the above specification, a programmer of ordinary skill would be
easily capable of creating software to automatically generate any 1 U
desired number of sy nthesised encoding sy mbols, given a set of reference
st atistics, and a first (ambiguous) code for the core set of encoding
symbols. Provid~tug s dieambiguatioa meahaniBm which is operable using very
limited computer mezaory. The ~.imited 15 processing power and memory
capacity of presentgeneration smart cards puts a substantial premium on low
ambiguity in ambiguous code designs; little computing power is available in
the card to be devoted to disambiguation machinery, 2fl Fox any ambiguous
code, most o the disambiguation effort, on the part of the computing
hardware and softwaxe as well ae on the part of the user, is incurred ~.n
se~.ect~.ng which of the alternative decodings to an ambiguous encoding
should be se~.ectsd. 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
mostprobab~.e decoding sequence will be output by the 30 disambiguation
mechanism when each encoding seguence is 53   27 May 2003 received. With
this simplification, a parta.cularly compact form of the database can be
obtained) e.g. in the form of a simple suffix tree. 53nce querying is
eliminated sufficient visual feedback can be provided 5 using only a
simple, low-power requirement display, for example, a single-line traveling
banner display related to the type of display used in pocket calculators or
digital watches. This method of disambiguation, in which only the 10
most-probable decoding sequence is stored and output, we wi3,l refer to as
simple lookup disambiguation~_ Simple lookup disambiguation is only
effectively operable with ambiguous codes which are sufficient2y strongly
touch typable.~Thus a surprising consequence of strongly touch 15 typab~.e
codes ie that they perrai.t effct~.ve operation of very simp7.ified
disambiguation mechanisms. An example 16-key substantially optimal
ambiguous code suitable~for application in the pxesent embodiment is the
code air bi cx d e~ fo g by ky 1 mu. a) pz qr s t 20 ~rith 3.ookup error
rate 4D43 woxds/lookup error, and a query zate of 68 words/q~tery, this
code is shown is an example 7.ayout 51 on a 16-letter-key smart card in
figure 15. This figure also reveals a display means 5D far displaying
decodings of encod~.ng symbols entered via 25 the keyboard) and an
auxiliary input means 51, which is thumb-activatable, and could be used to
encode a variety of additional. symbols and mode changes ) as wil.I, be
dis~usssd more fully in 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 Z) bath the SA   27 May 2003 letter input means 51 and the
thumb-actuated auxiliary input means 52 are in a comfortable position to be
actuated by one hand din this figure, the right hand), while, at the same
time, allowing the keys to be as large 5 as possible, given the small size
of the smart card, and also allowing the screen to be comfortably and fully
va.ewed in the frame formed by the thumb and the index finger of the hand
actuating the input means Sl and 32. This unique and preferred arrangement
solves the problem 1D of allowing a touch-typable keyboard arid a
large-aspossible display means to functionally co-exist on a 



smart card. Since gueries~ are not permitted at the sending end in this
embodiment, this code was chosen by directed 15 random-walk optimization
using lookup error as the only criterion of optimality. It is to be noted
that lookup errors using this code will occur on average only once every
roughly 1& pages of typed text: Thus this code is suitable for accurate
cormmxnication of substantially long 20 messages, even in the absence of a
query~.ng mechanism_ If it were desirable to sacrifice some lookup
optimality at the sending end in order to reduce processing of queries at
the receiving end, an example alternate code optimized for both query and
lookup error is aw bu cx d eV p~ ge by 25 i~cn ky 1 NQ p z a t with a
lookup error rate of 2670 worda/~.ookup and a query rate of 101
words/query. Choice of a code optimized both with respect to ~.ookup error
rate and quexy rate would be appropriate in at 7.east two c~.rcumstances,
1) if the smart card were in fact 3U sufficiently powerful to support a
query mechanasm, andJor 2) a query-based disambiguation mechanism would be
55   27 May 2003 used at the receiving end of oommunications~initiated at
the smart card. This latter might be the case, for i~xstance, if the user
composed messages using a smart card, sent them to another computer over a
phone line, 5 and at some later moment performed a second disambiguation
pass using a more powerful disambiguation mechanism. Indeed, the second
disambiguation pass need trot be performed by the person who composed the
message, but could be performed by a second person, for instance ZO the
first person's secretary. i~ an~r case, the lookup error rate of this
~secorid code is still extremely lQw, as compared, for instance, to the
rate at Which even very skilled typists crake typing errors, approximately
7. error every 10o words. By 15 any reasonable measure, both of these
7.6-~.etter-key codes must be considered strongly touch typable, as a
typist typing 2o twords per minute will only need to answer a query once
every three minutes for the first I6~letterkey-code, and once every five
minutes for the second I6 20 letter-key-cods. Performing the same
optimizations for ambiguous codes fax 9 letter keys, we find, for example,
the code akw lyarq cly d'hx epv f3.m gr jet suz opt~.mized on~.y for lookup
error rate, and with lookup error and query rates of 1.16 words/lookup
error amd 4.4 25 woxds/query respectively. This cede is shown, in an
example layout on a 9-letter-key smart card in figure i6. Optimizing for
both lookup error rate and query rate sing the directed random walk method,
one can also construct codes such as am bnz cfi dhx evw g7r kos luy pqt
with 30 lookup error and query rates of 109 words/lookup error and G.2
words/query respectively. zt is to be noted 56   27 May 2003 that since no
querying can be performed using simple lookup disambiguation, strong touch
typabality can on7.y be discussed in terms of the lookup error rate. An
evaluation must be made as to whether ~.ookup errors occur 5 at a
sufficiently low xate as to praduce acceptable text. 



Even for these 9-key codes, the lookup error rate ig comparable to the xate
at which skilled typists produce . typing errors, hence these codes can be
considered strongly touch typable in this context. Further, since 10 the
smart card would typically be used for short messag3.ng, compositaton of
electronic mail, communications to pagers, and the like, standards for text
accuracy may be lower than standards for transcription of final-copy text,
for instance. It is from these considerations that 15 we arrive at the
defi.nit~.on of 9 to xfi keys as the preferred range for this embodiment.
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, ambiguous codes on fewer than 9 20 keys may not be strongly Couch
typable with respect to the simple disambiguation mechanisms compatible
with the Smart card's limited computing power. Feedback to the typist A
smart card equipped with simple lookup disambiguation could be operated by
a person who 25 ~.s 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 synthes3.zed~on the 30
basis of the symbols input by the typist an the smart card. It is
desirable) however) to provide feedback 57   27 May 2003 directly from the
card whenever there are sufficient computing resources built into the card
t4 supply that feedback. Hexe it is pointed out that the computing
resources 5 needed to provide useful feedback are even less than the
computing resources needed for simple lookup disambiguation. Even if no
disambiguation database and software is present on the card, and using only
rudz.mentary electronic circuitry, well known to those IO skflled in the
art, a unique character can be sent directly to the display in response to
each key press, where eaid~character is the most probable according to the
reference statistics) letter associated w3.th the key. Using for exarmple
the code aw b~. cx d e~ fo g by ky 1 mu 15 a pas qr s t described above,
the r8sulting text would typically be quite readable by a human. For
example, the first line og the C3ettysburg address, rendered using ~.block
(single-letter) statistics reads as follows: oour score and sehen kears ago
our oathers ixought 20 north on this continent, a nea nation, conceihed in
liiertk, and dedicated to the proposition that a11 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 on~.y memory required is that
needed to store the ~.G characters which will. be displayed in response to
activation of the 15 58 



27 May 2003 keys. This approach is scalable in terms of the computing
resources required. With successively mare memory, 2-,3-, and higher-block
probabilities could be stared and used as the basis of well-known
block-based 5 disambiguation, and tYtus rendex the text with increasizag
accuracy for display to the usex.. While block-based disambiguation is well
known in the art, it has heretofore proved to be not practical. This
example shows the reason for this: bleak-based 10 disambiguation is not
powerful enough to effectively disambiguate codes which are too ambiguous.
zn this example block-based disambiguation is coupled with a code which is
sufficiently strongly touch-typable, sufficiently disambiguous, that it
permits effective 1S disambiguation with a block-based method. The pr~.or
art has taught away from block-based disambiguation in favor or word-based
disambiguation. However, in application of the teachings of this invention,
block-based disambiguation is made operable and viab3e for~practical 20 use
. ' . The example further shov~rs that 11 word-based disambiguation is not
required to practice the teachings of this invention, 2) a micro-processor
is not required to practice the teachings of this a,mrention, and 3) more
25 than one, potentially different, disambiguation mechanisms can be used
in the same eommun~.cation system based on ambiguous codes. Word-based
disambiguation, or another disambiguation method, could be used at the
receiving end of a communication sent from the smart 3~ card, while locally
the smart card is using simple block 59   27 May 2003 based disamb~,guation
to provide feedback to the user of the smart card. As the size of the
blocks used in block-based disambiguation increases, the accuracy of text
rendering 5 increases as we7.l. However, at some block size the amount of
storage required approaches that of the storage requirements of word-based
disambiguation, and since 



word-based disambiguation generally gives better resu~.ts than block-based
di~sa:nbiguation, word-based 10 disambiguation will generally be preferred,
if there is enough memory available to support it. Further applications If
there is memory available on the smart card beyond that required for
storage of the disambiguation database and software, then the potential IS
applicat~.ons of this device are greatly increased. For itaatance, with
only a few bytes of additional memory, a user could call an appropriate
vo~,oe response system for telephone directory information, request a phone
number by typing in a name and other identifying informgtion on ZO the
smart-card keyboard, and could then store the retrieved phone number in the
user memory for later downloading to another, more powerful, machine. Query
8rror Miuimiacatioa - a typab~,e 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 queries distracts from the typing
task. Tn some app3.ications, however, reduction of query rate is of
paramount importance. 6ti   27 May 2003 Queries will be displayed on a
visual display in most practical implementations of typable devices
implementing ambiguous codes. When the vision of the user is atherwise
urgently occupiEd, for example when the 5 user is driving a car, then, for
safety reasons, distracting that vision to the evaluation of quexies must
be kept to a minimum. Even when queries a=e made by auditory means, it is
c~.^ucial to minimize driver distraction. Further, while driving a car,
both hands of IO the user are generally occupied in holding the steering
wheel. of the car, and should preferab7.y sot be removed $rom the steering
wheel to operate a typable device. This object-can be achieved by embedding
the input means of the typabl.e device directly in the steering wheel.. 1S
Referring now ,to figure ~.7, we note that any number of input means could
be embedded in a'steering wheel 2Q0. Many steering wheels comprise
crenulations on the inner or rear surface of the wheel to provide better
grip for the fingers. For these steering wheels, it is 20 natural. to
associate a first plurality of input means 201 with each of a plurality of
these crenulations. When the driver grasps the steering wheel, four of the
ffirst input means 2t11 are contacted by the fingers of each hand. The
region of the steering wheel contacted by the drivers 25 hands may change
from moment tc~ moment, fox instance when the driver turns the steering
wheel through a large angle. Which set of B keys are contacted by the
driver s hands at any one time can be recognized by a positionsensing
means, such as a combination of pressure 3p sensitive keys with simple
electronic circuitry, Which combination will be evident to those skilled
a.n the art. 61  



27 May 2003 A second p3urality of input means 2D2 can be placed along the
outer or upper surface of the steering wheel, whereby one of said second
input means is contacted by the thumb of each hand while the steering wheel
is grasped by the > driver. Again, which of the second input means are
contacted by the thumbs of the driver at any one time can be detected by an
appropriate position-detecting means. With respect to the steering-wheel
embedded keyboard just sketched, it is natural to select a code on 8 keys)
said keys to be associated with the first input means contacted by the
fingers of both haxids, along with two mode-switching~keys to be associated
with the second input means contacted by the thumbs of the driver.
,~~mbiguosss code a1ction Applying the directed-xandomi walk method taught
by this invention for selecting substantially optimal codes, and optimising
only with respect to the query rate, we construct, for instance, the
following code on 8 letter keys: aksz bcev dfi gmo hqt jaw 1uy pxx with a
lookup error rate of 70.2 r~ords/loakup error, and a query rate of 4.1
words/query. As throughout this spec~.fication, these rates axe calculated
with respect to.our reference statistics, a=xd using simple word-based
disambiguation as the disambiguation method. The query race fox this code
might 5 well be too high to consider this code to be strongly
touch-typable. A typistJdriver typing 2p words/minute would be distracted
from driving by a query approximately every 12 second, likely too often to
be compatible with safe driving. ~n the other hand, even a skil3ed typist D
may not be able to type 20 wards per minute while b2   27 May 2003 driving,
potentially bringing the z~elationship between query and typing rates into
an acceptab~.e range for strong touch typabi3.ity. 5 There are several
additional strategies fox reducing query rate, beyond choosing a
substantially optimal code, and these strategies can be used ~.n
combination. They include  Tncreasing the total number of keys by 14
increae~.ag the number of keys activatable by each finger. It will be
appreciated that this could be done, fox 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 symbols.
Eliminating queries when the less-probable 20 decodings are much less
probable than the most probable decodings. The parameter controlla.ng how
close the probability must be between mostprobable and less-probable
decodings must be to invoke a query is a parameter whose value could 25 be
selected by the usex. Such a mechanism could be of value in any embodiment
in which ' query rate is a relevant ergonomic criterion.  Using a hybrid
ahording/ambiguous code method, as described xn detail below. 63 



' ' 27 May 2003  Using a disambiguation method which is more powerful than
s~.mple word-based disambiguation. Phone keypads eo~mpat~.ble with
ax~,sting phoae keypads In this embodiment, the limitation on the number of
keys 5 ~.s paramount since the keypad must be campatible with existing
telephone ec~uiprnent which generally have x2 keys. For the purposes of
this embodiment, we require that two of these keys must be reserved for
non-letter symbols such as space, backspace, period, and an end-of10
transmission symbol. Thus, the 26 letters must be distributed over at most
10 keys_ In this embodiment bath minimal lookup error rate and minimal
query rate are desired. We find that usa.ng the optimization methods taught
by this invention and using the even-as-possible 15 partition on 10 kays)
Codes suoh as stnq be cd~x f3y gpx hl rev krz aw of with lookup error rate
of 138 words/lookup erxor, and query rate of 9.3 words/quexy can be found,
while simultaneously optimizing for lookup error rate acrd query rate. This
shou7.d be compared to tha lookup error 20 rate of 29 wordsllookup error
and the query rate 2.2 wordslquexy of the standard ambiguous code, thus,
there is an overall improvement of by more than a factor of 4 aver the
standard ambiguous cods. Said 10-key code optimized 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 CTTE tegic, and 8P0 patent application
CITE epo, respectively. The first of these codes, afg blan j to mqr ew dhi
s~tx ptv cyan has a 3D 3.ookup errox rate ss.5 words/lookup error, and a 64
27 May 2003 queryrate of 3.9 words/query, while the second, rpq adf abz olx
earv :tmg ayk th j su has a lookup error rate of 115 words/lookup error,
and a query rate of s.2 words/query. These codes are both sxgnzficantly
inferior to the 5 example l0-key code which is herein des~.gned fox this
task. As neither the United states Patent CITE tegic, nor EPC patent
application CITE epo axe enabling with regpeet to the construction of the
cited ambiguous codes, nor are the statistics available with respect to
which 



14 these codes are optimized ~if they are indeed optimized), we can draw no
further conclusiane as to the aub$tantial optimal3.ty of these codes.
Another useful comparison a.s to 9-key codes Which are optimized according
to the teachings of this 15 invention with xespect to both lookup error
rate and query rate. We construct, for example, the node am baz cfi dbx evw
gjr kos luy pqt with lookup error rats 109 worda/lookup error and query
xate of 6.2 v~crds/query. Compaxing these results, we find that the
impxavements 20 which result from the teachings of this embodiment are from
two sources Z) using moxe than 9 keys to pexmit the improvement of lookup
error rate and query xate, and 2) optimizing both with respect to lookup
errox rate~and. wa.th respect to query rate. If the approach taught by 25
this embodiment to ~.s extended to 17.- and 12-key codes, one finds for
example the 11-key code, avy bn cl dhx aso fip gjo kr mu qt sz with lookup
error and query sates of 215 words/lookup exror and 10.x words/query
respectively, and the 12-key code aw bn sky dhq ef go ip 30 jr lz mx ev to
with lookup error arid query rates of 313 worda/lookup error and i.3.2
words/query respectively. 65   27 May 2003 Thus, by sacrificing the use of
the * and # keys for the encoding of non-letter symbols, we can
dramatically improve lookup erxor rates) and substantially improve query
rates, bringing the standard-telephone-compatible 5 keyboards comfortably
into the (level B) strongly touchtypable range. Whether or not these
improvements outweigh the reduction of the ability to encode non-. letter
symbols by using * and # keys Gan only be decided in reference to the
intended uses of the devices 14 so constructed. It is to be noted that
non-letter symbols could be encoded using sec,~uences of encoding symbols
as described in z~eferex~oe to the smart-card embodiment specified above.
zf the * key and # key are. available to encode non-letter symbols, then a
I~ particularly ergonomic scheme, v~rhich respects in part the convention
of using the # symbol as an end-oftransmi~asion symbol is as follrnas. Let
# encode the space sytnbol~end-of-v~ard symbo2, ## encode. =end-ofsentence
symbol. and ###aend-of- transmission symbol. 20 In this way the complexity
of enGOding a symbols varies inversely with the probability of the symbol.
Depending on the appl~.cation, sequences of the * symbol could then be used
to encode other non-letter symbols such as backspace, ~ (far electronic
t~aa.i1 applications) , and/or 2.5 be used as a mode changing symbol.
Telephone kaypad 3n alphabetic order This embodiment presents a solution
for a,severely constrained keyboarddesign problem in which the number of
keys is fixed, the placement of the keys is fixed, and the ordering of 34
symbols on these keys is fixed. This problem arises in the design of a
keyboard which 1? preserves as well as G6   27 May 2003 possible the
familiar alphabetic ordering of the standard ambiguous code, 21 is
compatib~.e with existing, standard te~.ephone keypads, and yet 3) has
improved lookup error rat and query rate as compared to the standard
ambiguous 5 code. These constraints allow a limited freedom to choose the
number of keys an which to base the ambiguous code. Ox~e can choose) for
example, to allow the ambiguous code for the letters to occupy 30 keys of
the telephone keypad, leaving the * and # keys available for encoding 10
non-alphabetic symbols. Also. while the standard 



ambiguous code uses an even-as-possible partition, one may choose an
alternate partition and stir, respect the given constraints. Given the
constraint of alphabetic ordering,~each 15 ordered partition of 26 elements
into 10 groups coarresponds to a unique ambiguous code. Given sufficient
computing time, it would be possible to evaluate the lookup and query
errors of each of these codes, and choose the best. An alternate and more
efficient 20 procedure is to apply the optim~,zation methods taught by this
invention to this constrained opCimization problem. This invention teaches
that a minimal elementary step in the net of possible codes should be
defined, in the ab~aenae of information suggesting the use of some more 25
complex e3.ementary step. In the currant context, an ambiguous code is a
ordered list of ~.o 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 i~ kl mn opqr 30 atuv ~rxyz.
There are thus 9 gaps separating the groups. An elementary step consists of
moving one letter across 67   27 May 2003 one gap. For instance, if we
choose the second gap, we can produce ~.n one elementary move either'the
code aba d ef gh ij kl tirma 4pqr stun ~z, by moving the letter c to the
left, or the code a bcd ef gh ij kl mn opqr stay ~xyz, by moving the letter
b to the right. Givers a specified code, all poss~.ble codes which can be
obtained by ox~e elementary move from the specified code can be simply
generated. Given this observation, and the specification of the directed
random walk method given i above, it wi~,l be evident to one skilled in the
art how to apply the optimization methods taught by this invention in the
present context. Applying this method was find, fox example, the code ab ad
ef gh i~lclm no pqr a to v~wxyz, with a lookup error rate of ~5
words/lookup error and a query rate of ~.8 words/query. This code is shown
in a preferred arrangemex~t on the keypad of a telephone in f~.gure 19. The
error rates of this code shou~.d be compared to those of standard ambiguous
code, w~,th a lookup error rate of 29 words/lookup error, and a query i
rate of 2.2 wordslquery.~. 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, nor
eompatibxlity with existing telephone equipment. It is i to be appreciated
that the the discussion above in reference to the choa.ce of 11- or 12-key
encoding of letter symbols for a telephone embodiment apply to this
ennbodirneat as well; using optimization over partitions, substanta.ally
optimal codes for I1 and ~.2 keys can be produced. b8   27 May 2003 The
method of optimization over partitions is evidently not limited to this
embodiment; it could be 



applied, for instance, to the smart card embodiment pxeviously discussed,
to produce optimal codes with 5 alphabetic ordering on an array of 9-16
letter--symbol bearing keys. Qwerty~like ~Ceyboards The approach used in
the previous embodiment to ger~erate a keyboard which at once 1) is
compatible with a standard keyboard, and 2) is optimized 10 with respect to
various exgonomi.c criteria, can be used 'to produce keyboards which are 1)
similar to the standard Qwerty keyboard, and 2) are optimized with respect
to various ergonomic criteria. As in the previous embodiment We will
maintain as well as possible the 7.ayout of the 15 standard keyboard by
maintaining the ordering of the assignment of symbols to keys, and yet
optimize over partitions of those ordered symbols so as to minimize lookup
and quexy rates as well as possible. This 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 ~.0 columns. It is clear
that with but one column, that ~.s, but three keys, l.ookup~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. Thos code is
qr~ertyuiop asdfgh~ky zxcvbam with 30 a lookup error rate of 2.8
woxdsJlookup error, and a 69   27 May 2003 query rate of 1.1. words/query,
a code of such poor quality that it is unlikely to be acceptable for any
serious use. As the number of columns ~.ncreases, we are able to find
better and better ambiguous codes. At the > name time, as the number of
columns increases, the device sine required, to contain the keyboard,
maintaining substantially full-sized keys, increases as well. Thus design
of Qwerty-like keyboards must be a compromise between code ambiguity and
keyboard size. Ii:, for ) example, we wish to build a keyboard which is
Qwerty-like and substantially the same size a$ a pocket calculator yet
using full-sized keys, 7 colunms can be used, as shown in f~.gure 20. A
strongly touch-typable code, substantially optimal with respect to lookup
error and i query rated is r~we r t yu i o p as d f g hjk 1 zxo vb n m with
lookup error every s68 words, and query every 35.5 words, clearly strongly
touch typable with respect to a large class of typists and keyboard uses.
In fa.gure 2D this code is shown irx a preferred arrangement . A typab3e
device with a keyboard as de9cribed in this figure would be suitable for
note-taking, composing electronie mail, and the like. It would be readily
typable with no or minimal learning by anyone familiar with the standard
Qwerty keyboard, and, even built with S full-sized keys, it would fat
eas~.ly fnto a pocket. It is to be noted that in terms of ~.ookup and query
rates, the cost of adhering to the Qwerty convention is high, even when the
convention is adhered to but approximate~.y. In the code given above 17
keys are D devoted to letter symbols. If we now a~.low for arbitrary
assignments of letters to 17 keys, we find 'TO   27 May 2003 



codes such as w'r t bu gi ov p of a d ej ky ~ hz cx n mq with a lookup
error rate of 7483 words/lookup error, and a query rate of 290 words/query.
This is equivalent to one lookup error every 3D pages of typed text, and
Less 5 than one query per page of typed text. It is difficult to imagine a
use with respect to which this keyboard would not 3~e strongly touch
typable. With reference to figure 21, we see that this code can be laid aut
in such a Way that s8 letters at or very IO close tp their Qwerty
positions, these letters are indicated in bold face. In this arrangement)
to maximize the similar~.ty of typing motions between typing on the Qwerty
keyboard and on this optimized Qwerty-like keyboard, the fingers shou3.d be
placed on the home row 15 such that the index finger of the left hand is on
the (space) key and the index finger of the right hand is on the (ej) key.
Notab~.y by bringing bath the space key and the ~e~ to the home row, this
layout makes a step from the Qwerty layout in the direction of anatomic
fidelity, ~p in that the weight on the home row is increased relatave to
Qwerty, and the weight on the strongest fingers is increased relative to
the Qwerty weight. Ey suitable asaignmeats of symbols to keys, any
ambiguous code can be brought into optimal coherence with the Qwerty (or
other 25 convet~ta.onal ) 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 re~.ative to one another, 30 such as they are in the
standard Qwerty layout, much or 71   27 May 2003 most of the finger motion
required to operate the various keys of this Qwerty-like keyboard is the
same or similar to the finger motion required to operate the standard
Qwerty keyboard. This illustrates a tradeoff between the i ergonomic
criteria of preservation of a conventional ordering, and the ergonomic
criterion of preservation of conventional function. In view of the many
competing criteria which might be opt~.tnf.Zed, and the variety of user
populations ~d their neds, it would be motivated in practa.cal
implementations of such devices to allow users the cho~.ce between the
optima.zed Qwerty-like keyboard and other corresponding keyboards optimized
or optimized as well with respect to a selection of other ergonomic
criteria, S such as lookup and 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 equipped with a display
means capable of disQlaying at least one symbol at a time. such display
means could D for instance comprise an light-em3.tt~.ng diode array, or a
liquid-crystal display, etc. zt will be appree3.ated by those skilled ixx
the art that the keyboard design method uoed to prepare the present
embodiment could be applied to the preservation or partial preservation of
other conventional keyboard designs, such as the Azerty keyboard used in
France. 



aria Keypad-lake Keyboards This embodiment has the object of making the
advantages of as ambiguous keyboards available to rcuost computez use's,
v~ath minimal cost and 72   27 May 2003 __",.,.., with no change in their
ex3.sting hardware. These advantages notably include the advantage of
one-hand typability, and the advantage of potential compatibility with
ambiguous keyboards designed for hand-held devices. 5 Standard 101~key
keyboards for workstations and personal. computers include a numearic
keypad, typically to the right of the part of the keyboard laid out in a
Qwerty arrangement. ~pically, there is included a set of arrow keys, or
other input means effective for moving the 10 cursor, near the numeric
keypad. Referring now to figure 22 we present an ambiguous code optimized
fox a common numeric keypad layout 6p0 taken together With the means for
mov~.x~g the cursor 60I where such ins available. Said numeric keypad 600
has in 1S this example 17 keys of various sizes. Depending on other design
constraints, some or a13. of these keys could be used for punctuation, or
other symbols, and these other deign constraints could influence the choice
of the number of keys to be assigned to~letters, the 20 distribut~.on of
letters and other symbols over modes and so on. The essential features of
this embpdiment are:  ~ assignment of an ambiguous code to a plurality of
keys in the rn~meric keypad optior~a~. use of the thumb-actuatable
auxiliary 25 input means to change modes. It will be appreciated by those
skilled in the art t3lat said assignment of an ambiguous code to a
plurality of keys in the amb~,guous keypad can be ach~.eved in 73   27 May
2003 software; there is no need for special-purpose hardware. However, if
a.t is desired to have the keys thus assigned be labelled with the
e~,ements of the ambiguous code, then some modif~.cation of the keyboard
label.la.ng may be 5 required. To give a concrete example of the use of an
ambiguous code in this setting, we choose an ambiguous code ~.n which
letters are assigned to ~.7 keys in such a way ae to minimize lookup error
and quexy rate, with 'respect to our standard corpus. The code illustrated
in 0 ~f figure 22 of bu ax d ej gi hz ky 1 mq n ov p r s t w has a lookup
error rate of 74s3 words/~.ookup error, and a query rate of 290
words/query. This same code has already been discussed above. Here the code
is laid out in such a way ae to preserve in part an alphabetic ordered. The



5 given code has not been optimized relative to alphabetic ordering; it has
only been optimized with respect to lookup error rate and query rate.
According to the teachings of this invention, it would be possible to
simultaneously optimize w3.th respect to lookup error D rate, query rate,
alphabetic ordering, and/or other ergonomic criteria. To illustrate the use
of the thumb-actuated auxiliary input means for mode changing, we refer
again to figure 22. We assume for the sake of this illustration that the
auxiliary input means is comprised of 4 keys: up 6o2, down 6D3, 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~multip3.e,
different signals as a function of manipulation by the user. Tt is ?4   27
May 2003 to be noted that in figure 22 a p~.urality of keys are lalaeled
with symbols othex than those of the ambiguous code, in this case digits.
These other symbols can be obtained by depressing a specified one of the
four keys 5 of the auxi.3.3axy input means . A possible asaigx~mez~t of
modes to input means in the auxiliary keypad is  602(up) Shift key for
upper case letters.  603 (down) numeric/punctuata~oa mode.  say (left) left
symbol on key. 10  s0s (right) right symbol on key. It will be appreciated
that 1) other assignments of modes and/or symbols to the auxiliary keypad
axe possible, and in accordance with the teachings of this invention, and
2) with a more complex set of auxiliary 15 input means, additional modes
and symbols can be assigned . to the auxiliaxy input means. Assignment of
symbols to modes will be discussed in more detail. in reference to another
embodiment. That discussion is applicable to other embodiments, including
this embodiment. 20 Objects and advantages of I3-letter-key codes Several
related embodiments of the teachings of this invention exploit the
surprising benefits of optimizing am~aiguous 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, it we
take the set of strongly correlated 75   27 May 2003 symbols as the set of
letters [a-z~ used in~English, then the preferred number of keys is 13. The
surprising benefits of a 13-letter-key code for English include:  strong
touch-typability, 5  ergonomic, touch-typable, unambiguous text entry. 



ergonomic, touch-typable, querying.  compat~.b~.~.ity with standard
keyboard layouts (Qwerty keypad, numeric keypad, and telephone d keypad),
pxoviding for conservation of typing skills from 1- to 2-handed typing,
providing for an integrated mouse/keyboard.  providing a mechanism to
reduce typing a.nj uries . ~`urther olajeats and advantages will become
clear in detailed specification below, which takes up in turn each of the
above-listed objects and advantages. stroag touch typabi3.ity Referring
again to figures 11 ',p aad 12, we see that with respect to word-based
disambiguation, amb~.guous codes on 23 keys can be found which are strongly
touch typable, even for an accomplished typist. Using the
directed-random-walk ~s   27 May 2003 method described above, we find, for
instance, the code aw inn ck du ef go by ip js ly mx qt rz with a lookup.
error rate of 515 wardsjlookup error, and a query rate of 21 words/query,
(level C) strong touch typability. This 5 code is shown in a preferred
arrangement in figure 25. As di.t~auased above, this c,~uery rate can be
reduced further by adjustment of a parameter which controls how important
queries must be to requ3.re user attention. rn the limit where querying is
turned off entirely, the t0 . lookup error rate controls touch typability.
With this code, lookup errors will occur on average approximately once
every two pages of typed text, that is to say, at a rate much less than the
rate of typing errors of even very skilled typists. Thus, 13-key codes
exist which are 15 suitable for a wide raxxge of touch typing tasks, for a
wide range of users. Bargonaaaic, tonch~typable uuambiguoua tit e~atxy
rnlith any ambiguous keyboard, and any disambiguation mechanism, it may be
advantageous to provide a mechanism by which it 24 is possible to enter
information in an unambiguous manner, far instance, to add information to
the disambiguat3.on database. For a1.3. uses of ambiguous keyboards it is
advantageous for the unambiguous text entry mechanism to be as ergonomic as
possible, ergonomic ZS meaning in this case s~.mple Co operate. Fox
ambiguous keyboards meant to be touch typed, it is advantageous 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 77   27 May 2003
keys is to use a chording method. Tn satisfya.ng their urge to maximally
reduce the number of keys, chording keyboard designers have consistently
taught away from providing a sufficient number of keys that chord~.ng 5
patterns can be kept simple. By an elementary combinatorial argument, the
number of keys cannot be less 



than 3~ the number of symbols to be encoded if the Complexity of a chord is
never more than 2, that is, if it is never required to active more than 2
izxput means 14 substantially s~.multaneous7.y in order to unambiguously
encode a symbol. The present invention teaches, by contrast to the prior
art, to provide a number of keys no less than ~ the number of symbols to be
encoded) if a simple mechanism for unambiguous encoding of those 15 symbols
is to be provided. Tn particular) the present invention teaches to provide
at least ~3 keys to represent the letters [a-z], and at least one mode
changing key, which when active in combination with one of the keys
encoding letters serves to unialuely and 20 unambiguous7.y encoding one of
the letters associated tc said key encoding letters. Ia an ambi.guoue
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 keystroke, 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 ag simple as possible, and 30 for' a touch typability, a.t is
preferable that substantially the same combination of strokes is used fox
78   27 May 2003 unambiguous entry of a11 symbols. These two criteria are
best satisfied if 1) the same number of symbols is associated wsth each
ambiguous key, and 2y the numbax of symbols on each ambiguous key zs small.
Taken together, 5 these criteria imply that the preferred number of keys
for an ambiguous code which is to be touch typed is one half of the number
of symbols to be represented ambiguously. Arid, in the case where the
symbols to be represented are the 26 letters in the alphabet) the 



10 criteria taken together imply that 13 keys are preferred. Orze way thus
observation can be exploited to produce an ergonomics, touch-typable
ambiguous keyboard with an ergonomic. touch-typable unambiguous text entry
mode ie described in reference to figure 23, and in reference to 15 the
case of ambiguous representation of the letters of the Engl3,sh alphabet
with 13 keys. rn this figure, each of the subset of keys used to
ambiguously represent the letters 7O0, encodes exactly two letters. the
typable device further comprises a mode key 701 and a means for 20 placing
the device in either ambiguous or unambiguous text-entry mode. The means
for placing the typab~.e device in ambiguous or unambiguous text-entry mode
could be a software means which detects, depending on context, which of
these modes is required at any given instant, or 25 a key devoted to this
mode change, or a particular pattQrn of input on other input means, such as
a double tap on the mode-changing key 701. when in unamba.guous text-entry
mode, activation of the 701 key causes one a selected symbol from the two
symbols associated with a 30 key in the plurala.ty T00 to be encoded when
said key i.n the plurality 700 is activated substantially 79   27 May 2003
simultaneously with the Q01 key. It is preerab3.e to think of the pain o
symbols on each key in the plurality 900 to be composed of a left symbol
and a right symbol, and to ~,abel the keys with the ~.eft symbol on the
7.eft and the right symbol on the right. Then one of these, without loss of
genera3.ity, the left of these, is associated with activation of the 70l
key whereby unambiguous text entry can be achieved. when a key in the
plurality 700 is activated in combination writl~ the 701 I key, the left
symbo3. is selected unambiguously, and if the same key in the plurality 700
is activated without the 701 key being substantia~.ly simultaneously
activated, then the right symbol is selected unambiguously. If the keyboard
is designed to incorporate additional modes, i then this same method of
unambiguous text entry could be used al~sa in referexace to the symbols in
the other modes. Touch-typing orieated c~ueryia~g . Even with an optimal
ambiguous code, coupled to unlimited computing power and ulta.mate.
yet-to-be discorrered axtificia~.-intelligence techniques for
disambiguation, 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 looking at the 5 keyboard, keeping their
eyes focused on the text being produced, or the copy being transcribed, por
the touch typists, then, it is preferable to have all c,~,terying fox
alternate interpretations of ambiguous sequences done in such a way that 1)
their-eyes are not diverted from the s0   27 May 2003 text-display screen
and 2) queries can be answered in a simple, stereotypical manner from the
keyboard. These objects can be aCCOmplished by reserving a key for
advancing in a last of candidate words, and highlighting 5 the ambiguous
woxd on the screen. Users scroll thxough the list of eand~,date words using
this scroll key, and as soon as a key other than the "scroll" key is
pressed, the word in the scroll box is considered selected. With reference
to 23 and 24. we explain in detail i0 the software underlying
touch-typing-oriented querying, sad the visual display it controls. Ixr the
first step g00 a query has been detected, that is, the disambiguation
mechanism has discovered. that more than one meaningful decod~,ng~sequence
in the database aorresgonds to the 15 input encoding sequence. Entrance i.n
the query mode causes a means to draw the users attention to the decoding
under query to be display. These means could be visual meane~such as the
framebox '702 shown in figure 23. The possible decodings are then ordered
according to 20 their likelihood (step 802). Then, (step 804) the
mostxikely decoding ie displayed on the screen, in context with the.text
previously entexed, in a place indicated by the attention means. The
software is then prepared to detect either input from the scroll key, or
some other 2~ key (step 806). If some input is received from some other
key, then the means to draw attention to the user is xemoved (step 808),
the decoding is added to the text previously entered (step 810), and
ambiguous text entry mode is reentered. 81   ' ' 27 May 2003 On the other
hand, if input from the sexoll key ~.s detected at step 80f>, then a test
is performed to see if there exists any other meaningful. decodings in the
data base 81x. If there is, the current decoding ~.s replaced S with the
next most probable decoding (step 81~), and step 806 is zeturned to. If
there is no next-mast-probable decoding, then, preferably, the typable
device enters unambiguous text entry mode as described above (step 81~),
When the decoding sequence has been unambiguously entered, the means to
draw attention to the user is ' removed (step 808), the unambiguously
entered decoding ~.s added to the existing text (step 810y and ambiguous
text entry mpde i-s reentered (step 818). While this method fox in situ
presentation of S alternatives has been presented in terms of
touch-typingoriented querying, it will be appreciated that the same method
could be applied in other contexts, such as when the "alecod~.ngs" are
words with related meanings, and the database is a thesaurus, or ~rhezi. ~
the u~decodirigs" are 



D various possible translat~.ons of a word into a foreign language, and the
probabilities of the decadings are supplied by an automatic translation
program) Conaervaticrn of design across platforms as as ergonomic
criterion: a mouse/keyboard Consider a user of a small 5 typable device
equipped with a one-handed touch-typable keyboard, such as a personal
digital ass~.stant. In the course of a typical day, the user might also
type on his or her'desktop computer equipped with a two-handed keyboard. If
both of these devices are to be effect~.vely .0 touch typable for that
user, the motor patterns used ~.n 82   27 May 2003 the orie- arid
two-handed keyboards must be as sima.lar as possible. The shorter the
interval between the uses of the two keyboards, the stronger the
requirement for conservat3.on of typing skills. To sharply draw the object
5 of conservation of typing skills across platforms, and the means by which
this invention achieves this object, we now turn to an embodiment in which
~.- and 2-handed keyboards may be used in rapid alteration. This
embod~.ment 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 axternation of typing and cursor movment, and/or z) where
the sywbal set which 15 is appropriate for entry may vary depending on
where the cosecs 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 filling ~.n a form, suoh as an
HTNlL 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 2S which may be moved over a surface and thus perform the functions
of a mouse as we7.2 as a keyboard. Since users may prefer to use a
twa-handed keyboard for predominantly text-entry tasks, and intermix usage
of the one-handed keyboard with use of the one-handed keyboard, it ig 30
desirable to have the layout of keys on both keyboards be as similar as
possible, so as to permit seam~.ess transfer 83   27 May 2003 of
touch-typing skills from the taro.-handed to the onehanded keyboard. 



Referring now to figures 25, 28 and 26, we see how this object can be
attained by the choice of an ambiguous code which is such that it can.be
laid out on the one handed keyboard so that the movements of the fingers
and the thumb of one hand (in this case the right hand) are the same,
whether that hand is typing on the one-handed or~two-handed keyboard, and
that, further, the typing I movements of the other hand are similar to the
movements of the hand chosen for one handed typing. The design strategy i.s
as follows:  Choose a 13-key node with substantially minimal lookup error
rate and guery rate.  Choose a physical layout for the 1.3 keys. A layout
with S keys in the top row, 5 keys in the middle (home) row, and 3 keys in
the bottom row ~.s a preferred arrangement. Choose which hand mill actuate
the one-handed D keyboard.  Arrange the keys such that, in the one-handed
layout, and relative to the hand chosen in the preva.ous step : where -
weight on the home row is maximized. 3 - wreight on the strongest fingers
is maximized. 84   27 May 2003 - we~,ght an the top row is higher then
weight on the bottom row.  Then, to ohtai.n a layout for the two-handed
keyboard, pair each key actuated with the Ieft 5 hand to a key actuated by
the right hand. Preferably, the pairing is done so that members of the pair
are laid out symlnetrical.ly, with respect to a r~ymmetry plane which cuts
the keyboard at the center, and runs from the 10 bottom to the tap of the
keyboard.  '~Of the two symbols associated to each of the 13 original keys)
associate one symbol to fine of the keys in each pair chosen iz~ the
previous step. This can be done in a way favoring the 13 one-handed
keyboard, or in a way favoxing the related two-handed keyboard. Tf favoring
the one-handed keyboard: retain the higher-probability ~.etter oa the
chosen-hand side of the two 20 handed keyboaxd, and place the
lower-probability letter on the opposite aide 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 



83   ' ' 27 May 2003 summed 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 embodiment, and choosing 5 to favor the right hand,
one constructs the keyboard layout descr~,bed in figure 2S. When this
one-handed keyboard is expressed as a two~haaded keyboard, the resulting
layout 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 large majority of keystrokes will be performed in exactly the same
manner whether the onehanded or the two-handed keyboard is used. S
Comrersely,.if most typing is done with a two-handed keyboard,'and only
occasionally watth a ane--handed keyboard, it may be desirable to have as
even as possible weight on the two hands when used to operate the twohanded
keyboard. This object can be achieved with an 0 alternate ~.ayout of the
two-handed keyboard as shown in figure 27. It wall be appreciated that
substantially 5o percent of the typing motions used in typing on the
twohanded version of this.keyboard are the same as the typing motions used
on the one-handed keyboard, whether .S the one-has~ded keyboard is typed
with the right or the left hand. Tt will be appreciated that for a 13-key
ambiguous node there are 2~3 different ways of pairing homologous left- and
right-hand keys of a two-handed keyboard. This 86   27 May 2003 number is
small enough that the symmetry of the weights assigned to the two hands xn
each set of pairings can be evaluated, and depending on whether a
most-symmetric or most-asymmetric weighting is desired, or some 5
intermediate value, the appropriate assignment can be selected. Referring
now to figure 28, a detailed view of the one-handed keyboard) we see how
the objects of this embodiment are achieved by equipping the keyboard w3,th
a 10 plurality of keys 300, a thumb-actuatable input means 301, mouse keys
302, a palm grip 303) and a display 3Q4. The keyboard may be further
equipped with a communication means to enable symbol selections by oneans
of the keyboard to be communicated to the computer, This 15 communication
means could be simply a wire, or a itireLess 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 ever
the support means by means of pressure from 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 2S 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. Hy 30 moving the keyboard in this way, the fingers of the hand



actuating the keyboard are free to move in a way 87   27 May 2003 effective
to actuate the keys, even while the keyboaxd i5 in motion. Thus this
keyboaxd can be used in situations, such as for playing computer games, ~.n
which mot~.on needs to be simultaneously input a3ong with symbol: sequences
5 such as text. It is to be noted that while this device performs the
functions of a mouse, it bears litt7.e physical s3.milarity to a mouse. It9
foxm factor is determined by the anatomy of the hand in a comfortable
pos~Ltion for d touch typing. The device must therefore be cons~.derab7.y
larger than a standard mouse, and the means for moving the device
substantially different. To communicate mot~.ox~ of the keyboard 30a to the
computer, said keyboard i9 equipped with a rnot3.on sensing S means, such
as a trackba~.~., familiar to those skilled ~.n the art. preferably, the
keyboard 305 can be further equipped with a biasing means, such as springs,
to J.ift the keyboard away from the support means whey the weight ' of the
hand on the keyboard is lessened, thus facilitating movement. Tn
contradistinction, when the substantially full wea.ght of the hand is
applied to the keyboard, the keyboard remains relatively stably fixed to
the suppoxt mean$ whereby typing is facilitated) Tire two-handed keyboard
may thereby be used for long S typing ep~.sodes, exninterrupted by the need
to move a mouse, and the one-handed keyboard for quick typing/mouse
movement alternation. 88   27 May 2003 Yxsual Repregeatatiox~ of the
Keyboard ~t will be appreciated that when using a single device which
supports more than one ambiguous codes, or mare than. one mode) it may be
helpful to the user to have a 5 representation of the current association
of keys with symbols at any g~.ven moment displayed on the.displayed
device, While such a representation could be of value for any typable
device, it is of particu~.ar utility for touch-typable devices, since for
such devices, some or 10 all. of the keys are hidden from view (typical3,y
by the fingers of the operator) while in use. Thus, any da.aplay means
integrated into the keys is of limited utility for the touch typist. The
most useful v~.sual representations are those is which the physical layout
of the keyboard is 15 represented in the visual. display. Such a device 30~
is ahc~wn in figure 28, but could be incorporated in many of the
embodiments described in this disclosure. ~eductioa of typiag injury Typing
injuries (repetitive stress syndrome) afflict many keyboard users. Numerous
~0 keyboards have been designed in an attempt to attenuate the stress of
the repetityve motions involved in typing. 2t has long been recognized that
the most effective means to reduce typing injuries is for the typist to
take regular breaks from typing. This ss seldom practical, 



25 however, as typists are often unde~c tame pressure to complete their
typing work. The one-handed keyboard just described offers a so3ution to
this problem. WhiJ.e the one-handed version of the present embodiment has
been described as being used with the right hand, it is 30 evident that the
same design methods lead to a 3.eft~ handed one--hand keyboard as well.
Each of these 89   27 May 2003 keyboards is capable of encoding alI of the
same symbols. A therapeutic typable device equipped with both a righthanded
and a left-handed keyboard, such as both a leftand a right-handed
~nouse/keyboard as described abave, 5 could be operated with either the
left or the right hand in alteration. With such a pair of keyboards; a user
wishing to reduce repetitive-stress 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 devise could be eguipped with a
locking means which would alternately .oak one or the other of the
keyboards, enforcing 5 alternating use. It ig to be appreciated that when
therapy is completed, the user could return to a twohanded vers~.on of the
keyboard, with no relearning of typing skills required. Foldable PDA We saw
in the smart-card embodiment :0 descr~,bed above that it is convenient and
ergonomic to place the text screen of a typable device baked on ambiguous
codes in such a way that part of the keyboard is manipulated by the fingers
of one or bath hands and the thumb may be used to actuate further input
means, in 'S particular, mode-changing input means, in the region above the
thumb or thumbs and to the side of the fingermanipulated 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 90   27 May 2003 functions when it is
unfolded, once folded,~and twice folded . This twice-foldable consequence
of ambiguous 5 typable devices built by present invention permit effective
for the coding substantially full-size design is a surpris~.ng codes. It is
remarkable that the methods taught by the keyboards wh~.ch are at once 1)
of natural language, 2) use teys, and 3) are small enough to be placed in a
pocket or a small hand bag. This x0 embodiment 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, paid units
being configurable i.n 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. xn 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 ~.n the
unfolded 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
which functions a9 a second 91   27 May 2003 keyboard. Preferably, the
keyboard layout on said first and second keyboards is a 13-letter--key
keyboard, though many other cho~.ces are possible. The final part 903 has a
fa.rst surface which functions as a pair of mode-changing 5 thumb switches,
to be used in combination with the saa.d first and second keyboards. The
first keyboaxd is meant to be operated with the right hand. It wi7.l be
evident - to those sk3.~.~.ed in the art that a similar configuration
exists which is typable with the left hand, and that this D 'similar
coniguration can be obta~,ned 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 una.ts as shown in Figure 33. 5
9'igure 30 shows the unfolded twice-foldable computer in a bottom view.
Part 904 is a telephone keypad 9D5 and corresponding econd visual display
905. Part 907 is a third visual~display, and part 908 a third keyboard.
Parts 904, 905, gas, 907 form the second surfaces of 0 paxts 900, 9D1, 902,
903 respectively. ~o7.ding the computer along the line 908 shown in figures
29 and 30 we obta~.n the conf~.guration shown in fsgure 31_ In this
configuration the third keyboard is exposed For typing, and the th~.rd
visual display is used S as the corresponding display. Here the keyboard
~,ayout ~.s a ~.2-key keyboard, but many other choices are possible. 'this
configuration might be used uihen, due to time or space limitations, the
user is unable or unwilling to open the computer to its full extent. Tt ,0
might also Sae used to supply a different functionality 92   27 May 2003 



than the fully unfolded computer, such as a gaming functioiaality .
Finally, the computer can be folded along the fold 909 shown in figure 3x
to provide the twice-folded 5 configuration shown in figure 32. this is the
configuration in which the computer wou3,d be typically kept for
transportationf xn this configuration the device could be small. enough to
fit into a pocket. Furthex, in this twice-folded configuration the
telephone 10 functionality is.exposed for use. For many users, this Will be
the most fxequent3.y used configuration of the device. It will be noted
that we have shown the telephone keypad with the ambiguous code of a
previous embodiment, though many other choices are paseible. 1S To
recapitulate: thanks to ambiguous codes, we can design a portable
communication and computing device which functions alternate3.y as a
telephone, a personal digital assistant, and a laptop computer. ' zt will
be appreciated by those skilled in the art 2Q 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
cou~.d be further increased. What would be lost, however, zs 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 typahle device caprisiag a touch$creea
This invention permits software as well as 93   27 May 2003 hardware
embodiments. In particular, the methods of the present invention can be
used to desa.gn typable mechanisms for devices comprising touch screens,
such ag the series of personal digital assistants built by the 5 3Com
corporation and sold under the trademark PALM PTLOT, as well as other
trademarks, For the sake of illustrata.on, we rail. focus on the PALM PILOT
class of devices, which includes hand-held computers capable or running a
variety of applications programs, though the D methods herein described
could be applied to any typable device comprising a touch screen. In
reference to figure ~~, we note that devices of the PALM P1T~OT class
typically compxise: a touch screen 1000, a touch-sensitive region 1001
which is used for 5 entexing characters via hand-writ~.ng recognition '
software. Said touch-sensitive region may be a subregion of the touch
screen, or may be 3.mplemented separately. Qne of the essential and
surpr~.sing features of the present embodiment is that by use of a
touch~typable keyboard in a device comprising a touch screen, we design a
radically new user interface for information appliances such that keyboards
need not-compete for limited screen Space with applications programs. The
same touch screen area can be used both for the application program and for
.5 the keyboard. The crucial obsexvation ig that if the keyboard is weakly
touch typab7.e, then the keyboard does not need to be displayed to the user
to be operative. The user's fingers "know" where the keys are, without
visual referents. Thus, the keyboard can be used to enter data 94   27 May
2003 



into wh~.ch ever application program is currently displayed on the
touchscreen. lf, further, the keyboard is strongly touch typable, then the
keyboard can be used to produce high quality text, even if no screen space
is 5 used for quexying feedback to the user. With reference to figures 3~1
and 36, some of the ' particular features of the PALM PILOT c7.ass of
devices which are accounted for in the present embodiment are: The ability
of the touch screen 100Q to easi~.y 10 present alternate keyboard layouts.
The ability of a touch screen to present images of different levels of
intensity and/or in different colors.  The p~.acement of the region for
catering 15 characters 1001 at some remove from the touch screen, or in a
non-central region of the touch screen.  The use of the pereona3 digital
assiatarit to run a variety of programs, such as scheduling 20 programs or
address-book programs, which may compete for space on the touch screen with
a keyboard. The ability of touch screens to easily present alternate
keyboard layouts is used in this embodiment to 25 enable a given input
means to represent many different symbols or groups of symbols, depending
on the "mode" of 95   27 May 2003 the keyboard at any given time. When a
touch screen is used to embody a keyboard, each ~.nput means is associated
w~.th a specified region of the touch scxeen. The dual function of the
touch screen as a visual display and as a i plurality of mechanically
activated input means is 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
traditional, aepressable structure by equipping each mechanical key with
its own display device. Tn this way, the methods 



for mode changing here~specified in reference to a touchscreen compr~.aing
device could be applied to devices coatprising mechanical keys, such as
many of the other > devices specified in the present disclosure. Mflde
selection One strategy in keyboard design to increase the number of symbols
which can be encoded given a ffixed number of keys is to augment the
keyboard w~.th a number of mode-changing keys. Pressing a mod-changing key
changes the symbol' encoded by a plurality of other keys. The canonical
example is the shift key of the standard typewriter keyboard which changes
the symbol encoded by the~~.etter keys from lower case to upper case.
Upper-case letters could in principle be encoded on a 5 separate set of
keys from the keys encoding lower~ca.se letters, and if upper-case letters
occurred with the same frec~ency as lower-case letters in typ3.ca1
communications, then th~.s couxd be a defensible choice. Also i.n
principle, having upper- and lower-case letters D accessible in different
modes does not imply that an upper-cane letter mv.st be assigned to the
same key as the 96   27 May 2003 corresponding lower-case letter. Th;e
same-key assignment is chosen in practice because there are strong
conventional, conceptual and statistical xelationsh~.ps 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
relationships, and adherer~ae to conceptual relationships between symbols.
In the design 10 of typable devices employing ambiguous codes the problems
associated with the design of modes are particularly acute since a
plurality of keys must already carry the burden of encoding mare than one
letter symbol on each key, and the number of keys available to encode
symbols 15 is typically sharply limited. However, the same methods which
have been above applied to produce ambiguous codes for~~,ettex symbols can
also be applied to non-1tter symbols such as punctuation, provided that
these nan letter symbols are strongly correlated. ~g The collection of
symbols to be encoded by a keyboard will be divided into subsets
corresponding to modes. Modes can be at least partial7.y ordered according
to how much manipulation is requiz~ed on the part of the user td obtain
each mode and/or how frequently the 25 symbols a.n each mode are used. Thus
we can speak of primary, secondary, tertiary modes 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. 97  



' ' 27 May 2003 Letter symbols axe preferably placed in the first mode or
modes. The subtle design issues have to do with methods :for assigning
non-letter symbols to modes) and arranging the spatial layout of each mode.
5 A first statistical measure to be taken into account is the probability o
non-letter symbols. Some of these non-letter symbols, such as punctuatiarn
~naxks and digits, are essential to ca~nnunication and may occur with a .
frequency rivalling or exceeding those o letter symbols. JI1 Thegs
punctuation marks are candidates for inclusion in the pra.mary or secondary
symbol set in any effective ksyboard~design. Next to be considered are
aorrelations which arise from non-letter acting in concert with other
non-letter symbols. Some non-letter symbols have 15 conventional and
conceptual relatyonships with other nonletter 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 24 sima.lar meanings (end of a
phrase oz sentence). These are examples of global relationships, common to
most uses of the language, a.n these cases including languages such as
English. There are other, more local, relationships which could be
accounted for in keyboard designs for 25 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 hocators).
Non-letter sy~rebols may also have statistical, 30 conventional, and
conceptual relationships with letter 98   27 May 2003 symbols. For some
symbols, it is possa.ble to analyze their statistical relationships with
each other with reference to a corpus. For others, user studies are needed,
or epecial~.zed software to capture these symbo~.s 5 for statistical.
analysis, since the symbol may never appear in a text. Examples here are
"backspace", "page up", and other symbols which are used to edit, examine,
or othexwise manipulate a text. Given reference statistics constructed in
this way, la a next step in the assignment of symbols to modes is to
arxange the symbols in such a way that the statistica3., conventional, and
conceptual relationships are best satisfied. A further constraint which
could be taken. ~.nto account i.s the mnemonic potential of the
arrangement. 15 Preferably, all symbols are arranged within and across
modes in a way that "makes sense", that ~.s, that the symbol. pattern is
simple, familiars preferably visually well structured. b`ven well-trained
touch typists may revert 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 les$-frequently
used symbols. It is to be appreciated that mnemonic potential can be
quantified using experimental protocols f or memorization tasks well 25
known to psychologists. To 3,l~.ustrate the approach, an example layout of
letter symbols (a-z], digits, and the 32 nonletter symbols 99  



27 May 2003 found on a standard keyboard is provided. This arrangement
comprises three mode changing ke~Ys, and 3 modes, each mode containing 1.6
symbol keys, ~s shown in f i~gure 36A-C . This layout is desa.gned f or
PALM i~~hOT s class machines. zt has not been shown to be optimal by
psychological testing. The first mode (figure ~6A) conta~.ng an ~amb3guous
code for the letters, a space/backspace key,;a basic punctuation key, and a
key for shifting modes in either the forward ox the backward directions.
The Second mode (figure 368) contains keys for the digits, and certain
punctuation marks,, arranged so that this mode can unction either as a
telephone, or as a rudimentary ealculator/numeric keypad. s The third mode
(figure 3GC) contains additional punctuation marks, arranged so that 1) a
sh~.f~t key relates symbols with related meana.nge, such as open and .
closed parentheses, or, if there is no xe3.ated meaning, related symbol
shapes, .as an aid to rememberthe symbol placements. A convention is
applied whereby "~haxd" symbols, more aagular symbols) are on the left,
wh3.~.e ~soft~~ symbo2s, more curved symbo3.s, are on the right. Since all
or most keys have exactly two symbols, ergonomic disambiguation mechanisms
as descr'x;bed above 5 caa operate in each mode. Selectable traaspareney of
the keyboard Currently, typically implementations of a keyboard d~.sp~ayed
on a touch-screen device ~.n the PALM PILOT class comprise a i goo   27 May
2003 keyboard occupying one part of the screen, while the rest of the
screen is devoted to an application program which receives input from the
keyboard, such as an address book application. Since display real estate in
such devices 5 ~.e extremel,y limited, sharing the display between keyboard
arid application program results in both keyboaxd and appl~.cation program
be~.ng very small. Keyboards used an present devices are not meant to be
practically touch typable, nor could they be, given their extremely small
10 size. However, application of the methods of this invention produces
keyboards which are small enough to be touch typahle, even in the limited
envixonment 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 tv 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, tote user types directly on the app3.ication program
to produce input to it. In figure 35 a keyboard displayed ~.n this way 1003
is shown with an application program. 100x in this case a drawing program
displaying a drawing. Since ~.t is impossible to draw,a transparent
keyboard, the keyboard is a.ndicated ~.n th~.s figure in a shade of gray,
while the appl~.cation pxogram is shown in b7.ack. Indeed, xt would be
possible to allow the user to select the leve3. of transparency of the
keyboard, for example) 30 as a function of his or her 7.eve~. o touch
typing skx~.I. It has already been pointed out that different modes ion
27 May 2003 



may contain symboas of different leve~.s of familiarity to the user. To
account for these differences, the transparency of the keyboard eauld also
be adjusted as a fx~nct~.on of mode, becoming increasingly Less transparent
i as the unfamiliarity of the symbo3.s in the mode increases. xt is to be
noted that the same effect of d~.staxxgu~.shing the keyboard for the
applications program could be accomplished by adjusta.ng other visual
factors, such as the color of the image) iri addition to its f
transparency. hybrid Chordiag/Ambigttoua Keyboards The important
observat~.on on which this aspect of the pxesent invention is based ~.s
that chording patterns which require but two keys to be activated
aubstanti.al3y simultaneously, such i as the chordxng pattern which causes
a Qwerty l~eyboard to e~acode capital letters, are readily learnable and
fan therefore be adopted by a large user community. However, the prior art
has proven that chording patterns any more complex than this will not
become genera7.ly accepted. f It has been noted that there are two main
prior-art approache$ toward typalole dev3.cea with a small number of keys:
chording methods and ambiguous-code methods. One aspect of the present
~.mrention is to teach how to synergistically combine these two methods, >
We can distinguish two kinds of chording methods 1) methods in which a key
ar keys are reserved for the funetiort of forming chords, an example is the
fam~.l3ar shift key used for keying uppercase letters by a chording
combination of the shift key with a letter key, and we Q02   27 May 2003
will genera3.7.y refer to such keys as shift keys, 2) methods in which
chords are formed by activating a plurality of letter keys substantially
simultaneously. In the present embodiment the.fxrst of these methods is 5
used, in a subsequent embodiment, the second of these methods is used. The
essential insight of this aspect of this invention is that substantially
simultaneous activation of a pair of input means is readily un3.fied into a
single 



IO gesture by a human user. Thus, a pair of keystrokes is no or little more
difficult to master than a single keystroke, yet, a pair of keystrokes
contains substantial3.y more information than a single keystroke) arid thus
can be used to create easily aperable, low 15 ambiguity codes and typable
devices based oa these nodes. Thus, to make the keyboard easy to learn,
chords must require no more than a pair of keys to be activated
substantially simultaneously. 3n this embodiment, one of the pair be3.ng a
key reserved for forming chords, 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 o~ this invention. 25 ~ It 3,s preferred that at least one of the
decoding symbols ig a strongly correlated symbol. In this way, should a
chord be~formed improperly, when a shaft 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. 103   27 May 2003 Thus, while
chc~rding aad ambiguous codes could a priori be Combined in any number o~
ways, according to the teachings of this embodiment, prefex~x~ed
combinations are such that 5  no more than 2 input means need be
substantially sa~multaneously activated in order . to encode any
substantially psobabl.e symbol.  lookup error and~ox query error is
optimized,  chording is accomplished using a made-shit 10 key, (preferably)
such that the probability of using tha mode-shift key is minimized. Wherx
charding and ambiguous-code methods are comb3xied according to these
teachings, surprising aad IS synergistic results are obtained as will be 



demonstrated by the present embodiment in wh~,ch a hybrid
chordiag/ambiguous-code method is applied to a telephone e~a~bodying the
standard ambiguous code. We have already seen that the star~dard ambiguous
code has rather poor ~U lookup error and query rate. It is there~oxs quite
extraordinary that using a hybrid method a keyboard based on the standard
ambiguous code can be made (7.eve1 C) strongly touch typable. The objects
of this embodiment are to produce a keyboard which is 2~ ~ strongly touch
typab3.e, ful3,y compatible with standard telephones embodying the Standard
ambiguous code, I04   27 May 2003  simple to operate,  simple to learn,
and uses a minimal number of keying gestures. A staridaxd telephone
embodying the standard 5 amba.c~uous code is shown in figure 38. It is seen
that a plurality of keys iooo0 are used to encode letters and digits, there
are~eight o~ these, Two keys 1000l, 10002 encode only digits, and two keys
10Q43,7.0004 encode the non-letter symbols * and # respectively. In this 10
emlaod~.ment, one of the keys selected from the group consisting of 10001,
1000Z. 100O3, i.0004 will be.used as a mode-changing key, preferable key
I0001 encoding the digit Z. This se~.ectad key will be referred to as the
shift key, for reasons which will become eva.dent. Key 15 10001 can be
eonveni.ently activated by the thumb c~ the left hand while the telephone
is. held in the left hand, while 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 hld in the 20 =fight hand, key 10004
can be used as the shift key. For each of the keys in the p3.uralzty Z0000
the corresponding letters will be d3vided'into two subsets, wha.ch will be
referred to as the shift set and the non shift set respectively. Letters
will be assigned to the 2S (shift, nonshifty sets so that  lookup error is
minimized, 105   27 May 2003  queries are minimized,  one of the sets,
without loss o~ genera7.ity, the shift set, contains exactly one letter pex
key, 



5  the probability of activating the shaft key is minimized. As is usually
the ease, simultaneous optimization with respect to lookup error rate,
query rate, and other ergonomic cr~.teria implies compromise. For instance,
one could potentially achieve better ~,ookup error rates and query xates by
remov~.ng 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 5 partition into
shift and x~oashift sets makes the keyboard easier to leaxn, an ergonomic
criterion which is here given high priority. Leaxnability could be further
improved by selecting the singletons such that the collection of singletons
is easy to remember, perhaps by D mnemonic. 3his selection, however, could
compromise lookup error rates and query rates. There axe 1~.66~ different
pairs of shift/non-shift sets obeying the constraint that the shaft set
contains but one letter per key. This number is small enough that 5 ah
possibilities can be tested for their ergonomic properties. 106   27 May
2003 The results of tesCing a17, such codes are shown in figure 39, where
lookup error rate is plotted vs, query rate, fax a11 1Z664 codes, as well.
as the standard ambiguous code SAC. Zt is to be noted that while all of 5
the codes are better than the standard ambiguous code, mast are better by a
small multiple. However, this da.atra~bution is quite large, and the best
code CEHLNSTY with a lookup error rate of 431 words/lookup error and query
rate of Z1 words/query is 15 times bettex than the 10 standard ambiguous
code in terms of lookup error and 10 times better in terms of query error.
This best code is abC d%f gHi ~kL nNo pqrs Tuv wxYz where the elements of
the shift set are written with uppercase letters. It is to be emphasized
again that this code is 15 the best code with respect to our reference
statistics, other statistics may yield other best codesr though it appears
to be among the best or statistics drawn from many alternate corpora of
English. It should be further appreciated that the same hybrid
chordxng/ambiguous code 



20 method could be applied to arbitrary ambiguous codes in which the
underlying ambiguous node is not constrained to be the standard ambiguous
code, indeed is not constrained to be in alphabetic ordering, or only 8
keys, or with an even-as-possible partition. Ey allowing more freedom to 25
choose codes, hybrid ahording/ambiguous codes can be found of such high
quality in terms of lookup error rate and query rate that other ergonomic
criteria, such as rninimixing use of the shift key, could be profitably
combined with optimization of lookup error rate and query 3U rate. These
optimizations are beyond the scope of the present embodiment, which seeks
full compatibility with 107   27 May 2003 eristing telephones, they are
however, well within the scope of the present invention. To further
facilitate the learnability and operability of this keyboard, the letters
which form the 5 shift set are preferably represented on the corresponding
key using an uppercase 7.etter, while the letters in the nonshift set are
represented as a lowercase letter, as shown in figure 3~. Alternately, the
two sets could be indicated by letteri.ng~ varying in size, co~.ox,
typeface 0 etc. Use of-this device is simple. When the text to be typed
contains a letter in the shift set, then the shift key must be operated
substax~tial~.y simu3taneously with the corresponding letter key, this
letter wild. be S represented unambiguously. Hy contrast) when a letter in
the nonshift set is required, the cozresponding letter key is operated, and
the letter is represented ambiguously. In view of the teachings c~f this
invention, it wixl .4 be appreciated that the disambiguation mechan3.sm
corresponding to this embodiment cou7.d be physically located w~.thin the
telephone) at the sending end of the communication, and or at the
recea.ving end of the commuai.cation, for instance at a central computer
which !5 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 108   27 May 2003
synthesized encoding symbols described above, the number of non-letter
symbols encodable using a telephone keypad can be further increased. In
particular, added shift keys 



can be provided if even lower levels of ambiguity are S' required. For
instance, with 4 shift keys, each associated to one letter on each letter
key, totally disambiguoua text entry can be achieved, albeit while
increasing the number of keystrokes per Setter. In short, many associations
of subsets of decoding symbols with 10 ~ ~ahift keys can be imagined. One
particular class of assignments is considered in a later section on
internationalizat~: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 combination with the remaining non-letter keys, ~.xx the
preferred arrangement the *, # and fl keys, can be used to encode at least
6 non-letter symbols, such as punctuation symbols, mode-shift symbols, and
the like. 8rror aorreatioa us3,ag the standard ambiguous node 24 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 ~.t
shou~.d not be to encode the intended text, and at other times the shift
key w3.17. not be pressed when ~.t should be. Often, 2S such a manipulation
will, result in a meaningless decoding ~.f the disambiguation device is
expecting correctly typed encoding sequences in the hybrid
chording/ambiguous code. In these cases, rather than issua.ng a query, an
a~.ternate disamba.guation can be attempted in which the shift key 30
activation is ignored, and the encod~.ng sequence is 1o9   i 27 May 2003
interpreted as being an encoding sequence in the standard ambiguous code.
Ciften, this interpretation wall recover the text intended by the user. It
is to be noted that in the dev~.ce shown in 5 figure 38 a strong7.y
correlated cymbal (space) is paa.red on the same key with a weakly or
uncorrelated symbol (backspace). This pairing potentially allows
d~.samiguation software to correct errors in wh5.ch (space) is meant but
(backspace) keyed by the user, or vice D versa. Touch-.typing-oriented
quex~yiag 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, xt will be appreciated that whether the 5 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 quexying mode the key
functions as a scroll key, and otherwise functions as a shift key. 0
A7.teraate 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 5 or
keys 1005 to function as the shaft key. ~t 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 te7.ephone; such a p~.acetnent is
shown in figure 38. Additional keys to be actuated by the 



110   27 May 2003 fingers of the hand holding the telephone teither the
left or the right hand) may also be used 10005. Cull~.r~g ~.nfrequeat words
is gueries Tt is often the case that a very frequent word is ambiguous with
a very 5 infrequent word. For instanCe,~in the case of CEaLNBTY' for
English, the very frequent word "for" is ambiguous with the very infrequent
word "fop". By eliminat~.ng these very ~.nfrequent words from the
dictionary, the effective query rate can be improved with very littJ.e~ 10
effect on how well that dictionary represents the language in question. For
instance, the query rate for CEHLN~TY can-be improved to I. query every v6
words, by eliminating words whose total probaba.lity is less than one part
in 50 thousand. This culling can be achieved 15 for i~sstance by
application of a ~~gap factor" given by the ratio between two words in the
query, e.g. the most frequent arid the least frequent. If, for instance,
the gap factor is set to 500, the distribution of figure ~oo~ is obtained,
two codes, the standard ambiguous code (SAC) 20 and the CEHLNSTY code are
particularly pointed out in this drawing. Iatexaatioaal3xat~.oa There are
two main i.a~sues 3.n internatianalization of the present embodiment, both
of which axe 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 app3.icable to
many l2~nguages at once. Both of these issues will be briefly discussed.
11I   27 May 2003 Handling acaente. 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", "d", or "~'~. It xs generally
important to S distinguish these accented letters. Without accents, far
instance, the word '~~.eve" (meaning "student' ) can be amb~.guous with the
word "~lev~" (meaning "ra~.sed"?. one natural approach its 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 p'e:' or " ~ a ' , and then rely on a S disambiguation mechanism to
decide which of these two accents is appropriate four a given word. Using
this approach, we find that with some set of word-.fxequency statistics for
French, a (lookup) queryy rate of. (38,3y for CEHI~iS~'Y without an
accent-shift key, but (5S4,24) J with an accent shift key. For the
telephone ~Ceypad, any of the keys on the bottom row could be used as an
accent 



sh3.ft key, for example. In spec~.ally built keypads, an additional. key
could be provided to supply tl~e accentshift function. For ergonomic
reasons, it is preferable S that this accent-shift key be operated 3n a
manner similax to the way the usual shift key is operated, e.g. such that
thumb motion in one direction ~s used to encode a regular shift operation,
while thumb motion in an opposite direction ~.s used to~encode the
accent-shift 0 operation. 1I2   27 May 2003 Multi-yaxiguage Ambiguous Godes
Since the statistics of 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 substantial7.y optimal with respect to
another 3.anguage. A code which is strongly touch typable with respect to
one 3.anguage rnay not be strongly touch typable with respect to another
language. For example, CEHLNSTY, opt~,mized for English, 10 pexforms ~.eas
well for French than a code specifically chosen for its optimality with
respect to French, zn this particular example, GEFiLNSTY remains strongly
touch typable with respect French, though this wil3 not be the case with
xespect to a11 languages. 15 In order to gain economies of scale,
manufacturers may wish to produce a single machine operable in many local
linguistic environments. Since a typable device, for instance, a mobile
phone, may preferably have keys labe~.ed with the ambiguous code for which
it is designed, 20 it is useful to have a single code which applies to many
languages, so that this labelling can be done in the same way for all
machines in a production 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 wh~.ch are
samultaneous~.y optimized with respect to several different languages. zn a
multa~-language optimization method, the step of weighting ergonomic
criteria with respect to each other can include as a I13   27 May 2003
sub-step the step of weighting multiple languages with respect to each
other. Different weighting schemes are appropriate in different
circumstances. For instance, one may choose to simultaneously optimize with
respect to 5 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 maximized, such a procedure will. 0 be referred to as a
mini-mix procedure. Cons~.der opt~.mi.zing with respect to a set of
languages 11, 12,..., ln, and a set of ergonomic criteria, el) e2, ... ,
em. Given two ambiguous,aodes c1, c2, and for each ergonomic criterion era,
we rate c1 



as better than c2 it f or c~. the minimum of em over the languages In is
greater than the minimum of em over the languages In for c2. When several
ergonomic criteria must be optimized against, it may happen that one code
is better than another in the miai-mix sense with respect to 0 one
ergonomic criterion, but worse with respect to another 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
Ceachings, consider S optimizing with respect to lookup error and query
error fox 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 B regu~.ar input means
can be 1I4   27 May 2003 used in combination with one of the auxiliary
input means in a hybrid chordingiambiguous code embodiment as has been
previously described. First consi,dex optimizing with xespect to the set 5
of languages consisting of French, Italian, Portuguese and Spanish, each
language represented by a set of reference statistics. Using the directed
random walk method, one readily finds codes such as ~oz m blix a kn r par d
iy 3, gq t ev c 10 fu s with (lookup error rate, query rate) of (3250,265),
(11404,3800), (9?Z0,505), and (62$0,900) with respect to French, Italian)
Portuguese and Spanish respectively. This code has re~.atively poor
performance on Dutch, English, and German, with values of (6~,4.8j,(93,10j,
and 15 I360,3) respectively. Using a similar amount of computing time, but
optimizing now with respect to Datch, English, and German, one can find
codes such as cjk r biy 1 fv a mo a sz p hx g to d qw r~ which ya,elds
112x0,44), (816,44), 20 ;480,4?) on these languages respectively. This same
Code yields I253,Z0),(306,50).I5Z5.36). (4236.Z?2) for Freach, Italian,
Portuguese and Spanish respectively. 34nd 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 xespect 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 performance on another language. 115   i ' ' ~ 27 May 2003
In practical circumstances) the decision as to which languages to include
in a mufti-languagB optim~.zation scheme are more commercial then
conceptual. The important ~.nventive concept taught by this disclosure is
that even the minimal performance ever the selected 



languages should be such that the code should be strongly touch typable. In
the cases examined above, vpti.mizatior~ with respect to French, rtalian,
Portuguese and Spanish d3.sco~rered a code which is level C strongly touch
typable 1 with respect to these languages, but the minimal performance is
barely level A strongly touch typable With respect to Dutch) English, and
German. Strongly tvuah typabxe handheld dBViae which i~r typable using one
~aad. In the hybrid chording/ambiguous node i embodiment described above,
i.t~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 formata~on and for encoding
ambiguously encoded symbols. Tn this case the ambiguous code can be
expressed as a mufti-level code: a first sequence of input means
manipulations sexves to select a first subset of decoding symbols, a second
Sequence of 5 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 land thus
a subset of the first subset), and so on. This is a ~~diwide and 0 conquer"
approach, as such well known to those in the art. ~.owever, it is not been
heretofore understood that 1i6   27 May 2003 a) the number of surressi.ve
subdivisions of the set of symbols can be limited by making the smallest
subsets contain more than one symbol, and thin represent an ambiguous code,
nor b) that the manner of subdivision can 5 be chosen so as to minimixe the
ambiguity of the final ambiguous code, nox a) 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 ahord$ consisting of pairs of key
presses only. A concrete manifestation of these discoveries will now be
described in detail, with reference to figured 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 ambigu3ty~and/or some other ergonomic criterion such as
adherence to 2Q convention, fits we7.l within the scope of this embodiment.
This embodiment is a device wh~.eh is strongly touch-typable with a single
hand. It has the additional desirable characteristics of ZS 1) permitting a
fully unambiguous text-entry mode. 2) permitting a substantially optimal,
strongly touch typable, ambiguous text-entry mode. i17  



27 May 2003 3) permitting a minimal-keystroke mode for data-retrieval. 9)
is such that the above three modes are maximally ergonomically compatible)
Prefexably, this device can be configured such that, in addition to the
above-stated ergonomic critexia, a new ergonomic criterion, scan time, is
also optimized. Optimization of scan time will be discussed in a section
be7.ow. An overview of the method for constructing a typable device based
on mufti-level ambiguous codes is de~scra~bed ix~ reference to figure 39.
In the first step i50, a set of second-level . decoding symbols are
selected. These axe the symbols that are to be represented by the ambiguous
code, and might i.na3,ude, fox example fox English, the lettexs: a through
z. xn the next step 1S1) an exgonom~,c criterion is selected for the
over-all mufti-level code. This I ergonomic criterion could be, for
example, strong touch typabilaty or lookup error. In general, many
ergonomic criteria of the mufti-level code could be simultaneously .
selected. Tn the next step 152, the second-level decoding symbols are
divided into subsets. An encoding symbol, is > assigned to each
second-level subset i.n such 'a way that the overall code is opt~.mized
with xespect to the selected ergonomic criterion. Up to this point, the 118
27 May 2003 construction is not different from the construction of any
optimized ambiguous code. However, there may be additional constraints, for
instance on the allowed number of encoding symbols, such that the next step
of 5 construction can be executed. In this next step i.53, the second~leve3
encoding symbols are collected into groups. These groups are treated as
decoding symbols for a . first-level a~aiguous code. Otherwise said, the
encoding symbols of the second-level code become decoding symbols lfl fox
the first-level code. Hence, a first-level. encoding symbol is assigned to
each group, forming a :drat-level ambiguous code. Additional optimization
of ergonomic criteria can be performed in the assignment of second-level.
symbols into groups. In general, each level 15 in a multi~-level code can
be optimized with respect to d3ifearent ergonomic criteria. These criteria
rnay be the same, or may be different from, the ergonomic criteria with
respect to which the over-all mufti-level code is optimized. In the final
step 154, the mufti-level code 20 thus constructed is embodied in a typable
device. 



In this description of the construction of a mufti-level code) the
construction of the second-level code was descr~.bed as proceeding the
construction of the fixst-level code. In using a device embodying a 25
mufti-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 119   27 May 2003
construction could be continued in the same way to include third- and
higher-level codes. Tn practice, properties of each level of the 5
multi-level code must be si.multaneous~.y optimized to achieve desired
properties of the over-a17. mufti-xevel code. The present embodiment is
presented to concretely illustrate how th3.s simultaneous optimization can
be planned and executed. d ~ The overview of the method of cort9truct~.on
of this embodiment is shown in figure 4Q. To help exhibit the procedure
in--full generality, three ergonomic criterion are selected for the
over-all mufti--level code, two criteria for the first-level code and three
for the S second-level code which comprise the mufti--level code. In this
embodi~ant the three ergonomic crite=ia applied to the ~ti-level code are
strong touch typabixity, query error, and lookup error. The first-level
node is optimized relative to anatomic fidelity, and alphabetic D ordering,
and the second-level code is optimized relative to evenness of partition,
anatomic f~.delity, and substantial alphabetic ordering. The first step
3100 in the Construction of this embod~.ment is the selection of
isecond-level) decoding S symbohs. These are the letters a-2. Then strong
touch typabi~.ity, quexy error, and lookup error are selected as
ergonorn~.c criteria for the mufti-level code in steps 3101. 310Z, and 3103
respectively) Then, a.n step 3104, anatomic fidelity is selected as a
ergonomic criterion. 0 Since this device is meant to be typable using the
120   27 May 2003 fingers of the hand hold~.ng the device, anatomic
fidelity 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 fox the second-level code in step 3I05.
Each ncoding 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 of each of the 4 first-level symbols
corresponds to 4 



second-Level encoding symbols, so 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 partit~.on is maximised if the 26 second-level
decoding symbols are distributed over the second-level encoding symbols
such that either 3. or 2 second-level decoding symbols are associated with
each of the 16 second-level encoding symbols. This distribution 20 implies,
in turn, that between 4 and a second-level decoding symbols will be
ultimately associated with each of the 4 first-level decoding symbols.
Next, in step 31G6, alphabetic ordering is selected as an ergonomic
criterion for the first-level code. 25 optimizing with respect to this
criterion requires simultaneous optimization of both the first- and
second-level codes. What is required is that the letters az must be
displayable in alphabetic order on the displays corresponding to the input
means associated with 3D each finger respectively. Since these displays are
121   27 May 2003 arranged in order of the fingers, this implies in turn
that letters from the first part of the alphabet must be associated to
second-level decoding symbols which are a.n turn associated to the
first-~.evel encoding symbol which i is associated to input means
associated to the first finger. In the same way, a second group of setters,
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. optim3.xing with
respect to alphabetic ordering thus corresponds to choosixag an ordered
partition of the 26 letters, in the same way as has been discussed for
other embodiments of i this invention. This time, each of the 4 elements of
the ordered partition moat have between 4 and a subelements, so that all of
the ergonomic criteria listed can simultaneously optimized. As twill be
shown ~.n the detailed description of the beat mode for this 7 embodiment,
codes with eves-as-possible partitions, even for the first-7.eve7. code,
can be found) while optimizing as well with respect to all of the other
ergonomic criteria considered. Fina3.ly, in step 3Z07, sub$tantial
alphabetic ordering is chosen as an ergonomic criterion of the second-level
ambiguous code. This means that it should be possible to ray out the
letters as well as possible in alphabet ordering, given a11 of the other
constraints on the assignment of letters to second-7.evel encoding D
symbols. Divergences from strict alphabetic ordering can be measured in any
number of ways) for instance by the 



12Z   27 May 2003 number of pai.rwise permutat~.ons requa.red to bring a
given ordering into strict alphabetic ordering. In reference now to figures
41-47, we describe a strongly touch typable handheld devzce, typable using
one 5 hand, eriCOding at least the letters ta-z], and embodying a code
constructed according to the above described method. In 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 changing depending for ir~tana on which symbols have
been previously 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 1S word complet3.on mechanisms can
significantly reduce the number of keystrokes. But since the behavior of
the word-complet3.on mechanism is complex and difficult to predict, a
machine with word-Completion is not in any st~:ict aen.se touch-typable.
Nonethexess, the same 20 optimizations that lead to strongly touch typable
codes lead to effective word completion mechanisms, since the 3.ower the
ambiguity, the better word~completion can be effected. Thus, augiatenta.ng
a strongly touch typable Code w3.th word--completion mechanism does not
transport 25 the device beyond the scope of the present invention. For the
present embodiment we make the further limitation that the symbol-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 only. To 3.,imit
the requirement for digit motion, most of 123   27 May 2003 the symbols can
be input though sequences of manipulation of but 5 input means: 4 input
means operable by the fingers of the hand ho7.dir~g the device 2100-2103
and 1 ~,nput means operated by the thumb of the hand holding the device
2104. The device shown in figure 47. 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 ambadextrous device operable by either hand eould also be
constructed. Preferab7.y, associated with each of the input means 21D0z103
is a visual display alOG,2~.09 showing the elements of the subset currently
associated with the given input means. Operating the input means selects
the corresponding subset. The input means ~~.04 can be used to further
refine the subset select~.on and/or be used to select other subsets of
symbols. For example, the single s~ycabol 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 21Z0. The letters [a-zj can be
distributed over the 4 input means Z100-2103. The distra.bution of letters
over the input means is preferably chosen so as to min~.mize the aiabiguity
ilookup error rate and/or query rate) of the result~.ng code, while
simultaneously 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-z) in which the letters ta-f] are associated with the fzrst
input means 2100 , [g-i~ with the second input means 



~Za   27 May 2003 2101, (m-r] wa.th the third input means 210Z, and finally
(s-z] with the fourth input means 21o3. These associations constitute
first-level subsets in a first-level code, xn general, it will be preferred
to 5 associate 4-8 letters with each of these 4 input means: thereby the
subset of letters associated to eac3r~ 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 IO
be evident to one ski7.xed in the art haw 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-xevel subsets shown in figure 42 is shown in figure 43. Figure
43 is a table of four columns arid four rows. The columns are labeled by
the input means activated at the first step, the rows by the symbols
associated to each input means at the second step. Thus, 20 . for instance,
if input means 23.00 is first activated, then at the second step, the
symbols ac will be associated to input means 214a, be to the input means
21.01, etc. This assignment is chosen to minimize Zookup exror and query
rates, given the constraints on subset 25 size described above. I'he lookup
error and query rates for this code are (1100,69) using oux reference
statistics. It is to be noted very carefully that in this example, the
letters in the first level. subsets are axraugeable in alphabetic ordering,
but the letters in 30 the second-level subsets are only partially
arrangeable xn alphabetic ordering. It was decided for this example 125
27 May 2003 to loosen the alphabet ordering constraint at the second level
in order to permit better query and lookup rates, and to produce a cads
which is as strongly touch typable as pOSSlb~.2. This shows that alphabetic
ordering can be optimized, or not, just 7.ike any other ergonomic
criterion, and that weighting of optimization properties can be different
at different levels in a mufti-levea ambiguous code. The advantage, aga~.n,
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 27.00-21p3 corresponding to first subset
containitxg the desired letter. The user then se7.ects one of the
second-level subsets by again activating one of the input means 21o4-2103
corresponding to a set of letters containing th desired letter. ' Figure
4~4 shows an example ~operat3.on of the device in which the user types the
letter e. With reference to f3.gure 42 we see that a is associated with
input means 210o by the first level code. The user. activates this input
means, and the display becomes that shown in figure 44. Now the letter a is
associated with the input means 27.01. When this input means is
manipulated) the letter a is output. The same sequence of manipulations of
input means serves also to select the letter b, so the code is ambiguous.
As in the other embodiments, which of the letters b or a is intended is
determined from context by a disambiguation mechanism. ins   27 May 2003
Words are entered by successively selecting the xequired letters in this
manner, and terminating the woz'd by act~.vation of the input means 2104
associated 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 o a one-hand/two-hand embodiment. More
explic~.tly, if one hand is used to indicate the first stroke of each
letter, and the second hand is used to indicate the second stroke, of each
14 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 j4]
could be the physical substrate upon which a one-hand/two-hand 



15 embodiment could be based. The code proposed by I4J is based on motion
sensors capable of sensing several positions per finger, to encode each
wetter unambiguously. This requires relatively sophisticated sensors.
ftowever, 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 addit3.on, a mach3.ne build
according to the teachings of this 25 imrention 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 3.etters. The hunt-and-peck
typist vasually scans the keyboard to find 30 a next letter arid then
presses the correspond.~.ng key. Scan time is determined by a number of
factors, inc3uding iz~   27 May 2003 the user's familiarity with the layout
of a keyboard_ The hunt-and-peck typist may know basically where the
desired key is, and is using visual scanning only for confirmation, or
precise localization. It is to improve i 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 ordering, pertain 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) These letters are the most
likely-to-be-selected letters at any given moment, and plac~.ng them in a
distinguished pos~,tion makes them easier to find. The principle is
analogous to the cache s used in some computer processors to store
recently-used data i.n registers where they can be gotten at quickly, under
the hypothesis that data recently used is more likely to be used aga~,n.
Here, letters are placed in cache not on~the basis of their recent use, but
on the basis of their like~.~.hood to be used newt, given the statistics of
the language. Still, the term "visual. cache" seems appropriate. One
embodiment of a visual cache will now be described ire the context of the
current embodiment. It s will be appreciated that this invent~.on permits a
wide variety of modifications without modification of its essential
quality, for instance, mod~.fications xn the size and location of the
cache, how the cache is orgax~ized, how it is 3abe7.led, and the like . ~2s



27 May 2003 From analysis of our standard statistics, we find that of the
letters Ia-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 Ig-1] 5 associated to input means 21.01 2101, "~." is the most
likely to be the first letter of a word, "o" the moat likely from Im-r]
associated with input means 21a2, arid "t" the most likely from the letters
Is-z] assoc~.ated to input means 2103. 10 Hy 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 single 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 d~.fferent color, 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 observation can be exploited to reduce scan time.
2S Figure 45 shows how tire 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". Hefore 30 the
first input means is activated, the display as shown 129   ' 27 May 2003 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 acxivated, 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 letters in the visual cache in upper case letters, while letters
riot in visual cache are displayed using lower-case letters. For I our
reference statistics, we find that 42 percent of first letters of words are
eithez 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-like~.y next letter changes as context is created by the
enter~.ng of the word. Thus, the letter selected to be cached should change
as a word is entered, and will depend on which word is being entered. In
the case of the word "th~.nk" The letter "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.
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 means (input means 2101 is
selected to begin entering the letter "h", there are onJ.y two possible
letters which form parts 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 means 5 manipulation for
entering the letter '~i", there is only one possible letter which could
have been intended if the user is in fact entering a word in the database.
In this case, then, a second input means manipulation is redundant, and the
letter "i" could be output immediately 10 after the first input means
manipu7.ation. Explicit disambiguation and iaputtiag of additional symbols.
Aa has already been pointed out, it ~.s generally desirable to provide a
completely unambiguous method for~inputting symbols in a typable dvice
based on 15 ambiguous codes. In the present ennbodiment, one simple way to
provide unambiguous input is by provision of an additional unambiguous
input means 2.05 shown in figure 41 in a position where it is easily
activatable by the thumb, which is the preferred position. Other positions,
30 however, could be chosen. zn 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 chose the 25 other, incorrect, symbol to which it is
paired. Any disambiguation software could generate a signal to indicate
which of the two symbols it v~ould choose were the corresponda.ng 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 13I
27 May 2003 chomen. if the letter to be chosen is not the desired letter,
the usex has'the option of activating the explicit disamb.~guation ixzput
means 2x05 shown in figure 41 to force the choice of the other, noni
highlighted symbol. An example use of this unamb~.guous text entr~r
mechanism is shown in figure 47. As in figures 45 and 45, this figure shows
how the word "thinly" is entered. Mere the fourth column~gives the letter
that would be' 1 output wexe the unambiguous input means 210a to be
activated after activation of the first and second input means used
t-o-enter the letters of the word "think". For examp3.e, ,if input means
220 and then input means 2107. had been activated to enter the letter "t",
then further activation of input means 2.05 would select the letter "u".
Then "u would become the first letter of the word. A11 possible letters can
be entered unambiguously in this way. When the second-leve3, sub~xets
conta3.n but one letter, this one fetter will be entered unambiguously 



1 ~ even without activation of the input means 2105, arid thus input means
21o5 is inapplicable. For the given code, the letters d,f,h,l,n, and p are
always entered unambiguously. Stxoag Touch Typabilitys Measurement and
Thresholds ' i Strong touch typablity is a new, inventive concept
deaerib3ng a defa.nite class of machines. The lareadth of this coacept has
been pointed out through a variety of embodiments placed near the
boundaries of this class, and thus indicating its extent. 332   27 May 2003
To further add definiteness to the disclosure of strong touch typability,
this section will present an alternative numerical characterization of
strong touch typability which w31.1 al7.ow the strong touch typability 5 of
any ambiguous code to be measured, and to thus decide a.f that code fails
within the scope of this invention or not. Language gtatigtics It has
a3.ready 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
numer~.ca7. 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 riumbsr, effective key number,
and comb3.ned 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 qwerty keyboard, the shift
key can be combined with any of the letter keys to form a capital letter,
therefore this keyboard has a chordi,ng key number of 28+26-1=S3, since the
shift key alone does not encode any symbols. Otherwise said, a keyboard
which 30 is fully equivalent to the minimal qwerty keyboard could be build
with S3 physical keys, each one encoding a sing~.e symbol, either an upper
case or a lower case I33   27 May 2003 



letter. Tndeed, some early typewriters were of this structure. Effective
key number: Ga.ven a set of symbols to represent in an ambiguous code, a
set of language statistics, and a number of physical keys, P, there exists
an optimal ambiguous code wh~.ch has the best possible lookup and query
rates, given that these are the only constraints on the code. Let us call
these rates P1 and Pq respectively. Any ambiguous code on any number of
physical keys will have an effective key number of P a.f 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 prfeetly
possible, and usually the Gage, that an ambiguous code on a physa.cal
number of keys P has an effect3.ve key number less than P. Combined
effective key number: it 3.s an experimental observation that the lookup
error rates and query rates of substantially optimal ambiguous codes are
substantially related by a powex law, as shown for example, by the
experimental results of figure 11. Here it is shown that for English, the
log of the sub9tantially optimal query rate is linearly related to the log
of the substantially optimal lookup fate . This observation allows us to
define a single number relat3.ng the lookup error rate acid 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 log-log plot. 134   27 May 2003 Consider,
for example, the standard ambiguous code. This code has (lookup error rate,
query rate) of (29,2.2). Projecting this point onto the best-fit line of
figure 11 and linearly interpolating, we find the value 5 S.96) Which is
thus the combined effective key number of the standard ambiguous code.
Though the standard ambiguous code is defined on 8 physical keys (and with
a chording key number also of 8, since no chording is involved), it is
eguivalent in ambiguity to a substantial 10 ~optima7. code on 5,96 physical
(or chording) keys. of course fractional physical keys are not poss~.b~.e
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 substantial. optimal with respect to these rates if its combined
effective key number is within 0.03. of its chording key number, if thexe
are no other ergonomic constraints on the system. ~1e can~also define a
precise, albeit arbitrary, threshold 25 for strong touch typability: an
ambiguous code for langlish can be defined as strongly touch typable if its
combined effective key number is at least ~0. We can extead this definition
to other languages by requiring that for a code to be strongly touch
typable, xt must 30 have a lookup error rate and a query rate greater than
ox equal to those of a strongly touch typable code for ' English. wince the
combined effective key number of the 135   27 May 2003 



standard ambiguous code is less than 10, it i.s not strongly touch typable
by the considerations'of this section. 5 By measuring the combined
effective key number, any ambiguous code can lae screened for possession of
the strong touch typahility propex'ty. For instance, the hybr~.d
chording/ambiguous code: ab a df a gi h ~k 1 ma n pqr s uv t wxz y
discussed above has 9 physical keys: the D 8 letter keys of the standard
telephone keypad plus 1 shift key. zt has a chortling key number of ~.6; it
is equ~.valent to an amba.guous code on 16 independent keys with no shift
key. Without application of a gap factor, ~.ts (lookup, query) rates are
(43I,21) coxxesponding 5 to a combined effective key number of 12.a. With a
gap factor of 500, this improves to (440,46), corresponding to a comba.ned
effective key number of 13.75. ~l~.th or without a gap factor, this code is
strongly touch typ~ble.~It should be noted that the D combined effective
key number is less than the chortling key number, still, this code ie
substantially opti.ma.i liven the additional constraint of alphabetic
ordering. In the same way, the one-handed hybrid chortling/ ambiguous code
embodiment has a code w~.th (lookup, query) 5 xates of (1100 g9), yielding
a combined effect3.ve key number of 15, though a.ts physical key number is
4 and its chortling key number is 1,6. It is a strongly touch typable code,
and the difference between the chordin~ key number and combined effective
key number is due to the 0 addit~.ona3. ergonomic cotrstraiat of alphabetic
ordering of the first-level code. Taking into account this additional
constraint, the code is substantially optimal. 13d   27 May 2003 By
contrast, the 14-physical key code of Fujitsu, pr. gt cr zk wj a a hi so ud
xf yta vl qb, has (lookup, quexy) 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 7.0. 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. 15 I=~t~~,rature Cited L1~
http:/www.fujitsu.co.jpjhypertext/news/1996/Jun/mstxt.html
http:/www.fujitsu.co.jp/hypertext/news/1998/May/27-e.html 20
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5,83.8,437 Reduced keyboard disambiguating computer. US5818437, Oct 6, 1998
[3] Reduced keyboard disambiguationg system, PCT/US98/01307; W09$/33111 25
~ [4] "Body Coup~.ed Fingering": Wireless Wearable Keyboard, CHI 97
Electronic Publications: papers, by FUKCIMOTO, Masaaki and T4NOMURA,
Yoshinobu NTT Human 



Interface vaboratories 1-1 Hikari-no-oka, Yokosuka-shi, 137   27 May 2003
Kanagawa-ken, 239 JAPAN web reference:
h~tp://www.acm.org/turing/sigs/sigchi/cha.97/
proceedings/paper/fkm.htm#U2~.. 138   27 May 2003 What is claimed i5: 1. A
typable device comprising: an input mechanism responsive to user
manipulation to generate sequences of encoding symbols; a strongly touch
typable ambiguous code mechanism which maps the sequences of encoding
symbals~to sequences 5 of decoding symbols; and axe output mechanism which
selectively outputs sequences of decoding symbols ~.n 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 i.ixput mechanisnn, and further
comprising a communicatex to 5 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 signals by said ambiguous code mechanism. 3. The
typable devise of claim 1 wherein said strongly touch typable ambiguous
code is an optimized ambiguous code, optimized with respect to ergonomic
criterion including at least one of query rate, lookup error, anatomic
fidelity, physiological fidelity, partition structure, consex-vati,vn of
convention, crossplatfarm compatibility, regularity of layout, and scan
time_ 139  



' ' ~, 27 May 2003 The typable device of claim 3 wherein said vptimi2ed
ambiguous code ~.s substantially optimal. 5. The typable device of claim 3
wherein one of said optimized ergonomic criteria is coherence with 5
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 compr3ing an association of non-letter symbols t0 with a first
plurality of a ~ non-letter inputs, and letter symbols with a second
plurality of 8 letter and non-letter inputs. 6. The typab~.e device of
claim 5 wherein at least one other of said optimized ergonomic criteria is
selected from the group consisting of query rate, lookup error, anatomic
idel~.ty, and physiological fidelity, and 5 wherein the typable device
further comprises at least one chord3.ng input device, the at Least one
chording input device be~Lxig an auxiliary input and said non-letter input
device conventionally associated with the symbols o,i, *, and #, said
chording input device being operable in 0 sequence or in substantial
simultaneity with an input selected from said second plurality of inputs
associated with letter symbols such that a subset of 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 operation of one
of said letter and non-letter inputs a~.one associates a subset of
corresponding letters with 140   27 May 2003 encod~.ng symbols, while
operation of the same letter and 5 non-letter 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. 8.
The typable device of claim 7 wherein operation 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 correspond~,ng 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. 1b . The typable device of claim 1 further comprising a first
subset of primary inputs and a secaz~d subset of secondary inputs, and
wherein said ambiguous code is a mult~.-level ambiguous code wherein a
first 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 input's including a plurality of statistically
significant symbol inputs for encoding a plurality of statistically
significant symbols, said plurality of statistically 5 significant symbol
inputs being of cardinality less than 141   27 May 2003 the cardinality of
said plurality of statietica3.xy significant symbols whereby at least one
of the members of said plurality of ~,tatistically significant symbol
inputs is set in correspondence to more than one of said statistically
significant symbols, and wherein said correspondence is chosen such that
paid typable device is strongly touch typable.  12. The typable device of
claim 11 wherein said corxespoadertce satisfies at least one ergonomic
criteria including quexy rate, lookup error, anatomic fidelity, 



physiological fidelity, partition structure, and wherein i coherence with
convention of said correspandenee is substantially optimal. ~.3. The
typable device of claim 7. wherea.n said strongly touch typable ambiguous
code mechanism has a guery xate of at least 10 woxds per query and a lookup
rate of at least 108 words per lookup, relative to i statistics drawn from
a corpus of text which is substantially representative of the language and
contains at least 10 million Words. 14. The typable device of claim 1
wherein said input mechanism has a substantially qwerty-like layout. ~.5.
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. 142   27 May 2003 16. The typable device of claim 1
wherein said strongly touch typable code has a substantially alphabetic
layout. 17. The typable device of claim 1 Wherein said strongly touch
typab3.e code is simultaneous~.y 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 query rate and lookup rate
within 5 percent of the best possible code for a given nutaber 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. 2o
. The typable device of claim 3. further comprising a mechanism to relate
the location of sa~.d device on a surface to locations on a computer
dzsplay, and wherein the decoding symbols associated to each of 5 said
inputs are a function of said locations on said computer display. 21. The
typable device of claim 20 further comprising a thumb actuatable input, a
palm grip, and a da.splay, 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 143   27 May 2003 pressure frond the palm
while the hand is in a comfortable position for typing, and said display
being effective to display the set of symbols currently associated with
said input. 22. The typable device of claim ~, further comprising four
substantially same--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 claim 1 wherein a
subset of said input mechanism is of cardinality 13, and said strongly
touch typab~.e analogous mechanism code maps at least two of the letters
a-z to each of said subset of inputs, whereby said typable device 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 saa.d inputs is ssuch that said assignment admits a substantially
physiologically optimal layout. 2S. The typable device of claim 3. wherein.
said inputs are laid out in standard numeric keypad format. 25. The typable
device of claim 1 wherein said strongly touch typable ambiguous code
mechanism is a mufti-level ambiguous code mechanism. 1~   27 May 2003 27.
The typabl.e device of claim 26 further comprising a plurality of primary
inputs and wherea,n said mu3.ti-level ambigupus code mechanism comprises a
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 fxom said first-level ambiguous code and a second manipulation of one
ef saxd primary input means selects an encoding 



symbol drawn from said second-level ambiguous code. 28. The typable device
of claim 27 wherein said typable device is a hand-held typable dev$ce and
said _ p~.urality of primary inputs is of cardinality 4 whereby said
primary inputs axe 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. 3D. The typable device of
claim 29 wherein said mufti-~.evel ambiguous code mechanism is optimized
with respect to lookup error and query error, said fa.rst-level code is
optimised with respect to alphabetic ordexing, r and said second-level code
is optimized with respect to substantial a3phabet~.c ordering, and evenness
of partition. I45   27 May 2003 31. The typable device of claim 3D 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 order on at least one
of said display whereby scan time . is reduced, and wherein said at least
one most probable S symbol is disp~.ayed 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 .i.nputs, manipulation of
said secondary inputs bea,ng operative to generate unambiguously coded
symbols. 34. A method for creating a typable device comprising the steps
of: selecting decoding symbols td be represented in a mufti-level.
ambiguous code, said mufti-level ambiguous code comprising a first-level
ambiguous'code and a 5 seoond-level ambiguous code, se~.ecting an ergonomic
criterion to be optimized for said mufti-level ambiguous code, dividing
saa.d selected decoding symbols into second-level subsets, 



10 assigning a second-level encoding sxmbol to each said second-level
subset so that said selected ergonomic criterion is optimized, collecting
said second-level. encoding symbols into groups such that a second
ergonomic criterion, possibly i46   27 May 2003 1S identical to said
ergonomic criterion to be optimized for the muffs-level code, is optimized,
assigning a first-level encoding symbol to each of said groups, whereby an
optimized mufti-level, ambiguous code relating second-level encoding
symbo7.s and 20 first-level encoding symbols is created, and embodying said
mufti-level code in a typable devise. 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 mufti-level. node, 5 selecting query error as a second ergonomic
criterion of said mufti-level code, selecting lookup erxor as a third
ergonomic criterion of said mufti-level code, fixing the number of
first-level~encod~.ng symbols at 10 ~4 whereby anatomic fidelity) a first
ergonomic Criterion of said first-level. 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 15 simultaneously with anatomic fidelity, a second ergonomic
criterion of said second-level code, selecting alphabetic ordering as a
second ergonomic criterion o~ said first-level code, selecting substantial.
alphabetic ordering as a thixd 20 ergonomic criterion of said second-level
code. 



147   27 May 2003 37. A method for the optimized constxwation of
at~ebiguous codes comprising the steps of ; a) selecting a set of strong7.y
statistically correlated decoding symbols, comprising the substeps of: 5
galecting a set o reference statistics, and analyzing the statistical,
correlation of symbols relative to said reference statistics, b) selecting
a disambiguation mechanism, c) selecting the number of encoding symbols) 10
d) selecting a set of ergonomic criteria, e) weighting said ergonomic
criteria relative to each other, f3 selecting an optimization method, and
g) applying the optimization method. 38. The method of claim 37 wherein
Said step of app7.ying the optimization method comprises the steps of: 1.
choosing a starting code from a set of candidate codes, S 2. ass3.gning
said starting cads to be a current code and a current best code, 3.
generating a set of neva codes from said current code by pertubation of
said current code by i48   27 May 2003 pairwise permutations of the
assignment of 10 symboxs to keys, preferably alI possible pa~,rwise
permutatons, 4) measuring the properties of each o said new codes, 5)
checking if a stopping criterion has been 



15 reached, such as a critera~on 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 beat 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 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,
assigning said current code 30 to be a code selected at random from said
set of new codes, and ~.0) repeating said steps in sequence, beginning with
said step of generating a set of new codes. 149   I' 27 May 2003 39. The
method of claim 3? wherGirt said step of selecting a set of ergonomic
criterza comprises the steps of selecting a lookup error as az~ ergonotrde
criteria and selecting a query error as an ergonomic criterion, the 5
method further comprising the steps of: 1) defining strong touch
typaba.lity by acceptable quantitative values of lookup error rate and
query rate, 2) determining the minimal number of keys required such that
using said minimal number of keys and said optimization method and
acceptable quantitative valus of lookup error rate and query rate may be
achieved, 3) determi,aing the maximal number of keys allowable given the
design of a target typable device, and 4) if said maxa.mal number of keys
is less than said minimal number of keys, then execut~.ng said step of
applying an optimization method. 44. The method of claim 3? further
comprising the eaa.d step of selecting a reduced-ambiguity code which
comprises the steps of: 



5 1) seleetirtg a symbol set to be represented in an ergonomic code, I50
27 May 2003 WO QD/35091 PCTNS991Z9343 2) selecting a measuxe of code
ergonomics, 3) selecting the cardinality 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, S) analyzing the statistics of the reference sequences to construct
data for the measure of 1~ . code ergonomics, and 6) ~searchfng the set of
possible codes fox a code with a substantially optimal value of the measure
of code ergonomics. 41. A method for cominunicatzng a symbol. sequence
using a reduced-ambiguity code comprising the steps of: 1) selecting a
reduced-ambiguity code, 5 ~) 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 receiver) and ' ISI   27 May 2003 10 4) at
the receiver, computing a plurality of pxobable decodings of said sequence
of code elements) 42. A typable device comprising: a plurality of
aetuatable keys fox inputting information, each of the plurality of keys
having a plurality of codes associated therewith, wherein in order 5 to
designate a fixst code of the plurality of nodes associated with a
particular one of the plura7.ity of keys, at least two keys o~ the
plurality of keys are actuated. and whxein to designate second or third
nodes 



of the plurality nodes associated with the particular one 10 of the
plurality of keys) actuating only the particular key, and aia, ambiguous
input mechanism wh3.ch determines) based upon subseclraent actuations of
the plura7.ity of keys, whether the second or third code is ~.ntendad when
only IS the particular key of the plurality of keys is actuated. 43. The
typable device according to olaim 42, whexein the at least two keys
includes at least one auxiliary key and at least one alphaxxumeric key. 44.
The typable device according to claim 42, wherein the at least two keys
corresponds to either an auxil5.ary key and an alphanumeric key o~ two
alphanumeric keys. 152   27 May 2003 45. The typable device according ~o
claim 42, where~.n each alphanumeric key has fine number and at least two
letters assoaxated therewith. 46. The typable device according to claim 42,
wherein each alphanumeric key has one number and at least three letters
associated therewith. 153 .Ay.L.A9;s.A&L.AN`_.A9.A;
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