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Section
Name Main Features Heading
Smart | display/keyboard arrangements; block- Simart card on
{ Card based disambiguation-no CPU;minimal 9-16 keys
" memory requirements
Steering § Query Error dominant; typable w/o remov- A typable
Wheel ing hands from the steering wheel device for a
vehicle
Opti- strongly touch typable; non-alphabetic Phone key-
mal order; uniform partition pads compati-
Phone ble...
| Keypad ‘
Alpha- ] Preserve conventional criterion: alphabetic  Telephone
betic ordering; non-uniform partition keypad in
Phone alphabetic
Keypad order
Preserve conventional criterion: Qwerty Qwerty-like
Qwerty- § layout, partially or completely; Gestural Keyboards
like conservation; Strongly touch typable
Key-
boards
platform compatible, may use numeric Nusmeric
Numeric § keypad and arrow keys Keypad-like
Keypad Keyboards
13-let-  § across platforms; ambigoous and unambig-  ...advantages
ter-key  § uous operation; compatibility with standard  of 13-letter-
code kevbosard; strongly touch typable key codes
Touch- § General mechanism to permit queries aris-  Touch-typing |
type ing from ambiguous codes to be oriented gue-
Query- § “answered” in a stereotypical manner, rying
g
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1 Mouse- | cross-platform gestural conservation; {onservation
| Key- device for mixed text/gesture input; one-or  of design...

i beard two-hand favored designs; target-depen-
dent mode selection; reduction of typing
Uy
Fold- Multi-use design macde possible by opti- Foldable
able mai, strongly touch typable ambiguous PDA
PDA codes
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TOUCH-TYPABLE DEVICES BASED ON
AMBIGUOUS CODES AND METHODS TO
DESIGN SUCH DEVICES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This application claims the benefit of Provisional Applica-
tion No. 60/111,665, filed Dec. 10, 1998.

FIELD OF INVENTION

This invention relates to the design of touch-typable
devices, and the use of touch-typable devices in computing
and telecommunications, and more particularly to touch-
typable devices based on strongly touch-typable ambiguous
codes and substantially optimal ambiguous codes.

BACKGROUND OF THE INVENTION

Since the invention of the typewriter more than 100 years
ago, keyboard engineering has been an active field of research
and development, resulting in many competing designs. With
the growth of personal computing and 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. None-
theless, 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 prob-
lems they are trying to solve. It also reflects the lack of
general, effective methods for optimizing with respect to
these constraints. The present state of the art is thus repre-
sented by a plethora of partial solutions. These ills are cured
by the keyboard design methods taught by the present inven-
tion. To illustrate the many facets of this invention, the opti-
mizing methods are applied to the design of a variety of
device embodiments, each preferred as the substantially opti-
mal solution of a given set of design constraints.

The instant invention relates to touch-typable 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
keyboard (and its close variants such as the Azerty keyboard
used in France) owes its dominance to ingraining and over-
learning 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 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 for handheld and smaller typable
devices. The advent of such devices opens a niche for key-
board 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 ten-
dency of repetitive motor patterns to become fixed. This pros-
pect imposes an enormous burden of responsibility on key-
board 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 encode a
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given set of symbols 1) chording methods, in which a com-
bination of input means are activated to encode each symbol,
and 2) ambiguous codes, in which a combination of symbols
are encoded by each input means. Chording methods have not
met with practical success since they have been heretofore
difficult to learn to operate, and few are willing to make the
time investment required. Thus, only ambiguous codes, or
ambiguous codes in combination with chording methods,
hold any real promise as a solution to this problem.

OBIECTS OF THE INVENTION

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

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

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

A further object of this invention is to enable sending
alphanumeric messages from ordinary phones or two-way
pagers to other such devices, without human intervention, and
thus inexpensively.

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

A further object of this invention is to provide keyboards
which are typable by the driver of a vehicle without unnec-
essarily distracting the driver.

A further object of this invention is to provide for typable
communication devices which are inexpensive to manufac-
ture and work with standard telephone communication sys-
tems.

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

A further object of this invention is to provide general
methods to produce ambiguous codes which have a substan-
tially minimal lookup error rate.

A further object of this invention is to provide general
methods to produce ambiguous codes which have a substan-
tially minimal query error rate.

A further object of this invention is to provide a device to
reduce typing injuries.

A further object of this invention is to provide a handheld
computing device which is twice foldable.

A further object of this invention is to provide a one-handed
keypad suitable for implementation on a handheld computer.

A further object of this invention is to provide a one- and
two-handed 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 easily learn-
able chording keyboards.

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

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

A further object of this invention is to provide a touch-
typing-oriented disambiguation mode for typable devices
embodying ambiguous codes.
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A further object of this invention is to provide a hybrid
chording/ambiguous code keyboard fully compatible with
the standard telephone keyboard.

A further object of this invention is to provide ergonomic
assignments of symbols to modes.

A further object of this invention is to provide a substan-
tially transparent touch-typable interface for typable devices
comprising touch screens.

A further object of this invention is to provide optimization
across a set of natural languages.

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 described in
the detailed description below.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 shows an overview of the optimization consider-
ations for producing a typable device according to the present
invention.

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

FIG. 3 shows a flowchart for the construction of ambiguous
codes satisfying at least one constraint, and optimized with
respect to these constraints.

FIG. 4 shows a flow chart of particular embodiment of the
method of FIG. 3 using a random search optimization
method.

FIG. 5 shows the distribution of lookup error probability
for randomly chosen ambiguous codes on several selected
keys.

FIG. 6 shows the distribution of query probability for ran-
domly chosen ambiguous codes on several selected number
of keys.

FIG. 7 shows a flow chart for directed random walk opti-
mization.

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

FIG. 9 plots lookup error rate vs. number of keys for
randomly chosen, and substantially optimized ambiguous
codes.

FIG. 10 plots query error rate vs. number of keys for
randomly chosen substantially optimized ambiguous codes.

FIG. 11 shows lookup error rate vs. query error rate for
some substantially optimized ambiguous codes on a range of
number of keys.

FIG. 12 shows a table relating levels of strong touch typa-
bility to the number of keys required to achieve that level, for
several different optimization methods.

FIG. 13 shows a flow chart of the method for synthesizing
encoding symbols.

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 and their major fea-
tures is shown in FIG. 14.

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

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

FIG. 17 shows a keyboard embedded in a steering wheel.
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FIG. 18 shows a telephone with a substantially optimal
code on 10 keys.

FIG. 19 shows an example reduced-ambiguity alphabeti-
cally ordered ambiguous code in application to a portable
telephone.

FIG. 20 shows a Qwerty-like keyboard, optimized with
respect to lookup error rate and query error rate, while
respecting the ordering of letters on each row of the Qwerty
keyboard.

FIG. 21 shows an alternate Qwerty-like keyboard.

FIG. 22 shows an ambiguous keyboard embodied in a
standard numeric keypad layout.

FIG. 23 shows a n ergonomic touch-typing-oriented dis-
ambiguation mechanism.

FIG. 24 shows a flow chart for a method to allow queries to
be answered in a touch-typing oriented manner.

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

FIG. 26 shows a two-handed embodiment of a keyboard
designed for conservation of typing skills between one-hand
ed and two-handed keyboards. In this case, the two-handed
keyboard is weighted for maximum similarity in typing
motions between the two keyboards.

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

FIG. 28 shows an integrated mouse/keyboard.

FIG. 29 shows a top view of a twice-foldable information
appliance in the unfolded state.

FIG. 30 shows a bottom view of a twice-foldable informa-
tion appliance in the unfolded state.

FIG. 31 shows a twice-foldable information appliance in
the once-folded state, revealing an additional functionality.

FIG. 32 shows a twice-foldable information appliance in
the twice-folded state, revealing yet another functionality.

FIG. 33 shows a twice-foldable information appliance in a
detached state, allowing two-handed typing.

FIG. 34 shows a typical personal digital assistant with a
touch screen.

FIG. 35 shows a typical personal digital assistant with a
potentially transparent keyboard.

FIGS. 36A, B and C show three modes for a 16-key key-
board.

FIG. 37 shows a standard telephone layout.

FIG. 38 shows a hybrid chording/ambiguous code key-
board embodied in a telephone.

FIG. 39 shows the distribution of lookup error rates and
query error rates for all hybrid chording/ambiguous codes of
a specified structure, compared to the lookup and query error
rate of the standard ambiguous code.

FIG. 40 shows a flow chart for the creation of multi-level
strongly touch-typable ambiguous codes.

FIG. 41 shows a flowchart for the creation of a specific
embodiment of a multi-level strongly touchable ambiguous
code.

FIG. 42 shows a typable device suitable for implementa-
tion of the multi-level ambiguous code of FIG. 41.

FIG. 43 shows the device of FIG. 42, operating to display
the first level of a multi-level ambiguous code.

FIG. 44 shows the second-level code of a multi-level
ambiguous code.

FIG. 45 shows the device of FIG. 42 operating to display
part of the second level code of a multi-level ambiguous code.
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FIG. 46 shows the sequence of operating states of the
device of FIG. 42 while used in combination with a multi-
level ambiguous code to type the word “think”.

FIG. 47, like FIG. 46, shows the operating states of the
device of FIG. 42 while used in combination with a multi-
level ambiguous code to type the word “think™. In this case,
however, the operation of a visual cache to reduce scan time
is show as well.

FIG. 48 shows the operation of a unambiguous selector to
select the unique alternate of a predicted letter, when there are
two letters per key.

FIG. 49 shows the structure of a general ambiguous code,
mapping sequences of encoding symbols to sequences of
decoding symbols.

FIG. 50 shows a max-2 to max-1 ambiguous code in which
a sequence at most of length 2 of encoding symbols maps to
sequences of decoding symbols of length 1.

FIG. 51 shows a max-2 to max-1 ambiguous code where
the length-2 sequences consist of a combining encoding sym-
bol and a key-assigned encoding symbols; Decoding symbols
are assigned to the same key as the encoding symbol with the
corresponding index.

FIG. 52 shows a max-2 to max-1 ambiguous code, where
the length-2 sequences consist of a combining symbol and a
key-assigned encoding symbol, the decoding symbols are the
letters a-z and the explicitly selected letters, selected from the
set of letters on each of the keys in the standard telephone
keypad, are the letters ¢, e, h, 1, n, s, t, and y.

FIG. 53 shows the maximally touch-typable region
(shaded) in the lookup error, query error plane.

DETAILED DESCRIPTION OF THE INVENTION

Definitions and Basic Notions

This section collects definitions of words and concepts
which will be used in the following detailed specification.
Language Given a set of symbols, one can construct

sequences of symbols, and assign probabilities to the

sequences. The set of symbols, sequences of symbols, and
the probabilities assigned to the sequences will be referred
to here as a language. For clarity of discussion, and without
limiting the scope of this invention, the languages we will
refer to are written natural languages, such as English, and
though for concreteness we may refer to symbols as “let-
ters” or “punctuation”, it will be understood by those of
ordinary skill in the art that symbols in this discussion may
be any discrete unit of writing, including standard symbols
such as Chinese ideograms or invented symbols such as the
name of the artist formerly known as Prince.
Keyboard/Input Means A keyboard is a component of a com-
munications and/or computing device which transforms
physical movement by an operator into symbol sequences.

Keyboards comprise at least one input means which is

responsible for 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
typically in the form of motion of fingers and/or thumb or of
a hand-held stylus. This definition extends to other bodily
motions, such as head, tongue, or eye motions which might
serve to signal a choice of symbol from the keyboard. A
device comprising a keyboard according to this definition will
be referred to as a typable device.

By “typable device” we understand not just the physical
device containing the keyboard, but the entire communication
system in which this typable device is embedded, the limits of
that system defined by dependence on the underlying
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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.
In more general cases, in which for example the typable
device includes a telephone handset sending information to a
central computer, the central computer begin responsible for
decoding or otherwise acting on the textual information com-
municated from the handset, then the “typable device” must
be understood to include the 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 of the at least one input
means comprised in a keyboard can take a wide variety of
physical manifestations. The essential feature of an input
means is that it permits an operator to select a subset from the
set of symbols to be encoded by the keyboard. With this
appreciation, and in order to increase the readability of this
present specification, the word “key” will often be used inter-
changeably with the words “input means”.

Typing is the process of sequentially selecting at least one
input means in order to select sequences of subsets of
symbols from the set of symbols which can be encoded by
the keyboard. It is to be appreciated that well-known hand-
writing recognition software permits a kind of typing in
which the input means translates a collection of drawing
motions into the selection of a subset of a set of symbols.

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

Strongly correlated symbols and symbol sequences It is well
known that different letters appear in words with different
frequencies. For instance, in the previous sentence, the
letter “e” appeared 11 times, while the letter “z” did not
appear at all. This is also true of pairs of letters, triples of
letters, and so on. It is a related fact that words do not all
occur with the same frequency. The 3-letter word “the” is
very common in English, while the 3-letter word “zap” is
rather uncommon. These statistical irregularities can be
used in the design of ambiguous codes. Indeed, statistical
irregularities have been exploited in keyboard design at
least since the invention of Qwerty.

We are particularly concerned with symbols and symbol
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 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 length is not random in typical text. In
Hebrew, the symbol “.” is correlated as well with particular
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.

Reference Statistics The reference statistics on symbols
sequences used to measure the correlation between sym-
bols are 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 prob-
lems in constructing corpora to represent general features
of'a language, as opposed to features pertaining to particu-
lar classes of text or particular types of writers. These
problems are beyond the scope of the present invention.
Here we refer throughout to a set of reference statistics
gleaned from analysis of the British National Corpus, one
of'the largest corpora existing at the present time for analy-
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sis 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
choice should be construed as 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.

Encodings and Decodings In the United States, the keys on a
telephone keypad are often labeled with letters as well as
numbers, typically with the key corresponding to the num-
ber 2 also corresponding to the letters a, b, and c, the key
corresponding to the number 3 also 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
sequence 233 also corresponds to the letter sequences add,
bee, and bed, all of which are English words, as well as
various meaningless letter sequences such as cff. Here, a
sequence is considered to have meaning if it appears in a
reference list of meaningful sequences. Thus all of these letter
sequences, meaningful or not, are associated with the same
digit sequence. We will say that the sequence of key presses
233 is an encoding and the sequences add, bee bed, eff and so
on are decodings of the encoding 233. When no confusion
will arise, “decodings” may be used to mean “meaningful
decodings”. The set of symbols used in decodings, in this
example, letters in the alphabet, will be referred to as decod-
ing 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 encoding symbols.

Ambiguous codes Ambiguous codes as such are well known
in the art. On the standard telephone keypad used in the
United States, there are 12 keys, 10 of which encode a digit,
and several of these, typically 8, encode in addition 3 or 4
letters of the alphabet, arranged in alphabetic order. These
assignments produce an ambiguous code which we will
call the standard ambiguous code. This code is abc def ghi
jkl mno pqrs tuv wxyz.

Since several letters are encoded on each key, some method
of'disambiguation must be used to decide which of the several
letters is intended by the operator. In typical applications,
such as a voice response system, the intended letter is found
by comparing the input sequence with a list of stored
responses. In the event that several of the stored responses
correspond to the 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,
ormay depend on the frequency by which each response is the
correct response, with the responses presented in decreasing
order of frequency.

Standard keyboards. There are essentially three standard key-
boards in wide use: the Qwerty keyboard and its close
variants, the 12-key telephone keypad and the typically
17-key numeric keypad and its close variants. It is a unique
advantage of this invention to provide keying methods
useful both on the standard telephone and numeric key-
pads, as well as on a specially designed keypads disclosed
here in.

Strong touch typability A device with fixed symbol assign-
ments is a device in which the assignment of symbols to
keys is essentially fixed; only relative to such a device can
a typist develop physical reflexes for encoding particular
symbols using particular motor patterns. We will say that a
typable device is strongly touch typable if it 1) has fixed
symbol assignments, 2) is based on an amoiguous code,
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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.

Strong touch typability is a matter of degree; itis a measure
of'touch typability which depends on a host of factors, some
pertaining to the individual typists, some pertaining to the
uses to which the typable device will be typically put, and
some pertaining to the structure of the typable device it self.
Even for a given typist, a given typable device may be suffi-
ciently strongly touch typable for some typing tasks, but not
for others.

Itis to be appreciated that the accuracy of the text produced
depend on a number of factors, including:

the disambiguation means,

the context of the use of the machine, for instance while

driving or while sitting at a desk,

the kind of text to be typed, which determines 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 toe user is drawn to the

disambiguation mechanism (for instance, a voice-syn-
thesis mechanism which speaks the words or words in a
query to the user may or may not be more distracting
than a bell or a flashing light).

Though strong touch typability, like temperature, is a
mailer of a degree, it is, like temperature, perfectly well-
defined. The strong touch typability of a typable device can be
quantitatively measured, with respect to any user or group of
users, once these various factors are fixed, using standard
experimental protocols, well-known to those skilled in the art.
Furthermore, two aspects of strong touch typability can be
measured directly from an ambiguous code: lookup error and
query error. Thus, numerical values of strong touch typability
can be assigned without any direct reference to a population
of users, but only with reference to the ambiguous code in
question.

Like temperature, there is a lower bound to strong touch-
typability. It is clear that a device which requires user inter-
vention after every word or even after every three words in
order to disambiguate cannot be considered strongly touch-
typable with respect to any typist engaged in any task. The
lower bound of strong touch typability can be expressed in
terms of continuity of attention. If a user’s attention must be
substantially continually focused on the operation of the dis-
ambiguation mechanism to produce acceptable text then the
device is not strongly touch typable.

The practical lower bound of strong touch typability per-
tains to a user of average skill in the art of touch typing, and
is higher than the theoretical lower bound just described. In
order to bring numerical as well as conceptual precision and
definiteness to the inventive notion of strong touch typability,
numerical values are assigned to strong touch typability in
terms of values of lookup error and query error. This numeri-
cal characterization serves to further distinctly point out the
differences between the inventive methods and devices of the
present disclosure and all prior art methods and devices.

A strongly touch typable ambiguous code is an ambiguous
code on which strongly touch typable devices may be based.
Feedback Devices In devices which permit the user to inter-

vene at various points in the decoding of symbol sequences
generated using ambiguous codes, some manner of sen-
sory feedback to the user is required. Typically, this feed-
back will be in the form of a graphical representation of
symbols, however, feedback could take many forms, such
as auditory, tactile, or even olfactory or gustatory.
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Constraints Design of keyboards implementing ambiguous
codes involves satisfying many constraints. These may
include reduction of lookup error rate, reduction of query
error 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 partition structure, anatomic
fidelity, conservation of conventional gestures, learnabil-
ity, minimal mode-changing key use, partition structure,
compatibility between one- and two-handed typing, and
conservation of conventions such as alphabetic ordering.
Other constraints include: the ergonomics of disambigua-
tion mechanisms, 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 disambigu-
ation mechanism which disambiguates by systematically
selecting the most-probable (meaningful) decoding from
the set of possible decodings of an ambiguous sequence.
Thus, the lookup error rate of a code is the sum, over all
possible decodings which are not the most probable decod-
ing of an ambiguous sequence, of the reference probability
of the possible decodings. In the case of word-based dis-
ambiguation, these sequences begin and end with a “space”
symbol, that is, are words. Lookup error is the probability
that the most-likely decoding is not the correct one. The
lookup error is conveniently expressed as a rate, the lookup
error rate, in units of words per lookup error. The lookup
error rate is the reciprocal of the lookup error probability.

Query error is the sum, over all (meaningful) decodings
which are not unique (meaningful) decodings, of the ref-
erence probability of said decodings. This gives the prob-
ability that a given word will have more than one meaning-
ful decoding, and therefore a query must be made of the
user as to decide which of these decodings to use. The
reciprocal of the query error is the query error rate,
expressed in units of words per query. The query error rate
gives the average number of words entered between que-
ries.

Substantial Optimality A code will be said to be substantially
optimal with respect to a property if it is among the best
codes with respect to that property given other constraints
imposed on the code. For example, 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 keys may be substantially
optimal with respect to the lookup error rate given the
constraint that the code be on 2 keys. Substantially optimal
constrained codes will be defined as codes which are
simultaneously substantially optimal with respect to each
of a collection of constraints. Such constraints include but
are not limited to key number, lookup error rate and query
error rate. For these three constraints, pairs of constraints
are correlated. Lookup error rates tends to increase with
query error rate, and both lookup error and query error rates
tend to increase as key number decreases. The best value
possible for a given constraint when this given constraint is
the sole optimization constraint may be better than the best
possible value obtainable when some other constraint must
be optimized as well. Thus, the constraints relevant to a
given design must be decided upon and their importance
weighted as an initial step of the optimization methods
taught by this invention.

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

respect to the constructed statistics.

Given a set of reference statistics, an estimate of the opti-
mality of a given code can be obtained from experiments
comprising the generation of random codes, as well be dis-
cussed in more detail below.

Disambiguation Methods Substantial optimality for ambigu-
ous codes is well defined only in reference to a chosen
disambiguation method. A code which is substantially
optimal with respect to one disambiguation 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 context-based disambiguation.
In word-based disambiguation, a list of words along with
their probabilities is used to choose among alternate decod-
ings 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 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 context-based disambiguation meth-
ods are special cases of a more general framework, which we
will call sequence-based disambiguation, in which a database
of sequences of encoding symbols and of decoding symbols
is associated with a probability, and disambiguation is
effected by reference to this database. It is to be noted that the
“space” symbol which defines word boundaries in languages
such as English is for the purposes of this discussion no
different from any other unambiguous symbol. One can
define a list of sequences and sequence probabilities in which
said sequences include the “space” symbol, and thus extend
beyond word boundaries. One can go further and define
sequences which include a wildcard symbol and thus define
lists of sequences which contain arbitrary subsequences,
which subsequences may or may not correspond to words in
the language. In this way, arbitrarily complex representations
of'alanguage can be built up, and can be used in a disambigu-
ation method. For instance, syntactic and semantic relation-
ships between subsequences can be brought in to resolve
conflicts between possible interpretations in terms of decod-
ing symbols of an ambiguously coded sequence of encoding
symbols. For clarity, we focus this specification on well-
known word-based disambiguation, unless otherwise speci-
fied. It will be appreciated by those skilled in the art that the
methods taught by this invention do not depend on word-
based disambiguation; any other disambiguation method can
be used.

Partitions A partition of an integer n is a set of integers such
that the sum of the elements of the set is equal to n. Typi-
cally, a given integer admits many partitions, e.g. the inte-
ger 5 has the partition 3:2, but also the partition 2:2:1.
Algorithms for generating all the partitions of an integer
are well known to those skilled in the art. Most prior art
codes use an even-as-possible partition. That is, a partition
in which, to the extent possible given the number ofkeys 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 choice is a sensible choice with respect to some
constraints, it may be sub-optimal with respect to others.
There are two genera of ambiguous codes for which exclu-

sive rights are herein claimed. These are 1) strongly touch-

typable ambiguous codes, and 2) substantially optimal
ambiguous codes. Ambiguous codes may be substantially
optimal but not strongly touch typable, strongly touch typable
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but not substantially optimal, neither substantially optimal

nor strongly touch typable, or both substantially optimal and

strongly touch typable.

The disclosure begins by pointing out how to make
ambiguous codes in both of these genera, and identifying
whether a code is contained in either of the genera. It then
explains how to use codes in both of these genera to make
typable devices, and how these codes may be used to solve
various design problems confronting the designer of typable
devices.

The best mode for practicing this invention depends on the
constellation of design constraints which are to be optimized
according to the teachings of the invention. Thus, several
particular, practically relevant and useful, situations are cho-
sen to illustrate the range of the methods and devices taught
by the present invention.

The range of machines which can be built by persons
skilled in the art according to the teachings of this invention
extends considerably beyond the specifics of the preferred
embodiments presented herein. Various extreme or particular
cases of design constraints are solved in these embodiments.
Given the teachings embodied in these cases, it will be clear
to one skilled in the art how to combine features appropriately
in order to solve intermediate or hybrid design problems.

One embodiment is optimized with respect to lookup error
rate exclusively. This embodiment is designed for a machine
with limited memory and computing power, such as a smart
card. With such a machine, computing resources may not be
available to support a complex querying mechanism for user
activation of disambiguation.

Thus this machine uses one of the simplest possible dis-
ambiguation mechanisms, which comprises systematic selec-
tion of the most-probable decoding symbol sequence corre-
sponding to any given encoding symbol sequence.

Another embodiment is optimized with respect to query
error rate exclusively. This embodiment is designed for use by
the driver of a vehicle, such as an automobile. Though com-
puting power may be available to support a complex querying
mechanism, use of such mechanism should be kept to a mini-
mum, so as to distract the driver as little as possible from
driving.

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

Another embodiment is optimized with respect to the con-
straint of conservation of a convention-:
preservation of alphabetic order.

Letters are arranged on the standard touch-tone keypad in
alphabetic order. It is possible to preserve the alphabetic
ordering of the conventional telephone keypad and yet
reduce lookup and query error rates by optimizing over
partitions.

Optimization over partitions leads to an additional embodi-
ment in which keyboards with substantially optimal query
and lookup error are exhibited which preserve as well as
possible the conventional Qwerty keyboard arrangement.

A further embodiment illustrating the design of keyboards
which correspond as well as possible to conventional designs
is a keyboard based on an ambiguous code which conserves
the key layout and numeric labels of a numeric keypad.

For many applications, akeyboard which can be ergonomi-
cally operated in both an ambiguous and a non-ambiguous
fashion is desired. To this end, it is preferable to chose
ambiguous codes on a number of keys which nearly divides
the number of symbols to be encoded, permitting a nearly
even-as-possible partition of symbols with respect to keys A
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number of keys equal to V2 the number of symbols is particu-

larly preferred. The desirable consequences of this preferred

choice are exhibited by this next embodiment.

Another embodiment shows how keyboards can be opti-
mized for cross-platform compatibility. In this embodiment
two keyboards, a one-handed keyboard and a two-handed
keyboard, are designed to be operated in potentially rapid
alteration, in such a way that touch-typing motions used to
operate one of the keyboards transfer seamlessly to touch-
typing motions used to operate the other keyboard. This key-
board has the additional advantage of having the potential to
reduce typing injuries, as well as other objects and advan-
tages, as will be described in the detailed specification.

The above-mentioned embodiments taken together show
that different keyboard uses imply different kinds of optimal-
ity, which, since a given user may need keyboards for several
different uses, in turn implies that mechanisms must be pro-
vided for several different solutions to co-exist in a single
device. A surprising solution to this problem, made possible
by the small typable device sizes achievable with ambiguous
codes, is the twice-foldable personal digital assistant
described in this embodiment.

The embodiments discussed up to this point involve both
hardware and software specification. However, it is possible
to achieve many of the objects of this invention using a purely,
or predominantly, software solution. An example software
solution is worked out in detail to show how specifics of
existing hardware can be incorporated using appropriate soft-
ware to achieve some of the objects of this invention.

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

First it is shown that by ergonomic construction of chord-
ing patterns, coupled with optimization of lookup error rate
and query error 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 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 concreteness, this discussion is carried out with respect to
this embodiment, but the comments apply generally to all
embodiments.

Second, it is shown that combining a divide and conquer
method with the methods exemplified by the previous
embodiment, the number of input means can be further
reduced, in this example, 4 input means are used to operate an
ambiguous encoding with 16 elements. The number 4 is cho-
sen so that a handheld device embodying this code can be
operated using the fingers and thumb of the hand holding the
device.

Operational overview of a strongly touch typable device. FIG.
2 shows an operational overview of a strongly touch
typable device based on an ambiguous code. Such a device
possesses input means, the activation of which by a user
140 causes sequences of encoding symbols to be generated
141. A strongly touch typable ambiguous code, by refer-
encing a database of sequences of encoding symbols paired
to sequences of decoding symbols, is used to map these
sequences of encoding symbols to sequences of decoding
symbols in step 142. These sequences of encoding symbols
may then be selectively output, either on a display for direct
observation by the user of the device, or in some electronic
form for further processing, transmission, or storage 142.
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It should be pointed out that the ambiguous code of the
device of FIG. 2 might also satisfy other constraints in addi-
tion to strong touch typability.

Construction of substantially optimal codes The method-
ological steps to optimize an ambiguous code with respect

to a set of constraints are explained in reference to FIG. 3.

In summary, the steps are as follows:

2000 selecting a set of statistically correlated decoding
symbols to be represented in an ambiguous code, com-
prising the sub steps of
2007 selecting a set of reference statistics,

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

2001 selecting a disambiguation method.

2002 selecting the number of encoding symbols.

2003 selecting the constraints with respect to which the
code should be
substantially optimal.

2004 weighting the importance of the constraints selected
in step 2003.

2005 selecting an optimization method.

2006 applying the optimization method selected in step
2005, whereby substantially optimal ambiguous codes
are produced.

It will be appreciated that the steps 2000 through 2003
might be applied in any order, and that the application of one
of these steps could influence the choices at other of these
steps. Details regarding the application of these steps will
now be explained.

Step 2000 selecting a set of statistically correlated symbols
to be represented in an ambiguous code. This step is com-
prised of the substeps of 2007 selecting a set of reference
statistics, and 2008 analyzing the statistical correlation of
symbols relative to the statistics selected in step 2007. The
goal of these steps is to identify those symbols which are
capable of being represented ambiguously. All disambigua-
tion methods work by exploiting correlations between sym-
bols to make predictions about which sequence of decoding
symbols should be associated with a given sequence of
encoding symbols. If a decoding symbol is distributed ran-
domly throughout all texts to be encoded, then it cannot be
represented in an ambiguous code, since no predictions can
be made about a randomly distributed symbol. Typically, for
any natural language, the symbols used to encode that lan-
guage (for instance, letters in the case of English, ideograms
in the case of Chinese) are sufficiently statistically correlated
that an effective ambiguous code for these symbols can be
designed. There may be other symbols, such as punctuation
symbols, which are significantly statistically correlated with
each other, and with the letters or ideograms used to write the
language. The fine details of steps 2007 and 2008 depend on
the natural language to be represented. Analysis of statistical
correlation of symbols used in written natural language is a
well-known art to linguists.

Step 2001, selecting a disambiguation method. As has
already been mentioned, there are currently at least two well-
know methods of disambiguation, context-based and word-
based disambiguation. Both of these methods use statistical
context of symbols to make predictions about which sequence
of decoding symbols to set in correspondence with a given
sequence of encoding symbols. Both context-based and
word-based methods can be augmented though use of higher-
level information about a language, such as its syntax and
semantics. The goal of this present method is to construct an
ambiguous code such that, relative to the selected disambigu-
ation method, optimal selection of a decoding sequence to
correspond to each encoding sequence. Therefore, the details
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of the selected disambiguation method can influence the

detailed nature of the ambiguous code to be thus designed.

This method will be illustrated with respect to the selection of

word-based disambiguation as the disambiguation method,

though other disambiguation methods will also be discussed.

Step 2002, selecting the number of encoding symbols. The
selection of the number of encoding symbols is crucial to the
design of a typable device based on ambiguous codes. This
selection is made in view of many factors, including the size
of the typable device and the acceptable level of ambiguity.
These factors and their interplay are best explained in refer-
ence to concrete examples; such examples are taken up later
in this disclosure.

Step 2003, selecting the constraints with respect to which
the code should be substantially optimal. An essential aspect
of this invention is the discovery and definition of several
constraints which determine the quality of a typable device
based on ambiguous codes. These constraints include strong
touch typability, lookup rate, query error rate, anatomic fidel-
ity, conservation of conventional gestures, conservation of
conventional layouts, partition structure, cross-platform
compatibility, regularity of layout, and scan rate. Depending
on the application, one or more of these constraints may be
relevant to the design of a typable device.

Step 2004, weighting the importance of the constraints
selected in step 2003. When more than one constraint is
relevant to the design of a typable device, some weighting of
the importance of these constraints must be decided upon. It
is rarely the case that the same optimum with respect to a
given constraint can be optimized as well in isolation as when
it is optimized also with respect to other constraints.

Step 2005, selecting an optimization method. Two optimi-
zation methods will be discussed in more detail below, ran-
dom selection, and directed random walk. of the two, random
selection is typically easier to implement, yet directed ran-
dom walk produces better codes. These two methods are
representative of a large class of methods which might be
appropriate for the design of a given typable device. In some
cases, for instance the first chording/ambiguous code device
considered below, the number of codes to be examined is
small enough that all of them can be checked exhaustively.

Step 2006, applying the optimization method selected in
step 2005, whereby substantially optimal ambiguous codes
are produced. Regardless of the optimization method selected
in step 2005, some skill must be used when applying the
method to produce substantially optimal ambiguous codes. In
particular, when an optimum is required with respect to sev-
eral constraints at once, it is preferable to consider each
constraint first in isolation, whereby an estimate can be made
of the code quality ultimately achievable. This estimate can
be invaluable for fine-tuning the optimization process, as will
be discussed in more detail below.

Random Search The basic method for finding a code with
good properties is to choose codes at random, test their
properties, and select those which have the best properties.
Exhaustive enumeration, in which all codes in the candi-
date 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.

Random search provides a benchmark by which the utility
of other methods of code selection can be measured. Suppose
that a set of constraints, and a weighting on those constraints
is given. One can estimate the substantial optimality of a first
ambiguous code with respect to those constraints and those
weightings by generating additional ambiguous codes at ran-
dom. If in a small number of random trials it is possible to find
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a code with equal or better values with respect to the given
constraint than the first code, then that first code is not sub-
stantially optimal.

If, on the other hand, it can be shown that a substantially
large number of random trials is required to produce a code
with values better than or equal to the first code, or that on
better code exists, then the first code is substantially optimal.

With reference to FIG. 4 we state in detail a method for
rejecting the hypothesis that a candidate ambiguous code is
substantially optimal. In summary, the steps are:

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

3001 determining the set of constraints with respect to
which the candidate code may be substantially optimal.

3002 randomly selecting a subset of codes from the set
determined in step 3001.

3003 evaluating each of the codes selected in step 3002
with respect to each of the constraints determined in step
3001.

3004 comparing the values of the candidate code with
respect to the constraints selected in step 3001 with the
values found in step 3003. If any of the values found in
step 3003 are more optimal than the values of the can-
didate code, then the hypothesis that the candidate code
is substantially optimal can be rejected.

Details concerning these steps:

Step 3000, determining a set of relevant constraints which
define an appropriate set of codes which contains the candi-
date code. The set with respect to which the substantial opti-
mality of a candidate code is to be evaluated must be appro-
priately defined. Some of the potentially relevant constraints
are: number of encoding symbols, partition structure, and
admission of a specified ordering, such as alphabetic order-
ing. Each of these constraints limits the set of codes to which
the candidate code is appropriately compared to.

Step 3001, determining the set of constraints with respect
to which the candidate code may be substantially optimal.
Some ofthe constraints which might be relevant for the analy-
sis of the candidate code are: lookup error rate, query error
rate, admission of a specified ordering, such as alphabetic
ordering, admission of a regular layout, and anatomic fidelity.

Once steps 3000 and 3001 are performed, a distribution of
code properties over a set is defined, and this distribution can
be sampled randomly. FIG. 5 presents an example in which
sets of codes are defined as having 1) an even-as-possible
partition, and 2) a specified number of encoding symbols,
where the specified numberis 7,9, 11, and 13. This definition
completes step 3000. Then it is determined that lookup error
is the sole relevant constraint. This determination completes
step 3001. Together, these steps determine a distribution, the
shape of which can be determined by random sampling, steps
3002 and 3003. In the FIG. 5, 5000 codes from each distri-
bution are selected, completing step 3002, and the lookup
error of each is measured, completing step 3003. The data are
presented as percent lookup error (the reciprocal of lookup
error rate) vs. the number of codes with the given percent
lookup error. It is seen that the distributions become increas-
ing strongly peaked as the number of keys increases. If the
process is repeated but with query error replacing lookup
error, we obtain the data shown in FIG. 6.

To illustrate step 3004, a candidate code whose substantial
optimality to be tested is selected. This code is the 14-key
code pn gt cr zk wj a e hi so ud xf ym vl gb proposed by [1].
The lookup error of this code relative to our reference statis-
tics is 105 words/lookup error. Proceeding as above, we deter-
mine that 14-key code with an even-as-possible partition with
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lookup error equal to or better than that of the candidate code
can be found in 7 random trials on average. If we repeat the
process, except for using query error rate instead of lookup
error rate as the relevant measure, we find that a code with
better query error rate than the candidate code (4 words/
query) will be found in 3 out of 4 random trials on average.
Thus the ambiguous code of [1] is not substantially optimal
either with respect to lookup error rate, or with respect to
query error rate. Indeed, with respect to query error rate, most
codes are better than the given code.

As arule of thumb, if a code has not been explicitly opti-
mized with respect to a constraint, then it is likely that it is not
substantially optimal with respect to that constraint, as mea-
sured with respect to any reasonable set of language statistics.

Directed Random Walk

Directed random walk is an iterative optimization 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 found. The procedure will first
be explained intuitively, and then more formally.

In the present context, optimization of ambiguous codes
with respect to one or more constraints, we 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 to take small as possible
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 accumu-
lation of small steps may lead a searcher into a cul-de-sac, any
such search should be augmented with a “restart” procedure
which allows the search step back out of unpromising or
blocked avenues.

More formally, the problem is to take minimal steps though
the space of ambiguous codes and direct these steps though
that space toward the desired codes. According to the teach-
ings of this invention, substantially minimal steps in space of
ambiguous codes correspond to single pairwise permutations
of'assignments of decoding symbols to encoding symbols. At
each step of the optimization method, it is desirable to test as
many pairwise permutations as possible, preferably all pos-
sible pairwise permutations. The step is completed by choos-
ing the pairwise permutation which gives the largest improve-
ment in the property to be thereby optimized. If there is no
largest improvement, then one of the pairwise permutations is
chosen at random.

In reference to FIG. 7, the steps of the method are as
follows:

4000 choosing a starting code from the set of candidate

codes.

4001 generating new codes from the starting code by per-
turbation of the starting code, preferably, by pairwise
permutations of the assignment of symbols to keys, pref-
erably all possible pairwise permutations.

4002 measuring the properties of the codes thus generated.

4003 checking if a stopping criterion has been reached,
such as a criterion of limited further improvement.

4004 outputting the best code, if the stopping criterion has
been reached.

4005 if the stopping criterion has not been reached, check-
ing to see if the set of codes generated by perturbation of
the current starting code contain a code better than the
current best code.
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4006 if there is a code in the current set of codes better than
the current best, selecting the best of these as the new
current best.

4007 selecting a new starting code. If step 4005 yields YES,
selecting as new starting code the best code from the
current set, else, select a new starting code from the
current set at random. Upon completion, return to step
4001.

When there is but one constraint to be optimized, selection
of the best code from the set of candidate codes is a simple
matter of choosing the code in the set which has the most
optimal value of the constraint. However, when there are
several constraints to be simultaneously optimized there is
but a partial ordering on the values of the constraints, and it is
not obvious how to select among these values in order to best
advance the optimization procedure.

One way to perform simultaneous optimization is to opti-
mize with respect to each variable independently. Then, in
cases of conflict, where the simultaneous. optimum can not be
achieved, this being the generic case, some weighting of the
importance of each constraint must be established. And that
relative weighting is part of the design constraints.
Construction of Strongly Touch-typable Codes In order to

facilitate the explanation of how to make and use strongly

touch-typable ambiguous codes, we will fix three increas-
ingly strict levels of strong touch typability.

Level A This level of touch typability is exemplified by a
casual, tolerant typist characterized in that he or she 1)
types 20 words per minute and accepts distractions every
15 seconds, that is, a query error rate of one query every
5 words on average, and 2) accepts a 2 percent lookup
error, that is, a lookup error rate of one error every 50
words, or two and %% minutes of typing.

Level B This level of touch typability is exemplified by a
less casual, less tolerant typist characterized in that he or
she 1) types 20 words per minute and accepts distrac-
tions every 30 seconds, that is, a query error rate of one
query every 10 words on average, and 2) accepts a 1
percent lookup error, that is, a lookup error rate of one
error every 100 words, or 5 minutes of typing.

Level C This level of touch typability is exemplified by a
skilled typist characterized in that he or she 1) types 40
words per minute and accepts distractions every 30 sec-
onds, that is, a query every 20 words on average, and 2)
accepts a 0.5 percent lookup error, that is, a lookup error
every 200 words, or 5 minutes of typing.

With reference to FIG. 8, we point out that the method to

construct stouchable codes comprises the following steps:

5000 Determining quantitative values of acceptable lookup
error rate and query error rate.

5001 Selecting an ambiguous code optimization method.

5002 Determining the minimal number of keys required
such that using said number ofkeys and the optimization
method selected in step 5001 it is possible to achieve the
values of lookup error rate and query error rate deter-
mined in step 5000.

5003 Determining the maximal number of keys allowable
given the design of the target typable device.

5004 Deciding if the design constraints are compatible. If
the number determined in step 5003 is greater than or
equal to the number determined in step 5002, then the
design constraints are compatible, otherwise they are
not.

5005 If the design constraints are compatible, as deter-
mined in step 5004, apply the optimization procedure
selected in step 5001 to construct an appropriate
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strongly touch-typable ambiguous code. If they are not
compatible then the procedure fails.

Details of this method are as follows:

Step 5000, Determining quantitative values of acceptable
lookup error rate and query error rate. This could be done by
testing of an individual or group of individuals, or by simply
preselecting desired values for lookup error rate and query
error rate, for instance, by selecting a level of strong touch-
typability as described above.

Step 5001, Selecting an ambiguous code optimization
method. In reference to the construction of substantially opti-
mal ambiguous codes above, two optimization methods were
discussed: random search and directed random walk. Ran-
dom search is less powerful than directed random walk, but
may suffice if the number of allowed keys is high enough, and
the level of desired strong touch-typability is low enough. An
ever weaker method, selection of a code in a single random
trial, could be sufficient in some circumstances. To see this in
more quantitative detail, some experimental results are dis-
cussed in reference to FIGS. 9, 10 and 11.

In this experiment, 5000 ambiguous codes with an even-
as-possible partition were selected at random from each ofthe
sets of ambiguous codes for 2-20 keys. In addition, for each
number of keys 2-20, an optimization run was performed
using directed random walk, in each of three conditions, 1)
optimization for lookup error rate only, 2) optimization for
query error rate only, and 3) optimization for both lookup
error and query error rate, using a target value method. From
the values of lookup error rate and query error rate calculated
for the randomly selected codes, the following statistics were
computed: best value, worst value, average value, and median
value. All these statistics are plotted in FIG. 9 for the lookup
error rate, and in FIG. 10 for the query error rate, together with
the results of an optimization run in which lookup error rate
and query error rate, respectively, was the sole constraint
optimized for. The results from optimization runs in which
lookup error rate and query error rate were simultaneously
optimized are shown in FIG. 11. From all these data, a deci-
sion can be reached as to which optimization method to use.
While it is always preferable to use the most powerful method
at one’s disposal, it may be that a less powerful method may
be sufficient, for instance, any single, randomly selected code
could meet specified constraints, if these constraints are suf-
ficiently lax. This will be discussed further below.

Step 5002, Determining the minimal number of keys
required such that using said number of keys and the optimi-
zation method selected in step 5001 it is possible to achieve
the values oflookup error rate and query error rate determined
in step 5000.

With reference to the experimental results described above,
and the selected levels of strong touch typability described
above, one can construct a table giving the minimum number
of keys required for each of the three levels of strong touch
typability, and reference to the three types of optimization
mentioned. This table is presented in FI1G. 12.

Step 5003, 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 will generally be a compromise between
key size and total typable device size. In some cases, conven-
tion may enforce a key number, such as the convention of
using 12 keys for a telephone keypad.

Step 5004, Deciding if the design constraints are compat-
ible. If the number determined in step 5003 is greater than or
equal to the number determined in step 5002, then the design
constraints are compatible, otherwise they are not.
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As will be seen more clearly in the detailed specification of
the device embodiments presented below, the number of keys
permissible in a typable device can depend on many factors,
and can be more or less rigidly determined by these factors.

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

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

A stronger optimization method is chosen.

The device design is modified to allow for more keys.

A lower value of strong touch typability is accepted.

The device is abandoned.

Smart Card on 9to 16 letter keys Smart cards are substantially
credit-card sized devices containing computer components
such as a processor,memory and appropriate interfacing
circuitry. Prior-art smart cards may also contain a keyboard
and a display. They are currently used in applications such
as security and banking, but have many other possible uses.
This embodiment shows how it is possible to equip a smart-
card-sized device with a touc-typable keyboard, and thus
vastly expand the range of applications which these
devices can serve. As a simple example, in banking and
security applications, smart card users must currently
remember a string of digits which is the password for the
device. However, with a typable smart card, easy-to-re-
member, though relatively long, pass phrase in natural
language could be used in the place of a difficult-to-re-
member, 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 size of smart cards
substantially forbids complex and power-consuming com-
munication components for transmission of data entered on
the keyboard on the card. Thus, this smart-card 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 with a
touch tone, in the sense that activating each key causes a
distinguished touch tone to be emitted by the phone. How-
ever, the universal DTMF standard provides for 16 touch
tones, and the DTMF tone generator installed in most tele-
phones is capable of generating all 16 of these tones. By
exploiting the additional tones, each of up to 16 keys can be
assigned to a touch tone, and used to encode alphanumeric
symbol sequences. Other things being equal, the larger the
number of keys, the lower the ambiguity of codes associated
to these keys. The teaching of this embodiment is thus to use
substantially all of the 16 touch tones to encode alphanumeric
sequences. In this way, machinery for the communication of
information with low-ambiguity codes can be produced using
readily available, low-cost components.

This embodiment has the further objects of

providing a touch-typable keyboard for a smart-card-sized

device.
providing a method for simulating a set of encoding sym-
bols which is larger than the set of encoding symbols
which can be physically generated by a device

providing an example of a device in which lookup error is
the dominant constraint.

providing a keyboard/visual display device geometry

which is adapted for smart-card-sized devices.
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providing a disambiguation mechanism which is operable
using very limited computer memory.

providing an example of a system wherein more than one
disambiguation mechanism may be operable, each
adapted to local computational capabilities. In this case,
a first disambiguation mechanism is used to provide
feedback to the user, at the sending end of a communi-
cation, 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.

Strongly touch-typable keyboard Smart card devices are
small, so only a small number of substantially full-sized
keys can be located on them. If some of the area of the card
is to be reserved for a visual display device, then the area
available for keys is further reduced. The preferable com-
promise in number of keys between the requirement of
substantially full-sized keys for touch-typability, and the
requirement of a large number of keys to allow for low-
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 FIGS. 15 and 16. The arrangement and function-
ality of'the keys and their relationship to other components
of the smart card will be discussed in detail below.

Synthesizing encoding symbols using encoding sequences
with meaningless decodings With reference to FIG. 13, let
us divide the set of decoding symbols into two 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 physical input means (step 100).
Then, the method of synthesizing encoding symbols fur-
ther comprises the steps of
101 establishing a first, potentially ambiguous, code which

associates subsets of the core set with encoding symbols,
said encoding symbols bearing a one-to-one relation-
ship with physical signals which can be generated by the
typable device for physically representing encoding
symbols,

102 identifying short sequences of encoding symbols
which are such that no possible decoding of the
sequence of encoding symbols forms part of a meaning-
ful decoding.

103 establishing a second, potentially ambiguous, code as
a relationship between subsets of the auxiliary set of
decoding symbols with the short sequences of encoding
symbols identified in step 102.

For example, let us associate 16 encoding symbols with the
16 DTMF tones, so that said tones physically represent the
encoding symbols. The tones will be labeled (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 physically rep-
resentable encoding symbols via a first ambiguous code as
follow (0,aw), (1,bi), (2,cx), (3,d), (4,¢)), (5,10), (6,g), (7,hv),
(8.ky), (9,1), (*,mu), (#,n), (A,pz), (B,qr), (C,s), (D,t), where
the first element of each pair gives the encoding symbol, and
the second element of each pair gives the decoding symbols
associated to the encoding symbol. The auxiliary set of
decoding symbols will be a singleton set consisting of the
symbol “space”. Thus we synthesize one encoding symbol to
represent the one decoding symbol “space”. A candidate
sequence is A8A, which corresponds to the following decod-
ing sequences (pkp pkz zkp zkz pyp pyz zyp zyz). None of
these decoding sequences form part of any word in our ref-
erence list of meaningful sequences, thus the encoding
sequence A8A is a suitable sequence for representing an



US RE43,082 E

21

element of the auxiliary set, and we form the pair (A8A,
“space”) to represent the “space” symbol. The “space” sym-
bol can then be associated with an input means, which input
means will cause the sequence of tones associated to A8A to
be emitted each time said input means is activated. On the
receiving end, a decoding means will transform the sequence
AS8A to the “space” symbol. Whether a given input means is
associated to a single physically representable encoding sym-
bol, or a synthesized encoding symbol, is entirely transparent
to 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 automati-
cally generate any desired number of synthesized encoding
symbols, given a set of reference statistics, and a first (am-
biguous) code for the core set of encoding symbols.
Providing a disambiguation mechanism which is operable
using very limited computer memory. The limited process-
ing power and memory capacity of present-generation
smart cards puts a substantial premium on low ambiguity in
ambiguous code designs; little computing power is avail-
able in the card to be devoted to disambiguation machinery.

For any ambiguous code, most of the disambiguation
effort, on the part of the computing hardware and software as
well as on the part of the user, is incurred in selecting which
of'the alternative decodings to an ambiguous encoding should
be selected. In view of the limited computing capability of the
smart card, querying for alternative decodings can be elimi-
nated entirely. In the absence of querying, only the most
probable decoding for each encoding need be stored, for only
the most-probable decoding sequence will be output by the
disambiguation mechanism when each encoding sequence is
received. With this simplification, a particularly compact
form of the database can be obtained, e.g. in the form of a
simple suffix tree. Since querying is eliminated sufficient
visual feedback can be provided using only a simple, low-
power requirement display, for example, a single-line travel-
ing banner display related to the type of display used in pocket
calculators or digital watches.

This method of disambiguation, in which only the most-
probable decoding sequence is stored and output, we will
refer to as simple lookup disambiguation. Simple lookup
disambiguation is only effectively operable with ambiguous
codes which are sufficiently strongly touch typable. Thus a
surprising consequence of strongly touch typable codes is
that they permit effective operation of very simplified disam-
biguation mechanisms.

An example 16-key substantially optimal ambiguous code
suitable for application in the present embodiment is the code
aw bi cx d ej fo g hv ky I mun pz qr s t with lookup error rate
4043 words/lookup error, and a query error rate of 68 words/
query, this code is shown is an example layout 51 on a 16-let-
ter-key smart card in FIG. 15. This figure also reveals a
display means 50 for displaying decodings of encoding sym-
bol entered via 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 will be
discussed more fully in reference to other embodiments. Here
it is to be especially noted that the display means 50 is pref-
erably placed in such a way that 1) both the letter input means
51 and the thumb-actuated auxiliary input means 52 are in a
comfortable position to be actuated by one hand (in this
figure, the right hand), while, at the same time, allowing the
keys to be as large as possible, given the small size of the
smart card, and also allowing the screen to be comfortably
and fully viewed in the frame formed by the thumb and the
index finger of the hand actuating the input means 51 and 52.
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This unique and preferred arrangement solves the problem of
allowing a touch-typable keyboard and a large-as-possible
display means to functionally co-exist on a smart card.

Since queries are not permitted at the sending end in this
embodiment, this code was chosen by directed-random-walk
optimization using lookup error as the only constraint of
optimality. It is to be noted that lookup errors using this code
will occur on average only once every roughly 16 pages of
typed text. Thus this code is suitable for accurate communi-
cation of substantially long messages, even in the absence of
a querying mechanism. If it were desirable to sacrifice some
lookup optimality at the sending end in order to reduce pro-
cessing of queries at the receiving end, an example alternate
code optimized for both query and lookup error is aw bucx d
ev 1z go hj im ky I nq p r s t with a lookup error rate of 2670
words/lookup and a query error rate of 101 words/query.
Choice of a code optimized both with respect to lookup error
rate and query error rate would be appropriate in at least two
circumstances, 1) if the smart card were in fact sufficiently
powerful to support a query mechanism, and/or 2) a query-
based disambiguation mechanism would be used at the
receiving end of communications initialed at the smart card.
This latter might be the case, for instance, if the user com-
posed messages using a smart card, sent them to another
computer over a phone line, and at some later moment per-
formed a second disambiguation pass using a more powerful
disambiguation mechanism. Indeed, the second disambigua-
tion pass need not be performed by the person who composed
the message, but could be performed by a second person, for
instance the first person’s secretary.

In any case, the lookup error rate of this second code is still
extremely low, as compared, for instance, to the rate at which
even very skilled typists make typing errors, approximately 1
error every 100 words. By any reasonable measure, both of
these 16-letter-key codes must be considered strongly touch
typable, as a typist typing 20 words per minute will only need
to answer a query once every three minutes for the first
16-letter-key-code, and once every five minutes for the sec-
ond 16-letter-key-code. Performing the same optimizations
for ambiguous codes for 9 letter keys, we find, for example,
the code akw bnq cly dhx epv fim gr jot suz optimized only for
lookup error rate, and with lookup error and query error rates
of 116 words/lookup error and 4.4 words/query respectively.
This code is shown in an example layout on a 9-letter-key
smart card in FIG. 16. Optimizing for both lookup error rate
and query error rate sing the directed random walk method,
one can also construct codes such as am bnz cfi dhx evw gjr
kos luy pqt with lookup error and query error rates of 109
words/lookup error and 6.2 words/query respectively. It is to
be noted that since no querying can be performed using
simple lookup disambiguation, strong touch typability can
only be discussed in terms of the lookup error rate. An evalu-
ation must be made as to whether lookup errors occur at a
sufficiently low rate as to produce acceptable text. Even for
these 9-key codes, the lookup error rate is comparable to the
rate at which skilled typists produce typing errors, hence
these codes can be considered strongly touch typable in this
context. Further, since the smart card would typically be used
for short messaging, composition of electronic mail, commu-
nications to pagers, and the like, standards for text accuracy
may be lower than standards for transcription of final-copy
text, forinstance. Itis from these considerations that we arrive
at the definition of 9 to 16 keys as the preferred range for this
embodiment. More than 16 keys are difficult to fit into a smart
card format while retaining the advantages of substantially
full-sized keys. On the other hand, ambiguous codes on fewer
than 9 keys may not be strongly touch typable with respect to
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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
is a competent touch typist, needing no feedback from the
card as to the progress of the communication, and/or get-
ting feedback from the machinery at the receiving end of
the communication, potentially over a phone line and
potentially in the form of speech synthesized on the basis of
the symbols input by the typist on the smart card. It is
desirable, however, to provide feedback directly from the
card whenever there are sufficient computing resources
built into the card to supply that feedback.

Here it is pointed out that the computing resources 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 rudimentary electronic circuitry, well
known to those skilled in the art, a unique character can be
sent directly to the display in response to each key press,
where said character is the most probable (according to the
reference statistics) letter associated with the key. Using for
example the code awbicxdejfoghvkylmunpzqrst
described above, the resulting text would typically be quite
readable by a human. For example, the first line of the Get-
tysburg address, rendered using 1-block (single-letter) statis-
tics reads as follows:

oour score and sehen kears ago our oathers irought oorth on

this continent, a nea nation, conceihed in liiertk, and
dedicated to the proposition that all uen are created
erual.

This level of accuracy is already enough provide a rough
guide to the typist as to the text he or she is in the process of
entering on the smart card. This example shows that disam-
biguation can be accomplished with extremely small amounts
of memory; here the only memory required is that needed to
store the 16 characters which will be displayed in response to
activation of the 16 keys. This approach is scalable in terms of
the computing resources required. With successively more
memory, 2-, 3-, and higher-block probabilities could be
stored and used as the basis of well-known context-based
disambiguation, and thus render the text with increasing
accuracy for display to the user.

While context-based disambiguation is well known in the
art, it has heretofore proved to be not practical. This example
shows the reason for this: context-based disambiguation is
not powerful enough to effectively disambiguate codes which
are too ambiguous. In this example context-based disambigu-
ation is coupled with a code which is sufficiently strongly
touch-typable, sufficiently disambiguous, that it permits
effective disambiguation with a context-based method. The
prior art has taught away from context-based disambiguation
in favor or word-based disambiguation. However, in applica-
tion of the teachings of this invention, context-based disam-
biguation is made operable and viable for practical use.

The example further shows that 1) word-based disambigu-
ation is not required to practice the teachings of this invention,
2) a micro-processor is not required to practice the teachings
of'this invention, and 3) more than one, potentially different,
disambiguation mechanisms can be used in the same com-
munication 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 card, while locally the smart card is using simple con-
text-based disambiguation to provide feedback to the user of
the smart card.
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As the size of the blocks used in context-based disambigu-
ation increases, the accuracy of text rendering increases as
well. 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 results than context-based disambigu-
ation, word-based disambiguation will generally be pre-
ferred, 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 applications of
this device are greatly increased. For instance, with only a
few bytes of additional memory, a user could call an appro-
priate voice response system for telephone directory infor-
mation, request a phone number by typing in a name and
other identifying information on 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 Error Minimization—a typable device for a vehicle
The present embodiment concerns an instance in which
query error is the dominant constraint on typable device
design. Itis generally of value to reduce the query error rate
since the effort to answer queries distracts from the typing
task. In some applications, however, reduction of query
rate is of paramount importance.

Queries will be displayed on a visual display in most prac-
tical implementations of typable devices implementing
ambiguous codes. When the vision of the user is otherwise
urgently occupied, for example when the user is driving a car,
then, for safety reasons, distracting that vision to the evalua-
tion of queries must be kept to a minimum. Even when queries
are made by auditory means, it is crucial to minimize driver
distraction. Further, while driving a car, both hands of the user
are generally occupied in holding the steering wheel of the
car, and should preferably not be removed from the steering
wheel to operate a typable device. This object can be achieved
by embedding the input means of the typable device directly
in the steering wheel.

Referring now to FIG. 17, we note that any number of input
means could be embedded in a steering wheel 200. 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 natural to associate a first plurality
of input means 201 with each of a plurality of these crenula-
tions. When the driver grasps the steering wheel, four of the
first input means 201 are contacted by the fingers of each
hand. The region of the steering wheel contacted by the driv-
ers hands may change from moment to moment, for instance
when the driver turns the steering wheel through a large angle.
Which set of 8 keys are contacted by the driver’s hands at any
one time can be recognized by a position-sensing means, such
as a combination of pressure sensitive keys with simple elec-
tronic circuitry, which combination will be evident to those
skilled in the art. A second plurality of input means 202 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 hands, along with two mode-switching keys to
be associated with the second input means contacted by the
thumbs of the driver.
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Ambiguous code selection Applying the directed-random-
walk method taught by this invention for selecting substan-
tially optimal codes, and optimizing only with respect to
the query error rate, we construct, for instance, the follow-
ing code on 8 letter keys: aksz beev dfi gmo hqt junw luy prx
with a lookup error rate of 70.2 words/lookup error, and a
query error rate of 4.1 words/query. As throughout this
specification, these rates are calculated with respect to our
reference statistics, and using simple word-based disam-
biguation as the disambiguation method. The query error
rate for this code might well be too high to consider this
code to be strongly touch-typable. A typist/driver typing 20
words/minute would be distracted from driving by a query
approximately every 12 second, likely too often to be com-
patible with safe driving. On the other hand, even a skilled
typist may not be able to type 20 words per minute while
driving, potentially bringing the relationship between
query and typing rates into an acceptable range for strong
touch typability.

There are several additional strategies for reducing query
error rate, beyond choosing a substantially optimal code, and
these strategies can be used in combination. They include

Increasing the total number of'keys by increasing the num-
ber of keys activatable by each finger. It will be appreciated
that this could be done, for instance, by adding another row of
keys on the steering wheel, or, equivalently, making each key
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 decodings are
much less probable than the most-probable decodings. The
parameter controlling how close the probability must be
between most-probable and less-probable decodings must be
to invoke a query is a parameter whose value could be selected
by the user. Such a mechanism could be of value in any
embodiment in which query error rate is a relevant constraint.

Using a hybrid chording/ambiguous code method, as
described in detail below.

Using a disambiguation method which is more powerful
than simple word-based disambiguation.

Phone keypads compatible with existing phone keypads In
this embodiment, the limitation on the number of keys is
paramount since the keypad must be compatible with exist-
ing telephone equipment which generally have 12 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-of-transmission sym-
bol. Thus, the 26 letters must be distributed over at most 10
keys. In this embodiment both minimal lookup error rate
and minimal query error rate are desired. We find that using
the optimization methods taught by this invention and
using the even-as-possible partition on 10 keys, codes such
as amq be cdu fiy gpx hl jsv krz nw ot with lookup error rate
of 138 words/lookup error, and query error rate of 9.3
words/query can be found, while simultaneously optimiz-
ing for lookup error rate and query error rate. This should
be compared to the lookup error rate of 29 words/lookup
error and the query error rate 2.2 words/query of the stan-
dard ambiguous code, thus, there is an overall improve-
ment of by more than a factor of 4 over the standard
ambiguous code. Said 10-key code optimized for lookup
error rate and query error rate is shown in an example
layout on a telephone keypad in FIG. 18.

We may also compare this 10-key code with two 9-key
codes proposed in U.S. Pat. No. 5,818,437 to Grover, and U.S.
Pat. No. 5,953,541 to King, respectively. The first of these
codes, afg bkn jlo mqr ew dhi sux ptv cyz has a lookup error
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rate 86.5 words/lookup error, and a queryrate of 3.9 words/

query, while the second, rpq adf nbz olx ewv img cyk thj su

has a lookup error rate of 115 words/lookup error, and a query
error rate of 5.2 words/query. These codes are both signifi-
cantly inferior to the example 10-key code which is herein

designed for this task. As neither the U.S. Pat. No. 5,818,437,

nor U.S. Pat. No. 5,953,541 are enabling with respect to the

construction of the cited ambiguous codes, nor are the statis-
tics available with respect to which these codes are optimized

(if they are indeed optimized), we can draw no further con-

clusions as to the substantial optimality of these codes.
Another useful comparison is to 9-key codes which are

optimized according to the teachings of this invention with
respect to both lookup error rate and query error rate. We
construct, for example, the code am bnz cfi dhx evw gjr kos
Iuy pqt with lookup error rate 109 words/lookup error and
query error rate of 6.2 words/query. Comparing these results,
we find that the improvements which result from the teach-
ings of this embodiment are from two sources 1) using more
than 9 keys to permit the improvement of lookup error rate
and query error rate, and 2) optimizing both with respect to
lookup error rate and with respect to query error rate. If the
approach taught by this embodiment is extended to 11- and
12-key codes, one finds for example the 11-key code, avy bn
cldhx ew fip gjo kr mu qt sz with lookup error and query error
rates of 215 words/lookup error and 10.1 words/query respec-
tively, and the 12-key code aw bn cky dhq of go ip jr 1z mx sv
tu with lookup error and query error rates of 313 words/
lookup error and 13.2 words/query respectively. Thus, by
sacrificing the use of the * and # keys for the encoding of
non-letter symbols, we can dramatically improve lookup
error rates, and substantially improve query error rates, bring-
ing the standard-telephone-compatible keyboards comfort-
ably into the (level B) strongly touch-typable range. Whether
or not these improvements outweigh the reduction of the
ability to encode non-letter symbols by using * and #keys can
only be decided in reference to the intended uses of the
devices so constructed. It is to be noted that non-letter sym-
bols could be encoded using sequences of encoding symbols
as described in reference to the smart-card embodiment
specified above. If the * key and # key are available to encode
non-letter symbols, then a particularly ergonomic scheme,
which respects in part the convention of using the # symbol as
an end-of-transmission symbol is as follows. Let# encode the
space symbol=end-of-word symbol, ## encode. =end-of-sen-
tence symbol, and ###=end-of-transmission symbol. In this
way the complexity of encoding a symbols varies inversely
with the probability of the symbol. Depending on the appli-
cation, sequences of the * symbol could then be used to
encode other non-letter symbols such as backspace, @ (for
electronic mail applications), and/or be used as a mode
changing symbol.

Telephone keypad in alphabetic order This embodiment pre-
sents a solution for a severely constrained keyboard-design
problem in which the number of keys is fixed, the place-
ment of the keys is fixed, and the ordering of symbols on
these keys is fixed. This problem arises in the design of a
keyboard which 1) preserves as well as possible the famil-
iar alphabetic ordering of the standard ambiguous code, 2)
is compatible with existing, standard telephone keypads,
and yet 3) has improved lookup error rate and query error
rate as compared to the standard ambiguous code. These
constraints allow a limited freedom to choose the number
of keys on which to base the ambiguous code. One can
choose, for example, to allow the ambiguous code for the
letters to occupy 10 keys of the telephone keypad, leaving
the * and # keys available for encoding non-alphabetic
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symbols. Also, while the standard ambiguous code uses an

even-as-possible partition, one may choose an alternate,

not even-as-possible, partition and still respect the given
constraints.

Given the constraint of alphabetic ordering, each ordered
partition of 26 elements into 10 groups corresponds 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 procedure is to apply the optimization methods
taught by this invention to this constrained optimization prob-
lem. This invention teaches that a minimal elementary step in
the set of possible codes should be defined, in the absence of
information suggesting the use of some more complex
elementary step. In the current context, an ambiguous code is
a ordered list of 10 groups of letters, such that all letters occur
in exactly one group, and within and across groups, the letters
appear in alphabetic order. An example is ab cd ef gh ij kl mn
opgr stuv wxyz. There are thus 9 gaps separating the groups.
An elementary step consists of moving one letter across one
gap. For instance, if we choose the second gap, we can pro-
duce in one elementary move either the code abc d ef gh ij kl
mn opqr stuv wxyz, by moving the letter ¢ to the left, or the
code abed ef gh ij kl mn opgr stuv wxyz, by moving the letter
b to the right. Given a specified code, all possible codes which
can be obtained by one elementary move from the specified
code can be simply generated. Given this observation, and the
specification of the directed random walk method given
above, it will 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 we find, for example,
the not even-as-possible code ab cd ef gh ijklm no pqr s tu
vwxyz, with a lookup error rate of 65 words/lookup error and
a query error rate of 5.8 words/query. This code is shown in a
preferred arrangement on the keypad of a telephone in FIG.
19. The error rates of this code should be compared to those of
standard ambiguous code, with a lookup error rate of 29
words/lookup error, and a query error rate of 2.2 words/query.
Thus the improvement in lookup error rate is more than a
factor of 2, and the improvement in query error rate is nearly
a factor of 3, with no sacrifice of easy-to-scan alphabetic
ordering, nor compatibility with existing telephone equip-
ment. It is to be appreciated that the discussion above in
reference to the choice of 11- or 12-key encoding of letter
symbols for a telephone embodiment apply to this embodi-
ment as well; using optimization over partitions, substantially
optimal codes for 11 and 12 keys can be produced which obey
the constraint of substantial alphabetic ordering.

The method of optimization over partitions is evidently not
limited to this embodiment; it could be applied, for instance,
to the smart card embodiment previously discussed, to pro-
duce optimal codes with alphabetic ordering on an array of
9-16 letter-symbol bearing keys, or to Qwerty-like keyboards
as discussed below. Qwerty-like Keyboards The approach
used in the previous embodiment to generate a keyboard
which at once 1) is compatible with a standard keyboard, and
2) is optimized with respect to various constraints, can be
used to produce keyboards which are 1) similar to the stan-
dard Qwerty keyboard, and 2) are optimized with respect to
various constraints. As in the previous embodiment we will
maintain as well as possible the layout of the standard key-
board by maintaining the ordering of the assignment of sym-
bols to keys, and yet optimize over partitions of those ordered
symbols so as to minimize lookup and query error rates as
well as possible, maintaining an even-as-possible or not even-
as-possible partition. This embodiment is Qwerty-like in that
that letters remain in the same row of keys as given by the
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Qwerty arrangement, generally implying that the number of
letter-assigned keys monotonically decreases from top to bot-
tom row, as is the case for the conventional Qwerty keyboard

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 to 10
columns. It is clear that with but one column, that is, but three
keys, lookup and query error rates must be very high. There is
but one possible ambiguous code which corresponds to the
ordering of symbols of the Qwerty keyboard. This code,
qwertyuiop asdfghjkl zxcvbnm, is an even-as-possible
Qwerty-like code with a lookup error rate of 2.8 words/
lookup error, and a query error rate of 1.1 words/query. This
code of such poor quality that it is unlikely to be acceptable
for any serious use. As the number of columns increases, we
are able to find better and better ambiguous codes which are
strongly touch typable beyond some threshold number of
columns At the same time, as the number of columns
increases, the device size 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 If, for example,
we wish to build a keyboard which is Qwerty-like and sub-
stantially the same size as a pocket calculator yet using full-
sized keys, 7 columns can be used, as shown in FIG. 20. A not
even-as-possible strongly touch-typable code, substantially
optimal with respect to lookup error and query error rates is
qwertyuiopasdfghjklzxc vb n m with lookup error every
668 words, and query every 35.5 words, clearly strongly
touch typable with respect to a large class of typists and
keyboard uses. In FIG. 20 this code is shown in a preferred
arrangement. A typable device with a keyboard as described
in this figure would be suitable for note-taking, composing
electronic 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 full-sized keys, it
would fit easily into a pocket.

It is to be noted that in terms of lookup and query error
rates, the cost of adhering to the Qwerty convention is high,
even when the convention is adhered to but approximately. In
the code given above 17 keys are devoted to letter symbols. If
we now allow for arbitrary assignments of letters to 17 keys,
we find codes suchaswrtbugiovpafsdejkylhzexnmq
with a lookup error rate of 7483 words/lookup error, and a
query error rate of 290 words/query. This is equivalent to one
lookup error every 30 pages of typed text, and less than one
query per page of typed text. It is difficult to imagine a use
with respect to which this keyboard would not be strongly
touch typable.

With reference to FIG. 21, we see that this code can be laid
out in such a way that 18 letters at or very close to their
Qwerty positions, these letters are indicated in bold face. In
this arrangement, to maximize the conservation of typing
gestures typing on the Qwerty keyboard, the fingers should be
placed on the home row of this optimized Qwerty-like key-
board 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. Notably by bringing both 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 as well as conservation of
conventional gestures, in that the weight on the home row is
increased relative to Qwerty, and the weight on the strongest
fingers is increased relative to the Qwerty weight. By suitable
assignments of symbols to keys, any ambiguous code can be
brought into optimal coherence with the Qwerty (or other
conventional) keyboard.
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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 conservation of Qwerty gestures and lay-
out. When the rows are slightly displaced relative to one
another, such as they are in the standard Qwerty layout, much
or most of the finger gestures required to operate the various
keys of this Qwerty-like keyboard is the same or similar to the
finger gestures required to operate the standard Qwerty key-
board. This illustrates a tradeoff between the constraints of
preservation of a conventional ordering, and the constraint of
preservation of conventional function.

Labeling to Optimize Cross-Platform Compatibility
In view of the many competing constraints which might be

optimized, and the variety of user populations and their needs,

it would be motivated in practical implementations of such
devices to allow users the choice between the optimized

Qwerty-like keyboard and other corresponding keyboards

optimized or optimized as well with respect to a selection of

other constraints, such as lookup and query error rates. This
choice would be facilitated if the labeling of the keys could be
changed in software. This object could be attained if each key
were equipped with a display means capable of displaying at
least one symbol at a time. Such display means could for
instance comprise an light-emitting diode array, or a liquid-
crystal display, etc, the labeling of the keys could thereby be
changed in software, eliminating the need to fixedly label the
keys with indicia corresponding to all of the alternate layouts

It will be appreciated by those skilled in the art that the
keyboard design method used to prepare the present embodi-
ment could be applied to the conservation or partial conser-
vation of other conventional keyboard designs, such as the
Azerty keyboard used in France.

Numeric Keypad-like Keyboards This embodiment has the
object of making the advantages of an ambiguous key-
boards available to most computer users, with minimal cost
and with no change in their existing 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. Standard 101-key keyboards for workstations and
personal computers include a numeric keypad, typically to
the right of the part of the keyboard laid out in a Qwerty
arrangement, though it may be included as a subset of the
keys in the Qwerty arrangement. This is the usual case for
laptop computers Typically, there is included a set of arrow
keys, or other input means effective for moving the cursor,
near the numeric keypad.

Referring now to FIG. 22 we present an ambiguous code
optimized for a common numeric keypad layout 600 taken
together with the means for moving the cursor 601 where
such is available. Said numeric keypad 600 has in this
example 17 keys of various sizes. Depending on other design
constraints, some or all of these keys could be used for punc-
tuation, or other symbols, and these other design constraints
could influence the choice of the number of keys to be
assigned to letters, the distribution of letters and other sym-
bols over modes and so on. The essential features of this
embodiment are:

assignment of an ambiguous code to a plurality of keys in

the numeric keypad

optional use of the thumb-actuatable auxiliary input means

to change modes.

It will be appreciated by those skilled in the art that said
assignment of an ambiguous code to a plurality of keys in the
ambiguous keypad can be achieved in software; there is no
need for special-purpose hardware. However, ifit is desired to
have the keys thus assigned be labeled with the elements of
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the ambiguous code, then some modification of the keyboard
labeling may be required. To give a concrete example of the
use of an ambiguous code in this setting, we choose an
ambiguous code in which letters are assigned to 17 keys in
such a way as to minimize lookup error and query error rate,
with respect to our standard corpus. The code illustrated in
FIG. 22 afbucx dejgi hzky Imqnov p rstw has a lookup
error rate of 7483 words/lookup error, and a query error rate
of 290 words/query. This same code has already been dis-
cussed above. Here the code is laid out in such a way as to
preserve in part an alphabetic order. The given code has not
been optimized relative to alphabetic ordering; it has only
been optimized with respect to lookup error rate and query
error rate. The procedure is the same as in the construction of
the nearly Qwerty-ordered keyboard discussed above: first
optimize for lookup and/or query error rate, and then rear-
range to obtain, as well as possible, the desired order of the
letters. According to the teachings of this invention, it would
be possible to simultaneously optimize with respect to lookup
error rate, query error rate, alphabetic ordering, and/or other
constraints.

To illustrate the use of the thumb-actuated auxiliary input
means for mode changing, we refer again to FIG. 22. We
assume for the sake of this illustration that the auxiliary input
means is comprised of 4 keys: up 602, down 603, left 604, and
right 605 arrow keys. These functionalities are typically
implemented with 4 depressible keys, but they are sometimes
implemented as a touchpad, a joystick, or some other device
capable of generating multiple, different signals as a function
of manipulation by the user. It is to be noted that in FIG. 22 a
plurality of keys are labeled with symbols other 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
of'the auxiliary input means. A possible assignment of modes
to input means in the auxiliary keypad is

602(up) Shift key for upper case letters.

603 (down) numeric/punctuation mode.

604 (left) left symbol on key.

605 (right) right symbol on key.

It will be appreciated that 1) other assignments of modes
and/or symbols to the auxiliary keypad are possible, and in
accordance with the teachings of this invention, and 2) with a
more complex set of auxiliary input means, additional modes
and symbols can be assigned to the auxiliary 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.
Objects and advantages of 13-letter-key codes Several related

embodiments of the teachings of this invention exploit the

surprising benefits of optimizing ambiguous codes for key-
boards in which the number of keys devoted to strongly
correlated symbols is substantially half of the number of
strongly correlated symbols. In particular, if we take the set

of strongly correlated 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,

ergonomic, touch-typable, unambiguous text entry.

ergonomic, touch-typable, querying.

compatibility with standard keyboard layouts (Qwerty

keypad, numeric keypad, and telephone keypad),
providing for conservation of typing skills from 1- to
2-handed typing,

providing for an integrated mouse/keyboard.

providing a mechanism to reduce typing injuries.
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Further objects and advantages will become clear in
detailed specification below, which takes up in turn each of
the above-listed objects and advantages.

Strong touch typability Referring again to FIGS. 11 and 12,
we see that with respect to word-based disambiguation,
ambiguous codes on 13 keys can be found which are
strongly touch typable, even for an accomplished typist.
Using the directed-random-walk method described above,
we find, for instance, the code aw bn ck du of go hv ip js ly
mx qtrz with alookup error rate of 515 words/lookup error,
and a query error rate of 21 words/query, (level C) strong
touch typability. This code is shown in a preferred arrange-
ment in FIG. 25. As discussed above, this query error rate
can be reduced further by adjustment of a parameter which
controls how important queries must be to require user
attention. In the limit where querying is turned off entirely,
the 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 suitable for a
wide range of touch typing tasks, for a wide range of users.

Ergonomic, touch-typable unambiguous text entry With any
ambiguous keyboard, and any disambiguation mechanism,
it may be advantageous to provide a mechanism by which
it is possible to enter information in an unambiguous man-
ner, for instance, to add information to the disambiguation
database. For all uses of ambiguous keyboards it is advan-
tageous for the unambiguous text entry mechanism to be as
ergonomic as possible, ergonomic meaning in this case
simple to operate. For 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.

One strategy often employed in the prior art to achieve
unambiguous text entry using a small number of keys is to use
a chording method. In satistying their urge to maximally
reduce the number ofkeys, chording keyboard designers have
consistently taught away from providing a sufficient number
of keys so that chording patterns can be kept simple. By an
elementary combinatorial argument, the number of keys can-
not be less than % 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 input means substantially
simultaneously 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 Y% the number of
symbols to be encoded, if a simple mechanism for unambigu-
ous encoding of those symbols is to be provided. In particular,
the present invention teaches to provide at least 13 keys to
represent the letters [a-z], and at least one mode changing key.
Said mode-changing key such that when activated by a userin
combination with one of the letter-assigned keys serves to
uniquely and unambiguously encoding one of the letters asso-
ciated to said one letter-assigned key

In an ambiguous keyboard, some keys represent a plurality
of' symbols with a single keystroke. To use the same keyboard
in an unambiguous mode, said single keystroke must be com-
bined 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 as simple as possible, and for a
touch typability, it is preferable that substantially the same
combination of keystrokes is used for unambiguous entry of
all symbols. These two constraints are best satisfied if 1) the
same number of symbols is associated with each ambiguous
key, and (an even-as-possible partition) 2) the number of
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symbols on each ambiguous key is small. Taken together,

these constraints imply that the preferred number ofkeys for

an ambiguous code which is to be touch typed is one-half of
the number of symbols to be represented ambiguously. And,

in the case where the symbols to be represented are the 26

letters in the alphabet, the constraints taken together imply

that 13 keys are preferred, in the absence of any further
constraints

One way this observation can be exploited to produce an
ergonomic, touch-typable ambiguous keyboard with an ergo-
nomic, touch-typable unambiguous text entry mode is
described in reference to FIG. 23, and in reference to the case
of ambiguous representation of the letters of the English
alphabet with 13 keys. In this figure, each of the subset ofkeys
used to ambiguously represent the letters 700, encodes
exactly two letters. The typable device further comprises a
mode key 701 and a means for placing the device in either
ambiguous or unambiguous text-entry mode. The means for
placing the typable 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 a key devoted to this mode change, or a
particular pattern of input on other input means, such as a
double tap on the mode-changing key 701, a long or short
press of any of the keys, or many other means well-known in
the art to allow a given key to correspond to several encoding
symbols. When in unambiguous text-entry mode, activation
of the 701 key causes one a selected symbol from the two
symbols associated with a key in the plurality 700 to be
encoded when said key in the plurality 700 is activated sub-
stantially simultaneously in combination with the 701 key. It
is preferable to think of the pair of symbols on each key in the
plurality 700 to be composed of a left symbol and a right
symbol, and to label the keys with the left symbol on the left
and the right symbol on the right. Then one of these, without
loss of generality, the left of these, is associated with activa-
tion of the 701 key whereby unambiguous text entry can be
achieved. In other words, when a key in the plurality 700 is
activated in combination with the 701 key, the left symbol is
selected unambiguously, and if the same key in the plurality
700 is activated without the 701 key being substantially
simultaneously activated, then the right symbol is selected
unambiguously. If the keyboard is designed to incorporate
additional modes, then this same method of unambiguous text
entry could be used also in reference to the symbols in the
other modes.

Touch-typing oriented querying Even with an optimal
ambiguous code, coupled to unlimited computing power
and ultimate, yet-to-be discovered artificial-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 keyboard,
keeping their eyes focused on the text being produced, or the
copy being transcribed. For the touch typists, then, it is pref-
erable to have all querying for alternate interpretations of
ambiguous sequences done in such a way that 1) their eyes are
not diverted from the text-display screen and 2) queries can be
answered in a simple, stereotypical manner from the key-
board. These objects can be accomplished by reserving a key
for advancing in a list of candidate words, and highlighting
the ambiguous word on the screen. Users scroll through the
list of candidate 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.



US RE43,082 E

33

With reference to 23 and 24, we explain in detail the soft-
ware underlying touch-typing-oriented querying, and the
visual display it controls. In the first step 800 a query has been
detected, that is, the disambiguation mechanism has discov-
ered that more than one meaningful decoding sequence in the
database corresponds to the input encoding sequence.
Entrance in the query mode causes a means to draw the users
attention to the decoding under query to be display. These
means could be visual means such as the framebox 702 shown
in FIG. 23. The possible decodings are then ordered accord-
ing to their likelihood (step 802). Then, (step 804) the most-
likely decoding is displayed on the screen, in context with the
text previously entered, in a place indicated by the attention
means. The software is then prepared to detect either input
from the scroll key, or some other key (step 806). If some
input is received from some other key, then the means to draw
attention to the user is removed (step 808), the decoding is
added to the text previously entered (step 810), and ambigu-
ous text entry mode is reentered.

On the other hand, if input from the scroll key is detected at
step 806, then a test is performed to see if there exists any
other meaningful decodings in the data base 812. If there is,
the current decoding is replaced with the next most probable
decoding (step 814), and step 806 is returned to. If there is no
next-most-probable decoding, then, preferably, the typable
device enters unambiguous text entry mode as described
above (step 816), when the decoding sequence has been
unambiguously entered, the means to draw attention to the
user is removed (step 808), the unambiguously entered
decoding is added to the existing text (step 810) and ambigu-
ous text entry mode is reentered (step 818).

While this method for in situ presentation of alternatives
has been presented in terms of touch-typing-oriented query-
ing, it will be appreciated that the same method could be
applied in other contexts, such as when the “decodings” are
words with related meanings, and the database is a thesaurus,
or when the “decodings” are various possible translations of
a word into a foreign language, and the probabilities of the
decodings are supplied by an automatic translation program.
Conservation of design across platforms as a constraint: a

mouse/keyboard Consider a user of a small typable device
equipped with a one-handed touch-typable keyboard, such
as a personal digital assistant. 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 effectively touch typable for that user, the
motor patterns used in the one- and two-handed keyboards
must be as similar as possible. The shorter the interval
between the uses of the two keyboards, the stronger the
requirement for conservation of typing skills. To sharply
draw the object 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 1- and
2-handed keyboards may be used in rapid alteration.

This embodiment concerns a one-handed keyboard suit-
able for entry of data into forms, such as spreadsheets or
web-based forms. It will be of use for interaction with a
program, such as a game or a drawing program, 1) which
requires quick alternation of typing and cursor movement,
and/or 2) where the symbol set which is appropriate for entry
may vary depending on where the cursor is on the screen.
Using the standard computing configuration of a Qwerty
keyboard and a mouse, users must remove their hands from
the keyboard to move the mouse. In tasks which involve both
typing and mouse manipulation in rapid succession, such as
labeling a design presented on the computer screen, or filling
in a form, such as an HTML form, this alternating use of
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mouse and keyboard can be quite slow and laborious. In this
embodiment, a one-handed keyboard is mounted in a frame
which may be moved over a surface and thus perform the
functions of a mouse as well as a keyboard. Since users may
prefer to use a two-handed keyboard for predominantly text-
entry tasks, and intermix usage of the one-handed keyboard
with use of the one-handed keyboard, it is desirable to have
the layout ofkeys on both keyboards be as similar as possible,
s0 as to permit seamless transfer of touch-typing skills from
the two-handed to the one-handed keyboard.

Referring now to FIGS. 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 key-
board 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 key-
board, and that, further, the typing movements of the other
hand are similar to the movements of the hand chosen for one
handed typing.

The design strategy is as follows:

Choose a 13-key code with substantially minimal lookup

error rate and query error rate.

Choose a physical layout for the 13 keys. A layout with 5
keys in the top row, 5 keys in the middle (home) row, and
3 keys in the bottom row is a preferred arrangement.

Choose which hand will actuate the one-handed keyboard.

Arrange the keys such that, in the one-handed layout, and
relative to the hand chosen in the previous step: where
weight on the home row is maximized.
weight on the strongest fingers is maximized.
weight on the top row is higher then weight on the

bottom row.

Then, to obtain a layout for the two-handed keyboard, pair
each key actuated with the left-hand to a key actuated by
the right hand. Preferably, the pairing is done so that
members of the pair are laid out symmetrically, with
respect to a symmetry plane which cuts the keyboard at
the center, and runs from the bottom to the top of the
keyboard.

Of the two symbols associated to each of the 13 original
keys, associate one symbol to one of the keys in each pair
chosen in the previous step. This can be done in a way
favoring the one-handed keyboard, or in a way favoring
the related two-handed keyboard.

If favoring the one-handed keyboard: retain the higher-
probability letter on the chosen-hand side of the two-
handed keyboard, and place the lower-probability let-
ter on the opposite side of the keyboard.

If favoring the two-handed keyboard: 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 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 to favor the right
hand, one constructs the keyboard layout described in FIG.
25. When this one-handed keyboard is expressed as a two-
handed keyboard, the resulting layout is shown in FIG. 26. On
this keyboard, the right hand types approximately 84 percent
of the letters, while the left hand types approximately 16
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 one-handed or the two-handed
keyboard is used.

Conversely, if most typing is done with a two-handed key-
board, and only occasionally with a one-handed keyboard, it
may be desirable to have as even as possible weight on the two
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hands when used to operate the two-handed keyboard. This
object can be achieved with an alternate layout of the two-
handed keyboard as shown in FIG. 27. It will be appreciated
that substantially 50 percent of the typing motions used in
typing on the two-handed version of this keyboard are the
same as the typing motions used on the one-handed keyboard,
whether the one-handed keyboard is typed with the right or
the left hand.

It will be appreciated that for a 13-key ambiguous code
there are 2" different ways of pairing homologous left- and
right-hand keys of a two-handed keyboard. This number is
small enough that the symmetry of the weights assigned to the
two hands in each set of pairings can be evaluated, and
depending on whether a most-symmetric or most-asymmet-
ric weighting is desired, or some intermediate value, the
appropriate assignment can be selected.

Referring now to FIG. 28, a detailed view of the one-
handed keyboard, we see how the objects of this embodiment
are achieved by equipping the keyboard with a plurality of
keys 300, a thumb-actuatable input means 301, mouse keys
302, a palm grip 303, and a display 304. The keyboard may be
further equipped with acommunication means to enable sym-
bol selections by means of the keyboard to be communicated
to the computer. This communication means could be simply
a wire, or a wireless communication means such as an infra-
red communication means. The keyboard is slidably sup-
ported on a support means, such as a desktop, whereby the
keyboard can be moved over the support means by means of
pressure from 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 oper-
ating the keyboard are preferably formed means where the
form is such that slight pressure is effective to move the
keyboard in any desired direction. For instance, the form
could be an indentation in the body of the keyboard which
securely engages the base of the palm. By moving the key-
board in this way, the fingers of the hand actuating the key-
board are free to move in a way effective to actuate the keys,
even while the keyboard is in motion. Thus this keyboard can
be used in situations, such as for playing computer games, in
which motion needs to be simultaneously input along with
symbol sequences such as text.

It is to be noted that while this device performs the func-
tions of a mouse, it bears little physical similarity to a mouse.
Its form factor is determined by the anatomy of the hand in a
comfortable position for touch typing. The device must there-
fore be considerably larger than a standard mouse, and the
means for moving the device substantially different.

To communicate motion of the keyboard 305 to the com-
puter, said keyboard is equipped with a motion sensing
means, such as a trackball, familiar to those skilled in the art.
Preferably, the keyboard 305 can be further equipped with a
biasing means, such as springs, to lift the keyboard away from
the support means when the weight of the hand on the key-
board is lessened, thus facilitating movement. In contradis-
tinction, when the substantially full weight of the hand is
applied to the keyboard, the keyboard remains relatively sta-
bly fixed to the support means whereby typing is facilitated.

The two-handed keyboard may thereby be used for long
typing episodes, uninterrupted by the need to move a mouse,
and the one-handed keyboard for quick typing/mouse move-
ment alternation.

Visual Representation of the Keyboard It will be appreciated
that when using a single device which supports more than
one ambiguous codes, or more than one mode, it may be
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helpful to the user to have a representation of the current
association of keys with symbols at any given moment
displayed on the displayed device. While such a represen-
tation could be of value for any typable device, it is of
particular utility for touch-typable devices, since for such
devices, some or all of the keys are hidden from view

(typically by the fingers of the operator) while in use. Thus,

any display means integrated into the keys is of limited

utility for the touch typist. The most useful visual repre-
sentations are those in which the physical layout of the
keyboard is represented in the visual display. Such a device

304 is shown in FIG. 28, but could be incorporated in many

of the embodiments described in this disclosure.

Reduction of typing injury Typing injuries (repetitive stress
syndrome) afflict many keyboard users. Numerous key-
boards have been designed in an attempt to attenuate the
stress of the repetitive motions involved in typing. It has
long been recognized that the most effective means to
reduce typing injuries is for the typist to take regular breaks
from typing. This is seldom practical, however, as typists
are often under time pressure to complete their typing
work. The one-handed keyboard just described offers a
solution to this problem. While the one-handed version of
the present embodiment has been described as being used
with the right hand, it is evident that the same design
methods lead to a left-handed one-hand keyboard as well.
Each of these keyboards is capable of encoding all of the
same symbols. A therapeutic typable device equipped with
both a right-handed and a left-handed keyboard, such as
both aleft and a right-handed mouse/keyboard as described
above, 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 period of
time to the other keyboard, whereby the user gives each
hand a resting period, with no decrement to typing produc-
tivity. If desired, the typable device could be equipped with
a locking means which would alternately lock one or the
other of'the keyboards, enforcing alternating use. It is to be
appreciated that when therapy is completed, the user could
return to a two-handed version of the keyboard, with no
relearning of typing skills required.

Foldable PDA We saw in the smart-card embodiment
described above that it is convenient and ergonomic to
place the text screen of a typable device based on ambigu-
ous codes in such a way that part of the keyboard is manipu-
lated by the fingers of one or both hands and the thumb may
be used to actuate further input means, in particular, mode-
changing input means, in the region above the thumb or
thumbs and to the side of the finger-manipulated part of the
keyboard. The present embodiment concerns a typable
device at a somewhat larger scale which uses the same
concept in conjunction with a folding concept in order to
design a twice-foldable information appliance which may
ergonomically perform different functions when it is
unfolded, once folded, and twice folded.

This twice-foldable design is a surprising consequence of
ambiguous codes. It is remarkable that typable devices built
by the methods taught by the present invention permit key-
boards which are at once 1) effective for the coding of natural
language, 2) use substantially full-size keys, and 3) are small
enough to be placed in a pocket or a small hand bag. This
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,
said units being configurable in a variety of ways depending
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on the instant needs of a user. The elementary units can be
foldably and/or detachably connected to each other in each of
a variety of configurations. In this way the computing device
can alternately play the role of a laptop computer, a personal
digital assistant, a telephone, a gaming device, and so on.

With reference first to FIG. 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 other in a foldable and/or detach-
able way. FIG. 29 shows such a device in the unfolded state.
It is thus revealed that one of the parts 900 has a first surface
which functions as a first visual display, while 901 has a first
surface which functions as a first keyboard and 902 has a first
surface which functions as a second keyboard. Preferably, the
keyboard layout on said first and second keyboards is a 13-let-
ter-key keyboard, though many other choices are possible.
The final part 903 has a first surface which functions as a pair
of mode-changing thumb switches, to be used in combination
with the said first and second keyboards. The first keyboard is
meant to be operated with the right hand. It will be evident to
those skilled in the art that a similar configuration exists
which is typable with the left hand, and that this similar
configuration can be obtained by simple rearrangement and
reattachment of the four parts. Indeed, a two-handed key-
board can be obtained from by detachment and rearrange-
ment of the four units as shown in FIG. 33.

FIG. 30 shows the unfolded twice-foldable computer in a
bottom view. Part 904 is a telephone keypad 905 and corre-
sponding second visual display 906. Part 907 is a third visual
display, and part 908 a third keyboard. Parts 904, 905, 906,
907 form the second surfaces of parts 900, 901, 902, 903
respectively.

Folding the computer along the line 908 shown in FIGS. 29
and 30 we obtain the configuration shown in FIG. 31. In this
configuration the third keyboard is exposed for typing, and
the third visual display is used as the corresponding display.
Here the keyboard layout is a 12-key keyboard, but many
other choices are possible. This configuration might be used
when, due to time or space limitations, the user is unable or
unwilling to open the computer to its full extent. It might also
be used to supply a different functionality than the fully
unfolded computer, such as a gaming functionality.

Finally, the computer can be folded along the fold 909
shown in FIG. 31 to provide the twice-folded configuration
shown in FIG. 32. This is the configuration in which the
computer would be typically kept for transportation; in this
configuration the device could be small enough to fit into a
pocket. Further, in this twice-folded configuration the tele-
phone functionality is exposed for use. For many users, this
will be the most frequently used configuration of the device.
Itwill be noted that we have shown the telephone keypad with
the ambiguous code of a previous embodiment, though many
other choices are possible.

To recapitulate: thanks to ambiguous codes, we can design
aportable communication and computing device which func-
tions alternately as a telephone, a personal digital assistant,
and a laptop computer.

It will be appreciated by those skilled in the art that if each
of'the elementary units, including the keyboard units, are built
from touch-screens, then the variety of configurations and
uses of this device could be further increased. What would be
lost, however, is the tactile feedback from the keyboards built
from standard, depressable keys. Many other variants are
possible, consistent with the teachings of the present inven-
tion.

Software embodiment for a typable device comprising a
touchscreen This invention permits software as well as
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hardware embodiments. In particular, the methods of the
present invention can be used to design typable mecha-
nisms for devices comprising touch screens, such as the
series of personal digital assistants built by the 3Com cor-
poration and sold under the trademark PALM PILOT, as
well as other trademarks, For the sake of illustration, we
will focus on the PALM PILOT class of devices, which
includes hand-held computers capable or running a variety
of applications programs, though the methods herein
described could be applied to any typable device compris-
ing a touch screen.

In reference to FIG. 34, we note that devices of the PALM
PILOT class typically comprise: a touch screen 1000, a touch-
sensitive region 1001 which is used for entering characters
via hand-writing recognition software. Said touch-sensitive
region may be a subregion of the touch screen, or may be
implemented separately.

One of the essential and surprising 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 the keyboard.

The crucial observation is that if the keyboard=has fixed
letter assignments to keys, 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 into which ever appli-
cation program is currently displayed on the touchscreen. If,
further, the keyboard is strongly touch typable, then the key-
board can be used to produce high quality text, even if no
screen space is used for querying feedback to the user.

With reference to FIGS. 34 and 35, some of the particular
features of the PALM PILOT class of devices which are
accounted for in the present embodiment are:

The ability of the touch screen 1000 to easily present alter-

nate keyboard layouts.

The ability of a touch screen to present images of different
levels of intensity and/or in different colors.

The placement of the region for entering characters 1001 at
some remove from the touch screen, or in a non-central
region of the touch screen.

The use of the personal digital assistant to run a variety of
programs, such as scheduling 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 enable a given
input means to represent many different symbols or groups of
symbols, depending on the “mode” of the keyboard at any
given time. When a touch screen is used to embody a key-
board, each input means is associated with a specified region
of the touch screen. The dual function of the touch screen as
a visual display and as a 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, depressable structure
by equipping each mechanical key with its own display
device. In this way, the methods for mode changing here
specified in reference to a touchscreen comprising device
could be applied to devices comprising mechanical keys,
such as many of the other devices specified in the present
disclosure.

Mode Selection One strategy in keyboard design to increase
the number of symbols which can be encoded given a fixed
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number of keys is to augment the keyboard with a number
of mode-changing keys. Pressing a mode-changing key
changes the symbol encoded by a plurality of other keys.
The canonical example is the shift key of the standard
typewriter keyboard which changes the symbol encoded by
the letter keys from lower case to upper case. Upper-case
letters could in principle be encoded on a separate set of
keys from the keys encoding lower-case letters, and if
upper-case letters occurred with the same frequency as
lower-case letters in typical communications, then this
could be a defensible choice. Also in principle, having
upper- and lower-case letters accessible in different modes
does notimply that an upper-case letter must be assigned to
the same key as the corresponding lower-case letter. The
same-key assignment is chosen in practice because there
are strong conventional, conceptual and statistical relation-
ships between lower- and upper-case letters.

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 conven-
tional relationships, and adherence to conceptual relation-
ships between symbols. In the design 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 more than one
letter symbol on each key, and the number ofkeys available to
encode symbols is typically sharply limited. However, the
same methods which have been above applied to produce
ambiguous codes for letter symbols can also be applied to
non-letter symbols such as punctuation, provided that these
non-letter symbols are strongly correlated.

The collection of symbols to be encoded by a keyboard will
be divided into subsets corresponding to modes. Modes can
be at least partially ordered according to how much manipu-
lation is required on the part of the user to obtain each mode
and/or how frequently the symbols in 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.

Letter symbols are 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.

A first statistical measure to be taken into account is the
probability of non-letter symbols. Some of these non-letter
symbols, such as punctuation marks and digits, are essential
to communication and may occur with a frequency rivaling or
exceeding those of letter symbols. These punctuation marks
are candidates for inclusion in the primary or secondary sym-
bol set in any effective keyboard design. Next to be consid-
ered are correlations which arise from non-letter acting in
concert with other non-letter symbols. Some non-letter sym-
bols have conventional and conceptual relationships with
other non-letter symbols, for example, the symbol (left paren-
thesis) is related to the symbol) (right parenthesis), as the two
symbols act together to express meaning. The symbol . is
related to the symbol , as the two symbols express similar
meanings (end of a phrase or sentence). These are examples
of'global relationships, common to most uses of the language,
in these cases including languages such as English. There are
other, more local, relationships which could be accounted for
in keyboard designs for specialized purposes, such as the
relationship between : and / in the expression :/ commonly
used in site addresses on the World Wide Web (URLs or
Universal Resource Locators).
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Non-letter symbols may also have statistical, conventional,
and conceptual relationships with letter symbols. For some
symbols, it is possible to analyze their statistical relationships
with each other with reference to a corpus. For others, user
studies are needed, or specialized software to capture these
symbols 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 other-
wise manipulate a text.

Given reference statistics constructed in this way, a next
step in the assignment of symbols to modes is to arrange the
symbols in such a way that the statistical, conventional, and
conceptual relationships are best satisfied. A further con-
straint which could be taken into account is the mnemonic
potential of the arrangement. Preferably, all symbols are
arranged within and across modes in a way that “makes
sense”, that is, that the symbol pattern is simple, familiar,
preferably visually well structured. Even well-trained touch
typists may revert to a visual scanning mode to find infre-
quently used symbols on a keyboard. Thus, mnemonic poten-
tial may be the overriding concern in the arrangement of
modes devoted to less-frequently used symbols. It is to be
appreciated that mnemonic potential can be quantified using
experimental protocols for memorization tasks well-known
to psychologists.

To illustrate the approach, an example layout of letter sym-
bols [a-z], digits, and the 32 nonletter symbols

~N@H$% & ()_-+={ [\ <>

found on a standard keyboard is provided. This arrange-
ment comprises three mode changing keys, and 3 modes, each
mode containing 16 symbol keys, as shown in FIG. 36A-C.
This layout is designed for PALM PILOT class machines. It
has not been shown to be optimal by psychological testing.

The first mode (FIG. 36 A) contains an ambiguous code for
the letters, a space/backspace key, a basic punctuation key,
and a key for shifting modes in either the forward or the
backward directions.

The second mode (FIG. 36B) contains keys for the digits,
and certain punctuation marks, arranged so that this mode can
function either as a telephone, or as a rudimentary calculator/
numeric keypad.

The third mode (FIG. 36C) contains additional punctuation
marks, arranged so that 1) a shift key relates symbols with
related meanings, such as open and closed parentheses, or, if
there is no related meaning, related symbol shapes, as an aid
to remember the symbol placements. A convention is applied
whereby “hard” symbols, more angular symbols, are on the
left, while “soft” symbols, more curved symbols, are on the
right. Since all or most keys have exactly two symbols, ergo-
nomic disambiguation mechanisms as described above can
operate in each mode.

Selectable transparency of the keyboard Currently, typically
implementations of a keyboard displayed on a touch-
screen device in the PALM PILOT class comprise a key-
board 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 applica-
tion. Since display real estate in such devices is extremely
limited, sharing the display between keyboard and appli-
cation program results in both keyboard and application
program being very small. Keyboards used in present
devices are not meant to be practically touch typable, nor
could they be, given their extremely small size. However,
application of the methods of this invention produces key-
boards which are small enough to be touch typable, even in
the limited environment of the touch screen of a personal
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digital assistant. The important observation is that since the
keyboard is touch-typable, it does not have to be displayed
to the user. The user’s fingers “know” where the keys are,
without the user having to see them. Thus the keyboard can
be made transparent, occupying the entire touch screen,
while the application program can be opaque, and also
occupy the entire touch screen. Displayed in this way, the
user types directly on the application program to produce
inputto it. In FIG. 35 akeyboard displayed in this way 1003
is shown with an application program 1002 in this case a
drawing program displaying a drawing. Since it is impos-
sible to draw a transparent keyboard, the keyboard is indi-
cated in this figure in a shade of gray, while the application
program is shown in black. Indeed, it would be possible to
allow the user to select the level of transparency of the
keyboard, for example, as a function of his or her level of
touch typing skill.

It has already been pointed out that different modes may
contain symbols of different levels of familiarity to the user.
To account for these differences, the transparency of the key-
board could also be adjusted as a function of mode, becoming
increasingly less transparent as the unfamiliarity of the sym-
bols in the mode increases. It is to be noted that the same
effect of distinguishing the keyboard for the applications
program could be accomplished by adjusting other visual
factors, such as the color of the image, in addition to its
transparency.

Hybrid Chording/Ambiguous Keyboards The important
observation on which this aspect of the present invention is
based is that chording patterns which require but two keys
to be activated substantially simultaneously, such as the
chording pattern which causes a Qwerty keyboard to
encode capital letters, are readily learnable and can there-
fore be adopted by a large user community. However, the
prior art has proven that chording patterns any more com-
plex than this will not become generally accepted.

It has been noted that there are two main prior-art
approaches toward typable devices with a small number of
keys: chording methods and ambiguous-code methods. One
aspect of the present invention is to teach how to synergisti-
cally combine these two methods.

We can distinguish two kinds of chording methods 1)
methods in which a key or keys are reserved for the function
of forming chords, an example is the familiar shift key used
for keying uppercase letters by a chording combination of the
shift key with a letter key, and we will generally refer to such
keys as shift keys, 2) methods in which chords are formed by
activating a plurality of letter keys substantially simulta-
neously. In the present embodiment the first of these methods
is 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 unified into a single gesture by a human user. Thus,
apair of keystrokes is no or little more difficult to master than
a single keystroke, yet, a pair of keystrokes contains substan-
tially more information than a single keystroke, and thus can
be used to create easily operable, low-ambiguity codes and
typable devices based on these codes. Thus, to make the
keyboard easy to learn, chords must require no more than a
pair of keys to be activated substantially simultaneously. Such
an ambiguous code which uses a maximum of two keystrokes
(encoding symbols) to encode any given letter (decoding
symbol) will be referred to as a max-2 ambiguous code, (see
FIG. 50). In this embodiment, one of the pair being a key
reserved for forming chords. Such an encoding symbol will
be referred to as a combining encoding symbol, see FIG. 51),
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and the other encoding symbol of the pair is generated by a
key corresponding to at least one decoding symbol. Such a
key will be referred to as a decoding-symbol-assigned key or
letter-assigned key. Rare symbols may still require more than
two keys to be activated substantially simultaneously, and
very frequent symbols could be associated with a single input
means without exceeding the scope of this invention.

It is preferred that at least one of the decoding symbols is a
strongly correlated symbol. In this way, should a chord be
formed improperly, when a shift key is activated when it
should not be or not activated when it should be, the disam-
biguation software may be able to correct for this error.

Thus, while chording and ambiguous codes could a priori
be combined in any number of ways, according to the teach-
ings of this embodiment, preferred combinations are such that

no more than 2 input means need be substantially simulta-
neously activated in order to encode any substantially prob-
able symbol. That is, a max-2 ambiguous code is preferred,
see FIG. 50.

lookup error and/or query error is optimized,

chording is accomplished using a mode-shift key, that is, a
combining encoding symbol,

(preferably) such that the probability of using the mode-
shift, key is minimized, that is, combining encoding
symbol plus decoding-symbol-assigned-key combina-
tions are less frequently activated than decoding-sym-
bol-assigned keys in isolation.

When chording and ambiguous-code methods are com-
bined according to these teachings, surprising and synergistic
results are obtained as will be demonstrated by the present
embodiment in which a hybrid chording/ambiguous-code
method is applied to a telephone embodying the standard
ambiguous code. We have already seen that the standard
ambiguous code has rather poor lookup error and query error
rate. It is therefore quite extraordinary that using a hybrid
method a keyboard based on the standard ambiguous code
can be made (level C) strongly touch typable, and the standard
ambiguous code with 6 effective keys is transformed into a
code with 13 effective keys The objects of this embodiment
are to produce a keyboard which is strongly touch typable,
fully compatible with standard telephones embodying the
standard ambiguous code,

simple to operate,

simple to learn,

and uses a minimal number of keying gestures.

A standard telephone embodying the standard ambiguous
code is shown in FIG. 38. It is seen that a plurality of keys
10000 are used to encode letters and digits, there are eight of
these. Two keys 10001, 10002 encode only digits, and two
keys 10003,10004 encode the non-letter symbols * and #
respectively. In this embodiment, one of the keys selected
from the group consisting of 10001, 10002, 10003, 10004
will be used as a mode-changing key, generating a combining
encoding symbol, preferable key 10001 encoding the digit 1.
This selected key will be referred to as the shift key, for
reasons which will become evident, though any means of
generating a combining encoding symbol could be used. Key
10001 can be conveniently activated by the thumb of 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 embodi-
ment in which the right thumb is used to active the shift key
while the telephone is held in the right hand, key 10004 can be
used as the shift key.

For each of the keys in the plurality 10000 the correspond-
ing letters will be divided into two subsets, which will be
referred to as the shift set and the nonshift set respectively.
That is, the shift set contains max-2 sequences of encoding
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symbols which consist of one combining encoding symbol
and one key-assigned encoding symbol, whereas the non-
shift set contains a single key-assigned encoding symbol.
Note that elements of both shift- and non-shift sets of encod-
ing symbol sequences could correspond to more than one
decoding symbol under the ambiguous code.

Letters will be assigned to the (shift, nonshift) sets so that

lookup error is minimized,

queries are minimized,

one of the sets, without loss of generality, the shift set,

contains exactly one letter per key, That is, we make the
further limitation that the combining encoding symbol
and key-assigned encoding symbol pairs in the shift set
are unambiguously mapped to a single decoding symbol
so that when the pair of encoding symbols is input the
associated decoding symbol is explicitly and unambigu-
ously selected for output, see FIGS. 51 and 52

the probability of activating the shift key is minimized.

As is usually the case, simultaneous optimization with
respect to lookup error rate, query error rate, and other con-
straints implies compromise. For instance, one could poten-
tially achieve better lookup error rates and query error rates by
removing the limitation just made that one of the (shift, non-
shift) sets is mapped to a single decoding symbol, so that only
a single letter per key and allow, rather, the number of letters
in the shift set to vary from key to key. However, regularity of
the partition into shift and non-shift sets makes the keyboard
easier to learn, a constraint which is here given high priority.
Learnability could be further improved by selecting the
singletons such that the collection of singletons is easy to
remember, perhaps by mnemonic. This selection, however,
could compromise lookup error rates and query error rates.

There are 11664 different pairs of shift/non-shift sets obey-
ing the constraint that the shift set contains but one letter per
key. This number is small enough that all possibilities can be
tested for their properties.

The results of testing all such codes are shown in FIG. 39,
where lookup error rate is plotted vs. query error rate, for all
11664 codes, as well as the standard ambiguous code SAC. It
is to be noted that while all of the codes are belief than the
standard ambiguous code, most are belter by a small multiple.
However, this distribution is quite large, and the best code
CEHLNSTY with a lookup error rate of 431 words/lookup
error and query error rate of 21 words/query is 15 times better
than the standard ambiguous code in terms of lookup error
and 10 times better in terms of query error. This best code is
abC dEf gHi jkI. mNo pqrS Tuv wx Yz where the elements of
the shift set are written with uppercase letters. It is to be
emphasized again that this code is the best code with respect
to our reference statistics, other statistics may yield other best
codes, though it appears to be among the best for statistics
drawn from many alternate corpora of English. It should be
further appreciated that the same hybrid chording/ambiguous
code method could be applied to arbitrary ambiguous codes
in which the underlying ambiguous code is not constrained to
be the standard ambiguous code, indeed is not constrained to
be in alphabetic ordering, or only 8 keys, or with an even-as-
possible partition. By allowing more freedom to choose
codes, hybrid chording/ambiguous codes can be found of
such high quality in terms of lookup error rate and query error
rate that other constraints, such as minimizing use of the shift
key, could be profitably combined with optimization of
lookup error rate and query error rate. These optimizations
are beyond the scope of the present embodiment, which seeks
full compatibility with existing telephones, they are however,
well within the scope of the present invention.
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To further facilitate the learnability and operability of this
keyboard, the letters which form the shift set are preferably
represented on the corresponding key using an uppercase
letter, while the letters in the nonshift set are represented as a
lowercase letter, as shown in FIG. 38. Alternately, the two sets
could be indicated by lettering varying in size, color, typeface
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 substantially simultaneously with the correspond-
ing letter key, this letter will be represented unambiguously.
By contrast, when a letter in the nonshift set is required, the
corresponding letter key is operated, and the letter is repre-
sented ambiguously.

In view of the teachings of this invention, it will be appre-
ciated that the disambiguation mechanism corresponding to
this embodiment could be physically located within the tele-
phone, at the sending end of the communication, and or at the
receiving end of the communication, for instance at a central
computer which the user contacts by telephone.

As we have seen, on the standard telephone keypad there
are 4 keys available to encode non-letter information such as
mode changes. Using the method of 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 required. For instance, with 4 shift
keys, each associated to one letter on each letter key, totally
disambiguous text entry can be achieved, albeit while increas-
ing the number of keystrokes per letter. In short, many asso-
ciations of subsets of decoding symbols with shift keys can be
imagined. One particular class of assignments is considered
in a later section on internationalization of these teachings, up
to now described in detail mainly with respect to English.

It will be appreciated that using the shift key in combina-
tion with the remaining non-letter keys, in the preferred
arrangement the *, # and O keys, can be used to encode at least
6 non-letter symbols, such as punctuation symbols, mode-
shift symbols, and the like.

Error correction using the standard ambiguous code Espe-
cially when used by a novice user, the keyboard of the
present embodiment could be operated in such a manner
that the shift key is pressed at times when it should not be
to encode the in tended text, and at other times the shift key
will not be pressed when it should be. Often, such a
manipulation will result in a meaningless decoding if the
disambiguation device is expecting correctly typed encod-
ing sequences in the hybrid chording/ambiguous code. In
these cases, rather than issuing a query, an alternate disam-
biguation can be attempted in which the shift key activation
is ignored, and the encoding sequence is interpreted as
being an encoding sequence in the standard ambiguous
code. Often, this interpretation will recover the text
intended by the user.

It is to be noted that in the device shown in FIG. 38 a
strongly correlated symbol (space) is paired on the same key
with a weakly or uncorrelated symbol (backspace). This pair-
ing potentially allows disambiguation software to correct
errors in which (space) is meant but (backspace) keyed by the
user, or vice versa.

Touch-typing-oriented querying It is preferable in this
embodiment to use the selected shift key as the scroll key
for querying, when querying is permitted, as described
above. It will be appreciated that whether the key functions
as a shift key or a scroll key at any given moment can be
determined automatically given the appropriate software.
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When the device is in querying mode the key functions as
a scroll key, and otherwise functions as a shift key.

Alternate placement of shift keys Referring again to FIG. 38,
we note that this embodiment has been designed to be
operable using existing, standard, telephones. If tele-
phones are manufactured with use of this embodiment in
mind, they are preferably equipped with additional key or
keys 1005 to function as the shift key. It is preferred to place
these additional keys on the sides of the telephone, where
they can be actuated by the thumb of the hand holding the
telephone; such a placement is shown in FIG. 38. Addi-
tional keys to be actuated by the fingers of the hand holding
the telephone (either the left or the right hand) may also be
used 10006.

Culling infrequent words in queries It is often the case that a
very frequent word is ambiguous with a very infrequent
word. For instance, in the case of CEHLNSTY for English,
the very frequent word “for” is ambiguous with the very
infrequent word “fop”. By eliminating these very infre-
quent words from the dictionary, the effective query error
rate can be improved with very little effect on how well that
dictionary represents the language in question. For
instance, the query error rate for CEHLNSTY can be
improved to 1 query every 46 words, by eliminating words
whose total probability is less than one part in 50 thousand.
This culling can be achieved for instance by application of
a “gap factor” given by the ratio between two words in the
query, e.g. the most frequent and the least frequent. If, for
instance, the gap factor is set to 500, the distribution of FIG.
39 is obtained, two codes, the standard ambiguous code
(SAC) and the CEHLNSTY code are particularly pointed
out in this drawing.

Internationalization There are two main issues in internation-
alization of the present embodiment, both of which are
readily solved by a person skilled in the art in application of
the teachings of this invention. These are 1) handling
accents, and 2) creation of generalized codes which are
applicable to many languages at once. Both of these issues
will be briefly discussed.

Handling accents. Many languages are written with letters
which may appear in both an accented and an unaccented
form. For example, in French, “e” may be written as “e”,
“e”, or “€”. It is generally important to distinguish these

accented letters. Without accents, for instance, the word
“eleve” (meaning “‘student”) can be ambiguous with the
word “élevé” (meaning “raised”). One natural approach is
to use another shift key, which we can call an accent-shift
key which has the function of selecting an accented version
of a letter when used in combination with a key encoding
that letter. For instance, to treat French using CEHLNSTY,
we can key the accent shift key in combination with the
“def” key to encode either “e” or , and then rely on a
disambiguation mechanism to decide which of these two
accents is appropriate for a given word. Using this
approach, we find that with some set of word-frequency
statistics for French, a (lookup, query) rate of (38,3) for
CEHLNSTY without an accent-shift key, but (584,24) with
an accent shift key. For the telephone keypad, any of the
keys on the bottom row could be used as an accent shift key,
for example. In specially built keypads, an additional key
could be provided to supply the accent-shift function. For
ergonomic reasons, it is preferable that this accent-shift
key be operated in a manner similar to the way the usual
shift key is operated, e.g. such that thumb motion in one
direction is used to encode a regular shift operation, while
thumb motion in an opposite direction is used to encode the
accent-shift operation.
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Multi-Language Ambiguous Codes 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 substantially
optimal with respect to another language. A code which is
strongly touch typable with respect to one language may
not be strongly touch typable with respect to another lan-
guage.

For example, CEHLNSTY, optimized for English, per-
forms less well for French than a code specifically chosen for
its optimality with respect to French. In this particular
example, CEHLNSTY remains strongly touch typable with
respect French, though this will not be the case with respect to
all languages.

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 labeled with the
ambiguous code for which it is designed, it is useful to have a
single code which applies to many languages, so that this
labeling 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 already
described, it is possible to produce ambiguous codes which
are simultaneously optimized with respect to several different
languages. In a multi-language optimization method, the step
of weighting constraints with respect to each other can
include as a 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 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 mini-
mum performance is maximized, such a procedure will be
referred to as a mini-max procedure.

Consider optimizing with respect to a set of languages 11,
12, ..., 1n, and a set of ergonomic constraints, el, e2, . .. ,em.
Given two ambiguous codes c1, ¢2, and for each constraint
em, we rate c1 as better than ¢2 if for ¢1 the minimum of em
over the languages In is greater than the minimum of em over
the languages In for c2. When several constraints must be
optimized against, it may happen that one code is better than
another in the mini-max sense with respect to one constraint,
but worse with respect to another constraint. In this case the
constraints must be weighted with respect to each other as has
already been described in detail.

As an example of these teachings, consider optimizing
with respect to lookup error and query error for a set of
languages. In this example will we allow non-alphabetic
orderings, and use 8 regular input means, and a auxiliary input
means and an accent-shift auxiliary input means, so that the 8
regular input means can be used in combination with one of
the auxiliary input means in a hybrid chording/ambiguous
code embodiment as has been previously described.

First consider optimizing with respect to the set of lan-
guages 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 jozm bhx aknr pw diy 1 gq tev c fus with
(lookup error rate, query error rate) of (3250,265), (11400,
3800), (4720,505), and (6280,400) with respect to French,
Italian, Portuguese and Spanish respectively. This code has
relatively poor performance on Dutch, English, and German,
with values of (65,4.8),(93,10), and (360,13) respectively.
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Using a similar amount of computing time, but optimizing
now with respect to Dutch, English, and German, one can find
codes such as cjk r biy 1 fv e mo a sz p hx g to d qw n which
yields (1220,44), (816,44), (480,47) on these languages
respectively. This same code yields (253,20),(306,50),(525,
36), (4236,272) for French, Italian, Portuguese and Spanish
respectively. And while these results are respectable for the
out of sample languages, they are not nearly as good as the
results obtained when ambiguity with respect to these lan-
guages 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.

In practical circumstances, the decision as to which lan-
guages to include in a multi-language optimization scheme
are more commercial then conceptual. The important inven-
tive concept taught by this disclosure is that even the minimal
performance over the selected languages should be such that
the code is should be typable. In the cases examined above,
optimization with respect to French, Italian, Portuguese and
Spanish discovered a code which is level C strongly touch
typable with respect to these languages, but the minimal
performance is barely level A strongly touch typable with
respect to Dutch, English, and German.

Strongly touch typable handheld device which is typable
using one hand. In the hybrid chording/ambiguous code
embodiment described above, it was shown how a distin-
guished input means (combining encoding symbol) can be
used to form chords with input means encoding ambigu-
ously coded symbols (decoding symbol-assigned encod-
ing symbols) in order to reduce the ambiguity of the overall
system. This present embodiment shows how decoding-
symbol-assigned encoding symbols can be used both for
chord formation and for encoding ambiguously encoded
symbols. Thatis, a given encoding symbol can play the role
of a combining encoding symbol and of a decoding-sym-
bol-assigned encoding symbol. This permits the ambigu-
ous code to be expressed as a multi-level code: a first
sequence of encoding symbols serves to select a first subset
of decoding symbols, a second sequence of encoding sym-
bols serves to select a second subset of decoding symbols,
and so on. Preferably, the second subset is a subset of the
first subset, the third subset a subset of the second subset
(and thus a subset of the first subset), and so on. This is a
“divide and conquer” approach, as such well known to
those in the art. However, it is not been heretofore under-
stood that a) While it is typical in a divide-and-conquer
approach that the final subsets contain unique solutions, the
number of successive subdivisions of the set of symbols
canbe limited by making the smallest subsets contain more
than one symbol, and these smallest subsets can be used to
define an ambiguous code, nor b) that the manner of sub-
division can be chosen so as to minimize the ambiguity
(lookup error and or query error) of the final ambiguous
code, nor that ¢) ambiguity reduction can be optimized
while simultaneously optimizing other constraints, such as
conservation of convention, nor d) that the transition
between levels in the hierarchy can be accomplished with
chords consisting of pairs of key presses only, where ele-
ments of the pair can be combining encoding symbols
and/or decoding-symbol-assigned encoding symbols,
depending on context
A concrete manifestation of these discoveries will now be

described in detail, with reference to FIGS. 39 to 47. It will be

understood that this is but one of an 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
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approach to code construction, while minimizing ambiguity
and/or some other constraint such as adherence to convention,
fits well within the scope of this embodiment.

This embodiment is a device which is strongly touch-
typable with a single hand. It has the additional desirable
characteristics of
1) permitting a fully unambiguous text-entry mode.

2) permitting a substantially optimal, strongly touch

typable, ambiguous text-entry mode.

3) permitting a minimal-keystroke mode for data-retrieval.

4) is such that the above three modes are maximally com-

patible.

Preferably, this device can be configured such that, in addi-
tion to the above-stated constraints, a new constraint, scan
time, is also optimized. Optimization of scan time will be
discussed in a section below.

An overview of the method for constructing a typable
device based on multi-level ambiguous codes is described in
reference to FIG. 39.

Inthefirst step 150, a set of second-level decoding symbols
are selected. These are the symbols that are to be represented
by the ambiguous code, and might include, for example for
English, the letters a through z.

In the next step 151, a constraint is selected for the over-all
multi-level code. This constraint could be, for example,
strong touch typability in general or lookup error or query
error alone. In general, many constraints of the multi-level
code could be simultaneously selected. In the next step 152,
the second-level decoding symbols are divided into subsets.
An encoding symbol is assigned to each second-level subset
in such a way that the overall code is optimized with respect
to the selected constraints. Up to this point, the construction is
not different from the construction of any optimized ambigu-
ous code. However, there may be additional constraints, for
instance on the allowed number of encoding symbols, such
that the next step of construction can be executed. In this next
step 153, the second-level encoding symbols are collected
into groups. These groups are treated as decoding symbols for
a first-level ambiguous code. Otherwise said, the encoding
symbols of the second-level code become decoding symbols
for the first-level code. Hence, a first-level encoding symbol is
assigned to each group, forming a first-level ambiguous code.
Additional optimization of constraints can be performed in
the assignment of second-level symbols into groups. In gen-
eral, each level in a multi-level code can be optimized with
respect to different constraints. These constraints may be the
same, or may be different from, the constraints with respect to
which the over-all multi-level code is optimized. In the final
step 154, the multi-level code thus constructed is embodied in
a typable device.

The construction of the second-level code was just
described as proceeding the construction of the first-level
code. When a device embodying a multi-level code is used,
the codes are applied in the reverse of the order in which they
were constructed: first an element of the first-level code is
selected by a first user activation of the keyboard, then an
element of the second-level code is selected by a second user
activation of the keyboard.

This is the essence of the divide-and-conquer approach. It
will be evident to one skilled in the art that this construction
could be continued in the same way to include third- and
higher-level codes.

In practice, properties of each level of the multi-level code
must be simultaneously optimized to achieve desired proper-
ties of the over-all multi-level code. The present embodiment
is presented to concretely illustrate how this simultaneous
optimization can be planned and executed.
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The overview of the method of construction of this
embodiment is shown in FIG. 40. To help exhibit the proce-
dure in full generality, three constraints are selected for the
over-all multi-level code, two constraints for the first-level
code and three for the second-level code which together com-
prise the multi-level code. In this embodiment the three con-
straints applied to the multi-level code as a whole are strong
touch typability, optimized query error, and optimized lookup
error. The first-level code is optimized relative to anatomic
fidelity, and alphabetic ordering, and the second-level code is
optimized relative to evenness of partition, anatomic fidelity,.
and substantial alphabetic ordering.

The first step 3100 in the construction of this embodiment
is the selection of (second-level) decoding symbols. These are
the letters a-z. Then strong touch typability, optimization of
query error, and optimization of lookup error are selected as
constraints for the multi-level code in steps 3101, 3102, and
3103 respectively. Then, in step 3104, anatomic fidelity is
selected as a constraint. Since this device is meant to be
typable using the fingers of the hand holding the device,
anatomic fidelity is maximized when there are 4 input means
and 4 corresponding first-level encoding symbols, one for
each finger.

Anatomic fidelity is chosen as a constraint for the second-
level code in step 3105. Each encoding symbols in the first-
level code will correspond to several encoding symbols for
the second-level code. Anatomic fidelity of the second-level
code is maximized if each of the 4 first-level symbols corre-
sponds 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 symbols such
that evenness of partition is maximized if the 26 second-level
decoding symbols are distributed over the second-level
encoding symbols such that either 1 or 2 second-level decod-
ing symbols are associated with each of the 16 second-level
encoding symbols. This distribution implies, in turn, that
between 4 and 8 second-level decoding symbols will be ulti-
mately associated with each of the 4 first-level decoding
symbols.

Next, in step 3106, alphabetic ordering is selected as a
constraint for the first-level code. Optimizing with respect to
this constraint requires simultaneous optimization of both the
first- and second-level codes. What is required is that the
letters a-z must be displayable in alphabetic order on the
displays corresponding to the input means associated with
each finger respectively. Since these displays are 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 in turn associated to the first-
level encoding symbol which is associated to input means
associated to the first finger. In the same way, a second group
of letters, following the first group in alphabetic order, must
be assigned to second-level encoding symbols associated to
the first-order encoding symbol associated with the input
means associated to the next finger, and so on for the other two
first-level encoding symbols. Optimizing with respect to
alphabetic ordering thus corresponds to choosing an ordered
partition of the 26 letters, in the same way as has been dis-
cussed for other embodiments of this invention. This time,
each of the 4 elements of the ordered partition must have
between 4 and 8 subelements, so that all of the constraints
listed can simultaneously optimized. As will be shown in the
detailed description of the best mode for this embodiment,
codes with even-as-possible partitions, even for the first-level
code, can be found, while optimizing as well with respect to
all of the other constraints considered.
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Finally, in step 3107, substantial alphabetic ordering is
chosen as a constraint of the second-level ambiguous code.
This means that it should be possible to lay out the letters as
well as possible in alphabet ordering, given all of the other
constraints on the assignment of letters to second-level
encoding symbols. Divergences from strict alphabetic order-
ing can be measured in any number of ways, for instance by
the number of pairwise permutations required to bring a given
ordering into strict alphabetic ordering.

In reference now to FIGS. 41-47, we describe a strongly
touch typable handheld device, typable using one hand,
encoding at least the letters [a-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 must be fixed, that is, not chang-
ing depending for instance 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 word completion mechanisms can significantly
reduce the number of keystrokes. But since the behavior of
the word-completion mechanism is complex and difficult to
predict, a machine with word-completion is not in any strict
sense touch-typable. Nonetheless, the same optimizations
that lead to strongly touch typable codes lead to effective
word completion mechanisms, since the lower the ambiguity,
the better word completion can be effected. Thus, augmenting
a strongly touch typable code with word-completion mecha-
nism does not transport 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 only. To limit the requirement for digit
motion, most of the symbols can be input though sequences of
manipulation of but 5 input means: 4 input means operable by
the fingers of the hand holding the device 2100-2103 and 1
input means operated by the thumb of the hand holding the
device 2104. The device shown in FIG. 41 is meant to be held
in the left hand; it is evident that the symmetric device
designed to be held in the right hand or an ambidextrous
device operable by either hand could also be constructed.

Preferably, associated with each of the input means 2100-
2103 is a visual display 2106-2109 showing the elements of
the subset currently associated with the given input means.
Operating the input means selects the corresponding subset.
The input means 2104 can be used to further refine the subset
selection and/or be used to select other subsets of symbols.
For example, the single symbol “space” can be associated
with the input means 2104; this or other symbols associated
with input means 2104 can be preferably displayed on display
means 2110. The letters [a-z] can be distributed over the 4
input means 2100-2103. The distribution of letters over the
input means is preferably chosen so as to minimize the ambi-
guity (lookup error rate and/or query error rate) of the result-
ing 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.

FIG. 42 shows an arrangement of the letters [a-z] in which
the letters [a-f] are associated with the first input means 2100,
[g-1] with the second input means 2101, [m-r] with the third
input means 2102, and finally [s-z] with the fourth input
means 2103. These associations constitute first-level subsets
in afirst-level code. In general, it will be preferred to associate
4-8 letters with each of these 4 input means:
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thereby the subset of letters associated to each input means
can be further subdivided into 4 subsets, each of which con-
tains no more than two letters. The utility of this limitation
will become evident shortly, and it will be evident to one
skilled in the art how to extend the teachings of this embodi-
ment to languages with a different number of symbols, and a
different number of input means.

An example set of second-level subsets which divide the
first-level subsets shown in FIG. 42 is shown in FIG. 43. FIG.
43 is a table of four columns and four rows. The columns are
labeled by the input means activated at the first step, the rows
by the symbols associated to each input means at the second
step. Thus, for instance, if input means 2100 is first activated,
then at the second step, the symbols ac will be associated to
input means 2100, be to the input means 2101, etc. This
assignment is chosen to minimize lookup error and query
error rates, given the constraints on subset size described
above. The lookup error and query error rates for this code are
(1100,69) using our reference statistics. It is to be noted very
carefully that in this example, the letters in the first level
subsets are arrangeable in alphabetic ordering, but the letters
in the second-level subsets are only partially arrangeable in
alphabetic ordering. It was decided for this example to loosen
the alphabet ordering constraint at the second level in order to
permit better query and lookup rates, and to produce a code
which s as strongly touch typable as possible. This shows that
alphabetic ordering can be optimized, or not, just like any
other constraint, and that weighting of optimization proper-
ties can be different at different levels in a multi-level ambigu-
ous code. The advantage, again, of alphabetic ordering is that
it reduces scan time, especially for novice users. Since the
number of symbols displayed at the second level is small,
scan time is in any case small, and can be further reduced by
mechanisms to be discussed presently.

To type a given desired letter, the user first activates one of
the input means 2100-2103 corresponding to first subset con-
taining the desired letter. The user then selects one of the
second-level subsets by again activating one of the input
means 2100-2103 corresponding to a set of letters containing
the desired letter. FIG. 44 shows an example operation of the
device in which the user types the letter e. With reference to
FIG. 42 we see that e is associated with input means 2100 by
the first level code. The user activates this input means, and
the display becomes that shown in F1G. 44. Now the letter e is
associated with the input means 2101. When this input means
is manipulated, the letter e is output. The same sequence of
manipulations of input means serves also to select the letter b,
so the code is ambiguous. As in the other embodiments, which
of'the letters b or e is intended is determined from context by
a disambiguation mechanism. Words are entered by succes-
sively selecting the required letters in this manner, and termi-
nating the word by activation of the input means 2104 asso-
ciated with the thumb, two-hand operation. It should be noted
that since a two-stroke method is used to encode each letter,
and max-2 sequences of encoding symbols are used this input
method can form the basis of a one-hand/two-hand embodi-
ment. More explicitly, 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 letter, then first and second-stroke
information could be input simultaneously. There are numer-
ous physical embodiments which could be based on this
remark. For instance, the “fingering” mechanism of [4] could
be the physical substrate upon which a one-hand/two-hand
embodiment could be based. The code proposed by [4] is
based on motion sensors capable of sensing several positions
per finger, to encode each letter unambiguously. This requires
relatively sophisticated sensors. However, using a two-
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handed variant of the present embodiment, simpler sensors
could be used. These sensors would need only record binary
(up/down) information for each finger. Both software and
hardware complexity could be reduced in this manner. In
addition, a machine build according to the teachings of this
invention would be simpler for the user to learn and operate.
Visual Cache Scan time is the time it takes to visually locate

a desired letter from a set of letters. The hunt-and-peck
typist visually scans the keyboard to find a next letter and
then presses the corresponding key. Scan time is deter-
mined by a number of factors, including the user’s famil-
iarity 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 scan time, through the famil-
iarity 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, cer-
tain 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
placing them in a distinguished position makes them easier
to find. The principle is analogous to the cache used in
some computer processors to store recently-used data in
registers where they can be gotten at quickly, under the
hypothesis that data recently used is more likely to be used
again. Here, letters are placed in cache not on the basis of
their recent use, but on the basis of their likelihood to be
used next, given the statistics of the language. Still, the
term ““visual cache” seems appropriate.

One embodiment of a visual cache will now be described in
the context of the current embodiment. It will be appreciated
that this invention permits a wide variety of modifications
without modification of its essential quality, for instance,
modifications in the size and location of the cache, how the
cache is organized, how it is labeled, and the like.

From analysis of our standard statistics, we find that of the
letters [a-f] associated to input means 2100 by the first-level
code, “a” is the most likely to be the first letter of a word.
Similarly, of the letters [g-1] associated to input means 2101,
“1” is the most likely to be the first letter of a word, “0” the
most likely from [m-r] associated with input means 2102, and
“t” the most likely from the letters [s-z| associated to input
means 2103.

By placing the letters a, i, o, t in a distinguished portion of
the display, for instance the upper-left hand corner of the
display area associated with each input means. This makes
these letters the first-encountered letters in a standard left-to-
right, top-to-bottom visual 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 further marked by
selecting a different color, size, style, etc. of font for the
cached letter than for the rest of the letters.

Referring now to FIGS. 45 and 46, we see how this obser-
vation can be exploited to reduce scan time. FIG. 45 shows
how the word “think™ is entered without the use of a visual
cache, and FIG. 46 shows the same word entered using a
visual cache. Thus, in FIG. 45, the letter “t” is entered by first
activating the first input means 2103 corresponding to the
letter “t”. Before the first input means is activated, the display
as shown in the second column of the figure. Once 2103 is
activated, the display changes to that shown in the third col-
umn. When the input means 2101 is then activated, the letter
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“t” is output. The displays change similarly as the other letters
of the word “think” are entered.

In FIG. 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 not in visual cache are dis-
played using lower-case letters. For our reference statistics,
we find that 42 percent of first letters of words are either a,i,0,
or t. Thus 42 percent of the time a user beginning to enter a
word will find the required letter immediately in cache.

As a word is entered the most-likely next letter changes as
context is created by the entering of the word. Thus, the letter
selected to be cached should change as a word is entered, and
will depend on which word is being entered.

In the case of the word “think™ 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 FIG. 46, each row corresponding to an
input means display. Once “t” has been selected. The letters in
visual cache are a, h, 0, w, as shown in the second set of 4 rows
in FIG. 46. After the first input means (input means 2101) is
selected to begin entering the letter “h”, there are only two
possible letters which form parts of words according to the
reference statistics, these are the letters “h” and “4”, 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 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 “1” could be output immediately after the first input
means manipulation.

Explicit disambiguation and inputting of additional sym-
bols. As has already been pointed out, it is generally desirable
to provide a completely unambiguous method for inputting
symbols in a typable device based on ambiguous codes. Inthe
present embodiment, one simple way to provide unambigu-
ous input is by provision of an additional unambiguous input
means 2105 shown in FIG. 41 in a position where it is easily
activatable by the thumb, which is the preferred position.
Other positions, however, could be chosen.

In the present embodiment, it was chosen to limit the size
of second-level subsets to at most 2 symbols. Thus the dis-
ambiguation mechanism will always either choose the
desired symbol correctly, or it will chose the other, incorrect,
symbol to which it is paired. Any disambiguation software
could generate a signal to indicate which of the two symbols
it would choose were the corresponding input means to be
selected by the user. This signal could be used to provide
feedback to the user, for instance by highlighting the letter to
be chosen. Ifthe letter to be chosen is not the desired letter, the
user has the option of activating the explicit disambiguation
input means 2105 shown in FIG. 41 to force the choice of the
other, non- highlighted symbol.

An example use of this unambiguous text entry mechanism
is shown in FIG. 47. As in FIGS. 45 and 46, this figure shows
how the word “think” is entered. Here the fourth column gives
the letter that would be output were the unambiguous input
means 2105 to be activated after activation of the first and
second input means used to enter the letters of the word
“think”. For example, if input means 2103 and then input
means 2101 had been activated to enter the letter “t”, then
further activation of input means 2105 would select the letter
“u”. Then “u” would become the first letter of the word. All
possible letters can be entered unambiguously in this way.
When the second-level subsets contain but one letter, this one
letter will be entered unambiguously even without activation
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of the input means 2105, and thus input means 2105 is inap-

plicable. For the given code, the letters d, f, h, I, n, and p are

always entered unambiguously.

Strong Touch Typability: Measurement and Thresholds
Strong touch typability is a new, inventive concept describ-
ing a definite class of machines. The breadth ofthis concept
has been pointed out through a variety of embodiments
placed near the boundaries of this class, and thus indicating
its extent.

To further add definiteness to the disclosure of strong touch
typability, this section will present an alternative numerical
characterization of strong touch typability which will allow
the strong touch typability of any ambiguous code to be
measured, and to thus decide if that code falls within the scope
of this invention or not.

Language Statistics It has already been mentioned that rep-
resenting a language in terms of a corpus of text is a topic
of research among linguists. For the sake of numerical
definiteness, define a representative corpus as a collection
of at least 10 million words drawn at random from a gen-
eral-interest newspaper in the target language.

Key Number We need to define three kinds of key numbers:
physical key number, chording key number and effective
key number. Physical key 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 num-
ber: the number of distinct combinations of keys which
encode 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 chording
key number of 28+26-1=53, since the shift key alone does
notencode any symbols. Otherwise said, a keyboard which
is fully equivalent to the minimal Qwerty keyboard could
be build with 53 physical keys, each one encoding a single
symbol, either an upper case or a lower case letter. Indeed,
some early typewriters were of this structure.

Effective key number: Given 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 ambigu-
ous code which has the best possible lookup and query
error rates, given that key number is the only constraint on
the code. Let us call these rates Pl and Pq respectively. Any
ambiguous code on any number of physical keys will have
an effective key number of P if its lookup rate and query
error rate are equal to Pl and Pq respectively. It is impos-
sible for a keyboard with a physical number of keys less
than P to support an ambiguous code with an effective key
number equal to or greater than P. It is perfectly possible,
and usually the case, that an ambiguous code on a physical
number of keys P has an effective key number less than P.
Itis an experimental observation that the lookup error rates
and query error rates of substantially optimal ambiguous
codes are substantially related by a power law, as shown for
example, by the experimental results of FIG. 11. Here it is
shown that for English, the log of the substantially optimal
query error rate is linearly related to the log of the substan-
tially optimal lookup rate.

This observation allows us to define a single number relat-
ing the lookup error rate and query error rate of a code: the
projection of the point (lookup error rate, query error rate) of
the code onto the best-fit line in a log-log plot.

Consider, for example, the standard ambiguous code. This
code has (lookup error rate, query error rate) of (29,2.2).
Projecting this point onto the best-fit line of FIG. 11 and
linearly interpolating, we find the value 5.96, which is thus the
effective key number of the standard ambiguous code.



US RE43,082 E

55

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 equivalent in ambiguity to a sub-
stantial optimal code on 5.96 physical (or chording) keys. Of
course fractional physical keys are not possible in practice,
but these results indicate that a substantially optimal code on
6 keys could be found which has lookup error rates and query
error rates better than the standard ambiguous code.

These considerations allow us to define a precise, albeit
arbitrary, numerical threshold for substantial optimality of
combined lookup error rate and query error rate: a code will
be said to be substantial optimal with respect to these rates if
its effective key number is within 0.01 of its chording key
number, if there are no other ergonomic constraints on the
system. We can also define a precise, albeit arbitrary, thresh-
old for strong touch typability: an ambiguous code for
English can be defined as strongly touch typable if its effec-
tive key number is at least 10. We can extend this definition to
other languages by requiring that for a code to be strongly
touch typable, it must have a lookup error rate and a query
error rate greater than or equal to those of a strongly touch
typable code for English. Since the effective key number of
the standard ambiguous code is less than 10, it is not strongly
touch typable by the considerations of this section.

By measuring the effective key number, any ambiguous
code can be screened for possession of the strong touch typa-
bility property. For instance, the hybrid chording/ambiguous
code: ab c df e gi hjk 1 mo npqrs uvt wxzy discussed above
has 9 physical keys: the 8 letter keys of the standard telephone
keypad plus 1 shift key. It has a chording key number of 16; it
is equivalent to an ambiguous code on 16 independent keys
with no shift key. Without application of a gap factor, its
(lookup,query) error rates are (431,21) corresponding to a
effective key number of 12.8. With a gap factor of 500, this
improves to (440,46), corresponding to a effective key num-
ber of 13.75. With or without a gap factor, this code is strongly
touch typable by the considerations of this section. It should
be noted that for this code the effective key number is less than
the chording key number, still, this code is substantially opti-
mal given the additional constraint of alphabetic ordering. In
the same way, the one-handed hybrid chording/ambiguous
code embodiment has a code with (lookup, query) rates of
(1100,69), yielding an effective key number of 15, though its
physical key number is 4 and its chording key number is 16.
Itis a strongly touch typable code, and the difference between
the chording key number and effective key number is due to
the additional constraint of alphabetic ordering of the first-
level code. Taking into account this additional constraint, the
code is substantially optimal. By contrast, the 14-physical key
code of Sugimoto U.S. Pat. No. 5,847,697, pngtcrzkwjae
hi so ud xf ym vl gb, has (lookup, query) rates of (105,4), and
an effective key number of 8.47. This code is neither substan-
tially optimal nor strongly touch typable, despite the fact that
its physical number of keys is greater than 10.

Although illustrative embodiments of the present invention
have been described herein with reference to the accompany-
ing drawings, it is to be understood that the invention is not
limited to those precise embodiments, and that various other
changes and modifications may be effected therein by one
skilled in the art without departing from the scope of the
invention.
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What is claimed is:

1. An apparatus comprising: encoding symbols; decoding
symbols; a keyboard comprising a plurality of keys respon-
sive to user activation to generate sequences of said encoding
symbols, said keyboard comprising a plurality of keys; an
output which selectively outputs sequences of said decoding
symbols in response to said user activation of said keyboard;
anambiguous code which maps said sequences of'said encod-
ing symbols to said sequences of said decoding symbols,
wherein at least one of said sequences of said encoding sym-
bols is mapped to a plurality of said sequences of said decod-
ing symbols, said ambiguous code characterized in that it is
strongly touch typable; a plurality of decoding-symbol-as-
signed keys formed by an assignment of said decoding sym-
bols to said keys, said assignment characterized in that it is not
even-as-possible, given the number of said decoding-symbol-
assigned keys.

2. An apparatus comprising: encoding symbols; decoding
symbols; a keyboard comprising a plurality of keys respon-
sive to user activation to generate sequences of said encoding
symbols, said keyboard comprising a plurality of keys; an
output which selectively outputs sequences of said decoding
symbols in response to said user activation of said keyboard;
anambiguous code which maps said sequences of'said encod-
ing symbols to said sequences of said decoding symbols,
wherein at least one of said sequences of said encoding sym-
bols is mapped to a plurality of said sequences of said decod-
ing symbols, said ambiguous code characterized in that it is
maximally touch typable in that at least one of the conditions
is true of said ambiguous code, said conditions selected from
1) its lookup error rate is at least of level C, ii) its query error
rate is at least of level B, iii) its effective key number is at least
10, given statistics drawn from a representative corpus of a
language.

3. An apparatus comprising: encoding symbols; decoding
symbols; a keyboard comprising a plurality of keys respon-
sive to user activation to generate sequences of said encoding
symbols, said keyboard comprising a plurality of keys; an
output sequences of said decoding symbols in response to
said user activation of said keyboard; an ambiguous code
which maps said sequences of said encoding symbols to said
sequences of said decoding symbols; wherein at least one said
sequences of said encoding symbols is mapped to a plurality
of said sequences of said decoding symbols, said ambiguous
code characterized in that it substantially satisfies at least one
constraint selected from the group consisting of anatomic
fidelity, conservation of conventional gestures, conservation
of convention, cross-platform compatibility, learnability, and
scan time; an assignment of a plurality of said decoding
symbols to said keys, said assignment characterized in that it
is not even-as-possible.

4. An apparatus comprising: encoding symbols; decoding
symbols; a keyboard comprising a plurality of keys respon-
sive to user activation to generate sequences of said encoding
symbols, said keyboard comprising a plurality of keys; an
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output which selectively outputs sequences of said decoding
symbols in response to said user activation of said keyboard;
anambiguous code which maps said sequences of'said encod-
ing symbols to said sequences of said decoding symbols,
wherein at least one of said sequences of said encoding sym-
bols is mapped to a plurality of said sequences of said decod-
ing symbols, said ambiguous code characterized in that it is
substantially optimal with respect to at least one of lookup
error rate and query error rate; an assignment of said decoding
symbols to said keys, said assignment characterized in that it
is not even-as-possible, given the number of said keys to
which said decoding symbols have been assigned by said
assignment.

5. An apparatus comprising: encoding symbols; decoding
symbols; a keyboard comprising a plurality of keys respon-
sive to user activation to generate sequences of said encoding
symbols; an output which selectively outputs sequences of
said decoding symbols in response to said user activation of
said keyboard; an ambiguous code which maps said
sequences of said encoding symbols to said sequences of said
decoding symbols, wherein at least one of said sequences of
said encoding symbols is mapped to a plurality of said
sequences of said decoding symbols, said ambiguous code
characterized in that said sequences of said encoding symbols
are max-2 sequences of length at most two, comprising at
least one max-2 sequence of length 2; and said sequences of
said decoding symbols are max-1 sequences of length 1
whereby said ambiguous code is a mapping between said
max-2 sequences of said encoding symbols and subsets of
said decoding symbols and whereby input of one of said
max-2 sequences of said encoding symbols explictly selects
for ambiguous output one of said subsets of said decoding
symbols.

6. The apparatus of claim 5 wherein said keys are laid out
spatially and a plurality of said decoding symbols are associ-
ated with said keys substantially following a conventional
order in space.

7. The apparatus of claim 5 wherein a plurality of said
max-2 sequences of said encoding symbols are input in
response to a substantially simultaneous said user activation
which consists of activating two of said keys substantially
simultaneously in that activation of a second of said keys
occurs within the duration of activity of a first of said keys.

8. The apparatus of claim 5 wherein physical motions are
operative to input said sequences of said encoding symbols
comprising, but not limited to, any motion of body parts
selected from the set of arm, hand, fingers, thumb, leg, foot,
toes, head, and eye.

9. The apparatus of claim 5 wherein said decoding symbols
are symbols used to represent a natural language, comprising,
but not limited to, the letters, digits and punctuation marks
commonly used to write said natural language.

10. The apparatus of claim 16 wherein said decoding sym-
bols are explicitly selected so as to optimize at least one of
lookup error rate and query error rate.

11. The apparatus of claim 5 further characterized in that it
is strongly touch typable, whereupon said ambiguous code is
a strongly touch typable ambiguous code.

12. The apparatus of claim 11 wherein said strongly touch
typable ambiguous code is a multi-level ambiguous code,
said multi-level ambiguous code characterized in that it com-
prises a first-level ambiguous code and a second-level
ambiguous code; wherein a first of said encoding symbols in
one of said max-2 sequences of said encoding symbols is
drawn from said first-level ambiguous code, and a second of
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said encoding symbols in said one of said max-2 sequences of
said encoding symbols is drawn from said second-level
ambiguous code.

13. The apparatus of claim 5 further characterized in that it
substantially satisfies at least one constraint selected from the
set consisting of specified partition structure, anatomic fidel-
ity, conservation of conventional gestures, conservation of
convention, cross-platform compatibility, learnability, and
scan time.

14. The apparatus of claim 13 wherein said conservation of
convention comprises substantial conservation of gqwerty
order and said keys are arranged in at least three rows and one
to ten columns, and wherein said decoding symbols comprise
letters comprising a through z, and said three rows comprise
a top row; a middle row; and a bottom row; said apparatus
further comprising an assignment of said letters to said keys,
so that said keys comprise letter-assigned keys, said letters in
order q,w, e, 1, 1,V, U, i, 0 and p are assigned by said assign-
ment to a plurality of said letter-assigned keys in said top row
of'said three rows, said letters in order a, s, d, f, g, h, j, k, and
1 are assigned by said assignment to a plurality of said letter-
assigned keys in said middle row of said three rows, said
letters in order z, X, ¢, v, b and m are assigned by said assign-
ment to a plurality of said letter-assigned keys in said bottom
row of said three rows, futher characterized in that the number
of said letter-assigned keys in each of said three rows mono-
tonically decreases from said top row to said bottom row, in
that said number of said letter-assigned keys in each of said
three rows decreases or remains constant from said top row to
said middle row and from said middle row to said bottom row,
said assignment satisfying an even-as-possible partition
given said number of said letter-assigned keys in each of said
three rows and wherein said keys are laid out in a format
including as a subpart one of standard numeric keypad format
and standard telephone keypad format with corresponding
indicia for digits so as to substantially satisfy said cross-
platform compatibility.

15. The apparatus of claim 14 wherein said ambiguous
code is substantially optimal with respect to at least one of
lookup error rate and query error rate.

16. The apparatus of claim 5 wherein a plurality of said
subsets of said decoding symbols contain a single of said
decoding symbols, whereby input of one of said max-2
sequences of said encoding symbols which is mapped by said
ambiguous code to one of said single of said decoding sym-
bols serves to explicitly select for unambiguous output said
single of said decoding symbols, whereupon said single of
said decoding symbols is an element of a plurality of explic-
itly selected unambiguous said decoding symbols.

17. The apparatus of claim 16 characterized in that a plu-
rality of said max-2 sequences of said encoding symbols
consist of one element drawn from a plurality of combining
said encoding symbols, and one element drawn from a plu-
rality of key-assigned said encoding symbols, any single ele-
ment of said plurality of said key-assigned said encoding
symbols being designated a key-assigned encoding symbol,
wherein said user activation of one of said keys to which one
of said key-assigned said encoding symbols has been
assigned inputs said key-assigned encoding symbol, and fur-
ther characterized in that a plurality of said decoding symbols
are key-assigned said decoding symbols, any single element
of said plurality of said key-assigned said decoding symbols
being designated a key-assigned decoding symbol, such that
when one of said key-assigned said encoding symbols is
input, an element of a first subset of said key-assigned said
decoding symbols is output, and when one of said combining
said encoding symbols is input in combination with one of
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said key-assigned said decoding symbols, then an element of
asecond subset of said key-assigned said decoding symbols is
output.

18. The apparatus of claim 17 wherein at least one of the
group consisting of said first subset and said second subset
consists of said explicitly selected unambiguous said decod-
ing symbols.

19. The apparatus of claim 17 characterized in that said first
subset and said second subset comprise letters selected from
the set a through z and their accented counterparts.

20. The apparatus of claim 19 characterized in that said first
subset comprises said letters selected from the set consisting
ofc,e,h,,n, s, t,x,v.

21. The apparatus of claim 19 characterized in that said
letters are assigned to said keys following a substantially
alphabetic order.

22. The apparatus of claim 21 characterized in that said
letters are assigned to said keys following a standard assign-
ment of letters to a telephone keypad.

23. The apparatus of claim 16 further comprising a display
coupled to a processor through appropriate interfacing cir-
cuitry, wherein said processor receives input sequences of
said encoding symbols from said keyboard and manages out-
put of sequences of said decoding symbols to said display; a
memory coupled to said processor, wherein said memory
comprises disambiguation software, said disambiguation
software effective to map said sequences of said encoding
symbols to sequences of said explicitly selected unambigu-
ous said decoding symbols; a database of disambiguation
rules which associate said sequences of said encoding sym-
bols with said sequences of said decoding symbols.

24. The apparatus of claim 22 wherein said keys are
responsive to said user activation mediated by one of the
physical senses of sight, hearing, touch, taste, and smell and
said display is selected from the group consisting of visual,
auditory, tactile, gustatory and olfactory displays.

25. The apparatus of claim where said disambiguation
software is selected from the set comprising word-based,
sequence-based, prefix-based and any combination thereto.

26. The apparatus of claim 25 where said disambiguation
software is operative to apply a selecting plurality of said
disambiguation rules in said database of disambiguation
rules, elements of said selecting plurality of said disambigu-
ation rules characterized in that said sequences of said decod-
ing symbols in said selecting plurality of said disambiguation
rules include at least one of said explicitly selected unam-
biguous said decoding symbols.

27. The apparatus of claim 26 where elements of said
selecting plurality of said disambiguation rules are such that
said explicitly selected unambiguous said decoding symbols
may occur at the beginning, interior, or end of said sequences
of said decoding symbols.

28. An apparatus comprising: encoding symbols; decoding
symbols; a keyboard comprising a plurality of keys respon-
sive to user activation to generate sequences of said encoding
symbols; an output which selectively outputs sequences of
said decoding symbols in response to said user activation of
said keyboard; an ambiguous code which maps said
sequences of said encoding symbols to said sequences of said
decoding symbols, wherein at least one of said sequences of
said encoding symbols is mapped to a plurality of said
sequences of said decoding symbols; said ambiguous code
characterized in that it is strongly touch typable; an assign-
ment of said decoding symbols to said keys; said ambiguous
code together with said assignment characterized in that they
substantially satisty at least one constraint selected from the
group consisting of anatomic fidelity, conservation of con-
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ventional gestures, conservation of convention, cross-plat-
form compatibility, learnability, and scan time.

29. The apparatus of claim 28 further comprising a thumb
actuatable input, said thumb actuatable input being effective
to input a plurality of unambiguous said decoding symbols
formed by an unambigous association of a plurality of said
encoding symbols with a plurality of said decoding symbols;
a palm grip, said palm grip permitting said apparatus to be
slide along a surface by pressure from the palm while the hand
is in a comfortable position for typing; and a display, said
display being effective to display said plurality of said decod-
ing symbols as they are input.

30. The apparatus of claim 28 wherein said ambiguous
code is substantially optimal with respect to at least one of
lookup error rate and query error rate.

31. The apparatus of claim 28 wherein said keys are laid out
in one of a standard numeric keypad format and standard
telephone keypad format whereby said conservation of con-
vention is substantially satisfied.

32. The apparatus of claim 28 further characterized in that
a plurality of said keys are decoding-symbol-assigned keys,
such the number of said decoding-symbol-assigned keys is
approximately half of the number of said decoding symbols,
and not less than half of the number of said decoding symbols.

33. The apparatus of claim 32 further characterized in that
said plurality of said decoding symbols consists of the letters
a through z.

34. The apparatus of claim 28 wherein said conservation of
convention comprises substantial conservation of gqwerty
order and said keys are arranged in at least three rows and one
to ten columns, and wherein said decoding symbols comprise
letters comprising a through z, and said three rows comprise
a top row; a middle row; and a bottom row; said apparatus
further comprising an assignment of said letters to said keys,
so that said keys comprise letter-assigned keys, said letters in
order q,w, e, 1, 1,V, U, i, 0 and p are assigned by said assign-
ment to a plurality of said letter-assigned keys in said top row
of'said three rows, said letters in order a, s, d, f, g, h, j, k, and
1 are assigned by said assignment to a plurality of said letter-
assigned keys in said middle row of said three rows, said
letters in order z, X, ¢, v, b and m are assigned by said assign-
ment to a plurality of said letter-assigned keys in said bottom
row of said three rows, futher characterized in that the number
of said letter-assigned keys in each of said three rows mono-
tonically decreases from said top row to said bottom row, in
that said number of said letter-assigned keys in each of said
three rows decreases or remains constant from said top row to
said middle row and from said middle row to said bottom row,
said assignment satisfying an even-as-possible partition
given said number of said letter-assigned keys in each of said
three rows and wherein said keys are laid out in a format
including as a subpart one of standard numeric keypad format
and standard telephone keypad format with corresponding
indicia for digits so as to substantially satisfy said cross-
platform compatibility.

35. The apparatus of claim 34 wherein said ambiguous
code is substantially optimal with respect to at least one of
lookup error rate and query error rate.

36. The apparatus of claim 28 characterized in that said
assignment of said decoding symbols to said keys is parti-
tioned across said keys according to a specified partition
structure.

37. The apparatus of claim 36 wherein said specified par-
tition structure is not even-as-possible.

38. The apparatus of claim 36 characterized in that said
specified partition structure is an even-as-possible partition
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given the number of said keys to which said decoding sym-
bols are assigned by said assignment of said decoding sym-
bols to said keys.

39. The apparatus of claim 28 wherein said conservation of
convention comprises substantial conservation of at least one
of alphabetic order and qwerty order in said assignment of
said decoding symbols to said keys.

40. The apparatus of claim 39 wherein said conservation of
convention comprises substantial conservation of said qwerty
order and said keys are arranged in at least three rows and one
to ten columns.

41. The apparatus of claim 40 wherein said decoding sym-
bols comprise letters comprising a through z, and said three
rows comprise a top row, a middle row, and a bottom row, and
said keys comprise letter-assigned keys, said letters in order q,
w,e, 1,1,y U, 1, o and p are assigned by said assignment to a
plurality of said letter-assigned keys in said top row of said
three rows, said letters in order a, s, d, f, g, h, j, k, and 1 are
assigned by said assignment to a plurality of said letter-
assigned keys in said middle row of said three rows, said
letters in order z, X, ¢, v, b, and m are assigned by said
assignment to a plurality of said letter-assigned keys in said
bottom row of said three rows.

42. The apparatus of claim 41 wherein the number of said
letter-assigned keys in each of said three rows monotonically
decreases from said top row to said bottom row, in that said
number of said letter-assigned keys in each of said three rows
decreases or remains constant from said top row to said
middle row and from said middle row to said bottom row.

43. An ambiguous keyboard disambiguating system for a
natural language, comprising:

a) encoding symbols and decoding symbols;

b) an ambiguous keyboard having at three rows of keys and
one to ten columns of keys, both of said three rows and
one to ten columns having indicia that denote one or
morve letters assigned to one or more keys, wherein said
one or more letters are used to write common words in
said natural language, wherein:

each of said one or more keys corresponds to one of said
encoding symbols; and

each of said one or more letters corresponds to one of said
decoding symbols,

the total number of said keys having at least one letter
assigned to them being less than the number of said one
or more letters in an alphabet used to form words in said
natural language such that at least one key of said keys
must have more than one letter of said alphabet assigned
to it;

¢) said assignment of respective said one or move letters
assigned to respective said keys permitting a partial
conservation layout of said indicia in that in said partial
conservation layout at least a ratio of 18/26 of said
indicia are at or adjacent to their respective ordered
positions in a letter indicia layout of a conventional
typewriter keyboard for said natural language, while
respecting said assignment, where said ovdered posi-
tions are ordered in a conventional presentation order
for said conventional typewriter keyboard;

wherein said conventional typewriter keyboard layout is a
non-alphabetic order for said natural language,
wherein said non-alphabetic order includes at least one
letter assigned to one or more keys of said ambiguous
keyboard violating an alphabetic order for said natural
language;
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wherein said ambiguous keyboard has:

1) a same set of letters, assigned to at least one row or
one column of said ambiguous keyboard as are
assigned to a corresponding row in a conventional
typewriter keyboard;

2) wherein an order of reading of said same set of letters
on at least one row or at least one column of said
ambiguous keyboard admits an order of reading of
said same set of letters on at least one corresponding
row or one corresponding column of said conven-
tional typewriter keyboard, wherein said admittance
comprises.

i) an order of reading of keys of said at least one row
or said at least one column of said ambiguous
keyboard that is in a same ovder as aveading of keys
of said at least one row or said at least one column
of said conventional typewriter keyboard,

i) wherein said ambiguous keyboard could be rela-
beled with said letter indicia presented in the same
order along each row as the corresponding indicia
on a corresponding row of said conventional type-
writer, without repetition and without violating
said assignment of said letters to said keys;

d) an output which selectively outputs sequences of said
decoding symbols in vesponse to user activation of said
ambiguous keyboard;

e) an ambiguous code which maps a sequence of said
encoding symbols to one or more sequences of said
decoding symbols;

1) wherein at least one of said sequences of the encoding
symbols is mapped to a plurality of said sequences of
said decoding symbols.

44. The ambiguous keyboard of claim 43, wherein said
ambiguous keyboard has a strongly touch typable property
in:

1) having fixed symbol assignments,

2) being 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 accept-
able level of accuracy.

45. The system of claim 44, wherein said strongly touch
typable property is measured relative to a corpus containing
at least 10 million words drawn at random from a general-
interest newspaper in said natural language.

46. The system of claim 44, wherein said lookup rate error
is equal to or greater than 50/29 times a lookup error rate for
a standard telephone keypad for said natural language where
both said lookup error rate and said lookup error rate for said
standard telephone keypad are measured on a same given
corpus of text representative of said natural language.

47. The system of claim 44, wherein said strongly touch-
typable property is equal to or greater than level “A”, in that
it has an acceptable level of accuracy for a user who,

1) accepts a query ervor rate of one query every 5 words on

average, and;

2) accepts a lookup error rate of one error every 50 words
on average.

48. The system of claim 44, wherein said strongly touch-
typable property is equal to or greater than level “B” in that
it has an acceptable level of accuracy for a user who,

1) accepts a query error rate of one query every 10 words

on average, and

2) accepts a lookup error rate of one error every 100 words
on average.
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49. The system of claim 44, wherein said strongly touch-
typable property is equal to or greater than level “C” for a
user who,

1) accepts a query every 20 words on average, and

2) accepts a lookup error every 200 words on average.

50. The ambiguous keyboard of claim 44, which has an
effective key number greater than the effective key number
corresponding to the point (50,5) in the (lookup error rate,
query error rate) plane where lookup error rate and query
error rate ave normalized such that the standard ambiguous
code for said natural language corresponds to the point (29,
2.2) in said (lookup error rate, query error rate) plane, and
said lookup ervor rate and said query error rate are measured
relative to a text corpus representative of said natural lan-
guage.

51. The system of claim 43, wherein a count of letter-
assigned said keys on each of said rows decreases monotoni-
cally from top to bottom said rows.

52. The system of claim 43, wherein said assignment of
letters to said keys is an even as possible assignment on at
least one of said rows, given the number of letter-assigned
keys in said at least one vow and the number of said letters
assigned to said letter-assigned keys in said at least one row.

53. The system of claim 43, wherein said assignment is not
substantially optimal, because in a count of four random
trials it is move likely than not to find an other assignment with
better values of lookup error rate where said lookup error
rate is measured relative to a same corpus representative of
said natural language for both said assignment and said
other assignment.

54. The system of claim 43, wherein said assignment of said
letters to said keys is not an even as possible assignment,
given the total number of letter-assigned said keys of said
ambiguous keyboard.

55. The system of claim 43, wherein said assignment of said
letters to said keys is a not even as possible assignment on at
least one of said rows, given the number of letter-assigned
said keys in said at least one row and the total number of said
letters assigned to said letter-assigned keys in said at least
one row.

56. The system of claim 43, wherein said ambiguous key-
board will be substantially optimal with respect to a property
if it is among the best codes with respect to that property given
other constraints imposed on said ambiguous keyboard.

57. The system of claim 56, wherein said property is a
lookup error rate.

58. The system of claim 56, wherein said property is a query
error rate.

59. The system of claim 43, wherein said ambiguous key-
board is substantially optimal given a constraint of even as
possible for letter assignments for a given row, given that said
conventional typewriter keyboard is a Qwerty conventional
typewriter keyboard.

60. The system of claim 56, wherein said constraint is a
lookup error rate.

61. The system of claim 56, wherein said constraint is a
query ervor rate.

62. The system of claim 56, wherein substantially optimal-
ity includes being within 5% of an absolute best of said lookup
error rate, given specified constraints.

63. The system of claim 56, wherein said constraint is a
lookup error rate.

64. The system of claim 56, wherein said constraint is a
query ervor rate.

65. The system of claim 43, wherein said assignment
exceeds a threshold of “level A" touch typability of 1.724 in
lookup error rate, when measured in units of the lookup error
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rate of the standard ambiguous code for said natural lan-
guage for a given corpus representative of said natural lan-
guage.

66. The system of claim 43, wherein said assignment
exceeds a threshold of “level A" touch typability of 2.27 in
query error rate, when measured in units of query error rate
of the standard ambiguous code for said natural language for
a given corpus representative of said natural language.

67. The system of claim 65, wherein said conventional
typewriter keyboard is a gwerty conventional typewriter key-
board.

68. The system of claim 65, wherein said ambiguous key-
board letter assignments are as even as possible on at least
one row.

69. The system of claim 66, wherein said ambiguous key-
board has 5 columns of letter-assigned keys in a top of said
three rows and 5 columns of letter-assigned keys in a middle
of said three rows.

70. The system of claim 66, wherein said conventional
typewriter keyboard is a Qwerty conventional typewriter key-
board.

71. The system of claim 70, wherein said assignment is an
even as possible letter assignment for a selected row.

72. The system of claim 71, wherein said conventional
typewriter keyboard is a gwerty conventional typewriter key-
board and said assignment is even as possible.

73. The system of claim 72, wherein said system is cross
platform compatible, as it can transition between a telephone
keyboard and a typewriter keyboard.

74. The system of claim 73, wherein the number of said
letters is as near as possible to being twice the number of
letter-assigned keys for said ambiguous keyboard, given
gwerty letter-to-row assignments.

75. The system of claim 43, wherein said ambiguous code
is a multi-level code wherein a first sequence of encoding
symbols serves to select a first subset of decoding symbols, a
second sequence of encoding symbols serves to select a sec-
ond subset of decoding symbols.

76. The system of claim 43, wherein said ambiguous key-
board has a first set of letters qwertyuiop on a first row of said
three rows, a second set of letters asdfghjkl on a second row
of said three rows, and a third set of letters zxcvbnm on a third
row of said three rows.

77. The system of claim 43, wherein said ambiguous key-
board includes said set of letters in any given order: abcdef-
ghijkimnopgrstuvwxyz.

78. The system of claim 43, wherein a number letter-as-
signed said keys has a cardinality of a nearest whole number
to half of a cardinality of said letters, given gqwerty letter-to-
row assignments, wherein said assignment is as even as pos-
sible letter assignment for a selected row.

79. The system of claim 78, wherein said letters are a-z of
the English alphabet.

80. The system of claim 43, wherein said ambiguous key-
board is foldable.

81. The system of claim 43, wherein said ambiguous key-
board is included in a steering wheel.

82. The system of claim 43, wherein said ambiguous key-
board is incorporated into a computer mouse.

83. The system of claim 43, wherein said conventional
order is selected from a group that includes at least one of':

a gwerty order; and

an azerty order.

84. The system of claim 43, where said conventional type-
writer keyboard for said natural language is a qwerty con-
ventional typewriter keyboard.



US RE43,082 E

65

85. The system of claim 43, wherein said conventional
typewriter keyboard for said natural language is a close
variant to a gwerty conventional typewriter keyboard.

86. The system of claim 43, wherein a “presentation order”
is a direction in which that letters are vead in it its natural
language,; and wherein said “reading order” is a dirvectional
pattern in which words are conventionally read in said natu-
ral language, along lines and from line to line.

87. The system of claim 86, wherein said: assignment per-
mits a layout of indicia in which said indicia may be read in a
reading ovder for said natural language in the same way as
said indicia arve read on said conventional typewriter key-
board for said natural language.

88. The system of claim 43,

wherein said ambiguous keyboard has a strongly touch

typable property in:

a) having fixed symbol assignments,

b) based on an ambiguous code, and yet

¢) such that in a novmal mode of operation, a touch typist
can use the typable device to produce text at an
acceptable level of accuracy,

wherein a corpus of words used by which said strongly

touch typable is measured is with at least 10 million
words of a general purpose newspaper,

wherein said look up rate errvor is equal to or greater than

50/29 times the lookup error rate of the standard
ambiguous code for said natural language

wherein said strongly touch-typable property is equal to or

greater than level “A”, in that a user,

a) accepts a query error rate of one query every 5 words
on average, and;

b) accepts a lookup error rate of one lookup error every
50 words on average.

89. The system of claim 43, wherein said ambiguous key-
board has a first set of letters qwertyuiop on a first row of said
three rows, a second set of said letters asdfghjkl on a second
row of said three rows, and a thivd set of said letters zxcvbnm
on a third row of said three rows,

wherein the number of said letter-assigned said keys is no

less than half of the number of said letters.

90. The system of claim 89, in which said assignment is
even as possible.

91. The system of claim 89, wherein the number of letter-
assigned said keys is as close as possible to half the number of
said letters.

92. The ambiguous keyboard of claim 91, wherein said
ambiguous keyboard has a strongly touch typable property
in:

1) having fixed symbol assignments,

2) being 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 accept-
able level of accuracy.

93. The system of claim 91, wherein said strongly touch
typable property is measured relative to a corpus containing
at least 10 million words drawn at random from a general-
interest newspaper in said natural language.

94. The system of claim 91, wherein said lookup rate error
is equal to or greater than 50/29 times a lookup error rate for
a standard telephone keypad for said natural language where
both said lookup error rate and said lookup for a standard
telephone keypad are measured on a same given corpus of text
representative of said natural language.
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95. The system of claim 91, wherein said strongly touch-
typable property is equal to or greater than level “A”, in that
it has an acceptable level of accuracy for a user who,

1) accepts a query ervor rate of one query every 5 words on

average, and;

2) accepts a lookup error rate of one error every 50 words

on average.

96. The system of claim 91, wherein said strongly touch-
typable property is equal to or greater than level “B” in that
it has an acceptable level of accuracy for a user who,

1) accepts a query error rate of one query every 10 words

on average, and

2) accepts a lookup error rate of one error every 100 words

on average.

97. The system of claim 91, wherein said strongly touch-
typable property is equal to or greater than level “C” for a
user who,

1) accepts a query every 20 words on average, and

2) accepts a lookup error every 200 words on average.

98. The ambiguous keyboard of claim 91, which has an
effective key number greater than the effective key number
corresponding to the point (50,5) in the (lookup error rate,
query error rate) where lookup error rate and query error rate
are normalized such that the standard ambiguous code for
said natural language corresponds to the point (29, 2.2) in
said (lookup error rate, query error rate) plane, and said
lookup error rate and said query error rate are measured
relative to a text corpus representative of said natural lan-
guage.

99. The system of claim 91, wherein a count of letter-
assigned said keys on each of said rows decreases monotoni-
cally from top to bottom said rows.

100. The system of claim 99, wherein said assignment of
letters to said keys is an even as possible assignment on at
least one of said rows, given the number of letter-assigned
keys in said at least one row and the number of said letters
assigned to said letter-assigned keys in said at least one row.

101. The system of claim 91, wherein said assignment is not
substantially optimal, because in a count of four random
trials itis move likely than not to find an other assignment with
better values of lookup error rate where said lookup error
rate is measured relative to a same corpus representative of
said natural language for both said assignment and said
other assignment.

102. The system of claim 101, wherein said assignment of
said letters to said keys is not an even as possible assignment,
given the total number of letter-assigned said keys of said
ambiguous keyboard.

103. The system of claim 43, wherein no said key has more
than two said letters assigned to it.

104. The system of claim 103, further comprising a first
mode and a second mode, wherein said letters are said decod-
ing symbols in said first mode, and digits are said decoding
symbols in said second mode.

105. The system of claim 104, where said digits correspond
to indicia arranged such that said second mode can function
as a conventional telephone.

106. The system of claim 43, where said ambiguous key-
board is substantially optimal given a constraint of even as
possible for letter assignments for letter-assigned keys and
given a constraint that said conventional typewriter keyboard
is a gwerty conventional typewriter keyboard.

107. An ambiguous keyboard disambiguating system for a
natural language comprising:

a) encoding and decoding symbols;

b) an ambiguous keyboard having at least three rows of

keys and four to ten columns of keys, both of said three
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rows and four to ten columns having indicia that denote
one or more letters assigned to one or more keys,
wherein said one or more letters are used to write com-
mon words in said natural language, wherein:

each of said one or more keys corresponds to one of said
encoding symbols; and

each of said one or more letters corresponds to one of said
decoding symbols, the total number of said keys having
at least one letter assigned to them being less than the
number of said one or more letters in an alphabet used to
form words in said natural language such that at least
one key of said keys must have more than one letter of
said alphabet assigned to it;

wherein said ambiguous keyboard could be relabeled with
said letter indicia presented in continuous alphabetic
order along each row without repetition and without
violating said assignment of said letters to said keys;

wherein said indicia may be presented in continuous
alphabetic ovder along each row without violating said
assignment of said letters to said keys;

d) an output which selectively outputs sequences of said
decoding symbols in response to user activation of said
ambiguous keyboard;

e) an ambiguous code which maps a sequence of said
encoding symbols to one or more sequences of decoded
symbols;

1) at least one of said sequences of the encoding symbols is
mapped to a plurality of said sequences of said decoding
symbols.

108. The system of claim 107, wherein said keyboard has a

strongly touch typable property in:

1) having fixed symbol assignments,

2) being 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 accept-
able level of accuracy.

109. The system of claim 108, wherein said strongly touch
typable property is measured relative to a corpus containing
at least 10 million words drawn at random from a general-
interest newspaper in said natural language.
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110. The system of claim 107, wherein a count of letter-
assigned said keys on each of said rows decreases monotoni-
cally from top to bottom said rows.

111. The system of claim 107, wherein said assignment of
said letters to said keys is not an even as possible assignment,
given the total number of letter-assigned said keys of said
ambiguous keyboard.

112. The system of claim 107, wherein said assignment of
said letters to said keys is a not even as possible assignment
on at least one of said rows, given the number of letter-
assigned said keys in said at least one row and the total
number of said letters assigned to said letter-assigned keys in
said at least one row.

113. The system of claim 107, wherein said ambiguous
code is a multi-level code wherein a first sequence of encod-
ing symbols serves to select a first subset of decoding sym-
bols, a second sequence of encoding symbols serves to select
a second subset of decoding symbols.

114. The system of claim 107, wherein said ambiguous
keyboard is foldable.

115. The system of claim 107, wherein said ambiguous
keyboard is included in a steering wheel.

116. The system of claim 107, wherein said ambiguous
keyboard is incorporated into a computer mouse.

117. The system of claim 107, wherein a “presentation
order” is a divection in which that letters ave read in it its
natural language; and wherein said “veading ovder” is a
directional pattern in which words are conventionally read in
said natural language, along lines and from line to line.

118. The system of 107, wherein no said key has more than
two said letters assigned to it.

119. The system of claim 107, further comprising a first
mode and a second mode, wherein said letters ave decoding
systems in said first mode, and digits are decoding symbols in
said second mode.

120. The system of claim 119, where said digits correspond
to indicia arranged such that said second mode can function
as a conventional telephone.



