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KEYBOARD EXPRESS TYPING SYSTEM

Background of the Invention
This application is a continuation-in-part of
pending U.S. Patent Application Serial No.
5 07/288,011 filed December 21, 1988 and pending
continuation-in-part U.S. Patent Application Serial
No. 07/392,727 filed August 11, 1989, both parents
being included herein by reference.

Field of the Invention

10 The present invention is directed generally to
improvements in keyboard systems and particularly to
such systems which use key combinations, or chofds,
to input text and other information faster.

Discussion of the Prior Art
The standard typewriter keyboard with the
OWERTY letter key arrangement, despite its

15

shortcomings, is the most widely used means for
writing documents and inputting data to computers.
August Dvorak et al., in U.S. Patent No. 2,040,248,
20 sought to improve on the QWERTY arrangement but the
Dvorak arrangement is not widely used. "The Dvorak
Simplified Keyboard: Forty Years of Frustration", by
Robert Patterson in Computers and Automation,
November 1972, pp. 18-25 report on the failure of

the inventors to get the Dvorak keyboard widely

25
adopted. The Dvorak arrangement, however, is a

currently available option for some computer
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keyboards. Various computer programs provide for
assigning other characters and functions to keys,
including long strings of commands, and for picking
items from a menu by tYping the first letter of the
item. '

_ The Stenograph'is a machine for mechanically
taking shorthand which produces an output for later
transcription to text. The left and right hand
fiﬁgers input beginning and ending consonant sounds,
or letters, respectively by operating combinations
of keys in two adjacent rows. The thumbs input
vowel soundé, or letters, between the consonants by
operating combinations of other keys. Some sounds,
or letters, are assigned to keys and others to key
combinations for operation by a finger or a thumb so
each finger and thumb position, whether operating
one or a combination of keys, corresponds to a
sound, or letter. The transcriber sorts out the
sounds, or letters, from the marks made by the keys
on a paper tape and deciphers other spelling |
shortcuts to determine the text intended. Highly
skilled operators reach rates of 200, or more, words
per minute and many are employed for recording and

transcribing Court and other public proceedings.

In U.S. Patent No. 4,042,777, Bequaert et al.
disclose a one handed chord keyboard producing text
output directly. As on the Stenograph, the fingers
can each operate one, two, or four, keys in adjacent

"rows and the thumb one, or two, adjacent keys. Each'

finger position corresponds to a letter. The
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writing rates reported are far below those of the
Stenograph, as might be expected for one hand and
the additional complexity for text. Some chords
produce word outputs and others strings of two or
more letters. The strings generally have letters in
the order in which they appear across the keyboard
and with a thumb key able to reverse the order.
Some chord string outputs are useful for text and
others not. The typist can type words with fewer
strokes by parsing them into the available strings.
Parsing is not a simple task and may require
considerable learning for high speed operation.

The article "Multilingual Word Processing",
Joseph D; Becker, in the Scientific American of July
1984, discusses some of the difficulties for typing
the large number of characters of ideographic
languages and further describes a phonetic
conversion system presently in use to type Japanese.
In this system, the user types words in a phonetic

alphabet to computer apparatus which searches a
dictionary to find the words having the input sound
strings. The sound strings are frequently matched
by more than one word and the user then makes
additional inputs to select the word wanted from
those matched. The system efficiency is not as high
as might be expected because of the considerable
sound redundancy found in ideographic languages.

One syllable, for example, may be used for as many
as 64 different ideographs.

PCT/US89/05745
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The following are of miscellaneous interest.
Hilborn et al., in U.S. Patent No. 3,833,765,
disclose a response to two successive key strokes
for selection of characters, or selection of
character strings, or even selection of whole
messages. In U.S. Patent No. 4,333,097, Burie et
al. disclose a programmable two handed keyboard
having only ten keys. U.S. Patent No. 3,633,724
diécloses a keyboard having eight keys, each
moveable axiaily and pivotally to select a
respective one of five characters out of a total of
40. The aforementioned U.S. Patent No, 4,042,777
includes reference Proceedings AFIPS 1968, Fall

Joint Computer Conference, Pages 395-410, "A

Research Center for Augmenting Human Intellect" by
D.C. Englebart and W.K. English said to describe the
selection of characters by use of 31 combinations of
a five key keyboard.

As resported in "The Skill of Typing" by
Timothy A. Salthouse in the Scientific American of

February 1984, a century of study has not revealed
how skilled typists type as fast as they do. Tests
show that even skilled typists capable of 100 words
per minute are limited to speeds of about 20 words
per minute when forced to view letter by letter.
The speed,imprbves as the number of letters
previewed is increased up to 19 or so, even for
random text. All of the tests reported presented
material as visual text; similar to typing from a

text copy, an operation reduced in importance by
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presenting word processors. The tests did not deal
with other inputs, such as self-originated material,
dictation, audible record playbacks, shorthand, or
stenotyping. All of the foregoing require spelling
5 recall to precede letter translation to key
actuations, mental operations which may require more
time than is available for fast typing.
The mechanics of text writing involve a lot of

learning starting with children practicing the

10. forming of letters or other characters with pencil,
pen, or brush. For alphabetic languages, the next
step is learning to spell which continues over the
years. The dictionary provides help for those who
have enough knowledge to locate desired words in

15 alphabetic listings. The typist can do away with
the need to form letters or characters at the price
of learning to strike keys for letters. But the
spelling of words still has to be recalled and the
letters converted to key actions. While basically

20 simple and faster than handwriting, long periods of
practice is necessary to acquire higher speeds.
Speeds of 100 words per minute, which skilled
typists can attain as pointed out in the
afore-mentioned article by Salthouse, are

25 approximately half the rate required of professional
stenographers. Both the time required to acquire
typing speed and the limit on the speeds attainable
leave substantial room for improvement.
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Summary of the Invention

The overall objection of the instant invention
is a better and faster way to type any language.

An objective of the instant invention is a
serial chording system which is compatible with

- regular typing and conventional keyboards, uses
existing typing skills, and enables typists to

rapidly increase typing speed.

Further objectives of the instant invention are
optional chording features for the foregoing serial
chording system to attain further increases in speed
and, in combination, to enable some users to reach
stenographic rates. ,

Still other objectives of. the instant invention
are chording systems which offer beginners and low
skilled typists the easiest and fastest road to high
speed text typing.

Yet other objectives of the instant invention
are chording systems which provide more efficient -

control of auxiliary programs along with text or

other typing. 7

Yet another objective of the instant invention
is easy to learn one stroke chord typing of the
words occurring most frequently in text along with

regular typing or serial chording of the less

frequent words.

Yet another objective of the instant invention
is a chording system which enables children; as
beginning students, to learn to write easily, and

thereby have a capability to interact with
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computers, using natural language inputs, and so
expedite other learning.
Still further objectives of the instant
invention will become apparent from the following
5 description and claims.
Bequaert et al. stated in U.S. Patent No.

4,042,777 that "a word could be assigned to each

chord, but this would be hard to learn". While this

statement may be true for the system of the
10 aforementioned patent, it is not generally true. An

important discovery of the instant invention is that

single chord typing of words is inherently the

easiest kind of high speed typing. While anyone who

spells can immediately "Hunt" and "Peck" on labelled
15 keys, typists achieve high speeds only after

extensive drill. To put words on paper, or into a

computer, regular typists select, or recognize,

words to be types; recall, or read, the spelling of

each word; then convert each letter to a key action.
20 Rapid typing required physical skills and the mental
processing of large amounts of data. Drilling
somehow imparts this ability, perhaps by imposing a
memory of the typing actions for at least frequent
words and letter strings, on the "neural muscular"
system, or the "fingers". Many typists, for
example, turn to the keyboard when asked for a word
spelling, the answers presumably being more easily
accessible from the "fingers".

Single chord rapid typing of words is
inherently easier for at least three reasons. One,

25

30
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the chord actions involve less data so the "fingers"
have less to learn for semi-automatic high speed
typing. (For a simplified analysis, a reasonable
assumption for Applicant's chording system is that
the average number of keys for typing words by
chords is the same as for sequential typing. Chord
typing required identification of sets of keys;
regular typing additionally requires specification
of key Sequences; i.e., set versus set plus set
sequence.) Two, while chord and regular typists
both select, or recognize, words, only the regular
typist has to recall and process the spellings.
Three, chords require little physical skill and
attain almost instant speed. Regular typing
requires substantial physical skill for speeds well
below those possible with chord typing. In summary,
single chord word typing involves less data for
memory by the "fingers", bypasses spelling recall

‘and letter-key by letter-key processing, and more

rapidly achieves higher speeds with less physical
skill. ,

To exploit these inherent advantages, the
instant invention systems provide several kinds of

single chord typing for the most frequently used

“words of the language. Models embodying the

invention obtain from 35% to more than 70% of the
words found in text documents from such chords.
Whatever the percentage, other means are necessary
for typing the remaining words. The present
invention systems employ various techniques to speed
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up typing of the remaining words. One technique
distinguishes chording from regular typing, thus any
word can always be typed regularly. Another
technique codes words to access them from a
vocabulary. (The codes are mnemonic and require
less information to be inputted, whether by single
chords or other means.) Breaking words into Stems
and Inflections, or endings, is another important
technique. (There are fewer Stems than words to be
codes, separate inputs for Inflections get more
words from Stems, two small sets working in
combination reduce total inputs.)

Codes may consist of any set of elements
relating to the Stems. Codes vary in size, the
smallest ones being assigned to the most frequent
Stems and larger ones to the less frequent Stems.
For alphabetic languages, the codes consist of the
starting letter strings, or SLSs. For
non-alphabetic languages, phonetic sounds can be
substituted for letters as stem code elements, the
SLSs becoming starting phonetic sound representation
strings. Since the sound representations, whether
letters or other symbols, are not text, the system
supplies all of the Stem text, not just the
remainders as for SLSs. Other elements, such as
parts of speech, may be useful and ideographic
languages may supplement, or even replace, phonetic
sounds as elements. Possible ideographic character
related elements include Radicals (components) and
numbers of strokes (parameters) to write characters.
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Another variation of coding uses combinations of

'elements of first and second syllables and/or of

first and second ideographic characters.

Consonants, letters or sounds, contain more

information than vowels. Syllable or ideographic
character combinations are very discriminative of
ideographic words. _ , 7

Except for Chinese, all languages known to
Applicant are inflected languages which apply
Inflections to Stems to form more words. Some
Inflections append suffixes to Stems, pthers change
Stem spelling, and still others add auxiliary words.
The propet appending of Inflection suffixes may '

7 require changes to the spelling of some suffixes and
~of many Stem endings. The invention systems use

built-in rules, Stem ending Inflections arrays, and
Stem Inflection codes to make the changes
automatically. Users do not have to recall, or even
know, the many rules and spelling variations.
Inflections that change Stem spelling run into
trouble if the letters to change are code elements
already outputted. (One solution to this problem is
to delay outputs until Inflection changes are made.

~ Another solution is to single chord type the
. Inflected forms as words.) Auxiliary word

Inflections may be treated as words or as
inflections, depending upon the model and the
language. The present invention systems include

‘data in the vocabulary to specify small Inflection

sets for each Stem that encompass most of the
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Inflections found in text documents. These small
sets reduce the inputs required to select
Inflections, allowing them to be included in chords
for other inputs.

The instant invention systems implement models
for typists with regular keyboards. Basic features
use only "key and Space Bar" chords and regular
typing skills to enable typists to more than double
typing speed. The "key and Space Bar" chords type
35% of the words found in text documents with one
stroke, and serially types SLSs and, with the Space
Bar held, add Inflections and Punctuation Strings.
Enhancement features using chords still easy for
typists put stenographic rates within reach: typing
two words per stroke, typing many more words with
one stroke, and combining Inflections and
Punctuation Strings with Stem Code ending elements.
Invention hand chords, or HCs, are single-hand
operated combinations of keys of one row at a time.
While each single-hand row location has 26 possible
HCs, only the easiest, such as those of pairs of
adjacent keys, suffice for important functions.. In
two-hand chords for SLSs, HC assignments supplement
QWERTY keys to get consonants and consonant clusters
with the left hand and vowels and prefixes to
precede, and vowels to follow, the consonants with
the right hand.

The present invention systems performance can'
be improved somewhat by modifying regular keyboards.
One modification replaces the QWERTY with assignment

PCT/US89/05745



WO 90/07149 PCT/US89/05745

-12-

'patterns for more SLSs from two-hand chords. 2
second substitutes briding key caps for the index
-fingers, for eaéy operation of all 26 HCs. . A third
adds keys for thumb operation by splitting the Space
5 Bar or replacing it with more keys. The thumb keys
provide an additional chord section: for Inflections
and Punctuation Strings,'or for another code
element, or for selecting sets of assignments for
other keys. Thumb key sections may be especially
10 useful for Japanese post positions along with other
Inflections, and for handling multiple sets of
Chinese Radicals. Modifications can also go the
other way, reducing the number of keys. From the
next paragraph's discussion of a Ten Key Keyboard,
15 it is obvious that one row of keys can handle text
typing. One-row text typing on a multi-row keyboard
opens up some interesting possibilities for
-interfacing users to other prbgrams. Another row of
keys might control a word processor or other
20 concurrently-used program. Or multiple rows might
' match up with multiple windows.
A Ten Key Keyboard, with eight keys in a row
for finger operation and two keys for thumb
- operation, has enough chords to be competitive with
25 other keyboards for the instant invention typing
systems. Ten Key keyboards may, in fact, be the
fastest possible for chord typing, offering a
maximum stroke rate based on minimum movement and
fewer choices. The Ten Key systems still have most

30 of the chording performance features previously
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discussed. With one thumb key combination, or TKC,
on word starts, each hand gets the same. MFWs as 'key
and Space Bar" chords on regular keyboards and
two-hand chords can get the same two-word sequences
with one stroke. Also in two-hand chords for typing
SLSs, one hand gets fifteen frequent consonants
while the other hand gets ten vowels and prefixes to
precede, and five vowels to follow, the consonants.
With fill-ins for otherwise unused chords, Ten Key
models can get 765 one stroke words and 254 first
stroke starts without the Two-words per stroke
feature. AFter first strokes, the TKCs select
assignments for typing one or more letters or for
typing last letters with Inflections or Punctuation
Strings.

Other possibilities for beginners and low
skilled typists include a Twelve Key Keyboard. The
two extra finger keys add index finger reaches and
increase the numbers by a factor of four. The over
four thousand chords are good for over three
thousand one stroke words and over one thousand
first stroke starts. Just as an important
contribution is that the 31 combinations per hand
get additional consonant clusters for one hand and
additional prefixes for the other, reducing the need
for Fill-Ins. The alternative to minimum movement
keyboards for beginners are regular keyboards with
thumb keys added and improved assignment patters for
two-hand chord typing of SLSs. Such models would
require only the easier HCs and would spread the
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assignments spacially for reader comprehension. Aas

the "fingers" prepare to operate the next key

combinations while moving between rows, the impact
of between-row movements on speed is less than might
be expected. But beginner's "fingers" would have to
learn the spacial locations of the keys, as for

.regular typing.

The Ten Key'Keyboard has an important advantage
for young students: small hands can cover the keys
easily. Single chord typing of words is also
advantageous for beginning students: by responding
to graphical presentations of the keys for chords,
they can learn to write before they learn to spell.

(Just hear the word pronounced, see the
: preséntation, operate the chord keys, see the word

text.) The text displays are not only a reward for
operating the right keys but also an aid for
developing word recognition. The association of
writing and reading should reinforce both. Children
can first learn to type and to read their verbal
vocabularies, which are extensive. Their early
ability to communicate by keyboard with computers

raises many possibilities for educational

improvements. Small keyboards can fit on school
desks, perhaps as part of terminals for classroom
networks or as student computers also portable for
homework assignments. 7 ;
Compatibility with regular typing is an
important feature of most embodiments of the instant
invention. The present invention systems can
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distinguish inputs for chords from those for regular
typing with different types of keyboards. Logic for
keyboards which signal both key actuations and key
releases is more involved but can tolerate a wide
range of typing techniques. A range of choices are
available for applications and include user
adjustments. Logic for keyboards which signal only
key actuations is simpler but a little more
demanding of regular typing techniques. It is, of
course, required for host systems without key
release signalling keyboards. With some exceptions
regular typing outputs of chord have to be delayed
to see if an operated key will become part of a
chord by operation of more keys. Key and chord
output actions on key releases get the necessary
delays with some degree of control left to the user.
Fixed delays reset by each key actuation set limits
only for successive actuations. Regular typing
techniques vary widely with individuals; therefore,
adjustments made manually or dynamically by the

system are helpful.

Description of the Drawings

The foregoing and other objects, features, and
advantages of the invention will be apparent from
the following more particular description of a
preferred embodiment of the invention, as
illustrated in the accompanying drawings in which
like referenced characters refer to the same parts
throughout the different views. The drawings are
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not necessarily to scale, emphasis instead being
placed upon illustrating the principles.of the
invention. ,
Figure 1 is an overall block diagram of
embodiments of the instant invention systems.
Figure 2 is a functional block diagram of the
main parts of embodiments of the instant invention

"systems;

Figure 3 shows arrays for English language
modifications to Stem ends and Inflections.

Figure 4 is a block diagram of vocabulary
packets for words or stems. |

Figure 5 is a diagram of the packet pattern of
a fragmentary section.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Figure 1 is a general block diagram of present

invention system embodiments. The embodiments
associate,with host computers and use available
components of the host. Nearly all host computers
include- a suitable keyboard 11, some type of
hardware specific interface 12, a timer 13, some
type of osrspecific'interface 17, and user prograns
18. Keyboard 11, in response to key strokes,
outputs key event codes to hardware specific
interface 12. The key events élways include key
actuations and, in some apparatus, key releases as
well. Timer 13 supplies timing signals to hardware
specific interface 12. Hardware specific interface

12, which will have different forms in different
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host apparatus, outputs the key event codes and the
time codes on line 14 to keyboard express typing
system 15. Hardware specific interface 12 or
keyboard express typing system 15 converts timer 13
inputs to time codes which represent the intervals
since preceeding key events. Hardware specific
interface 12 consists of software for the necessary
functions, perhaps a modified version of the
software previously handling outputs of keyboard 11
and timer 13. '

Keyboard express typing system 15 uses the key
event and time code inputs on line 14 from hardware
specific interface 12 to produce outputs responsive
to the operation of key combinations, or chords,
and/or single keys. The outputs of keyboard express
typing system 15 go via line 16 to OS interface 17.
The 0S specific interface 17, uses software routines
of the host operating system, answers requests for
keyboard services from user programs 18. OS
specific interface 17 first looks to keyboard
express typing system 15 for outputs to answer the
requests, later turning to host apparatus if
necessary. Keyboard express typing system 15 or OS
specific interface 17 will include a buffer to hold
data pending requests for services. Keyboard
express typing system 15 either processes all the
keyboard data or passes some key codes along to 0OS
specific interface 17 for handling by host
apparatus. The user programs 18 are those of the
host apparatus requiring keyboard services and
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include those supplying text data to displays,
printers, etc., for rendering or further processing.

Most keyboards 11 include a microprocessor to
scan Keys and output key event codes and can have a
variety of characteristics as shown in the Keyboard
Table following. As previously mentioned, some
keyboards 11 produée both key actuation and key
release code outputs and other key actuation codes
only. Regular keyboards 11 can include key caps to
enable index fingers to bridge more than one key in
a row and can 5p1it the Space Bar to provide two
keys for thumb operation without impairing regular
typing performance. More substantial possible
changes include adding sets of more than two keys
for the thumbs and new configurations for row

bridging. Still more revolutionary keyboards 11 .

have as few as ten keys to minimize the finger
movements required to input data.

‘Keyboard Table: Summary List of Possible Variations

for Keyboard 11 Output Signals
Key Actuation Signals Only '
Key Actuation and Key Release Signals
Conventional Configuration , '
- With Bridging Key Caps for Index Fingers
(and Other?) '
With Space Bar Split into Two Keys for
‘Operation by Thumbs
New Configurations -
Multiple Rows of Keys for Row Bridging
. With Set of Keys for Thumb Operation
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New Minimum Movement Keyboards
Ten Keys--Key per Finger and Thumb
Twelve Key Keyboard--Ten Key Plus Two for

Index Fingers

5 The invention keyboard express typing system 15
is preferably implemented by software which can run
on the host computer. The software could also be
run by a microprocessor made a hardware part of
system 15 or even by the microprocessor normally a

10 part of keyboard 11. Hardware could be on plug-in
cards or built into keyboard 11. O0S specific ‘
interface 17 otherwise has to provide some way to
run the system 15 program on the host CPU. In the
case of MS DOS running on the IBM Personal Computer,

15 the Terminate but Stay Resident, or TSR, service is
the way. Those skilled in the art are aware of
other ways to run the system 15 software on other
host systems. The main difference aside from the
savings in hardware, between using the host CPU and

20 a microprocessor is the times at which the system 15
program would run. On the host CPU, the system 15
program might only run in response to requests for
keyboard services to minimize CPU time used. On a
microprocéssor, the system 15 program could instead

25 run in response to each keystroke, keeping keyboard
data always up to date.

In Figure 2, which shows a functional block
diagram of keyboard express typing system 15, next
key 20 receives the key event and time codes on line
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14 from hardware specific interface 12.. Next key 20

_starts the processing of each key event.by

determining whether the key involved is a chord key
or a non-chord key. Chord keys are those which may
become part of a chord when opérated in combination
with other chord.keys. Systems with a conventional
keyboard 11 generally use letter, punctuation, and

digit keys as chord keys but other keys could be

"included also. In some systéms, all keys may be

chord keys. Non-chord key actions can be immediate
but chord key actions have to be delayed to see if
more keys will be added for chords. Next key 20 '
outputs non-chord key codes to non-chord keys 21 and
selectively routes chord key codes to chord key
actuate 22, chord key release 23, or delay time 24.
The actuation éodeS-obviouély go to chord key
actuate 22, the release codes to chord key release
23, and the time codes not accompanied by key codes,

to delay time 24. -

Non-chord keys 21 passes the other key scan
codes received.tb'key code translator 25. Depending
on the émbodiment, non-chord keys 21 may receive all
non-chord key events or only those used locally.

Key code translator 25 responds appropriately to the
non-chord keys, setting shift bits, checking for
special key combinations, etc. Xey code translator
25 also translates chord key codes, and non-chord
key codes if appropriate, to ASCII, or other
character codes. Chord key actuate 22 puts the
actuated chord kKeys in chord data register 26 and
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supplies outputs for the Key Repeat function to key
code translator 25. If, as in the IBM Personal
Computer, keyboard 11 repetitively supplies.
actuation codes for Repeat actions, chord key
actuate 22 checks chord data register 26 and
produces outputs if the key is already registered.
Chord data register 26 not only stores the keys but
also registers other data, such as totals for
different types and categories.

In embodiments in which keyboard 11 supplies
key release codes, chord key release 23 responds
with outputs to chord logic 27. In other
embodiments in which keyboard 11 only signals chord
key actuation events, delay time 24, instead of
release 23, signals chord logic 27. Delay time 24
produces a trigger to chord logic 27 whenever the
interval since the last actuation exceeds a
prescribed value. The Actuation Logic Table shows
the key and chord logic for Actuations Only
embodiments to be very simple. Chord logic 27
responds to the triggers from delay time 24 by
acting on the keys currently in the chord data
register 26 and then clearing the register. Spaced
apart actuations thus produce single key outputs
while actuations within short intervals of each
other produce chord outputs. Chord logic 27 also
includes means to reject some combinations of keys
as illegal and to clear them without other action.
The prescribed delay interval is long enough to
catch key actuations for chords and short enough to
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handle regular typing strokes individually. A
disadvantage of this logic is that there is no way
to detect held over keys.

Actuation Logic Table: Key & Chord Logic for Actuations Only Systéﬁz

CHORD KEY EVENTS COMDITIONS ACTIONS .
Actuation ~ If key not in register Register key )
- Elsze Repeat On %
cnly one in register Output Key
Delayed Trigger If only one key Output key
Clear regicster
Else if > one key
- % key combination legal Output chord
) - Clear register
Else if illegal chord Clear register

The key and chord logic for embodiments using
both key actuations and key releases is somewhat
more complex as shown by the Release Logic Table
following. Chord key actuate 22 still puts the
actuated chord keys in chord data register 26 and
‘handles Repeats as previously discussed. In these
embodiments, chord key actuate 22 also sets a chord
condition flag for successive actuations within a
prescribed interval. 'Chord'logic 27 gets the e
released key time and scan codes from chord key
release 23. If only one key is in chord data ' Cos
register 26, chord logic 27 outputs the released key
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code to single key action 28 for a single key
action. If there are more than two keys, chord
logic 27 outpﬁts the data for a chord to chord
action 29. Chord logic 27 always removes the
5 released keys from chord data régisterrzs and
removes all of the keys involved in chord actions.
When two keys are operated, chord logic 27 used
several conditions to distinguish regular typing
overlaps from two key chords. The two keys are a
10 chord if they have been operated together longer
than a prescribed interval. The two may also be a
chord if they were actuated within a prescribed
interval of each other or if the key released first
was the last actuated. Chord logic 27 uses '
15 different length prescribed intervals for different
inputs or situations. The intervals are chosen to
best distinguish easy chording from regular typing
by various types of users. Chord logic 27 also
considers some key combinations as illegal chords
20 and ignores the keys or outputs them one at a time

for single key action.

Release Logic Table: kKey & Chord Logic Table for Key Release Systems

CHORD KEY EVENMTS CONDITIONS ACTIONS
Actuation I1f key not in regicster Register key
25 Else Repeat On %
only one in register Output key
I+ sucessive actuations :
within window Set act. condition
Release If only one key Output key
30 Clear key

Else if key not registered No action
Clear key

Else if » two keys
% key combination legal Output chord
Clear register
35 Else if two keys legal %

If time > chord_time Output chord
Clear register

Else Output key
Clear key
40 ) If Act. condition or
I1f released key was
actuated last Qutput chord

Clear register
Else if illegal chord Clear register
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Note: In some embodiments, non-released keys are inhibited instead of
being cleared from the register. Chord key actuate 22 reactivates
any Inhibited keys still being held when an actuation occurs after a
prescribed interval following the last release.

Chord Logic 27 calls single key 28 to handle
'fegular typing strokes and chord action 29 to handle
chord strokes. Single key 28 outputs the key code
inputs to key code translator 25 which converts them
to ASCII, or other, character codes for output via
output queue 30 to user services 31. Shift status

 and other outputs of translator 21 go diréctly to
user services 31 Which'outputs all on line 16 to

" user programs 18 via OS specific interface 17.
Single key 28, for embodiments retaining a regular
typing capability, can also be used where single
keys are considered chords or all functions can be
taken over by chord action 29. Chord action 29
analyzes the contents,of chord data register 26,
received directly or via chord logic 27, to .
determine the type of chord action required. Chord
action 29 also keeps track of the current word
state, changing the states responsive to successive
inputs. Word State Table shows word states along
with outputs and next word states. In Word Start
State, inputs produce word or word start outputs.
In Word Started State, inputs continue or end words
and may add word endings. In Word Ended State, some
inputs add word endings while others advance the
state to the Word Start State and then get words or
word starts. '
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Word State Table: Word States, Outputs, and

Resulting States

WORD STATE OUTPUTS RESULTING STATE

Word Start One Stroke Words Word Start
5 Starts, Text or Code Word Started
Word Started Continue Text or Code Word Started

End Word Word Ended

Endings for Word Word Ended

Complete Word Word Start

10 Word Ended Endings for Word Word Ended

Complete Word | Word Start

Words or Starts Word Start

Before a further description of chord action 29

functions, it is necessary to first discuss an input

15 coding feature of the instant invention, herein
labeled Stem Coding. This Stem Coding feature
speeds up typing and lightens the burden on typists
by reducing the input data required to produce text.
Stems are basic words and/or roots from which other

20 words are formed with the application of
Inflections. 1Inflections include suffixes which
append to the Stems, internal Stem text changes, and
accompanying auxiliary words. In Indo-European and
other Inflected languages including Japanese, a

25 relatively small set of Inflections expand word
Stems into more words. Separating words into Stems
and Inflections and using Stem Codes reduces the
input data required. Stem Code inputs obtain text
for assigned Stems from a writing vocabulary, as

30 will later be explained, while separate inputs apply
Inflections. .Embodiments for different languages
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- employ different Stem Code elements in different

types of Stem Coding as shown by the following Stem
Code Table.

- Stem Code Table: Fossible Stem Code Elements

' ELEMENTS CODES
Alphabetic ' : ,
Letters Starting Letter Strings
Con=onants Starting Letters of Syllable Strings
Mon Alphabetic
Fhonetic Sounds Starting Fhonetic Sound Strings
- Consonarnt Sounds Starting Sounds of Syllable Strings
Ideographic '

Character Radicals Radical Strings
: : With Fhonetic Sounds
Number of Strokes Number Strings
With Fhonetic Sounds
Micscellansous
Farts of Speech
Order of Element Types

Alphabetic language embodiments generally use
letters as Stem Code elements and starting letter
strings, or SLSs, as Stem Codes. Users already know
the starting letters and so only have to learn SIS
lengths. A consonant letters only alphabetic Stem
Code would be more efficient but would be harder to
learn. Non-alphabetic language Stem Codes can be
similar to SILSs, merely replacing Stem text letters
with Stem phonetic sound representations consisting

- of letters or other symbols. As phonetic sounds are

used more redundantly in Ideographic languages than
in Indo-European languages, Stem Codes having other

" elements to supplement, or replace, phohetic sounds

may be advisable. Other possible Stem Code elements
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fqr Ideographic languages include Ideographic
character Radicals and the "Number of Strokes" to
form characters. Chinese use the former and
Japanese the latter to index dictionary listings.
Parts of speech and the order of input of types of
elements are other possibilities. All types of Stem
Codes assign the shortest, or smallest, codes to the
most frequently used Stems and the longer, or
larger, ones to less frequent Stems.

Chord action 29, in response to the contents of
chord data register 26, transferred by chord logic
28, and to the Word State, manages chord actions By
calls to start/continue chords 35, word chords 37,
and/or endings chords 39 and by control signals to
search 32 and user service 31. Start/continue
chords 35 transfers Stem Code elements from element
data 36 either to output queue 30 or to code buffer
34. Output queue 30 receives the outputs in
embodiments using Stem Code elements that also serve
as Stem text characters. Code buffer 34 gets the
outputs in other embodiments. In the Word Start
State, the start/continue chords 35 outputs start
Stem text and/or Stem Codes. In the Word Started
State, the start/continue chords 35 extend, or
continue, Stem text and/or Stem Codes. Word chords
37, which receives calls only in the Word Start
State, transfers Stem Codes for words from element
36, depending upon the embodiment, either to output
queue 30 or to code buffer 34. The transfers are

the same as those by start/continue chords 35 except
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that they are used to produce Stem, or word, outputs
as will be explained next.

When chord action 29 receives an input. marking
the end of inputs for a Stem Code, it signals search
32 to look for the Stem in vocabulary 33a assigned
to the Stem Code just inputted to either output
queue 30 or code buffer 34. In embodiments in which
word chords 32 transfers elements from element data
36, inputs for calls to word chords 32 also mark
Stem Code ends. If it finds the Stem, search 32
transfers the Stem text, or the remainder of the
Stem text, to output queue 30. In embodiments using
SLSs as Stem Codes, Ietter character codes in output
queue 30 resulting from single key 28 outputs to key
code translator 25 are also Stem Code elements. 1In
other embodiments, single key 28 transfers elements
from element data to code buffer 34. Word chords 37
can also respond to inputs from chord action 29 with
transfer of Stem text of whatever type from text
data 38 to output queue 30 without involving Stem
Coding and search 32. Such text transfers are -
helpful for words not using Stem Codes, such as
short words and high frequency groups of words with
the same starting strings or other element sets.
This handling of text for one stroke words is
further useful in embodiments not employing Stem
Coding.

In most embodiments retaining regular typing,
user services 31 outputs the letters from output
queue 30 as soon as possible. Output queue 30 then

PCT/US89/05745
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has to continue to store the letters after output or
search 32 has to get the SLS letters from output
gueue 30 before they are outputted. In either
alternative, search 32 is able to respond to the
Stem Code end triggers from chord action 29 with a
search and transfer of the remainder of the Stem
Text from vocabulary 33a to output queue 30. In
other embodiments in which SLS letters may have to
be changed by Inflections, as will later be
explained, user services 31 does not output the
contents of output queue 30 until it receives a
signal from chord action 29 that the word is ended.
Output gqueue 30 or search 32 then do not have to
make other provisions for SLSs, search 32 merely
uses the contents of output queue 30 in searching.
Search 32 similarly uses the contents of code buffer
34 for searches in embodiments with non-text Stem
Codes but vocabulary 33a will have a different
arrangement and will supply all of the Stem Text.
Chord action 29 routes inputs for word endings
to endings chords 39. The word endings handled by
endings chords 39 stretch the literal meaning by
including changes to Stem text and auxiliary words
along with Inflection suffixes, Punctuation strings,
and "Space" characters as shown in the Word Endings

Table.

PCT/US89/05745
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Word Endings Table:
Inflections:.
Text Suffixes
Changes to Stem Text
5 Auxiliary Words ,
' Punctuation Strings: Punctuations marks,
"Space" characters, and automatic

capitalization of next sentence starts.

Other:
10 ' Non-Inflection Suffixes and Words for
| Compounding:
Word Ending Characters:
"Space" Character
Other Non-Letter Characters

15 Endings data 40 stores word ending data for the
languége of each application. The data ranges from
suffix text to codes and rules for Stem changes.

For English, for example, endings data 40 would
include the data in the following English endings

20 Table and Rules to handle as many as possible'of the
Spélling Change Examples'of the following list.

English Endings Table: Englich Inflections and Functuation Strings

1. 2 3 4 S & -7 . 8 9 0

(¢t ) age. ate bility ist ism ish (") (: ) (z )
25q w e r t Yy u i - o p

ical ic ous ful less Yy ity ness ce cy

a = d f g . h 3 k 1 3

al FL/3 Pacst ing er/or ive ion ble ly Fast_F

-4 b c v b N m . . /

30ize nt nce ncy bly = est ment G, ) . )Y (7 )
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List of English Inflection Spelling Change Examples:

1.

Word Endings Are Altered For Appending Certain
Inflections:
i) final "e" drops:

"pelieve--believable", "trade--trading"
ii) "y" changes to "i":

“carry--carried", "happy--happiest”.
iii) final consonant doubles:

"put--putting", "prefer--preferred”.

"put-putting", "prefer--preferred".
Word Endings Determine Leading Vowel for Some
Inflection Suffixes:

i) "pble" and "bly" are preceeded by "a" or
niv: “panageable, measurably;:
reproducible, reversibly".

ii) "nt", "nce", and "ncy" are preceeded by
wa" or “e": "informant, attendance,
conservancy"; "superintendent, insistence,
tendency".

Irregular Bridges "at" and "it" Are Inserted

Before "ion" and "ive": "form--formation,

formative; add--addition, additive".
More Elaborate Changes Are Made to Both Word

and Suffix:
wexplain--explanation, acquire--acquisition,
assume--assumption, justify--justification,

apology--apologetic", etc.

Items 2, 3, and 4 of the list are better

handled by append data 41 than by Rules. Append
data 41 stores combination of ends of Stems and
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beginnings of Inflection suffixes together with the
changes to the text of either or both for appending.
Figure 3 shows some examples for English in the form
of arrays from C source for a particular embodiment.
Each of the arrays are for an Inflection and have
several units with the "/" character between two
text strings. The first of the two strings is the
end ofrthe stem with spelling reversed for
convenience in searching. The second string is the
replacement for the first, spelled in text order, to
precede the standard Inflection suffix. The
se_es_plurals array, for example, includes the stem
ehds which require "es" in place of "s" for the
plural. Most of the units do not change the stem
end and are included only to identify those which
take "es". Others change "fe" and "f" to “"v" to set
up for "es". The se_ion_ive array, for another
example, has a very large number of units changing
the spelling of stem ends, the changes being the
same for "ion" and "ive". '

In some cases, endings chords 39 only transfers
suffix or auxiliary word text from endings data 40
to output queue 30 to follow the Stem text. In
other cases, endings chords 39 first uses append
data 41 to modify either or both the Stem text in
output queue 30 and the Inflection suffix text from
endings data 40. For additional help, vocabulary
33a includes Stem Inflection Codes, or SICs, with
the Stems. Search 32 supplies the SICs to endings
chords 39 upon the successful completion of
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The SICs help endings chords 39 produce

Inflected forms for their Stems that are not covered
by the usual rules or other data in endings data 40

or append data 41.

The English Stem Inflection Code

Table following uses SICs starting with 128, the
high bit being set as a marker for other purposes.

English Stem Inflection Code, or SIC, Table:

NO_DOUELE
OR_NOT_ER

CODE_MIN
IVE_ION
NT_NCE
NT_NCY
MENT
NO_FAST

NO_WILD_CARD

AL_ALLY
OUS_0USLY
IC_ICAL
FUL_LESS
ER_EST
ISM_IST

ITY
NESS
CE
CY
ABE
ATE
ESS
1ZE
DOM
HOOD
SHIF

001
O0x02 /¥ use

128

s
-t

136
140
144
148

132

156
158
160
162
164
166

168
170
172
174
176
178
180
182
184
186
188

(1] or (1]

FOREIGN_FLURAL

RUILD_EUILT
LEAD_LED
KEEF_KEFT.

BRING_EROUGHT

TEACH_TAUGHT
COME_CAME
HOLD_HELD
WIN_WON
FIND_FOUND
HANG_HUNG
EEGIN 232
WRITE_RISE
EC_KNOW
ADD_N_NE
GET_GOT
SFEAE_SFOKE
RIT_EITE

/% don’‘t double final consonant */
rather than "er" x/

190
192
196
200
204
208
212
216
220
224
228

~er
i}

240
241
244
248

~eEn
— vl
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The first line shows the bit to change SICs to
indicate that the final consonant is not to be
doubled (even though the stem ends with a -
"vowel-consonant-vowel"™ the suffix starts with a
vowel). The second line shows the bit for "or"
instead of "er". The listed SICs for regular verbs,
nouns, and adjectives show different possible "To
Noun" and "To Adjéctiveﬁ Inflection or other "wild
Cards" for the reSpective stems. The listed SICs

for irregular verbs indicate the types of changes
for Past Tense and sometimes for Past Participle

also. The particular irregular verbs with each SIC
are only by way of example, the SICs also being with
other verbs having the same type of change.

The regular verbs have three different sets of
"To Noun" and "To Adjective" Inflections: "ion &
ive", "a/ence/y & a/ent", "ment & mental". Noun
Stems have the "To Adjective" Inflections: "al",
"ful", "less", "ic", "ical", and "ous". Adjectives
have the "To Nouh“VInflections: "ce", "ey", "ity",
and "ness". These are all considered to be "Wild

‘Cards" as different Stems picks one of several for

the same job. Other types of "Wild Cards" are
listed for SICs 176-188. While each Inflection can
be assigned, as in the English Endings Table,

- picking the Stem limits the possible Inflections to

a few. Two keys, or two chords can get the "Wild
Cards" determined by the SICs. Any Stem uses only a
few of the possible Inflections of the language,
some only one or two "Wild Cards". A number of the
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most frequent Inflections, or MFIs, including the
"Wild Cards", make up small sets which include a
majority of the Inflections used. The advantage of
having the SICs identify small sets is that a small
set on inputs can make all the selections.
gelection from the small sets can be made by parts
of start/continue chords 35 for last Stem Code
elements and, especially in embodiments with
keyboards having a set of thumb keys added, even by
parts of word chords 37. Word endings would
otherwise require additional strokes for inputs to
endings chords 39.

Vocabulary 33b is shown to indicate possible
auxiliary sections for applications needing such
sections for any of a number of possible uses.
Vocabulary 33b can hold words or strings for: a part
of speech; a technical field; a computer language;
control sequences for other programs; any of a
variety of customized uses. Chord actions 29
supplies data, either as part of Stem Codes or
directly to search 32, which directs search 32 to
use vocabulary 33b instead of vocabulary 33a for its
search. Special chords or shift keys can provide
the inputs to distinguish vocabularies 33a and 33b.
Vocabularies 33a and 33b can use any internal
arrangement that allows search 32 to locate selected
Stems in the time available. Preferred
arrangements, however, also enable easy location of
Stems assigned the next longer Stem Code from any
Stem code input. Chord part inputs, like those

PCT/US89/05745
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described for MFIs, can then get "Next Stems" with
one less stroke.

Selecting MFI members and "Next Stems" with
parts of chords inputting last Stem Code elements
has the virtue of saving strokes but requires more
learning. Look ahead display action 42 gets data
for Help Displays to assist both learning and using.

Display action 42 receives chord key actuate inputs

from next key 20 and, starting with the second
element for words, first saves the data currently in
output queue 30 and then generates outputs to chord
action 29 for calls to word chords 37, search 32,
and endings chords 39 to put display data in output
qgueue 30. User service 31 transfers the display
data in output queue 30 to line 16 in response to
requests'for same by user programs 18. (User
programs 18 have to have the capability to display
the data.) The next output from chord key release

23 or delay time 24 triggers display action 42 to

put the original data back in output queue 30. The
display data consists of the text which could be
obtained by including other keys along with the one
triggering display action 42. Such text includes
Stems obtainable with inclusion of an end of Stem
Code indication, "Next Stems" obtainable with

"inclusion of more keys, and forms of the Stem

Inflected by the MFIs also obtainable with inclusion
of more keys. '
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Vocabularies 33a and 33b can use Stem Packets,
such as the one shown in Figure 4, arranged in
patterns such as the one shown in Fig. 5.

The Stem packet 50 of Fig. 4 has a Jump Next Branch
byte, a Next Code element Byte, one or more text
data bytes, and a Stem Inflection Code byte. 1In
alphabetic languages using SLS Stem Codes, the
letters of the Stem Code are outputted so the text
data section only has to supply the remaining
letters of each Stem. For Stem Codes not useful as
Stem text, the text data section has data for the
complete text of each Stem. The Jump Next Branch
byte holds the value for a jump to the next search
location if the Next Code Element does not match the
input. The Next Code Element is the last element of
the Stem Code for the particular Stem packet 50,
preceding elements being located in other packets
50. The Stem Infléction Code byte marks the ending
of the Stem packet 50 and supplies Stem Inflection
data to assist endings chords 39 and identify MFI
sets for the Stem as has been explained.

Fig. 5 is a partial block diagram of an
arrangment of Stem packets 50 for vocabulary 33a.
Lines 5la go to Stem packets 50a having a one
element Stem Code. In some systems, search 32
applies the first element input to lines 5la to find
the one of Stem packets 50a having a matching
element. In other systems, search 32 uses the first
element to locate a line 51b to a section of
vocabulary 33a for the first Stem Code element. In
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the first case,'search 32 looks for a match of the
. first element in Stem packets 50a and in the second

case for a match of the second element in Stem
packets 50b. Search 32 uses the Jump Next Bytes to
move to successive branches of Stem packets 50a or
50b while searching for matches. If a match is
found and more elements are inputted, search 32
moves through the matching Stem packet 50a, 50b,
50c, etc. and searches the next level Stem packets
for a match with the next element. Search 32
outputs the one of Stem packets 50a, 50b, 50c, etc.
matching the last Stem Code element inputted when it
receives an indication of the end of a Stem Code.
The SLS étem Code Table shows some words all
starting with "ab"™ and having their SLS and Stem
remainders separated by '-'s. The relative
ffequency of use of words having the same starting
letter strings determine the length of SILSs
assigned, the more frequent getting the shorter
SLSs. Words having the same length SLSs are in the
same column. The columns for the lengths two, -
three, four, etc.'correspond to the subscripts b, c,
d, etc. of packets 50 in Fig. 5. The respective
packets 50 for the words include only the last
letters of the SILSs along with the Stem remainders.
The starting letter "a" identifies an "a" section
similar to the one shown in Fig. 5. Packet 50b of
the section has "b" as its Next Code Element and
"out" as its Stem remainder. The following packets
50c would have “o", "1", "i" and "s" as their Next
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Code Elements. The particular order is based on the
relative frequencies of the respective words to set
up the most frequent for "Next Stems" and also to
minimize overall search time. Search 32, in
response to input of the letters "abi", for example,
would locate the section for "a", then find the
packet 50b for "b", then the packet 50c for "i",
then transfer "lity" to output queue 30. "Next
Stems" inputs following input of "b" would get
"above", "able", "ability", and "absent".

SLS Stem Code Table: Stem Code SLSs Starting with "ab".

Two Three Four Five Siy Lettere
ab-ocut abo-ve - aboa~-rd
abol-ish
abor-t abori—-gine
abod-e
abom—-inate abomi-nable
abou-nd
abl-e ablu-tion
abi-lity abid-e
abs—-ent abst-ract absta—-in
abste-~ntion abstem—ious

absti-nent
abstr—-use
abso-lute absor-b

KEY & SPACE BAR CHORDS:

Chords consisting of key and Space Bar
combinations are easy for typists and others to
learn and in the present invention system are
sufficient to substantially increase typing speed.
As Word Start State inputs, these chords can one '
stroke type a set of the most frequent words, or
MFWs, of any language. For this action, chord logic
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27 recognizes the combinations in chord. data
register 26 as chord, chord action 29 produces
outputs to word chords 37 to transfer corresponding
, word text from text data 38 to output queue 30. If
5 these are not to be the only one stroke words, then
the words might be the most frequent which are a
- best match for the respective keys. The MFW Table,
arranged as a keyboard map, shows a set for English
by way of example. (This particular pattern
10 provides for a key per hand two word sequence
feature to be described later.) These words
comprise approximately 35% of those found in English
text documents and so the key and Space Bar Start
State chords can contribute substantially to speed.

15 MFW Table: English MFWs for key % Space Bar QWERTY Keyboard Chords

1 2 3 4 5 6 7 8 9 (2]
orne  two thres four five sixn seven eight nine ;EFG
q v e r t Y u i (= ;
with was on in to you all I they thie
0 | ° s d f g h i E 1
as is and for of he the a it ;hat
z I c v b n  0m . . /
are - at had have by not she we which his

"Key and Space Bar" chords in the Word Started
25 State are used in what is herein called Serial
Chording to mark the ends of Stem Code inputs. For
Serial Chording, the letters of the SILSs of
alphabetic languages, or the Stem Code elements of
other languages are typed serially to the end where
30 the Space Bar is included with the key for the last
letter or element. Single key 28 places serially
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typed letters in output queue 30 or serially typed
non-text Stem Code elements in code buffer 34.

Chord logic 27 detects the "Key & Space Bar" chords,
has single key 28 handle the last element and calls
search 32 to handle the Stem Code and transfer text
from vocabulary 33a to output queue 30. As
previously discussed, the text is either for the
complete Stem or the Stem remainder. Drill on sets
of words all using the same number of elements, two,
three, four, etc. assist the "fingers" to learn the
new way of typing the words.

The "Key & Space Bar" chords of the Word
started State also lead to the Word Ended State.
Releasingrthe Space Bar gets a "Space" character
output to the end of the word. Holding the Space
Bar and striking another key results in chord action
29 sending the key code to word endings 39. Word
endings 39 responds by applying the ending assigned
to the key to the text in output queue 30. As
previously discussed, endings include text suffixes,
changes to Stem text, Punctuation Strings, and
auxiliary words. The English Endings Table, as an
example, shows a set assigned to the keys of a
OWERTY keyboard. Most of the Inflections shown are
suffixes which word endings 39 appends to the Stem
text in output queue 30 with any necessary changes
to either or both Stem and Inflection suffix text
spelling. Word endings 39 uses endings data 40 and
append data 41 to make the spelling changes
automatically, as previously discussed, so users do
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not have to recall, or even know, the many complex
rules involved. Some examples are listed in the
English Endings Table. '

The Capitalized entries in the English Endings
Table represent a range of possib;e Inflections;
PL/3S for various Plurals, including Foreign
Plurals, and Third Singular verbs, Past for verb
past tenses, and Past_P for verb past participles.
Punctuation Strings consist of punctuation marks,
one or more "spaces", and those ending sentences
jnclude automatic Capitalization of next sentence
starts. Past and Past_P for some Stems are
irregular Inflections that change spelling Stem
text, substituting different vowels, etc. as
specified by the SIC of the Stem.

SUBSTITUTE SHEET
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EXPANSIONS WITH MORE EASY CHORDS:

The More Easy Chords Table lists additional
chords that use little more than existing typing
skills to further increase typing capabilities. The
main use of these chords is in the Word Start State
for the single stroke typing of more of the next
most frequent words. The "Key & Space Bar" chords
have'already been discussed. The two adjacent key
hand chords, or HCs, consist of pairs of adjacent
keys in one row for operatién by one hand,
with/without the Space Bar. These chords are easily
executed by two fingers acting together as one, or
alternatively, by one finger on keyboards 11 with
bridging key caps. The next two types of easy
chords make use of the typist skill in typing a
1ettér with one hand while operating a Shift with
the other. The first type uses the '/' and 'z' keys
as special shift keys. The second type uses the HC
composed of the pair of '/' and '.' keys and the HC
of the pair of 'z' and 'x' keys as special shift
HCs. Both of these types combine these special
shifts with both keys and HCs. (This type of one
stroke word typing could be further extended by
using additional keys and/or HCs as special shifts.)

More Eacsy Chords Tables
CHORD TYFES WORD START WORD STARTED

ey & Space Rar - OMFW End Stem Code
Two Adjacent Key Hand
Chords, or HCs VHF U

2nd Type Element
% Space Rar VHFW 2nd Type Element &

N End Stem Code
SX Key Shift %

(Heytog HC) 5 HFWs Continue Stem Code

% Space Rar HFWs Continue & E

.BX HC Shift & * End ode
(Key or HO) ' . HF Verb Fast Tense -——-

13 Sbace Rar HF Verb Stem : -
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English examples of very high frequency words,
or VHFWs, for HCs are listed in the HC Table,
examples of high frequency words, or HFWs, in the SX
Key Table, and of high frequency Verb Stems and Past
Tenses in the SX HC Table. (The VHFW and HFW
categories would perhaps better be designated as
VHFW I and VHFW’Ii, or HFW I and HFW II, as the
relative -frequencies overlap are not as important as
other factors in the division.) These words, and
corresponding words of any iangﬁage, could all be
stored as text in text data 38. Some or all could
also be assigned Stem Codes, obtainable from element
data 36, and be available from vocabulary 33a or
33b. In either case, word chords 37 responds to
inputs from chord action 29 to put the word text in
output queue 30, using search 32 in the Stem Code
case as previously described. These words and the
previously discussed MFWs comprise approximately 70%
of those found in English text documents.

In. the Word Started State, start/continue
chords 35 uses HC inputs from chord action 29 to get
frequent combinations of elements from element data
36. For SLS Stem Codes, the HC assignments would
consist of frequently used letter combinations, such
as consonant clusters, prefixes, consonant vowel
syllables, vowel consonant syllables, etc. For non-

‘alphabetic languages, the HC assignments can be a

similar set of phonetic sound combinations or
instead be a set of different type elements, such as
the "Number of Strokes" or the "Radicals " of
Ideographié characters. 1In the latter case, the HCs
would type the different type elements assigned
while the keys typed the phonetic sounds. The order
of input of element types could further distinguish

PCT/US89/05745
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sten Codes, minimizing the number of other elements
used. As previously mentioned, combinations of
phonetic sounds and other types of Stem Code
elements might make more efficient Stem Codes for
Japanese and other Ideographic languages.

The HCs can further type more Inflections and
other word endings or replace keys for typing
endings. The latter use reduces the number of
multiple assignments for keys and offers an
alternative serial logic for word endings. HCs are
petter used for word endings, when included in Both
Hand Chords to type MFIs to be discussed next. Iﬁ
this use, one hand uses the keys to type the last
Stem Code element while the other hand uses HCs to
select a member of the set of most frequent
Inflections, or MFIs, for the Stem. The MFIs, as
mentioned previously, comprise a majority of the
Inflections used so typing them with last elements
provides a substantial saving. Stenm Inflection
Codes, included with the Stems in vocabulary 33a,
specify the MFIs to endings chords 39. As shown by
the English MFI & Next Stems HC Table following, the
HCs of either hand can cover MFIs, including "To
Noun" and "To Adj" wild cards to be discussed later,
along with some of the previously discussed "Next

Stems".
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BOTH HAND CHORDS: .

The previously discussed SX Key and SX HC
chords employed both hands but one hand handled
wShifts* only. The Both Hand Chords to be discussed
here use each hand to make selections. The Both
Hand Chord Table lists several possible types
starting with "Key/Hand" chords. The "Key/Hand"
chords are shown to obtain two word sequences in the
Word Start State and two elements, or an element and
a Punctuation String, in the Word Started State.
Some may prefer to substitute two elements for the
two word sequences in the Word Start State. The ‘
second group listed consists of "HC/Hand" and "Key
with HC" chords, all distinguishing from the
"Key/Hand" chords. The third group listed is for
any combination of keys and HCs with the Space Bar
included. The Space Bar distinguishes from other
"Key/Hand" chords. Inclusion of the Space Bar to
indicate the end of inputs for Stem Codes was
discussed for other Serial Chording. The
punctuation keys get Punctuation Strings, and HCs
get MFIs and "Next Stems" along with last Stem Code

elements.
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~ The MFW Sequence Table shows the MFW Table
assignments with alternate words added to the digit
keys and to some other keys. The alternate words
may come into play when the respective keys are
included in Key/Hand chords for sequences of two
MFWs. The system includes logical rules, responsive
to particular key combinations, to determine the
order of output of words from each pair of keys and
to determine when alternate words are to be
substituted. For English, pronouns more frequently
precede verbs but follow prepositions, articles only
follow verbs, objeéts of prepositions are a genitive
case, pronoun number determines verb form, etc.

MFW Seguence Table:

1 2 3 4 =] 6 7 8 9

one two three four five six seven eight nine

/will /would /or /from /but /more /when /an /who

q w e r t % ] i o

with was on in to you all I they
/were /your /my /their

a = d f g h ] b 1

as is and for of he the a it
/are/am /his /ite

z b c v b n m ’ .

are at had have by not she we which

/has /her /our

As previously mentioned, HCs can have Stem Code
elements and element combinations assigned for the
Word Started State. The Both Hand HC QWERTY Table
shows assignments that also apply for the Word Start
State. These assignments supplement the QWERTY key
assignments so Both Hand Chords can obtain a very

0
Tero

/there

p
this

rt =e
J
i
rt

his
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large number of useful letter combinations for SLSs
or SIS Starts. Start/continue chords 35 gets the
combinations from element data 36 for Stem Code
Starts when the Space Bar is not included. When the
Space Bar is included, word chords 37 gets the same
combinations from element data 36 but calls search
32 to output the assigned Stems or words. As QWERTY
patterns have most of the consonant letters assigned
to the left hand, the left hand HCs include the
right hand consonants along with frequently used
consonant clusters. The right hand HCs, along with
right hand keys, get vowels to follow, and vowels
and prefixes,to precede, left hand consonants. The
possible combinations thus include most Consonant
Vowel, Vowel Consonant, Consonant Clustef Vowel, and

Prefix Consonant combinations along with others.

Both Hand HC GWERTY Table: Two Adjacent Key HC GWERTY Supplement

1 2 3 4 S 1) 7 8 ?
(1-2) (2-3) 3-4) (4-3) {6-7) (7-8) (8-9) (9-0)
co com dis per un  de re pro
q W =] r t Y u i ]
(g-w) (w-e) (e-r) (r-t) (y=u)  (u-i) (i-0) (o-p)
pt wh th p be al inm —-e
a s d £ g h 3 k 1
(a-s) (s—-d) (d-f). (f-qg) (h=3j) (j-k) (k=1) (1-3)
sh st 1 h a e [} -a
z , N c Vv b n m . .
(z=u) (u=-c) (c-v)} (v-b) n—m) {m—,) (,-.) (.—/)
pl ch m n mo " so to -r

The Dvorak Keyboard is better than the QWERTY
for combining with HC assignments as the vowels are

Q)
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on one hand keys while the consonants are on other
hand keys. The Dvorak keyboard, however, is not
widely used so there is little reason to adopt its
particular pattern of key assignments. Keyboards
5 for beginners can start over to optimize use of keys

and HCs. The Key-HC Element Table indicates some
possible patterns. The objective, like that just
described for the QWERTY, is to have a keyboard in
which the key and HC assignments for one hand be

10 those which most frequently combine with those of
the other. The general alphabetic pattern of the.
Key-HC puts consonants on the right hand instead of
the left, as for the QWERTY, so the order, except
for suffix vowels, is left to right. Without Key-HC

15 duplication, more letter combinations are possible.
For Japanese, the left hand can handle some
syllables along with all vowel and consonant
syllable starting sounds. The right hand has room
for "Number of Strokes" and all the syllable ending

20 sounds.

key-HC Element Table:

LEFT HAND RIGHT HAND

General Alphabetic::
Vowels as Frefix Consonants

25 Vowels as Suffix Consonant Clusters

Frefixes to Consonantes Frefixes to Vowels

Japanece:
Number of Strokes, 1st Char. Number of Strokes, 2nd Che
Svllables Number of Strokes

30 Syllable Starts Syllable Ends
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As previously discussed, the HCs can get MFIs

and Next Stems on the same stroke with last Stem

Code elements.

The English Stem MFI Set Table shows

some additional details. Verb Stems have three

Inflections common to nearly all verbs, some Verb

Stems also have "To Noun" and "To Adjective"

Inflections, and others different Past Participles.

Noun Stems have two common Inflections and some

nouns have one or two "To Adjective" Inflections.

Adjective Stems have one common Inflection, some

have "To Noun" Inflections, and others comparative

and superlative Inflections. The "To Adjective's

may cascade with "1y" and the "To Noun"s with

-plurals. Some words serve both as verb and noun or

as more than one part of speech in other

combinations.

The "To Noun" and "To Adjective"

Inflections, specific to particular Stems, are shown

to range over a variety of forms.

English Stem MFI Set Table:

Verbs

Mouns

fAdjective

Fast Tense, Third Singular, Fresent Farticiple
Some Stem Additions:

Fast Participle

To Noun, "ion", "ment", "a/ence/v"

To Adjective, "ive", "a/ent", "a/ible/yv"
Flural, Fossessive '
Some Stem Additions:

To Adjective, "al™, "ful", "ic", “icalﬁ,
"less", “ous"
Misc., "“dom", "“hood", "ship"

To Adverb, “ly"

Some Stem Additione:
To Neun, "ce", "cy", "ity", "ness"
Comparative, Superlative, “er", "est"



WO 90/07149 7 PCT/US89/05745

-52-

ADDITION OF MORE HCs: )
The two adjacent key HCs are only four of the
26 possible for each hand in each row. The 22
5 remaining are available for further expansion. Of
the 22, six use only two keys and another six
consist of the three adjacent, four adjacent, and
five adjacent combinations. Either of the two sets
of six HCs more than double the two adjacent HCs
10 previously covered. With bridging key caps for the
index fingers to operate adjacent keys, all 22 HCs
are still relatively easy to execute. Applications
thus have a wide range of possible HC sets from ’
which to choose. While there are no limits on the
15 number which might be used for more one stroke
words, few, if any, more would be useful for MFIs
and Next Stems or for more suffixes. More one
stroke words would only require the expansion of
chord action 29 ahd text data 38 or element data 36
20 for the additional Stems. These include expansion
of Both Hand Chords for Stem Code element
combinations. The Both Hand Chords are promising as
they are more mnemonic and so desirable for large
numbers. Further, the same chords, except for
25 with/without the Space Bar, get of one stroke Stems
and first stroke Starts. With practice, the
n"fingers" learn the combinations and users only have
to think about the words they want to type.
Both Hand Chord expansions have many
30 possibilities, some of which are shown in the

following Expanded Both Hand Chord Table. Just a
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few more HCs could get all of the consonant
clusters, vowel clusters, prefixes, etc. useful for
alphabetic languages. The relatively limited number
of syllables of Japanese, and perhaps of other

languages, could be covered by the additional HCs of >
either hand so Both Hand Chords could get two
syllable combinations. The 26 HCs and five keys per : s

row of one hand could get 93, or 124, of the 214
Radicals of Ideographic characters. The other hand
could get "Number of Strokes" along with switching
the set of Radicals so all 214 would be covered.
"Number of Strokes" of one Ideographic character and
the Radical of the same, or another, character is
thus possible from Both Hand Chords.

Expanded Key-HC Elements for Both Hand Chord Table:

LEFT HAND . RIGHT HAMD
Alphabetic: _

All Vowels, Vowel Clusters A1l Consonants, Consonant

Syllables : Clusters, Svllables

All Prefixes to Consonante All Prefives toc Vowels -
Japanese: N

~1st Syllable ) 2nd Syllables
Japanese and Other ldeographic:

ist Char. Number of Strokesz 2nd Char. Number of Strokes.

Radicals in Two or More Sets Number of Strokes & Sslect Set

of Radicale for Left Hand

* Radicals in Two or More Sets Radicals in Two or More Sets

* Set of Thumb Keys or other means to select all set combinétions.

ADDITION OF THUMB OPERATED KEY SETS:
Added sets of keys for thumb operation are- ) *
another way to add capabilities. Two thumb keys, or
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TKs, have four possible combinations, or TKCs; four
TKs have 16 TKCs. First, the TKCs can get MFIs and
Next Stems, both with chords for last Stem Code
elements and with chords for one stroke words.
Second, the TKCs can input additional Stem Code
elements along with those from Both Hand Chords.
Third, the TKCs can select the set of inputs for the
hand, or hands. Japanese, as in Inflected languages
with either Inflections or post positions on nearly
every word, could best utilize TKs for MFIs and post
positions. Chinese, not an Inflected language,
could instead use TKs to select the different sets
of Radicals for the two hands. Both Hand Chords
could then get all first and second character
Radical combinations. The TKCs can also select
multiple sets of one stroke words, the words of the

sets being related in various ways.

A TEN KEY KEYBOARD EMBODIMENT:

Ten Key Keyboards 11, with a key for each
finger and thumb, require minimum movement for
typing and so offer a maximum stroke rate. As will
be realized from the following description, the per
stroke capability compares favorably with that of
the conventional keyboards 11. In addition to
maximum stroke rate, minimum movement also requires
less physical skill of beginners and those unskilled
typists whose "fingers" have not yet learned the
spacial locations of the conventional keyboard keys.
The user positions fingers and thumbs on the keys
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and only has to move theam enough to operate the
keys. The typing presents a minimun of information
for the "fingers" to learn. The "fingers® are
restricted to the part of the muscular neural systenm
5 for the key operations while nfingers" for
conventional keyboards 11 include the muscular
neural system for spacial movements as well.
The following Word Start State Ten Key One Hand
Sets Table shows four sets of assignments for each
10 hand, one for each TKC. Each set is spread over
thrée rows, the first for single keys, the second
for two key HCs, and the third for the three and
four key HCs. This pattern affords a spacial
dimension for each type that hopefully makes the 15
15 HCs of each hand easier to learn and associate with
the assignments. It will be noted that the TKC I
Set compares with the previously described set for
"Key & Space Bar" chords on three rows of keys of a
: conventional keyboard 11. (Both include the same 30
20 English MFWs arranged for possible two word
sequences from Both Hand Chords.) TKC II and TKC
III sets consist of VHFWs relating to the MFWs for
the same HCs. The TKC IV set includes letters,
 digits, some consonant clusters, and Special Shifts
25 for typing any string of characters or starting
anything possible with regular typing.
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The Word Start State Both Hand Chord Sets Table
following includes TKC I set of MFWs with
alternatives for word sequences. This set
corresponds to the previously described MFW Sequence

S Table for conventional keyboards 11. Except for the
digit key assignments, TKC I HCs/Hand operates
similarly and gets most of the two word sequences
previously described for the MFW Sequence Table.

' The set of one and more letters for SLSs is enabled

10 for all three TKCs, II, III, and IV. The left hand
vowels marked with an '*' follow, while other vowels
and other prefixes precede, the right hand
consonants. Both Hand Chords output left and right
hand combinations as SLSs. TKC IV takes the SLSs

15 and first stroke Starts on longer SILSs. TKC II gets

' a first set of words for th SLSs while TKC III gets
a second set of words related to those of TKC II.
Instead of being used for two word sequences, TKC I
could be used for a third set of SLS related words.
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Chord action 29, start/continue chords 35, and
word chords 37 would handle the Word Start State
chords with the assignments in element data 36 and

" word text 38 much as previously described. The one

hand chords get 90 of the most frequent words with
one stroke and 30 starts. The Both Hand chords can

get up to 225 Starts and up to 450 more one stroke

words and two word sequences or up to 675 more one
stroke words. Not all of the two hand letter
combinations are useful, however, so some
combinations instead get Fill-In SLSs or words. The
Fiil-Ins impose a somewhat heavier load than do the
hand assignment combinations but are probably
necessary for the totals to be comprised of the most

frequent words. The 540 or 765 one stroke words,

perhaps as many as users of conventional keyboards
11 will wish to learn, make a substantial
contribution to typing speed. The 225 SLS Starts
will serve nearly all of the longer SLSs.

The following Word Started State One Hand Chord

 Sets Table shows TKC I Set to consist of all the
- letters along with three prefixes not likely to be

used. The TKC II Set has the Inflections and
Punctuation Strings of the rows of keys of the
English Endings Table previously discussed. The TKC
III Set is shown as having More Endings to indicate
that it is available if more are needed. The TKC IV
Set repeats the letters of the TKC I Set for

~continuations of SLSs or words.
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The following Word Started State Both Hand
chord Sets Table shows TKC I Set as repeating the
TKC I Set of one hand chords. (Left hand letters
precede right hand letters in two hand
combinations.) The TKC IV Set repeats this set for
5 continuations of SLSs or words while the TKC II Set
has the same left hand and TKC III the same right
hand. The right hand of the TKC II Set and the left
hand of the TKC III Set each have a set of MFIs, '.'
and ',' Punctuation Strings, and a set of Next
10 Stems. Both Hand Chords can thus get many two
letter combinations for endings and for
continuations and last letters with the MFIs or most
frequent Punctuation Strings or Next Stems. The one
stroke words previously described get a véry high
15 percent of the words of English text documents.
Second strokes can obtain a large number of next
most frequent words further pushing the percentage.
Only a small percent will thus require more than two

strokes.

20
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MINIMUM MOVEMENT VERSUS CONVENTIONAL KEYBOARD
CHORDING: .

on conventional keyboards 11, the HC
preparation time for successive strokes can pipeline
with movements between rows. The losses in time for
between row movements may thus be reduced by the HC
preparation time. Executing the same HCs in
different rows will take little more learning than
in one row. The row reaches will require additional
learning for those who are not already typists. The
spacial distribution of multiple row chording with
its use of additional muscles and neural networks
could have countering advantages even for beginners.
It is possible, however, that beginners will find
that minimum movement chording or either a Ten Key
or a Twelve Key keyboard 11 is both easier to learn
and faster. A Twelve Key keyboard 11 adds index
finger reaches and generally increases total numbers
by a factor of four. A Twelve Key keyboard 11 could
also get along without Fill-Ins.
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While the invention has been particularly shown
and described with reference to preferred
embodiments thereof, it will be understood by those
skilled in the art that various changes in form and

5> details may be made without departing from the
spirit and scope of the present invention as defined
by the appended claims. '
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CLAIMS

1. In a keyboard system to output data to a data
handling system which includes a keyboard
having a plurality of keys and means for

5 sensing operations of keys, the improvement
comprising:
means responsive to said sensing means for
registering actuated keys:;
a set of data packets assigned to sets of
10 one or more of said keys;
means responsive to the pattern of
successive operations of said keys for enabling
the output of data packets assigned to keys
registered by said registering means;
15 means responsive to said enabling means
for outputting enabled data packets; and
means for limiting the outputs from keys

registered by said registering means to one.

2. A Keyboard system as claimed in Claim 1 wherein
20 said enabling means is responsive to the
' intervals following actuations of said keys

exceeding a predetermined length.
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3. A keyboard system as claimed in Claim 1
wherein:
means responsive to the pattern of
successive operations of said keys for
5 selecting either the set comprised of said
released key or the set of said registered
keys: and
means responsive to key releases and said
selecting means for outputting the data packet

10 assigned to said selected set.

4. A keyboard system as claimed in Claim 3 wherein
said selecting means is responsive to the sets

registered by said registering means.

5. A keyboard system as claimed in Claim 3 wherein
15 said selecting means includes means responsive
to successive operations of said key for timing

the intervals between said operations.

6. A keyboard system as claimed in Claim 5 wherein
said selecting means is responsive to the

20 intervals preceeding release of said keys.



WO 90/07149 ‘ PCT/US89/05745

-63-

7. A keyboard system as claimed in Claim 6 wherein
said selecting means has different responses to
said preceeding intervals for different sets of
keys registered by said registering means.

5 8. A Kkeyboard system as claimed in Claim 5 wherein
said selecting means is responsive to 7
predetermined intervals between successive
actuations of said keys.

9. A keyboard system as claimed in Claim 1
10 wherein: _

' said keys include a space bar and are
arranged in multiple rows suitable for
conventional typing; and

said data packets for sets of single keys
15 comprise sets of characters for regular typing.

10. A Kkeyboard system as claimed in Claim 9 wherein
others of said data packets assigned to sets of
more than one of said keys consist of very
frequently used words.

20 11. A keyboard system as claimed in Claim 1 wherein
some of said data packets are for very
frequently used words.
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A keyboard system as claimed in Claim 1
wherein:

some of said data packets are for word
stems; and

others of said data packets are for

inflections for word stems.

A keyboard system as claimed in Claim 1 wherein

some of said data packets are for word endings.

A keyboard system as claimed in Claim 13
wherein said word endings include punctuation
strings.
A keyboard system as claimed in Claim 1
wherein:

said keys are divided into more than one
set of sets; and

said enabling means enables the output of
data packets assigned to each of said set of

sets.

A keyboard system as claimed in Claim 15
wherein:

the data packets assigned to a first of
said set of sets consist of a first set of very
frequently used words; and

the data packets assigned to a second of
said set of sets consist of a second set of
very frequently used words.
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A keyboard system as claimed in Claim 15
wherein:

the data packets assigned to a first of
said set of sets consist of a first set of very
frequently used word stems; and

the data packets assigned to a second of

said set of sets consist of a set of very

‘frequently used inflections.

In a keyboard system to output data to a data
handling system which includes a keyboard

having a plurality of keys and means for

sensing key operations, the improvement
comprising:

a set of word stems:;

a set of stem codes each assigned to a
respective word stem and consisting of a set of
code elements relating to the respective word

-stem, said sets of elements being smallest for

the most frequently used word stems and larger:
as necessary to be unique for less frequently
used word stemns;

means responsive to operations of said
keys for producing said stem codes; and

means responsive to said producing means
for outputting to said data handling system the
text for the respective word stems.
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19. A keyboard system as claimed in Claim 18
including:
a set of inflections; and
means responsive to said sensing means for
5 applying inflections to the text from said

outputting means.

20. A keyboard system as claimed in Claim 18
wherein said producing means is responsive to
special sets of said keys operated together for

10 marking the end of inputs for said stem codes.

21. A keyboard system as claimed in Claim 20
wherein:
said keys include a space bar and are
arranged in multiple rows for conventional
15 typing; and
said special sets are those including said

space bar.

22. A keyboard system as claimed in Claim 21
wherein:

20 said sets of elements comprising said stem
codes consist of lengths of the starting
strings of characters of the respective stems
and said characters are assigned to said keys;
and

25 said producing means is responsive to a
sequence of operations of said keys for the
respective characters ended by a set including

said space bar.
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A keyboard system as claimed in Claim 22
wherein:

said characters consist of the letters of
the starting letter string of the respective
stems. '

A keyboard system as claimed in Claim 22
wherein said characters represent the phonetic
sounds of the starting phonetic sound string of
the respective stems.

A keyboard system as claimed in Claim 18
wherein:

said keys are dividéd into more than one
set of sets;

sets of stem code elements assigned to
said sets of sets; and '

said producing means is responsive to
combinations of said stem code elements for
keys of more than one of said set of sets

operated together.

A keyboard system as claimed in Claim 25
wherein:
said stem code elements assigned to a
first one of said sets consist of stem code
elements relating to a first syllable; and
said stem code elements assigned to a
second one of said sets consist of stem code

elements relating to a second syllable.

[}
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A keyboard system as claimed in Claim 18
wherein: )

the text of the word stems consist of more
than one ideographic character; and

said stem codes include elements relating
to said ideographic characters.

A keyboard system as claimed in Claim 27
wherein said stem code elements include the
number of strokes for forming one of said

ideographic characters.

A keyboard system as claimed in Claim 27
wherein said stem code elements include
radicals identifying a part of one of said
ideographic characters.

A keyboard system as claimed in Claim 18
wherein:

said keys are divided into more than one
set of sets;

a set of stem code elements assigned to
said sets of sets;

a set of frequently used inflections
assigned another of said set of sets;

said producing means is responsive to the
stem code elements assigned to the keys of the
respective one of said set of sets operated
together; and

including means responsive to keys of said
another set of sets operated together for
applying the assigned inflection to the text

from said outputting means.
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In a keyboard system to output data to a data
handling system which includes a keyboard
having a plurality of keys and means for
sensing key operations, the improvement

comprising:

a set of stems;

a set of inflections of said stems;

first means responsive to operations of
said keys for selecting stems:

second means responsive to other

-operations of said keys for selecting

inflections;

means responsive to said first and second
selecting means for combining said selected
inflections to said selected stems; and

means for outputting the combinations of

- sald selected stems and said selected

inflections to said data handling means.

A keyboard system as claimed in Claim 31
wherein: '
| said first selecting means also selects a
set of the most frequently used inflections for
said selected stem; and
said second selecting means selects from
said set of most frequently used inflections.

A keyboard system as claimed in Claim 32
wherein said other operations of said keys for
said second selection means occurs together
with operations of said keys for said first
selecting means.
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34. A keyboard system as claimed in Claim 31
wherein said other operations of said keys for
said second selection means occurs after
operations of said keys for said first

5 selecting means.

35. A keyboard system as claimed in Claim 34

wherein:

said keys include a space bar and are

arranged in multiple rows suitable for
10 conventional typing; and

said operations for said first selecting
means end with operation of said space bar and
said space bar is held operated to enable said

second selecting means.

15 36. A kéyboard system as claimed in Claim 31
wherein:
said inflections consist of suffixes; and
said combining means appends said suffixes

to said stems.

2 37- A keyboard system as claimed in Claim 36
including means responsive to selected
inflections and selected stems for modifying
either as necessary for the particular

combination.
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A method of inserting text in a data handling
system having processor means and a keyboard
input device with a multiplicity of element
keys arranged in a plurality of rows on a
keyboard, each key providing a different text
element in response to user operation thereof,
the method comprising the steps of:

operating element keys to form codes
uniquely corresponding to desired text, the
codes including a series of text elements; and

processing through the processor means the
formed codes such that the corresponding '
desired text is inserted and displayed on the
display means.

A method of inserting text as claimed in Claim
38 wherein the step of operating element keys
to form codes includes: ,

serially operating element keys to provide
a series of text elements, the element key
corresponding to the last text element of the
series being operated substantially
simultaneously with an auxiliary key to
indicate that the series forms a stem code
which corresponds to certain desired text, upon
releasing the element key and auxiliary key the
processing through the processor means
inserting the certain desired text and
displaying the text on the display means.

o
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40. A method of inserting text as claimed in Clainm
38 wherein the step of operating element keys
to form codes includes:

serially operating element keys to provide
5 a series of text elements, the series forming a
stem code corresponding to desired text;
operating the element key corresponding to
the last text element of the series
substantially simultaneously with an auxiliary
10 key, releasing the element key after operation
but maintaining operation of the auxiliary key:;
and ‘
while maintaining operation of the
auxiliary key, operating an element key
corresponding to a desired inflection to be

15
appended to the desired text in proper form by
the processor mneans.
41. A method of inserting text as claimed in Claim
38 wherein the step of operating element keys
20 includes:

operating a combination of an auxiliary
key and an element key to form a processor
signal code for selecting most frequently used
text, different element keys providing

25 different very frequently used text.
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A method of inserting text as claimed in Claim
38 wherein the element keys include punctuation

7keys for providing different punctuation to

text, and

. the step of operating element keys
includes operating the combination of an
auxiliary key, a punctﬁation key corresponding
to desired punctuation, and an element key
providing a last text element in a series of
text elements forming a stem code for certain
desired text, said operation forming a
processor code for punctuating the certain
desired text with the desired punctuation.

"A method of inserting text as claimed in Claim

38 wherein the step of operating element keys
includes:

chording at least two adjacent element
keys in a same row to form a processor code for

providing preassigned text, different adjacent

element keys corresponding to different
preassigned text.
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44. A method of inserting text as claimed in Claim
38 wherein the step of operating element keys

includes:
operating at least one element key of one
5 side of the keyboard while substantially

simultaneously operating adjacent element keys
in a same row as each other on an opposite side
of the keyboard to form a processor code for
providing different preassigned text as a

10 function of row in which the adjacent element

keys are operated.

45. A method of inserting text as claimed in Claim
44 wherein the step of operating at least one
element key further comprises the step of
15 operating an auxiliary key in combination with
the element key and chording to provide other
preassigned text as a function of row in which
the adjacent element keys are chorded.
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