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ABSTRACT

A method for improved editing of scientific text by hand-
drawn commands and data is considered. The most distinguishing
feature of the method is that a single quick editing mark over
a4 data segment simultaneously identifies both operator and
operand. The method investigated employs a RAND Tablet for the
entry of hand-drawn cursive symbols to the computer, an input-
only keyboard for large strings of text and a storage-type CRT
display unit for displaying the text being edited. The recogni-
tion of cursive writing is performed by using geometric-topo-
logical invariants of stroke succession. In addition, a design
for an editing console is also discussed. In this design, an
attempt is made to arrange the different system components to
provide for efficient editing. The conclusions derived from
the use of the system during its development are presented, along
with several areas for further investigation.
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i
INTRODUCT 10X

During the past few years, we have been developing a new
method of editing machine-form text, in which proofreaders’
marks and changes are made directly on the data. These marks
&nd changes are interpreted by pattern recognition programs and
Are converted to machine commands which are then executed. This
technique uses a RAND Tablet for hand-drawn input and a storage-
type cathode ray tube display unit (CRT) for text display.

The aystea name, MOSAIC, is a descriptor rather than an
ACTOnym and is intended to convey the important tso-dimensional
aspect of system operat‘on. [he most distinguishing feature of
MOSAIC is that a single quick editing mark over a data segment
simul taneously {dentifies both operator and operand. It is the
recognition of these control-location symbols that provides the
major power of the system. The recognition of handsritten alpha-
numeric items, while necessary for a uniform penscript driven
editing system, is not in itwe.f an efficient substitute for type-

vritien entry of text. Thus, in MOSAIC, large blocks of text may
be entered via an input keyboard.

The MOSAIC tecknique has yielded results in two main areas:
(a) Methods for more efficient text editing

(b) Determination of the principle advantages of the
RAND Tablet in Cata manipulation

These results will be discussed in detail on the following pages .

The hardware configuration used for the MOSAIC System consi.sts
of the following components:

(a) PPP-9 with 8k of core memory, high-speed paper tape
reader and punch

(b) Grafacon RAND Tablet, Model 1010

(c) Tektronix Storage Display Unit, Model #11
(d) invac Keyboard, Wodel PK-144

(e) Teletypewriter, Model 33 KSR




16 | | §.8.2] B O L |
AJial, Muhammed

|Acceptance in pesychoanalysis.

- - . e

Jowrnal of Feychology lehore, 1966, sR3mr(1), 1|10,

DSSTrISES & Bethod to accept and understand the feelings of the client:

(1) 1n8uction Of & process of acceptance in the analyst by imeginative
reversal, and (Z) Geliderate and wiliful formetion of images by the
analyst depicting %mttim of the client. A &
17 client feelings, acceptance understanding
17840, ciient tnu;p. acceptance l'unaounnaiu

- - o

Uaddial, Bugeaio

L%arle ol exgressione ciimics. AFt a8 clinicel expressicm.

® B ® W S B & =
- & & 3 8 06 ® v 0w o v w o
e @ ® w O w A W »

VIS O1 FSlcoanalial  Y98Y, WTVERTY), =Ty

various aggressive end sexual

- .
-

instincte. L. L3ADete.

10790, elinical expression, agEressive iastinete,
sexual imstincte WM'O, art, clisical expresesion, aggreseive
niisetinets, sexual fustimets 14800, ert, cliaical expreseicn,

' agETeesive instincts, sexuval imstincts 18780, art, ciiaieel

1 €Xpression, aggressive instinets, sexusl inetinets

- Figure 1. Input Record of Wm%' -
r Production Data Used for Testing C

L/

- =




I1

THE MOSAIC SYSTEM

2.1 HISTORICAL BACKGROUND

The work on an on-line editing technique using hand-drawn
commands and data was carried out in two phases. 1In the initial
phase, the original technique was developed and tested. The results
of the tests performed provided the necessary direction in developing
an improved technique, which is the subject of this report and forms
the second phase of the work. The contents of this report include
the following:

(a) A general description of the MOSAIC system
(b) The text editor

(c) The character recognitiol algorithm

(d) The editing console

Our systems philosophy has been to emphasize directness. When
an editor or proofreader marks up page copy, he makes marks directly
on the data and does not concern himself with location concepts,
e.g., "2nd paragraph, 3rd line, 7th word,;" he simply places his
blue pencil on the spot where correction is to be made and makes
an appropriate mark there. Neither does he concern himself with
concepts of data extent or data names, e.g., '""lines, word, letter;"
he simply makes a mark of appropriate type or extent. This kind
of directness is quite simple, but is totally lacking in other
machine-editing systems. Some early light-pen systems used a
"pointing" technique, but the command was never combined with
selection. In the MOSAIC system, all commands and data can be
entered by writing on a RAND Tablet.

2.2 A USER'S VIEW OF THE MOSAIC SYSTEM

Original keying of the manuscript copy of scientific journals
is performed by a keyboarder on a Dura Keyboard in batches of 25
records. For our testing we used actual production samples of data
prepared for publication in Psychological Abstracts. The Dura
page copy of the input record is shown in Figure i. This typed
copy is proofread by comparison with the manuscript copy, and
corrections are noted on the typescript page in ink. This type-
script now accompanies the Dura tape to the computer, the tape
is inserted in the reader, and on-line editing is ready to begin.

The operator initially enters commands via the input key-
board. When the tape to be edited is iread in, the first portion
of it is displayed on the CRT.



To enter the mode for tablet use, the operator types the
"PE" command. This activates the tablet pen, MOSAIC starts in
Control Mode in which marks are interpreted as commmands. When
the command is one that requires text entry, the program shifts
to Text Mode, in which marks are interpreted as alphanumeric
symbols and punctuation. 1In the latter mode, the message ''TEXT
MODE" is displayed at the top of the CRT. 1In this mode, text
may be entered from either the tablet or the keyboard, where the
latter device world be used in the case of a large amount of text.

The editor reads marked-up typescript, and edits and advances
through the machine-form text. The CRT display provides immedi-
ate verification of correct editing action. If a iiand-drawn
symbol cannot be interpreted, =» message is typed on the computer
teletype, and the editor redraws the symbol, The symbol diction-
ary provides definitions of each syrbol in terms of the size-
invariant stroke composition method used for recognition, which
is discussed in Section 1V. This recognition method has proven
effective and fast, though obviously dependent on the allowable
dictionary size. Non-recognition, however, does not cause error
introduction, but only longer editing time due to repetition.

The operator always concentrates on the CRT display, and does

not watch his hand motion on the tablet, so that there is no

lost time in attention switching from the writing medium to the
display medium. Manual paper handling of the typescript is still
required, however, to find the location of the next needed
correction, In addition, where large blocks of text are to be
entered, the editor may use the input keyboard,

When all the text which was read in is completely edited,
it is punched out on paper tape and more text is read in. This
process is continued until all of the input text is edited.

2.3 THE ANALYSIS PROGRAM

The development of symbol recognition methods has been aided
substantially by the Analysis program. This program accepts hand-
drawn symbols as input, displays them, performs feature extraction
upon them, matches them against the current version of the MOSAIC
symbol dictionary, and types out the recognition decision. Whether
or not a symbol is recognized, the program causes typeout of the
derived feature list of the 'symbol in simple English form. By
entering a large body of samples into the system, the prominent
and/or invariant features of a new symbol can be quickly per-
ceived, and new dictionary entries can be quickly generated.

e N i i i S R AT - A . LB g 2
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THE MOSAIC. TEXT EDITOR

The text editing capabilities of the MOSAIC System include
the insertion, deletion, rearrangement (transposition), and
changing of strings of characters. A complete 1list of available
commands appears in Appendix I, and a functional flow chart in
Appendix II. 1In this section, the various components of the
MOSAIC editing program will be discussed.

3.1 INPUT PROCESSING

A request for more paper tape input can be initiated either
from the tablet or from the keyboard. Unique commands allow the
user to control the amount of text to be input, (i.e., up to a

previously designated character sequence) and to decide whether to
delete the previous text or to append to it.

Input characters are checked for legality and proper parity.
Erroneous characters produce an error message on the KSR tele-
printer and are replaced in the text buffer by a special charac-
ter which shows up clearly on the CRT.

"Auto-editing'" is performed to delete errors noted by the
keyboarder, when the text was originally prepared. The following
is the coding scheme employed in "auto-editing."

(a) <§ackspace 1 <§ackspac§>2 ...<§ack pacé>é<>:>r<?i>2

L ,/j>n.Wi11 delete the n previous charac-

ters from the input.

(b) @ k1> will delete the previous line.

(c) <[] kr/ will delete the previous record, (i.e., all
the preceding text to the Sequence of character pre-
designated by the user as the terminator for a
logical record). See Figures 2 and 2A.

3.2 BUFFER AREAS
There are three buffers used by the MOSAIC editing program:
(a) The Text Buffer - In this buffer, all input, output,

and editing operations (inserting, deleting, changing
characters) are performed.

(b) Record Delimiter Buffer - In this buffer, the user may

store the string of characters which denotes the end of
a logical record.




01 10751

12 Ma Ims trontk]
02 Maimstrom

03 Dr
o4 Edward AN ames)
06 Jupe 5, 1932

07a BA 59

08a UC Berkeley
® 3

08a UC Berkeley
07b MA 63

07c PhD 66

08¢ U Portlan sfJ AN

09 Resch asst 59-60, resch asst Survey
Resch Cen 62-63 UC Berkeley; trrme 61-62
VAH, San Franclsco; resch asst Cardiovascular
Resch Inst 62-63 UC San Francison; psych exarCk!
63-65 Portiand Pub Schs, Ore; VRA post doc
resch fel 66-67

10a }/doc resch fel Dept Psychlat & Braln Resch

1L/ I nst 67|
lla UCLA

10b resch psychophyslol 67|
11b Cedars-Sinal Hosp

12a Psychophyslo!
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12¢ persy theory

13 Lk Landfalr Ave

14 Los Angeles

15 Callf

16 90024

24 68

30 68

(® 3]

01 10752

02 Rooth

0L Linda Ellen

06 See Rapport, Linda Ellen
D

01 10753

02 Benjamin

Ckr

01 10754

02 Bennett

03 Or

0L Bargbara (Ann)

865 See Thamas, Dr Barbara R,

Figure 2. Sample Input Text Containing "Auto-Editing” Commsnds



o1 10751

02 Malmstrom

03 Dr

oA Edward J)ames)

06 June 5, 1932

Og: BA 59

08a UC Berkeley

o7y MA 63

07e PhD 66

o U Portlan d
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Resch Cen 62-63 UC Berkeley; trnee 61-62
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Inst 67|
:Ac UCLA
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11b Cedars-Sinag Hosp
12a Paychophysiol
12 stat methodology
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13 A8 Landfair Ave
14 lee Angeles
lg Cali{
| Q0024
2k 68
p Lo 68
i
m 10752
02 Booth
04 Linda Ellen
2 See Rapport, Linda Ellen
01 10754
02 Bennett
03 Dr
04 Bardbara (M)
2&} See Thomas, Dr Barbar~a B.

Figure 2A., The Sa:g;o Input
Text After "Auto- iting"



(c) Search Buffer - In this buffer, the user may store a
string of characters which can later be used by the
various search routines to locate occurrences of this
same string in the Text Buffer.

All three buffers are always displayed on the CRT.

3.3 OUTPUT PROCESSING

A request to punch out the present contents of the Text
Buffer can be initiated from either the tabletor the keyboard.
Separate commands allow various formats, such as text only, text
with a stop code, text with a section of blank tape, etc. The
output routines also eliminate any extraneous characters, such as
redundant case shifts.

3.4 THE CRT STORAGE DISPLAY

Figure 3 illustrates the CRT storage display used in the
MOSAIC System. Since the CRT used is of the storage type, a new
display is initiated only when the user enters a new command from
either the keyboard or tablet. A 5 x 7 dot matrix is used to
display a characte' on the CRT.

All Zines displayed on the CRT begin with a line number
generated by MOSAIC at the far left, followed by up to 64 text
characters. When the 64 character 1limit is exceeded, a new line
(and line number) is automatically generated. Up to 24 lines of
the Text Buffer, followed by the Record Delimiter Buffer and
lastly the Search Buffer (at the bottom of the CRT), are displayed
with the line numbers starting at @1 for each buffer,

3.5 THE INPUT KEYBOARD

An input-only keyboard is used by the MOSAIC System to enter
both control commands and (large) text strings. Although the
keyboard is a single-case keyboard, the software is able to
simulate the upper/lower case Dura keyboard, on which the origi-
nal data was created. (See Appendix III.) The manner in which
input from the keyboard is handled is dependent upon the mode in
which the system is operating, i.e., whether it is in Control
Mode or Text Mode.

3.5.1 CONTROL MODE PROCESSING

In the Control Mode, alphabetic characters which are re-
ceived from the keyboard are used to determine the editing op-
eration to be performed. Numeric characters are accumulated and
provide the argument for the operation. Upon receiving a "return"
character, the execution of the operation is initiated.

-8~



Figure 3. The CRT Storage Display



3.5 2 TEST WODE PROCESS ING

In the Text Mode, 11 characters received fros the keyboard
are interpreted as text, and are atored in the bulfer required by
the current command. Return to Control Mode results ugon the
entry of two sequential case ashifts,

3.8 THE RAND TANLET

The user msust enable the tablet by entering a “PI” command
at the keyboard. There is a 1:1 correspondence between the CRT
display area and the tablet writing area. ¥hen the pen traces
lightly over the tablet, a light trace of the pcn position is
superimposed orer the text display., When the uwer presses down
on the pen, the pen-tip ajcro-switch is closed and the marks are
interpreted an editing commands or text, until the pressure on the
pen iw released. Only 2.5 ounces of force are required to close
the switch, 0 no unnatural w»riting pressure is required. The
editing commands are drawn directly over the displayed text upon
vhich the operations are to be performed.

The NOSAIC editing program first checks if the synbol (re-

rdless of what it is) was drasn on one of the ejight control
- eas on the tablet, i.e., the four corners and the four middle
edges. 1f 80, no further character recognition is necessary, and
the corresponding operation is performed. The layout of the tab-
let and the operations corresponding to the control areas are
described in Appendix 1. 'f the character was not drawn on one
of the control areas, the character recognition routines return
with a Dura code, 1f the input point sequence matches a character
in the recognition dictionary, Otherwise, a message is printed
on the teleprinter.

3.7 KEYBOARD/TABLET INTERACTION

MOSAIC i« designed 0 that the cosmand processing is the
same whether characters were entered fros the keyboard or from
the tablet. The user could initiate, for example, an "insert
characters” operation at the tablet, draw a few characters,
switch to the keyboard to type in more characters, and return to
the tablet to execute the end-of-text command ,

All basic paper tape input/output and display control commands
can be initiated at either the keyboard o- the tablet. Editing
commands which must “point” to a character or string of characters
can be initiated only from the tablet.

3.8 THE TELETYPEWRITER

The teletype is used strictly as an output device to type
short messages, in most cases informing the user of an error

-10-



condition. Any tele
teletype messages pr

type input is ignored by the system,
inted by MOSAIC appear in Appendix 1V.
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IV

THE RECOGNITION ALGORITHM

The recognition nothodl makes maximal use of the informa-
tion given by the sequence of strokes which constitute the
cursive symbols drawn. The strokes are classified according
to their geometric properties and their topological relation to
predecessor strokes. When archetype or standard symbols are
defined in terms of the necessary geometric and topological
properties of constituent stroke sequences, the classification
of input is fuvariant under gross distortion. As the method
is designod Jor real-time recognition, the number of extracted
properties i+ minimized,

4.1 CURSIVE WRITING

Cuisive writing is fundamentally a systen for continuous
writing using flowing lines of more or less continuous curvature,
It has the singular characteristic of having no nodes (deflection
points of multiple tangency). All direction changes occur via
continuous curves or via cusps (deflection points of single
tangency). Hence corners, in the usual sense, do not occur in
cursive writing, whereas, they are an important property of block
letters. (See Figure 4.)

: T

| \\ ,/

l . ?
Cusp Corner

Figure 4. Cusp and Corner

1. W, R, Nugent, The On-Line Rqulnition of Cursive Writing

Using GeometrIc-Topological Invarliants of Stroke Succession
s YT tomon ' !

Annual omputer Conference, Chicago, YIllinols,
September 1967.
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4.2 THE CHARACTER OF STROKES

There are philosophical and practical reasons for dividing
cursive symbols {nto strokes. Philosophically, the most signi-
ficant elements of writing seem to consist of excuyrsions, or
strokes, roughly along a North-Nortneast axis, but only rarely
do they contain inflection points. When inflection points
exist, they tend to represent insignificant attributes of capi-
tal letters, which are not recognized in this system, or the
singular case of the numeral 8. Excursions that are primarily
in the x direction, or x strokes, are also rare and are relatively
insignificant in lower cese letters. W¥hen x strokes occur {n
nunerals, they are usually straight.

There are also practical reasons for dividing input symbols
into strokes. The generasl cursive synbol is a sultiple valued
function. A stroke, as we have defined it, is single valued in
its major axis, and hence easier to process .

The essential theory of the recognition method constitutes
& theory of symbol construction in cursive vriting; some strokes
primarily must ‘ave specified shapes, while othors primarily
nust have specified geometric or topological reilations to their
predecessors.

Strokes may be conveniently classed in three sizes:
major, minor, and micro. A major stroke extends to a length
approximately the height of the symbol; a minor stroke is
discernibly smaller, but still a significant constituent; and a
micro stroke is extremely small and often, but not always, part
of an insignificant flourish or hook.

A most important property of the y stroke is that of their
pairvise dependence. There is a high probability that the sec-
ond stroke of a successive pair will have one or more geometric
or topological relations to {ts predecessor. While not a sur-
prising property, it is a most useful one for recognition. The
basic geometric relation is that of return to the y level. This
occurs when the end point of a stroke has approximately the same
y coordinate as the origin of the previous stroke. This condition
can be further characterized by the distance d between two points;
closure exists when d ¥ @, an open return exists when d > a
specified distance, and an indetermimate condition of return-only
exists when ¢ is between these limits. All distances are relative,
and sre expressed as a fraction of the height of the enclosing
rectangle.

The most important topological relations with respect tc the
previous stroke are those of incidence and crossing. 1Incidence
in our usage consists of any extremely close proximity. (See
Figure 5.) Incidence and crossing are further classified as to
which third in y of the previous stroke the crossing occurred.

-13~



Incidenco Crossing

Figure 5. Incidence and Crossing

¥hen the strokes of an input symbol are characterized by
their geometric-topological propertier, a condensed and sufficient
representation results that may be conveniently coded.

4.3 OVERVIEW OF THE RECOGNITION PROCESS

Tablet input is enabled by a keyboard command from the user.
Points are processed by an input routine and stored. When the
point sequence is judged complete, input is terminated, and the
editing program portion of the system calls on the recognition
programs. These programs examine the point sequence and break
it up into strokes, which are further characterized as to their
properties. The sequence of strokes is then compared with a
dictionary of defining archetypes, and if the character is found,
the appropriate character code is returned to the editing program.
If the character is not found, a special "not recognized” code ism
returned. A functional flow chart of the recognition algorithm
is provided in Appendix V.

4.4 INPUT OF POINTS FROM THE TABLET

The x and y coordinates of the pen position on the tablet
are read 60 times a second. This is handled by a resl time clock,
set to request a program interrupt at that rate. The coordinates
are compared with the last set of coordinates accepted; if the
point is not more than four coordinate units (0.04") distant in
either x or y from the previous point, the point is rejected, and
the interrupted program is restored. If the point is more than
20 coordinate units (0.2") distant in either x or y, it is rejected
as noise., Distance parameters can be changed if necessary.

If the point is accepted, it is used to update a four point
moving average, and the averaged value is stored in a table.
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This process is repeated until the table is filled or the pen is
1ifted from the tablet. The latter condition is indicated by a
special bit in one of the tablet coordins.e registers. ¥hen the
table is full, the clock is turned off, and & flag indicating a
completed symbol input is set. When the pen is lifted, the input
nrrogras monitors the tablet for a numter of clock breaks, and if
che pen does not return to the tablet, the symbol is considered
completed. 1If within the specified time, the pen begins tracing
& now sequence on the tablet, the process of examining points is
begun again. A special marker is set in the coordinate table,
indicating where {(n the point mequence the pen was lifted. This
time period allows the pen to be lifted to draw symbols with dis-
connected strokes, as for example, the dot of an "1" and the bar
of » "t"., Once a symbol is considered completed, tte clock )s
turned off, and - flag indicating symbol completion is set. The
interrupted program i{s thon restored.

4.5 STROKE CLASSIFICATION METHOD
The stroke classification method employed operates on the
point sequence representing a symbol. For our purpose, the
smoothed oitput of the clock-sampled tablet coordinates is used.
The follosing operations are performed:
(a) Stroke segmentation
(b) Classification of stroke according to length

(c¢) Classificati on of stroke according to major axis
of traversal

(d) Classification of stroke according to direction
(e) Classification of stroke according to curvature

(f) Classification of stroke according to return and
closure properties, with respect to the previous stroke

(g) Classification of stroke according to incidence and
Crossover properties, with respect to the previous
stroke

A sequence of stroke codes defines a specific i{nput symbol.
The defining archetype symbol in the dictionary is similarly
coded, but in s more general way, such that an archetype property
may be cefined as a set of disjunctive input properties.

These classifications are coded into a single computer word
per stroke. Bits within a stroke code word have the meanings
depicted in Figure 6.
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Figure 6. Dictionary Stroke Code Word

The opt code is used only in dictionary archetypes. If it
is set, the stroke represented by this word is coptional and need
not occur in the input stroke sequence., If the end bit is set,
the word represents the last stroke of the stroke sequence. In
the dictionary, the low order six bits (12-17) of this word
con“ain a code representing the character. 1In an input code word,
these six bits are unused.

4.5.1 STROKE SEGMENTATION

Strokes start at the beginning of a symbol, at the beginning
of disjoint elements, and whenever there is a change in direction
between two successive runs. A run is defined as a sequence of
four or more points moving in the same (vertical) direction. In
this case, the first point of the second run is considered the
break point, and becomes the last point of the previous stroke
and the first point of the present stroke (See Figure 7.)

A B

/”41?

}'.ﬁ } A ,;’4\ B /
;ol N

f[ /’

a b
Figure 7. Stroke Segmentation

In Figure 7a, both sequences A and B qualify as runs, and
thus a breakpoint is Adefined at their common point. 1In Figure
7b, although sequences A and C qualify as runs, sequence B does
not. Thus, no breakpoints are defined and no segmentation takes
place. Note that if B were a run, breakpoints would be defined

at both the common poiri of A and B and the common point of B
and C.
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4.5.2 SHAPE CODING

Informati on about size, direction, and curvature of a stroke

are subsumed by a five bit shape code. These codes &are listed in
Table 1 of Appendix VI.

4.5.2.1 STROKE LENGTH

The distance, d, between the end points of the stroke, S,
isdetermined and compared with Y, the total y dimension of the
symbol,

If d ) 70%Y, then S is a Major Stroke
Otherwise, if d ) 15%Y, then S is a Minor Stroke

Otherwise, S is a Micro Stroke with a shape code "25"

4.5.2.2 STROKE DIRECTION

Non-Micro Strokes are categorized as x strokes or y strokes
depending on their slope, with a bias toward y strokes. Any
stroke with a slope of 35° or greater is considered a y stroke,

that is, considering the end points of the stroke and their x and
y distances Ax and Ay:

If|ay
ax
Otherwise, S is an x stroke

2 .6, then S is a y stroke

X strokes and y strokes are classified as + or -, depending
on the drawing sequence of their end points. (See Figure 8.)

y
+y stroles in this

-X strokes
in this region

3.-.:350 +Xx strokes

in this region
The origin
corresponds to the

initial point of the
stroke.

-y strolfes in
this re¢gion

Figure 8. Stroke Direction
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4.5.2.3 STROKE CURVATURE

Curvature is calculated for Y strokes only. A “s+1" curve-
ture is assigned to strokes which extend to the right of the line
connecting their end points, a 1" curvature is asisigned to
strokes which extend to the left of the line, and o "0O* is amsign-
ed to strokes with no appreciable extension. It an inflection
point exists, a "4+2" or ".2n curvature is assigned, depending oa
whether the initial curvature is "+" or "' Only major strokes
are coded for inflected curveature: if the condition is detected
for a minor stroke, the initia}l curvature is assigned.

Examples of curvature are as follows:

,C ( -1; stroke extends to left of chord

L)j +1; stroke extends to right of chord

4;2' -2; initially, stroke extends to left of chord

ay +2; initially, stroke extends to right of chord

Curvature is computed by calculating distances in x from
the chord linking the end points of the stroke to the actual arc
of the stroke. Three sample points, equidistant in y, are taken
on the chord. The magnitude and direction of these distances asre
used todetermine curvature. (See Figure 9.)

(a) The initial point of the stroke p1 - (xl,yl) and the

point Py, = (xz,yz) are taken and the stroke extent
in y,Ayg, 18 determined: dy. - yl-yz
(b) Determire the three interior quarters of the extent in

y to be used as chord coordinates:

Ye1 = Yo + EQXB
Ye2 " Y2 ¢ EQX§
Ye3 = Yo ¢+ £§X£

(c) Find the slope, m, of the stroke chord.

Ye1'Yc2'Yes3-

YI-yZ
m-

X1 - X%,
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(d) Find the three x coordinates, Xy xc2' xc3, of chord

points corresronding to Ye1' Yea+ V30 Where

Xeq '( cl'.”l)o x: §-1, 2,3
"

(@) Find the three x coordinates, x,,, Xa2' Xag0 Of arc

points corresponding to Yo ycz, ycs. Symbol points

&Te searched to f.nd the closest points to Yei+ and the
X coordinates of these points are used.

X ,R(x2oy2)

Figure 9. Stroke Coordinate Ass ignments

(f) Hn-doxi T N xc*: i=-1, 2, 3

(g) 1f the stroke moves downward, the values of 4 x. and
x4 ere interchanged, so th:t‘xl corresponds to the
dl?nnnca at the bottos quarter, Ax. to the middle,
and ‘-33 to the top quarter chord poiats.

(h) Elimirate any ox, 1f Ax,| < 10%4y
(1) Of thosed x remaining, check signs, and if all signs
are alike, {hnn apply the curvature label "+1" if plus,

or "=1" {f minus., 1If sigas are different, apply the
Curvature label "+2" if the first gx is plus, "-2" if
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the first Ax is minuvs, considered in the order aXq, sz, Axa.

4.5.3 RELATION CODING

The geometric and topological relations to be detected and
coded deal with stroke return, closure, incidence, and crossing
properties of strokes, and occupy an eight bit code.

4.5.3.1 STROKE RETURN AND CLOSURE (y-y OR BREAK-y PAIRS ONLY)

Stroke return occurs when the final point P, = (xf,y ) of the
present stroke has a y coordinate close to that Sf the 'starting
pointP, = (x.,y.) of any previous stroke. Closure occurs when,
in addi%ion td réturn, the x coordinates of these two points are
also proximate.

Calling Y the y magnitude of a previous stroke, a simple
return conditign, r, exists under the following conditions:

r if \yf-yi\ < 10% Yp; otherwise @
A closure condition, C, exists as follows:
C if r and |x;-x | < 10% Y

If return but not closure exists, an open return, U, may exist
as follows:

U if r and |xf-xi| > 20% Yp, otherwise
R if r and C 1.

Figure 10 depicts those areas in which the final point of
tho present stroke must fall for a given condition to hold.

) ﬁ%-Zq%Yﬁ=ﬂ

C10% )
U R i | R U {5; Y
_________ i i G TP 1 N AR Y
R [ ¢

=

denotes closure
denotes return
denotes open return
denotes no relation

initial point
of stroke

LN —f--Ro]

Figure 10. Stroke Conditions
for Closure, Return and Open Return
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The coordinates of the initial point of each stroke are
stcc»d in a table, as well as 10% of the magnitude of the y
extent of the stroke, each time a breakpoint is defined. The
earliest strokes are stored first, and the most recent are stored
last in the table.

¥hen determining the return condition for a stroke, the
table is examined backwards; that is, the most recent strokes are
examined first. Closure is given priority, in that, as soon as
2 closure condition is found, the search stops, and a closure
condition is assigned to the stroke.

If closure is not found with any previous stroke, the table
is examined again backwards, and the first return condition of
any sort found is assigned to the stroke. If no return is fouad,
the "none'" condition is assigned.

The return and closure conditions are indicated by a two
bit code. These codes are listed in Table 2 of Appendix VI,

4.5.3.2 STROKE INCIDENCE AND CROSSING

The incidence and crossing relations to be detected indicate
whether the present stroke impinges on or crosses the previous
stroke. The y length, Y , of the previous stroke is divided into
thirds, and the point of"incidence or crossing is noted. Seven
conditions are detected, as follows:

O: No incidence or crossing

xl, xz, X_: Crossing at top, mid, or bottom third, which-
3 ever is detected first.

Il' I_, 1 : No crossing detected in any third, but
2" 3  incidence at top, mid, or bottom third, which-
ever is detected first.

The points of the two strokes are compared in an order
following the up or down direction of the present y stroke. The
closest y coordinates are compared, and only the common y range
of the two strokes is used. Checks are made to be sure that the
strokes do indeed share a common range. If the two strokes share
a common point, as in the most frequent case, the range from this
point to a point 15% of Y, is ignored. Within the remaining
range, each pcint of the previous stroke is paired with the point
closest in y on the present stroke. The difference in x coordin-
ates is taken. The difference must at one point have an absolute
value > 10% of Y _ to start the process; if this difference then
becomes less thal 5% of Y, incidence is recorded at that point.
If, in addition, the diffgrence changes sign on either side of
the incident point, and there exist both a plus difference ot
absolute value in excess of 10% Yp, and a minus difference of
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absolue value in excess of 10% Y v then a crossover point X,,
X,, or X_ in recorded, d@pﬂndtnxpon vhether the incident po}nt
vzﬁ in tﬂc upper, mid, or lower third of the previous stroke.
Once any crossover is found, the mearch endsm. 1f a crossover
occurs, and a previous point of incidence, 1, was found, the
crossover becomes the entry in the final relation code.

The incidence or crossing condition is indicated by a six
Lit code. These codes are listed in Table 3 of Appendix V1

4.6 ARCHETYPE CODING
4.6.1 PHILOSOPHY

The recognition method is designed as a fixed rather than
adaptive method; and the standard sysbols, or archetypes, are
coded on the basis of the minimum characteristics needed to
identify and distinguish class members. The identifying archetype
characteristics can be the specific characteristics detected at
input, or more general characteristics defined as some set of
specific characteristics. A necessary sequence of the archetype
characteristics define the character, usually in a positive way,

A dictionary of archetype codes is provided in Appendix VII.

4.6.2 SHAPE CODE MATCHES

All distinct shape codes (those < 24) must match explicitly,
that is, in size, direction, and curvature. These properties
are all subsumed by the shape code.

The nondistinct shape codes (those > 26) are used only in
the archetype d.ctionary. They allow one or two of the three
characteristics above to specify a stroke. (For example, any
stroke Cf a given size, or in a given direction.)

Acceptable matches for the distinct and nondistinct shape
codes are listed in Table 1 of Appendix VI,

The micro shape code (25) is handled specially. If a micro
stroke is specified in the dictionary, it must appear in the input
sequence in the corresponding position. A micro stroke in the
input sequence which i{s not present in the dictionary will be
ignored.

4.6.3 RETURN AND CLOSURE CODE MATCHES

The relation code matches allow a certain amount of tolerance
in the relevant directions. They also allow negative specifications:
for example, an open return speciflication wi’' not accept closure,
which is useful in distinguishing "y" from " Acceptable
matches for the relation codes are listed in ..ble 2 of Appendix VI.
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4.6.4 INCIDENCE AND CROSSING CODE MATCHES

Acceptable matches for the incidence and crossing codes
allow variation in both position and degree of incidence. Special
codes used only in the dictionary of archetypal stroke sequences
allow the condition to occur in the upper or lower thirds of the
previous strokes or anywhere on the previous strokes.

When crossing is specified, crossing is required. When
incidence is specified, either incidence or cross'ing will be
acceptable. When no condition is specified, incicaence may be
accepted; crossing will not be accepted. If either incidence or

crossing is specified, the no condition situation will not be
specified.

These matches are detailed in Table 3 of Appendix VI.

4.7 SOME PROBLEMS WHICH DEVELOPED WITH THE
RECOGNITION METHOD AND THEIR SOLUTIONS

4,7,1 NOISE AND SMOOTHING

It was found desirable to have some sort of smoothing of
the input point sequence to counteract noise and other irregular-
ities in the input. Noise in the input point sequence may be
thought of as jaggedness or lack of smoothness in the point
séquence representing a line drawn on the tablet. It has two
principle sources: one, the tablet itself; and secondly, the
user's hand tremors.

Tablet noise is due to stray pickup from the pen (the pen
1s capacitively coupled to the raster; any minor electrostatic
disturbance can disrupt the information sent back by the pen).
It, 1like the '"noise'" generated by the user's hand tremor, is
essentially unavoidable. However, it can be minimized by main-
taining the stylus tip geometry conical, which becomes degraded
as a result of wear.

The recognition programs are sensitive to noise, even in
small amounts, because of the nature of the stroke segmenting
algorithm. One criterion for segmentation is a significant
change in the direction of the input point sequence. Vertical
noise can result in an essentially horizontal stroke being
characterized as a bundle of little up and down strokes. This
might be circumvented by tightening up the definition o2 signif-
icant, but there is a 1limit to how far one can go before losing
the required resolution. To get around this difficulty, a
smoothing mechanism was incorporated into the input routine.
This routine stored points, the coordinate: of which were the
average of the eight most recent input points from the tablet.
The smoothed input was displayed and used as tl.e basis for the
stroke segmentation. The noise rejection was excellent, but
the averaging process caused the display to seem to lag
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the tablet by about four points. This is a consequence of the
fact that the coordiunates of the averaged point will be roughly

Thus, what the user saw did not actually represent the posi-
tion of his hand, and the result was undershoeot, overshoot, and a

process also very effectively smoothed-out cusps and corners, thus
deforming characters with sharp features. This represents a loss

One way to get around the eye-hand lag is to display the in-
put point sequence and store the smoothed seéquence. This, how-
ever, otill leaves the Problem o1 smoothed out corners and cusps,
and what the user sees does not actually represent the information
the recognition programs will use.

A four rather than eight point moving average wes then
incorporated into the input system with eéxcellent results. The
eye-hand lag was thus reduced by half and was then not noticeable.

In addition, the sveraging was stopped at a pen 1ift, and
the averaged point sequence was terminated at that point. Orig-
inally, averages of the last eight, seven, six, five, etc. points
were computed, sc that the last points stored approached the
last points which came in. A similar process takes place when
points first come in 80 as Lo move 8moothly from the first point
into the averaged point sequence as shown below:

OUTPUT POINT INPUT POINTS NUMBER OF POINTS

IN AVERAGE IN AVERAGE
1 1 1
2 1,2 2
3 1,2,3 3
8 PO 8
9 2, , 9 3
piﬁ lifted ﬁ;}e, &t input poin* n..
n-7 n-7, ..., n 8
n-6 n-6, ..., n 7
n-1 n-1, n 2
n n 1

In the four point average, the initial points are averaged
88 before, but points are no longer computed and stored after s
pen 1ift. This eliminaic« the “tail,” which suddenly sppeared
when the pen was lifted in the original systeqy.

-24-




4.8 AREAS FOR FUTURE INVESTIGATION

The suggestions to be discussed result rrimarily from the
use of the system during its development. However, none of these
suggesticons were implemented, since it was felt that studying
the basic editing technique was more important than improving the
character recognition algorithm.

4.8.1 AN ALTERNATE AVERAGING SCHEME

With a simple moving average, corners and cusps unavoidably
lose some of their sharpness. Modifying the averaging technique
can minimize this, but at some expense in the smqothness of the
output point sequence. A possible modification is to weight
the current input point more than the previous points. For
eéxample, averaged coordinates might be computed on the basis of
the two previous input points as follows:

X=Xy X g X,

n 4

similarly for'?n, where Ei,?i are the averaged
coordinates, and xi,yi are the input coordinates.

This type of average is very easy to implement, and would probably
also have proven more efficient with respect to both the execu-
tion time and the storage required.

4.8.2 HORIZONTAL SEGMENTING

Experimentation with the recognition programs suggested
that it might be useful to define a stroke when 2 vertically
moving sequence begins to move horizontally. The system which
was implemented breaks only on vertical direction changes. Thus,
to get a horizontal stroke, it has to stand alone or have enough,
but not too much vertical motion. A flow chart of the horizontal
segmenting algorithm appears in Appendix VIII, :

In the oropo.ed horizontal segmenting technique, a point is
considered to be moving horizontally if its y change from the
previous point is within a small tolerance (for example, + 1
coordinate unit). If a long enough run in one direction Is
followed by a long enough run in another direction (allowable
directions are up, down, and horizontally), a stroke is defined
at the direction change. The "long enough" condition is differ-
ent for horizontal and vertical runs; the horizontal run is re-
quired to be longer than the vertical one. An additional feature
should be incorporated into this algorithm, that of saving a run’'s
length and direction, 4nd whether it was preceeded by a long
enough run, whenever a direction change occurred. If the new

""
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run proved not to be long enough, the old run situation would be
restored. Thus, small jogs in the point sequence would not
disturb an otherwise well established trend.

This segmenting algorithm allows for unique stroke specifi-

cations tfor otherwise ambiguous characters. For example, "e"
could be specified as follows: - o

right stroke

minor upward, +1lc
major downward, -lc
optional minor upward

In the system implemented, the initial horizontal stroke would
not have been defined.

Another example is "z,'" which could be specified in its
easier-to-draw printed configuration:

— right stroke
down stroke
right stroke |

4.8.3 QUADRANT SEGMENTING

An immediate outgrowth of the horizontal segmenting scheme
is to consider including horizontal changes of direction in
defining a stroke. Thus strokes would be separated into four
basic classes, those moving (a) up and to the right; (b) down
and to the right; (c) up and to the left; and (d) down and to
the left. (See Figure 11,)

VAR T T

Figure 11, Stroke Classifications by Direction

The same criterion of long enough runs and the technique of
ignoring too short runs would be used. Curvature and relative
size would further characterize each stroke.

Since most interesting corners are acute (and thus at the
corner either the x or y direction must change), there is intrin-
Ssic corner detection in this segmenting method. A corner is a
break between two zero curvature (i.e., straight line) strokes.
There is no need to mark a corner as such, because the stroke
specifications imply it. Thus, thiz algorithm would distinguish
between the following characters:

-26=
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The first is two straight strokes (“d” and “b" as denoted above),
the second is two curved strokes.

There would be no need for the type 2 curvature, as most
inflection points would also be stroke break points

An obvious difficulty with this technique iw that the speci-
fications are no longer concise For exasple, the “ (" character
is now two strokes instead of »a single stroke This is somewhat
redundant -- a single stroke would quite sdequatly specify the
character. In the cas?> of “'<?', however, we want two strokes
becsuse there are essentially two distinct strokes. A possible
solution is to add a postprocessor to the stroke segmenter,
which would examine pairs of successive strokes moving in the
same vertical direction, and {f they have s continuous curvature,
would combine them. Thus, 8 circle drawn ss follows:

/7
(
\
.

would first be broken 16(6'!our strokes with the same curvsture:

H— =0

and then the downward pai- and the upward pair sould be combined
into single strokes.

This segmenting technique would allow the recogniticn of
both printed and cursive handeriting, as well as 8 grewt variety
of special symbols. Relation coding would of course be retained,
since it provides extremely useful informstion sbout the character.

4.8.4 REORDERING OF THE DICTIONARY

The dictionary is presently ordered in » simple alphadbetic-
like manner. This has proven acceptable, as recognition times
are well within operator reaction times. If, however, an extrem-
¥ large dictionary were found to be necessary or even useful, some
meéans of speeding up the search for the archetype would be impera-
tive. There are two alternatives « a probabilistic ordering of
the archetypes, or a list structuring.

4.8.4.1 PROBABILISTIC ORDERING

This method is the simplest and most easily sccomplished.
The archetypes are simply ordered with respect to the frequency
of occurrences of the symbols they represent -- most frequent
first, least frequent last. This would require ao “eprogramaing
and should produce s significant improvement in seairch time.

.27~
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4.8.4.2 LIST STRUCTURING

At significant analytic and reprogramming cost, the dictionary
could be 1ist structured. A cursory examination of this approach
has shown the difficulties to be formidable, with the result of
reducing the search time to almost the absolute minimum. The list
would be only as deep as the largest number of strokes in a single
character. The span of the list would be rather large, since a
2ew node at the next level down is required for each stroke,
which might possibly (with respect to the set of characters to
be recognized) follow the stroke represented by the current node.
The overhead involved in maintaining the list, in terms of the
space requirement, would probably override the usefulness of
the improvement in search time.

4.8.5 AN ALTERNATE RECOGNITION METHOD:
RECOGNITION BY MAJOR SUB-FEATURES

Character recognition by major sub-features is based on
breaking up the characters into often-recurring topologically
distinguishable sub-features. This is somewhat similar to the
sub-stroke technique now used, but on a cruder level of analysis.

It was found that all characters except "r" could be con-
strued from concatenations of 11 highly distinguishable character
parts. These character parts are as follows:

KAME SHAPE DESCRIPTION
B I 2 concatenated tails (see T below)
C A A lead stroke, short counter-clockwise
open loop, horizontally oriented
E 2 Short counter-clockwise loop, with a tail
upwvard (i.e., above the baseline)
F / Long counter-clockwise loop, with a tail I
ﬂ’ downward |
J dk Long clockwise loop, downward ,
L ,47 Long counter-clockwise loop, no tail, upward
N Ve Clockwise, concave downward
] N Short clockwise loop, with or without a |
cusp, with a tail
T (tail) Counter-clockwise, concave upward
X (cross)- or / Linear stroke
D (dot) e self-explanatory '
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The lower case scri

as follows. ™ indicates
optional stroke.

CHARACTER

Q" oH OO QO W o

< ada &4 n ¥ O "W 0 Z2 =2 B R & H

=

>4

L L
e

AL AL
X ./

a pen lift,

STROKE SEGMENTATION
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pt alphabet is constructed from these parts
Parentheses indicate an

STROKE DESIGNATION
CE

LB

C

CLT

LF

CJ
LNT
ECD
TJOD
LS

LT

NNT
CB

TJS
CEF

(T)S
EQTX
EE
NB
EEE

NTOX




CHARACTER STROKE SEGMENTATION STROKE DESIGNATION
Y Af EJ

Z /1;} NNJ

Recognition of and segmentation into subparts would be
carried out in much the same manner as the current system identi-
fies strokes. This representation is more compact than the
current one, and the subparts are sufficiently distinct so as to
allow liberal variations to accommodate different users' hand-
writing.
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THE EDITING CONSOLE

Figure 12 1llustrates the editing console designed. This
console incorporates a RAND Tablet, storage-type CRT display
unit, {rput keyboard and working surfaces. In this design, an

sttemapt is made to {deally arrsnge these different components in
order to ensble efficient editing.

Figure 12. The Editing Console
(Arrangement for a Right-Handed User)

The coansole eamploys a modular design concept, whereby, the
console layout could be easily modified (rearranged) in order to
provide an optimal working arrangement. The console consists of
three tadbles, two of which are interchangeable, and a cart (on
vheels) for the display unit, which can be oriented for improved
visibility. On one of the interchangeable tables is located the

input keyboard, and the secend one provides additional workspace.
The RAND Tablet is located +n the third table.

The optimal srrangemen( for a right-handed user was found to
consist of the table with the keyboard to the left of the table
vith the RAND Tablet, and the other table on the right. Thus,
the user could easily use ejther the keyboard or the tablet. For

® left-handed user, the optimesl arrangement was found to be a
mirror image of that for the right-handed user.
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VI
CONCLUSIONS

The MOSAIC system provides a means for performing computer-
aided text editing in a much more natural fashion than the
technique employing a CRT display and a light pen. The use of
the RAND Tablet stylus is very similar to using a pencil. The
feasibility of the use of a RAND Tablet in text editing relies
heavily on the effectiveness of the character recognition
scheme. In the MOSAIC System, the recognition of cursive writing
is performed by using geometric-topological invariants of stroke
succession. This method was found to have great potential, in
that, most of the characters drawn on the tablet were recognized
correctly. Suggested improvements to the recognition algorithm
have been provided in the text of this report. (See Section 4.8.)

It is felt that if someone were to use the RAND Talklet for
text editing purposes today, he would use it in the manuner in
which it is used in the MOSAIC System. A summary of the tentative
conclusions resulting from informal observation and use of the
system during its development will now be presented.

6.1 THE RAND TABLET

The capabilities of the RAND Tablet in editing are quite
extensive, and have been only partially explored. Its use in the
editing of linear text has been considerable, due in large part
to the directness of the x-y location. It is felt that an
extension to more complicated scientific datawhere two-dimensional
reorientation is also required would show even greater advantage.
The principle problem found in using the tablet was its fragility.
During the development of the system, the pen tip had to be

replaced many times. This would be very undesirable in a produc-
tion enviromment.

6.2 SYMBOLIC CONTROL: A BASIC TABLET TECHNIQUE

Control of computer operations by on-line handwriting, via
the RAND Tablet, has two compelling advantages with respect to
alternative typewriter methods. The user is free from the
constraints of linearity and from the restrictions of symbol sets
of small number and uniform size. Hence, it is now possible to
make use of hand-drawn alphabets of arbitrary symbols as command
inputs of great simplicity. When these operators can be directly
associated with their operands, as in the case of making an
editing mark on a word, control efficiency is high and errors are
few. In other cases, the position of the marks with respect to
the data or to other marks can serve as command determinatives
to permit the extensive modification of the intent of these
commands in simple ways. In text editing, for instance, the
specification of foreign alphabetic symbols is possible in several
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optional ways: direct drawing, drawing of the English trans-
literation in a determinative area, or template-pointing to one
element of a select class.

We feel the extension of symbolic control methods in the
manipulation of text will prove it to be a basic tablet technique
having wide applications.

6.3 THE STORAGE-TYPE CRT DISPLAY UNIT

The storage-type CRT display unit was found to be particularly
well-suited to text editing. The text need only be displayed
once in the storage mode, and then erased and redisplayed only
when changes are made to the text, as opposed to the continuous
refreshing of the display, as required by non-storage~type units.
This feature is very valuable in a multi-console on-line editing
environment, since the computer time necessary for maintaining
each display unit is minimized. The principle disadvantage found
in using the storage-type CRT display unit was the irritation
caused by the flashes resulting from erasing the display. However,
this irritation was found to be less than that caused by the
constant flicker of a non-storage-type unit.

6.4 THE EDITING CONSOLE

The editing console design seemed to enable efficient editing.
The principle features of this console were found to be that the
modularity in construction provided the ability to easily
rearrange the units for the user's convenience, sufficient work
areas were available, and the visibility of the display unit was
improved by the cart on which it was Placed.

=33=




BLANK PAGE



APPENDIX |

MOSAIC-OPERATION AND COMMANDS

1. PROGRAM START-UP

There are two fixed starting locations

"ocation 4 - Start; clear all three buffers. reset number

of liner displayed and first line displayed,
etc.

Location 5 - Restart: al} PArameters and uffer contents
are left as in

2. SENSE SWITCH OPTIONS
88§ down - Normal display.

884 up - Non-printing characters are displaved as follows
spacews . tabs-—{, carriage rwturm) .

Sense switch # can be altered at Any time. and the change will be
reflected on the next display The sense switch effects only the
text buffer display. Non-printing characters are always displayed
in the record delimiter and search buffer displays

3. INPUT KEYBOARD COMMANDS

All of the following coumands are followed by a RETURN char-
acter. If pn (any nusber) (s not specified, it is assumed to be

l‘l.”
3.1 PAPER TAPE INPUT COMMANDS

Ix Clear text buffer And read in text until a = toprode
'8 reached.

"} Quantizsed read. Clear text buffer and read {n text
until n record deliniters are reached. Delimiters
are set by the "SGg- command .

RAP  Append records to text buffer until n delimiters are

D1 Read in and store a new tadbjet Fecogaition dic-tonary
tape.
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3.2 TABLET PEN COMMANDS

PE Activate the pen. The real-time clock is turned on.

3.3 PAPER TAPE OUTPUT COMMANDS

P Punch text buffer contents, followed by a stopcode and
feed (a section of blank tape).

PF Punch text buffer contents and feed (no stopcode) .
rT Punch text buffer contents only.
8C Purch a stopcode and feed only.

FD Punch feed only.

3.4 COMBINED PAPER TAPE INPUT/OUTPUT COMMANDS
nTT Read and punch records until n delimiters are reached.
PN Combination of a "PT" and an "IN" command.

PQ Combination of a "PT" and a "Q'" command.

3.5 CRT DISPLAY CONTROL COMMANDS

nCK Change the delete/change command timer to n display
times. (See Appendix I, Section 4.1)

nR Reset first line to be displayed to line n.

nN Set number of lines to be displayed to n (if greater
than 24 maximum, will be set to 24).

nA Move display ahead n lines.
nB Move display back n lines.

RETURN (only) Initiate a new display.

3.6 RECORD DELIMITER SET-UP AND SEARCH COMMANDS

SQ Set quantized read delimiter(s). Text Mode is entered,
and the user types any sequence of characters, which
delimit a logical record. Return to Control Mode by
typing two sequential case shifts.

nF Find string. Text Mode is entered and the string of
characters to be scarche? for (starting at line n) is
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typed in, terminated by two case shifts. The first
line containing the string is brought to the top of
the text buffer display. (If not found, the last text
line in the buffer is displayed.)

nFC Continue searching for the next occurrence of the string
presently in the search buffer. 1If n is not specified,
start from last occurrence.

nFP Find parity error. Same as "F," except the program
automatically sets up a single parity error character
in the search buffer. 1Ise "FC'" to continue parity
error search.

4. TABLET COMMANDS
By drawing over fixed control areas on the tablet, regard-
less of the character drawn, the following operations can be
performed. (See Figure 13.) Numerics can be drawn and ac-
cumulated prior to touching the control area. These will be used
as the arguments for applicable operations.

Control area 1 - Move display back n lines (same as keyboard
command "B'"),

Control area 2 - End of text. Complete the editing function.
Return to Control Mode.

Control area 3 - Quantized paper tape read (same as "Q").

Control area 4 - Reset first line displayed (same as '"R").

wn
!

Equivalent to a carriage return (re-displays when
in Control Mode).

Control area

Control area G - Move display ahead n lines (same as "A").
Control area 7 - Equivalent to a SPACE.
8

Control area - Punch paper tape (same as "P").

1 2 3
4 5
6 [t7ﬁ| 8

Figure 13.7 The Tablet Control Areas
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4.1 CONTROL MODE EDIT COMMANDS

The following symbols must be drawn on the tablet, over the
position corresponding to the display, where the editing function
is to take place. The arrows indicate drawing direction only and
are not part of the symbols.

Select a

Character A single downward stroke drawn through a
character has two functions: change and delete.
As soon as the select symbol is detected, a
shift to Text Mode iz effected, and any alpha-
numerics drawn anywhere on the tablet are taken
to be substitutions for the selected symbol,
If, after drawing the select symbol, no ad-
ditional data is drawn in, it is assumed that a
delete is intended, the symbol selected is
deleted, and the program returns to Control Mode.
The time period in which entry must take place
is a variable, which can be set by the "CK" tey-
board command.

A2 Change Yord Drawing a "w" through a word indicates "Change
Word."” This function is analogous to the
"Select Character" function above, except that
an entire word is selected for change. In
addition, no time-based switch for deletion is
available. The previous characters in the word
are replaced by spaces.

AA Change Line Same as ""Change Word," except the complete line
on which the "1" is drawn, is selected and re-
placed by spaces.

— Delete Word(s) A single left-to-right stroke drawn through a
word, group of words, or line, deletes that data
and returns to Control Mode.

\X,Deloto Line An “x" drawn anywhere on a line will delete the
entire line.

~A > Transpose ¥hen this symbol is drawn through two words, the
words will be transposed. When this symbol is
drawn through a single word, it will transpose
the letter that the last up-stroke ispinges on
and the one immediately to the left of it.

(LﬁL&QS Caps Prawing a “d” (decapitalize) through a word
causes the capitalization to be reduced by one
level. The three decreasing levels of capital-
fzation are as follows:




CAPITALS
Capitals
capitals

c.lorc Caps Drawing a "'c¢c” through a word causes the
capitalization to be increased by one level.
It is the inverse of the “d" command, above.

\vinsert The insert mark points at the character immedi-
ately to the right of the point at which inser-
tion is to take place. V¥hen this symbol is
detected, the program switches to Text Mode and
accepts either hand-drawn alphanumerics or key-
board input, which will be inserted at the
selected spot.

QDisplay The drawing of a carriage return will initiate
a new display when in Control Mode.

4.2 TEXT MODE CHARACTER INSERTION

Text Mode is entered via the irsert or select commands, and
alphanumerics may be entered at any place on the tiblet. Several
classes of symbols may be entered in Text Mode.

(a) Alphabetic Characters. The lower case curs ive
alphabet is used, according to the standard Palmer
method of penmanship, with modifications to allow
for ease and speed of writing. A moderate dejree
of variation is acceptable.

(b) Numeric Characters. The digits zero through nine are
drasn according to basic Palmer standards. Exceptions
are the zero, which is slashed (#), and the one, which
contains a top hook and flat base (1).

(c) Non-Printing Symbols. Again, arrovheads show stroke
direction, but are not part of the symbols.

4) Carriage Return (or use control area 5)

— Space (or use control area 7)

é&— Backspace (deletes previous symbol)

T Upshift
J Downsnire
—-—)1’ Tabd
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(d) Punctuation Marks.
°1‘Period
—ié-ﬂiddle Dot {non-spacing)

,\L Comma

The above set used in combination can slso produce
colons and semicolons.
4.3 EXITING TEXT MODE

Note that ending inser:ion of text and returning to Con‘'rol
Mode may be done in three ways:

(a) Typing two sequential case shifts (any combinmation of
upper and lower case) on the keyboard.

(b) Drawing two sequential case shifts on the tablet.

(c) Striking the end of text control ares on the tablet
(top middle-2).
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FUNCTIONAL FLOW CHART OF TzZXT EDITOR
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(E:}!rul tablet

control
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Control Mode
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dispatch

no
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(0-9)
no
save in cusulate
mand word 8 binary
with prev number
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sing pre-set
_Wiz?iuttr
::: type

FUNCTIONAL FLOW CHART OF TEXT EDITOR (Continued)
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APPENDIX

IV

THE TELETYPE XESSAGES

The MOS8, 'C System has just been initialized.

The input keyboard is busy.

Keyboard error
Unknown command.
command.

Xot recognized.

Relype the last character.

An tllegal character was :yped.

The mequence of input characters
typed before the RETURN did mot constitute a legal

The tablet character drawn could not
be interpreted by the recognition routines.

Pointer. An editing command was drawn, shich was not
pointing to an area of the CRT containing text.

Parity error. A character nnn (octal) was read fror
paper tape, which was {llegel or bad (cven) parity.

The text buffer is nearly full. Paper tape fnput ceases.

The text buffer is completely full. Xo more characters

may be {userted.

i ———
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APPENDIX V¥

L

read and
ssooth imput
point sequence

—

find next stroke

(=
fonary for
ode sequence

|
S
turn r¥ith
yabol
characterize

sequence from

last break-

point to this

breakpoint

L

generate code
from char-
acteristics
and save

FUNCTIONAL FLOW CHART OF RECOGNITION ALGORITHM
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APPENDIX VI

STROKE COUES
Distinct Codes
Description
pen 1ift
major, -y, Oc
sajor, ¢y, Oc
saAjJOT, ~-y,~1lcC
ma jor, +y,-lc
major, -y,+lc
major, +y,+lc
major, -y,-2c
major, +y,-2c
major, -y,+2c
major, +y,+2c
major, -x
major, +x
minor, -x
minor, +x
minor, -y, Oc
minor, +y, Oc
minor, -y,-1c
minor, +y,=-1c
minor, -y,+lc
minor, +y,+lc
micro

Table 1.

3 Bit Octal Code

0

a L w0

4 O @

10
11
12
13
14
15
16
17
20
21
22
23
24
25

Shape Codes
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¥ondistinct Codes

S Bit Included Shape Codes
Descriptios Octal Code (Acceptable Ma-ches)
na jor stroke 26 all sajor codes, (1 through 14)
ainor stroke 27 all =mimor codes (15 through 24)
24 JOr upward 30 all sajor «y codes (2,4,6,10,.12)
AipOr upward 31 all minor <y codes (20,22,24)
a3 jor downward 32 all sajor -y codes (1,3,5,7.11)
alnor downward 33 all ainor -y codes (17,21,23)
upstroke 34 all +y codes (2,4,6,10,12,20
22 24)
dbwnstroke 38 all -y codes (1,3,5,7,11,17
21,23)
right strrge 36 all +x codes (14,16)
left stroke 37 all -x codes (13,15)
Table 1. Shape Codes (Continued)
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return

closure

open return

2 Bit Octal Value

Syabolic Octal Code In Code Word Acceptadle Mateh

o 0 o any condi{tion

R 1 40 returs or
closure

C 2 100 ¢closure

v 3 140 return or
open returns

Table 2. Return and Closure
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€ Bit Octal Value
Coadition Syabolic Octal Code In Code Word Acceptable Match

top crossing Xl 1 200 xl
middle crossing 32 2 400 x2
bottom crossing x: 4 1000 xa
# upper crossing X, 3 600 X, oFr X, (arche-
. type oaly)
lower crossing X 23 6 1400 Xy or X, (arche-
. type oanly)
'4
crossing ) 4 7 1600 tl or 1’ or 33
’ (archetype only)
‘op incidence Il 11 2200 x] or il
middle
{ncidence lz 22 4400 X3 or !2
. * bottom
-~ _inciderce 13 44 11000 x3 or !3
upper
b incidence 112 33 6600 Xi or xz or 11
or I, (archetype
only)
lower
incidence 123 66 15400 X2 or Xs or 12
* or I, (archetype
only)
incidence I 77 17600 xl or x2 or X3
or I1 or 12 or
y 13 (archetype

only)

no incidence
or crossing 0 0 0 no incidence or
crossing, or I1

or 12 or 13

Table 3. Incidence and Crossing Codes
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OCTAL

“avai
1Je

~e
209 4)

4001

46
143
42031
200 41

1472
22
20042

1472
31

16

20042

1543
24

36
20@ 42

400317

42027
20663

APPENDIX V11

DICTIONARY ARCHETYPE CODES

STROKXE
ARCFETYPES
RIN0R STROXE
MAJIR, Y, ={1C
MAJOR UPWARD. C
DOWNS TROXKE » K
MINOK STRO%C
END a)

MINOKR UPWARD
MAJOR, - Y, -1C
MAJOR, <Y, *1C,
MAJOR, -Y, =-1C.
MINOR UPWARD
END 4}

MAJORs +Y, +}iC
MAJOR DOWNWARD,
MINOR, +Y, =jC
END 42

MAJOR, +Y, +]|C
MAJOR DOWNWAKRD,
MINOR UPWARD
MINOR, +X

SND 42

MAJOR, +Y, +})C
MAJOR» ~Y, =}1C,
MINOR, +Y, +](C
RIGHT STROKE
END 42

LEF T STROKE
MAJOR, =Y, -1¢
MINOR STROKE
END 63

(0P T10MAL )
COPT 10MAL )
(OPTIONAL)
R
(V)
(OPTIONAL)
Rs» X23
R, X23
U, X23
(OPTIONAL)
(OPTIONAL)
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‘0

(3

24

24
2934)

e
21
Jo
T2
A0027
ser AL

43231
&

6
114}
4dd I
PJJ“

KT S
Il
Je
404217
23U65

3J
1472
29965

36
15
32
42927
20065

36

24

3
40024
20065

24
1632
17634
4pe27
20066

MINOK, oY, <|IC
MAJOKs =Y, -IC
®IMNOxe Yo ¢)C
£E%N0 &)

Fiwda STROW
FiMOne ~Yse =)C

HA DN WP NAKD
Weooh DOWNAVAKD, =
P10 STNOUE

END «a

(OPTLOMAL )

(OPTI0oNAL )

FINIOR W SAXKD
#IN0R, -Y, -IC
HAJOS, oY, *i1C
MANIRs =Yy <1Cs Ue E |

MINOK UP WALD COr T IONAL )
eND  4a

(OPY1O%AL )

AlOHT STRO«E
EENOR U2 WARD
FAJIL DIUNWALD
MINOA 5 IROKE
ENU 65

(O TIONAL)

MAJIR UP WAKD
MAJOR DOLNLARD, xo K23
=ND 65

RIGHT STROKE
MINOns,» =X
MAJOR DOINRARD
MINOR STIROKE
END 65

(OPTI1ONAL)

RIGHT TROKE
MINQRR, +Y, +i1C
MAJOK» =Y, =1C
MINOR, +Y, +1C
END 6?

MINOR,» +Y, +1C
MAJOR DOWNWARD X
UPSTROKE I
MINOR STROKE

(OPTIONAL)
END 66
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"

24
199
2a

2306¢

«Je )
21
1
L

1622

23347

a0U 37
21
131
32

16J4
2dda?

1472
KY)
173
“327
2005)

JJ

172
430217
23

2Ud171

40027
32
1634

25
20021

IOk, *Y. )
FrJOne *Ys -iC
*I¥0he *Ys e\
SIGHT STAO

£ %0 é&é

LLF T S5TR04L
FiNdne <¥s -1IC
MIN0OR WwAADe C
At UD sNUAKD
FINO..o o7e = }C
L0 a7

LEF | STRONE
¥IWre =Ye -lC
3""-"0-; W“‘Oi',' C
Fnldda DD wuNRAKD
YadOie *7€os “1C
END A7

MAJDie Y, *1C
Endi, DIV WA, we
MINOR UP YD
MINIK DORNWACD, U
MINDO STILE

eND 59

FAJOI U WwnianD
MAJOR DOWNWALRD, U
FINQ STROKE

PN LIFT

MICR0

END 71

FINQix STROKE
MAJOK DOWNWAKD

UPSTROKE X
PEN LIFT
MICRO
END 21}
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CW TIONAL)

X23

(OPTIONAL)
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2a
1632
n

33
28e22

1a72
va
2983)

12

12

L0424

12
o7
SIS

186
4827
2000¢

37
146

8217
20086

4e24

23
49027
20027

MINOR, <Y, <IC
YAJOR DIMMVARD
FI%NOn W NWAKRD
IMN0< DOWNMAKD
“ND 22

sﬂ‘”\! .'0 'lc

?wﬁ 3!3%#%#5!(!- "~ e

#I%NT e o7, *9C
£E%D )

FaaJddAes *Ts 1L
FAJOK VI LN wARD

YAR)Dwe * 7, "c‘ ®

NAJOR DL NMAL Do

FAJOR, =Y, =10, R

RINOA S Tadng
€D 2a

WAaJOne *Ts -C
FAJSD . LOWNMAKD

FAJD e oY, “1C,

¥AJOA DIV WAL,
MINOR 5T.04K
N0 5

FAJORK, <-T¥o *)C
tAJON, Y, *1C,
KRINDA STAOKE
E¥0 ¢

WEFT STRO«E

N JJdense =Ye =IC
Faddie oY, o\,
MINOA LTAIXE
END 6

MINOR, Y, «)(C
MAJOR, =Y, . 8C
FALOR UPWARD
MINOR, =Ys <«)C
MINOR STROKE
ZND 217

v

4

L i |

(0L TE0%AL )

(O T1OMAL )

(7 T10%AL)

(O TI08AL)

(OPTI0NAL)

(0P T10MAL)



493217
21
131
32
17624
43927
29932

40927
21
131
h ¥4
17696
49217
20409

3
“)Jdl)
3)
38217
2841

33
6
3
3427
20011

27
23067

172
atd2?

Jé
reda)

172
1%
172

MINOR STROKE (OPTIONAL)
MINOR, -Y» -1IC )

MINORX UPWARDs C

MAJOi DOWNWARD

MINOR, <Y, +IC |

MINOR STROKE (OPTIONAL)
eND 2J0

KINOR STROKE (OPTIONAL)

MINOR, Y, =1IC
HINOL UPWAAD, C
FD\JDK D'Oh‘lb\_\()

FPAJIRe oY, +1IC l
EINIn S5TROKE (IPTIONAL)
eNo ¢

WNJORs *Y, *IC
1 10K DOWNKALD

”] N0 DO WNRARD (O T10NAL)D
MINOAL DIUNWALD

FINOA STxOAL (0P TIONAL)
ENO 1

BAJORKe *Ys *1C

®IN0A DO WNWARD

HKIOMT STNO™E

#INOXN DOWNBARD

rINOR STAOLE COPTIONAL)
END 1)

PAJOR, *Y», +|C

¥hJOFs =¥e *1Cs N

HENOL STRONE (OP TIONAL )
£8D 62

S04 UPwinDd

HAJOR DO WMRARD, U

HINDA S TAO (OP TIONAL )
PEN LIFY

KIGHT STaltHE

END &)

A4, Y, *|C
FAJOR DOWMNWARD, U
#AJOR UPWARD, U
PAJOR DOwNWAKD, U
END 64

87
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172

490217
20045

32
72

40027
20046

Je

1632
20067

492327
33
164
Je
1670
20870

16
32
16
20051

4027
3
W22
2
1634
20051

MAJOR, +Y, -IC

MAJO? DOWNWARD, U

MAJOR, +Y, +I1C

MINOR STROKE (OPTIONAL)
END &5

MAJOIK, +Y, +I1C

FAJOR DO’INWARD

MAJOR, <Y, +IC

MFAJOX DOWNWARD, U

MAJOR, <Y, ¢]IC

MINOR STROKE (OPTIONALY
END 46

MAJOR DOWNWARD

PEN LIFT

MAJOK DOWNWARD X

END 67

MINOR STROKE (OPTIONAL)

MINOR DOWNWARD
MINOR, +Y, +1C, U
MAJOKR DOWNWARD

MAJOR DOWNWARD X
END 70

MINOR, X
MAJOR DOWNWAKD
MINOR, X

END S

MINOK STROKE (OPTIONAL)
FINORK DOWNWARD

MINOR, +Y, -1C (OPTIONAL)

MAJOR DOWMNWARD
UPSTROME X
END 51

FINOR UPWARD
MAJOR, “Y, @C
PEN LIFT
RIGHT STROME
END 75



l
i

I

22
32
36
209402

40036

23
40031
20023

1

o

17

36
20004

17

36

0

1
20004

17
23
)
. 36
20025

24

21
29026

36
32
20001

1730
20010

21
124
32
20031

MINOR, +Y, =1
MAJOR DOWNWARD
RIGHT STROKE
END 2

RIGHT STROKE
MINOR, ~Y», +1C
MINOR UPWARD
END 23

MAJOR, =Y, @C
PEN LIFT
MINOR, -Y» ©C
RIGHT STROKE
END 4

MINOR, =Y, @C

RIGHT STROKE
PEN LIFT
MAJOR, <Y, 0OC
END 4

MINOR, *Y. @C
MINOR) *Y, +iC
PEN LIFT

RIGHT STROKE
END 25

MAJOR, =Y, ®]1(C
MINOR> +Y, +1C
MINOR, =Y, =1C
END 26

RIGHT STROKE
MAJOR DOWNWARD
END 7

MAJOR, =Y, =2C
MAJOR UPWARD.,»
END 10

MINOR, -Y, =~IC

MINOR, +Y, +1C.

MAJOR. DOWNWARD
END 231

(OPTIONALY

(OPTIONALY
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>

%*

400317 LEFT STROKE
33 MINOR DOWNWARD
74 UPSTROKE»s R
%] PEN LIFT
32 MAJOR DOWNWARD
20040 END 40

(space)

36 RIGHT STROKE
20020 END 20

(insert function)
34 UP STROKE
35 DOWNSTROKE

200317 END 37

(transpose function)
34 UPSTROKE
40036 RIGHT STROKE
35 DOWNSTROKE
34 UPSTROKE

20045 END 45

(delete function)
37 LEFT STROKE
200852 END S2

(period)
25 MICRO
0 PEN LIFT

35 DOWNS TROKE
29053 END 53

(shift up)
2 MAJOR, +¥» 8C.
20074 END 74

{(shift down)
1 MAJO » ac
20072 END .

dle dot
(Midale dotd
@ PEN LIFT

36 RIGHT STROKE
20054 END 54

(OPTIONAL)

(OPTIONAL)
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(comma)

23 MINOR» =Y» +1C

] PEN LIFT

35 DOWNSTROKE
28073 END 73

(backspace)
36 RIGHT STROKE
Q PEN LIFT
35 DOWNSTROKE
200176 END 76

(carriage return)
S MAJOKs =Y, +1C
20017 END 77

-6l



)L¥ APPENDIX VIII

get direction

horizontal?

orizonta

/% line
no
set horizontal
; flag, set
" clear horizonta horizontal run
flagy set test, save run
vertical run situation
test i
no
save
flag yes pointer
enabled? /('fi
restore run
'< situation

disable run

counter

6’{1: poinD

FLOW CHART OF HORIZONTAL SEGMENTING ALGORITHM
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flag
clear run ‘




increment
run
counter

next point)

enable
run

flag set flag

yes

/
reakpoin
at saved next point
ointer

, Enabling and setting of run flag:

The run flag is enabled (allowed to be set) when a long
enough run occurs. If it is already enabled, it is set, indicat-
. ing two successive long enough runs in different directions, and
. thus a breakpoint.

next poin indicates the next point
should be accessed and the
program should return to

the beginning of the
algorithm.

FLOW CHART OF HORIZONTAL SEGMENTING ALGORITHM (Continued)
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