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ABSTRACT

A major barrier to the human communication is attributed to
the fact that there is no compatible typewriter, as in the Western
World, for any non-alphabetic language outside of the Western
World. This paper will describe how a plotter can be used through
programming, as a universal graphic character writer for all non=~
alphabetic as well as alphabetic languages in place of the type-
writer. This is economically feasible since thg plotter is not
expensive and can be driven by a small computer on-line, or off-
line using a plotter and tape unit.

Each character is treated as a single independent graph and
decomposed into line segments within a 16 x 16 grid for non-
‘alphabetic languages, and a 5 x 8 grid for alphabetic languages.
Therefore, the graphic character can be represented by the coordi-
nates which indicate the beginning and the ending points of the
line segments.

To take the most complicated Chinese language as an example,
the character foi YBRAVE" (g?) can be represented by twenty-three
pairs of coordinates and packed into four 48-bit computer words.
Taking this as a basis for estimation, the overwhelmingly numerous

10,000 Chinese characters can be decbmposed and packed into 40K
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of memory. Thus, a computer with 65K memory will be able to keep
them in core for direct access and processing.

On the other hand, an English letter '"M" can be represented by
five pairs of coordinates and packed into one 48=-bit computer word.
In other words, the whole set of the English alphabet, including
upper and lower cases, will need only 110 words of memory.

The output on the plotter is itself é good hard copy to keep,
and certainly it can be used as an original for further dupli-

cating, photographing and photoengraving.
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I. INTRODUCTION

This paper describes a system which simulates the function of a
typewriter for all languages because of its unique nature in the
coding and displaying of the graphic characters. Characters,
including alphabets, of all languages are encoded on a grid. How-
ever, for the internal representation in the memory, only the X-Y
coordinates of each straight line segment are recorded, which will
érovide-sufficient information to reconstruct this character.
The test program for this system is written in CDC 3600 FORTRAN (a
variation of FORTRAN IV) which will generate a plot tape to be used
on a Calcomp plotter for producing these characters. Actually,
with some minor modifications, this program can be run on any
computer and output on any plotter available., The advantage in
using the plotter is that it produces directly a clear, hard copy
at a very reasonable cost. Natural languages which have been tested
in the program are Chinese and English. French, German, Hindi,
Hebrew, Italian, Japanese, Korean, Russian, and Spanish are to be

tested in the near future.

IX. CHARACTER REPkESENTATION
Different sizes of grids may be used to define the coordinates
representing each character. For non-alphabetic languages, a 16 x
16 grid is proved to be sufficient for a good recoding of the

character. For alphabetic languages, a 5 x 8 grid will be adequate



to accommodate all the letters of the languages. Each grid point
in the grid is aésigned a pair of values according to its relative
position ip the grid, that is, the coordinates of the grid point. The
rows of the grid points are numbered from the bottom up, from 0
to 15 or 7 as the Y coordinate. The columns of the grid points
are numbered from the left to right, from 0 to 15 or 4 as the X
éoordinate. The character is to be fitted into the grid with one
restriction that all the starting points, turning points, and
ending points of a line or 1line segment have to be on one of the
grid points. The ;oordinates of these grid points are recorded
and to be stored in the memory for later retrieval. A curve of °
a stroke is treated as many short straight line segments. A line
is defined here with only one starting point and one ending point,
and may or may not have one or more turning points between them.
Coordinates of a line should always be recorded in the sequence
as the starting point, the turning point or points, and the ending
point. However, the sequence of coordinate groups of lines are
immaterial for the character representation.

The character representation method used by Hayashi, Duncan
and Kuno of Harvard University is not quite the same as described
above. Instead of recording the starting point,lturning point and

ending point of a continuous line, they virtually recorded the



starting point and ending point of every line segment. That is,

the turning point in a continuous line is used twice both as the
ending point of the previous line segment and the starting point

of the following line segment. This method @oes simplify the
programming task for generating the character, but it also increases
the number of coordinates to be recorded and stored for retrieval,
resulting in inefficient character generati&n. Taking their example
of a Chinese character for "BRAVE" (%), thirty-two pairs of coordi=-
nates are required to be stored for character generation. For the
method described in the previous paragraph, only twenty=-three
coordinate pairs are necessary to accomplish the same task, If

the Engligh letter "M" is taken as an example, eight coordinate
pairs are required for the Harvard method, of which, only five
coordinate pairs are necessary to reconstruct the character

excluding the three repeated coordinate pairs,
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Figure 1. The Chinese character for "BRAVE" on
a 16 x 16 grid with twenty-three pairs of
coordinates:
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Figure 2, The English letter "M" on a 5 x 8 grid with
five pairs of coordinates: !
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There are other methods to represent a character. One method
uses a 256 x 256 or some other size cell grid. Each cell is oneb
bit in size to record the presence of the character strokes, lines
or dots as the one bit, and the non-presence of them as the zero bit.
Then, by resembling these bits into a pattern, it is used for the
recognition or generation of a character. This method is employed
for almost all commercial character recognition machines to identify
English letters, symbols and numerals most often in printed form.
However, this is not practical for the non-alphabetic languages
because it requires a huge memory to store all these character
cell-patterns., For example, one commercial machine actually uses
a 2,048 x 2,048 cell grid to recognize an English letter with good
precision. In addition, this method is not used for character
generation because of the foreseeable programming complications
and the time-consuming computer operations.

Another method is to choose some special codes for identifying
the characters. An arbitrary code system can be used for this
purpose, such as the telegraphic code of Chinese characters. They
are four decimal-digit codes ranging from 0000 to 9999 for repre-
senting the 10,000 Chinese characters in use. They are rather -
arbitfarily assigned except that characters with certain stroke

patterns are groﬁped together and the sequence arranged is closely
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associated with the sequence appearing in most Chinese dictionaries.
Another good example is the Binary Coded Decimal used in computers
to specify the individual English letters, numerals and symbols.

An alternative is to assign a code according to certain pattern
or the arrangements of the strokes such as the method used by the
IBM Sinowriter which was revised later by Itek Corporation and
renamed as the Chicoder. It also uses four digit codes but the
first two digits are‘élphanumerics and the last two digits are
numerals ranging only from one to five. The advantage of this
method is that it eases the memory retention of codes by the
operator.

These two code assignment methods can also be applied to other
languages as well. However, if characters are to be generated
directly from those identifying codes then the coding of those
characters is actually in some sort machine language for system
macros and it coul& be very tedious and complicated. Therefore,
these two methods are ﬁot recommended for generating characters

but only for identifying characters during retrieval phase.

II. CHARACTER GENERATION
The codes for identifying different characters in various
languages are just different forms of identiffication such as the

illustrations of letters, numerals and special symbols on the keys



-

of every typewriter keyboard. Once the code is recognized eitﬁer
through the input media or through some internal transformation,
the coordinate group associated with this particular code will be
retrieved for character generation.

Character generation through programming is basically a pro-
cedure of initiating proper subroutine calls to plot a straight
line between two pairs of coordinates at a specified position.
iThe difference between character generation through CRT beam dise.
playing and through plott;r pen draw{ng is a matter of different
subroutine calls for activating different hardware output devices.

Tbe character generation method employed in the test program
is elaborated to the extent;that once the plotter pen'is lowered
for drawing, it is maintained at that position until the drawing
of the current continuous line is completed and then it is lifted
and set ready for the movement of the pen to the starting point of
the next continuous line. In the case of a CRT display, once the
beam is turned on for displaying a line, it will not be turned off
] until the end of this continuous line is reached. Thus, the coordi-~
nate group of a continuous line is treated as a unit for the
generating purpose; The first pair of coordinat;s in a éoordinate
group, i.e., the coordin&te pair of the starting point of a line,

initiates the pen or beam to be moved to the position specified
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by this pair of coordinates, and then to be lowered or turned on

at that position. The second pair and all the succeding pairs

of coordinates up to the second to the last pair, i.e., the coordi-
nate pairs of the turning points, will each activate ome movement

of the pen or beam to the -specified coordinate position forming

a straight line segment of the continuous line. The last pair

of coordinates, i.e., the co'ord:i.nate pair of the ending point,

will move the pen or beam to the specified coor;dinate position

and then lift the pen or turn off the beam at that position.

The Harvard method is simpler and easier in programming in

the sense that a generating unit contains only two pairs of
coordinates: the first pair as the starting point of a straight
line, and the mext, or the last, pair as the ending point, which work
" the same way as indicated in the test program. However, since there
is no turning points involved, a non-straight line must be broken
into many short Bt:aight lines with repeated coordinates to indi-
cate both the ending of the previous line segment and the starting
of the following line segment. Thus a non-straight line with N
straight line segments will have to be drawn or displayed N times
with the plotter pen moved, lowered, moved again, and lifted every
time, or with the CRT beam moved, turned on, moved again, and turned

off every time. '
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IV. FORMAT CONTROLS
In order to have the characters to form a meaningful text and
to be arranged in different forms, certain format controls are not
only desired but also of necessity:

1. ' Language Selection

fhe user is allowed to choose from all available languages
in the system one or more desired languages to be written on the
plotter paper. The first language selected also indicates
the mode of input codes. Thus if more than one language
selection is specified, the other languages selected will be
written in parallel, in an equivalent word-for-word translation
of the first language selected. A multiple-language machine
dictionary is utilized for this purpose.
2, Vertical or Horizontal Writing

The writing direction of characters may be either vertical
or horizontal. Non=-alphabetic languages are usually written
vertically from top downward for characters and from right to
left for columns, Alphabetic languages are always written from
left to right for characters and from top dowmward for rows.
It is recommended that for multiple-language writing including
both slphabetie and non-alphabetic languages, the horizontal
writing mode is more suitable since non-alphabetic languages
will still be readable vertically while in the other case
to read alphabetic languagesvin vertical fashion will be much

more difficult in a continuous text,
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3. Character Size and Inter-character Spacing

The number of characters to be accommodated on a standard
size 8-1/2 x 11 inch page is determined by the character size
specified which will also in turn alloﬁ the spacing between
characters row-wise and colum~wise. The character size is
specified in terms of step size, that is,the smallest distance
between two specifiable pen positions, or the number of points
to be positioned within the distance of one inch. The step
size is to be treated as the unit distance between two grid
points in the 16 x 16 and the 5 x 8 grids, Step sizes con-
sidered appropriate for character writing for various visual
effects are: 0.1, 0.015, 0,02, 0,025, and 0.04 inches. For
examples, step size of 0,025 will yield 320 Chinese characters
written horizontally, 0.02 inches for 500 characters, and 0.01
for 2,000 characters.
4, Blank Character

This 1s used for all kinds of spacing needs in terms of one
character size of blank spaces. Some typical uses are those
of centered titles with blank éharacters filled on both left
and right or top and bottom, indention at the beginning of
rows or columns, blank filled endings of rows or columns, blank

1
spaces between words and sentences in alphabetic languages, etc,
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5. Line and Page Controls

In contrast to the above user=-specified controls, the line
and page controls are automatic system controls which can only
be influenced through the character size selection and the
language selection., The program will calculate the total number
of characters to be written on a 8-1/2 x 11 inch page according
to the selected character size and language (alphabetic or
non-alphabetic). Then the number of characters per line (row
or column) will be calculated accordingly. When the end of a
line is reached, the next character will be wgitfen on the
first character position of the next line. And, if the end
of a page is reached at the same time, the plotter paper will
be advanced to the next standard size page with the next character
to be written on the first character position of the first line,
Special control characters denoted by seldomly used special
symbols are provided in the system to signify the end of a line
and the end of a page for the automatic skipping of the rest of

the line or page.

V. CHARACTER STORAGE AND RETRIEVAL
1. 1Identification Code
A unique code is assigned for each character appearing in

any one of the languages involved in the system for identification
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purpose. The mmerical code in decimal digits as discussed
under Character Representation is a simple and arbitrary
method and can be readily applied to any language. For
alphabetic languages, to associate the two decimal-~digit

codes with the alphabet requires only a couple of hours of
actual coding work. For non-alphabetic languages, as in the
worst example of 10,000 Chinese characters, the first suthor with
no previous experience of the Chinese telegraphic code system
but with sufficient background in the Chinese language, did the
complete coding of the Chinese classics, the Four Books, in
the Summer of 1964 with the aid of a code reference haqdbook.
By late summer of 1964, the Chinese text could be read directly
in telegraphic codes with less than 2% of reference to the code
book. Since this method has been practiced in China for many
years in telegraphic communications, the authors belteve that
there must be some very éfficient training method for this
telegraphic coding system,

The previously discussed Chicodes for Chinese character
encoding on the Chicode;: was experimented for operator training
in 1965 at Itek Corporation. The result was that for an American
secretary with no previous knowledge of the Chinese language,
but with the aid of an instructional manua'l, four months of
training will yield a typing speed of forty characters per

minute including error corrections. However, the development
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of this kind of coding system will demand detailed analysis

of stroke patterns for the particular language and the organiza-
tion of characters in terms of these stroke patterns. Thus

‘iﬁ is not readily available and too costly a technique to
implement for other less complicﬁted languages.

Both of the code assignment method may be uséd in the
system to index the stored coordinate groups associated with
each of them. When the writing request of a certain character
reaches the associated coordinate group, the coordinates are
copied into a buffer area and are beihg analyzed, calculated
and transformed into a sequence of plotter subroutine calls
for writing the character on the plotter papex.

2. Accompanying Informatioﬂ

The identification code may also be used to index information
associated with the specific character for additional references
and operations. If this system is to serve both as an automatic
writing device and an automatic dictionary for two or more
languages, then all the information in a selected dictionary
may be.included in the system, such as the pronounciation g;ide,
parts of speech and other syntactic information, the meaning-
(translation).and other semantic information, the associated
phrases and idioms, and examples of usage.

3. Data Compression

Since the largest coordinate used in the two suggested
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grids is the decimal number fifteen, only four bits are needed
to record one coordinate., Therefore, the coordinates-iny'be
packed into a four-bit segment of a-coﬁputer word., This may
not be necessary for the alphabetic languages because their
character sets are very small in size, usually not more than
sixty=-four characters each set in binary coded decimal. How=-
ever, for the non-alphabetic languages such as the Chinese
with a 10,000-character set, the need for data compression is
rather apparent if all of théir coordinate groups are going
to be stored in the core memory for the most efficient processing.
It is estimated that an average complexity Chinese character
caﬁ be packed into four 48-bit'computer words and thus a computer
with 65K memory (e.g., CDC 3600) will be able to accommodate
the overwhelming 10,000 characters in 40K of memory and allow
the other 25K of memory for the executive system, the program,
and the input/output buffering operations.
Vi. SYSTEM PERFORMANCE

This system is aimed to provide a good universal writing device

for all languages, alphabetic and non-alphabetic alike, because

of its grapﬁic nature in treafing characters of various languages.

This is of particular advantage to the non-alphabetic languages

since no practical andvefficient typing or yriting device has been

created for their uses.
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The system uses the plotter as its output device for writing
characters directly on the paper to produce a clear and permanent
hard copy. The alternative CRT display has a unique advantdge of
on~line monitoring or editing but is otherwise a more complex
process and hardware system to produce a final hard copy, and thus
inevitably too expensive for practical and efficient applications.
From numerous job runs of the test program on the CDC 3600 a plotter
page of standard 8-1/2 x 11 inch with 320 Chinese characters wriften
will cost about one>dollar and twelve cents, The estimate for the
test pr;gram_to be run on the Univac 1108 is approximately eighteen
cents ‘per page. It would be very interesting to know the cost
for on-line plotting with a PDP-8 and a plotter since they are among
the least expensive computing equipments available.

" The system is programmed in the Fortran language so that it
can be utilized through small or medium size computers with the
least effort of adaptation, . Any plottér:with a.step simé of 0.0l or
less is very satisfactory for output character writing. The output
from this system is certainly suitable to be used as an original
for further duplicating, photographing, and photoengraving. Multiple-
color writings may be accomplished through the change of plotter pens

or inks of various colors with the aid of in-line plotter controls,



Finally, the system is oriented toward the user's convenience
in operating. All the user's controls and selections are specified
in natural language vocabularies and punched on cards as the 1ﬁput
data to the computer. No programming work is- involved on the part
of the ultimate user to cause unnecessary complications or diffi-
culties in utilizing this system. The user's learning process
requires only a few times of actual practice to achieve efficient

system utilization.
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SAMPLE CONTROL AND DATA CARD IMAGES

STORE

6001 I ONE

2 7 14 17 -1
000C2 DING . FOURTH

311 1211 717717 TI1 7 1 5 2 -1
0033 CHI SEVEN

27 12 7 771717 512 5 2 81 12 2 12 3 -1
0004 JAQ TEN FEET

211 1311 7777 1014 97 7 4 11 7777 411 5 7 9 3 13V
C0C5 SAN : THREE
41271012 77177 38 118 7717 I3 133 =1

Ulug SHANQ - uP
Ti4 72 T777 78 11 8 7777 21 131 -1
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uo0sg BUH NOT

2127 1212 7777 712 2 3 7TTr 712 7 27777 710 12 5 -1
0063 GAY BEGGAR -

213 1113 7777 6l3 6 1 7777 610 1010 7777 311 3 7 1i 1
Y- b S - S SR

$010 CHOOU CLOWN

313 1113 8 2 9777 713 4 2 YT 3 9 I 5 YIIL i 2 i3 ¢
0T CATEE MOREOVER

11 131 7777 4 1 413 1013 10 1 7777 4 9 o9 7177 4 3
— SRS A SOt GO DL
0612 PI GRAND

7313 1113 7777 i3 2 2 17717 713 72 s 3 aTIT 1l .11
22 12 2 -i

W

GUT3 SHYA WORLD
614 & 4 10 4 1014 7777 312 3 2 132 7777 18 14 8 =1
004 BIING - THIRD ’ ’ T
3i3 1113 7777 1 1 110 1310 13 1 11 2 7777 713 52 17117.
92 -1 -
J015 CHERNG  DEPJTY

413771013 Ti1 T TSTIOTITT ZI0TT 8 74 77T ITITTT T8

7717 22 132 -l
il16 CI0¢  TLOSE ) o
312 1113 7777 2 9 129 7117 16 136 7777 712 715 31
I EE R e S o h e 22kl S =
L017 BINQ AND
31476117 6 1 777771015 T8I 8T vI7T 31T 111l 7777 3 5
65 7777 119 115 85 7777 21 131 -1
GC18” MEAN ©  HIDDEN - 7 7 T

213 1113 7777 613 6 17 17177 311 37 9 7 I777 7iv  lilwv
R B e P e e L Rt ’ LIl 2

usls GCEN DOWNSTROKE
713 7T =1
9620 GEH CLASSIFIER ‘
e e
v021 1A SLAVE GIRL ,
B ¥ S =T O I S A A N Y A ¢ R A RS T
9022 JONG MIDDLE
210 T2IC 125 2 5 21U TTITT7I& 70 =T
Go23 FENG ABUNDANT

AR T A 'S S A & d A T R R A O A i ¢ 14 134 7777 714 76 -1

Li24 GUANN TUFTS OF HAIR

21277276 U5 6 TITT B4 T 5 e T2 0TTTTIT UTIA T 0 77T T 6
1112 -1

Uudo CHUANN  — STRING

412 1012 10i0 410 412 7777 28 128 12 4 2 « o 7777
s B e L] et T RS2 T L .




V026 AH ACTINIUM :
1.8 414 612 1777 210 610 7777 2 6 6 6 1777 11 6 i 1711
Tk 41 6 4 7777 414 EINA g1l 810 59 9 6 76 714 71
7777 1014 lé4lé 1314 13 1 11 2 7777 1011 1211 12 4 10 4 1011 7777
410 Z 1 -1
ou27 JUJ A POINT
4 8 10 4 -1
028 Al EINSTEINIUM
TS RTE 6i2 17117 210 610 71717 2 6 6 6 1717 11 6 1 77117
2 4 401 6 & 7717 $14 lll2 7777 712 l4le 7777 9 8 511 1311
I3 3 T 3 10U 8 T & 7077 EI g 1 11 2 717717 13 7 S & 1& 2 7717
419 4 1 -1 »
T35 VAN [ o .
211 1Cii 1C 1 120 141 14 3 77177 514 55 00 7777 33 75
-1
w038 DAN CINNABAR
CRRY] [ 413 ITIZ 110 T T 7777 T 5 I35 7171717 611 g7 -1
Su3l Juu MASTER
DR ¥ R U5 o Ry i i i SR> S W R S & b I SR S S e T U & & & § 713 71 =17
uo32 AY ASTATINE ‘ C
BRI C T 5 - S O d r AR U T+ IS Sy A i & A N A Y A S 11 177777 314
& vy 7777 1ll4 11 % 7771 611 151l . 7777 79 16 & L4 v 1777 12 9
R s S . .
wU33 PIEE LEFT DOWNSTROKE
ST e T .
U534 YIH MOW
111371878 6 4 10 7777 31377 5 8 101 1370 TEI B
JU33 NALE THEREUPON
T 233 UT2ZI3C UBICCIZIOTIZE TTIT O STITTITTT T3 o T o -1
“iL36 JEUU LUNG TIME
TBLGT 278 I 512 912 7672 ¢ 1177 & 5 TIIT0TTle ORI
Sl37 Jy HIM/HER/ZIT
TS Ty 7777 311 1111 77 C5 112 71473 =i T T
$s38 JAH SUDDENLY
CTTSINC Y §TTI77 412 1112 TTIT ORILTUZRTGTUITTT SR R S N R O CR
1 4 -1
TUES HU (TRTERRTG«PART W) ) T
Wil 11 7177 4% S 7T 71T 1o v 27 117 15 133 7777 712
252 MR } ot . Res L
SLad FAR TIRED
213 1SIETTTIUY 5153 610 TTIT  CIITTITIU 13 91 14 3 -1
ol GUAL CLEVER -
G4 1514 777 11i 1311 7TT7 714, 7T 9 571 THTIT L1078, 727
7777 z 8 53 7777 910 $ 5 12 5 1777 98 128 -1
voul T CHIRNG T MULTIPLY i i e e
Sl4 o 1814 7777 ilz 1312 7777 114 70 5 1 7777 511 5 7 27
TITTT 2 9T ITIVCTOYT YUY CUTTATTT Y UF I 9T [V G 3
77 i% 3 14 1 =1
STas Tt RN T EOCALYBTUS e —
ill &1i 1777 4l4 4 0 21 7177 0 3 6 S 7717 10i4 1061, 7777
7 57 712 TABLTIZTETUVTT e 6 146 TTAT 8 9 8 4 14 0 77177 12 9
12 4 6 & -1
SOy T SECORD
313 1113 3 7 2 3 31 3131 13 3 -1
5345 TUMHILE SQUINT
18 1iiz2 $ 6 414 4 2 61 131 133 =1
uib TUIERGTT T -
21¢ 210 8 6 22 1Yl 132 13 4 71717 514 51U 4 4 1 v -1
S3RTTTTT CRTT SEGD
614 41 7777 5i2 1212 1177 610 1010 4 4 5 0 131 13 4 -1
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115 11iZ2 16 1777 T14 7T 7777 312 33 131 14 3 =1
Juad GAN CRY
TTUTTTTTSIE eI T 1T s 35l 011 61l 6 7T 07 011 09 69 T1T7
3 65 1777 U 3 6 3 77177 35 3 v 7777 814 711 7717 813
1412 77717 811 1211 8 7 7 1 12 90 14 I 14 3 -1
0050 RUU MILK
714 11T 7777 211 35777 412 4TI 613 59 7777 2 8
68 46 4 0 21 7777 0 4 8 4 7777 813 81 110 141 14 &
=1 .
0051 GAN DRY
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