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57) ASTRACT 

Chinese language characters are transcribed by assigning 
coded digits such as letters or numerals to define first the gross 
form of each character on the basis of the arrangement of sec 
tions in the character, then to define the shapes of elements in 
each section, then to define the relative juxtaposition and 
cross over and enclosure and size differentiation of elements 
within each section; and by ordering the digits on the basis of a 
predetermined sequence of element appearance within each 
section and on the basis of a predetermined sequence within 
sections. The thus transcribed characters can be numerically 
or alphabetically indexed. They can be used to select preset 
typing strokes that can be assembled into characters and thus 
form a Chinese language typewriter. 

21 Claims, 84 Drawing Figures 
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3,665,450 
METHOD AND MEANS FORENCODNG AND DECODNG 

w DEOGRAPHC CHARACTERS 

REFERENCE TO COPENDINGAPPLICATIONS 
This is a continuation-in-part of the copending application 

Ser. No. 682,400 filed Nov. 13, 1967 and now abandoned. 
The contents of the Copending Application are herewith 
made a part of this application as if fully recited herein. 

BACKGROUND OF THE INVENTION 

This invention relates to transcribing ideographic charac 
ters, particularly Chinese language characters so they may be 
classified, indexed and rewritten. According to one aspect the 
invention relates to a typewriter for writing any or all of the 
approximately 50,000 existing Chinese language characters, 
as well as any yet to be created, with a simple keyboard. 
The Chinese language and some other oriental languages 

are written in some 50,000 or so characters that comprise a 
number of strokes of varying sizes and positions within each 
character. This method of writing contrasts with other written 
languages such as English or other European languages which 
employ alphabets having a small number of digits or letters. 
Numbers of such letters of similar size are assembled and ar 
ranged in specific order within each word and follow each 
other sequentially in one specific direction such as left to right 
across the page. This sequence and directional arrangement of 
a small number of letters permits classifying the words on the 
basis of the letters' conventional locations in the alphabet, that 
is alphabetically. As a result, alphabetically written languages 
are amenable to type setting, typewriting, telegraphy, 
and/sorting through assembly and disassembly of the letters. 
On the other hand Chinese language characters are not readily 
disassembled or reassembled. Thus, until now no means have 
been found to obtain commensurate advantages for the Chin 
ese language and its characters. The Chinese language for ex 
ample uses a telegraphic code that consists of arbitrary dot 
and dash combinations, namely the international Morse Code 
for the Numbers 0 through 9,999 for less than the 10,000 of 
the almost 50,000 characters in the Chinese language. 
Moreover, Chinese language texts, even important reference 
works, newspapers and periodicals, are indexed inadequately 
if at all. The efficient use of modern data processing 
techniques has been substantially blocked by this problem. At 
tempts to remedy this situation have depended upon the appli 
cation or modification of traditional analytic classification 
systems. 

THE INVENTION 

According to a feature of the invention the aforesaid dif 
ficulties are overcome by assigning to each of a number of ar 
bitrarily selected constituent elements of any character a 
machine compatible number or letter while assigning for each 
of a number of inherent positional relationships of the 
character another machine-compatible number or letter, and 
assembling the numbers or letters of the elements in predeter 
mined order into code words. The numbers or letters used 
herein may be generically described as digits. 
According to another feature of the invention the coding is 

simplified by adding digits to indicate each character's gross 
form. 
According to yet another feature of the invention drawings; 

typewriter is obtained. Specifically an operator enters the 
code for any character into a storage device by means of a 
keyboard. Upon completion of such coding the storage device 
selects appropriate elements of which some thirty or so are 
stored in a writing apparatus, which are then written on ap 
propriate portions of a paper. 
These and other features of the invention are pointed out in 

the claims. Other objects and advantages of the invention will 
be understood from the following detailed description when 
read in light of the accompanying drawings 
FIG. 1 is a schematic diagram illustrating an apparatus em 

boding features of the invention; 
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2 
FIG. 2 is a chart illustrating the elements which the ap 

paratus of FIG. 1 prints out separately; FIGS. 3a to 3e are dia 
grams illustrating progressive print out of the apparatus in 
FIG. for particular inputs; 
FIGS. 4a to 4g are charts illustrating gross forms of Chinese 

language characters which the apparatus of FIG. 1 recognizes 
and illustrating samples of characters conforming to each 
gross form; 

FIGS. 5a - 5j are charts illustrating other examples of the 
manner in which the apparatus of FIG. 1 recognizes the forms 
of FIGS. 4a to 4g, 
FIGS. 6a to 6d are charts illustrating forms which the ap 

paratus of FIG. 1 recognizes as contiguous 
FIGS. 7a-7e are charts illustrating the juxtaposition of ele 

ments that the apparatus of FIG. 1 prints out in response to the 
shown inputs; - 
FIGS. 8a to 8g and 9a to 9d are diagrams illustrating 

progressively the print out of the apparatus of FIG. 1 for par 
ticular inputs; 

FIGS. 10a and 10b are charts illustrating characteristics of 
the elements of FIG. 2; 

FIGS. 11 to 18 illustrate examples of characters printed out 
by the apparatus of FIG. 1 in response to the accompanying 
alphabetical inputs; 

FIG. 18a is a schematic block diagram illustrating details of 
the apparatus in FIG. 1; 

FIGS. 19 to 44 are examples of Chinese character printouts 
for the alphabetic or digitial inputs that accompany them; 

FIGS. 45 and 46 are block diagrams of other systems em 
bodying features of the invention, namely a transmitting 
system and an indexing system; 

FIG. 47 is a partly schematic and partly pictorial block dia 
gram of a Chinese language typewriter embodying features of 
the invention, and including and indexing mechanism also em 
bodying features of the invention; and 

FIG. 48 is a block diagram of still another typewriter em 
bodying features of the invention. 

DESCRIPTION OF PREFERREDEMBODIMENTS 

In FIG. 1 an input mechanism 10 corresponds to a conven 
tional typewriter having a keyboard 12 and a platen 14. How 
ever, in FIG. 1 the keyboard includes a transducer 15 that 
transmits electrical signals corresponding to the letters being 
struck on the keyboard 12 to an electronic operating network 
16. Each time the pairs of English language letters shown in 
FIG. 2 are struck on the keyboard the network 16 applies a 
pair of time-function voltages to the beam deflecting members 
of a cathode ray tube 18 in an optical printer 20 so as to 
produce an image corresponding to the 36 elements 22 illus 
trated in FIG. 2. Each element 22 represents a stroke or group 
of strokes of the written Chinese language. When properly 
reduced or magnified and juxtaposed these 36 elements form 
substantially all the Chinese language characters now in ex 
istence and yet to be developed. 

FIG. 2 shows these 36 elements arranged in two columns. 
The general characteristics of the left column are left orienta 
tion, horizontality, orthogonality. The general characteristics 
of the right column are right orientation, verticality and slant 
ness. Each element is represented by a consonant of the En 
glish language as indicated in the table. Those consonants in 
the left column precede a vowel. Those consonants in the right 
column follow a vowel. Each pair of elements is further paired 
to form a quartet of elements of similar form. Such quartets 
are represented by pairs of related consonants as follows: 

p, b single straight lines 
t, d crossed lines 
k, g Corners 
S. 2 zig-zags 
f, v paired slants or dots 
m, in rectangles 
c, j dots 
l, r angles 
x, h curves and hooks 
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Voltages producing the same images corresponding to the 
36 elements 22 illustrated in FIG. 2 are also available by strik 
ing for each letter a in FIG. 2 and other vowels such as ei o or 
u. The operating network distinguishes between these vowels 
to apply direct current biasing potentials that position the 
images relative to one another on the face of tube 18. 

Striking the vowel a in each element 22 FIG. 2 causes the 
operating network 16 to apply no direct biasing potentials if 
the element is the first element of a character being entered. If 
it is not the first, striking the vowel a causes network 16 to 
apply biasing potential which shifts the image being formed 
horizontally to the right and shifts the preceding element en 
tered to the left so that the new element is adjacent to the right 
of the previous element. Striking the vowel e in an element 
which it and a consonant in FIG. 2 define creates biasing 
potentials that vertically position the image of the element 
below the immediately preceding entered element 22. The 
vowel i indicates an element contained in the left part of a 
previous element or displaced to the left of the vertical center 
line of a structure being developed. Thus striking the key for 
this letter causes the network 16 to produce biasing voltages 
which shifts the image of the element to the left. In some 
cases, if the previous containing images are such as to contain 
only on their left, their corresponding voltages generate addi 
tional potentials to cancel this leftwardshift of the "i'image. 
The vowel o is struck by the operator as part of an element 

to indicate any element contained on the right of the previous 
element which was not a rectangle, or contained in any rectan 
gle, or any element displaced to the right of the vertical cen 
terline of the structure being written. Thus the operating net 
work 16 creates voltages which shift the image on tube 18 to 
the right in response to the letter o. If the previous element 
contains only on the right or centrally, or is a rectangle, the 
network 16 does not shift the "o" image at all. 
The vowel u indicates elements written over preceding ele 

ments. The network 16 biases the image forming voltages to 
place the element image over the previous element image or 
1mages. 
The operating network 16 moreover has attenuating means 

which responds to the number of elements typed in each 
character to thereby attenuate the image producing voltages 
to produce their images within a square of the cathode ray 
tube 18. The attenuation for the first element entered is such 
as to cause it to fill the square. Dots such as defined by ac, ca, 
av, and va may vary only slightly in size and so occupy only a 
portion of the square. Thus if the letters ac were typed first, 
the image on the tube would appear as in FIG.3a. If these let 
ters were followed by be the image would be changed as 
shown in FIG. 3b. Again following these letters with be and be 
respectively produces the images of FIGS. 3c and 3d. FIG. 3e 
illustrates the result of adding the letters me to produce ac 
bebebenne. 
Chinese language characters may be divided into a small 

number of groups according to their gross morphology, that is 
their general shape. To simplify the operator's task the operat 
ing network 16 further biases the output signals so that the ele 
ments 22 of a character can be considered by the operator in 
groups and entered on the keyboard in groups. The operating 
network 16 distinguishes between seven such groups based on 
that number of arrangements of non-continguous portions of 
the character, called sections. The arrangements of sections 
are shown in FIGS. 4a to 4g. An operator precedes the entry 
of the first element 22 of a character by first entering a nu 
meral which defines the character's gross form. 

If all the elements are contiguous in the character so that it 
has only one section as shown by the example in FIG. 4a the 
operator precedes the entry of elements by striking the key 1 
on the keyboard. On the other hand if there exists a clear 
separation between right and left, regardless of how many por 
tions there are, as shown by the examples in the gross form 
mode of FIG. 4b he presses the numeral key 2. For characters 
with a clear horizontal separation of top and bottom as shown 
in FIG. 4c he strikes the numeral 3. Where the character is en 
closed on 3 or 4 sides as in FIG. 4d he strikes 4. For a clear 
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4 
separation of upper left and lower right, or lower left and 
upper right as shown in FIGS. 4e and 4f he strikes 5 or 6 
respectively. For the configuration of FIG. 4g he strikes 7 on 
the keyboard. 
However, because the seven arrangements of FIGS. 4a to 4g 

do not account for all possible forms, the operator arbitrarily 
responds to those not shown by striking the numeral 1. In 
cases where more than one arrangement of the sections shown 
may be possible, the operator strikes the lowest possible nu 
meral. 

In all these cases the operating network 16 responds by 
establishing biasing voltages on the beam deflecting elements 
of the tube 20 which confine element images to first the left 
section, or if there is no left section then the upper section, 
and after the operator enters an asterisk", the right section or 
if there is no right section then the lower section. 
Certain side by side entities when they occur alone are con 

sidered properly to be identified by the numeral 2. However, 
when they are combined with other forms as sections they are 
considered as if they were contiguous. These exceptions are 
shown in FIG.S. 

Contiguous structures are never split in determination of 
grossform numerals. Any structure is considered contiguous if 
any stroke necessarily or incidentally touches or crosses 
another stroke. Examples of such contiguous structures ap 
pear in FIG. 6a. Any structure composed of a series of parallel 
lines, dots or curves with no intervening strokes such as shown 
in FIG. 6b are considered to be contiguous for the purposes of 
FIGS. 4a to 4g. Moreover a structure is contiguous if it con 
sists of horizontal lines immediately above or below a rectan 
gle. Examples of such contiguous structures are shown in FIG. 
6c. Other structures which are considered contiguous are ones 
with a dot immediately above any horizontal line or the 
horizontal portion of any element or structure including 
rectangles. This is shown in FIG. 6d. 
Characters are typed on the keyboard with the defining sec 

tion first followed by the remaining section or sections in 
order from upper left to lower right. The so-called defining 
sections of each of the gross forms in FIGS. 4a to 4g are 
shaded. They are the entire character in FIG. 4a, the left sec 
tion in FIG. 4b, the uppersection in FIG.4c, the enclosing sec 
tion in FIG. 4d, the upper left section in FIG. 4e, the upper 
right section in FIG. 4f, and the lower left section in FIG. 4g. 

In entering characters in the keyboard, the gross form nu 
meral corresponding to the arrangement of sections is written 
before the first element of the first section. After the numeral 
or number indicating gross form is entered and the operating 
network 16 establishes appropriate bias, the elements 22 of 
the character are typed. The elements 22 are entered from 
upper left to lower right, element by element, with upper tak 
ing priority over left and with the exceptions that containers 
precede the elements contained and over-writing elements fol 
low the elements they over-write. Relative juxtaposition of 
elements is indicated by the vowel of the elemental syllable as 
illustrated in FIG. 7. FIG. 7 illustrates several pairs of elements 
with their appropriate alphabetic nomenclature and shows 
how the nomenclature follows the elements' juxtaposition. 
After the numeral, as each pair of letters is typed to 

represent an element 22 and its position, the operating net 
work 16 again performs the image positioning functions illus 
trated in FIGS.3a to 3e. However, if the pairs of letters follow 
the numerals 2 to 7 the operating network 16 first fills the 
square of FIGS. 3a to 3e. As each element is entered it com 
presses the prior elements and shifts their position to accom 
modate the newly entered element. When an asterisk * mark 
ing a succeeding section is entered, the network 16 confines 
previously entered elements to the area of the respective 
defining section and and controls the beam deflecting poten 
tials to confine the elements following the asterisk to the other 
section or sections of the character. The first vowel in each 
section is always a, unless the first element is laterally dis 
placed. Examples of this sequence appear in FIGS. 8a to 8f 
and 9a to 9d. Here the letters below each figure indicate the 
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nomenclature entered and the image formed at each particu 
lar stage in forming the character. The elements which are 
basically dots, namely those defined by va, av, ca, and ac may 
vary only slightly in size and so occupy only a portion of the al 
lotted space rather than a whole space when they start a sec 
tlOn. 

FIG. 10a and 10b tabulate the properties of all the elements. 
While most of these properties are inherent in the form of the 
respective elements some are arbitrary. Such arbitrary proper 
ties include mutant q-forms, containment function restricted 
to a portion of the element, crossover function restricted to a 
portion of the element and restricted juncture. 
The column q in FIGS. 10a and 10b illustrate mutant forms 

for the elements on their lines. The network 16 responds to a q 
typed after typing of the elemental nomenclature by changing 
the image of that element on tube 18 to its mutant form. When 
a q follows the nomenclature of elements for which they are 
no q forms in FIGS. 10a and 10b the network 16 merely ex 
tends the image of the element on the tube 18 in length. 

FIGS. 10a and 10b have a column of stroke counts, S/C. 
These values are available for automatic indexing of typed 
characters according to total stroke count when using a com 
puter. 
Most elements exhibit the property of containment, that is 

other elements may occasionally be written within their com 
pass. The column headed “Containment”, in FIGS. 10a and 
10b shows those elements possessing this property. The por 
tions of those elements employed in this function are marked i 
and o. 

In Chinese characters some elements possess the property 
of over-writing other elements. These are indicated in the 
typed nomenclature by the u-ablaut, that is the u variation, of 
the elemental vowel such as but or ul. In FIGS. 10a and 10b the 
column headed u-ablaut shows those elements which function 
in this manner. Some of these function totally, that is, any part 
of the element may over-write other elements. Some elements 
possessing u-ablaut are restricted in this function, with only 
part of the element over-writing other elements. Those parts 
are marked with a small circle in the illustration. 

All elements possess the property of incidental juncture, 
that is they touch other elements at points determined by their 
respective forms and juxtaposition. Elements which do not 
touch are parallel elements or the parallel portions of ele 
ments, reduplicated elements or elements in reduplicated 
structures, and elements with intervening elemental space. 
Four elements, the left and right slants, pa and ap, the right 

dot ac, and the left acute angle ra also possess restricted junc 
ture. The illustrations FIG. 10a and 10b under the heading 
called "uncture' show that when an element pa or ap is 
horizontally juxtaposed with the free horizontal portion of 
another element, or vertically juxtaposed with the free vertical 
portion of another element, that element touches the slant at 
midpoint. The effect is similar to oblique juxtaposition. The 
left acute angle ra, when juxtaposed below the left angle la, 
meets it at the mid-point of its own slant portion. The right dot 
ac meets the left and right acute angles and the slant step in 
the manner illustrated. 

All g-forms, exhibit incidental juncture only. 
The printer 20 possesses an optical system 30 for focusing 

the image on tube 18 onto a photographic recorder 32. The 
latter shifts with each entry of a number 1 - 7 to a new space 
to start the image of a new character. 
To use the typewriter, the operator first sets the recorder 32 

to start with the first image. The defining section of any 
character is typed first, proceeding from upper left to lower 
right, one horizontal level at a time. Upper always takes priori 
ty over left except that containers precede the elements con 
tained and over-writing elements follow the elements they 
over-write. Where ambiguity may arise, as in over-writing over 
only one other element, horizontal precedes vertical in the en 
tries. The network 16 always evenly divides the space availa 
ble for writing. The elements are evenly spaced within each 
level, and the various levels and columns are evenly spaced 
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6 
within the section or character. Symmetry and mirror image 
symmetry are obtained wherever possible. 

Since typing proceeds from top to bottom, containment 
cannot occur from below, but is viewed as a process occuring 
at the same level as the container. The container is that ele 
ment immediately preceeding the contained element re 
gardless of the complexity of the structure. Elements within 
the container follow the usual juxtapositional rules but they 
are removed from the larger juxtapositional stream. Thus the 
element following the contained elementis juxtaposed relative 
to the container preceding. No mark is made to show the con 
tainment terminal for a single contained element. Where such 
cases occur the absence of a marker indicates that only the 
ablauted element is contained. When more than one element 
is contained it is necessary to mark the terminal so that am 
biguity of juxtaposition is avoided. The containment terminal 
marker, ), is entered immediately following the last contained 
element. The element following the closed parenthesis is jux 
taposed relative to the container. Some examples occur in 
FIG. 11. The network 16then varies the image accordingly. 

Occasionally an operator encounters a container which is it 
self contained. In such cases he types according to the usual 
rules with the qualification that when more than one element 
is contained in the inner container that terminal is typed as ) 
and the outer container terminal is doubly closed )), when 
necessary to avoid ambiguity. Examples appear in FIG. 12. 
The network 16 varies accordingly. 
The square ma may contain only one element. In cases 

where a square contains more than one element the full space 
square am is entered and the network 16 fills the space availa 
ble for writing. The oblong rectangles na and an may contain a 
single element although they more often contain two and rare 
ly more than two. Some examples appear in FIG. 13. As con 
tained elements are removed from the larger juxtapositional 
stream, so are they removed from the size determination in 
herent in that stream. The size of contained elements is deter 
mined by the size of the container and thus is only indirectly 
affected by the larger configuration. Thus the operator after 
entering such elements causes the network 16 to make no 
changes in the biasing potentials on the tube 18. 
The network 16 must occasionally create a space necessari 

ly occuring between elements that might otherwise touch. In 
the nomenclature such space is indicated by the symboly fol 
lowed by the appropriate juxtapositional vowel. It behaves like 
any other element. That is, it serves as a juxtapositional 
referent that may be contained or overwritten or both, or may 
be marked by terminal markers, and its size is determined in 
the same manner as any other element in the same structure. 
An example of its use appears in FIG. 14. Sometimes elemen 
tal space is required within a structure to secure proper spac 
ing and size of other elements. An example appears in FIG. 15. 
Sometimes space may be required as part of an element, in ef 
fect a shortening of the element, quite the opposite of the ex 
tension indicated by q. In such an instance the lettery is dou 
bled and does not employ a vowel of its own nor affect jux 
taposition. The space applied is considered part of the marked 
element following, as in the example of FIG. 16. The network 
16 adjusts the elements accordingly, 
The vowel i and o are also used to create lateral displace 

ment of elements to the left and right respectively of the verti 
cal center line of the image being formed by the network 16. 
Thus, elements displaced above crosses are juxtaposed above 
the horizontal crossbar and are typed as in FIG. 17. If the ele 
ment below a displaced element is also displaced, then it is 
also typed with a displacing vowel. But if the element below a 
displaced element is aligned with the vertical center line of the 
structure being typed, then it is typed with normal juxtaposi 
tional vowel e or sometimes u if it overwrites. Examples ap pearin FIG. 18. 

In FIG. 1 the operating network 16 responds to the typing 
upon the keyboard 12 and the resulting output from the trans 
ducer 15 by energizing one of five generators 34, 36,38, 40 or 
42. The consonant signal generator 34 is composed of 
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separate pulsers, respective ones of which emit a pulse in 
response to typing of the letters p, b, t, d, k, g, s, z, f, v, m, n, c, 
j, l, r, x, or h. The vowel signal generator 36 is composed of 
separate pulsers, each responding to one of the vowels a, e, i, 
o, or u. The numeral signal generator 38 possesses respective 
pulsers responding to numerals l through 7. The reset signal 
generator 40 possesses pulsers each responding to one of the 
symbols", ),)), (, , and blank space. A miscellaneous genera 
tor 42 possesses pulsers responding respectively to the typing 
of q, y, w, /. An element selector generator 44 responds to a 
pulse from one of the pulsers in the consonant signal generator 
and one of the pulses from the vowel signal generator, when a 
consonant and a vowel follow each other, to produce outputs 
along preselected output lines 46 on the basis of whether the 
consonant preceeded the vowel or the vowel preceeded the 
consonant. Thus, for the eighteen consonants entered into the 
keyboard combined with suitable vowels, as previously 
described, the element signal generator emits signals along 36 
output lines 46. The signals along the lines 46 energize the ap 
propriate gate in a time sharing selector gate system 48 which 
receives the horizontal and vertical voltages coming from an 
element voltage former 50 that generates horizontal and verti 
cal voltage signals corresponding to each of the 36 elements so 
that they can be formed with these voltages by applying them 
to the deflection plates on a cathode ray tube. The time shar 
ing selector gate system 48 further fits the selected elements 
that have been typed into the keyboard and indicated by the 
elements selector generator into successive time slots on a 
time sharing multiplex basis. 
At the same time, a position and size computer 52 receiving 

the output signals from the elements selector generator 44 and 
the vowel signal generator 36 as well as the numeral signal 
generator 38 computes the size each element is to be as such 
element is entered on the basis of the number of elements in 
each horizontal level and the number of horizontal levels in 
each structure, section and character. Computer 52 also com 
putes the position each element is to occupy on the basis of 
the particular vowel with which it is associated that deter 
mines whether it is below, to the side, or otherwise juxtaposed 
relative to a previous element and whether it is to occupy one 
or another portion of the character, that is section, as deter 
mined by the numeral signal generator. The computer 52 
operates a time sharing position and size biasing network 54 
that suitably attenuates and applies DC biasing potentials to 
each of the signals in each of the time slots emerging from the 
time sharing selector gate system 48. An adjustment circuit 56 
passes the signal from the time sharing position and size bias 
ing network 54 to the deflection plates of the cathode ray tube 
18. This adjusting circuit 56 may at the operator's option be 
manually controlled so that the ultimate appearance of the 
character on the scope conforms to normal esthetic principles. 
The operator may also control it manually so that desirable 
options such as bold-face, under or side-lining and the like 
may be employed. 
The position and size computer 52 also establishes outputs 

which respond to the output from the miscellaneous signal 
generator in response to the nomenclature q, y, w and / being 
typed. The typing of the letter q biases the particular element 
into its mutant form. This involves the use of attenuating and 
biasing networks. 
An example of some of the details of the circuits in the net 

work 16, particularly the manner in which the element selec 
tor generator 44 is contemplated or operates appears in FIG. 
18A.. Here, as mentioned, the consonant signal generator 34 is 
composed of eighteen pulsers 58 each responding to one of 
the consonants being typed. Similarly, five pulsers 60 con 
stitute the pulsers of the vowel signal generator 36. The ele 
ment selector generator 44 further comprises OR circuit 62. 
The OR circuit 62 applies a signal, when any of the pulsers 60 
are actuated by typing any one of the vowels, to one of 18 
sequence discriminator circuits 64 in the element selector 
generator 44. One of such sequence discriminator circuits 64 
appears in detail. In addition to receiving signals from the OR 
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8 
circuit 62 it receives signals from its associated consonant 
pulser 58. The purpose of the circuit 64 is to determine 
whether the consonant signal arrived before the vowel signal 
or the vowel signal arrived before the consonant signal, 
When a consonant signal arrives first the pulser 58 being ac 

tivated applies a pulse signal to one side of a flip-flop circuit 
66 and switches it from its quiescent stable condition to its ac 
tive stable condition where it applies a signal to an AND cir 
cuit 68. Since the flip-flop circuit 66 is stable it continues to 
apply the signal to the AND circuit. At the same time, the 
pulser 58 applies a simple pulse to an AND circuit. 70. How 
ever, this pulse lasts only momentarily and is short enough so 
that it will remove the signal from the AND circuit before a 
subsequent signal arrives. Upon a vowel being entered into the 
keyboard 12 and one of the pulsers 60 applying a signal to the 
OR circuit 62 a pulse is applied to the AND circuit 68 having 
the flip-flop signal thereon. At the same time the same pulse 
shifts a flip-flop circuit 72 from its quiescent state to apply a 
continuous signal upon the AND circuit 70. The pulse upon 
the AND circuit 68, when combined with the continuous 
signal from the flip-flop 66, acuates the AND circuit 68 to 
shift a flip-flop 74 into its active stable state. This produces an 
output at the line 76 indicating that the consonant of the pair 
of vowel consonant combination arrived first. An OR circuit 
78 responding to this output applies a suitable signal to a line 
79. The latter carries the signal to all the flip-flops in the 
sequence discriminator circuit 64 so as to set them into their 
quiescent state for the arrival of subsequent consonant vowel 
combinations. The flip-flops are set through diodes 80. 

In the event that the vowel signal is entered first the signal 
from the OR circuit 62 first shifts the flip-flop. 72 to its active 
state and applies a continuous signal at the AND circuits 70. 
Only a pulse of short duration appears at the AND circuit 68. 
This goes away almost immediately. By the time the successive 
consonant pulse arrives at the flip-flop 66 the AND circuit 68 
is inactivated. However, at the same time, the pulse appears at 
the AND circuit 70 and activates a flip-flop 82 to produce an 
output at the line 84 indicating that the vowel precedes the 
consonant. The OR circuit 78 again then shifts all the flip-flop 
circuits back to their quiescent state for the upcoming vowel 
consonant combinations. 

In this manner, for each consonant there can exist two ele 
ments which are properly selected in the time sharing selector 
gate system. The outputs along the line 76 and 84 and their 
corresponding outputs from other circuits 64 are applied to 
the position time computer as described with respect to FIG. 
1. 

The circuit of FIG. 1 is thus able to respond to entries by 
producing any character existing in the Chinese language, and 
if desired, its output may be changed by manual adjustment in 
the adjustment circuit 56. After each character is entered and 
a new character is started by means of the numeral being en 
tered into the keyboard, the optical system 30 records the pic 
ture of the character on the face of the cathode ray tube 18 
onto the printer 32 and a motor Madvances the printer 32 in 
position for the next character. 
To achieve a certain amount of elegance and require a 

minimum of manual adjustment the computer 52 in the net 
work 16 performs certain biasing functions and is pro 
grammed to do this in response to particular inputs. For exam 
ple, if elements are displaced to both right and left the com 
puter 52 and the network 16 places the right element on the 
same level as the immediately preceeding left element as in 
the examples of FIG. 19. When the elements are spread across 
a horizontal level none are considered displaced and the ele 
mental space is used to achieve proper spacing and size as in 
the examples of FIG. 20. This involves the use of the lettery. 
The position and size computer operates to obtain the result 
ing character configuration in the computer. In ambiguous 
cases which are fortunately very rare, any structure beginning 
with a displaced element and following other structures in the 
same section is vertically juxtaposed by the computer 52. This 
is shown by the position of ocedpu in the example of FIG. 21. 
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A blank space is entered before such displaced element for 
clarity. 
When a cross, oblique cross, or slant cross is juxtaposed 

below other elements the position and size computer places 
the upper portion of the cross in such a position as to 
penetrate any free space in the structure above. In other 
words, wherever such space exists the horizontal cross bar, or 
midpoint in the case of the oblique cross, is the juxtapositional 
referent. Examples are shown in FiG.22. 
The computer 52 creates overwriting by responding to the 

letter u to form the so-called u-ablaut of the vowel of the over 
writing element, which is written following the elements over 
written. In its simplest form overwriting extends over all previ 
ously written elements as in the examples of FIG. 23. The 
signals from the reset signal generator 40 of the terminal 
marker, (, causes the computer 52 to create an end to the 
overwriting. When overwriting elements composed of single 
lines in one direction the operator enters the terminal marker, 
(, and the computer 52 places the boundary immediately 
preceding the bounded element. This is shown by the exam 
ples of FIG. 24. For elements such as corners or rectangles 
which have both horizontal and vertical or slant componants, 
the computer 52 responds to the marker being placed before 
the element to indicate top and/or left boundary and the 
marker after the element to indicate right and/or bottom 
boundaries. Precise indications of boundary are necessary. to 
distinguish structures of similar form, as in examples of FIG. 
25. Here the boundary markers clearly distinguish between 
the last two structures. 
The computer 52 is also set to respond to additional rules 

which the entering operator follows to lend additional un 
derstanding and elegance to the typing procedure. For exam 
ple, placement of the overwriting terminal marker after an ele 
ment representing a rectangle or corner may cause some am 
biguity with respect to the element following. The computer as 
well as the operator follow the rule that the marker is assumed 
to mark a boundary on the rectangle or corner as in example 
FIG. 26. However, in cases where the boundary lies on the fol 
lowing element the computer 52 and the operator follow the 
rule that a blank space precedes the marker for clarity. Such 
instances are infrequent but occur in such structures as shown 
in FIG. 27. 

If only the elements within a container are overwritten then 
the computer 52 as well as the operator follow the rule that 
the overwriting element is written within the terminals of the 
containment and may not overwrite them. Examples appear in 
FIG. 28. If an element overwrites the container as well as the 
contained, then the operator and the computer 52 follow the 
rule placing it outside the terminals of the containment as 
shown in FIG. 29. When an overwriting element vertically di 
vides a container containing elements not overwritten, then 
the overwriting element is written first and the contained ele 
ments are juxtaposed relative to the overwriting element as 
shown by the examples in FIG. 30. Overwriting elements 
horizontally dividing a container which contains elements not 
overwritten follow the rule that the overwriting element is 
written first and contained elements are juxtaposed relative to 
the immediate preceding container as in examples of FIG. 31. 

Since corners and angles are composed of components in 
two directions the operator and computer must make a choice 
when they are overwritten. For overwriting by horizontals or 
verticals the crossing point is incidentally determined, that is 
horizontals cross the verticals or the slant portion while verti 
cals cross the horizontal portion of corners and angles. For 
overwriting by slants the rules are that left slant crosses the 
upper portion of corners and angles and right slant crosses the 
lower portion of corners and angles. Examples of this are 
shown in FIG. 32. Crosses, which overwrite only above the 
crossbar, are overwritten only below the crossbar. The cross 
bar itself does not overwrite. FIG. 33 illustrates some exam 
ples. 

In overwriting corners and angles or any container it is con 
venient to apply the following restrictions so that the com 
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10 
puter and the operator perform according to the following 
rule: Any element whose overwriting portion consists of a sin 
gle straight line overwriting one side one side of a container, 
be it a single element or a structure of more than one element, 
may overwrite any parallel side and any contained elements of 
such container not terminally marked, but may not overwrite 
any non-parallel side as in the examples of FIG. 34. 
For convenience the circuit 16 and partially the computer 

52 are arranged so that it follows the other rules set for the 
operator entering the elements, as follows: 

Because of the restricted overwriting function of certain 
elements and additional restrictions imposed by these writing 
rules under certain conditions some elements may not be writ 
ten but must be synthesized from simpler elements. Chief 
among such cases are the crosses. The examples of FIG. 35 
clarify this rule. 

Dots, ca and ac, latterly displaced to the left or right of the 
vertical center line of any structure may not be overwritten by 
any vertical or mutant slant within that structure; that is they 
are displaced beyond the reach of the overwriting. In struc 
tures composed of a series of successive overwritings, jux 
taposition is determined incidentally. However, a series of 
parallel or partly parallel overwritings are vertically jux 
taposed if the overwriting elements are horizontal. Moreover 
they are horizontally juxtaposed if the overwriting elements 
are vertical. Examples of these three cases appear in first three 
characters of FIG. 36. To achieve consistency in the nomen 
clature when choosing the overwriting element in ambigious 
cases, the operator and computer 52 follow the priority rules 
that first the element which overwrites the most elements is 
the overwriting element. Second, the simple element over 
writes the complex, and third, vertical overwrites the horizon 
tal. 

To further avoid ambiguities all non-mutant q-forms extend 
from their starting point to the limit of the space available for 
writing. No problem arises from the case of horizontals, but in 
the case of verticals it is useful to observe the following rule: 
Any element juxtaposed horizontally with respect to a vertical 
q-form shall evenly divide the space to the right of such q-form 
with those elements juxtaposed directly below it. The exam 
ples of FIG. 37 help clarify the operation of this rule. 
Sometimes portions of a character may exhibit a complexity 

which requires juxtaposition of structures rather than ele 
ments. Such juxtaposition is called resection and is of two 
types, horizontal and vertical. Horizontal resection, indicated 
by the resection marker, 1, followed by an element in horizon 
taljuxtaposition, means that the structure following the resec 
tion marker is written at the same horizontal level as the struc 
ture preceding, back to the previous boundary. The computer 
and the remainder of circuit 16 perform this function in 
response to the resection marker. If a boundary must be sup 
plied, the resection terminal marker, -, is used. An example of 
such a character and its typing entry appears in FIG.38. Verti 
cal resection, indicated by the resection marker, 1, followed 
by an element in vertical juxtaposition occurrs when a vertical 
q-form appears in some structures, and it is necessary to mark 
a terminal to its otherwise continuing extent. An example of 
such a character and its entry form appears in FIG. 39. An ad 
ditional marker to indicate the final terminal of resection is 
unnecessary since all such resections seem to compose sec 
tions of characters and the boundaries are inherent. 

Resection can be avoided through resort to economical al 
ternatives achieved through the writing rules. For example, 
the structure shown in FIG. 40 can be written using resection 
as shown by the first typed entry in FIG. 40 but is more 
economically rendered by resorting to containment rather 
than resection nomenclature as shown in the second entry. 
A phenomenon similar to resection, but simpler and more 

frequent in occurrence, is reduplication. Significant economy 
is obtained in the nomenclature in cases where structures 
rather than elements are reduplicated. The reduplication 
marker w followed by appropriate vowel is placed immediate 
ly following the last element in the structure to be 
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reduplicated. If the reduplicated structure is a section or con 
tainer other markers may intervene. 

Reduplication applies to all preceding elements back to 
preceding boundary. If necessary to indicate a boundary the 
resection terminal marker, - , is used. Some examples of 
reduplication are illustrated in FIG. 41. 
The hooks, elements ha, ah are unique in the table of ele 

ments, being the only elements, aside from elemental space of 
course, with zero stroke count. Under most ordinary circum 
stances the hooks may be conveniently and economically 
ignored, as in fact they are ignored in many type fonts and 
writing styles. There are certain situations in which the hooks 
served a discretionary function, being the only element distin 
guishing two otherwise identical characters. An example ap 
pears in FIG. 42. In such cases, which are very rare, the hook 
may not be ignored. If for asthetic reasons a user wishes to em 
ploy the hooks, a few criteria must be used. The left hook hais 
actually a clockwise hook differing in orientation depending 
upon its juxtaposition. Thus, the character shown in FIG. 43 
contains two hooks, ha and he. The hook may not contain 
other elements and may not overwrite or be overwritten, and 
juxtaposition is relative to the element to which the hook is at 
tached, that is the element immediately preceding. In a similar 
fashion the right hook is counter-clockwise as shown in FIG. 
44. 
For achieving essential consistency in the nomenclature, 

structures should be such as to use the fewest possible ele 
ments, consistent with the writing rules. Elements themselves 
may be synthesized only when it is not possible to write a 
structure within the limitations imposed by the writing rules. 
In other cases, the operator should use the minimum possible 
number of elements and other indicators. 

It will be noted that the writing rules serve mainly to reduce 
the number of entries necessary for achieving a particular 
result in the ultimate output. The computer 52 needs simply to 
be programmed for such an arrangement. 

FIG. 45 illustrates a system for transmitting Chinese lan 
guage characters back and forth over distances. Here the out 
put of the transducer 15 in the circuit 10 is transmitted 
directly across a line or other transmission medium 80 to a 
receiving station composed of a circuit 16 and 20. The receiv 
ing station also has a transmitter corresponding to the circuit 
10 which in turn can transmit signals over the transmitting 
medium 80 back to the original transmitter having circuit 16 
and a circuit 20. 
The invention may also be utilized in entering information 

into a memory for the purpose of classification. Here as shown 
in FIG. 46 a memory is placed between the circuit 10 and the 
circuit 16. Information from the transducer 15 is fed into the 
memory and retrieved by a read-out device 88 from which it 
may be fed to the circuit 16 when the information is desired. 
The read-out device may also retrieve the stored information 
and transmit it to a classifying device 90, or to a transmitting 
medium for read-out elsewhere. 
FIG, 47 illustrates still another embodiment of the inven 

tion. Here an input mechanism 102 corresponds to a conven 
tional typewriter having a keyboard 104, but includes a trans 
ducer 106 that transmits electrical signals corresponding to 
the letters and symbols being struck on the keyboard as in 
FIG. 1 into an electronic memory 108. The latter stores the 
transmitted signals until a signal marking the end of a 
complete Chinese language character is struck on the 
keyboard. The memory 108 then energizes a scanner 110. 
The scanner 110 scans the memory 108 and transmits the 

number of elements to an element counter 112. The latter 
recognizes the complexity of the character and the apropriate 
size of the average element. It enters the information into a 
size selector 114. The latter also receives information from an 
element selector 116 which from the scanner 110 has entered 
therein the first scanned element together with the gross form 
of the character so the size selector 114 can consider whether 
the element is part of an enclosing or enclosed section. 

5 

12 
The element selector 116 energizes a mover 120 composed 

of a motor that axially moves a frame 122. The latter supports 
a set of coaxially arranged type discs 124. Each type disc 124 
carries on its edge raised type faces in the form of one of the 
elements in graduated sizes within the size range suitable for 
such elements in Chinese language characters. The mover 120 
moves the frame 122 until the disc having the element 
selected by the element selector 116 and the area of the 
character section to be typed on a paper carried by a platen 
126 are juxtaposed. The size selector 114 energized by the 
stroke counter 112 starts a motor 128 which rotates the discs 
on the frame 122 until the correct size of typeface on the disc 
appears opposite the typing area for the character to be typed. 
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The scanner 110 now energizes a horizontal positioner 130 
and vertical positioner 132 that raises and lowers the platen 
134 so as to place the element type face on the disc opposite 
the portion of the space in which the character is to be typed 
that will be occupied by the element on the disc. The element 
is then struck. The scanner 110 goes to the next elements to be 
entered until the entire character is typed. An operator then 
enters the next character in the keyboard. The platen is shifted 
manually or automatically to the next character position on 
the paper. w 
An indexer 136 responding to the memory 108 receives the 

entry for each character and stores it. It also alphabetizes the 
character on the basis of its English language spelling so that 
the scanner 110 can trigger it and retrieve the character as 
desired. 

In effect the keyboard 104, memory 108 and indexer 136 
form a complete indexing system of its own. An operator need 
merely enter each character by its elements into the indexer 
136 through the memory 108. The indexer 136 then arranges 
the characters on the basis of their entry alphabet. To read out 
the scanner 110 or other means recovers the alphabetized in 
formation from the indexer 136. The indexer may for example 
be a punch tape arrangement or punch card arrangement that 
allows for alphabetical recovery. 

FIG. 48 illustrates still another embodiment of the inven 
tion. Here the keyboard 104 energizes the indicators 158 
shown and feeds them into a memory 160. A computer 162 
determines the character configuration and number of sec 
tions. It counts the structures and elements horizontally and 
vertically within sections to determine the sizing and spacing. 
The computer 162 then feeds this information back into the 
memory and to a printer 164 as instructions for printout. 
While embodiments of the invention have been described in 

detail it will be obvious to those skilled in the art that the in 
vention may be embodied otherwise without departing from 
its spirit and scope. 

I claim: 
1. The method of encoding and decoding non-alphabetic 

characters comprising, entering into a storage device a given 
symbol defining one of the elements in the character, succes 
sively entering into the storage device given symbols defining 
other elements in the character, and entering with the given 
symbols defining other elements in the character given ones of 
a finite plurality of predetermined symbols defining the posi 
tions of the other elements relative to the element defined by the previous symbol. 

2. The method in claim 1, further comprising entering in the 
storage device a symbol defining the gross form of the 
character so as to divide the character into sections, and only 
thereafter entering the given symbol defining said one of said 
elements, and completely entering the symbols defining the 
elements in one section of the character before proceeding to 
enter the symbols of elements in another section of the 
character. 

3. The method of claim 1, which further comprises trans 
mitting the symbols in said storage device to readout means, 
and converting the symbols to the elements and printing the 
elements. 

4. The method as in claim3 which further comprises count 
ing predeterminal ones of said elements that have been en 
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tered while ignoring predetermined others of the entered ele 
ments, and adjusting the size of the individual ones of the ele 
ments as they are printed and on the basis of the number of 
elements counted. 

5. Apparatus for encoding and decoding non-alphabetic 5 
characters, comprising information storage means, first enter 
ing means for successively entering into said storage means 
predetermined symbols defining elements in said character, 
second entering means for successively entering into said 
storage means given ones of a finite plurality of predetermined 10 
symbols defining the position of each element relative to the 
previous element, and means for utilizing the symbols entered 
into said storage means. . 

6. Apparatus as set forth in claim.5, further comprising 
gross form entering means for entering into said storage means 
a symbol defining the gross form of the character to be en 
tered. 

7. Apparatus as in claim 5, further comprising means 
responsive to said storage means for reconverting said symbols 
to elements, and means for printing said elements out so as to 
reconstitute said character. 

8. Apparatus as in claim 7, wherein said means for recon 
verting includes type faces and said means for printing in 
cludes a type platen. 

9. Apparatus as in claim 7, wherein said means for recon 
verting include a scope, and said printing means include opti 
cal means for recording the image formed on said scope. 

10. Apparatus as in claim 7, further comprising means for 
counting predetermined ones of said elements which have 
been entered, means for ignoring other ones of said elements 30 
which have been entered, and means for adjusting the size of 
the individual ones of the elements as they are printed on the 
basis of the counting. 

11. The method of forming non-alphabetic characters com 
prising, entering into a system a first symbol, entering a pair of 35 
symbols, forming the image of one of a finite plurality of ele 
ments on the basis of the first of said symbols, forming an 
image of one of a finite plurality of elements on the basis of 
one of the pair of said symbols, and juxtaposing the images 
relative to each other in one of a plurality of finite juxtaposi 
tional relationships on the basis of the other of said symbols in 
said pair. 

12. The method as in claim 11, further comprising the step 
of adjusting the sizes of the images on the basis of the number 
of images. 

13. The method as in claim 11, further comprising the steps 
of entering additional pairs of symbols, entering a gross form 
symbol, forming an image of one of a finite plurality of ele 
ments for each pair of symbols entered on the basis of one of 
the symbols in each pair, juxtaposing the images relative to 50 
each other in one of a plurality of finite juxtapositional rela 
tionships on the basis of the other of the symbols in the addi 
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14 
tional pairs of symbols entered, and adjusting the juxtaposi 
tional relationships of groups of images relative to other 
groups of images on the basis of the gross form symbol. 

14. The method as in claim 11, further comprising the steps 
of entering a gross form symbol, confining the images in one 
area defined by the gross form symbol, adjusting the sizes of 
the images on the basis of the defined area, entering additional 
pairs of symbols, forming an image of one of a finite plurality 
of elements for each pair of symbols entered on the basis of 
one of the symbols in each pair, juxtaposing the images rela 
tive to each other on the basis of the other of the symbols in 
the additional pair of symbols entered, confining the images in 
another area defined by the gross form symbol, and adjusting 
the sizes of the images on the basis of the other defined area. 

15. The method as in claim 11, wherein the images are 
formed on the basis of each symbol entered in the form of 
hooks, crosses, boxes and curves. 

16. An apparatus for forming non-alphabetic characters, 
comprising control means, a finite plurality of first entering 
means for successively entering into said control means 
ESSEE symbols defining elements in the character, a ite plurality of second entering means for entering into said 
control means with each of said predetermined symbols given 
symbols defining the position in each element relative to the 
previous element, forming means responsive to said control 
means for successively forming one of a finite plurality of 
predetermined images based on each of the symbols entered 
into said first entering means, and positioning means in said 
forming means for juxtaposing each of the images relative to 
each other in one of a finite plurality of juxtapositional rela 
tionships on the basis of the symbols entered by said second 
entering means. 

17. An apparatus as in claim 16, wherein said forming 
means includes size adjustment means responsive to said con 
trol means for adjusting the size of the images on the basis of 
their number. 

18. An apparatus as in claim 16, further comprising third 
entering means for entering with a plurality of predetermined 
symbols a symbol defining an area to be occupied by a given 
plurality of said symbols and another area to be occupied by 
another plurality of images. 

19. An apparatus as in claim 18, wherein said forming 
means includes size adjustment means responsive to said con 
trol means for adjusting the size of the images on the basis of 
number in the defined area. 

20. An apparatus as in claim 19, wherein said forming 
means forms on the basis of symbols entered, hooks, crosses, 
boxes and curves. 

21. An apparatus as in claim 16, wherein said forming 
means forms, on the basis of the symbols entered, one of a plu 
rality of hooks, crosses, boxes and curves. 
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