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SPECIFICATION

Processing system and phonetic-based method of
selecting and reproducing picture language
characters

Background of the invention

The presentinvention relates to a system forand
method of selecting and reproducing language
characters. More particularly, the method relatesto a
phonetic-based method for selecting a desired
characterin one of the picture languages froma
group consisting of thousands of character
possibilities. The term “picture languages” refers
generally to languages in which character
reproduction is not based upon a simple alphabet,
butwhich is based upon characters which have been
derived from pictorial representations overalong
period oftime, i.e., Chinese, Japanese, etc. Such
languages will be referred to generally herein as
oriental languages. The system for performing the
method utilizes a particular combination of digital
computerlogic and memory elements, anda
cathode ray tube (CRT) display with a transparent
touch screen overlay for operator input commands
tothelogicelements. \

Oriental languages are generally characterized in
that they include an exceedingly large number of
written characters, and that the character
representations are generally derived from orare
pictorial representations representing entire words
or phrases. Forexample, the Chinese language
contains more than 40,000 distinct characters, of
which approximately 10,000 charactersarein
common everyday usage in language, and the
remaining characters are less frequently used.
Languages ofthis nature have been
characteristically reproduced by hand manipulation
of a pen or brush, although mechanical reproduction
is possible.

Tothe extentthat oriental languages have been
machanically reproduced in printed form, the
machinery for achieving this reproduction has
historically consisted of large mechanical machines
which can printindividual charactersin columns and
rows using fonts which are accessiblein alarge
selection matrix. Oriental language printing
machines have required considerable operator skill
for efficient use, for the machines usually require a
close interaction with an operatorin orderto
function.

With the advent of computer technology a variety
oftechniques have been developed for electronically
processing characters in the oriental languages. In
general, these techniques have involved the use of
more or less “standard” keyboards normally
associated with computers. One technique involves
assigning several identities to a number of different
keys, and specific characters are accessed from the
computer memory by depressing individual
keyboard keys in predetermined sequences. This
provides coded instructionsto the program logic of
the computer identifying the specific characterto be
reproduced. Another technique utilizes Romanized
characters as a selection inputto the programmed
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computerlogic, and yet another technique employs
coding by numbers. These techniques are typified by
the so-called cang jie method, the method of first/last
stroke plus phonetic discriminator, the romaji
conversion method, and the telegraphic code
method.

Using the cang jie method, the operator must
memorize the keyboard of the computer processor,
including the cang jie representations of character
fragments and must learn which keys each ofthe
representations are on. Each key typically serves
morethan one cang jie symbol. When using the
machine the operator mentally separates characters
to be processed into their componentfragments,
and then obtains the desired character by pressing
keysforcang jie equivalents of character fragments
inthe proper sequence, asthough he were
constructing the character by hand. The machine
uses programmed logicto interpret the input key
strokes and converts them to the desired characters.
Selection by the machine of the proper character is
facilitated by programmed grammar, and the
operator reverts to use of a numerical code table if
the cang jie formis unknown or is nonexistent.

Thefirst/last stroke plus phonetic discriminator
method requires thatthe operator memorize the
computer processor keyboard, and in particular
which strokes are available and which keys represent
the strokes. Also, the operator mustlearn which
phonetic symbols are available and which keys the
phonetic symbols are associated with. When using
the machine, the operator examines the characters
to be processed, and identifies the first and last
stroke making up each character. He then must know
which characters can be distinguished on the basis
of first and last stroke only, and which ones need a
phonetic discriminator. The operatorentersa
character by pressing appropriate keys for the first
and last stroke and the phonetic discriminator, if
required, in the proper sequence. The computer
processor uses programmed logic to interpretthe
input key strokes and converts them into acomplete
character. Selection of the proper characteris
facilitated by programmed grammer rules, and the
operator reverts to use of the numerical code table if
the strokes and phonetic symbols are insufficient for
extracting the proper character from memory.

The romaji conversion method requires thatthe
operator memorize both the romaji keyboard and the
Romanized spelling for all the sounds of the oriental
language. For example, the Chinese language has
409 or 410 Romanized phonetic sounds. The
People’s Republic of China utilizes four hundred nine
sounds in conversation, whereas the traditional
Chinese language form used in Taiwan and
elsewhere employs four hundred and ten sounds.
When using a machine based on romaji conversion,
the operator must examine the Chinese language
document to be processed, mentally convertthe
written characters into sounds, convertthose
sounds into the romaji form, and then enterthe
romaji letters in proper sequence using an
alphabetic or similartype of keyboard. The machine
uses programmed logic to interpret the romaji letter
sequences and convertthem to the desired
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characters. Selection ofthe proper characteris
facilitated by programmed grammar rules, which is
an essential part of romaji conversion using a
keyboard input. The operator has no need for
numerical code tables, since all characters can be
expressed in romaji.

The numerical code method has been used for
many yearsin the field of telegraphy. The operator
must memorize code numbers for specific
characters in orderto achieve proficiency inthe use
ofthe technique, and those characters that are not
memorized by the operator must be found using
numerically coded tables. An inputinto a computer
processor is made via numerical keys, and the
processor uses programmed logic to interpret the
input key strokes and convertthem to characters.

In the transition from mechanical “typewriters” to
electronic character processors, some use has been
made of what is generally called the tablet/stylus
technique. This consists of a tablet with a fixed
display of commonly used characters on its surface,
and a stylus for identifying the location of desire
characters. It hasthe advantage over the old Chinese
mechanical typewriter in that it is smaller in size, but
the number of characters displayed is limited by the
physical size of the tablet, and the physical size of the
tabletin turnis limited by how many characters can
be usefuily displayed without completely confusing
the operator. An electronic stylus is used in place of a
mechanical positioning device, and it provides an
electrical signal that identifies X-Y coordinates on
the tablet to the computer.

Several of the methods described above employ
programmed grammar rules, either as an essential
elementoras an important aid for facilitating
character selection. This is 8 major shortcoming of
keyboard operated processors for the Chinese,
Japanese or Korean languages, because
programmed grammar rules cannot accommodate
jargon uniess specifically programmed. Jargonis
defined as the body of colloquial expressions which
have come into practice as languages have evolved
and which may vary in meaning from one segment
of society to another. Machines will obey rigid rules
of grammar, but people generally do not. Jargonis
widely used in every field from computersto
medicine, and varies from one region to another
even within a singie country. A machine whichis
dependent upon use of proper grammar for efficient
operation can be nearly paralyzed by jargon. Stated
another way, the preparation of documentsinany
specialized field where jargon is essential to
communications will significantly reduce operator
efficiency.

The romaiji conversion method described above
depends upon programmed grammar rules, and so
isintolerant of jargon. Even more important,
however, is the fact that message distortion will
usually resultfrom typographical errors caused
when the romaji conversion methodisused. A
machine operator working in the English language
can and will make typographical errors, but this does
not usually destroy the sense of what is being
communicated. With romaji conversion processing
ofthe Chinese language however, atypographical
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error can change the meaning of aword
dramatically. For example, an operatorintending to
typethe romaji form “hezi” could easily strike the
wrong one of two adjacent keys producing the
Chinese character form of “gezi” and changing the
intended meaning while still retaining grammatical
continuity. The word “hezi” has referencetoa
nuclear device, whereas “gezi” relatesto adove, the
symbol of peace.

From the above summary of existing language
processing methodsitis evidentthatcomputer
processing can and has been used to enhance the
practice of these methods. Because of the unique
speed capabilities of computers, they are avaluable
toolinfacilitating the selection and reproduction
process of constructing oriental characters because
they can very rapidly apply alarge number of known
and predetemined rulesto this process, and can
store a large volume of character-related
information. Through the use of modern matrixtype
printersand CRT display screens, the outputs of
these devices can be used to reproduce a hard copy
of pictorial symbols, orthe output can be used as a
character generator for word processors or
computers. Aconventional input devicetoa
computer processing system is a keyboard, which is
asevere handicap when dealing in alanguage
having thousands of characters because the number
of characters greatly exceeds the practical limit for
keyboard size. To address this problem the present
invention contemplates a method which most
effectively works with a dynamic “keyboard”
wherein the identity of the respective “keys” isa
dynamic function of the respective method steps
being performed atthe moment. .

Whereas the steps of the method can be
performed utilizing a wide variety of machine and/or
non-machine constructions, they are most efficiently
performed in combination with a machine having a
cathode ray tube (CRT) utilizing a tauch panel
overlay construction for interfacing with acomputer
processor. The advantage of a touch panel device for
use in performing the methodis thatthe
user/machine interface is achieved by touching the
various X-Y coordinate positions physically fixed on
the touch panel, whereas the visual display shown
onthe CRT display screen may be selectively
manipulated to place different character options at
the various X-Y intersections. Therefore, depending
upon which of the method steps is being performed
atany instance, the CRT display screen may indicate
aplurality of character choices and the operator may
touch the X-Y coordinate corresponding to one of
these choices to initiate the next step of the language
processing method. In this manner, the finite area of
atouch panel may take on many different meanings
in the course of performing a multi-step method but
each display associated with any particular step may
contain only a finite and readily understandable
body of character information of consideration by
the operator. When used in conjunction with a
phonetic approach to language construction all of
the character options for sounds being processed
may be displayed, thus accommodating even the
most specialized topic, jargon or slang. Further, the
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use of a phonetic approach to the generation of CRT display screen. Since oriental characters must
language characters also enables the use of voice generally be accommodated within a square
recognition techniques for processing phonetic geometric perimeter, the CRT display screenis
sounds, which can greatly speed up the generally limited to 16 character columns as well,

. b computerized practice of the method. 70 leadingto acharacter display matrixof 16X16, ora
A particular problem exists in connection with the total of 2566 characters, across the face of aCRT
display of oriental language characters on aCRT display screen.
display screen in conjunction with a touch panel. In Acharacter matrix of 16X16 charactersrequires a
such a system the touch pane! becomes a dynamic pixel matrix of 512X512 pixels (24 character pixels

10 “keyboard” wherein the function and interpretation 75 plus 8 spaces per character), which requires a total of
ofthe various key “pads” isinterdependent with the 262,144 pixels which must be presented to the CRT
display information presented at the same physical display each time the screenis changed or refreshed.
location of each key pad. Operator selection of any Ifthe CRT display screen is refreshed at the rate of 50
key pad inherently causes an entirely new display Hertz (Hz), the pixel data rate exceeds 13 Megahertz

15 pattern of characters and/or symbols to appear, and 80 (Mhaz). Further, if the pixel informationis storedina
the new pattern defines a new function and/or digital memory of the type commonly associated
interpretation of the various key pads, which leads to with computertechnology wherein each memory
yet a further set of operator selection choices. Forthe location is capable of storing 8-bits of binary
system to operate efficiently the entire CRT display information, the memory size must be 32,768 (32K}

20 screen must be capable of rapidly changing from one 85 addresses, andthe memory data retrieval rate must
display pattern to another, and the operator must not be of the order of 2 Mhz. While such memory sizes
perceive any troublesome delay in time from his and data retrieval rates are within the state of the art
selection of a key pad to the display of a pattern in computertechnology, they present particular
resulting from his selection. problemsin constructing alanguage processing

25 Ithasbeenfoundinexperimental usethatan 90 systemwherein a great many additional computing
operator can become exceedingly skilledin functions are required in addition to the function of
constructing language characters according tothe presenting CRT display patternsto a display screen,
teachings of the invention, and the operator's speed and more or less continuously changing these
of operation can approach the maximum speed display patterns.

30 which human hand-eye coordination will permit. 95  The presentinvention addresses these problems
Underthese conditions the presentation of each new by providing a novel construction for character
display pattern on the CRT display screen must be addressing the desired field of information to be
perceived by the operator to be instantaneous, for displayed on a CRT display screen, rather than by
any slower display change will be perceived by the utilizing a bit-plane concept wherein a pixel map is

35 operator as an excessive system delay. 100 constructed within a bit-plane memory forfeeding to

The time required for changing a display pattern the CRT display.
on a CRT display screen is inherently limited by two Further, the presentinvention utilizes the novel
factors: the horizontal and vertical sweep signal construction disclosed herein advantageously
timing, and the capability of the system to deliverthe utilizes the novel construction disclosed herein

40 necessary blanking and/or unblanking signalsin 105 advantageously in conjunction with a method of
synchronism with the sweep signalsin orderto operating alanguage processing systemin a fastand
present the display pattern. The time-density of efficientmanner.
blanking/unblanking signals is a function of the The preferred embodiment of the present
display pixel resolution required for a particular invention will be described with reference to the

45 application, i.e. the number of discrete display spots 110 Chinese language, it being understood thatthe
required to adequately discern the differences method can be readily adapted to other oriental
between the various characters displayed, under languages. The Chinese language has been
conditions of maximum character display density on extensively studied, and a number of different
the CRT display screen. It has been empirically approaches have been devised for simplifying the

50 determined thatthe maximum effective character 115 problem of selecting and accessing only asingle
display density is approximately 256 oriental desired Chinese character from the many thousands
characters across the entire face of a CRT display of character options which are available. Each of
screen; further, it has been determined that each these approaches use different phonetic
character requires a 24X24 matrix of pixel cellsin representations as a basis for making the desired

55 orderthatan optimal degree of resolutionis 120 character selections, and the present methodis
obtained to enable an operatorto discern one adaptable for use in connection with any of them.
oriental character from all others. Among the different techniques previously devised

In a practical CRT display system the number of for this purpose are the Pinyin Romanization
viewable horizontal trace lines is 512, and therefore a technique, the Chinese National Phonetic Alphabet

60 24X24 matrix of pixel cells will require 26 horizontal 125 (CNPA)technique, the Yale Romanization technique,
lines per character row. A reasonable spacing and the Wade-Giles Romanization technique. The
between adjacent rows of characters will add in Pinyin Romanization technique utilizes simplified
additional 8 horizontal lines per character row, Chinese characters which have been developed and
leading to the conclusion that 16 character rows of used in the People’s Republic of China. The other

65 optimal resolution may be displayed on the face ofa 130 techniques utilize traditional Chinese characters.
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Figure 4shows a block diagram of the video
Summary ofthe invention controller;
The processing system of the presentinvention Figure 5shows ablock diagram of the CPU;
includes a digital computer processing unit (CPU) Figure 6 shows a functional block diagram of the
. 5 withinherent high-speed memory storage elements, 70 system memory;
acathode ray tube JCRT) display unitconnectedtoa ) Figure 7 shows a diagram of the touch panel inter-
video controller which is coupled to the CPU. The face;
video controller is adapted for receiving data and Figures 8A-8Z show respective
commands from the CPU to cause the visual display alphabetic/phonetic character representations;
10 ofgraphicsinformation on the face of the CRT 75  Figure 9shows a representative display of
screen. The system also includes atransparent touch characterintonations; and
panel overlay on the face of the CRT display, which Figure 10 shows a further representative diagram
overlay is subdivided into a plurality of X-Y ofthe CRT/screen display areas.
coordinate touch-responsive switch positions
15 selectable by an operator, and suitable output 80 Description ofthe preferred embodiment
devices such as printers and/or communications Referring first to Figure 1, acomputer processing
channels and/or memory devices for receiving system forimplementing the method described
outputdata and commands from the CPU. The herein as shown in block diagram form. The system
method of the presentinvention includes the steps of of Figure 1is configured with commercially available
20 displaying onthe CRT screen an alphabet or 85 components, and interconnection between the
phonetic assembled character set, selecting one of respective components are all known with
the displayed characters, displaying on the screen of well-known and commerecially available techniques.
the CRT afurther character set which includes all In the preferred embodiment the system computer
phonetic sounds relating to the selected character, processing unit (CPU) 10 utilizes a commercially
25 selecting one ofthe charactersin the further 90 available computer processor semiconductor
character set, displaying on the screen of the CRT the identified as a Z80 processor, togetherwith a
picture language characters which are number of commercially available semiconductor
representative of the selected character, selecting register elements. For convenience herein, when
the desired picture language character, and referring to commercially available semiconductor
30 reproducing the selected desired picture language 95 components, reference will be made to the
character. commercial type designation, together with a
Itis a principal object and advantage of the present descriptive word or phrase which is indicative of the
invention to provide a computer-based system for function of the semiconductor element. Thus, the
developing meaningful sentence structure and “Z80 processor” is recognized to be a semiconductor
35 messagesinany of the picture languages by 100 elementwhich is commercially available underthe
repetitive implementation of a simple character type designation “Z80” from Zilog, nc., a U.S.
selection and processing method. semiconductor manufacturer, and its principal
Itis afurther object and advantage of the present function is to operate as a computer processor.
invention to provide a system for reproducing any of System CPU 10 will be described in more detail
40 the characters of the picturelanguages, and for 105 hereinafter, with respectto its internal functional
selecting such characters through a phonetic-based arrangement. System CPU 10 is connected to receive
method of selection. signals from tough panel 26 via cabie 30, in the form
Itis another object and advantage of the present of binary representations of the X-Y coordinate
invention to provide a language processor for positions of a panel location wherein pressure has
45 developing reproducible charactersin any ofthe 110 been applied to the face oftouch panel 26, as by
picture languages according to asimple and depressing touch panel 26 with a finger. System CPU
expedient method. 10is capable of receiving and transmitting datato a
Itis another object and advantage of the present system memory 12 via lines 13, andis also capable of
invention to provide an efficient man-machine receiving and transmitting data to a video controller
50 interface for selecting and constructing a picture 115 16vialines 15. These data transmissions are
language message from the character set of the accomplished according to well-known techniques
picture language. associated with data transmission in the computer
industry.
Brief description of the drawings Video controller 16 is connected to CRT display 20
55  Theforegoing and other objects and advantages 120 vialines 21, and generates the timing and control
ofthe invention will become apparent from the signals necessary for displaying visual images on
following specification and claims, and with the face of the CRT display 20. Video controller 16
reference to the appended drawings, inwhich: contains the circuitry which is necessary for
Figure 1shows a block diagram of the system of continually refreshing the display images on the face
60 the presentinvention; 125 of CRT display 20, as well as the circuitry required for
Figure 2 shows a pictorial view of the touch panel; changing any of these visual images.
Figure 3A shows a diagram of a CRT/touch screen CRT display 20 may be acommercially available
character cell matrix; CRT unit which generates visual information by a
Figure 3B shows a diagram of a character pixel cell plurality of horizontal line sweeps across the face of
65 matrix; 130

the screen, coupled with a vertical sweep which
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selectively shifts the horizontal sweep traces
consecutively downwardly across the face ofthe
screen. An electron gun is activated in CRT display 20
intimed relationship to the horizontal and vertical
sweep signals to produce a lighted spot atevery
location wherein adisplay image is desired. Inthe
preferred embodiment the face of CRT display 20 has
been geometrically subdivided into 256 character
positions, arrange in a 16X16 matrix of character
display positions. Each of these positions is capable
of displaying anindependent character or symbol,
and will be referred to herein as a “charactercell”.
Each character cell is further subdivided into 1,024
pixel cells, arrange in a 32X32 pixel cell matrix. A
pixel cell is the smallest unit capable of physical
measurement and description.on the face of CRT
display 20, and each pixel cell represents a spot
where lightillumination may occur, or may not
occur, as a result of control signals developed by
video controller 16.

System CPU 10is operatively connectedtoa
printer 22 via lines 23, which preferably is a “matrix”
type printer or equivalent, capable of printing
characters of sufficiently high resolution so asto
enable a reader to discriminate between the many
different, but similar, characters which might be
selected. Itis preferable that printer 22 has the
capability of printing character symbolsin 24X24 dot
matrix patterns, for it has been found that this
pattern provides sufficient and optimal resolution for
the most complex pictorial characters likely to be
encountered in performing the method.

Figure 2 shows a diagrammatic view of touch
panel 26, in association with CRT display 20,
illustrating that touch panel 26 is formed for closely
fitting against the outside ofthe CRT display screen.
Touch panel 26 is constructed of transparent
material across its face having conductive surfaces
connected to a cable 30 which terminates in a plug
32, and plug 32 may be directly connected to system
CPU 10. Touch panel 26 operates to generate a
unique electrical signal whenever any intersecting
coordinate of arow or column conductor 28 is
touched by an operator. Touch panel 26 may have an
intersecting matrix of interconnecting points for
resolving X-Y coordinate positions on the screen, or
may employ a voltage divider arrangement
operating through an analog-to-digital converter to
provide 50,000 or more discrete X-Y coordinate
positions.

Inthe preferred embodiment touch panel 26is
configures to provided touch-responsive positions
corresponding to the matrix of 16X16 character cell
positions on the face of CRT display 20. This provides
amatrix of 16X 16 touch-responsive positions on
touch panel 26, which are physically aligned over the
character cell positions identified with respectto CRT
display 20. Therefore, any character or symbol which
is displayed on the face of CRT display 20 may be
physically selected by a touch movement,
depressing touch panel 26 atthe physical location of
the character display, and this touch response will be
transmitted to system CPU 10 as a binary signal
indicative ofthe location which has been depressed,
and therefor indicative of the location which has
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been depressed, and therefore indicative of the
character display which has been selected by an
operator.

The system therefore provides for interactive
operation between an operator and a CRT display
screen, according to functions and programs which
have been prestored in memory, and which are
controllable by system CPU 10. The system software
associated with the operation of the system
therefore defines the interactive combinations which
are possible, as well as the sequencing of the
interactive operations. The system software
incorporates a menu scheme of operation, wherein
the CRT display provides a tabulation of interactive
options available for selection by the operator. In
addition, a predetermined number of character celi
positions are reserved on the face of CRT display 20
for displaying certain control symbols which are
known to the operator, and which may be selected to
initiate predetermined commands to control the
operation of the system. In one sense, the display of
images on CRT display 20 may be thoughtofasa
dynamic and infinitely variable “keyboard”, wherein
the meaning and interpretation of the respective
character cell locations are a dynamic function of the
information displayed at any particular moment,
thus providing an unlimited range of selection
possibilities, which possibilities are controlled by the
operation of the system software.

System CPU 10 may optionally be connected to
one or more disk drives 24 via lines 25, for storage
and retrieval ofinformation and data useful inthe
operation of the invention. System CPU 10 may also
transmit and receive information and data over
telecommunications lines 18, to communicate with
remote terminals and computers. °

CRT Display/Touch Panel Geometry

Figure 3A shows the geometric subdivisions,
referred to herein as character cells, which are
distributed over the face ofthe CRT 20 display
screen, and have corresponding physical
coincidence with positions over the touch panel 26.
Forillustrative purposes these character cells are
shown in Figure 3A as rows and columns of
rectangular boxes, whereas in actual practice they
are merely relative physical positions on the face of
the respective CRT display 20 screen and touch panel
26.Each physical position is uniquely addressable as
acharacter cell location, running from character cell
COinthe upper lefthand corner, to character cell
C255in the lower righthand corner. in each ofthese
character cell positions a unique character or symbol
may be displayed by the CRT display 20, and the
physical location may be selected by depressing the
touch panel 26 at the corresponding position.

Figure 3B shows an exploded diagram
representation of one character cell, as forexample
character cell number C43, which is found in the third
row and twelfth column of the character cell matrix
of Figure 3A. Figure 3B illustrates that each character
cell may be further subdivided into a matrix of 32X32
pixel cells, and each pixel cell represents a discrete
point on CRT display 20 which may be selectively
illuminated for displaying an image pixel. There are
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therefore 1,024 image pixels or pixel cells in each
character cell, and when these pixel cells are
selectively illuminated there is formed a unique
character or symbol on the face ofthe CRT display 20
screen atthe corresponding character cell position.

Figure 3B illustrates the technigue for identifying
the pixel cells within any given character cell, by
designating pixel celis in terms of column position
(0-31) and row position (0-31). A pixel cell may then
be designated as the intersection of any row or
column, and isthe smallest uniquely identifiable
location on the face of the CRT display 20 screen. The
pixel cells within any character cell are further
arranged and designated in terms of display
functions which will hereinafter be described. For
example, an outer spacer band, called the “attribute
band”, comprising the four outermost pixel celis
around the perimeter of each charactercell, are
functionally different from the inner matrix of pixel
cells which they surround. The inner matrix
comprises 24X24 pixel cells, and is reserved for the
display of any actual character or symbol. The
“attribute band” of pixel cells is reserved for
displaying various functional attributes which have
been defined for the system. Examples of these
functional attributes are underlining, overlining, or
bordering a character or syrnbol which is displayed.
For convenience herein the attribute band of pixels
will be identified as attribute pixels, and the inner
24X24 matrix of pixels will be identified as character
pixels. The first row of attribute pixels (0-31) in each
character cell has a unique functional identity which
will be hereinafter described.

The character pixels of Figure 3B are further
identified and subdivided into 72 character bytes,
which represent the binary information required for
transmission by the video controller 16 to uniquely
identify the illuminated or non-illuminated state of
groups of eight character pixels. Since the processor
ofthe preferred embodiment utilizes logic organized
into 8-bit bytes, it is convenient to identify the
character bytes comprising the character pixels
correspondingly. Therefore, 72 character bytes, each
byte consisting of 8-bits of binary information, are
required to completely define the illumination state
ofall character pixels of each charactercell. In Figure
3Bthese character bytes are identified by the
designations CB00-CB71, each row of character
pixels requiring 3 character bytes, numbering from
the upper left corner of the character pixels
(character byte 00) down to the lower right corner of
character pixels (character byte 71). The binary
character byte information is selectively transferred
from the video controller 16 to the CRT display 20ina
sequential manner which will be hereinafter
described. One half a character byte will be referred
to herein as a “nibble”, which will also be
conveniently referred to in the description which
follows.

Video Controller

Figure 4 shows a block diagram of certain logic
and circuit elements comprising video controller 16.
Video controller 16 incorporates an MC6845 CRT
controller, and reference should be made tothe
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product description of the MC6845 in conjunction
with the description herein. One manufacturer of the
MC6845 is Motorola, Inc. of Austin, Texas. Logic
signals and identifiers consistent with the product
description of the MC6845 will be used herein where
applicable. For example, Figure 4 shows
page/location address logic 401, having as inputs
thereto signals designated MA10-MA11, and
MA2-MAQ, which signal designations are consistent
with product description of the MC6845 CRT
controller. Inthis case, these signal designations
identify particular output bits of the “start address”
register as described in the MC6845 product
description.

Page/location address logic 401 receives data
signals fromthe CPU 10, as well as internal data and
control signals from the MC6845, for selecting a page
number address in ROM address memory 402 and
for selecting a location number address within the
selected page. The address selection information is
output from Page 1location address logic 401 to
ROM address memory 402.

ROM address memory 402 contains the memory
cells for storing address data for identifying and
selecting any of the addresses in character generator
ROM 404. In the preferred embodiment character
generator ROM 404 is a collection of 24 EPROM
memory semiconductors, Type 27512, available
from semiconductor manufacturers having the
capacity of storing more than 1.5 million 8-bit bytes
of data. Therefore each memory locationinone
EPROM is capable of storing a character byte as has
been described with reference to Figure 3B, and the
entire character generator ROM 404 is capable of
storing over 21,000 characters. Each EPROM
memory semiconductor in character generator ROM
404 is organized into 8 blocks, each block having
4096 addresses. Since each displayed character
requires 72 character bytes, each EPROM
semiconductor block has the capability of storing 56
complete characters. The addresses forlocating
these character bytes in character generator ROM
404 are retained in ROM address memory 402. ROM
address memory 402 is formed of a plurality of Type
2148 RAM memory chips available from
semiconductor manufacturers, each of which has a
capacity of storing 1,024 4-bit words. ROM address
memory 402 is organized into convenient
subdivisions for fast access to character generator
ROM 404, and for convenient storage of the
addressing information necessary for identifying all
character cells and all pixel cells associated with CRT
display 20. Forexample, ROM address memory 402
is organized into four “pages” of address selection
memory, each page having 256 storage locations,
corresponding to the 256 character cells identifiable
ontheface of CRT display 20. Further, each ofthe
pages of ROM address memory 402 is segmented
into three sections, comprising a 4-bit “attribute”
section associated with the generation of attribute
information, an 8-bit section associated with the
generation of a “macro” address portion,anda
12-bit section for generation of a “micro” portion of
the address selection of character generator ROM
404. The “micro” and “macro” address selection
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incorporates a total of 20 address bits, which is
sufficientfor selecting any address in character
generator ROM 404, up to a total of approximately 1
million addresses. The operation of ROM address

memory 402 will be more fully described hereinafter.

The output of character generator ROM 404 is
transferable eitherto CPU 10 orto CRT display 20. If
the output of character generator ROM 404 is to be
transmitted to CPU 10 itisfirsttransferred to CPU
outputlogic410, whereitis retained in 8-bit bytesin
a pattern buffer 411, and subsequently transferred to
CPU 10 under control of the CPU 10 data channel
logic. If the output of character generator ROM 404 is
to betransferred to CRT display 20 it is first
transferred in 4-bit bytes, or “nibbles” to character
byte outputlogic 408. The 4-bit nibbles are
transferred to aninternal shift registerin character
byte outputlogic 408, and serially shifted to the CRT
display 20 as video information.

The attribute logic 406 receives attribute
addressing information from ROM address memory
402, and generates the appropriate attribute signals
forsubsequently feeding to the CRT display 20 via
character byte output logic 408. The operation of
attribute logic 406 will be more fully described
hereinafter.

Character generator ROM 404 retains the binary
representations of all possible characters and
symbols which may be displayed on the face of CRT
display 20, and these binary representations are
organized in sequential address groupings within
character generator ROM 404 for easy access by the
addressing information retained within ROM
address memory 402. Each address in character
generator ROM 404 is capable of storing an 8-bit byte
of binary information, as described with reference to
Figure 3B. Each displayed character requires a
grouping of 72 consecutive bytes within character
generator ROM 404, The binary information stored
within these 72 consecutive addresses is sufficient to
selectively illuminate any of the 24X24 matrix of
pixels associated with any particular character cell.
During any single display sweep on the face of CRT
display 20it is therefore necessary to access 256
groups of these locations within character generator
ROM 404, and the starting address locations of each
ofthese 256 groups define the identity ofthe
particular character which is to be displayed on the
face of CRT display 20. In other words, any particular
character selection may be identified by its starting
address within character generator ROM 404, and its
image will be displayed by sequentially accessing 72
consecutive memory locations beginning at that
starting address. Thus, the/identity and selection of
any particular character may be governed by simply
accessing the starting address of that characterin
character generator ROM 404. Since approximately
21,000 characters may be stored within character
generator ROM 404 in this fashion, itis necessary
that CPU 10 retain a library of approximately 21,000
character codes, each of which may be converted
into a starting address referenced to character
generator ROM 404, in order for CPU 10 to control
the selection and display of any of these characters
onthe face of CRT display 20.
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In addition, CPU 10 must be capable of signaling to
video controller 16 the identity of the physical
character location on the face of CRT display 20
where any particular character isto be displayed.
Since character positions are identified numerically
as positions 0-255, CPU 10 must convey to video
controller 16 the character position information
which will enable video controller 16 to display the
proper character atthe proper character position on
the face of CRT display 20. This selection and control
process is accomplished within ROM address
memory 402, wherein CPU 10 transmits the starting
position address of each selected character to ROM
address memory 402, consecutively arranged to
correspond with the 256 character positions
identifiable on the face of CRT display 20. In other
words, by using 256 consecutive locations within
ROM address memory 402, CPU 10 can identify the
character position and the character selected for
display the character position and the character
selected for display at that position, sufficientto
completely designate all possible characters to be
displayed on the face of CRT display 20 during any
single sweep of the vertical trace across CRT display
20. This amount of memory in ROM address memory
402 is designated as a “page” ofmemory.

ROM address memory 402 has the capacity of
storing four “pages” of display information, and
three of these pages (pages 0-2) may be directly
accessed by CPU 10 for prestoring three different
image display fields for CRT display 20. The fourth
pageisidentified as an “internal” page, and is
utilized by video controller 16 to control the pixel
images displayed during the horizontal sweep while
the face of CRT display 20 is being refreshed.
Therefore, the internal page controls the dynamic
display of pixel information during each horizontal
signal trace across CRT display 20, and is
synchronized to the horizontal and vertical retrace
signals associated with CRT display 20, which
signals are developed by the MC6845 CRT controller.

The “pages” of ROM address memory 402 are
symbolically illustrated in Figure 4A by the numerals
0,1,2and INT (internal). ROM address memory 402
is further subdivided into a micro address memory
section 412, a macro address memory section 414,
and an attribute address memory section 416. Micro
address memory 412 has a capacity of 1,024 12-bit
memory cells, macro address 414 has a capacity of
1,024 8-bit memory cells, and attribute address
memory 416 has a capacity of 1,024 4-bit memory
cells. As has been hereinbefore stated, the 1,024
12-bitmemory locations of micro address memory
412 are grouped into four 256-word pages, and the
same is true for the micro address memory 414 and
the attribute address memory 416.

Micro address memory 412 has an input 12-bit
register which is designated as micro register413.
Micro register 413 receives 12 data bits of
information from CPU 10, which data bits originate
inthe Z80 processor 502 (see Figure 5) as bits
AO0-AT1.

Macro address memory 414 has a two-stage input
register designated as 415A {macro register 1) and
415B (macro register 2). Register 415A receives an
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8-bit data signal which originates atthe Z80
processor 502 register stages D0-D7.

Attribute address memory 416 has an input
attribute register 417, which receives 4 data bits
originating in the Z80 processor 502 inregister
stages A8-A11.Each of the registers 413,415A, and
417 receive address data over the respective input
lines, which isthen stored in selected locationsin the
respective sections of ROM address memory 402.

The addresses within ROM address memory 402in
which the input register information is stored is
selected by page/location address iogic401.
Page/location address 401 receives input
information from CPU 10via input register 419,
which is designated as a “page number” register.
This register receives 2-bits of information from CPU
10, which is sufficient to uniquely identify any of the
four pages within ROM address memory 402. A
second input register, designated location number
register 420, receives 8-bits of information from CPU
10, which is sufficient to uniquely identify any ofthe
256 addresses within ROM address memory 402
associated with the selected page. The inputlinesto
register 419 originate in the Z80 processor 502 A
register, and the input lines to register 420 originate
in the Z80 processor 502 D register, specifically
stages DO-D7.

Page/location address logic 401 is capable of
receiving address information from both CPU 10 and
internally from video controller 16, specifically from
the MC6845 CRT controller. Therefore, page/location
address {ogic 401 functionally incorporates two
multiplexers for the purpose of selecting which of
the two address sources is to be utilized during any
accessing operation into ROM address memory 402.

ROM address memory 402 has two output
registers for transferring information retrieved from
the micro address memory 412 and the macro
address memory 414 into the character generator
ROM 404, for purposes of selecting memory
addresses of binary character representations which
have been prestored in character generator ROM
404. A rolling counter 422 is coupled to micro
address memory 412, for two-way data
transmission, and is coupled to character generator
ROM 404. A macro latch register 424 is coupled to
macro address memory 414 for two-way data
transmission, and is coupled to character generator
ROM 404. Together, registers 422 and 424 retain
20-bits of address selection information, whichis
sufficient for uniquely identifying any of the more
than 1 million address locations within character
generator ROM 404. Macro latch register 424
contains the high order 8 address bits, and rolling
counter register 422 contains the low order 12
address selection bits. An attribute latch register 426
is coupled to attribute address memory 416 for
two-way data transmission, and is coupled to
attribute logic 406 for selecting the attribute
information, which will be described hereinafter.

Each time an address has been selectedin
character generator ROM 404, an 8-bit byte will be
output from character generator ROM 404 over
output lines 430 and 432. Output lines 430 and 432
may be gated either into CPU outputlogic410,asa

70

75

80

85

90

95

100

105

110

115

120

125

130

parallel 8-bit byte, or into character byte output408,
as two parallel 4-bit byte segments. CPU outputlogic
410is utilized to transfer this information backto
CPU 10, and specifically to Z80 Processor 5602
register stages D0-D7. When retrieved in this form,
CPU 10 may utilize the output information internally,
ormay collect it for later transmission to a printer for
a printing operation. When the output datafrom
character generator ROM 404 is gated into character
byte output 408, itis for the purpose of displaying the
information on the CRT display 20. Lines 430 are
gated into low buffer register 431, and lines 432 are
gated into high buffer register 433. The contents of
register 431 (referred to as a nibble) are gatedinto
shift register 435, and are serially shifted out of shift
register 435 into video transmitter 437. Video
transmitter 437 serially shifts the information to the
CRT display 20 as video information. Next, the nibble
contents of high buffer register 433 are gated into
shift register 435 and serially shifted into video
transmitter 437, for subsequent transmission to the
CRT display as video information. The serial shifting
ofinformation to the CRT display 20 as video
information is coordinated with the horizontal and
vertica!l synchronizing lines which drive the trace
signalsfor CRT display 20, so as to assure thatthe
video information corresponds properly with the
horizontal and vertical positional requirements of
the sweep signals. The serial stream of video
information transmitted by video transmitter 437 is
received by the CRT display 20 as a seriai stream of
blanking and unblanking signals, which control the
CRT electron gun to designate the itluminated and
non-illuminated pixels on the face of CRT display 20.

The attribute band which borders every character
cell onthe face of CRT display 20 is treated
somewhat differently from the inner 24X24 matrix of
pixels within each character cell. The visual images
which may be displayed within the attribute bandin
the preferred embodiment are extremely limited in
quantity, being restricted to essentially three
choices:

1) alinefor underlining the character within the
charactercell;

2) aline for overlining the character within the
charactercell; and

3) anilluminated border surrounding the character
within the character cell.

Since the above three attribute selectionsinvolve
only a limited and predetermined variety of pixel
illumination within the attribute band for any
character, itis possible to create this limited variety
of choices without the need for an extensive memory
for storing a wide variety of pixel illumination
information. At any given row in the attribute band of
acharacter cell the attribute pixels are either all
illuminated or all non-illuminated, and there is
therefore a need to retain in attribute memory 416
only anidentity of the type of attribute selected and
the character position for that attribute. The attribute
type description is retained in each 4-bit memory cell
in attribute address memory 416, and the relative
position of each memory cell determines the
character position on the face of CRT display 20
wherein the attribute information will be displayed.
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Forany particular character position the contents of
the address associated with that position in memory
416istransferred to attribute latch register 426, and
fromthere into attribute logic 406. Attribute logic 406
comprises an attribute generator 440 and an
attribute buffer register 442, Attribute generator 440
is a preprogrammed semiconductor chip, commonly
known as a programmable array logic chip, which
provides a predetermined 4-bit output signal in
response to a predetermined 4-bitinputsignal. The
4-bit outputsignalis transferred into attribute buffer
register 442, wherein it is held until itistransferred
into character byte output logic 408, and specifically
to shift register 435. Shift register 435 convertsthe
information into a serial bit stream for transferring to
the CRT screen for display purposes.

Display Screen Refresh Operation

The image displayed on CRT display 20 is
continually refreshed atthe rate of twenty-five times
persecond, and this refresh is controlied by video
controlier 16. The refresh operation simply provides
afresh electron beam scan across the face of the CRT
tube to reilluminate those pixels which have been
selected as image display pixels so as to maintain
what appears to be a constantimage on the face of
the CRT display 20. The refresh operation requires a
completely new generation of the binary character
information within the character generator ROM 404,
corresponding to the characters which have been
identified for display by the contents of ROM address
memory 402 at all of the 256 character positions
controlled by ROM address memory 402. The refresh
operation occurs repetitively, independently of
whether video controller 16 is interacting with CPU
10 for the transmission of new character data. The
refresh operation is controlled entirely within video
controller 16, by signals generated by the MC6845
CRT controiler. The refresh operation will display the
character pattern identified in any one of the pagesO0,
1,2 of ROM address memory 402, although the
character data of the selected page will have been
duplicated into the internal memory INT page for
dynamicinteraction with the character generator
ROM 404 as the refresh operation proceeds. During
refresh the address selection for ROM address
memory 402 is controlled by the MC6845 CRT
controller, which inputs page selection identifiers
into page/location address logic 401 over its address
lines MA10-MA11, and which inputs the location
address within the page into page/location address
401 via its address lines MA2-MA9.

For purposes of explanation we will assume that
CRT display 20 is at the beginning of a refresh cycle,
and will refresh the CRT display 20 by displaying the
characters identified in page 0 of ROM address
memory 402. Itis assumed thatthe characters in
page 0 have been prestored into page 0 by operation
between the video controller 16 and CPU 10. In this
context, the MC6845 CRT controller generates a page
0 addressidentifier on its output lines MA10-MA11,
and a O character location address on its outputlines
MA2-MAZQ. This causes an access to be made in page
0, address 0 of ROM address memory 402. The
contents ofthis address location are transferred
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respectively into rolling counter 422, macro latch
register 424, and attribute latch register 426. This
transferis coordinated with the horizontal sweep
frequency, also controlled with the horizontal sweep
frequency, also controlled by the MC6845 CRT
controller, so as to occur during the first horizontal
line trace across the top of the CRT display screen 20.
This corresponds to row 0 of the first row of
characters, for which there is never any pixel
information transmitted to the CRT display. After the
contents of the first address location in page 0 have
been transferred to the respective registers 422, 424
and 426, the contents of these registers are
transferred into the same relative address of the
internal page of memory. Atthe beginning ofthe
second horizontal trace line the contents of attribute
latch register 426 are transmitted into attribute logic
406, and the attribute generator 440 therein
generates a pattern based upon the attribute
identified and the first four pixels of row 1 (column0,
1,2, 3). This attribute generator patternis transferred
out through attribute buffer 442 into shift register
435, and from there through the video transmitter
437 tothe CRT display. The attribute generator
pattern is repeated for consecutive 4-bit segments
throughout the entire 32 pixels of row 1 of the first
character. This sequencing is controlled by program
array logicwithin video controller 16, whichis
capable of recognizing when the video controlleris
operating within the attribute band of any particular
character. The contents of register 422 and 424 are
disabled during the time thatthe video controlleris
operating within the attribute band of any particular
character.

After thefirst 32 pixels of row 1 have been updated
the character countin the address buffer register 403
isincremented to select the next character position
in ROM address memory 402, The operation
proceeds as before with respect to row 1 of character
position 2, and the sequence continues
consecutively for row 1 or characters 0-15, to the end
ofthe second horizontal trace line. During the
horizontal retrace interval the address buffer register
403 is resetto character position O to initiate the
sequence forthe next horizontal trace line (row 2).
The sequence continues through 2 and row 3, and
begins again with row 4. Atrow 4, which is the first
row where character information will be displayed, a
new cycle of events occurs which permits the
activation of registers 422 and 424. The first 4-bits of
character row 4 contain attribute information, which
is processed as has been described previously. The
next 8-bits of row 4 will initiate the address of
character byte 00, which address has been contained
within rolling counter 422, as well asthe uppereight
address bits of character byte 00, which has been
retained in macro latch register 424. This address
information is coupled into character generator ROM
404, resulting in the retrieval overlines 430 and 432
of character byte 00. Character byte 00 is transferred
intoregisters 431 and 433, and from there to shift
register 435, and sequentially shifted through shift
register 435 to video transmitter 437, and from there
to CRT display 20, resulting in the illumination of the
proper pixels representative of character byte 00. In
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the meantime, rolling counter 422 has been
incremented by one count and used as address
selection information for character generator ROM
404 to selectthe character byte 01. After character
byte 01 has been transmitted to visual display 20
rolling counter 422 is again incremented and used as
address selection information for character byte 02;
this processis repeated one more time for character
byte 03 before restoring itinto internal memory at
the address location representative of character
position 0. The final 4-bits of row 4 of character
position 0 are attribute bits, and these are generated
as has been described previously with respectto
attribute generator 440.

Next, address buffer 403 is incremented and the
cycle described above is repeated with respect to the
character bytes identified in character position 1in
ROM address memory 402.

The refresh sequence continues throughoutali the
character bytes associated with characters 0-15, as
well as with respect to the attribute band associated
with characters 0-15, and then the address buffer
register403isincremented to the count 16. The
various sequences described above repeat
themselves until all of the 256 characters displayed
on CRT display 20 have been refreshed on the face of
the CRT display screen. At this time, the refresh
memory sequence begins anew at character position
0 and continues indefinitely at 20 millisecond
intervals for so long as the equipment is operational.

Character Printing Operation

The only place in the entire system wherein a
character pattern representation exists isin
character generator ROM 404. Therefore, whenever
acharacter isto beretrieved for display, eitherona
CRTscreen oristo bedisplayed by printing viaa
printer, the character must be retrieved from
character generator ROM 404. In the case of
character printing, the retrieval of the character bytes
from character generator ROM 404 must be
accomplished during time intervals when character
generator ROM 404 is not being utilized for feeding
character bytes to the CRT display 20. Therefore, the
only time available for retrieving information from
character generator ROM 404 is during the vertical
retrace interval associated with CRT display 20.

The control of the data transfer required for
character retrieval from character generator ROM
404 is maintained by CPU 10, consistent with the
timing restrictions imposed upon these data
transfers by video controller 16. Thus, CPU 10 may
identify a character for retrieval from character
generator ROM 404 at any time, but video controller
16 will permit such a transfer only during the vertical
retrace interval. If all of the 72 character bytes
required for the transfer of a complete character
representation cannot be accomplished during a
single vertical retrace interval, CPU 10 must maintain
its own internal record of that portion of the
character which has been transmitted, and must
continue the transmittal process during the next
vertical retrace interval. In that respect, CPU 10 must
maintain its own internal record of the character byte
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number which has been retrieved from character
generator ROM 404, and it must update that internal
record each time a new character byte is transmitted,
until all 72 characters bytes associated with a
particular character have been retrieved. The
following description illustrates the operation for
retrieval of acharacter.

CPU 10 generates the character identifier in the
form of a macro address which is transmitted to
macro register 2, designated 415B, and in the form of
amicro address which is transferred to micro
addressregister 413. The micro address generated
corresponds to the address ofthe character byte 0
from the desired character in character generator
ROM 404. During the vertical rétrace interval register
415b and register 413 are directly coupledinto

- character generator ROM 404, thereby permitting

direct accessto the address identified. The contents
of that address appear at output lines 430 and 432,
and are transmitted to pattern buffer 411 in CPU
outputlogic410. internal handshake logic signals the
CPU 10thatthe desired information is ready and the
CPU 10thatthe desired information is ready and the
CPU 10receives the contents of pattern buffer411.
The CPU 10then generates an incremented address
fortransmission to micro register 413 and the
process becomes repgated. After 72 character bytes
have been transferred according to this procedure,
CPU 10 has received the complete binary
representation of the selected character. The CPU 10
may then output this information in a form suitable
for printing to the printer associated with the system.

" System CPU and Memory

Figure 5 shows a block diagram of the system CPU

. 10and system memory 12. The heart of system CPU
10is Z80 processor 502, which, in the preferred

embodiment, is a semiconductorelement
manufactured by Zilog, Inc. Theterm “Z80” isa

-registered trademark of Zilog, Inc., which identifies a

family of semiconductor products designed for
interconnection and interaction. Z80 processor 502 is
more particularly known by the product number
28400, which is an 8-bit microprocessor having an
instruction set of 158 instructions, two sets of six
general purpose registers which may be used
individually as either 8-bit registers or as 16-bit
registers pairs, two sets of accumulator and flag
registers, a program counter, two index registers,
and aninterruptregister. Reference should be made
to the manufacturer’s product description fora
complete understanding of the internal logic )
construction and operation of the Z80 processor 502.
Z80 processor 502 communicates with system
memory 12, and more particularly with three
functionally different sections of system memory 12.
Memory section 504 comprises a 64K read only
memory (ROM) which is used to store binary
information representative of all of the preformatted
displays which are desired for interaction with an
operator via CRT display 20. Included in these
preformatted displays are a plurality of menus, each
of which display for operator consideration a
number of selectable options for guiding and
directing the operator of the system. The various
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menus are presented to the screen of CRT display 20
as aresultof operatorinput commands and
selections via touch panel 26. For example, when the
systemi is initially turned on the operator is presented
with a menu which provides a number of options for
his selection, to control the subsequent mode of
operation of the system. Depending uponthe
operator selection, which is received by the Z80
processor 502 via touch panel 26 and touch panel
interface 506, the Z80 processor 502 will execute
certain operating and application programs which
are stored in memory section 508. Memory section
508 comprises a 64K ROM memory for storage of all
operating and application programs. In addition
thereto memory section 512 comprises a 16K
random access memory {RAM) which is designated
a buffer memory section, for storage of various
program variables, printer and disk access data,
communications information, and various other
storage requirements. All of the sections of system
memory 12 are directly accessible by Z80 processor
502 viamemory access lines 13.

Because of design limitations associated with the
Z80 processor 502, its memory accessing capability
is limited to a memory size of 64K. Therefore, system
memory 12 is functionally organized to permita
memory capacity in excess of 64K to be accessible by
Z80 processor 502, as is shown in Figure 6. Figure 6is
afunctional block diagram illustrating the functional
organization of memory sections 504, 508 and 512.
Block 514 represents the directly accessible memory
to Z80 processor 502, through its normal memory
addressing operations. Accessible memory 514is
therefore comprised of accessible blocks of data
from memory sections 504 and 508, and the entire
contents of memory section 5612. As has been
hereinafter described, memory section 504 is
capable of retaining 64K of data relating to menus for
display on CRT display 20. However, only a 4K biock
504a of memory section 504 is directly accessible by
Z80 processor 502 at any given time, as isillustrated
in the accessible memory block 514. Any 4K portion
of memory section 504b may be functionally
designated as accessible memory, butatany instant
oftime the system is limited to a 4K menu storage
access. Likewise, memory section 508 has been
previously described as containing a capacity of
storing 64K of operating and application programs.
However, a 32K portion of memory section 508,
designated 508ain Figure 6, is directly accessible by
Z80 processor 502 at any given instant oftime, and
the remaining portion of memory section 508,
designated 508b in Figure 6, is directly accessible in
8K blocks. This access is obtained through an 8K
program window 516, which forms a portion of
accessible memory 514. The entire contents of
memory section 512 are directly addressable by Z80
processor 502 in any given instant of time.

Z80 processor 502 communicates with a printer 22
via a parallel input/output section which is_
designated Z80 PIO section'518in Figure 5. Z80 PIO
section 518 is available from Zilog, Inc. under
product designation Z8420, and consists of a Z80 bus
interface, internal control logic, two input/output
data paths with associated control and interrupt
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logic. Reference should be made ta the
manufacturer’s specification for an understanding of
this component. .

Z80 processor 502 may communicate with one or
more disk drives 24 through a disk controller 520.
Disk controiler 520 is a commercially available
product, as for example product designation
WD1772, which is available from semiconductor
manufacturers and suppliers of diskdrive
equipment.

Z80 processor 502 may communicate via
telecommunicationslines 18, through Z80 DART
522.Z80 DART 522 is available from Zilog, Inc., under
product designation Z8470, and is identified as a duai
asynchronous receiver/transmitter, which contains
two independent full-duplex channels with separate
modem controls.

Figure 7 shows a diagram of touch panel interface
506. Touch panel interface 506 receives signals
which originate in the Z80 processor 502 data bus,
and which may temporarily be stored in alatch
register (not shown) prior to being transmitted to
touch panel interface 506. Likewise, signals are
transmitted from touch panel interface 506 to Z80
processor 502 via lines 5610. Z80 processor 502
activates touch panel interface 506 by sending an
8-bit code over lines 510, causing latch register 530 to
generate signals 532 and 533 to sequentially activate
the touch panel 26 X-axis and Y-axis signal
conductors. An analog response signal is coupled
back into touch panel interface 506 via lines 538 and
539, which response signals are representative of the
X andY coordinate positions on the touch panel
screen which have been depressed by the operator.
These signals are received by analog switch 540, and
are transmitted to A/D converter 542. A/D converter
542 converts the analog voltage signals into an 8-bit
binary quantity which is then transmitted back to Z80
processor 502 via lines 510.

Touch panel 26 utilizes a resistive conductor grid
which provides a sensitivity of more the 65,000
physical positions on the face of CRT display 20
screen. Touch panel interface 506 develops the
analog drive signals for connecting to the touch
screen resistive grid, and receives the analog return
signals for enabling a determination of the physical
position which has been touched by the operator, to
the exclusion of all other physical locations on the
face of CRT display 20.

In operation, Z80 processor 502 transmits afirst
8-bit code over lines 510, which are received atlatch
530. This code activates line 532, which turns on
semiconductor switches 543 and 544. These
switches permit a voltage +V to be conducted to the
touch panel X-axis conductors, which comprise an
array of parallel resistive lines across the face of
touch panel 26. An orthogonal array of Y-axis
resistive conductors is also positioned across the
face of touch panel 26, in spaced-apart relationship
to the X-axis conductor array. If an.operator has
depressed the face of touch panel 26 at any particular
location, the voltage signal on one of the X-axis
conductors will be conducted to the intersecting
Y-axis conductor, and a voltage will be coupled to
analog switch 540 via line 538. A reference voltageis
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also coupled to analog switch 540 via lines 536,
representative of 1/2 the full scale voltage across the
Y-axis conductor. A gating signal online 541 causes
the voltage signals on lines 536 and 538 to become
conducted to A/D converter 542. A/D converter 542
converts the voltage signal to an 8-bit binary signal
which istransmitted back to Z80 processor 502 via
lines 510.

Atanothertime, Z80 processor 502 transmits an
8-bit binary code over lines 510 to be received by
latch 530. This code causes activation of line 5633,
which turns on semiconductor switches 545 and 546
thereby applying avoltage +V to the Y-axis resistive
conductor array across touch panel 26. Similarly, if
an operator has depressed atouch panel ata
particular physical location, a voltage will be coupled
to the intersecting X-axis conductor and wilt be
transmitted via line 538 back to analog switch 540.
This voltage signal, together with a reference voltage
signal on line 537, are gated to A/D converter 542 by a
gating signal on line 541. A/D converter 542 converts
the analog voltage value into an 8-bit primary value
which is transmitted back to Z80 processor 502 via
lines 510.

According to the foreoging operation, Z80
processor 502 receives two sequential binary values
representative of the respective X-axis positionand
the Y-axis position wherein an operator has
depressed the face of touch panel 26. Since Z80
processor 502 has previously controlied the
instructions for placing a predetermined display
pattern on CRT display 20, Z80 processor 502 hasthe
ability to interpret the X-axis and Y-axis position
signalsin relationship to the display patterns. This
interaction enables the system to control and
implement the method steps described herein.

Method of Operation

The system described herein is capable of
operating in conjunction with a wide range of
language characters and language dialects. In
addition, with respect to the Chinese language in
particular, the system is capable of reproducing
either simplified or traditional characters, utilizing a
number of different but related selection techniques.
For example, the Wade-Giles technique utilizes an
initial set of Romanized characters to ultimately
develop traditional Chinese characters; the Yale
technique utilizes an initial set of Romanized
characters to develop a traditional Chinese character
set; the Chinese National Phonetic Alphabet (CNPA)
technique utilizes a set of special characters initially,
to develop a traditional Chinese character set; and
the Pinyin technique utilizes a Romanized alphabet
to develop a simplified Chinese character set. For
purposes of describing the operation of the system
and the method of operating the system the Pinyin
technique will be utilized, it being understood than
any of the other techniques can equally well be
utilized by the system.

The method may be briefly described as a series of
three steps or iterations which can enable the
operator to construct an unlimited transcript of
Chinese charactersto produce a hard copy
document via the printer, orto transmit to other
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locations via telecommunications lines. The three
steps may be simply stated as:

1) selecting a Romanized character representative
oftheinitial character sound; this produces adisplay
ofall Chinese sounds in Romanized form associated
with the selected character, together with commonly
recognized Chinese characters having these sounds;

2) selecting the desired character sound from
those displayed as a result of step 1); this produces a
display of all Chinese characters having the selected
sound, grouped according to Chinese language
intonations;

3) selecting the desired Chinese character from the
display as a result of step 2} above; this produces a
further display and retention of the selected
character.

The method is best understood in reference to
Figures 8A-8Z, which shows respective Chinese
sound character representations in Romanized form
and grouped according to letters of the Roman
alphabet, and with reference to Figure 9, which
shows a representative display of language
character intonations, and with reference to Figure
10, which shows a representative diagram ofthe
CRT/touch screen display areas. Referring firstto
Figure 10, the format of a typical display is
illustrated. As has been discussed hereinbefore, the
face of the CRT screen (and corresponding touch
panel) is functionally subdivided into a matrix of
16X16 display characters. For purposes of
performing the method this matrix is functionally
organized in a particular format. The firstthree
character rows are designated the selected character
display field 650; the next nine character rows are
designated the character field 552; the nexttwo
character rows are designated the alphabetic display
field, 554; and the next character row is designated
the punctuation and common character display field
555; the bottom character row is designated the
function display field 556. The alphabet display field
554, the punctuation display field 555, and the
function display field 556 together comprise one of
the plurality of menus which are prestored inthe
system memory 12 ROM memory section 504. These
display fields are therefore initially presented to an
operator on the face of CRT display 20, in order that
the method may be implemented.

In orderto begin constructing a Chinese character
message, the operator locates the alphabetic letter in
alphabet display field 554 which is associated with
thefirst letter of the Romanized phonetic sound of
that character. The operator depresses touch panel
26 atthe position of the desired displayed alphabetic
character, which causes the systemto retrieve a
further menu associated with that character, and to
display that menu in the character display field 552.
For example, if the operator had determined that the
phonetic sound of the desired Chinese character was
“ge", he would initially depress the “G" characterin
the alphabetic display field 554. This causes the
system to retrieve from ROM menu memory the
characters shown in Figure 8G, and to display these
characters in character display field 552.

Next, the operator observes the character display
field and locates the phonetic “ge”, which has
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associated with ita commonly known Chinese
character ofthe same phonetic sound. He depresses
eitherthe “ge"” position or its associated Chinese
phonetic character, which commands the systemto
retrieve a further menu from the ROM menu
memory. The further menu will present in character
display field 552 all Chinese characters associated
with the phonetic sound “ge”, forthe operator's
examination, grouped in rows associated with
different Chinese intonations. An example of this
display, relating to the phonetic sound “ge” is
shown in Figure 9. The intonations are cescribed by
the symbols on the left, adjacent each row of
characters. The symbol adjacent the first row {—)
indicates a flatintonation, which is neither rising nor
falling as the character is pronounced. All characters
shownin the first row are “ge” characters having
such aflatintonation. The symbol adjacent the
second row (/) indicates a rising intonation when
the characteris spoken, and all characters shown in
the second row (and continued for convenience into
athird row) are “ge” characters having such arising
intonation. The symbol adjacent the fourth row (V)
indicates an intonation which falls and rises when
the character is spoken, and all characters shownin
the fourth row are “ge” characters having such a
falling and rising intonation. The symbol adjacent
the fifth row (\\) indicates a falling intonation asthe
character is spoken, and all characters shown inthe
fifth row are “ge” characters having such a falling
intonation when they are spoken.

The operator then locates the desired Chinese
character and depresses the face of touch panel 26 at
that character display position, which commands the
system to display that character in the selected
character display field 550. The operator repeats the
stepsforthe nextsubsequent character. After all of
the desired characters have been selected and
displayed inthe selected character display field 550,
the operator may print the selected character set,
transmit the selected character set to a remote
location via telecommunicgtions lines, or store the
selected character setin memory.

The function display field 556 contains a number of
special character identifiers which are usable by the
operator for assistance, or for commanding the
systemto conduct various operations. These
character functions are described below:

Hthis causes a “help” displayto appearin
character display field 552, which identifies and
explains all of the other function pads containedin
function display field 556.

Mthis causes the system to return to the main
menu, i.e., the initial menu which is displayed atthe
time of the system isturned on.

Vthis causes the system to display the entire
message which has been constructed according to
the foregoing steps described above; if the message
islongerthan the available number of lines for
displaying, the message is scrolled upwardly to
enable the operatorto view the entire message.

Athis causes the system to revertto the “abacus”
mode of operation, which is unrelated to the present
invention.

Uthis causes the system to undo the last steps
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performed in constructing a message, and is
equivalentto an “erase” function.

D this causes the system to delete a character that
has been selected, and isimplemented by first
touching the character in question onthe display
screen, and then touching the D position.

Ethisisan “exit” function which enables the
operatorto resume writing after performing editing
operations.

Othisisan “overwrite” function, causing the
system to write over a character which appears on
the screen. Itis implemented by firsttouching the
character which isto be replaced, touching the “0”
position, and selecting a characterto replacethe
original character.

uthis causesthe systemto underline a cha racter,
and isimplemented by firsttouching the character
where the underlining is desired, and then touching
the small “u” character position.

B this causes the system to produce bold
characters, and isimplemented in conjunction with
touching the desired character.

2this causes the system to print a charactertwice
its normal size on the face of the display screen.

N this causes the system to insert a command into
the message to begin a new page.

«thisis acarriage return symbol, which enables
the operator to start a new paragraph or a new line at
any point where this symbol is depressed.

1 this causes the system to scroll the character
display field upwardly.

| this causesthe system to scroll the cha racter
display field downwardly.

Tthis causes the system to scroll the entire
selected character display field 550 up or down three
lines atatime.

The punctuation display field 555 is utilized to
insertthe identified punctuation marks into a
message atany desired location.

It may be appreciated that the function display
field 556 may be organized according to a wide
variety of function formats, wherein special symbols
and/or characters are utilized at various positions to
specify functions of interest. Further, the function
display field 556 may be modified during the course
of operation of the system to accommodate different
sets of function descriptors, according to the
implementation steps of the particular operations
being performed by the system. Likewise, the
punctuation display field 555 may be similarly
modified to contain a wide variety of symbols,
designs, and unique marks which may be of use in
performing the system operation.

The character display fields shown in Figures
8A-8Z are representative display fields for each of the
Romanized sounds, organized according to the
Roman alphabet. It may be appreciated that these
character display fields are representative, and other
character display fields may equally well be provided
for use in connection with the system. For example,
character display fields associated with other and
further languages, and other and further dialects of
the same language may be utilized in substitution of
thoseillustrated herein. Whereas the invention is
particularly adapted for use in connection with
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languages having a large number of characters and
character symbols, itis also usable conveniently
with a wide variety of languages having lesser
numbers of character choices.

The present invention may be embodied in other
specific forms without departing from the spiritor
essential attributes thereof, and itis therefore
desired that the present embodiment be considered
in all respects as illustrative and notrestrictive,
reference being made to the appended claims rather
thantothe foregoing description to indicate the
scope of the invention.

CLAIMS

1. Alanguage processor for assembling and
reproducing characters of an oriental language from
aphonetic alphabet using a three-step technique,
comprising

a) avisual display screen for selectively displaying
character sets for operator examination;

b) atouch-sensitive panel overlaying said visual
display screen and having a plurality of
touch-sensitive iocations overlaying said displayed
character set, each location having means for
generating an electrical signal representative of said
location;

c) afirstmemory library having binary coded
representations of a phonetic alphabet stored
therein;

d) a second memory library having a plurality of
firstgroups of binary coded representations of
oriental and romanized characters stored therein,
each such first group having relation to a character of
said phonetic alphabet; .

e} athird memory library having a plurality of
second groups of binary coded representations of
oriental characters stored therein, each such second
group having relation to a character in one of said
firstgroups;

f) means for selectively retrieving froma memory
library and transmitting to said visual display screen,
in response to electrical signals generated from said
touch-sensitive panel, either said phonetic alphabet
orone of said plurality of first groups or one of said
plurality of second groups; and

g) means for selecting and reproducing asingle
oriental character from a displayed second group.

2. Theapparatus of claim 1, wherein said second
memory library further comprises a plurality of first
groups of binary coded representations of oriental
and phonetic characters, each one of said first
groups including a plurality of representations of
phonetic sounds associated with respective different
ones of said representations of said phonetic
alphabet.

3. Theapparatus of claim 2, wherein said third
memory library further comprises a plurality of
second groups of binary coded representations of
oriental characters, each one of said second groups
including a plurality of representations of sound
intonations associated with respective differentones
of said representations of phonetic sounds.

4. The apparatus of claim 3, wherein said means
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for selectively retrieving and transmitting further
comprises a digital computer processor system
having means for transforming said electrical
signals generated by said touch-sensitive panel into
binary coded words, and having means for
selectively accessing said first, second and third
libraries in response to said binary coded words.

5. The apparatus of claim 4, wherein said means
for selectively accessing further comprises means
for assembling a character set for display on said
visual display screen, and means for selectively
accessing said second and third memory libraries to
retrieve selected character representations for
inclusion into said character set or display.

6. The apparatus of claim b, wherein said means
forassembling a character set further comprises an
address memory having respective address
locations associated with each of said plurality of
touch-sensitive locations.

7. Theapparatus ofclaim 6, wherein said means
for selectively accessing said third memory library
further comprises means for storing binary coded
representations of respective third memory address
locationsinto said address locations.

8. The apparatus of claim 7, wherein said means
for transmitting to said visual display screen further
comprises means fortransforming said selected
character representations retrieved from said first,
second and third memory libraries into serially
transmitted binary codes, and transmitting said
binary codes to said visual display screen.

9. The apparatus of claim 8, wherein said binary
codes associated with each selected character
representation further comprise 576 binary bits of
information assembled into a 24X24 matrix on said
visual display screen.

10. Theapparatus of claim 9, further comprising
an attribute band of binary coded information
associated with each selected character
representation, said attribute band comprising an
array of 4 binary bits of information surrounding said
24X24 matrix on said visual display screen.

11. Alanguage processor for presenting sensible
language character options to an operator, and for
iteratively responding to operator selections to
present a desired sensible language character, and
for reproducing said desired character, comprising

a) avisual display screen for presenting sensible
character options to an operator;

b} a transparent touch panel fitted over said
display screen, said touch panel having a plurality of
touch-sensitive positions arrayed over the screen,
each position having a unique electrical signal
identity;

¢} acomputer processor connected to said touch _
panel, said processor having means for converting
said position identity electrical signal into a
representative binary signal;

d) alibrary of binary coded words accessible by
said processor, said library including a plurality of
sensible character options correspondingto a
plurality of touch-sensitive positions, and means for
selecting one of said plurality of character options
responsive to said commands from said computer
processor;
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e) means fortransferring said selected one of said
character options to said visual display screen for
representation thereon; and

f) means for reproducing said selected character
optionsin a printed media.

12. Theapparatusofclaim 11, wherein said
library further comprises a character memory having
aplurality of accessible addresses, groups of said
addresses being associated with respective different
characters, and each address group defining afixed
number of respective sequential character memory
storage locations, and wherein the contents of said
sequential character memory storage locations are
prestored with binary coded words, each word
representing a portion of a character display pattern.

13. Theapparatus of claim 12, wherein said
library further comprises a character address
memory having a plurality of accessible addresses,
each of said addresses being associated with
respective different touch-sensitive positions
arranged over said visual display screen, and
wherein the contents of each of the memory storage
locations associated with said addresses definea
character memory address which isthe first address
of agroup of character memory addresses
associated with a character.

14. The apparatus of claim of 13, wherein said
library further comprises an address outputregister
coupled to said character address memory, and
means for transferring the contents of said character
address memory storage locations to said address
output register, and means for utilizing the contents
of said address output register for selecting a
character memory address.

15. Theapparatus of claim 14, further comprising
acounter coupled to said address output register,
said counter having means forincrementing the
contents of said address output registera
predetermined number of times equal to said fixed
number of character memory locations defined by
an address group; and further comprising means for
transferring the incremented contents of said
address output register back to the same character
address memory storage location from which the
contents originated.

16. Theapparatus of claim 15, further comprising
means for sequentially selecting said character
address memory addresses.

17. Theapparatus of claim 12, wherein said
means for transferring further comprises a character
output register and means for transferring binary
coded words from said character memory storage
locations to said character output register; a
parallel-to-serial register coupled to said character
output register; and means for transferring the serial
output of said parallel-to-serial register to said visual
display screen.

18. Theapparatus of claim 17, wherein said
visual display screen further comprises a cathode
ray tube having a horizontal sweep signal driven ata
firstfrequency and a vertical sweep signal driven ata
second frequency; and means for developing said
first and second frequencies and said horizontal and
vertical sweep signals.

19. Theapparatus of claim 18, wherein said
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means for developing said first frequency is coupled
to said parallel-to-serial register and to said means
fortransferring the serial output of said register.

20. Theapparatus of claim 19, wherein said
means for developing said first frequency is eoupled
to said means for transferring the contents of said
character address memory storage locations to said
address output register, and to said counter coupled
to said address output register, and to said meansfor
sequentially selecting said character address
memory addresses.

21. Asystemforretrieving and reproducing
language characters from a character memory
wherein a plurality of such characters memory
wherein a plurality of such characters are prestored
in binary representations, the binary representations
of each such character comprising a fixed and
predetermined group of character memory
addresses arranged sequentially from an initial
character memory address, comprising

a) acharacter memory address register
operatively connected to said character memory for
accessing said memory addresses to retrieve said
binary representations to a character outputregister,
said character memory address register
incorporating a counter means forincrementing its
contents after each access to said character memory,
and means forincrementing said counter meanstoa
countequal to the number of character memory
addressesin each said group;

b) an address memory having a plurality of
memory cells for storing character memory
addresses, one memory cell for each such group of
character memory addresses, including means for
retrieving the contents of each memory cell and
transferring the contents to said character memory
address register, and means forreceiving the
contents of said character memory address register
and restoring said contents into each of said memory
cells;

c) register means for receiving character memory
addresses from an external source and for
transferring said character memory addresses into
said address memory;

d) means for receiving the contents of said
character output register and for reproducing said
contentsin aform of visible manifestation.

22. Theapparatus of claim 21, wherein said
means for receiving and reproducing further
comprises a parallel-to-serial register coupled to
said character output register, a cathode ray tube
coupled to said parallel-to-serial register to serially
receive the output from said register, and meansfor
generating a horizontal and vertical sweep signalin
said cathode ray tube and means for generating a
sweep blanking signal coupled to receive the serial
output from said parallel-to-serial register.

23. Theapparatus of claim 22, further comprising
means for receiving said horizontal sweep signal,
and for generating timing signals therefrom; having
output timing signals coupled to said character
memory address register, said address memory and
said character output register.

24, The apparatus ofclaim 23, wherein said
external source further comprises a digital computer
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processor.

25. The apparatus of claim 24, further comprising
atouch panel closely fitted to said cathode ray tube,
said touch panel having a pressure sensitive surface
and an electrical output signal representative of the
physical location on said surface where pressure is
applied.

26. Theapparatus of claim 25 further comprising
means for receiving said electrical outputsignal and
fortransforming said signal into a binary coded
signal, and for transferring said binary coded signal
to said digital computer processor.

27. Theapparatus of claim 26, further comprising
means in said digital computer processor, for
developing aunique character memory address in
response to a received binary coded signal from said
means for transferring.

28. Theapparatus of claim 24, further comprising
means for transferring the contents of said character
output register to said digital computer processor.

29. Theapparatus of claim 28, further comprising
aprinter coupled to said digital computer processor.

30. Theapparatus of claim 28, further comprising
atelecommunication line coupled to said digital
computer processor.

31. Amethod of selecting a unique oriental
language character from a set of oriental characters
wherein the setis organized into groups according to
romanized phonetic sounds and into subgroups
according to intonations of phonetic sounds,
comprising the steps of:

a) selecting the romanized alphabetic character
corresponding to the first letter of the desired
romanized phonetic sound;

b) selecting all romanized phonetic sounds
beginning with the selected alphabetic character;

c) selecting the oriental character group
corresponding to the desired romanized phonetic
sound;

d) selecting the oriental character subgroup which
has the desired intonation from within the selected
oriental character group; and

e) selecting the desired oriental character from
within the subgroup having the desired intonation.

32. The method ofclaim 31, further comprising
the step of reproducing the desired and selected
character.

33, The method of claim 32, wherein the step of
selecting all romanized phonetic sounds
alternatively comprises selecting all romanized
phonetic sounds and oriental characters
representative of said phonetic sounds beginning
with the selected alphabetic character.

34. The method of claim 31, further comprising
repeating steps a) through e) to assemble a message
consisting of the selected oriental characters.

35. Amethod of constructing an oriental character
message from a plurality of oriental character
subgroups organized by intonation, withina
plurality of oriental character groups organized by
phonetic sound, within a plurality of phonetic
sounds organized alphabetically, comprising the
steps of

a) selecting from among the plurality of phonetic
sounds, the desired phonetic sound;
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b) selecting from the plurality of phonetic sound
groups organized within the desired phonetic sound,
the desired phonetic sound group; and

c) selecting from within the plurality of subgroups
organized by intonation within the desired phonetic
sound group, the desired oriental character.

36. The method of claim 35, wherein the steps of
selecting further comprise selecting by depressing a
touch panel overlay on a cathode ray tube on which
the selection group is displayed.

37. The method of claim 36, further comprising
reproducing the selected desired oriental character.

38. A method ofselecting a unique oriental
language character from a set of oriental language
characters wherein the setis organizedinto a
plurality of subgroups, each subgroup havinga
common phonetic identifier and atleasttwo
intonation variables, and wherein the plurality of
common phonetic identifiers are organized into a
plurality of groups of identifiers, each group having a
common initial phonetic sound identifier, and
wherein the common initial phonetic sound
identifiers are organized into a single group,
comprising the steps of:

a) selecting from the single group one of the initial
phonetic sound identifiers, and thereby retrieving
from the plurality of groups of identifiers the group
having said selected initial phonetic sound identifier;

b) selecting from the group retrieved according to
step a), a single identifier, and thereby retrieving
from the plurality of subgroups the subgroup having
said selected identifier; and

c) selecting from the subgroup retrieved according
to step b), asingle intonation variable, said single
intonation variable comprising a unique oriental
language character.

39. The method of claim 38, further comprising
the step of reproducing the selected single
intonation variable.

40. The method of claim 39, further comprising
repeating the recited steps to construct a sensible
collection of unique oriental language characters to
form a message.

41. Themethod of claim 40, further comprising
the step of printing the message.

42. The method of claim 38, wherein the steps of
selecting each further comprise selecting by
depressing a touch panel overlay on adisplay
surface on which the selection group is displayed.

43. The method of claim 42, wherein the display
surface further comprises the face of a cathode ray
tube.

44. The method of claim 43, further comprising
the step of reproducing the selected intonation
variable by separately displaying said variable on
said cathode ray tube.

45. The method of claim 44, further comprising
repeating the recited steps to assemble asensible
collection of unique oriental language characters
and to display said collection to form a message.

46. The method of claim 45, fujther comprising
the step of printing said message.

47. Alanguage processor forassembling and
reproducing characters of an oriental language
substantially as hereinbefore described with
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reference to the accompanying drawings.

48. Asystem forretrieving and reproducing
language characters from a character memory
substantially as hereinbefore described with
reference to the accompanying drawings.

49. Any novelinteger or step or combination of
integers or steps, hereinbefore described,
irrespective of whether the particular claim is within
the scope of, or relates to the same or a different
invention from that of, the preceding claims.
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