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ABSTRACT

A cathode ray tube display system is provided for dis-

playing alphanumeric characters which are cyclically
refreshed in the sequence of selected positions. The
system has conventional means for moving the CRT
beam through an arbitrary sequence of selected posi-
tions with reference to first and second coordinate axes,
in response to position signals, and character defining
means for deflecting the beam at each selected position
within which a selected character may be defined and in
response to signal representations of said selected char-
acter for modulating the beam intensity along said pat-
tern to define the character.

The system further includes storage means for sequen-
tially storing a coded representation of the character
selected to be displayed as well as tab codes and car-
riage return codes for said displayed characters.

In addition, the means for generating said position sig-
nals include: (1) means responsive to an access tab code
for calculating the tab position for the next character to
be displayed with respect to the first coordinate axes
only in the initial cycle during which each of the se-
lected characters is formed, (2) means for storing each
of these calculated tab positions, and (3) means operable
only during refresh cycle responsive to a tab code for
accessing the stored previously calculated tab position
corresponding to said code.

5 Claims, 7 Drawing Figures
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ALPHANUMERIC CRT DISPLAY SYSTEM WITH
MEANS FOR STORING POSITIONAL DATA
CALCULATED DURING AN INITIAL SCAN

BACKGROUND OF THE INVENTION

This invention relates to text processing and display
systems. More particularly, it relates to CRT display
systems used for text processing wherein a substantial
block of alphanumeric data has to be maintained on the
CRT display, e.g., a full page display system.

The preparation of modern business documents often
involves typing and editing several drafts of the docu-
ment before it is complete, correct, and presented ina
format that is both readily understandable and aestheti-
cally pleasing to the eye of the reader. The steps of
preparing a final printed copy of a document often
entail: (1) Typing a rough draft from raw data, dictation
equipment, or notes; (2) deletions, insertions, rearrange-
ment and corrections by an editor; (3) retyping, using
the edited rough draft as a source of information; (4)
reediting to insure correctness and to insure aesthetic
perfection; (5) retyping as necessitated by step (4) reed-
iting to insure correctness of the final copy.

As can be seen from the above, each time information
is typed, it must be reread and perhaps edited to insure
that it is correct, and each time that it is edited, it must
be retyped. This process is exiremely time consuming
inasmuch as the secretary’s time is lost in retyping while
the editor’s time is lost in reediting.

Several devices have been proposed and utilized
which shorten the amount of time lost in retyping and
reediting business documents. A traditional prior art
approach has been to record the characters typed on a
secondary medinm such as a magnetic medium which is
selectively utilized by the typist to control the type-
writer so that it will dutomatically printout the informa-
tion contained in the first draft together with any subse-
quent editing changes. In recent years this traditional
approach is being replaced by text processing systems
utilizing cathode ray tube (CRT) displays or like dis-
plays which display information keyed into the text
processing system of an associated input terminal such
as the keyboard. The input information is displayed and
corrections to the displayed data may be made by the
operator. Such corrections would of course include
entry of new data, deletion of existing data, or insertion
of new data.

Presently available self-contained text processing
systems contain the control electronics required to ef-

fect data editing in the CRT display utilizing the key-:

board. These text editing systems generally have their
own bulk storage wherein the characters to be dis-
played are stored in some convenient form. Once the
information content being displayed is believed to be
correct, data in the bulk storage is transmitted to a cen-
tral microprocessor which then controls the printout of
the information on any standard printer. -

In the development of a text processing art as de-
scribed above, many of the basic operations involve in
the output of data followed the traditional lines initiated
with automated typewriters. For example, many of the
operations such as tabulation and carrier return tradi-
tionally involve a considerable amount of calculation
whenever a tabulation code or carrier return code is
encountered in the operation of the equipment. When
encountering a tab code, for example, the equipment
would go through an often elaborate calculation to
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2
determine where the text tab position would be and
would then consequently proceed to that position
where printing would resume. Such a calculation would
involve the scanning of some sort of tab position storage
means, i.e., “tab” racks, as well as means for correlating
such information with various margin data.

With the above described approach where characters
were stored on a secondary medium such as a magnetic
medium during editing, the output of edited copy such
as a draft or final form on a printer or typewriter would
present no problem since the calculation of tabulation
data and carrier return data fit well within the operating
speeds of the equipment, i.e., in the order of from 20 to
75 characters per second.

It should be noted that the above-described complex
approaches involved in the calculation of tabulation and
carrier return position came about out of a desire to
make the interface between the operator and the ma-
chine as simple and straight forward as possible. To this
end, the text processing field has tried to make operator
input operations such as tab or carrier return as close as
possible to the operator input used for almost a century
in traditional typewriters. Thus, when the tab or carrier
return functions are calculated, the operator of text
processing system has to do a little more with respect to
tabulation or carrier return function than in conven-
tional tab or carrier return operator inputs in typewrit-
ers.

It therefore followed that when displays began to be
used in connection with text processing equipment, it
was considered to be highly advantageous from the
operator’s point of view to keep the tabulation and
carrier return inputs required on the part of the operator
as simple and as close as possible to the inputs in con-
ventional typewriting equipment.

However, with text processing system having the
simple conventional operator input for tab and carrier
return functions, the code designations for tab or carrier
return functions are embedded or buried in the stored
stream of character data. Because of this, relatively time
consuming calculations have to be made by the system
in order to convert such tabulation and carrier return
codes to positional data displayed on the CRT screen.

Unfortunately, with such display text processing
equipment, the time factor began to play a critical part.
1t was found to be increasingly difficult even in small
one to five line displays to carry out all the data process-
ing operations necessary to form the alphanumeric dis-
play during each refresh cycle. In CRT displays in
order to avoid flickering, the refresh rate must be in the
order of 45 Hertz. This permits in the order of about 22
milliseconds for each refresh cycle. With the develop-
ment of the display text processing art, the problem has
been further increased by the demand in the field for full
page displays which would of course require an even
greater increase in the number of op -ations which
would have to be carrid out during the 22 millisecond
refresh cycle. The problem has been further com-
pounded by the demand in the text processing field for
proportionally spaced CRT displays to be compatible
with systems in which the printed material is propor-
tionally spaced, i.e., the alphanumeric characters have
variable width. In such proportionally spaced systems
instead of in the order of about 100 possible character
positions per line of displays, there are over 750 possible
escapement positicns which have to be taken into ac-
count in carrying out the positional calculations for the
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displayed characters. This makes the data processing
operations necessary to support each refresh cycle even
more complex and time consuming.

One approach which has been used for minimizing
data processing time during refresh cycles is to format a
stored matrix of every possible character position on the
CRT and to store at each character position sufficient
data to identify the character or absence of character at
that position together with any associated character
attribute. While this approach has presented an accept-
able solution to the refresh time needs and systems em-
ploying relatively small displays in the order from one
to five lines, it is potentially very cumbersome and ex-
pensive in meeting the need for full page CRT text

10

processing displays. The system requires in the order of 15

one byte of data for each storage position, i.e., about
100X 70 or in the order of 7000 bytes of data for a full
page display.

BRIEF DESCRIPTION OF THE PRESENT
INVENTION

Accordingly, it is the primary object of the present
invention to provide an alphanumeric display system in
which the time required for display refresh is mini-
mized.

It is a further object of the present invention to pro-
vide a full page alphanumeric display system having a
refresh frequency which avoids display flickering.

It is another object of the present invention to pro-
vide a full page alphanumeric display system having a
refresh frequency which avoids display flickering while
utilizing a minimum of storage capacity.

The present invention accomplishes the above ob-
jects by providing, in a cathode ray tube display system
which has positioning deflection means for moving the
cathode ray tube beam through a sequence of selected
positions with reference to first and second coordinate
axis in response to position signals, means for generating
said position signals, character defining means respon-
sive to signals representative of a selected character for
deflecting the beam at each selected position in a pat-
tern” tracing the selected character and modulating
beam intensity along said pattern to define the character
and means for generating said signals representative of a
selected character and for applying these signals to the
character defining means, the improvement wherein:

the system includes storage means for sequentially
storing the coded representations of the character se-
lected to be displayed and tab codes and carrier return
codes for said displayed characters, and

the means for generating the position signals includes
means responsive to an accessed tab code for calculat-
ing the tab position of the next character to be displayed
with respect to the first coordinate axis only in the
initial cycle during which each of the selected charac-
ters are formed, means for storing each calculated tab
position, and means operable only during refresh cycles
responsive to a tab code for accessing the stored previ-
ously calculated tab position corresponding to said
code.

The apparatus may further include means responsive
to an accessed- carrier return code for calculating the
carrier return position of the next character to be dis-
played with respect to the second coordinate axis only
during the initial cycle during which each of the se-
lected characters are formed, sequentially accessible
storage means for storing each of said character return
positions, and means operable only during refresh cy-
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4

cles responsive to a carrier return code for accessing the
stored previously calculated carrier return position
corresponding to said code.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings, wherein a preferred
embodiment of the invention is illustrated, and wherein
like reference numerals are used throughout to desig-
nate like parts;

FIG. 1 is a generalized logic diagram showing the
apparatus used in the present invention.

FIG. 2 is an illustration detailing more specifically the
logic shown in FIG. 1.

FIG. 3 is a generalized drawing showing a clock
reducing pulses P1, P2 and P3 used to time various
operations with respect to FIG. 2. FIG. 3 also shows
the timing sequence of said pulses.

FIG. 4 is a diagrammatic illustration of an alphanu-
meric display used in an example of the operation of the
present invention.

FIG. 5 is a diagrammatic illustration showing the
sequence of instructions in the text storage buffer neces-
sary to produce the alphanumeric display shown in
FIG. 4.

FIG. 6 is a diagrammatic illustration showing the
sequence of instructions in the display instruction buffer
needed for the prescan operation for the alphanumeric
data arranged in the display of FIG. 4.

FIG. 7 is a diagrammatic illustration to illustrate the
sequence of instructions in the display instruction buffer
during refresh to maintain the alphanumeric display
shown in FIG. 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

General Description of Apparatus

In setting forth an embodiment of the present inven-
tion, we will first describe the apparatus with which the
system may be practiced followed by a description of
the operations involved in the-system. The apparatus
shown very generally in FIG. 1 may be conveniently
broken down into five major components: the host
processor 10, the refresh control logic 11; memory units
serving as buffers, i.e., the text storage buffer 12 which
stores the text to be displayed and the display instruc-
tion buffer 13 which stores various display instructions
associated with the text to be displayed, and the charac-
ter generation and display electronics 14 which directly
controls the scanning or tracing and stroking of the
CRT 15 in order to display. the stored text on said CRT.

The host processor 10 which may be any conven-
tional commercially available microprocessor performs
those activities in the text processing system associated
with receiving the input from the operator usually
through key strokes and inserting this input into the text
buffer storage 12. Let us suppose that as the alphanu-
meric information is being displayed on CRT 15, the
operator inputs new characters through keyboard 16. In
order to insert these characters into the text storage
buffer 12, refresh control of the CRT must.first be
halted. This is accomplished by the host processor gen-
erating and holding a'signal on stop request line 17 and
awaiting a response. from’ réfresh control.logic 11 on
stop line 18. When this occurs, the host microprocessor
10 updates the text storage buffer 12 through buss 19 to
insert the new characters at their appropriate positions,
also, the processor ‘10 initializes the display instruction
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buffer 13 via buss 20. The host processor 10 then re-
leases the refresh electronics from the halt or stopped
state by removing the output from stop request line 17.
At this point, the apparatus under control of the display
instruction buffer goes through an initial scan of the
stored data to be displayed which may be referred to as
a prescan wherein all tabulation calculations and/or
carrier return calculations are carried out and stored.

In the general system shown in FIG. 1, the text stor-
age buffer contains the coded representations of the
alphanumeric characters to be displayed while the dis-
play instruction buffer 13 contains the sequence of in-
structions which will control the sequencing of the text
alphanumeric character data from the text storage
buffer 12 as well as the character attributes of the alpha-
numeric characters and the positioning of such charac-
‘ters on the CRT display. The refresh control logic per-
forms those activities associated with fetching and exe-
cuting the instructions from the display instruction
buffer 13. These instructions, which will be described
hereinafter in greater detail with respect to subsequent
figures, include: :

loading one of various registers to specify, for exam-
ple, a new horizontal or vertical position on the CRT or
the address of the next instruction or text character;

after any change in the text data in the text storage
buffer, instructions to rescan the text storage buffer and
rewrite the display instruction buffer to reflect the sta-
tus of the text buffer;

instructions leading to the display of the characters in
the text storage buffer 12 pointed to by text buffer ad-
dress means; -

set or reset the various modes under which characters
may be displayed (character attributes) such as under-
score, brightened or blinking;

during each refresh cycle, after all of the characters
have been refreshed and there is still time until the be-
ginning of the next refresh cycle, instructions which
will cause the CRT to assume a relaxed state during this
time, i.e., 2 minimum power dissipation state (a nonde-
flecting low power state).

In carrying out these various activities, the display
instruction buffer communicates with the refresh con-
trol logic over buss 21 and the refresh control 11 com-
municates with the character generator and display
electronics 14- through the following connections.
When characters are being turned on during a character
refresh cycle, the refresh control logic turns on stroke
line 26 permitting the character generator and display
electronics to form in a stroke display on a CRT a se-
quence of characters, the coded representations of
which are sequenced from the text storage buffer via
buss 22 through refresh control logic to the character
generator and display electronics 14 via buss 23. The
nature of the stroke character generator and display
electronics 14 is not part of the present invention and
thus will not be described in detail. Any standard char-
acter generator stroke display electronics for CRT dis-
plays such as that described in U.S. Pat. No. 3,609,745
may be used.

There are two outputs from the character generator
and display logic 14: a signal on line 24 indicates that the
character which was last requested to be formed by the
refresh control logic 11 is completed; and a signal on
line 25 indicates that the time-out of the minimum re-
fresh period has elapsed and that the next refreshed
period should begin. As noted above, if during a given
refresh cycle all the characters are formed prior to this
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6

time-out signal, the refresh control logic 11 will institute
a relax signal along line 27 which puts the character
generator and display logic 14 into the relaxed state.

In addition, positional data for the alphanumeric
characters being displayed is conveyed from refresh
control logic along buss 28 and the various character
attributes described above are conveyed from refresh
control logic 11 along buss 29.

SPECIFIC DESCRIPTION OF APPARATUS

With reference to FIG. 2, the apparatus shown gener-
ally in FIG. 1 is shown in greater detail. In FIG. 2, the
functional units are shown with the logic constituting a
functional unit blocked in by dashed lines; these func-
tional units which are designated with the same numer-
als used in FIG. 1 are the host processor 10, refresh
control logic 11, text storage buffer 12, display instruc-
tion buffer 13, character generator and display electron-
ics 14 and the CRT 15.

The two basic memory or storage units of the system
the text storage buffer 12 and the display instruction
buffer 13 are shared between the host processor 10 and
the refresh control logic 11 so that either buffer mem-
ory may be accessed independently by the host proces-
sor 10 or the refresh control logic 11. As will be herein-
after described in greater detail, both the host processor
and the refresh control logic may change the context of
the display instruction buffer 13. However, only the
host processor may change the content of the text stor-
age buffer.

Display instruction buffer 13 includes instruction
storage array 30 which is conveniently 16 bits wide and
randomly accessed by 16 bit address input through
address counter 31 and 16 bit polarity hold register 32
which latches the address in 16 bit positions awaiting
the input of timing pulse P3 to gate the address in regis-
ter 32 to instruction array 30 so as to point to the next
instruction. The alphanumeric text is stored in text stor-
age array 33 of text storage buffer 12 as coded alphanu-
meric character representations each one byte wide and
is similarly accessed through 16 bit address counter 34
and polarity hold register 35 which also requires a P3
clock pulse in order to point to the next character repre-
sentation in text storage array 33.

At this point reference should be made to the clock
shown in FIG. 3. The present system is driven by a
three phase clock which generates three non-overlap-
ping pulses, P1, P2 and P3. P1 is used to increment the
system micro-program counter which will hereinafter
be described in greater detail as well as to clock data
into the ALU Buffer, also to be subsequently described
in greater detail. P2 is used to load or increment or
decrement various registers. P3 is used to load buffers

- between the various address counters and registers and

the storage arrays which they address.

Refresh control logic 11, FIG. 2, will now be de-
scribed in detail. As previously mentioned, the refresh
control logic performs those activities associated with
the fetching and execution of instructions from the dis-
play instruction buffer. As will be subsequently de-
scribed with respect to the operation of this apparatus,
the refresh control logic operates not only during the
refresh cycle but also during the initial cycle during
which each of the selected characters to be displayed is
formed. Since the display instruction buffer 13 operates
differently during the initial character formation than
during the character refresh cycle, it will issue different
instructions and consequently the refresh control logic
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will operate differently. In any event, refresh control
logic apparatus 11, FIG. 2, has stored in a read only
array 36 a wide variety of micro-instruction sets ar-
ranged so as to control the interaction of the various

components of the apparatus shown in FIG. 2 so as to
carry out the instructions obtained from display instruc-

tion buffer 13 in a sequence determined by sequence
logic control 60. For the present embodiment, array 36
is.a ROS of 256 words of 40 bits each and has associated
therewith addressing means comprising an 8 bit address
counter 37 and a 8 bit polarity hold register 38. The
address counter and the polarity hold register operate
much the same fashion as the previously described
means for addressing instruction storage array 30 or text
storage array 33, i.e., the application of clock pulse P3
to register 38 will result in the address being held in
register 38 pointing to the appropriate micro-instruction
byte in ROS 36. All computations in the refresh control
logic are carried out in ALU (arithmetic logic unit) 39
which receives data via ALU input busses 40 and 41.
The output of ALU 39 is latched in 16 bit polarity hold
register 43 by the application of clock pulse P1 at which
time the data in register 43 is output onto ALU output
" buss 43.

The apparatus further includes a scratchpad register
file 44 in which many temporary parameters related to
the text being displayed may be stored. For example, in
amemory of 8 words of 16 bits each, parameters such as
- line spacing, left margin, and margin indentation may be
stored. All of these parameters will be necessary to
calculate a carrier return as will be subsequently de-
scribed. .

Character decode means 46 functions to decode or
translate the coded representation of the alphanumeric
characters as stored in the text buffer into an output
transmitted via buss 23 to character stroke generator 47
which in turn will generate and transmit via buss 48 to
CRT display electronics 49 the signals necessary to
operate the display electronics so as to draw the alpha-
numeric character to be displayed on the CRT in a
series of strokes. The input of the coded representation
of the character to be displayed from the text storage
array 33 to character decode 46 proceeds via input buss
41 through ALU 39 wherefrom it is output on output
buss 43 from which it is loaded into character code
polarity hold register 50 from which it is gated into
character decode means 46 by an input clock pulse P2.

A 10 bit horizontal position register 51 keeps track of
the escapement position. When a display operation is
initiated, the initial horizontal position is stored in dis-
play instruction storage array 30. Loading this initial
horizontal position into register 51 is accomplished by
transmitting the position via buss 41 through ALU 39
and output register 42 onto output buss 43 from which
it is loaded into horizontal register 51. During a refresh
cycle when characters are being displayed, the horizon-
tal position of the character will be communicated to
character generator 47 over buss 28'. Then, after the
character represented by the code loaded into character
decode 46 has been displayed or refreshed, the horizon-
tal escapement is incremented by loading the escape-
ment value of the displayed character on to buss 40 via
buss 52 and adding this escapement value to the hori-
zontal escapement value which has been concurrently
fed into ALU 39 via busses 53 and 41. This updated
value is then passed from the ALU and its output regis-
ter 42 via buss 43 back to horizontal register 51.
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Vertical position register 54 keeps track of the verti-
cal or line position of the display in a similar fashion.
Initially vertical position is loaded into register 54 in a
fashion similar to the loading of the horizontal register
51, i.e., the initial vertical position is transmitted from
display instruction array 30 through ALU 39 and out-
put register 42 to vertical register 54. During a refresh
cycle when characters are being displayed, the vertical
position of the character will be communicated to the
character generator 47 over buss 28", Then, if a given
character has a vertical displacement associated there-
with, character decode 46 will load this vertical incre-
ment onto buss 41 via buss 55 to ALU 39 where it will
be added to the current or last vertical position from
register 54 via buss 56 and buss 40 to ALU 39 from
which the updated value is output via output register 42
and buss 43 back to vertical register 54.

Coded representations of various character attributes
such as underscore, brightness or blinking which are
stored in the display instruction storage array 30 are
loaded into character attribute register 57 at the time
they are to be executed. Loading of character attribute
register 57 proceeds through the ALU in the manner
previously described. Register 57 which is conveniently
a 3 bit register having the code determinative of the
character attributes inputs this code via buss 29 into
character stroke generator 47 and to the CRT display
electronics 49 to operate the CRT 15 in the desired
character attribute mode.

As has been previously mentioned, a significant as-
pect of the present invention involves means responsive
to an accessed tab code for calculating the tab position
of the next character to be displayed only during the
initial cycle during which each of the selected charac-
ters is being formed. Such a function will now be de-
scribed. Let us assume that we are in an initial cycle
after a change in the information to be displayed, and
the coded representations of the characters stored in the
text storage array 33 is being sequentially addressed
through address counter 34 and register 35 (prescan-
ning) when the next coded representation is a tab code.
Like any other addressed coded representation, the tab
code will be output onto buss 41 through ALU 39 buss
43 and into character decode means 46 which upon the
detection of a tab code will transmit a signal representa-
tive of a special non-graphic code over special function
buss 59 to sequence control logic 60 which in combina-
tion with micro-instruction array 36 controls the execu-
tion of instructions in the present system. It should be
noted that this signal is undifferentiated between tab
codes and other non-graphic codes such as carrier re-
turns.

Sequence control logic 60 will then signal micro-
instruction array 36 via buss 61 to output the data field
of the currently addressed micro-instruction to ALU 39
via busses 62 and 40. At the same time, character de-
code ROS 46 will output a seven bit value specifying
the non-graphic code as a tab to ALU 39 via busses 63
and 41. The input from character decode means 46 and
micro-instruction array 36 are added in ALU 39 and the
result is output on buss 43 back to micro-instruction
array 36 which through address counter 37 and register
38 will point to the stored micro-instruction sequence in
array 36 necessary to calculate the tabulation to the next
character position. For purposes of this embodiment,
tab rack will be considered to consist of an array of 128
sequentially accessible bytes wherein a binary “1” on
any bit will be indicative of a particular tab position, i.e.,
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1024 bit positions each of which will be sequentially
accessed in the operation. The addressing of each bit
position will be carried out by continuously increment-
ing horizontal position register 51 so as to address each
of the 1024 bits. The data field of a micro-instruction
from array 36 containing binary “1” is output through
buss 40 to ALU 39 where it will be combined with the
output 53 indicative of the last position of horizontal
register 51 on buss 41. The output of ALU 39 is latched
in register 42 and then transferred via buss 43 to be
loaded into horizontal register 51, thus completing the
incrementing operation to load 10 bits into register 51.
The high order 7 bits in register 51 point to the first byte
‘in tab rack 64, the 8 bits of which are loaded into 1 of 8
select means 65 via buss 66; each of the 8 bits is then
addressed by the low order 3 bits of register 51 through
buss 67. The previously described process of increment-
ing horizonta! register 51 causes these 3 low order bits
to sequentially address each of the 8 bits in select means
65. If no bit position in the byte is set to “1”, the incre-
menting process will cause each of the subsequent bytes
in the tab rack 64 to be addressed until a *“1” bit indica-
tive of a tab is found. At this point select means 65 will
output a tab-located signal on line 68 to sequence con-
trol logic 60 which in turn will signal micro-instruction
ROS 36 which in turn will issue an instruction through
ALU 39 which will result in the value in horizontal
_position register 51 which is representative of the
tabbed to position to be stored in the display instruction
storage array 30 as a “go to” position, e.g., “GO TO
HORIZONTAL ESCAPEMENT POSITION 95”.
Let us now consider sequence of operations when
during the initial cycle after a change in the information
to be displayed when the next character representation
loaded from text storage array 33 into character decode
means 46 in the manner previously described turns out
to be a carrier return code. The decode means 46 upon
the detection of such a carrier return code will activate
the carrier return operation by transmitting a signal
representative of a special non-graphic code over spe-
cial function buss 59 to sequence logic control 66 which
will then signal micro-instruction array 36 via buss 61,
where-upon array 60 will output its status to ALU 39
“via busses 62 and 40. At the same time, character de-
code means 46 will output a signal indicator indicative
of its carrier return status to ALU 39 via busses 63 and
41, The added inputs from character decode means 46
. and micro-instruction array 36 in ALU 39 will result in
an output on buss 43 back to micro-instruction array 36
which through address counter 37 and register 38 will
-point to the stored micro-instruction sequence in array
36 necessary to process the carrier return code.
The sequence involves accessing from scratchpad
.register file 44 the line spacing data stored therein and
transmitting this data over buss 41 to ALU 39 where it
is combined with the last vertical carrier position input
to ALU 39 from vertical position register 54 over busses
56 and 40. The resulting output from ALU 39 is trans-
mitted on buss 43 and then reloaded into vertical posi-
tion register 54 as the new vertical carrier position.
Next, in order to determine the initial horizontal posi-
_tion of the carrier return, the left hand margin position
is removed from scratchpad register file 44 over buss 41
. through ALU 39 and loaded into horizontal position
register 51. If there is to be no indentation, this will
represent the initial carrier return position, and micro-
instruction ROS 36 will in turn issue an instruction
through ALU 39 which will resuit in the values in verti-
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cal position register 54 and horizontal position register
51 representative of the carrier return position to be
stored in the display instruction storage array 30 as a go
to position, e.g., “GO TO LINE 45, ESCAPEMENT
POSITION 15.”

However, it is often the case that the line to which the
carrier return is made has an indented initial point.
Since the line is so indented, a count of the number of
indent levels will be stored in scratchpad register file 44.
In addition, for the particular line in which there is an
indentation, a “1”* tab bit will be stored at each respec-
tive bit position in tab rack 64 until the indentation
position is reached. Then, utilizing the previously de-
scribed tab detect sequence of operations, each of the
tab positions is stepped through. For example, the in-
dent is five escapement positions from the left margin,
five consecutive “1” bits will be stored for the particu-
lar line in tab rack 64, and the previously described tab
search routine will be executed five times. After the
fifth tab signal on line 68 to logic control 60 as previ-
ously described is then communicated to micro-instruc-
tion array 36, the micro-instruction array will in turn
issue an instruction through ALU 3% which will result
in the values in horizontal position register 51 and verti-
cal position register 54 being stored in display instruc-
tion storage array 30 as a go to position, e.g., “GO TO
LINE 45, HORIZONTAL ESCAPEMENT POSI-
TION 20”.

OPERATION OF THE DISPLAY SYSTEM

The operation of the system of the present invention
will now be described with reference to FIGS. 4-7. Let
us assume that the operator through the keyboard inter-
face has, using the expedients previously described,
updated the display so that the alphanumeric text to be
displayed is shown in FIG. 4 in the form it is to appear
on the CRT screen. Thus, the operator has communi-
cated with the text buffer so that the text storage buffer
has the information arranged in the sequence shown in
FIG. 5. As previously mentioned, during the time that
these changes are being made in the text, the refresh
control 11 is halted. The host microprocessor (F1G. 1)
updates the text storage buffer by inserting new charac-
ters at their appropriate positions. Also, the host proces-
sor 10 initializes the display instruction buffer 13 so that
it is now ready for the prescan operation. At this point,
the host micro-processor 10 releases the refresh elec-
tronics from the halt or stop state by removing the
output from stop request line 17. The display instruction
buffer is now ready for the prescan operation and con-
tains the sequence of instructions illustrated in FIG. 6.

Loaded as shown in FIG. 6, the display instruction
buffer will output a series of instructions which will
control refresh control 11 (FIG. 1 or 2) to implement
prescan operation. The initial instruction in the display
instruction buffer “Load DI START” merely results in
the loading of instruction at section 70 it the sequence
of instructions that are constant to any display opera-
tion, e.g., instructions to draw scale. The next instruc-
tion “BRANCH -TO INIT.” as shown by arrow 71
leads to a series of instructions which initialize a scan or
prescan operation, i.e., Load Horiz. results in the load-
ing in horizontal position register 51 (FIG. 2) of the
horizontal position of “T” 72 (FIG. 4) which is the
initial character in the display. Next, the instruction
“Load Vert” results in the vertical position of character
72 being loaded in vertical position register 54 as previ-
ously described. Then, the instruction “Load TSB
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START” and the following instruction “Load TSB
END?” identify the TSB Start and TSB End instruction
73 and 74 in text storage buffer sequence (FIG. 5).

The next instruction “Prescan” will initiate the Pres-
can operation using the apparatus previously described
with respect to FIG. 2 for scanning the sequence of
alphanumeric and positional data in text storage buffer
12 (FIG. 5) and rewriting or overwriting the sequence
of instructions indicated in the display instruction buffer
13 (FIG. 6) which include the “Prescan” instruction
itself as well as the subsequent gap of instructions 75.

As a result of this Prescan and Overwrite, the display
instruction buffer 13 will then have the sequence of
instructions set forth in FIG. 7 which now may be uti-
lized for the repetitive refresh cycle of the equipment.
In any event, getting back to the Prescan Operations
with respect to FIGS. 5, 6, and 7, in the first instruction
step the “Prescan” instruction itself is overwritten with
instruction 76, FIG. 7, “Position Beam”. The next in-
struction is “Load Text Ptr”. After this instruction is
entered in the Prescan, the pointer 77 (FIG. 5) is set to
point to the first alphanumeric character “T” and the
sequence of characters in text storage buffer 12 is se-
quenced through as previously described with respect
to FIG. 2 by sequencing these characters through char-
acter decode ROS 46 (FIG. 2) while a relax pulse is
applied to the character stroke generator 47 over line 77
from sequence control logic 60 to maintain the display
in the relaxed or non-display state during the Prescan
operation. Even though CRT is maintained in the re-
laxed state during this Prescan operation, an instruction
“Start Display” 78 will be written into the display in-
struction buffer for use during the refresh cycle (FIG.
7) at the point coincident with the sequencing of the
characters from text storage buffer 12 (FIG. 5). During
this Prescan operation, the coded representation of the
characters “THE(sp)POLL(sp)WAS:” will all be se-
quenced through character decode ROS 46 in the man-
ner previously described and the apparatus will decode
these characters into an output transmitted over buss 23
to character stroke generator 47. However, since char-
acter stroke generator 47 and consequently CRT dis-
play electronics 49 are in a relaxed state due to signal on
line 77, no alphanumeric characters will be displayed
durint this Prescan cycle.

At this point, character code 79 from the text storage
buffer (FIG. 5) “(CR)” indicates a carrier return. When
the code representing this carrier return function is
input to character decode ROS 46 as previously de-
scribed, the apparatus of FIG. 2 will operate to calcu-
late the position of the carrier return which would be
the position of the character “Y”, 80 in the display of
FIG. 4. This carrier return sequence involves accessing
from scratchpad register file 40, the line spacing data
stored therein and transmitting the data through ALU
39 where it is added to the last vertical carrier position
from position register 54 which in turn will result in an
updating of vertical position register 54 and to reflect
the new vertical position.

Next, in order to determine the initial horizontal posi-
tion of the carrier return, the left hand margin position
is removed from scratchpad register file 44 into ALLU 39
where it is combined with the number of indent levels
also stored in scratchpad register file 44 to calculate the
final indented position of “Y” character 80 (FIG. 4).
This indented updated carrier return horizontal value is
loaded into horizontal position register 51. When these
operations are completed instruction 81 “Pos.Beam at
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X,Y” is loaded into the display instruction buffer so that
it may be used during the subsequent refresh cycle. This
instruction in effect tells the beam of the CRT to go to
a definite position which is determined by the updated
vertical and horizontal positions respectively now
loaded into registers 54 and 51. Following this instruc-
tion, the instruction 82 “Start Display” is written into
the display instruction buffer (FIG. 7) for use during
refresh. This will initiate the display with the character
“Y”” 80 at the carrier return position during the refresh
cycle.

Next during the prescan, the characters “YES-96”
are sequenced through character decode ROS 46 in the
manner previously described while the relax signal is
still maintained on line 77, after which “(TAB)” charac-
ter code 82 is decoded in character decode ROS 46
(FIG. 2). This results in the tab operation previously
described with respect to FIG. 2 wherein through the
utilization of tab rack 64 and point select means 65, the
next tab-to position will be calculated and its value
stored in horizontal register 51. At this point instruction
84 is writen into display instruction buffer 13 (FIG. 7)
for subsequent use during the refresh cycle. This in-
struction directs the CRT display electronics to position
the CRT beam at the horizontal position which is con-
tained in horizontal position register 51 after the tab-to
calculation has been made. This, of course, will be the
horizontal position of the alphanumeric character “N”
83 (FIG. 4). Then, the instruction 85 “Start Display” is
written into the display instruction buffer for refresh
cycle use (FIG. 7).

Continuing the prescan operation, the code for char-
acters “NO-60" is sequenced through character decode
ROS 46 as previously described while the relax pulse is
still maintained on buss 77 (FIG. 2). Since no further
calculations need to be made during the prescan, the
prescan will then be over in so far as the characters
displayed in FIG. 4 are concerned. Since the prescan
has concluded, a “relax” instruction is loaded into dis-
play instruction buffer 13 to signal the completion of a
given refresh cycle.

Let us now consider a refresh cycle in which the
display is active rather than relaxed in order to deter-
mine how the overwritten portion of the display in-
struction buffer operates. With reference to FIGS. §
and. 7, instruction 76 “Position Beam” results in the
CRT beam being positioned at the first character “T”
72. Text pointer 77 (FIG. 5) is loaded by the display
instruction buffer so that it points to a stored representa-
tion of the character “T”". Next, the display instruction
buffer outputs the instruction 78 “Start Display” which
results in a stroke signal replacing the relax signal on
buss 77 to the character stroke generator and CRT
display electronics (FIG. 2). This sequences the follow-
ing stream of characters from the text storage buffer 12
through character decode ROS 46: “THE(sp-
JPOLL(sp)WAS:”. As previously described for each
character, the character decode ROS 46 outputs via
buffer 23 to character code generator 47 and CRT dis-
play electronics 49 the signals necessary to operate the
display electronics so as to draw the alphanumeric char-
acter to be displayed on the CRT in a series of strokes.
This results in the display of the first line in the CRT
display of FIG. 4. Next, when the character decode
ROS detects the carrier return code (CR) 79 from text
storage buffer 12, resulting in a special non-graphic
code signal over special function buss 57 to sequence
control logic 60, while at the same time character de-
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code ROS 46 will output a 7 bit value on buss 63 speci-
fying the non-graphic code as a carrier return code to
ALU 39; the result will be an output on buss 43 back to
micro-instruction array 36 which will in turn output an
instruction back through ALU 39 to display instruction
buffer 13 to access the next instruction 81 in the buffer
which is to position the beam at the indicated carrier
return position which has been previously calculated
and stored. When this is completed, instruction 82 from
display instruction buffer 13 (FIG. 7) starts the display
at the carrier return position 88 (FIG. 4) and the se-
quence of characters “YES-96” from text storage buffer
12 passes through character decode ROS 46 as previ-
ously described resulting in the display of the corre-
sponding alphanumeric characters as shown in FIG. 4.

At this point, TAB code 82 from text storage buffer
12 is input into character decode ROS 46. Again, a
signal representative of a special function is output over
special function buss 59 o sequence control logic 60
while at the same time character decode means 46 will
output a signal indicative of the tab function to ALU 39
via buss 63. As a result, ALU 39 will address as instruc-
tion in micro-instruction array 36 which will in turn
again through ALU 39 point to instruction 84 in display
instruction buffer 13 which will proceed to position the
beam at the previously calculated tab-to position corre-
sponding to position 83 in the display shown in FIG. 4.
At this point, the coded representations of the charac-
ters “NO-60” will be sequenced through character de-
code ROS 46 subsequent to the “Start Display” instruc-
tion 85 (FIG. 7) and the remainder of the second line:
“NO-60” will be displayed in the CRT display of FIG.
4.

While the invention has been particularly shown and
described with reference to a particular embodiment, it
will be understood by those skilled in the art that vari-
ous changes in form and detail may be made without
departing from the spirit and scope of the invention.

What is claimed is:

1. In a cathode ray tube display system wherein al-
phanumeric characters are formed and cyclically re-
freshed in a sequence of selected positions along a plu-
rality of lines comprising:

positioning deflection means for moving the cathode

ray tube beam through said sequence of selected
positions with reference to first and second coordi-
nate axes in response to position signals,

means for generating said position signals,

character defining means for deflecting said beam at

each selected position in a pattern within which a
selected character may be defined and, in response
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signals representative of said selected character, for
modulating the beam intensity along said pattern to
define said character; and

means for generating signals representative of a se-

lected character and for applying said signals to
said character defining means,

the improvement wherein

said system includes storage means for sequentially

storing the coded representations of the characters
selected to be displayed and tab codes and carrier
return codes for said display characters, and

said means for generating said position signals in-

cludes

means responsive to an accessed tab code for calcu-

lating the tab position of the next character to be
displayed with respect to said first coordinate axis
only in the initial cycle during which each of said
selected characters is formed,

means for storing each of said calculated tab posi-

tions, and

means operable only during refresh cycles responsive

to a tab code for accessing the stored previously
calculated tab position corresponding to said code.

2. The cathode ray tube display system of claim 1
wherein said character defining means are responsive to
signals representative of a selected character, for de-
flecting said beam at each selected position in a pattern
tracing said selected character and modulating the beam
intensity along said pattern to define said character.

3. The cathode ray tube display system of claim 2
further including

means responsive to an accessed carrier return code

for calculating the carrier return position of the
next character to be displayed with respect to said
second coordinate axis only in the initial cycle
during which each of said selected characters is
formed,

means for storing each of said calculated carrier re-

turn positions, and

means operable only during refresh cycles responsive

to a carrier return code for accessing the stored
previously calculated carrier return position corre-
sponding to said code.

4. The cathode ray tube display system -of claim 3
wherein said tab codes and carrier return codes are
stored in said storage means embedded in the stored
coded character representations.

5. The cathode ray tube display system of claim 4
wherein said character defining means modulate the

beam intensity in a sequence of stroke image elements.
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