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57 ABSTRACT 
A system for displaying on a standard television moni 
tor a horizontal line along a scan line or a vertical line 
orthogonal to the scan line wherein coded digital sig 
nals from a memory define the location of the starting 
point of the line and also identify the line as either a 
horizontal or a vertical line. For horizontal line draw 
ing, circuit means are provided to respond to the start 
ing point identification to gate the beam on and to the 
horizontal line identification to maintain the beam 
gated on along a scan line until the end of the line. For 
vertical line drawing, the beam is gated on at the start 
ing point and a recirculating shift register stores the 
starting point identification to gate the beam on at the 
corresponding positions in successive scan lines. 

19 Claims, 5 Drawing Figures 
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1. 

GRAPHCS DISPLAY SYSTEM AND METHOD 

This is a continuation of application Ser. No. 
150,288, filed June 7, 1971 now abandoned. 
This invention relates to digital data processing sys 

tems and more particularly to a graphics display system 
utilizing a television raster scan wherein digital data is 
used to generate a graphics display including dots and 
horizontal and vertical lines. 
Graphics display systems presently commercially 

available fall generally into three categories. The first 
type is a so-called limited graphics display wherein one 
point is displayed during each scan line in response to 
an instruction from memory. So long as the change in 
the function being displayed is small from scan line to 
scan line, the technique is effective because the eye will 
integrate the dots as a continuous line function. How 
ever, as the change in the function increases from scan 
line to scan line, the eye does not effectively integrate 
the function. This causes the function to lose continuity 
to the viewer and, in an extreme case of large differ 
ences, the display becomes meaningless. Hence al 
though a limited graphics system can display a slowly 
varying function, it cannot effectively display rapidly 
varying functions. The second type, commonly known 
as a full graphics display, is implemented by providing 
one memory location for every possible dot position on 
the display. Lines are drawn by displaying each dot in 
response to a separate digital instruction. Hence a line 
consisting of three dots requires three separate instruc 
tions from memory. Although the full graphics system 
can effectively display rapidly varying functions, it re 
quires a large memory that is too expensive for many 
applications. The third type which may be termed char 
acter graphics has a limited character set, typically 64 
characters; and the display field is divided into contigu 
ous character cells, as contrasted to the dot matrix of 
a full graphics system. A designated character may be 
displayed at a designated cell. A graphic display is gen 
erated by selecting appropriate characters for contigu 
ous cells. However, resolution with a character graph 
ics display can be no greater than the cell size, typically 
one percent of the full graphics resolution capability. 
Character graphics, like limited graphics, cannot effec 
tively display a rapidly varying function. 
An object of the present invention is to provide a 

graphics display system and method that overcome the 
aforementioned disadvantages of the aforementioned 
displays. 
Further objects of the present invention are to pro 

vide a graphics display system and method that provide 
effective display of rapidly varying functions and that 
reduce the number of memory locations required, and 
hence are low in cost, by comparison to prior art capa 
ble of displaying rapidly varying functions. 
Other objects, features and advantages of the present 

invention will become more apparent in connection 
with the following description, the appended claims 
and the accompanying drawings in which: 
FIG. 1 is a block diagram illustrating a first embodi 

ment of the graphics display system of the present in 
vention; 
FIG. 2 is a coding format of the digital code data for 

the embodiment of FIG. 1; 
FIG. 3a is a simplified display illustrating the genera 

tion of horizontal and vertical lines by means of the cir 
cuit of FIG. 1; 
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2 
FIG. 3b is a table of coding for generating the display 

of FIG. 3a with the circuit of FIG. 1; 
FIG. 4 is a block diagram illustrating a second em 

bodiment of a display system of the present invention; 
and 
FIG. 5 is a coding format for the system of FIG. 4. 
Referring in greater detail to the drawings, digitally 

coded data from a computer 10 is loaded into a main 
memory 12 via an input register 14 under control of a 
load control circuit 18 which also controls an address 
counter 16. In response to a strobe command at line 19 
from the computer 10, the data necessary to generate 
a complete display frame on a standard television mon 
itor 20 is entered into memory 12. It will be understood 
that the particular manner in which data is loaded into 
memory 12 is not an essential feature of the present in 
vention. Various different techniques can be used. For 
purposes of illustration, memory 12 is a random access 
memory, for example, the memory known commer 
cially as MOS RAM, that is loaded sequentially and 
then read sequentially under the control of the address 
counter 16 to generate a display on monitor 20. 
By way of further illustration, one typical display 

contains, for example, 256 scan lines each of which has 
512 dot positions at which a dot could be displayed. 
For reasons that will later be apparent, each byte or 
digital word from computer 10 has the format shown in 
FIG. 2 wherein nine of the bits 22 (FIG. 2) is a number 
specifying one of the 512 dot positions on a scan line. 
For reasons as will later be described in greater detail, 
the nine-bit dot position specified by the data in mem 
ory 12 identifies the number of dot positions to the next 
dot to be displayed. The remaining three bits are a line 
feed bit 24, a horizontal line drawing bit 26 and a verti 
cal line drawing bit 28. 
The nine bits 22 in each byte are transferred sequen 

tially from memory 12 under the control of the address 
counter 16 to a countdown counter 30. For the above 
example, counter 30 has nine stages so that it can count 
up to 512. Simultaneously the line feed bit 24 is fed 
through a bistable multivibrator 32 to an AND gate 34. 
The horizontal line drawing bit 26 is steered into a pair 
of AND gates 36, 38 in a horizontal line generator 40 
designated by broken lines; and the vertical line draw 
ing bit 28 is steered to a pair of AND gates 42, 44 in 
a vertical line generator 46 designated by broken lines. 

A raster scan timing cicuit 50 generates timing sig 
nals applied, respectively, via line 52 to counter 16, via 
line 54 to gate 34, and via line 56 to multivibrator 32. 
The timing signal applied to gate 34 via line 54 is a dot 
clock pulse train containing the desired number of 

pulses, 512 pulses for the above example, to determine 
the number of dot positions which can be illuminated 
along each horizontal scan line at monitor 20. Hence 
timing circuit 50 provides a burst of 512 pulses in syn 
chronism with the beam as it traces each horizontal 
scan line. The dot clock pulse train is applied to gate 
34 only during the useful portion of a horizontal scan 
on the display; that is, the clock is not applied at gate 
34 during horizontal and vertical retrace of the beam. 
The timing signal applied to counter 16 via line 52 is 
the vertical sync pulse which is also fed to a mixer 60 
to synchronize the display frame at monitor 20 with the 
readout at memory 12. The timing signal for multivi 
brator 32 on line S6 is the horizontal sync pulse which 
is also applied to mixer 60 to synchronize the scan lines 
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to memory readout. Multivibrator 32 is set by a binary 
ONE in the line feed bit 24 to disable gate 34. The next 
horizontal sync pulse at line 56 resets multivibrator 32, 
enabling gate 34 to pass the dot clock pulse train to 
counter 30. 
The pulses passed to counter 30 by gate 34 count 

down the number stored in the counter 30 from mem 
ory 12. As the counter 30 passes through zero, an out 
put pulse, commonly known as the underflow pulse, is 
generated by counter 30 and applied to line 31. The un 
derflow pulse on line .31 is applied to the other inputs 
of all four AND gates 36, 38, 42, 44. The underflow 
pulse on line 31 is also fed to an OR gate 64, an OR 
gate 65 in the input of the address counter 16, and via 
an OR gate 67 and a delay 66 to the load input 69 of 
the counter 30. Gate 67 also receives a vertical sync 
pulse on line 52 to initially load counter 30 at the start 
of a display frame. The underflow pulse on line 31 
passes directly through gate 64 and an AND gate 71 to 
mixer 60 to intensify the beam at monitor 20. Gate 71 
is controlled by a blanking signal from circuit 50 which 
disables gate 71 to prevent video signals from reaching 
mixer 60 during horizontal and vertical retrace periods 
and at the last dot position on each scan line, i.e., dot 
position 512 for the above example. The underflow 
pulse fed to counter 16 via the gate 65 increments the 
address counter 16 so that the next digital word is avail 
able for entry into counter 30. The underflow pulse ap 
plied to the load input 70 via gate 67 and delay 66 
causes the next word to be entered into counter 30. 
The slight delay introduced at 66 assures that the new 
word is loaded in counter 30. 
A ONE in the horizontal line drawing bit 26 (desig 

nating that a horizontal line is to be drawn) steers an 
underflow pulse through gate 36 to set a bistable multi 
vibrator 68 to its set condition. In its set condition, mul 
tivibrator 68 provides a video signal to mixer 60 via 
gates 64 and 71 to intensify the beam at monitor 20 
until multivibrator 68 is reset. A ZERO in bit 26 will 
steer an underflow pulse on line 31 through gate 38 to 
reset multivibrator 68 and terminate the horizontal 
line. A ONE in the vertical line drawing 28 (designating 
that a vertical line is to be drawn) will steer an under 
flow pulse through gate 42 causing the underflow pulse 
to be stored in a recirculating shift register memory 70. 
The recirculating memory 70 has a number of stages 
corresponding to the number of effective dot positions 
on the display, i.e., 512 dot positions for the above ex 
ample. The dot clock pulse train from timing circuit 50 
is also applied to memory 70 via line 54 to shift the reg 
ister 70, causing each stored pulse to circulate in Syn 
chronism with the beam at monitor 20. Since pulses are 
entered in memory 70 by the underflow pulse, the 
stored pulse will provide a video pulse to mixer 60 via 
gates 64 and 71 at the same dot position during subse 
quent scan lines to cause a vertical line to be displayed. 
A ZERO in bit 28 will steer an underflow pulse on line 
31 through gate 44 to clear memory 70 at that dot posi 
tion and terminate the vertical line. Hence the compos 
ite video developed by mixer 60 contains horizontal 
and vertical sync pulses from the raster scan timing cir 
cuit 50 to synchronize the display frame with memory 
12 together with digital video signals formed by the un 
derflow pulse online 31 and the outputs from the hori 
zontal line generator 40 and the vertical line generator 
46. - 
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4. 
The construction and operation of the data display 

system described hereinabove in connection with FIG. 
1 will be more clearly understood by reference to the 
exemplary display shown in FIG. 3a and the corre 
sponding digital codes shown in the table of FIG. 3b. To 
generate the display shown in FIG. 3a, the 15 words 
shown in the table are stored in memory 12 at sequen 
tial memory addresses 0-14 (Column 1 of the table). 
At the beginning of the frame designated by point '0' 
at the left hand of the first upper scan line (FIG. 3a), 
the data from memory, address “0 0' is loaded in 
counter 30. The corresponding line feed bit 24 is fed to 
multivibrator 32 and horizontal and vertical line draw 
ing bits 26, 28 are fed to the horizontal and vertical line 
generators 40, 46. In response to the ONE in the line 
feed bit 24, gate 34 is disabled to inhibit transfer of a 
dot clock pulse train to counter 30 until the occurrence 
of the horizontal sync pulse at the end of the first scan 
line. When the beam reaches the end of the first scan 
line, multivibrator 32 is reset to enable gate 34 and 
begin countdown at counter 30. For the example being 
described, because the dot address "128' was entered 
in counter 30, upon the occurrence of the 128th dot 
clock pulse, an underflow pulse is generated by counter 
30 and transferred via gates 64 and 71 and mixer 60 to 
the monitor 20 to generate a dot at the first display 
point “1” designated in FIG. 3a. Simultaneously, the 
ONE in the horizontal line bit 26 steers the underflow 
pulse through gate 36 to set multivibrator 68 which in 
turn generates a digital signal to maintain the beam on 
at the monitor 20. At the same time, the ONE in the 
vertical line bit 28 steers the underflow pulse through 
gate 42 and enters it into memory 70 to start the verti 
cal line from point "1". The underflow pulse also incre 
ments the address counter 16 and, after a short delay, 
loads the contents of memory address "1 'into counter 
30. It is noted that the digital code at memory address 
“1” contains the number "256' which represents the 
distance in dot positions to the next dot to be displayed 
at point “2” (FIG. 3a). 
Since the line feed bit 24 is a ZERO, multivibrator 32 

remains in its reset state so that the gate 34 remains en 
abled and the dot clock pulse train at line 54 continues 
to be passed via gate 34 to counter 30 to count down 
the dot address “256'. After 256 pulses are counted, 
a second underflow pulse is generated by counter 30 at 
the dot position '2' (FIG. 3a). The second underflow 
pulse is steered by the ZERO in the horizontal line bit 
26 through gate 38 to reset multivibrator 68, thereby 
turning off the beam at the number “2' dot position. 
The second underflow pulse is also steered by the ONE 
in the vertical line bit 28 through gate 42 into memory 
70 to start the vertical line from point "2". The second 
underflow pulse increments the address counter and 
loads the contents of memory address '2' into counter 
30. Because the line feed bit 24 is a ONE, multivibrator 
32 is set to inhibit transfer of the dot clock pulse train 
to the counter 30, and the beam remains off from the 
number '2' dot position to the end of the second scan 
line. At the end of the second scan line, the horizontal 
sync pulse resets multivibrator 32 to enable gate 34 to 
pass the dot clock pulse train to counter 30. 
When the beam reaches the 128th dot position in the 

third scan line, a digital video signal is generated by 
memory 70 to display a dot in vertical alignment with 
the dot position “1'. When the beam reaches the 384th 
dot position, a second video signal is generated by 
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memory 70 to display a dot in the third scan line inver 
tical alignment with dot position "2'. When the beam 
reaches the 512th dot position, point “3' (FIG. 3a), 
counter 30 generates a third underflow pulse to incre 
ment the address counter and load the contents of 
memory address '3' into counter 30. The underflow 
pulse is blanked at the AND gate 71. From the forego 
ing partial description, the manner in which the re 
mainder of the display is generated will be apparent. 
Several important features of the data format to gen 

erate both vertical and horizontal lines merit special at 
tention. Memory 12 contains only a dot address corre 
sponding to the number of dot positions to the next dot 
to be displayed within the scan line. The line feed bit 
24 determines whether the dot is to be displayed at the 
dot address number in the line being scanned or in the 
next succeeding line. In response to a ZERO line feed 
bit 24, a dot will be displayed in the line being scanned; 
and in response to a ONE, the dot will be displayed in 
the next succeeding line. Where several scan lines are 
to be traversed without generating a display, except for 
the dots, if any, generated by memory 70, the succes 
sive dot addresses will be the number 512 coupled with 
a ONE in line feed bit 24. The horizontal line bit 26 de 
termines whether a horizontal line is to be started or 
stopped at the dot address specified. The vertical line 
bit 28 determines whether a vertical line is to be started 
or stopped. 
One of the more significant features of the present 

invention is that the display is generated with only a 
small memory. For example, based on the display of 
FIG. 3a, only 15 words (or 180 bits) of memory were 
required. An equivalent display generated by a prior art 
system of the full graphics type would have required 
6, 144 bits of memory because a bit must be stored for 
every possible dot position within the dot field. The 
drastic reduction in memory required is due to three 
factors. The digital code is a number specifying where 
the dot is to be positioned within possible dot positions 
in the dot matrix of the display. Hence memory 12 is 
only required to store the number of dots to be displaed 
rather than the total number of dot positions that are 
required with a full graphics system of the prior art. 
Thus a significant advantage is achieved in a display 
composed only of dots. However, still further reduc 
tions are achieved because horizontal and vertical lines 
can be drawn by storing only two words. 

Referring to the alternative embodiment illustrated 
in FIG. 4, since many of the circuit components func 
tion in substantially the same manner as those previ 
ously described in connection with FIG. 1, similar com 
ponents are designated by a prime numeral. Digital 
data is entered into a main memory 12' from a com 
puter 10' via an input register 14' and a load control 
18'. For a display of the type described in connection 
with FIG. 1, each digital word may again consist of nine 
dot address bits 90 (F.G. 5), a line feed bit 92, a hori 
zontal line bit 94 and a vertical line bit 96. Although 
the overall format of the code in FIG. 5 corresponds to 
that described in connection with FIG. 2, the number 
designated by the nine bit dot address 90 is the absolute 
dot position in a scanline as contrasted to the distance 
to the next dot to be displayed (dot address 22, FIG. 2). 
During a display, each word is read sequentially from 
memory 12" under the control of counter 16'. The hori 
zontal and vertical line bits 94, 96 perform the same 
function described in connection with FIG. 1 to condi 
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tion the AND gates 36', 38', 42", 44'. The nine-bit dot 
address 90 is applied to one input of a comparator 100. 
In the embodiment of FIG. 4, the dot clock pulse train 
on line 54' is applied to a count-up counter 102 capa 
ble of counting up the total number of useable dot posi 
tions on each scan line. For the example described in 
connection with FIG. 1, counter 102 is a nine-stage 
counter to count up to 512 dot positions. Counter 102 
also receives an input reset pulse from the vertical sync 
line 52" to initially synchronize the counter with the be 
ginning of the display frame at monitor 20'. During 
each scan line at monitor 20', counter 102 receives a 
burst of 512 dot clock pulses and repeats the count 
from zero to 51 1 during each scan line. The instanta 
neous count in counter 102 is applied to a second input 
of comparator 100 for comparison against the dot posi 
tion number from memory 12. Comparator 100 gener 
ates an output pulse at line 106 when the instantaneous 
count at count 102 is equal to the dot position number 
from memory 12'. 
The output of comparator 100 is applied to an AND 

gate 108 which also receives a conditioning signal from 
the bistable multivibrator 32". Multivibrator 32" (FIG. 
4), as with multivibrator 32 (FIG. 1), is set by a line 
feed bit 92 and reset by a horizontal sync pulse on line 
56'. In response to a ONE in the line feed bit 92, multi 
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vibrator 32' disables AND gate 108 to inhibit the trans 
fer of pulses on line 106 to line 31'. A horizontal sync 
pulse on line 56' resets multivibrator 32' enabling gate 
108 to pass pulses on line 106 to line 31'. The pulse on 
line 31' (FIG. 4) corresponds identically in function to 
the underflow pulse on line 31 from counter 30 (FIG. 
1). Hence the output pulse online 31' is transferred 
throughgates 64, 71' to mixer 60 to form the compos 
ite video applied to monitor 20'. Simultaneously, the 
pulse on line 31' enables those AND gates 36', 38', 42", 
44' that were previously conditioned by the horizontal 
and vertical line bits 94, 96. The pulse on line 31' also 
increments the address counter 16'. 
The construction and operation of the data display 

system of FIG. 4 will be more readily understood by 
reference to the description of FIG. 1 and to the man 
ner in which the circuit of FIG. 4 generates the display 
of FIG.3a. The data required by the circuit of FIG. 4 
corresponds to the data in the table of FIG. 3b except 
that the dot address at memory address “1” is 384 
rather than 256; the dot address at memory address 
“4” is 320; the dot address at memory address "10' is 
320; and the dot address at memory address “13' is 
384. During the first scan line, comparator 100 will 
generate an output at line 106, when the count in 
counter 102 equals the dot address number 128. The 
output pulse on line 106 is inhibited because the line 
feed bit 92 is a ONE. At the end of the first scan line, 
a horizontal sync pulse on line 56' resets multivibrator 
32 to enable gate 108. On the second scan line, when 
counter 102 equals the number 128, an output pulse 
appears on line 106 and is passed via gate 108 to line 
31 to cause a dot to be displayed on monitor 20' at 
point "1" (FIG.3a). The pulse on line 31' is steered by 
the bit 94 through gate 36' to set multivibrator 68' and 
start a horizontal line. Bit 96 also steers the output 
pulse through gate 42 into memory 70' to start a verti 
cal line. The output pulse also causes the contents of 
memory address “1” to be applied to comparator 100. 
Because dot address 90 (FIG.5) is an absolute position 
along a scan line, the dot address at memory address 
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"1" specifies the display point "2" (FIG.3a) as dot po 
sition 384 rather than dot. position 256 (FIG. 3b) for 
the system of FIG.1. Hence as the beam traverses the 
second scan line, a horizontal line is drawn between 
points "1" and "2" (FIG.3a). When the beam reaches 
point “2', the count in counter 102 reaches the num 
ber 384 and comparator 100 generates another pulse 
on line 106. This pulse is steered through gate 38' to 
reset multivibrator 68' and end the horizontal line. The 
pulse is also steered through gate 42' into memory 70' 
to start the second vertical line. The remainder of the 
display is generated in a manner substantially the same 
as that described in connection with the display system 
of FIG. I. 
Although the main memories 12, 12' have been de 

scribed as a random access memory with readout con 
trol by an address counter 16, other types of memory 
and readout controls could be used. For example, 
memories 12, 12 could be one or more MOS dynamic 
shift registers recirculating in synchronism with the dis 
play frame so that data is shifted out in the properse 
quence. The horizontal line drawing video generated 
by circuits 40, 40' could be gated with various clocks 
from timing circuits 50, 50' to display dotted and 
dashed lines. Additional bits can be added into memo 
ries 12, 12' to specify color or different colors for dif 
ferent dots or lines. To implement of color display, the 
color data must also be transferred to memories 70,70' 
at the starting point of a vertical line. Although the 
code format has been described as adding additional 
bits to each word to control line feed and horizontal 
and vertical line drawing, these controls could be 
stored as separate words that are read sequentially to 
generate the display. For example, the dot address 
word required to display a dot at a given dot position 
could be preceded by a control word to start or end ei 
ther a horizontal or a vertical line as required. The con 
trol word would condition the gates 36, 38, 42, 44 so 
that on the following dot address word the output pulse 
on line 31 would be steered in the desired manner in 
generators 40, 46. The present invention also contem 
plates generating a vertical line of given length by a dig 
ital word identifying the starting point and the number 
of dots in successive scan lines required for the given 
length. At the starting point, the length of the line is en 
tered in recirculating memory (70, FIG. 1; 70', FIG. 4) 
and the length is decremented once during each suc 
cessive scan line. 

I claim: 
1. In a system for displaying graphics on a beam-type 

display device that exhibits a television raster scan line 
pattern wherein the beam traverses successive gener 
ally parallel scan lines with a plurality of predetermined 
positions along each scan line corresponding to a re 
spective point from which a line may be drawn in a di 
rection generally orthogonal to said scan lines compris 
ing storage means providing digital data coded with a 
number representing a first predetermined dot position 
along one of said scan lines and further coded to desig 
nate that said line in said generally orthogonal direction 
is to be drawn from said first dot position, first circuit 
means responsive to said number code to generate a 
beam switching control signal when scanning reaches 
said first dot position in said one scan line and means 
including a recirculating memory responsive to said 
beam switching control signal and to said line drawing 
code for producing a plurality of beam switching sig 
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8 
nals during scan lines subsequent to said one scan line, 
said recirculating memory having at least a number of 
stages corresponding to the number of useable dot po 
sitions in any given scan line and being recirculated in 
synchronism with said scanning raster. 

2. The system set forth in claim 1 further comprising 
a raster scan timing circuit providing a dot clock pulse 
train containing a number of pulses equal to said use 
able number of dot positions in each scan line and 
wherein said recirculting memory is a recirculating 
shift register that is shifted in response to said dot clock 
pulse train. 

3. The method of generating a graphics display on a 
beam-type display device that exhibits a television ras 
ter scan line pattern wherein the beam traverses suc 
cessive generally parallel scan lines with a plurality of 
dot positions along each scan line corresponding to re 
spective points at which the beam may be intensified to 
display a dot, said display device having a first prede 
termined maximum number of dot positions at which 
a dot can be displayed, the steps of providing a plurality 
of storage locations for digital data corresponding to a 
second predetermined maximum number of dot posi 
tions to be intensified in any given display, said second 
number of dot positions being substantially less than 
said first number of dot positions, storing in said stor 
age locations a plurality of digital data words coded to 
identify selected positions at which dots are to be dis 
played, successively reading each of said words from 
said storage location one by one in synchronism with 
raster scanning over a plurality of scan lines while in 
tensifying said beam in response to each word when 
said beam reaches each predetermined dot position, 
said words being read successively one by one by read 
ing another code each time said beam reaches that se 
lected dot position identified by that code which was 
last read, and wherein said data words are coded to des 
ignate whether each dot is to be displayed at a dot posi 
tion specified thereby during the scan line then being 
traversed by said beam or during the next succeeding 
scan line to be traversed by said beam, and further 
comprising the step of inhibiting beam intensification 
at a dot position in the scan line being traversed in re 
sponse to a word coded to designate that the dot be dis 
played at a dot position in the next scan line. 

4. The method of generating a graphics display on a 
beam-type display device that exhibits a television ras 
ter scan line pattern wherein the beam traverses suc 
cessive generally parallel scan lines with a plurality of 
dot positions along each scan line corresponding to re 
spective points at which the beam may be intensified to 
display a dot, said display device having a first prede 
termined maximum number of dot positions at which 
a dot can be displayed, the steps of providing a plurality 
of storage locations for digital data corresponding to a 
second predetermined maximum number of dot posi 
tions to be intensified in any given display, said second 
number of dot positions being substantially less than 
said first number of dot positions, storing in said stor 
age locations a plurality of digital data words coded to 
identify selected positions at which dots are to be dis 
played, successively reading each of said words from 
said storage location one by one in synchronism with 
raster scanning over a plurality of scan lines while in 
tensifying said beam in response to each word when 
said beam reaches each predetermined dot position, 
said words being read successively one by one by read 
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ing another code each time said beam reaches that se 
lected dot position identified by that code which was 
last read, and wherein said method further comprises 
the steps of coding a first word to designate that a line 
is to be drawn from a starting point dot position desig- 5 
nated by said first word, and then, in response to said 
line drawing code, intensifying said beam at a dot posi 
tion adjacent said starting point dot position. 

5. The method set forth in claim 4 wherein a horizon 
tal line is to be drawn and said first word is coded to 10 
designate that a horizontal line is to be drawn, and 
wherein said line is drawn by intensifying said beam at 
said starting point dot position and then, in response to 
said line drawing code, maintaining said beam intensi 
fied as it is scanned across said adjacent dot position. 15 

6. The method set forth in claim 5 wherein a second 
word is coded to designate an end point dot position of 
said horizontal line, and said second word is further 
coded to designate that drawing of said horizontal line 20 
is to be terminated at said end point dot position, and 
wherein said method further comprises turning off said 
beam at said end point dot position in response to said 
further code of said second word. 

7. The method set forth in claim 4 wherein a vertical 25 
line is to be drawn and said first word is coded to desig 
nate that a vertical line is to be drawn, and wherein said 
beam is intensified at said adjacent dot position by stor 
ing said starting point dot position in a recirculating 
memory in response to said line drawing code and re- 30 
calling said stored dot position at the corresponding dot 
position in the next successive scan line. 

8. The method set forth in claim 7 wherein said recir 
culating memory is a recirculating shift register, said 
starting point dot position is stored by entering a pulse 35 
in said shift register, and said pulse is recirculated in 
said shift register in synchronism with beam scanning 
each time said beam completes one scan line. 

9. A system for displaying graphics including line-like 
segments on a beam-type display device that exhibits a 
television raster scan line pattern wherein the beam tra 
verses successive generally parallel scan lines in a first 
direction and a plurality of predetermined positions 
along each scan line correspond to points at which the 
beam may be intensified to display a dot, comprising 45 
data storage means providing a digitally coded data sig 
nal having first data components each of which desig 
nates respective dot positions along said scan lines, said 
data signal further having second data components as 
sociated with respective first data components and des 
ignating whether its associated dot position is con 
tained in a line segment, first circuit means operable in 
synchronism with raster scanning on said display device 
and responsive to said first data components to gener 
ate first video components for intensifying said beam at 
said designated dot positions and second circuit means 
operable in synchronism with raster scanning on said 
display device and responsive to both said first and said 
second data components to generate second video 
components for intensifying said beam at other dot po 
sitions such that associated first and second data con 
ponents cause said beam to be intensified at one of said 
predetermined dot positions on a given line segment 
and at other dot positions on the same given line seg 

ent. 

10. The system set forth in claim 9 wherein said first 
circuit means generates memory sequencing signals in 
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10 
synchronism with said first video components and 
wherein said system further comprises means respon 
sive to said memory sequencing signals to sequentially 
transfer data from said storage means to said first cir 
cuit means. 

11. The system set forth in claim 10 further compris 
ing raster scan timing means for generating a dot clock 
pulse train with each of the pulses therein representing 
a respective dot position along a scan line and wherein 
said first circuit means includes counter means and is 
responsive to said dot clock pulse train and said first 
data components to generate said first video compo 
nents when raster scanning reaches said dot positions 
designated by said first data components. 

12. The system set forth in claim 11 wherein said 
counter means is responsive to said pulse train to pro 
vide an instantaneous count representing the dot posi 
tion of said beam during each scan line and wherein 
said first circuit means further comprises comparison 
means operatively coupled to said storage means and 
to said counter means and responsive to said instanta 
neous count and said first data components to provide 
said first video components when raster scanning 
reaches dot positions designated by said first data com 
ponents. - 

13. The system set forth in claim 11 wherein said tim 
ing means also generates horizontal sync pulses, said 
data signal further includes third data components as 
sociated with respective first data components desig 
nating whether the dot position of its associated first 
data component is to be displayed in said line being 
scanned or in a subsequent line, and wherein said first 
circuit means further comprises means responsive to 
said horizontal sync pulses and to said third data com 
ponents to inhibit generation of said first video compo 
nents when said third data components designate beam 
intensification on a subsequent scan line. 

14. The system set forth in claim 9 wherein said data 
signal further comprises third data components each of 
which designates respective dot positions along said 
scan lines and fourth data components each of which 
is associated with a respective third data component 
and designates the dot position of its associated third 
data component as being the end of a line segment, said 
first circuit means is responsive to said third data com 
ponents to generate output signals when raster scan 
ning reaches dot positions designated by said third data 
components and wherein said second circuit means 
comprises means including gate means responsive to 
said output signals and to said fourth data components 
to inhibit said beam at said display when said beam 
reaches dot positions designated by said third data 
components. 

15. The system set forth in claim 9 wherein said sec 
ond data components designate that said line segments 
extend in a direction along said scan lines, and wherein 
said second circuit means comprises means including 
gate means responsive to said first video component 
signals and said second data components to generate 
second video components for intensifying said beam at 
successive dot positions along said scan lines. 

16. The system set forth in claim 9 wherein said sec 
ond data components designate that said line segments 
are generally orthogonal to said scan lines, said second 
circuit means comprises gate means and recirculating 
shift register means operated in synchronism with said 
Scanning raster, and wherein said gate means is respon 
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sive to said first video components and second data 
components associated therewith to cause pulses to be 
entered into said register means when raster scanning 
reaches dot positions designated by said first data com 
ponents, said recirculating shift register means being 
arranged to generate said second video components 
during succeeding scan lines at dot positions therealong 
contained in said orthogonal line segments. 

17. The method of generating a graphics display on 
a beam-type display device that exhibits a television 
raster scan line pattern wherein the beam traverses suc 
cessive generally parallel scan lines with a plurality of 
display positions along each scan line at which the 
beam may be intensified to change the display, said dis 
play device having a first predetermined maximum 
number of display positions, the steps of providing a 
plurality of storage locations for digital data corre 
sponding to a second predetermined maximum number 
of display positions at which the intensity of the display 
may be changed, storing in said storage locations a plu 
rality of digital data words coded to identify selected 
display positions at which the intensity of the display 

is to be changed, successively reading each of said 
words from said storage locations one by one in syn 
chronism with raster scanning of a plurality of scan 
lines while changing the intensity of the display by 
reading another word in response to said beam reach 
ing that selected display position identified by that 
word which was last read and also changing the inten 
sity of said display in response to said beam reaching 
that selected display position identified by that word 
which was last read so that storage locations are re 
quired for data corresponding to display positions 
where beam intensity is to be changed rather than for 
data at each of said first predetermined maximum num 
ber of display positions. 

18. A system for generating displays on a beam-type 
display device that exhibits a television raster scan line 
pattern wherein each scan line includes a plurality of 
predetermined positions at which the intensity of said 
beam may be selectively switched between first and 
second states of intensification comprising memory 
storage means for storing a plurality of codes that iden 
tify selected display positions in a plurality of scan 
lines, first means responsive to sequencing signals to 
read said codes from said memory means one at a time 
and provide a respective digital signal representing 
each of said codes, second means responsive to a clock 
pulse signal synchronized with scanning of said beam 
and to each of said digital signals as it is read from 
memory to generate a beam control signal each time 
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said beam reaches that display position identified by 
the last code read from said storage means, third means 
responsive to each said control signal to generate a 
beam switching signal adapted to switch said beam 
from one intensification state to the other intensifi 
cation state and fourth means responsive to each said 
control signal to generate a respective sequencing sig 
nal for said first means to thereby cause another code 
to be read from memory identifying another selected 
position at which said beam is to be switched. 

19. The method of generating a graphics display on 
a beam-type display device that exhibits a television 
raster scan line pattern wherein a beam scans consecu 
tive scan lines each of which includes a plurality of pre 
determined positions at which the intensity of said 
beam may be selectively switched between first and 
second states of intensification to create a display com 
prising the steps of storing a plurality of data codes in 
a main memory with each code identifying a respective 
selected display position at which said beam is to be 
switched, said stored codes identifying consecutive po 
sitions at which said beam is to be switched in at least 
first and second consecutive scan lines, and wherein 
said method further comprises generating said display 
by sequentially reading said codes from said memory 
one at a time to consecutively identify said selected dis 
play positions as said beam scans said consecutive scan 
lines, said sequential code reading including the steps 
of reading a first data code from memory, identifying 
a first selected display position in said first line corre 
sponding to said first data code, generating a first beam 
control signal in response to said beam reaching said 
first display position, generating a first beam switching 
signal in response to said first control signal to switch 
said beam at said display, reading a second data from 
said memory in response to said first control signal to 
identify a second selected display position in said sec 
ond line, generating a second beam control signal in re 
sponse to said beam reaching said second display posi 
tion, generating a second beam switching signal in re 
sponse to said second control signal to switch said 
beam at said display, and reading a third data code 
from said memory in response to said second control 
signal to identify a third selected display position at 
which said beam is to be switched and wherein each 
time said beam reaches a selected display position iden 
tified by that code which was read last, a beam control 
signal is generated to cause another code to be read 
from said memory. 
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