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[57] ABSTRACT

In a display system for a data processing system color
words for display at sequential pixels are obtained by
addressing a lookup table memory with addresses ob-
tained from a bit map display memory. Initialization
data is stored in the display memory and, during an
initialization procedure, is applied to the lookup table
along the same data path used by the addresses during
display. In one system a multiplexer takes the form of a
shift register into which sequential pixel addresses are
applied in parallel to interleaved stages. The two LUT
addresses are read out sequentially by shifting the shift
register. During the initialization procedure shifting is
disabled and the interleaved address and data bytes are
applied along separate address and data lines to the
lookup table. One data path can be utilized for either
eight plane or four plane display. In another system, a
buffer storage is provided between the address input to
the LUT memory and the data input and, during the
initialization procedure, data is stored in the buffer in
alternate cycles of the display memory output.

19 Claims, 3 Drawing Sheets
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1
LOOKUP TABLE INITIALIZATION

DESCRIPTION
TECHNICAL FIELD

The most prevalent display device used in data pro-
cessing systems is the cathode ray tube video display
monitor. Monitors operate on the same principle as
conventional television in that an electron beam follows
a raster scan. Control of the amplitude of the electron
beam during the scan defines the video image. After
completion of, for example, 520 horizontal scan_lines
the electron beam is blanked and returned to the first
scan line of the raster during a vertical synchronization
interval. With color monitors three electron beams are
controlled for three primary colors. So that the electron
beams can be conveniently controlled by sequential
digital words, the raster scan, and thus the video display
as a whole, is segmented into individual picture ele-
ments, or pixels. A new digital word is presented for
each pixel to control the electron beam and thus the
pixel color.

Typically, only a limited number of pixels are
changed in color from frame to frame. Therefore, in
order to minimize the operations required to generate
the individual pixel colors for a frame and to increase
the speed of the display unit, pixel colors for the entire
frame are typically stored in a bit map display memory.
A color word is stored in memory for each pixel and the
color words are sequentially read out in synchroniza-
tion with the raster scan. The color words stored in the
display memory are changed under control of a central
processing unit.

Because the display unit responds to digital words of 35.

limited numbers of bits, it can display only a limited
number of discrete colors. Typically, the CRT display
is able to respond to an eight bit byte for each of three
CRT colors. In responding to a three byte input there
are millions of possible color combinations, referred to
here simply as colors, which may be displayed at any
one pixel. However, in order to be able to display any
one of those colors at any pixel, the display memory
would necessarily be able to store a three byte word for
each pixel and logic would be required for sequentially
transferring each three byte word to the CRT display
unit.

To minimize the storage capacity of the display mem-
ory and the size of the main data path, lookup table
memories are often included in display systems. The
lookup table design approach is based on the recogni-
tion that all of the possible colors need not be available
for any particular application. For example, a lesser
color resolution may be appropriate, or fine resolution
in certain color ranges and coarser color resolution in
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other color ranges may be appropriate. Thus, a lookup *

table memory is initialized for a particular application to
store a lesser number of possible colors which may be
displayed for any pixel during the raster scan. The
lookup table memory may provide a three byte output
to control the CRT display in response to a memory
address of a lesser number of bits. In an eight plane
system the lookup table is addressed by eight bits; thus,
there are 256 possible colors for any particular applica-
tion even though the CRT display is capable of re-
sponding to several million different color words from
a three byte input. With the lookup table approach the
display memory stores addresses to the lookup table

60

65

2
rather than actual color words, and the color words are
stored in the lookup table memory at those addresses.

In other systems, the lookup table may be sufficiently
large to store all possible color words. In such systems,
the lookup table is provided as a mechanism for translat-
ing colors.

During initialization of a lookup table, color words
are presented at a data input to the lookup table memory
as each location of the memory is addressed. The data
and addresses are provided by the CPU. A multiplexer
selects the initialization address rather than the address
from the display memory. Because the lookup table
must be initialized during the vertical synchronization
interval and the CPU may be relatively slow, it is often
necessary to store the initialization data and addresses in
a buffer memory.

In order to meet the speed requirements of the raster
scan, the lookup table memory and some associated
logic is often fabricated in ECL logic. ECL logic is
more costly in power and other requirements and its use
is therefore generally limited to those circuits where it is
necessary. Slower TTL logic is typically used in the
display memory and the CPU. With the different logic
forms used for the different portions of the overall sys-
tem, additional conversion circuitry must be provided
between the TTL and ECL data paths.

DISCLOSURE OF THE INVENTION

A display system for a data processing system in-
cludes a video display unit for displaying discrete colors
at individual pixels. A lookup table (LUT) memory
responds to sequential multibit addresses received at an
address input for providing sequential multibit color
data which defines the color at each pixel to the video
display unit. The LUT memory has a data input for
receiving color data to be stored at the LUT memory
addresses during an initialization procedure.

A display memory has a lookup table address stored
therein for each pixel of a frame of pixels to be dis-
played. A display data path is provided from the display
memory to the address input of the LUT memory.

During initialization, LUT color data is read from the
display memory and passed along the display data path
to the data input of the LUT memory. LUT addresses
may also be taken from the display memory. Thus, the
LUT memory may be initialized through the already
provided display data path without the need for an
additional initialization data path with its attendant
requirement for logic conversion. Further, the display
memory is utilized as the initialization buffer, so the
requirement for an additional buffer memory is avoided.

The data required for initialization may be stored in
the hidden memory portion of the display memory.
Alternatively, initialization data may be written over
display data in the display memory and the display data
may then be written back into the display memory after
initialization. Replacement of data in the display mem-
ory for initialization may occur during the raster scan
portion of the video frame cycle.

In a preferred system, multiple LUT addresses are
obtained from the display memory in parallel and those
addresses are multiplexed to a common LUT address
input to provide for the higher speed of the LUT ad-
dressing during the raster scan. During initialization in a
vertical synchronization interval, the multiple addresses

- from the bit map memory are replaced by a single ad-

dress and a single color word from the display memory.
The two words are not multiplexed to the common
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address input but are kept separate with one applied to
the address input and the second applied to the data
input of the LUT memory.

The multiplexer mray take the form of a shift register
having two parallel, interleaved inputs. During display,
one input is first applied to the address input of the
LUT; the stored bits are then shifted, and the second
input is applied to the address input in the next cycle.
During the lookup table initialization operation, the
shift is inhibited, and the two words are taken from
parallel outputs from the shift register. Those parallel
outputs are applied to the address and data inputs of the
LUT as the LUT is write enabled for a particular color.

In a system which is able to operate in more than one
configuration of different numbers of planes such as
four planes or eight planes, only a portion of the bits of
the second word from the display memory are applied
to the data input of the LUT memory. The memory is
enabled to write into only one portion of each addressed
word during each write cycle.

In a system in which parallel addresses are not ob-
tained from the display memory, but in which the ad-
dresses are read from the display memory at the same
‘rate as they are applied to the LUT memory, an addi-
tional buffer is provided. During the initialization pro-
cess, the words from the display memory are alternately
delayed in the buffer so that address and data bits can be
applied to the LUT simultaneously.

In another system, the addresses to the LUT memory

-during initialization are provided by separate hardware
through a multiplexer and only the color data is ob-
tained from the display memory.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advan-
‘tages of the invention will be apparent from the follow-
~ing more particular description of preferred embodi-
~ments of the invention, as illustrated in the accompany-
ing drawings in which like reference characters refer to
the same parts throughout the different views. The
drawings are not necessarily to scale, emphasis instead
being placed upon illustrating the principles of the in-
vention.

FIG. 1 is as block diagram illustration of a data pro-
cessing system embodying the present invention;

FIG. 2 is a schematic illustration of a multiplexing
shift register used in the embodiment of FIG. i;

FIG. 3 is a block diagram illustration of an alternative
embodiment of the invention for use in either an eight
plane or a four plane system;

FIG. 4 is a schematic illustration of an LUT memory
used in the embodiment of FIG. 3 in an eight plane
system,;

FIG. 5 is an illustration of the bytes obtained from the
display memory during successive cycles in an initial-
ization process for the eight plane system of FIG. 3;

FIG. 6 is a block diagram illustration of yet another
embodiment of the invention in which LUT addresses
are read from the display memory at the same rate as
they are applied to the lookup table memory; and

FIG. 7 is a block diagram illustration of yet another
embodiment of the invention in which LUT addresses
are obtained from separate hardware during the initial-
ization process.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates a data processing system employing
a display system according to the present invention.
The system includes the typical CPU 12 and main mem-
ory 14 on a bus 15 which includes data, address and
control busses. A bit map display memory 16 is also
connected to the bus 15. The display memory stores a
lookup table address of the lookup table 18 for each
pixel to be displayed on the CRT display 20. Because
the CRT is an analog device, the display unit includes
digital to analog converters 22 between the lookup table
and the CRT. If, for example, the CRT display is to
display a frame of 1000 by 1000 pixels, the display mem-
ory 16 would store a bit map of 1000 by 1000 addresses
to the LUT. In addition, the display memory may in-
clude hidden memory which may be on the order of
magnitude of the bit map. That hidden memory is used
for storing fonts, tile patterns such as stipple, the shape
of the cursor, shading, and other features of a display. In
an eight plane system in which the address to the lookup
table has eight bits, a display memory of 1000 by 2000
by 8 bits may be provided. At the lookup table, each
eight bit address defines 256 address locations, each of
which stores three bytes of a color word, so there are
256 possible colors displayed on the CRT 20 at any
time. Color here refers to any combination of two or
more levels of the one or more CRT colors, including
gray.

With each pizxel to be displayed by the CRT during a
raster scan, an eight bit address 24 is provided to the
lookup table. In order that the display memory need not
operate at the same speed as the lookup table memory,
two addresses are simultaneously read from the display
memory at 26 and 28. Both addresses are converted to
ECL logic in 2 TTL to ECL converter 30 and applied
to a multiplexer 32. During the raster scan the parallel
addresses are alternately applied by the multiplexer to
the address input 24.

The circuitry thus far described is conventional. The
usual display system would include additional
TTL/ECL conversion circuitry and possibly an addi-
tional initialization buffer memory connected from the
bus line 15 to an additional multiplexer. That additional
circuitry would apply addresses to the address input 24
and data to a data input 34 during the initialization
process. In accordance with the present invention that
additional data path is avoided.

In accordance with one embodiment of the present
invention the color words to be stored in the lookup
table and their addresses are initially stored in the hid-
den memory portion of the display memory 16. The
initialization addresses and data require only a small
portion, in the order of one percent, of a typical hidden
memory. When the LUT is to be initialized, the initial-
ization addresses and data may be read from the hidden
memory onto lines 26 and 28 during a vertical synchro-
nization interval when display addresses are not taken
from the bit map. They are converted to ECL logic by
the converter 30 and applied to the multiplexer 32.
During the initialization procedure, however, the multi-
plexing operation of multiplexer 32 is disabled such that
the two bytes applied thereto are retained in parallel
and are applied to the address and data inputs 24 and 34
of the lookup table. The eight bits on line 34 represent
the eight bits to be stored for a particular CRT color at
the address indicated on line 24. All three CRT colors
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for a common address are stored in three successive
cycles. The portions of memory dedicated to the re-
spective colors are individually enabled by a display
control 36 in respective write cycles.

A shift register suitable for use as the multiplexer 32
is illustrated in FIG. 2. The two bytes from the display
memory are applied in parallel to interleaved stages of
the shift register. Thus, the upper byte is shown to be
applied to the clear stages and the lower byte is shown
to be applied to the crosshatched stages. During the
raster scan, only the outputs from the clear stages are
utilized. After the two bytes are read in parallel into the
shift register, the first is read onto the address line 24.
Then, the register is shifted by display control 36 such
that the second byte moves into the clear stages and that
byte is available on line 24 to the LUT. The output on
line 34 is of no consequence because the LUT only
looks to its data input with a write enable.

During the LUT initialization process, shifting of the
register is disabled by display control 36. Thus, after the
two bytes are loaded into the shift register they remain
available on the respective outputs. One is applied to the
address line 24 and the other is applied to the data line
34. The data on line 34 is stored in the address location
for one of the three CRT colors with the write enable
for that CRT color. It can be seen, then, that the address
and data inputs to the LUT during the initialization
---procedure are obtained without any additional compo-
nents in the data path.

In the systems thus far described, the initialization
data was stored in the hidden portion of the display
memory. The present invention may be used even
where no hidden memory is provided. In such a system,
the data to be stored in the LUT would be written over
pixel data by the CPU and that data would be rewritten
into the bit map after initialization. If, for example, the
LUT data were loaded into the bit map at the addresses
corresponding to a center line of the raster scan, the
LUT data could be written into the bit map shortly after
display of that line on the CRT even as the raster scan
continued. The initialization procedure would then take
place during the vertical synchronization. The pixel
data would be reloaded into the bit map before the
raster scan again reached the center line. Such an ap-
proach provides a significantly greater amount of time
than is available in the vertical synchronization interval
for loading the LUT data into the bit map and then
reloading the pixel data. Initialization of the LUT mem-
ory would still take place during the vertical synchroni-
zation interval, which is typically less than 1 millisec-
ond, but the loading and reloading of the bit map could
take place over a substantially larger amount of time in
the order of 15 milliseconds which approaches the en-
tire frame time.

A system designed such that the same data path can
be used for either a four plane or an eight plane display
is shown in FIG. 3. In a four plane display only a four
bit address would be provided to the LUT. In such a
system the capacity of the display memory can be re-
duced by half, and the LUT could be reduced from
256X3%8 to 16 X3 X 8. In an eight plane system both
1K X2K X4 portions of the display meinory 38 illus-
trated in FIG. 3 would be utilized to provide a first
eight bit address comprising PIH and PIL and a second
eight bit address comprising P2H and P2L. However,
with four plane operation a portion of the memory
would be eliminated and two four bit addresses would
be obtained from the display memory for each pair of
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pixels. For the hardware shown, the lower portion of
the display memory would be eliminated, leaving the
addresses PIH and P2H. However, any set of planes
may be deleted so long as the hardware is designed
accordingly. As before, the addresses taken from the
display memory are applied through TTL/ECL con-
version circuitry 40 and applied to the multiplexer 42
which takes the form of a shift register.

During raster scan in the eight plane system the paral-
lel bytes are applied to the shift register 42 and are
sequentially applied, by combination of AH and AL, to
the address line 44 of the LUT. In four plane operation
the lower four bits of each of the bytes would be zeros
in view of the lack of the lower portion of the display
memory 38, and the 16X 3 X8 LUT would be addressed
by the upper four bits of each address byte. Again, three
eight bit color bytes would be generated for each pixel
but there would be only 16 possible colors.

A difficulty arises in attempting to use the same data
path, including converter 40 and multiplexer 42, for
both eight plane and four plane operation. In both cases
an eight bit color word must be stored in the LUT for
each address. However, in four plane operation the
lower four address bits from the display memory do not
exist because of the elimination of the lower portion of
the display memory 38, and the eight data bits are not
available with each write cycle. To overcome this prob-
lem, each color byte at each address is loaded in two
cycles for both eight plane and four plane operation.
Only four bits of each color byte are enabled in each
write cycle. To that end, the logical arrangement of the
LUT memory shown in FIG. 4 is utilized for the eight
plane system. As in the prior system, the LUT is ad-
dressed during the initialization procedure by the eight
bit address which is the combination of AH and AL.
However, only the upper four bits of the parallel word
are applied to the data input of the LUT. The first four
bits to be stored at an address are, for example, stored as
the upper four bits RH of the red color byte, the next
four bits are stored as the remainder of the red color
byte at RL and so on. With a common address applied
to the address input of the LUT the three color bytes
are stored in six write cycles. FIG. § illustrates the
significance of each of four successive bytes read from
the display memory during the initialization procedure.

Initialization of the four plane system using the shift
register 42 of FIG. 3 is possible, even though only four
bits are available at each of Pl and P2, because only four
bits are required at the data input for each write cycle.
The four bits of AL can be ignored by the four plane
system.

FIG. 6 illustrates a further embodiment in which a
fast display memory 60 is provided so that a single
address can be read from the bit map display memory
for each address required by the LUT 62. An additional
buffer 64 is provided for initialization. During initializa-
tion every other byte taken from hidden memory is
applied to the data storage buffer 64 which holds the
byte until the next byte is provided on the address line
66. With a color byte thus held on line 68 and a corre-
sponding address byte held on line 66 the LUT is write
enabled to write the color byte on line 68 into memory.
This system does require the addition of the buffer
memory 64 but makes use of the high speed memory
without any additional TTL/ECL conversion cir-
cuitry.

A further embodiment of the invention in which,
during initialization, only the display data is taken from
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the display memory 70 is illustrated in FIG. 7. This
approach does require added circuitry in the form of an
address counter 72 and a multiplexer 74 but it doubles
the rate at which the LUT can be loaded. The system of
FIG. 7 is shown with a direct display data path from the
display memory 70 to the LUT 76, but it will be recog-
nized that the data path may be as shown in either of
FIGS. 1 or 3. During the display mode, the address
bytes from the display memory are applied through the
multiplexer 74 to the address input of the LUT. During
initialization, however, the multiplexer is switched such
that the initialization addresses are obtained from an
eight bit counter 72. With write enable, the data from
the display memory 70 is loaded into the LUT at the
address indicated by the counter 72. This system does
require the additional hardware of the counter and
multiplexer which would most likely be in ECL logic.
However, there is still no need for a fast display buffer
for the color data. The display memory serves that
function and is already designed for high speed.

While the invention has been particularly shown and
described with reference to preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made
therein without departing from the spirit and scope of
the invention as defined by the appended claims.

We claim:

1. A display system for a data processing system
comprising:

a video display unit for displaying discrete color

levels at individual pixels;

a lookup table (LUT) memory responsive to sequen-
tial multibit addresses received at an address input
thereof for providing sequential multibit color data
outputs to the video display unit to define the color
at each pixel, the LUT memory further having a
data input for receiving color data to be stored at
the LUT memory addresses during an initialization
procedure;

a display memory having stored therein lookup table
addresses for each pixel of a frame of pixels to be
displayed by the display unit;

a display data path from the display memory to the
address input to the LUT memory; and

lookup table initialization control means for directing
color data from the display memory on the display
data path to the data input of the LUT memory
during initialization of the LUT memory.

2. A display system as claimed in claim 1 further
comprising a multiplexer for multiplexing plural multi-
bit inputs read in parallel from the display memory to a
single address input to the lookup table memory and
further comprising means for disabling the multiplexing
operation during lookup table initialization such that the
plural inputs are coupled directly to the address and
data inputs of the LUT memory.

3. A display system as claimed in claim 2 wherein the
multiplexer is a shift register and the plural addresses
from the display memory are applied in parallel to inter-
leaved stages of the shift register and alternate stages of
the shift register are connected to the address input and
to the data input of the LUT memory.

4. A display system as claimed in claim 2 for opera-
tion on either of 2 planes, only a portion of the bytes of
one of the plural inputs to the multiplexer being applied
to the data input of the LUT memory, and further com-
prising means for write enabling only a portion of each
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word of the LUT memory address by the other multibit
input during each write cycle.

5. A display system as claimed in claim 4 wherein the
multiplexer is a shift register and the plural addresses
from the display memory are applied in parallel to inter-
leaved stages of the shift register and alternate stages of
the shift register are connected to the address input and
to the data input of the LUT memory.

6. A display system as claimed in claim 1 further
comprising means for generating addresses to the
lookup table and for applying those addresses as an
alternative address input to the LUT memory during
initialization.

7. A display system as claimed in claim 1 comprising
a buffer storage between the address input to the lookup
table memory and the data input and means for storing
alternate multibit signals on the address input in the
storage buffer during the initialization procedure and
means for enabling the lookup table write operation
with alternate signals on the address line.

8. A display system as claimed in claim 1 wherein the
display memory includes hidden memory storage ca-
pacity in addition to the storage capacity required for
storing an LUT address for each pixel of a full display
frame, the color data being stored in the hidden mem-
ory of the display memory.

9. A display system as claimed in claim 1 further
comprising means for writing the color data over the
lookup table addresses in the display memory for initial-
ization of the LUT memory and means for reloading the
lookup table addresses in the display memory after
initialization of the LUT memory.

10. A method of addressing a lookup table (LUT)
memory in a display system and initializing the LUT
memory, the LUT memory storing color data to define
the color at each pixel of a display unit, the method
comprising:

during display of color data from the lookup table

sequentially applying addresses from a display
memory to an address input of the lookup table
memory to address color words and applying the
addressed color words to the display unit; and
during an initialization procedure, reading color data
from the display memory and applying the color
data to the data input of the lookup table memory,
such that the addresses are applied from the display
memory to the lookup table memory along a data
path during display and the color data is applied
from the display memory to the lookup table mem-
ory along a common data path during initialization.

11. A method as claimed in claim 10 further compris-
ing, during display of color data, multiplexing plural
multibit inputs read in parallel from the display memory
to a single address input to the lookup table memory
and, during the initialization procedure, disabling the
multiplexer operation and coupling the plural multibit
inputs directly to the address and data inputs of the
LUT memory.

12. A method as claimed in claim 11 wherein the
plural multibit inputs are multiplexed by applying the
inputs in parallel to interleaved stages of a shift register
and, during display of color data, shifting the multibit
inputs in the shift register to apply alternate multibit
inputs to the address input of the LUT memory.

13. A method as claimed in claim 11 further compris-
ing applying only a portion of a multibit input to the
data input of the LUT memory during initialization and
enabling only a corresponding portion of each ad-
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dressed word in the LUT memory during each write
cycle of the memory.

14. A method as claimed in claim 10 further compris-
ing generating addresses to the lookup table separate
from the display memory and applying those addresses
to the address input of the LUT memory during initial-
ization.

15. A method as claimed in claim 10 further compris-
ing storing alternate multibit signals on the address
input to the LUT memory in a storage buffer during the
initialization procedure and enabling the lookup table
write operation with alternate signals on the address
line.

16. A method as claimed in claim 10 wherein the
color data is stored in hidden memory of the display
memory.
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17. A method as claimed in claim 10 further compris-
ing, during the initialization procedure, replacing ad-
dress data in the display memory with color data, apply-
ing the color data to the data input of the lookup table
memory and thereafter replacing the color data with
the addresses in the display memory.

18. A method as claimed in claim 17 wherein the
initialization procedure overlaps the raster scan of the
display unit such that data is replaced in the display
memory as addresses are applied to the lookup table
memory to apply color words to the display unit.

19. A method as claimed in claim 10 further compris-
ing, during the initialization procedure, reading ad-
dresses from the display memory and applying those
addresses to the address input of the lookup table mem-

ory.
* * * ® *



