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direction arid for writing the data in a second dif- ferent dimensional
direction; characterised in that This invention relates to graphic and data
dis-  the accessing means further comprises means for [err] systems and
more specifically to a display     accessing a variable number of bits in a
single system providing memory Bit Block Transfer capa-   5   access.
bility.                                                Preferably the
accessing means further com- Bit mapped displays treat the display screen
prises means for performing logical operations as discrete rectangular mesh
or matrix of dots.    upon data stored in different locations in the mem-
These dots are referred to as pels or pixels (picture  ory circuit means
and in different dimensional di- elements), and each pel is represented by
one or  10  rections, the logical operations means preferably more bits in
the display's memory array. A very    further comprising means for
accessing a first useful function for bit mapped displays is the ability
block of data as source data, a second block of to move a rectangular block
of pals from one place  data as destination data, performing a logical op-
in the bit map to another place and logically com-  eration upon the source
and destination data and bine the source rectangle with the destination
rec-  is  storing the resulting data at the address of the tangle. These
logical functions include AND, OR,   destination data. EXCLUSIVE OR,
REPLACE, etc. This function can          In order that the invention may be
fully under- be accomplished without any assistance from the    stood a
preferred embodiment thereof will now be hardware, but this is costly in
code space and     described with reference to the accompanying ecution
time.                                   20  drawings in which: Bit
addressability is the ability to start reading  Figure 1 is a block diagram
of the microcoded or writing a series of pel data at any particular pel
processor; or pixel location in m mory. This ability was limited  Figures
2a and 2b are a flowchart of the steps to a horizontal series of pels
because of the tradi-  taken by the processor to perform the function
tional layout and control of the bit map's memory,  25  de- scribed herein.
but it did help relieve some of the burden from       Figures 3 illustrates
the Merge or Copy Bit software.
Block Transfer where the destination is phys- An example of an image
processing memory is      ically above the source rectangle; disclosed in
US-A- 4 090 174 entitled 'Method and     Figure 4 illustrates the Merge or
Copy Bit Block Apparatus for accessing Horizontal Sequences,  30
Transfer where the destination is physically be- Vertical Sequences and
Rectangular Subarrays          low the source rectangle; from an Array
Stored in a Modified Word Or-           Figure 5 illustrates the Merge or
Copy Bit Block ganised Random  Access Memory System' as-
Transfer where the destination is physically to signed to the present
assignee.                      the left of the source rectangle; An example
of an image manipulation system   35   Figure 6 illustrates the Merge or
Copy Bit Block including an image processing memory is dis-
Transfer where the destination is physically to closed in US-A-3 976 982
entitled 'Apparatus for     the right of the source rectangle; Image
Manipulation' assigned to the present as-       Figure 7 illustrates the
+90 degree Merge or [err] This system performs such processing as
Copy Bit Block Transfer; positional translation, selective sizing,
mirroring and   40  Figure 8 illustrates the -90 degree Merge or rotation
of black/white images where each pel is      Copy Bit Block Transfer;
represented by one bit only.                          Figure 9 illustrates
the 180 degree X-axis sym- Accordingly the invention as claimed provides
metry Merge or Copy Bit Block Transfer; and a data display system including
a memory circuit,     Figure 10 illustrates the 180 degree Y-axis sym- the
system comprising memory circuit means for  45    metry Merge or Copy Bit
Block Transfer. storing bit addressable binary data representing
Referring now more particularly to the draw- picture elements to be
displayed, the data being   ings, a system to perform Bit Block Transfers
with- arranged in two dimensional directions; means for  in the display
memory map is provided. This inven- accessing, in the two dimensional
directions, a    tion includes a processor and circuitry together
rectangular block of picture element data in the   50   with microcode to
provide a large set of Bit Block memory circuit means, the accessing means
in-      Transfer functions featuring efficient execution cluding means for
incrementally or decrementally   speed and extreme compactness of code
space. addressing the block of data in at least one of the    The
microcoded processor will be referred to dimensional directions; and means
for moving the   as a rasterop engine. A raster is a rectangle of block of
data to a different dimensional location   55  discrete elements such as
picture elements or dots while maintaining the data within the block, the
on a screen. The rasterop engine is a processor moving means including
means for reading data in   that performs operations upon rasters. In this
case the memory circuit means in a first dimensional    the rasters are
rectangular sections consisting of 2    
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(pixels or pels).                 as a decrement or vice versa. This allows
the The unique cicuitry allows inner and outer      coder to. make one loop
do different functions sim- loops of the Bit Block Transfer code to be
written  ply by using a different setup routine. This results providing one
set of functions; but, when properly  in a great saving of code space.
enabled by different setup code, this same code   5    Set Vertical
circuitry is provided which changes provides very different capabilities.
By using var-  the bit map access from the default (horizontal ious
combinations of these hardware features, a    direction) to the vertical
direction. This allows flexi- large set of very useful functions is
performed. The  bility in creating setup routines which make the inner loop
is defined as steps 42, 44, 46, 48, 50,  same loop perform different
functions. and 52 in Figure 2b. The outer loop is defined as   10  Toggle
90 Degrees circuitry is provided which, steps 40, 54, 56, 58, and 60 in
Figure 2b.         when enabled, changes the direction of access These
hardware features include bit addres-     from horizontal to vertical or
from vertical to hori- sability in a vertical as well as horizontal
direction  zontal. This allows the same loop to perform dif- (See EP-A-0
191 280 herein incorporated by refer-  ferent functions depending on
whether the Toggle once and referred to as BAMDA or bit address-  15  90
Degrees function is enabled. able multi-dimensional array). This memory
allows      The following description shows how eight dif- reading of
sixteen bits and writing of up to sixteen  ferent Bit Block Transfer
functions are performed bits on any bit boundary and the direction of writ-
by the same inner and outer loop of code. This ing can take place in either
the horizontal or verti-  results from different microcoded setup routines
cal direction. This eliminates the initial edge con-  20  which invoke, in
various combinations, the special dition normally found in bit mapped
displays that  hardware circuitry described above. do not have bit
addressability. Without bit addres-    This invention relates to the
movement of a sability, the sourceand destination addresses may  rectangle
of pels from a source location to a des- not have the same alignment with
respect to byte  tination  location. This implementation  uses a or word
boundaries The initial edge condition may   25  unique combination of
hardware circuitry to accom- require two read accesses of the source data
plus  plish a large set of Bit Block Transfer functions. It shifting and
masking in order to form the first write  should be noted that the origin
of the screen on to the destination address. Bit addressability makes  this
display system is in the upper left corner. The the code space smaller and
shortens the execution  x-address increases in the positive direction to
the time required to do a Bit Block Transfer function.  30  right and the
y-address increases in the positive Also included is a logical function
generator to  direction toward the bottom of the screen. allow the
combining of source and destination data.    Figure 1 is a block diagram of
the rasterop This works equally well regardless of the direction  engine
and its bit map memory. The processor 20 of access for the source data or
for the direction of  fetches horizontally microcoded instructions which
access of the destination data.                35  can control various
components of the hardware. Further mask generation hardware is included
The processor affects and controls the functions of that forms a write mask
based on the contents of   the register array 1, the X register 9, the Y
register the inner loop count of the Bit Block Transfer code.  8, the
toggle inc/dec flags 3 and 4, the toggle 90 The Initial edge problem was
solved by the bit     degrees flag 5, the vertical/horizontal flag 6, the
address- ability. Reading and writing the bit map   40   mask generator
hard-ware 7, and the logical func- continues with slices of sixteen bits
until the inner  tion generator 19. The processor controls all of loop
count falls below sixteen. Traditionally a rou-  these functions on line
21. The processor controls tine would have to branch to external code to
the arithmetic logic unit 2 through line 21, the execute a partial write at
the end of the inner loop.  control flags 3, 4, 5, and 6, and line 15. The
Bit This external code would compute and construct  45   Address- able
Multi-dimensional Access memory the proper write mask for the partial
write. In this  (BAMDA) 10 provides the memory for the bit map invention
this is not necessary because the write  and this is where the source and
destination data mask is always generated automatically by the      reside.
BAMDA refers to EP-A-0 191 280 herein circuitry from the inner loop count
of the Bit Block  incorporated by reference. X register 9 and Y reg-
Transfer code resulting in a savings of code space   so  ister 8 provide
the address over lines 16 and 17 to and execution time.
the memory 10. These addresses come from the Toggle Inc/Dec (increment and
decrement) cir-   register array 1 through the ALU (arithmetic logic cuitry
is included that alters the source and des-  unit) 2 on line 12. The
addresses can be returned tination addresses. This Toggle Inc/Dec circuitry
to the register array 1 as well as sent to either the allows a loop to be
written with multiple functions.  55   X register 9 or Y register 8 memory
addresses on At execution time the Toggle Inc/Dec circuitry can  line 11.
The direction of access (horizontal or verti- be enabled to perform the
opposite function. If    cal) to the memory 10 is controlled by a combina-
enabled, the increment instruction would execute   tion of the Toggle 90
Degrees flag 5 and the 3    
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flag 6 on line 15. When writing  (negative). The decision to generate the
write mask data to the memory 10, the Toggle 90 Degrees flag  from the
number of pels minus one rather than the 5 and the Vertical/Horizontal flag
6 specify the   number of pels provides greater efficiency since direction
of access through line 15. To create the  the conditional branches were not
be enhanced write mask, the inner loop count in register array 1   5   due
to implementation constraints. is sent on line 12 to the mask generator 7
which is    The logical function generator 19 in Figure 1 combinatorial
logic to be discussed. The mask      performs logical operations on data
input to the bit generator 7 outputs to the write control logic of the  map
memory 10 and is such as a Texas instru- memory 10 on line 13. The source
data is com-     ments part number 74181 or other off the shelf bined with
the destination data by the logical func-  10  items of similar function.
tion generator 19 (which is combinatorial logic to     Figure 2a and 2b is
a flow chart showing the 8 be discussed) on line 18. The outer loop
variables  different setup routines 30, 31, 32, 33, 34, 35, 36, In the
register array 1 are sent to the ALU 2 on line  37 that feed into the inner
and outer loops. The 12 and are incremented or decremented by the
inner loop consists of the instructions 42, 44, 46, toggle inc/dec function
flags 3 and 4. These control  15  48, 50 and 52. The outer loop consists of
the flags are sent to the ALU 2 on line 15.            instructions 40, 54,
56, 58, and 60. The path into Mask generator 7 includes a network of com-
the inner and outer loop of Figure 2b starts with binatorial logic that
performs as illustrated in Table  one of five specified operations. If the
operation is I. This table shows how the ten bits of inner loop  a copy
function as shown in Figures 3 through 6, count from the register array 1
are converted by   20  then the microcode detects which of the four cases
this combinatorial logic 7 Into the write mask. The  applies to this
particular copy operation. The ap- same number of bits are always read from
the bit   propriate setup code 30, 31, 32, or 33 is selected map memory 10,
but sometimes it is desired to      and branched to as shown in Figure 2a
and 2b on load fewer bits in the bit map memory. The write   the
corresponding lines 62, 64, 66, 68. The other mask allows selective writing
of any number of bits  25  four copy functions are specified directly and
the such as zero to sixteen in the preferred embodi-   appropriate setup
code 34, 35, 36, or, 37 is ment. In Table I the second column labeled,
branched to as shown by the corresponding lines "Output of the Mask
Generator" shows the resul-    70, 72, 74, 76. The eight micro- code
functions that tant write mask given the inner loop count in the  input
into the same inner loop 30, 31, 32, 33, 34, first column. The binary ones
in the write mask   30  35, 36, and 37 use different combinations of the
indicate that the corresponding bit will be updated.  two toggle inc/dec
flags 3 and 4 in Figure 1, the A binary zero indicates that the
corresponding bit  toggle 90 degrees flag 5 and the vertical/horizontal in
the bit map memory will not be updated. The bit  flag 6. The combinations
of these control flags addressability of the bit map memory 10 in both
allows a single inner and outer loop of microcode vertical and horizontal
directions means that the left  35  to perform eight different functions.
The flow chart most bit of the write mask will affect the bit in-  will be
discussed in detail for the default case dicated by the ten bit Y-address
in the Y register 8  where the source and destination rectangles may and
the ten bit X-address in the X register 9. The  overlap with the
destination rectangle physically [err] bits in the series of bits to be
written are in  above the source rectangle as illustrated In Figure the
positive direction. If the access direction is  40  3. horizontal then they
are written in the positive di-   Figures 3 through 10 show how these
hardware rection (to the right) relative to the leftmost bit of  features
are combined to form the eight Bit Block the write mask. If the access
direction is vertical  Transfer functions of this invention on a display
then they are written in the positive direction     100. Figures 3 through
6 illustrate the cases in (down) relative to the leftmost bit of the write
mask.  45  which the Bit Block Transfer is a merge or copy The write mask
generator 7 creates a write mask    and the source and destination
rectangles may from the inner loop count in register array 1. The  overlap.
Merge or Copy operations of this sort do initial value for the inner loop
count is the number  not rotate the data as the data is being transferred.
of pels to be written  minus one. This will be ex-  The source is read in
the same orientation plained in more detail  below along with a detailed
50  (horizontal or vertical) as the destination is written. explanation of
the flow-chart in Figure 2a and 2b.     Figure 3 illustrates the case where
the destina- The reason the mask generator 7 uses the number    tion
rectangle is physically above the source rec- of pels to be written minus
one is because of the  tangle. This may be considered the default case
conditional branch logic of the micro- code. It is  with all other seven
cases being variations of this. desirable to detect when the inner loop was
corn-  as   Note that the amount of horizontal displacement plated at the
same time as subtracting off the     between source and destination need
not be con- number of pels read. The only convenient condition  sidered.
The access of the bit map is horizontal for is when the inner loop count is
less than zero     both the source and destination rectangles and the 4    
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both the source and destina-  fifteen, the number of bits written equals
the inner tion y-addresses. The inner loop reads the source  loop count
plus one. and writes the destination from left to right in     Once the
inner loop count is exhausted control horizontal mode until the inner loop
is exhausted.  goes to step 54. This step decrements the outer To scan out
the next part of the rectangle, the   5   loop count by one. The outer loop
count is the outer loop, for both the source and destination   number of
pels that make up the side of the addresses, increments the y-address. The
inner    rectangle that is orthogonal to the side scanned out loop count is
replenished from the register array 1  by the inner loop. In Figure 3 this
is the vertical in Figure 1 and again another piece of the rectan-  side 90
or in other words the height of the rectan- gle is scanned out left to
right.            10  gle. Step 56 tests whether the outer loop count has
The example illustrated in Figure 3 will be used  been exhausted. If it
has, then the Bit Block Trans- to explain the flow chart in Figure 2a and
2b. This  fer is finished. Otherwise there is more to do and is the case
where the destination rectangle is    control is transferred to step 58.
Step 58 is coded above the source rectangle. This corresponds to 30  so
that it will increment the source rectangle's in Figure 2. This setup code
does not set any of  is  outer loop address in the default case. If the
toggle the control flags. It does not set either of the two  inc/dec flag
one 3 has been set by the setup code, toggle inc/dec flags 3 or 4, or the
toggle 90 de-  this will execute as a decrement of the source grees flag 5,
or the vertical/horizontal flag 6. The  rectangle's outer loop address. For
Figure 3 the outer loop step 40 loads the inner loop count from  setup code
30 did not set any toggle inc/dec flags a register that holds a copy of the
inner loop count.  20  and step 58 will execute as an increment. Step 60
Both registers are found in the register array 1 in  is similar in purpose
to step 58, but step 60 op- Figure 1. In the case of Figure 3 the inner
loop  erates on the destination outer loop address. Step count is the
number of pels in the horizontal direc-  60 will increment the destination
outer loop address tion minus one, or in other words the width of the
unless the toggle inc/dec flag 4 in Figure 1 has rectangle minus one.
25  been set by the setup code. If the setup code had Step 42 beging the
inner loop. This step reads  set (enabled) the toggle inc/dec flag number
two 4 the  source  rectangle's  data.  Since  the       in Figure 1, then
this instruction would decrement vertical/horizontal flag 6 was not changed
from the  the destination outer loop address. Since  the setup default
(horizontal)  direction by the setup code 30,  code 30 did not set the
toggle inc/dec flag number the source is accessed in the horizontal
direction.  30  two 4, step 60 increments the destination outer Step 44 has
no action since the toggle 90 degrees  loop address. Control branches to
step 40 which flag 5 has not been set. If the toggle 90 degrees  restores
the previously exhausted inner loop count flag had been set then the
direction of memory    and the inner loop continues as described above.
access would have changed from horizontal to ver-     Summarizing Figure 3,
the inner loop accesses tical or vice versa. The data read in step 42 is
35  the source rectangle in the horizontal direction and written to the
memory 10 by step 46. Since step 44  increments the source rectangle's
x-address. The did not change the direction of memory access and  inner
loop accesses the destination rectangle in the since the initial direction
of access from the setup  horizontal direction and increments the
destination code 30 was horizontal, the data is written to the  rectangle's
x-address. The outer loop increments memory 10 in the horizontal direction.
Step 48 has  40  the source rectangle's y-address and increments no effect
since the setup code did not enable (set)  the destination rectangle's
y-address. the toggle 90 degrees flag 5. Step 50 decrements      Figure 4
illustrates the case where the destina- the inner loop count by the number
of pals read   tion rectangle is physically below the source rec- during
one memory access. Step 52 tests whether   tangle. As in Figure 3, the
horizontal displacement or not the inner loop count has been exhausted. If
45  between source and destination rectangles need there are more pels to
complete the width of the  not be considered. Figure 4 illustrates the
source rectangle in Figure 3, then a branch takes place  and destination
access is still horizontal but the back to step 42 and the inner loop
process is     toggle inc/dec functions 3 and 4 in Figure 1 have continued.
If the inner loop count has been ex-   been invoked for the outer loop
update to the hausted, then control is transferred to step 54   so  source
and destination y-addresses. This has the which decrements the outer loop
count by 1. Note  effect of scanning the rectangle out from left to that if
the last write is a partial write (less than  right In the inner loop and
from bottom to top in the sixteen bits) the correct write mask will be
correctly  outer loop. As long as the vertical displacement in mask
generated. This is because the inner loop    both Figure 3 and Figure 4 is
not zero, the destina- count in register array 1 is always sent to mask  55
tion will be written without interfering with or generator 7 on line 12. If
the inner loop count is  "clobbering" the source data. The setup code that
fifteen or greater, then the number of bits written is  sets the control
flags 3 and 4 is block 31 in Figure sixteen; but if the inner loop count is
less than  2. Steps 58 and 60 will execute as decrements due 5    
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toggle inc/dec flags 3 and 4    the inner loop increments the y-address.
The inner Figure 1 in the setup code 31 in Figure 2.         loop accesses
the destination rectangle in the verti- Summarizing Figure 4, the inner
loop accesses  cal direction and the inner loop increments the y- the
source rectangle in the horizontal direction and  address. The outer loop
decrements the source the inner loop increments the x-address. The inner
5   rectangle's x-address, and decrements the destina- loop accesses the
destination rectangle in the hori-  tion rectangle's x-address. zontal
direction and the inner loop increments the     Figures 7 through 10 show
the additional Bit x-address. The outer  loop decrements the source   Block
Transfer functions. In these cases the source rectangle's y-address, and
decrements the destina-  and destination rectangles must not overlap. A
tion rectangle's y-address.                    10   +90 degree rotation
means the data is rotated in a Figure 5 illustrates the case of a zero
vertical  clockwise direction by 90 degrees. A -90 degree displacement
between source and destination but    rotation means the data is rotated in
a counter- the destination rectangle is physically to the left of
clockwise direction by 90 degrees. the source. Since the horizontal
displacement may      Figure 7 illustrates the rotation of destination be
any number of pels, the sure way to read the   15  data with respect to
source data by +90 degrees. source and write the destination in the inner
loop is  A setup routine 34 sets the toggle 90 degree flag 5 vertically.
This is accomplished when the setup     Figure 1 to change the direction of
access between code 32 sets the Vertical/Horizontal flag 6 in Figure
reading the source data and writing the destination 1 to vertical mode. The
source is read in the      data. The setup code 34 keeps the default
direction vertical direction in step 42. Step 44 has no effect  20  of
memory access which is horizontal, but it does since the toggle 90 degrees
flag 5 was not set     set the toggle 90 degrees flag 5. Step 42 reads the
(enabled) by the setup code. Therefore the writing  source in the
horizontal direction. Then the direc- of the source takes place in the
vertical mode and  tion of access is changed by 90 degrees in step 44
similarly step 48 has  no effect on the direction of  because the toggle 90
degrees flag 5 was set. The access. The inc/dec flags 3 and 4 in Figure 1
are  25  destination,is therefore written in the vertical direc- not set
(enabled) by the setup code 32. The steps  tion in step 46. Step 48 changes
the direction by 58 and 60 execute as increments for the updates    90
degrees once again to the horizontal direction. to the source and
destination outer loop addresses.  The destination x-address is decremented
by using The rectangle is scanned out from top to bottom in  the toggle
inc/dec flag 4 in Figure 1. Step 58 the inner loop and then from left to
right in the   30  executes as the default increment of the source outer
loop. The setup code that sets the control   outer loop address, but step
60 executes as a flag 6 is block 32 in Figure 2.
decrement of the destination outer loop address. Summarizing Figure 5, the
inner loop accesses   Therefore the source rectangle is scanned out the
source rectangle in the vertical direction and  horizon-tally by the inner
loop and top to bottom by the inner loop increments the y-address. The
inner  35  the outer loop. The destination  rectangle is loop accesses the
destination rectangle in the verti-  scanned out vertically in the inner
loop and right to cal direction and the inner loop increments the y-  left
in the outer loop. The effect is a +90 degree address. The outer loop
increments the source      rotation of the data. rectangle's x-address, and
increments the destina-      Summarizing Figure 7, the inner loop accesses
tion rectangle's x-address.                    40  the source rectangle in
the horizontal direction and Figure 6 shows the case where there is zero
the inner loop increments the x-address. The inner vertical displacement
between source and destine-  loop accesses the destination rectangle in the
verti- tion but the destination rectangle is physically to  cal direction
and the inner loop increments the y- the right of the source. As in Figure
5 the access is  address. The outer loop increments the source vertical so
the vertical/horizontal flag 6 is set to the   45  rectangle's y-address,
and decrements the destina- is that Figure 6 decrements the outer loop
source  tion rectangle's x-address. and destination addresses. This is done
by invok-      Figure 8 illustrates the rotation of destination ing the
Toggle lnc/Dec functions through the toggle  data with respect to source
data by -90 degrees. A inc/dec flags 3 and 4 in Figure 1. Consequently
setup routine 35 sets the vertical/horizontal direc- steps 58 and 60 are
executed as decrements of  50  tion flag 6 Figure 1 to vertical, and sets
the toggle the source and destipation outer loop addresses.   90 degree
flag 5 Figure 1 to change the direction The rectangle is then scanned out
top to bottom in  of access between reading the source data and the inner
loop and from right to left in the outer  writing  the  destination  data.
Setting  the loop. This case concludes the overlapping merge
vertical/horizontal flag 6 sets the direction of ac- or copy Bit Block
Transfer. The setup code that  55  cess to the vertical direction in the
setup code. sets the flags 3, 4, and 6 is block 33 in Figure 2.  Step 42
thus reads the source data in the vertical Summarizing Figure 6, the inner
loop accesses   direction. The toggle 90 degree flag 5 is set so the source
rectangle:in the vertical direction and  step 44 will change the direction
of access to the 6    
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direction. Step 46 will write the destina-  and 4 is block 37 in Figure 2.
tion data in the horizontal direction. The toggle 90   Summarizing Figure
10, the inner loop access- degrees flag 5 is still set so step 48 changes
the  es the source rectangle in the vertical direction and direction of
access back to vertical. The destination  the inner loop increments the
y-address. The inner y-address is decremented by using the toggle   5
loop accesses the destination rectangle in the verti- inc/dec flag 4 in
Figure 1. Step 58 increments     cal direction and the inner loop
increments the y- (default case) the source outer loop address while
address. The outer loop increments the source the toggle inc/dec, flag 4
causes step 60 to de-   rectangle's x-address, and decrements the destina-
crement the destination outer loop address. There-  tion rectangle's
x-address. fore the source rectangle is scanned out vertically  10  Table
II is a summary table of the combination by the inner loop and left to
right by the outer loop.  of directions of access for the source and
destina- The destination rectangle is scanned out horizon-  tion rectangles
and the use of the increment and tally by the inner loop and from bottom to
top by  decrement functions on the outer loop. The use of the outer loop.
This results in a -90 degree rotation  the special hardware features
described above al- of the data.                                  15  lows
the Bit Block Transfer tasks to be broken Summarizing Figure 8, the inner
loop accesses   down into a minimum of eight special cases. This the source
rectangle in the vertical direction and  not only saves code space but it
saves execution the inner loop increments the y-address. The inner  time.
Further savings in code space result by using loop accesses the destination
rectangle in the hori-  the same inner and outer loop for all eight cases
zontal direction and the inner loop increments the   20  described. The
total inner and outer loop code x-address. The outer loop increments the
source    count was 23 instructions. The total setup instruc- rectangle's
x-address, and decrements the destina-  tions for Figures 3 through 6 was
29. The setup for tion rectangle's y-address.                        the
+90 degree rotation (Figure 7) and the -90 Figure 9 illustrates how the
data can be copied  degree rotation (Figure 8) each took 4 instructions. to
result in a 180. degree X-axis symmetry. The   25   The setup for the 180
degree X-axis symmetry destination is an image of the source mirrored
(Figure 9) and the 180 degree Y-axis symmetry about the X-axis and merged
with or copied to the  (Figure 10) took 2 instructions each. This brings
the destination. The access for both source and des-   total code count to
64 (decimal) instructions. The tination rectangles is horizontal. The setup
code  parallelism of the horizontal microcode along with sets the toggle
incidec flag 4 in Figure 1 so that  30  the specially architected hardware
features pro- the destination y-address is decremented in step   vides a
powerful rasterop engine ideally suited to 60. The source is scanned out
horizontally in the   Bit Block Transfer operations. inner loop and from
top to bottom by the outer loop. The destination is scanned out
horizontally by  Claims the inner loop and from bottom to top by the outer
35 loop. The setup code that sets the toggle inc/dec  1. A data display
system  including a memory flag 4 is block 36 in Figure 2.
circuit, the system comprising: Summarizing Figure 9, the inner loop
accesses       memory circuit means (10) for storing bit ad- the source
rectangle in the horizontal direction and   dressable binary data
representing picture ele- the inner loop increments the x-address. The
inner  40  ments to be displayed, the data being ar- loop accesses the
destination rectangle in the hori-   ranged in two dimensional directions;
zontal direction and the inner loop increments the     means for accessing,
in said two dimensional x-address. The outer loop increments the source
directions, a rectangular block of picture ele- rectangle's y-address, and
decrements the destina-     ment data in said memory circuit means, said
tion rectangle's y-address.                   45       accessing means
including means (3, 4) for Figure 10 illustrates how a 180 degree Y-axis
incrementally or decrementally addressing said symmetry Merge or Copy Bit
Block Transfer can          block of data in at least one of said dimen- be
accomplished. The vertical/horizontal flag 6 in     sional directions; and
Figure 1 is set to vertical mode. The toggle inc/dec   means for moving
said block of data to a flag 4 in Figure 1 is invoked for the destination
x-  so  different dimensional location while maintaining address. The
source rectangle is scanned out from      the data within the block, said
moving means top to bottom in the inner loop and from left to right
including means (5, 6) for reading data in said in the outer loop  The
destination rectangle is        memory circuit means in a first dimensional
scanned out from top to bottom in the inner loop       direction and for
writing said data in a second and from right to left in the outer loop.
This results  55  different dimensional direction; in the source data being
mirrored 180 degrees          characterised in that said accessing means
about the Y-axis and merged with or copied to the      further comprises
means (7) for accessing a destination. The setup code that sets the flags 6
variable number of bits in a single access. 7    
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destina-  and 4 is block 37 in Figure 2. tion data in the horizontal
direction. The toggle 90  Summarizing Figure 10, the inner loop access-
degrees flag 5 is still set so step 48 changes the  es the source rectangle
in the vertical direction and direction of access back to vertical. The
destination  the inner loop increments the y-address. The inner y-address
is decremented by using the toggle   5   loop accesses the destination
rectangle in the verti- inc/dec flag 4 in Figure 1. Step 58 increments
cal direction and the inner loop increments the y- (default case) the
source outer loop address while  address. The outer loop increments the
source the toggle inc/dec  flag 4 causes step 60 to de-   rectangle's
x-address, and decrements the destina- crement the destination outer loop
address. There-  tion rectangle's x-address. fore the source rectangle is
scanned out vertically  10  Table II is a summary table of the combination
by the inner loop and left to right by the outer. loop.  of directions of
access for the source and destina- The destination rectangle is scanned out
horizon-  tion rectangles and the use of the increment and tally by the
inner loop and from bottom to top by  decrement functions on the outer
loop. The use of the outer loop. This results in a -90 degree rotation  the
special hardware features described above al- of the data.
15  lows the Bit Block Transfer tasks to be broken Summarizing Figure 8,
the inner loop accesses  down into a minimum of eight special cases. This
the source rectangle in the vertical direction and  not only saves code
space but it saves execution the inner loop increments the y-address. The
inner  time. Further savings in code space result by using loop accesses
the destination rectangle in the hori-  the same inner and outer loop for
all eight cases zontal direction and the inner loop increments the   20
described. The total inner and outer loop code x-address. The outer loop
increments the source    count was 23 instructions. The total setup
instruc- rectangle's x-address, and decrements the destina-  tions for
Figures 3 through 6 was 29. The setup for tion rectangle's y-address.
the +90 degree rotation (Figure 7) and the -90 Figure 9 illustrates how the
data can be copied  degree rotation (Figure 8) each took 4 instructions. to
result in a 180 degree X-axis symmetry. The   25  The setup for the 180
degree X-axis symmetry destination is an image of the source mirrored
(Figure 9) and the 180 degree Y-axis symmetry about the X-axis and merged
with or copied to the  (Figure 10) took 2 instructions each. This brings
the destination. The access for both source and des-   total code count to
64 (decimal) instructions. The tination rectangles is horizontal. The setup
code  parallelism of the horizontal microcode along with sets the toggle
inc/dec flag 4 in Figure 1 so that  30  the specially architected hardware
features pro- the destination y-address is decremented in step   vides a
powerful rasterop engine ideally suited to 60. The source is scanned out
horizontally in the  Bit Block Transfer operations. inner loop and from top
to bottom by the outer loop. The destination is scanned out horizontally by
Claims the inner loop and from bottom to top by the outer  35 loop. The
setup code that sets the toggle inc/dec  1. A data display system
including a memory flag 4 is block 36 in Figure 2.
circuit, the system comprising: Summarizing Figure 9, the inner loop
accesses      memory circuit means (10) for storing bit ad- the source
rectangle in the horizontal direction and  dressable binary data
representing picture ele- the inner loop increments the x-address. The
inner  40  ments to be displayed, the data being ar- loop accesses the
destination rectangle in the hori-  ranged in two dimensional directions;
zontal direction and the inner loop increments the    means for accessing,
in said two dimensional x-address. The outer loop increments the source
directions, a rectangular block of picture ele- rectangle's y-address, and
decrements the destina-    ment data in said memory circuit means, said
tion rectangle's y-address.                   45      accessing means
including means (3, 4) for Figure 10 illustrates how a 180 degree Y-axis
incrementally or decrementally addressing said symmetry Merge or Copy Bit
Block Transfer can         block of data in at least one of said dimen- be
accomplished. The vertical/horizontal flag 6 in    sional directions; and
Figure 1 is set to vertical mode. The toggle inc/dec  means for moving said
block of data to a flag 4 in Figure 1 is invoked for the destination x-  50
different dimensional location while maintaining address. The source
rectangle is scanned out from     the data within the block, said moving
means top to bottom in the inner loop and from left to right  including
means (5, 6) for reading data in said in the outer loop. The destination
rectangle is      memory circuit means in a first dimensional scanned out
from top to bottom in the inner loop      direction and for writing said
data in a second and from right to left in the outer loop. This results  55
different dimensional direction; in the source data being mirrored 180
degrees         characterised in that said accessing means about the Y-axis
and merged with or copied to the     further comprises means (7) for
accessing a destination. The setup code that sets the flags 6     variable
number of bits in a single access. 7    



13                 EP 0 230 352B1 2. A system as claimed in claim 1 wherein
said         ration auf den Quell- und Zieldaten sowie das accessing means
further comprises means (2)        Speichern der sich ergebenden Daten auf
der for performing logical operations upon data        Adresse der
Zieldaten durchgeflhrt wird. stored in different locations in said memory
circuit means and in different dimensional di-   5   Revendicatlons
rections. 1. Systeme d'affichage de donnees comnprenant 3. A system as
claimed in claim 2 wherein said        un circuit de memoire, caracterise
en ce qu'il logical operations means (2) further comprises     comprend:
means for accessing a first block of data as   10  un support de circuit de
memoire (10) pour source data, a second block of data as des-
m6moriser des donnees binaires adressables tination data, performing a
logical operation       par bit representant les 6l6ments d'image a upon
the source and destination data and stor-     afficher, les donn6es 6tant
organis6es selon ing the resulting data at the address of the       deux
directions dimensionnelles; destination data.                          15
un dispositif pour acceder, dans les dites deux directions dimensionnelles,
A un bloc rectangu- PatentansprOche
laire de donnees d'element d'image dans ledit support de circuit de
m6moire, ledit dispositif 1. Ein Datenanzeigesystem  mit einer Speicher-
d'acces comprenant un dispositif (3, 4) pour Y,   schaltung, wobei das
System folgendes um-   20      adresser par incrementation ou
decr6mentation falt:                                              ledit
bloc de donn6es dans au moins l'une des ein Speicherschaltmiffel (10) zur
Speicherung      directions dimensionnelles; et von bitadressierbaren
Binardaten, die anzuzei-     un dispositif pour d6placer ledit bloc de don-
gende Bildelemente darstellen, wobei die Da-       n6es sur un emplacement
dimensionnel diffe- ten in zweidimensionaler Richtung angeordnet  25   rent
tout en maintenant les donnees dans le sind;
bloc, ledit dispositif de deplacement compre- ein Mittel zum  Zugriff in
zweidimensionaler       nant un dispositif (5, 6) pour lire les donnees
Richtung auf einen rechteckigen Block mit          dans ledit support de
circuit de mdmolre dans Bildelementdaten in dem Speicherschaltmittel,
une premiere direction dimensionnelle, 'et pour wobei das Zugriffsmittel
weitere Mittel (3,4) zur  3o  ecrire les dites donn6es dans une seconde
Inkrement- oder Dekrementadressierung des          direction dimensionnelle
differente; Datenblocks in mindestens einer der dimensio-      caracterise
en ce que ledit dispositif d'acces nalen Richtungen umfalt; und
comprend un dispositif (7) pour acceder & un ein Mittel zum Bewegen des
Datenblocks zu          nombre variable de bits en un soul acces. einem
anderen dimensionalen Platz, wahrend   35 die Daten im Block blelben, wobei
dieses Mit-   2. Systeme selon la revendication 1, dans lequel tel weitere
Mittel (5,6) zum Lesen der Daten im    ledit dispositif d'acces comprend,
de plus, des Speicherschaltmittel in einer ersten dimensio-     moyens (2)
pour executer des operations logi- nalen Richtung und zum Schreiben der
Daten         ques sur les donnees enregistr6es dans des in einer zweiten
dimensionalen Richtung um-   40   emplacements diff6rents du dit support de
cir- fal3t;                                             cuit de m6moire, et
dans diff6rentes directions das System ist dadurch gekennzeichnet, daS
dimensionnelles. das Zugriffsmiffel weiterhin ein Mittel (7) zum Zugriff
auf eine variable Anzahl von Bits in    3. Systeme selon la revendication
2, dans loquel einer Zugriffsoperation umfalt.            45      lesdits
moyens pout ex6cuter les operations logiques (2) comprennent, de plus, des
2. Ein System  nach Anspruch 1, bei dem das            moyens pour acceder
a un premier bloc de Zugriffsmittel des weiteren ein Mittel (2) zur
donnees sous forme de donn6es d'origine et a DurchfUhrung voh logischen
Operationen auf         un second bloc de donn6es sous forme de den Daten,
die auf verschieden Speicherplat-  so   donn6es de destination, pour
executer une zen im Speicherschaltmittel in verschiedenen       operation
logique sur les donnees d'origine et dimensionalen Richtungen gespeichert
sind.         de destination, et pour m6moriser les donnees resultantes
dans l'adresse des donnees de 3. Ein System nach Anspruch 2, bei dem das
destination. logische Operationsmittel (2) weiterhin ein Mit-  55 tel zum
Zugriff auf einen ersten Datenblock als Quelldaten sowie auf einen zweiten
Datenblock als Zieldaten umfaft, wobei eine logische Ope- 8    


