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Figure 14-7 Filled Rectangle
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Filled Rectangle Current
(Fill Instruction)

Filled Rectangle Current creates the image of a
rectangle in display memory and fills it using the
current drawing color. The current drawing color is
applied to the background under control of the
SOAXZ field. The upper-left corner of the
rectangle is the Current Pen Position.

Two parameters are required by this instruction:

SOAXZ is a 3-bit field that indicates how the
drawing color is to be applied to the current
contents of the region.

END is specified with a standard operand address
pair. This is the lower-right corner of the rectangle.
If relative addressing is specified, END will be cal-
culated with respect to the Current Pen Position.

The CPP is unchanged.

PERFORMANCE (in SYSCLK cycles)
Instruction Setup Time 135 SYSCLK Cycles

For time per pixel measurements, see Filled
Rectangle.

EXAMPLE

The following example creates a filled rectangle
with one corner at CPP and the other corner
displaced by 100,100. Relative addressing is
used. Since the SOAXZ field is five, the current
drawing color is used to fill the rectangle without
regard to the current color of the area affected.

0510

8064 *END

3F9C *Observe negative relative Y
component

CROSS-REFERENCES

Chapter 8: Graphical Operations

COMMENTS

The END address must resolve to greater than the
Current Pen Position in both components. If not,
nothing useful will happen.

i5 14 13 12 11 10 9 8

7 6 5 4 3 2 1 o

o o o o o soaxz [ofo o 1 o o o o
AM X/dX (END)
o o Y/dY

07785A 14-1

Filled Rectangle Current Format
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Filled Triangle
(Fill Instruction)

Filled Triangle creates the image of a triangle in
display memory and fills it with the current drawing
color. The SOAXZ field is used to determine how
the present contents of the area are combined
with the current color.

Four parameters are required by Filled Triangle:

SOAXZ is a 3-bit field that indicates how the
drawing color is to be applied to the current
contents of the region.

START is specified with a standard operand
address pair. This is the first vertex of the triangle.
If relative addressing is used, START will be
calculated with respect to CPP.

MID is specified with a standard operand address
pair. This is the second vertex of the triangle. If
relative addressing is used, MID will be calculated
with respect to START.

END is specified with a standard operand address
pair. This is the third vertex of the triangle. If
relative addressing is used, END will be calculated
with respect to START.

CPP is set to START following this instruction.

PERFORMANCE (in SYSCLK cycles)

Instruction Set-up Time 1021 SYSCLK Cycles
The time per pixel depends very strongly on the
size and shape of the Triangle being filled. Since
Filled Triangle proceeds one scan line at a time,

wide triangles are filled more quickly than tall,
narrow triangles of the same area. The table below
shows some typical measurements.

SOAXZ V1 V2 V3 Area C/Pixel
SET 0,50 0,497 447,497 100K 1.26
SET 0,50 0,497 447,50 100K 1.26
SET 250,50 0,497 447,50 100K 1.40
SET 0,50 447,50 250,447 100K 1.15
SET 0,50 0,250 0,1050 100K 0.85
SET 0,50 0,1050 200,50 100K 2.34
SET 0,50 1020,50 500,1020 500K 0.91
SET 0,220 447,50 447,497 100K 1.28
SET 050 0,497 447,250 100K 1.29
SET 0,50 0,250 1000,1000 100K 2.34
SET 0,50 0,250 1000,800 100K 2.34
SET 050 0,250 1000,600 100K 1.60
SET 0,50 0,250 1000,400 100K 1.22
SET 050 0,250 1000,200 100K 0.94
EXAMPLE

The following example draws a filled triangle with
vertices at 500,500 and 1000,500 and 800,900.
Since the SOAXZ field is five, the current drawing
color is applied without regard to the original
contents of the field.

0052
01F4
01F4
03E8
01F4
0320
0385

*Start
*Mid

*End

15 14 13 12 11 _10 o 8 7 6 5 4 3 2 1 0

o o 0 o o| soaxz |o|[1 o 1 o o 1 o

AM X/dX (START)
o o Yiay

AM X/dX (MID)
o o YidY

AM X/dX (END)
o o YidY

07785A 14-30

Filled Triangle Format
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CROSS-REFERENCES Any polygon can be decomposed into some
number of triangular regions. The notion is that

Chapter 8: Graphical Operations the user would break the polygon into triangles
and then issue the required number of Filled
COMMENTS Triangle instructions to complete the polygon.

The purpose of Filled Triangle is to provide an  The vertices may have any relationship.
analytical means of filling arbitrary regions (as op-

posed to Fill Connected Region and Fill Bounded

Region that rely on the contents of display memory

prior to the execution of the instruction).

IFANY TWO VERTICES ARE THE SAME,
THE TRIANGLE WILL BE A STRAIGHT LINE.

START,MID —» X
X
X
X
X[ END
IF ALL THREE VERTICES ARE THE SAME, IF THE VERTICES ARE COLINEAR,
THE TRIANGLE WILL BE A SINGLE POINT. THE TRIANGLE WILL BE A STRAIGHT LINE.
START =X
X
X X
X
X< END
X
X
X|<—— MID
|
07785A 14-87
500,500 1000,500
800,900

07785A 14-26

Figure 14-8 Filled Triangle
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Filled Triangle Current
(Fill Instruction)

Filled Triangle Current creates the image of a
triangle in display memory and fills it with the
current drawing color. The SOAXZ field is used to
determine how the present contents of the area
are combined with the current color. The Current
Pen Position is the first vertex.

Three parameters are required by Filled Triangle
Current:

SOAXZ is a 3-bit field that indicates how the
drawing color is to be applied to the current
contents of the region.

MID is specified with a standard operand address
pair. This is the second vertex of the triangle. If
relative addressing is used, MID will be calculated
with respect to the Current Pen Position.

END is specified with a standard operand address
pair. This is the third vertex of the triangle. If
relative addressing is used, END will be calculated
with respect to Current Pen Position.

CPP is unaffected by this instruction.

PERFORMANCE
Instruction Setup 970 SYSCLK Cycles

For per pixel timing, see Filled Triangle.

EXAMPLE

The following example draws a filled triangle with
vertices at the Current Pen Position and 1000,500
and 800,900. Since the SOAXZ field is five, the
current drawing color is applied without regard to
the original contents of the field.

0512
03E8 *Mid
01F4
0320 *End
0384

CROSS-REFERENCES

Chapter 8: Graphic Operations

COMMENTS

The purpose of Filled Triangle Current is to provide
an analytical means of filling amitrary regions (as
opposed to Fill Connected Region and Fill
Bounded Region that rely on the contents of
display memory prior to the execution of the
instruction).

Any polygon can be decomposed into some num-
ber of triangular regions. The notion is that the
user would break the polygon into triangles and
then issue the required number of Filled Triangle
Current instructions to complete the polygon.

15 14 13 12 11 10 9 8

7 6 5 4 3 2 1 0

o o 0o o o soaxz oo o 1 o 1 0

AM X/dX (MID)
0 0 YidY

AM X/dX (END)
o o YigY

Filled Triangle Current Format

07785A 14-27
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Input Block
(Block Manipulation)

Input Block transfers information from the host

PERFORMANCE (In SYSCLK cycles)

directly into display memory. The size of the

(rectangular) block will have been previously Input By Plane Input By Pixel
specified with a Set Block Size instruction. The
host is expected to write the data to be transferred ~ Overhead: 63 69
into the Block Input FIFO (BIF). Per Pixel: ~0.31 per plane ~5 (BIS =4)
) ~9 (BIS =2)
Three parameters are required by Input Block: ~17 (BIS =1
Per Scan Line: 24 107

BIS is a 3-bit field that indicates to the Am35C60
how the X portion of the address is to be

Note: The numbers for Input Block and Output Block

incremented following each input word. BIS is  are predictions.
determined by the number of Am95C60s in the
system and will always be the same for a given
system.
EXAMPLE
Number of Required Value
Am95C60s of BIS The following example starts the Am95C60
accepting data from the host. The data will be
1 4 (100) stored by pixel beginning at location 500,500.
2 2(010) This example is for a single-Am95C60 system.
3 or more 1 (001) The size of the block will have been specified by
Set Block Size.
The Z bit indicates whether the data transferred are
to be stored by plane (Z=0) or by pixel (Z=1). 40D8 *BlS=4, Z=1
01F4 *Address of destination
BEGIN is specified with a standard operand 01F4

address pair. This is the upper-left corner of the
rectangular area into which data is to be
transferred. If relative addressing is used, BEGIN
is calculated with respect to the Current Pen
Position.

CROSS-REFERENCES

Set Block Size (Instruction)
Input Block (Instruction)
CPP is not affected by this instruction.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

of ms Jo o o ofz]1 o 1 1 0o 0o o
AM X/dX )
0o o v/dY

WORD SENT TO BLOCKIN FIFO

WORD SENT TO BLOCKIN FIFO

WORD SENT TO BLOCKIN FIFO

07785A 14-28
Input Block Format

(BEGIN)

(FIRST)
(SECOND)

(LAST)
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COMMENTS
Clipping is ignored.

Data will be written to all planes whose activity bits
are set.

The data wordé to be stored in display memory are
transmitted to the Block Input FIFO (rather than the
instruction FIFO).

An integer number of operand words must be
transferred for each scan line in the block.

Figure 14-9 illustrates how words from the FIFO are
used for input by plane. The block size has been
set to 17 pixels by two scan lines. The first word
into the FIFO is entered into the leftmost 16 bits of
the first scan line. The leftmost bit of the second
word is entered into the 17th pixel of the first scan
line and the remaining 15 bits are discarded. The
third and fourth words are entered into the second
scan line in a similar manner.

Figure 14-10A shows how bits from the FIFO are
used for input by pixel where BIS is setto 1. This
is appropriate for 9 to 16 bit planes. The informa-
tion transmitted on D15-D12 is used for each
pixel; the information on D11-DO0 is discarded. For
a block size of 17 pixels by two scan lines, 34
writes are required, one for each pixel. The data
transferred on the first write are entered into the
leftmost pixels of the first scan line. The first scan
line is filled from left-to-right and then the second
scan line is filled from left-to-right.

Figure 14-10B shows the recommended
connection for a four-Am35C60 system. Each
Am95C60 has its own (16-bit) data buffer. The
fifth data buffer is used for Block I/O by pixel. The
16 bits from the host data bus are distributed to the
four Am95C60s as indicated in the table in Figure
14-10B. The system interface must make pro-
visions to enable this extra buffer; it usually has its
own I/O address.

Figure 14-11A shows how bits from the FIFO are
used for input by pixel where BIS is setto 2. This
is correct for five to eight bit planes. The informa-
tion is transferred on D15-D8. The leftmost pixel is
transmitted on D15-D12, and the rightmost pixel is
transmitted on D11-D8. For a block size of 17
pixels by two scan lines, 18 writes are required.
Two pixels are transmitted on each write except
the 9th and 18th. Only one pixel is transmitted on
each of these two writes.

Figure 14-11B shows the recommended
connection for a two-Am95C60 system. Each
Am95C60 has its own (16-bit) data buffer. The
third data buffer is used for Block I/O by pixel. The
16 bits from the host data bus are distributed to the
two Am95C60s as indicated in the table in the
figure. Each pixel is transferred in one byte, two
pixels per word. If the buffer is connected as
recommended, the bits in the pixe! will be con-
sistent with the bits in the Set Activity Bits
operand. The system interface must make provi-
sions to enable this extra buffer; it usually has its
own /O address.

|e 16 »
K2 *
2 | WORD { [€— woRrD2
| WORD3 [<— worD4
¥ e 17 »
- 16 >
WORD 1
WORD2 [ R———— DisCARDED ———»| / FIRSTSCANLINE
WORD3 SECOND
WORD 4 DISCARDED ——————» f/ SCANLINE

D15

Do
07785A 14.74

Figure 14-9 Input Block by Plane
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Figure 14-12 shows how bits from the FIFO are
used in input by pixel where BIS is setto 4. This is
correct for one to four bit planes. The information
is transmitted on all 16 data lines. The leftmost
pixel is transmitted on D15-D12 and the rightmost
pixel is transmitted on D3-D0. For a block size of
17 pixels by two scan lines, ten writes are required.

Four pixels are transmitted on each of the writes
except the fifth and tenth. Only one pixel is
transmitted on each of these. The ordering of
pixels within the nibbles is consistent with the
ordering of plane information in the Set Color Bits
operand. No special buffer is required.

AmO5CE0DATABIT 15 14 13 12 11 10 9 8 7 6 4 3 2 1. 0
PLANENUMBER[O 1 2 3lx X X x!x X X xe X X x]
AN 1 Pl
\\\\ \\\ E l,” ,”/
\\ \\ : I' /,
S N ' R R
SN \ ] ’ 7
\\\ N ! S ’,/
SN AN ) / g
\\ \ 1 Vs /I
So \ : / //
PIXELTRANSFERRED | o'l X | X I X | 1STWRITE
1 X X X 2NDWRITE
2 X X X 3RDWRITE
a3 X X X 4TH WRITE
. . 1sT
. . SCAN
13 X X X 14TH WRITE LINE
1“4 X X X 15TH WRITE
5 X X X 16TH WRITE
6 X X X 17THWRITE
0 X X X 18TH WRITE
1 X X X 19TH WRITE
2 X X X 20TH WRITE
. . 2ND
13 X X X 31STWRITE S
14 X X X  32NDWRITE
15 X X X  33RDWRITE
6 X X X 34TH WRITE
X=DONTCARE

07785A 14-35

Figure 14-10A Input Block by Pixel for BIS=1 As Seen by Each Am95C60
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HOST
aady’ Am95CE0 0
m!
%) (
N e Am95CE0 1
N o e Am95C80 2
N 5 Am95C603
K
| 74
7 4
74

!

BY PIXEL BUFFER

HOSTBUS Am95C60 PLANE Am95C60BUS

OO0 ===t DN WKWWW
WN=O WN=O WN=O WNH=O
-
n

O=NW bNON DO

Figure 14-10B Input Block by Pixel for BIS=1 Connections
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Am95CG0DATABIT 15 14 13 12 11 10 9 8 7 6 4 3 1 0
PLANENUMBER [o 1 2 alo 1 3| x x x xe X X x]
)
hEY [] P
~ \‘ ' l‘ -,
\\ \‘ ] 4
\\ \ : ‘ 4
~ \ ] Pl
\\ \\ 1 //
\\ \ : e
\\ \ : 4 ,/
\\ \\ ] // “
~ 1
PIXELSTRANSFERRED | 0 l 1 | X | X | 1STWRITE
2 3 X X 2NDWRITE l
4 5 X X 3RDWRITE 1ST
SCAN
: LINE
14 15 X X 8TH WRITE
8 X X X 9TH WRITE
0 1 X X 10TH WRITE
2 3 X X 11TH WRITE
. 2ND
. SCAN
14 15 X X 17TH WRITE LINE
% X X X 18TH WRITE

07785A 14-37
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Figure 14-11A Input Block by Pixel for BIS=2 As Seen by Each Am95C60

14-37




HOST
BUS ,

7,
16 r'

Ama5C60 0

\———D Amg5C60 1

4
\ | 4
il
4
BY PIXELBUFFER

HOSTBUS Am95C60 PLANE Am95C60 BUS

15 1 0 15
14 1 1 14
13 1 2 13
12 1 3 12
1 0 0 15
10 0 1 14
9 0 2 13
8 0 3 12
7 1 0 1
6 1 1 10
5 1 2 9
4 1 3 8
3 0 0 11
2 0 1 10
1 0 2 9
0 0 3 8

Figure 14-11B Input Block by Pixel for BIS=2 Connections

07785A 14-78
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Am95CEO0DATABIT 15 14 13 12 11 10 9 8 7 6 5 3 -2 1 0
PLANENUMBER |0 1 2 3[0 1 2 3lo 1 2 aJo 1 2 3|
L}
. . ! .~ L
o . ' . e
~ . ] . ’
-~ . 1 . Pl
~ . 1 . '
~ - A ) 1 ¢ ’f
~ ~ \‘ : l' ’ ’
ss \\ 1 '¢ ,/
~ -~ \\ : 'l . P ’
-~ ]
* ~ -~ \\ : l' ’, ‘ ‘
~ ) 4

PIXELS TRANSFERRED | 0 | 1 | 2 ' 3 | 1ST WRITE f
4 5 6 7 2ND WRITE 1ST
8 9 10 11 3RD WRITE ?_?I(I*g
12 13 14 15 4TH WRITE
6 X X X 5TH WRITE L
o 1 2 3 6TH WRITE 4
4 5 & 7 7TH WRITE 2ND
8 9 10 11 8TH WRITE SL‘I’,(}E‘
12 13 14 15 9TH WRITE

16 X X X 10TH WRITE __L_

07785A 14-79

Figure 14-12 Input Block by Pixel for BIS=4 As Seen by Each Am95C60
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Input Block Current
(Block Manipulation)

Input Block Current transfers information from the
host directly into display memory. The size of the
(rectangular) block will have been previously
specified with a Set Block Size instruction. The
host is expected to write the data to be transferred
into the Block Input FIFO (BIF). The upper-left
corner of the destination operand is the Current
Pen Position. ‘

Two parameters are required by Input Block
Current:

BIS is a 3-bit field that indicates to the Am35C60
how the X portion of the address is to be
incremented following each input word. BIS is
determined by the number of Am95C60s in the
system and will always be the same for a given
system.

PERFORMANCE (in SYSCLK cycles)

Input By Plane Input By Pixel
Overhead: 63 69
Per Pixel: ~0.31 perplane  ~5 (BIS=4)
~9 (BIS=2)
~17 (BIS=1)
Per Scan Line: 24 107

Note: The numbers for Input Block and Output Block
are predictions.

EXAMPLE

The following example starts the Am95C60
accepting data from the host. The data will be
stored by pixel beginning at the Current Pen

Number of Required Value Position. This example is for a single-Am95C60
Am95C60s of BIS system. The size of the block will have been
specified by Set Block Size.
1 4(100)
2 2(010) 4098 *BIS = 4, Z=1
3 or more 1(001)

CROSS-REFERENCES
The Z bit indicates whether the data transterred are
to be stored by plane (Z=0) or by pixel (Z=1). Set Block Size (Instruction)
Input Block (Instruction)
CPP is not affected by this instruction.

COMMENTS

See Input Block.

15 14 13 12 11 10 o 8 7 6 5 4 3 2 1 0
[o] Bs o o o oflz[o o 1 1 o o o]

WORD SENT TO BLOCKINFIFO

WORD SENT TO BLOCK INFIFO

WORD SENT TO BLOCK INFIFO

Input Block Current Format

(FIRST)
(SECOND)

(LAST)

07785A 14-40
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Inquire
(System Control)

Inquire causes the Am95C60 to write the
microcode version into the Block Output FIFO
(BOF). Ifthe BOF is full, the Am35C60 waits until
there is room.

No parameters are required by Inquire.

PERFORMANCE:

Inquire requires 60 SYSCLK cycles plus any time
spent waiting for room in the BOF.

EXAMPLE:
This example causes the Am95C60 to write the
microcode version number into the BOF.
003F
CROSS-REFERENCES:

COMMENTS:

FORMAT OF THE INFORMATION WRITTEN TO BOF:

15 14 13 12 11 10 9 8

7 6 5 4 3 2 1

o

[o 0 0o 0o 0 o o o

o o o 0O o O O

(=]

INSTRUCTION FORMAT:

5 14 13 12 11 _10 9 8

7 6

0
E
w
n
-
[=]

1
[0 o o o 0 0o o o

olo 1 1 1 11 1]

07785A 14-90

Inquire Format
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Jump
(System Control)

Jump causes a transfer to a new location in display
memory when the Am95C60 is in Program mode.
This instruction must not be executed from the
FIFO.

Jump requires four parameters, plus an optional
index:

PP is a 2-bit field that specifies the bit plane
number from which instructions are to be fetched.

I is a 1-bit field that indicates whether an index is
present. |f Iis a one, then LOCATION is taken to
be the top of a dispatch table, and the index is a
pointer into the table. The dispatch table is
assumed to be in plane zero. The index (i) is multi-
plied by 2 and a X,Y address pair is fetched from
LOCATION, LOCATION + (i *2). Execution begins
at this X,Y address in the plane specified in PP.

If lis a'zero, LOCATION specifies the address in
display memory from which instructions will be
fetched and no index is permitted.

PO is a 1-bit field that makes the execution of the
Call conditional. If PO is a one, the Jump is
executed only if bit 13 of the Y component of the
Current Pen Position is a zero (implying CPPY is
positive). If PO is a zero, the Jump is executed
unconditionally. If | is a one, the PO bit is ignored
and the instruction is executed unconditionally.

LOCATION is specified as a standard operand
address pair. This is the address of the subroutine
if 1is a zero, or the address of the dispatch table if |
is aone. If relative addressing is used, LOCATION
is calculated with respect to the Current Pen

Position. The four low order bits of the X com-
ponent must resolve to all zeroes.

The Current Pen Position is unchanged by the
execution of this instruction.

INDX is the index into the dispatch table. Only the
low order 10 bits are used. Bits 10 through 15
must be zeroes.

PERFORMANCE

Jump requires 96 SYSCLK cycles.

EXAMPLE

The following example will cause a transfer to
location 512,256 of bit plane 3.  Absolute
addressing mode is used. No scaling is assumed.

C03C
0200 *Address
0100

CROSS-REFERENCES

Call (Instruction)
Return (Instruction)

COMMENTS

Jump may be used to connect fragments of
programs.

(LOCATION)

15 14 13 12 11 10 9 8 7 6 § 4 3 2 1
PP |1 [po]of o 0o ofojo 1 1 1 1 o
AM X/dX

ofo YidY

o o o ol INDX

07785A 14-30

Jump Format
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Line
(Drawing Primitives)

Line creates the image of a vector in display mem-
ory. Line style, logical PEL and anti-aliasing may
be specified.

Line requires 9 parameters:

AA is a 1-bit field that controls anti-aliasing if the
Logical PEL is not enabled and controls the PEL
source if the logical PEL is enabled.

Sl is a 1-bit field that specifies whether the logical
PEL is to be inverted. This applies only if the
logical PEL is enabled.

M is a 1-bit field that specifies whether the logical
PEL is to be stored only where the destination
matches the search color. This applies only if the
logical PEL is enabled.

LS is a 1-bit field that specifies whether the line
style is to be solid or dashed-dotted.

EP is a 1-bit field that specifies whether the termi-
nation end point is to be drawn unconditionally or
only if it falls within a dash or dot element. The first
point (at START) is always drawn.

SOAXZ is a 3-bit field that specifies how the vector
is to be drawn over the current contents of the
display memory.

START is specified with a standard operand
address pair. If relative addressing is specified,
START is calculated with relative to the Current
Pen Position. .

END is specified with a standard operand address
pair. If relative addressing is specified, END is
calculated with respect to START.

C (bit 15 of the second word of the second stan-
dard operand address pair) is a continuation bit. If
this bit is a one, the Am95C60 will fetch another
two standard operand address pairs and draw
another line. The option bits from the opcode
word will not be changed.

The Current Pen Position following this instruction
is END.

PERFORMANCE
Instruction Overhead

(Single Segment) 259 Cycles
Instruction Overhead

(First Segment) 249 Cycles
Instruction Overhead

(Middle Segments) 159 Cycles
Instruction Overhead

(Last Segment) 179 Cycles
Drawing Time (Per Pixel)
SOAXZ=5 (Graphical SET) 6 Cycles/Pixel

SOAXZ=7 (Graphical XOR)
Anti-aliased

12 Cycles/Pixel
95 Cycles/Pixel

Dashed-Dotted 14 Cycles/Pixel

Logical PEL (1x1) 200 Cycles/Pixel
Logical PEL (2x2) 240 Cycles/Pixel
Logical PEL (4x4) 329 Cycles/Pixel

Dashed-dotted Line (SET)

In some cases, a horizontal line is drawn 16 pixels
per write (rather than the normal 1). The line must
have a solid line style, the logical PEL must not be
enabled and the line must not be anti-aliased.

15 14 13 12 11 10

5 4 3 2 1 0

o 8 7 &
m[sifm|isler] soaxz [o]1 0o o 1 1 0o o
AM X/dX (START)
oo Y/dY
AM X/dX (END)
clo Y/dY
07785A 14-31
Line Format
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EXAMPLES

This example is a non-anti-aliased solid line from
500,500 to 507,510. The SOAXZ field is set to
five to obtain a graphical SET.

054C

01F4 *Begin
01F4

01FB *End
01FE

This example draws two disjunct lines. The first
line is from 0,0 to 100,100 and the second is from
200,200 to 200,400. The attributes of the two
lines are identical. Neither is anti-aliased or uses a
PEL. Each is drawn with a solid line style.

054C *Line with Graphical SET
0000 *Address of 0,0

0000

0064 *Address of 100,100
8064 *With Continue bit set
00C8 *Address of 200,200
00Cs8 *

00C8 *Address of 200,400
0190 *Without Continue bit

CROSS-REFERENCES

Chapter 5:
Chapter 6:
Chapter 7:
Chapter 8:
Chapter 9:

Addressing Modes and Scaling
Line Texture

Clipping and Picking

Graphical Operations
Anti-aliasing

COMMENTS:

QASM provides a construct called DPL that makes
it somewhat more natural to generate multiple-
segment lines.

The drawing time of 6 SYSCLK cycles per pixel
requires that the QPDM have been programmed to
enable masked writes. See the Set QPDM
Position instruction.

500

507

500 —» X

510 —»

07785A 14-32

Figure 14-13 Line Example
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Line Current
(Drawing Primitives)

Line Current creates the image of a vector in
display memory. Line style, logical PEL and anti-
aliasing may be specified.

Line Current requires 8 parameters:

AA is a 1-bit field that controls anti-aliasing if the
Logical PEL is not enabled and controls the PEL
source if the logical PEL is enabled.

Sl is a 1-bit field that specifies whether the logical
PEL is to be inverted. This applies only if the
logical PEL is enabled.

M is a 1-bit field that specifies whether the logical
PEL is to be stored only where the destination
matches the search color. This applies only if the
logical PEL is enabled.

LS is a 1-bit field that specifies whether the line
style isto be solid or dashed-dotted.

EP is a 1-bit field that specifies whether the termi-

nation end point is to be drawn unconditionally or
only if it falls within a dash or dot element. The first
point (at the Current Pen Position) is never drawn.

SOAXZ is a 3-bit field that specifies how the vector
is to be drawn over the current contents of the
display memory.

END is specified with a standard operand address
pair. If relative addressing is specified, END is cal-
culated with respect to the Current Pen Position.

C (bit 15 of the second word of the standard

operand address pair) is a continuation bit. If this
bit is a one, the Am95C60 will fetch another stan-
dard operand address pair and draw another line
beginning at the END of the last line. The option
bits from the opcode word will not be changed.

The Current Pen Position following this instruction
is END.

PERFORMANCE:
Instruction Overhead

(Single Segment) 202 Cycles
Instruction Overhead

(First Segment) 191 Cycles
Instruction Overhead

(Middle Segments) 96 Cycles
Instruction Overhead

(Last Segment) 119 Cycles
Drawing Time (Per Pixel)
SOAXZ=5 (Graphical SET) 6 Cycles/Pixel
SOAXZ=7 (Graphical XOR) 12 Cycles/Pixel
Anti-aliased 95 Cycles/Pixel
Dashed-Dotted 14 Cycles/Pixel
Logical PEL (1x1) 200 Cycles/Pixel
Logical PEL (2x2) 240 Cycles/Pixel
Logical PEL (4x4) 329 Cycles/Pixel

Dashed-dotted Line (SET)

In some cases, a horizontal line is drawn 16 pixels
per write (rather than the normal 1). The line must
have a solid line style, the logical PEL must not be
enabled and the line must not be anti-aliased.

15 14 13 12 11 10 9

4 3 2 1 0

8 7 6
soaxz |o]o o o 1 1

MEINRE
AM X/dX (END)
clo YidY

07785A 14-33
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EXAMPLES

This example draws a non-anti-aliased line from the
Current Pen Position to the Current Pen Position
offset by +10,+10. The operand address pair spec-
ifies relative addressing mode. The scale factors
should have been set to 0s to prevent scaling.
The SOAXZ field is set to five for graphical SET.

050C
800A *Relative address, dX=10
000A *dY=10

This example draws a box 10 pixels square. The
upper-left corner is at the Current Pen Position.
The pen (as it turns out) is unchanged by this

example. The line is drawn using a solid line style.

050C *Line Current with Graphical SET
8000 *Relative: 0,-10

BFF6 *Continue bit is set

800A *Relative: +10,0

8000 *Continue bit is set

8000 *Relative: 0,10

800A *Continue

BFF6 *Relative: -10,0

0000 *No continue bit

CROSS-REFERENCES

Chapter 5:
Chapter 6:
Chapter 7:
Chapter 8:
Chapter 9:

Addressing Modes and Scaling
Line Texture

Clipping and Picking

Graphical Operations
Anti-aliasing

COMMENTS
QASM includes a construct called CPL (Con-

nected PolyLine) to help with drawing continuous
lines.

14.AR/




Move Pen
(Drawing Primitive)

Move Pen sets the Current Pen Position.

One parameter is required by Move Pen:
LOCATION is specified with a standard operand
address pair. If relative addressing mode is used,
LOCATION will be calculated with respect to the
Current Pen Position.

CPP is set to the operand address.

PERFORMANCE

Move Pen requires 84 SYSCLK cycles.

EXAMPLES

This example sets the Current Pen Position to
500,500. Absolute addressing is used.

This example moves the Current Pen Position with
an offset of +10,+10. Relative addressing is used.
This assumes that the scale factors have been set
to 0.

0040

800A *Relative, dX=10

000A *dY=10
CROSS-REFERENCES

Chapter5: Addressing Modes and Scaling

COMMENTS

Move Pen doesn't draw anything.

0040

01F4 *Location

01F4
15 14 13 12 11 10 9 8 7 6 5 4 1 0
6 0o 0 0 0 0 0 0 O|1 o0 o o o
AM X/dX (LOCATION)
o o0 YidY

07785A 14-34

Move Pen Format
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No Operation
(System Control)

No Operation ensures that no operation is
performed.

No parameters are required.

CPP is not affected by this instruction.

PERFORMANCE

No Operation requires 34 SYSCLK cycles.

EXAMPLE
This example does nothing.

0000

CROSS-REFERENCES

COMMENTS

14 13 12 11 10

7 & 5 4 3

15
[0 0o o 0o o o

0 0o o o O 0

No Operation Format

07785A 14-21

44_A0




Output Block
(Block Manipulation)

Output Block sets up the Am95C60 to transfer a
rectangular block of display memory to the Block
Qutput FIFO (BOF). The Am95C60 will transfer

PERFORMANCE (in SYSCLK cycles)

the contents of the block to the BOF. The size of Output By Plane Output By Pixel
the block will have been set by Set Block Size.
Overhead: 71 74
Three parameters are required by Output Block: Per Pixel:  ~0.6 per bit plane ~2 (BOS=4)
~4 (BOS=2)
BOS is a 3-bit field that specifies to the Am95C60 ~6 (BOS=1)
how to increment the X address following each  Per Scan Line: 28 34

output operation. This value is selected according
to the number of Am95C60s in the system and will
always be the same for any given system.

Note: These numbers are predictions.

Number of Required EXAMPLE
Am95C60s BOS Value
The following example sets the Am95C60 up to
1 4 (100) transfer a block of data from 500,500. The transfer
2 2(010) will be by pixel and assumes a single-Am95C60
3 or more 1 (001) system. The size of the block to be transferred will

have been set using Set Block Size.

Z is a 1-bit field that specifies whether the output is 40DA
to be done by plane (Z=0) or by pixel (Z=1). 81 E4
1F4

LOCATION is specified as a standard operand
address pair. Any addressing mode may be
specified. If relative addressing is specified,
LOCATION will be calculated with respect to the
Current Pen Position. This is the address of the
upper-léft corner in display memory of the block to
be transferred to the BOF. The size of the block to
be transferred will have been set by Set Block
Size.

The Current Pen Position is not affected by this
instruction.

CROSS-REFERENCES

Set Block Size (Instruction)
Input Block (Instruction)

15 14 13 12 11 10 9 8 7

6 5 4 3 2 1 0

0 BOS o o o oflz|[1 o 1 1 0o 1 o
AM X/dX (LOCATION)
0o o YidY
WORD TO BE REMOVED FROM BOF (FIRST)
WORD TO BE REMOVED FROM BOF (SECOND)
WORD TO BE REMOVED FROM BOF (LAST)

07785A 14-36 Output Block Format
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COMMENTS

If Z=0 (output by plane), only a single plane will be
read. Only one activity bit may be set. 1f no plane
is active, 1s will be returned. In a system with multi-
ple Am35C60s, only one Am35C60 should have
activity bits set. If multiple Am95C60s try to trans-
mit, bus contention will result.

If Z=1 (output by pixel), 1s will be returned for any
planes that are not active.

Figure 14-14 shows how the data are placed on
the system bus data lines (D15-D0) for output by
plane. The leftmost pixel is placed on D15. To
transmit a block of 17 pixels by two scan lines
requires four reads. The leftmost 16 pixels of the
first scan line are transmitted in the first word. The
17th pixel of the first scan line is transmitted on
D15 of the second word; the other 15 bits are
indeterminate. The 17 pixels of the second scan
line are transmitted in the third and fourth words.

Figure 14-15A shows how the data are placed on
the system bus data lines for output by pixel when
BOS is set to 1. This is appropriate for a system
with 9 to 16 bit planes. The leftmost pixel is
transmitted on D15-D12. If the recommended
connection is used, the information on D11-DO0 will
be ignored by the system. After each word is read

from the Block Output FIFO, the next pixel is
shifted into the leftmost nibble of the data bus. On
the 15th read, pixel number 14 has shifted to the
left and the rightmost nibble is indeterminate. By
the 17th read, all but the leftmost nibble is
indeterminate. The first pixel of the second scan
line appears on D15-D12 of the 18th read, and the
last pixel of the second scan line comes out on the
34th read.

Figure 14-15B shows the recommended system
bus connection for Block /O by pixel in a four-
AmM95C60 system. Each Am95C60 has its own
data buffer. The fifth buffer is for Block I/O by pixel.
It takes four bits from each Am95C60 and concate-
nates them into & 16-bit word. The table in the fig-
ure shows how the data bus bits should be con-
nected. This buffer needs to have a separate
enable, usually decoded from a separate address.

Figure 14-16A shows how the data are placed on
the system bus data lines for output by pixel when
BOS is set to 2. This is appropriate for a system
with five to eight bit planes. The leftmost pixel is
transmitted on D15-D12, and the adjacent pixel is
transmitted on D11-D8. The system should
ignore the data on D7-D0. For a block size of 17
pixels by two scan lines, 18 reads are required.
Each read transmits two pixels except for the Sth
and 18th reads. Observe that the data are shifted

)

i g
2 | WORD 1 __[4—— woRD2
| WORD 3 | 4—— WoRD4
le o
¥ e 17 »
< 16 >
WORD 1 sc .
WORD2 INDETERMINATE ——w ANLINE
WORD3 sc
WORD4 | J&———— INDETERMINATE ————»} ANLINE2

07785A 14-80

Figure 14-14 Output Block by Plane
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by two pixels rather than one as is the case for
BOS=1. Figure 14-16B shows the recommended
connection for a two-Am35C60 system. The third
data buffer takes four bits of each of two pixels
from each of the two Am35C60s and concatenates
them into two, 8-bit pixels. One pixel appears as
the left byte and the other appears as the right
byte. This buffer needs to have its own enable;
this is usually decoded from a separate I/O
address.

Figure 14-17 shows how the data are transmitted
for BOS=4. This is appropriate for a single-
Am95C60 system. Leftmost pixels are transmitted
on higher-order D lines. For a block size of 17
pixels by two scan lines, ten reads are required.
Each read transmits four pixels except the fifth and
tenth that move one pixel each. No special buffer
is required.

Am95C60 DATA BIT 15 14 13 12 11 10 9

PLANENUMBER [0 1 2 3[0 1 2 12 sJo 1 2 3|
'
s\\\ \\ E "l ,’;o
~ . ' ’ '
~ ‘\ : I' /,
\\\ AY : 4 ’/
SN \\ : I' e
S \\ 1 ,I Ple
\\\ \\ E /, /,’
~ s
\\\ \\ E l, ,l,
PIXELSTRANSFERRED BEE | 3| 1sTREAD
1 2 3 4 2NDREAD
2 3 4 5 3RDREAD
3 4 5 6 4THREAD (ST
. . SCAN
. . LINE
13 14 15 16  14THREAD
14 15 16 X 15THREAD
15 16 X X 16THREAD
16_X_X X 17THREAD
o 1 2 3 18TH READ
2 3 4 5 19TH READ
3 4 5 6 20THREAD
. . 2ND
. . SCAN
LINE
13 14 15 16  31STREAD
14 15 16 X  32NDREAD
15 16 X X  33RDREAD
16 X X X  B4THREAD
X=INDETERMINATE
07785A 14-81

Figure 14-15A Output Block by Pixel for BOS=1 As Seen by Each Am95C60
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HOST
BUS
< Z

Am95C60 0

L AmS5C60 1

N < Am95C60 2

N— 4 Am95C60 3

T

BY PIXELBUFFER

HOSTBUS Am95C60  PLANE Am95C60BUS

15
14
13
12

OCOOCO =t PO WWWW
ON=O WO WON=O WN=2O
-
N

O=NW LhNION ®©

07785A 14-82

Figure 14-15B Output Block by Pixel for BOS=1 Connectlons

14-52




Am95C60 DATA BIT 15 14 13

12

11

10

PLANE NUMBER 0

PIXELS TRANSFERRED

Flgure 14-16A Output Block by Pixel for BOS=2 As Seen by Each Am95C60

123[012

9 8 7 6 3 0
3lo 1 2 3J 0o 1 2 3
. R .
1] . ’
' . ’
1] .
[} .
) .
1}
1 ’,
[} ’
[} ’I
H I e
\\ : ,' ’¢
\ ' ,
\ ! Z .
0 | 1 | 2|3 | 1STREAD T
2 3 4 5 2ND READ
4 5 6 7 3RD READ o
. . LINE
14 15 16 X 8TH READ
16 X X X 9TH READ l
o 1 2 3 10TH READ T
2 3 4 s 11TH READ oND
. . SCAN
14 15 16 X 17TH READ LINE
6 X X X 18TH READ ¥
07785A 14-21
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HOST
BUS
. Am95C60 0
6 ) 4
N— | . . Am95C60 1

4
«—2 _/
| ‘4
‘.F}
4
BY PIXELBUFFER

HOSTBUS Am95C60 PLANE Am95C60BUS

O=NW LN OO

CO0O0 =t QOO0 ==ttt

WNN—=O WN—-O WNH~~O0 WNh=0O
=

Figure 14-16B Output Block by Pixel for BOS=2 Connections
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AMOSCGODATABIT 15 14 13 12 11 10 9 8
PLANENUMBER [o 1 2 aLo 1 2 3

1
)
~ AJ : *
-~ S L] 4
~ Al ] ’
\\\ \\\ : I'
\\\\ \\ E ’/ ,,’,
\\ ‘\ : R4
\\ \ 1 / ,’
~ \\ H I, -,
\\ H //

PIXELSTRANSFERRED | 0 | 1 I 2 | 3 | 1STREAD f
4 5 6 7 2NDREAD 1ST
8 9 10 11 3RDREAD SCAé\l
12 13 14 15 4THREAD LIN
6 X X X 5THREAD ¥
o 1 2 3 6THREAD s
4 5 6 7 7THREAD 2ND
8 9 10 11 8THREAD SCAN
12 13 14 15 9THREAD LINE
B X X X 10THREAD

07785A 14-84

Figure 14-17 Output Block by Pixel for BOS=4 As Seen by Each Am95C60
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Output Block Current
(Block Manipulation)

Output Block Current sets up the Am95C60 to
transfer a rectangular block of display memory to
the Block Output FIFO (BOF). The Am935C60 will
transfer the contents of the block to the BOF. The
size of the block will have been set by Set Block
Size. The upper-left corner of the block will be the
Current Pen Position.

Two parameters are required by Output Block
Current:

BOS is a 3-bit field that specifies to the Am35C60
how to increment the X address following each
output operation. This value is selected according
to the number of Am95C60s in the system and will
always be the same for any given system.

Number of Required
Am95C60s BOS Value

1 4 (100)

2 2(010)

3 or more 1 (001)

Zis a 1-bit field that specifies whether the output is
to be done by plane (Z=0) or by pixel (Z=1).

The Current Pen Position is not affected by this
instruction.

PERFORMANCE (in SYSCLK cycles)

Output By Plane  Output By Pixel
Overhead: 71 74
Per Pixel: ~0.6 per bit plane ~2 (Bos=4)
~4 (Bos=2)
~6 (Bos=1)
Per Scan Line: 28 34

Note: These numbers are predictions.

EXAMPLE

The following example sets the Am35C60 up to
transfer a block of data from the Current Pen Posi-
tion. The transfer will be by pixel and assumes a
single-Am35C60 system. The size of the block to
be transferred will have been set using Set Block
Size.

409A

CROSS-REFERENCES
Set Block Size  (Instruction)

Output Block (Instruction)
Input Block (Instruction)

COMMENTS

See Output Block.

i5 14 13 12 11 10 9 8

6 5 4 3 2 1

[o] Bos 0 0 o0

oflzfo o 1 1

o
-

WORD TO BE REMOVED FROM BOF

(FIRST)

WORD TO BE REMOVED FROM BOF

WORD TO BE REMOVED FROM BOF

(SECOND)

(LAST)

Output Block Current Format

07785A 14-37
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Output Current Pen Position
(System Control)

Output Current Pen Position may be used to read = EXAMPLE
the CPP from the Am95C60. When the Am35C60 :
encounters this instruction, the CPP is written into  The following example will cause the CPP to be

the Block Output FIFO (BOF). written to the BOF.
No parameters are required. 002A
The Current Pen Position is unchanged by the
execution of this instruction. CROSS-REFERENCES
Chapter 7: Clipping and Picking
PERFORMANCE
Qutput Current Pen Posiion requires 60 SYSCLK  COMMENTS
cycles.
Format of information written to BOF:
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o o X PEN POSITION (FIRST WORD)
o o Y PEN POSITION (SECOND WORD)
07785A 14-89
15 14 13 121110 8 7 6 5 4 3 2 1 0
o o o0 o o o o o o|lo 1 o 1 o 1
07785A 14-38

Output Current Pen Position Format
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Point
(Drawing Primitive)

Point creates the image of the logical PEL in
display memory. The image of the logical PEL is
applied to the current contents of display memory
under control of the AA, SI, M, and SOAXZ fields.
If the logical PEL is disabled, a single point will be
drawn.

Point requires 6 parameters:

AA is a 1-bit field that is unused if the Logical PEL
is not enabled and controls the PEL source if the
logical PEL is enabled.

Sl is a 1-bit field that specifies whether the logical
PEL is to be inverted. This applies only if the
logical PEL is enabled.

M is a 1-bit field that specifies whether the logical
PEL is to be stored only where the destination
matches the search color. This applies only if the
logical PEL is enabled.

SOAXZ is a 3-bit field that specifies how the PEL ié
to be drawn over the current contents of the
display memory.

LOCATION is specified with a standard operand
address pair. Location indicates the address at
which the point is to be written.

C is the continue bit. If this bit is set, the Am95C60
will fetch another standard operand address pair

and will draw another point. The attributes of the
next point will be identical to those of the first

point.
terminate.

If this bit is a zero, the instruction will

The Current Pen Position following this instruction

is LOCATION.

PERFORMANCE

Logical PEL Disabled 99 SYSCLK Cycles
(1x1) PEL 350 SYSCLK Cycles
(2x2) PEL 393 SYSCLK Cycles
(4x4) PEL 488 SYSCLK Cycles
EXAMPLE

This example draws the logical PEL at 500,500.
The SOAXZ field is five (graphical SET), so the
PEL is deposited without regard to the current
contents of display memory.

054E
01F4
01F4

*500,500

CROSS-REFERENCES

Chapter 6: Line Texture and Logical PEL

15 14 13 12 11 10 9 8

6 5 4 3 2 1 0

(LOCATION)

mlsi|mlis]er| soaxz Jo[1 0o o 1 1 1 o
AM X/dX
clo YrdY

Point Format

07785A 14-39
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Point Current
(Drawing Primitive)

Point Current creates the image of the logical PEL
in display memory at the Current Pen Position.
The image of the logical PEL is applied to the
current contents of display memory under control
of the AA, SI, M, and SOAXZ fields. If the logical
PEL is disabled, a single point will be drawn.

Point Current requires 4 parameters:

AA s a 1-bit field that is unused if the Logical PEL

is not enabled and controls the PEL source if the
logical PEL is enabled.

Slis a 1-bit field that specifies whether the logical
PEL is to be inverted. This applies only if the logi-
cal PEL is enabled.

M is a 1-bit field that specifies whether the logical
PEL is to be stored only where the destination
matches the search color. This applies only if the
logical PEL is enabled.

SOAXZ is a 3-bit field that specifies how the PEL is
to be drawn over the current contents of the dis-
play memory.

The Current Pen Position is unchanged following
this instruction.

PERFORMANCE

Logical PEL Disabled 49 SYSCLK Cycles
(1x1) PEL 256 SYSCLK Cycles
(2x2) PEL 334 SYSCLK Cycles
(4x4) PEL 421 SYSCLK Cycles
EXAMPLE

This example draws the logical PEL at the Current
Pen Position. The SOAXZ field is five (graphical
SET), so the PEL is deposited without regard to
the current contents of display memory.

050E

CROSS-REFERENCES

Chapter 6: Line Texture and Logical PEL

15 14 13 12 11 10 9 8

7 6 5 4 3 2 1 0

[aa] st| m]|is|er| soaxz

[o]Jo o o 1 1 1 o

07785A 14-40

Point Current Format
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Pop Current Pen Position
(System Control)

Pop Current Pen Position causes the Current Pen
Position and the fractional error to be retrieved
from the stack. The Y component of the stack
address is decremented by four.

The four words that are loaded from the stack are
CPP (Y), CPP (X), FERR (Y), and FERR (X).

This is the opposite of Push Current Pen Position.

CPP is loaded to the value from the stack.

PERFORMANCE

Pop Current Pen Position requires 114 SYSCLK
cycles.

EXAMPLE

This example pops the Current Pen Position and
fractional error terms from the stack. The stack
address is decremented by four.

002D

CROSS-REFERENCES

Push Current Pen Position

15 14 13 12 11 10 9

0o 0o o o O o0 o0 O

07785A 14-91

Pop Current Pen Position
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Push Current Pen Position
(System Control)

Push Current Pen Position causes the Current
Pen Position and the fractional error terms to be
stored onto the stack. The Y component of the
stack pointer is incremented by four after the push
takes place. The quantities that are stored are (in
order of increasing Y addresses), FERR (X), FERR
(Y), CPP (X) and CPP (Y).

The Current Pen Position is unchanged by the
execution of this instruction.
PERFORMANCE

Push Current Pen Position requires 114 SYSCLK
Cycles.

CROSS-REFERENCES

Pop Current Pen Position

EXAMPLE

The following example pushes the CPP and
Fractional Error.

2C

COMMENTS
The words on the stack look like:

FERR (X)
FERR ()
CPP (X)
CPP (Y)

15 14 13 12 11 10 9 8

o 0 o0 0 O O o0 o

07785A 14-92

Push Current Pen Position
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Return
(System Control)

Return causes the Am95C60 to fetch a two-word
return address from the stack. If bit 12 of the first
word is a 1, Program mode is exited and the
Am95C60 resumes executing instructions from
the FIFO. If bit 12 is a 0, the two words from the
stack are loaded into the Program Counter. The
stack pointer is decremented by 2 before the
return address is fetched. .

No parameters are required.

CPP is not changed by this instruction.

PERFORMANCE
Return requires 88 SYSCLK cycles.

EXAMPLE

The following example fetches two words from the
top of the stack. If bit 12 of the first word is a 1,
program execution is continued by fetching
instructions from the FIFO. If bit 12 of the first word
is a 0, program execution continues from the
location specified by the stack entry.

0033

CROSS-REFERENCES

Call (Instruction)
Jump (Instruction)

15 14 13 12 11 10 9 8

o o0 o0 O° 0 o] [ ]

Return Format

07785A 14-41
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Set Activity Bits
(System Control)

Set Activity Bits indicates which of the bit planes
connected to an Am35C60 are to be treated as
active. This instruction can be directed to up to
four Am95C60s at once.

Two parameters are required:

PPRH is a 4-bit integer that selects a group of four
Am95C60s in a multiple-Am95C60 system. Each
Am95C60 will have had specified to it a certain
AmS5C60 number. If PPRH doesn't match, this is
an effective NOP.

BITS is a 16-bit binary field that contains activity bits
for up to four Am95C60s. This is broken into four
subfields, one for each of the four Am95C60s.
Each of the four subfields contain one bit for each
bit plane. The high order bit in the field controls bit
plane 0; the low order bit in the field controls bit
plane 3.

CPP is not changed by this instruction.

PERFORMANCE

Set Activity Bits requires 112 SYSCLK cycles.

EXAMPLES

This example sets the planes of the Am95C60 in a
four-plane systemto all active. The QPDM position
of the Am95C60 must have been set to 000000
by a Set QPDM Position instruction.

This example sets the active planes of a group of
four Am35C60s as indicated in the chart below. A
1 implies the plane will be active; a 0 implies the
plane will be not active. The four Am95C60s must
have had their QPDM positions set to 000100,
000101, 000110 and 000111 with Set QPDM
Position instructions.

Am95C60: Three ~ Two One Zero
Plane 3: 1 1 0 1
Plane 2: 0 0 0 1
Plane 1: 1 1 1 0
Plane 0: 1 0 0 0

1030 *PPRH is 0001
D543

CROSS-REFERENCES

Chapter 13, Section 13.2
- Set QPDM Position (Instruction)

COMMENTS

If the activity bit for a plane is set to a 1, the plane
will operate normally. Write operations will con-
ditionally write into the plane.

If the activity bit for a plane is set to a 0, the plane
will not be written into (the Am35C60 will suppress
the WE pin to that plane). If an Am95C60 is
supporting less than four planes, the activity bits of
the missing planes MUST be reset.

0030 . ‘PPRHiSO The high order bit in the field controls bit plane 0;
XXXF 12 don't care bits the low order bit in the field controls bit plane 3.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PPRH ©o 0 o o o|lOo 1 1 0 0 0 0
Am95C60 3 Amo5Ce02 | Am95CE0 1 AmO95C60 0 (BITS)
Q07785A 14-42
Set Activity Bits Format
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Set Anti-aliasing Distance
(System Control)

Set Anti-aliasing Distance is used to program the
minimum and maximum anti-aliasing distances for
each of the four bit planes. |fthe QPDM POSITION
does not match the value programmed with Set
QPDM Position, this will be an effective NOP.

Nine Parameters are required:

QPDM POSITION specifies which Am95C60
should respond to this instruction. If this value
does not match the value programmed, the
Am95C60 will ignore this instruction. In a system
containing multiple Am95C60s, this instruction will
have to be issued for each Am95C60 even if the
minimum and maximum values programmed are to
be the same.

Px MIN and MAX are used to indicate whether the
Comparator Method or Inverse-Distance Method is
to be used. In addition, the MINs and MAXs are
used to specify the distances or data bits for each
of the four planes. The four PXs must specify the
same method for all four planes or the results will
be indeterminate.

If the high order bit of the MIN value is a 0, the
Comparator Method is chosen. If the high order bit
of the MIN value is a 1, the Inverse-Distance
Method is chosen. These melhods are described
in detail in Chapter 9.

CPP is not affected.

PERFORMANCE

Set Anti-aliasing Distance requires 64 SYSCLK
cycles.

EXAMPLES

This example programs the Am85C60 for com-
parator anti-aliasing as described in Section 9.2.1.

The MINs and MAXs of QPDM zero are pro-
grammed as indicated below.

Bit Plane Minimum Maximum

0 0000 0111

1 0000 1011

2 0000 1101

3 0000 1111
0037 *QPDM Position Zero
0B07 *Plane 1 and Plane 0
OF0OD *Plane 3 and Plane 2

This example programs the Am95C60 for inverse
distance anti-aliasing as described in Section 9.3.
The digits of QPDM zero are assigned as indicated

below.

Bit Plane Digit
0 3
1 2
2 1
3 0
0037 *QPDM Position Zero
8283 *Plane 1 and Plane 0

8180

*Plane 3 and Plane 2

CROSS-REFERENCES

Chapter 9: Anti-aliasing

COMMENTS

All planes of the Am85C60 must be programmed
for the same method of anti-aliasing. If not, the
results will be indeterminate and may not be
consistent or repeatable.

15 14 13 12 11 10 9 8

7 6 5 4 3 2 1 0

QPDM POSITION o o oo 1 1 o 1 1 1
P1MIN P1 MAX PO MIN PO MAX
P3MIN P2 MAX P2 MIN P2 MAX

Set Anti-aliasing Distance Format

07785A 14-43
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Set Block Size
(Display Control)

Set Block Size is used to specify the size of the
rectangle to be used by Input Block, Output Block,
Copy Block, and Transform Block. It is also used to
set the size of the logical PEL.

One parameter is required by Set Block Size:

SIZE is specified using a standard operand
address pair. This pair is evaluated in the normal
manner. The resultant X,Y pair is the block size
rather than the address of an operand. Any ad-
dressing mode may be used. If relative addressing
is specified SIZE is calculated with respect to the
Current.Pen Position.

CPP in not changed by this instruction.

PERFORMANCE

Set Block Size requires 82 SYSCLK cycles.

EXAMPLE

This example sets the block size to 100 (X) by 200
(Y). Absolute addressing is used. No scaling is
assumed.

0022

0064 *X Size

00Cs8 *Y Size
CROSS-REFERENCES

Chapter 6: Line Texture
Input Block (Instruction)
Output Block  (Instruction)
Copy Block (Instruction)
Transform Block (Instruction)

07785A 14-44

156 14 13 12 11 10 9 8 7 6 5 4 3 2 1

o 0 o0 o0 o 0o o0 o o0 1 o} [ I ] 1
AM X/dX

o o0 YidY

Set Block Size Format

(S1ZE)

14-65




Set Character Font Base
(Display Control)

Set Character Font Base specifies the base
addresses of the two character fonts and the
address to be used for carriage return operations.
It also sets three miscellaneous flags that control
how the String instruction works.

Six parameters are required by Set Character Font
Base:

FP is a 2-bit field that indicates which bit plane con-
tains the font when the String instruction specifies
that it, the font, is to be treated as a single plane.
For a multiple-plane font, FP indicates from which
plane the attribute words are to be fetched.

CS is a 1-bit field that controls the cell scale. This
modifies the interpretation of the H and S fields in
attribute words as discussed in Chapter 10, Sec-
tion 10.3. The table is not repeated here.

RC is a 1-bit field that specifies which of the
components of the return address will actually be
kept. If RC=0, the X component will be kept; if
RC=1, the Y component will be kept. This infor-
mation is used for the carriage return character;
see Chapter 10, Section 10.5.

RETURN is specified using a standard operand
address pair. This specifies either the X or Y
address to be used for the Carriage Return
character; see Chapter 10, Section 10.5. If relative
addressing is used, RETURN is calculated relative
to the Current Pen Position. This MUST be a

complete standard operand address pair even
though it will not all be used.

FPOx and FPOy specify the address of the attribute
word for character 000 of font 0. These are each 8-
bit fields; they are multiplied by 16 to form 12-bit
absolute addresses. Consequently, both
addresses will have 0s as the four LSBs.

FP1x and FP1y specify the address of the attribute
word for character 000 of font 1. These are each 8-
bit fields; they are multiplied by 16 to form 12-bit
absolute addresses. As a result, both addresses
will have Os as the four LSBs.

CPP is not affected by this instruction.

PERFORMANCE

Set Character Font Base requires 136 SYSCLK
cycles.

EXAMPLES

See Chapter 10, Section 6.

CROSS-REFERENCES

Chapter 10: String Operations
String  (Instruction)

15 14 13 12 11_10 0 8 7 6 5 4 2 1 o0
P Jes|rcfo o 0 o o1 1 o o 1 1
AM X/dX (RETURN)
o o Yidy
FPOX FPOy
FP1X FP1y
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Set Character Font Base Current
(Display Control)

Set Character Font Base Current specifies the
base addresses of the two character fonts and the
address to be used for carriage return operations.
It also sets three miscellaneous flags that affect
how the String instruction works. The Current Pen
Position is used for the return address.

Five parameters are required by Set Character
Font Base Current:

FP is a 2-bit field that indicates which bit plane
contains the font if it is a single-plane font (which in
turn is specified in the String instruction). If the
font is a multiple-plane font, FP indicates from
which plane the attribute words are to be fetched.

CS is a 1-bit field that controls the cell scale. This
modifies the interpretation of the H and S fields of
altribute words as discussed in Chapter 10,
Section 10.3. The table is not repeated here.

RC is a 1-bit field that specifies which of the
components of the return address will actually be
kept. If RC=0, the X component will be kept; if
RC=1, the Y component will be kept. This
information is used for the carriage return
operation; see Chapter 10, Section 10.5. CPP is
taken to be the return address.

FPOx and FPOy specify the address of the attribute
word for character 000 of font 0. These are each 8-

bit fields; they are multiplied by 16 to form 12-bit
absolute addresses. Therefore, both addresses
will have Os as the four LSBs.

FP1x and FP1y specify the address of the attribute
word for character 000 of font 1. These are each 8-
bit fields; they are multiplied by 16 to form 12-bit
absolute addresses. Hence, both addresses will
have Os as the four LSBs.

CPP is not affected by this instruction.

PERFORMANCE

Set Character Font Base Current requires 86
SYSCLK cycles.

EXAMPLES

See Chapter 10, Section 6.

CROSS-REFERENCES

Chapter 10: String Operations
String (Instruction)

i5 14 13 12 11 10 9 8

7 6 5 4 3 2 1 0

P |csfrc]o o

0]0 1 o o0 o0 1 1

FPOx

FPOy

FP1x

FP1y
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Set Clipping Boundary
(Display Control)

Set Clipping Boundary establishes the clipping
window. If clipping is enabled, then drawing
instructions will perform writes only inside the
clipping window. The window is rectangular and is
defined by two opposite comers. The pixels that
lie on the boundary are considered to be within the
clipping window. Clipping may also be enabled or
disabled with this instruction.

Three parameters are required by Set’Clipping
Boundary:

CE may be used to enable or disable clipping. If
CE is a 1, clipping will be enabled. If CE is a 0,
clipping will be disabled.

BEGIN is specified using a standard operand
address pair. Any addressing mode may be
specified. If relative addressing is used, BEGIN will
be calculated with respect to the Current Pen
Position. The relative values of BEGIN and END
are important; BEGIN must be the upper-left corner
of the window.

END is specified using a standard operand
address pair. Any addressing mode may be
specified. If relative addressing is used, END will
be calculated with respect to BEGIN. The relative
values of BEGIN and END are important; END must
be the lower-right corner of the window.

CPP is changed to BEGIN.

PERFORMANCE

Set Clipping Boundary requires 146 SYSCLK
cycles.

EXAMPLES

This example sets the clipping boundaries to
500,500 and 1000,1000. Absolute addressing is
used. The CE bit is set so that clipping is enabled.

00E4

01F4 *Begin
01F4

03E8 *End
03E8

This example (incorrectly) sets the clipping
boundaries to 1000,1000 and 500,500. In this
example, the Am95C60 will treat all of display
memory as being OUTSIDE the clipping window.
The CE bit is set so that clipping is enabled.

00E4

03E8 *Begin (is bigger than End)
03E8

01F4 *End

01F4

CROSS-REFERENCES

Chapter 7. Clipping and Picking
Control Clipping (Instruction)

15 14 13 12 11_10 9 8 7 6 5 4 3 2 1 0
0 0 0 o o o o ofcel1 1 o o 1 o0 o

AM X/dX (BEGIN)
o o YidY

AM X/dX (END)
o o YidY
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Set Clipping Boundary Current

(Displa

y Control)

Set Clipping Boundary Current establishes the
clipping window. If clipping is enabled, then draw-
ing instructions will perform writes only inside the
clipping window. The window is rectangular and is
defined by two opposite comers. The pixels that
lie on the boundary are considered to be within the
clipping window. The upper-left corner of the
clipping window is CPP.

Two parameters are required:

CE may be used to enable or disable clipping. If
CE is a 1, clipping will be enabled. If CE is a 0,
clipping will be disabled.

END is specified using a standard operand ad-
dress pair. Any addressing mode may be speci-
fied. If relative addressing is used, END will be
calculated with respect to CPP. The relative values
of CPP and END are important; END must be the
lower-right corner of the window.

CPP is unchanged by this instruction.

PERFORMANCE

Set Clipping Boundary Current requires 96
SYSCLK cycles.

EXAMPLE

This example sets the clipping boundaries to Cur-
rent Pen Position and CPP +10,10. Relative ad-
dressing mode is used.

00A4 *Opcode for current
800A *End
3FF6

CROSS-REFERENCES

Chapter 7: Clipping and Picking
Control Clipping (Instruction)

15 14 13 12 11 _10 9 8 7 6 5 4 3 2 1 _0

o 0 0 0 0 0 0 OfCE[0o 1 0 o0 1 0 o0

AM X/dX (END)
o o YIaY

07785A 14-48

Set Clipping Boundary Current Format

Ll

A DN




Set Color Bits
(Display Control)

Set Color Bits indicates—by bit plane—whether a
1 or a 0 is to be written. This instruction can be
directed to up to four Am95C60s at once.

Two parameters are required:

PPRH is a 4-bit integer that selects a group of four
AmB5C60s in a multiple-Am35C60 system. Each
Am95C60 will have had specified to it its QPDM
position.

BITS is a 16-bit binary field that contains drawing
color bits for up to four each Am85C60s. This is
broken into four subfields, one for each of the four
Am35C60s. Each of the four subfields contain
one bit for each bit plane. The high order bit in the
field controls bit plane 0; the low order bit in the
field controls bit plane 3.

CPP is unaffected by this instruction.

PERFORMANCE

Set Color Bits requires 112 SYSCLK cycles.

EXAMPLES

This example sets the-drawing color in a single-
Am95C60 system to all 1s. The QPDM position of
the Am95C60 must have been set to 000000 by a
Set QPDM Position instruction.

This example sets the drawing color in a four-
Am95C60 system as indicated in the following
chart. The Am95C60s must previously have had
their QPDM position numbers set to 000100,
.000101, 000110 and 000111 with Set QPDM
Position instructions.

Am95C60: Three Two One Zero
Plane 3: 1 1 0 1
Plane 2: o] 0 0 1
Plane 1: 1 1 1 0
Plane 0: 1 0 0 0

1020
D543 *Color Bits

CROSS-REFERENCES

Chapter 8: Graphical Operations
Chapter 13, Section 13.2
Set QPDM Position  (Instruction)

COMMENTS

This instruction determines the sense of the bits
that are written into the bit planes (by plane).
These bits are used in conjunction with the
SOAXZ field to determine precisely what is to hap-
pen when a pixel is written into display memory.

0020
XXXF *12 don't care bits
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PPRH ©o 6 0 0 0/0 1 0 0 0 O O
AmO5C60 3 Am95CE02 | Am95CE0 4 Am95C60 0 (BITS)
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Set Line Style
(Display Control)

Set Line Style specifies the lengths of the
elements for use in nonsolid lines, circles and arcs.
Three parameters are required by Set Line Style:

DASH specifies the length of the dash element.
This field is a 12-bit positive integer.

SPACE specifies the length of the space element.
This field is a 12-bit positive integer.

DOT specifies the length of the dot element. This
field is a 12-bit positive integer.

CPP is not affected by this instruction.

PERFORMANCE

Set Line Style requires 126 SYSCLK cycles.

EXAMPLE

This example sets the line style elements as
follows:

DASH is set to 10;
SPACE is setto 5;
DOT is setto 2.

CROSS-REFERENCES

Chapter 6: Line Texture
Set Line Style Phase (Instruction)

COMMENTS

The INTEGERS are all multiplied by the X scale
factor prior to being stored. If the X scale factor is
zero the INTEGERS are stored as they appear in
the instruction.

If scaling is going to be used, it should be set prior
to executing the Set Line Style instruction.

0025 *Opcode

000A *Dash

0005 *Space

0002 *Dot
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o 0o 0o o 0 0 0 0 Olo 1 0 o0 1 0 1
0O 0 0 o INTEGER (DASH)
0o 0 0 o0 INTEGER (SPACE)
0 0 0 o0 INTEGER (DOT)
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Set Line Style Phase
(Drawing Control)

Set Line Style Phase sets the Line Style State and
the Line Style Counter. This allows lines and arcs
to begin at arbitrary places in the line style.

Three input parameters are required by Set Line
Style Phase:

LSS is a 2-bit field that specifies the Line Style
State (which element is to be drawn next).

LSS BEGINNING ELEMENT
00 Space preceding a DASH
01 DASH

10 Space preceding a DOT
11 DOT

LSC specifies the Line Style Counter. This field is
a 12-bit number that specifies the number of pixels
remaining in the current element.

CPP is unaffected by this instruction.

PERFORMANCE

This instruction requires 71 SYSCLK cycles.

EXAMPLE

This example sets the Line Style Phase to 2 and
the Line Style Counter to 25. The next drawing
instruction will begin with a space preceding a DOT
with 25 pixels remaining.

2026
0019

*LSS =10
*=25D

CROSS-REFERENCES

Chapter 6: Line Textures

Set Line Style (Instruction)

COMMENTS

If the scaling factor is not set to zero, the integer is
multiplied by the scale factor prior to being stored.
If scaling is to be used, the scale factor should be

set prior to executing Set Line Style Phase.

If LSC is greater than the number of pixels, the line
will be drawn entirely in the beginning element.

If LSC is set to 0, a maximum length element will be
drawn.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0o 0 Lss o o o o o}lo 1 o0 0 1 1 0
o o|ofo INTEGER (LSC)

07785A 14-51

Set Line Style Phase Format

14.79




Set Listen Bits
(System Control)

Set Listen Bits indicates—by bit plane—whether
or not the bit plane is to participate in color
matches. This instruction can be directed to up to
four Am35C60s at once.

Two parameters are required:

PPRH is a 4-bit integer that selects a group of four
Am95C60s in a multiple-Am35C60 system. Each
Am95C60 will have had specified to it its QPDM
Position.

BITS is a 16-bit binary field that contains listen bits
for up to four Am95C60s. This is broken into four
subfields, one for each of the four Am95C60s.
Each of the four subfields contain one bit for each
bit plane. The high order bit in the field controls bit
plane 0; the low order bit in the field controls bit
plane 3.

CPP is unaffected by this instruction.

PERFORMANCE

Set Listen Bits requires 112 SYSCLK cycles.

EXAMPLES

This example sets the listen bits in a single
Am95C60 system to all 0s. The QPDM position of
the Am35C60 must have been set to 000000 by a
Set QPDM Position instruction.

This example sets the listen bits in a four-
AmY5C60 system as indicated in the following
table. The QPDM position numbers must have
been set to 000000, 000001, 000010, and
000011 using Set QPDM Position instructions.

Am95C60Three Two One Zero

Plane 3: 1 1 0 1
Plane 2: 0 0 0 1
Plane 1: 1 1 1 0
Plane 0: 1 0 0 0
0031
D543

CROSS-REFERENCES

Chapter 13, Section 13.2
Set QPDM Position (Instruction)
Fill Bounded Region (Instruction)

COMMENTS

The listen bits (one per bit plane) are used to
indicate whether the contents of a bit plane are to
be considered in operations involving color
matching. Examples of such operations are Copy
Block (with the M bit set) and Fill Bounded Region.

If the listen bit for a plane is a 0, the sense of the
pixel at a given location must match the search
color in order for that plane to report a match. If the

0031 listen bit for a plane is a 1, that plane will always
XXX0 *12 don't care bits report a match.
If a plane is not physically implemented, the listen
bit mustbe a 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PPRH o 0 0 0 0f0o 1 1 0 0 0 f
Am95C60 3 Am95C60 2 | Am95C60 1J Am95C60 0 (BITS)
07785A 14-52
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Set Picking Region
(Display Control)

Set Picking Region establishes the picking region.
If picking is enabled, any drawing instruction that
would generate a write into this region will cause
the Pick Detect (PCKD) bit in the status register to
be set. The region is rectangular and is defined by
two corners. The pixels that lie on the boundary
are considered to be within the picking region.

Three parameters are required:

PE is used to enable or disable picking. If PEis a
1, picking is enabled. If PE is a 0, picking is
disabled.

BEGIN is specified using a standard operand
address pair. Any addressing mode may be used.
If relative addressing is specified, BEGIN is calcu-
lated with respect to the Current Pen Position.
BEGIN must specify the upper-left corner of the
picking region.

END .is specified using a standard operand ad-
dress pair. Any addressing mode may be used. If
relative addressing is specified, END is calculated
with respect to BEGIN. END must specify the
lower-right corner of the picking region.

CPP is set to BEGIN.

PERFORMANCE

Set Picking Region requires 138 SYSCLK cycles.

EXAMPLES

This example sets the picking region corners to
500,500 and 1000,1000. Absolute addressing is
used.

00E8

01F4 *Begin
01F4

03E8 *End
03E8

This example (incorrectly) sets the picking region
corners to 1000,1000 and 500,500. In this
example, the Am95C60 will treat all of display
memory as being OUTSIDE the picking region.

00E8

03E8 *Begin (is bigger than End)
03E8

01F4 *End

01F4

CROSS-REFERENCES

Chapter 7: Clipping and Picking
Control Picking (Instruction)

i 14 13 12 11 10 9 8 7

6 5 4 3 2 1 0

o o o o o o o ofPEfJ1 1 o 1 o o0 o

AM X/dX (BEGIN)
o o YiaY

AM X/dX (END)
o o Yidy

07785A 14-53
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Set Picking Region Current
(Display Control)

Set Picking Region Current establishes the
picking region. If picking is enabled, any drawing
instruction that would generate a write into this
region will cause the Pick Detect (PCKD) bit in the
status register to be set. The region is rectangular
and is defined by two corners. The pixels that lie
on the boundary are considered to be within the
picking region.

Two parameters are required: _
PE is used to enable or disable picking. If PEis a
1, picking is enabled. If PE is a 0, picking is
disabled.

END is specified using a standard operand
address pair. Any addressing mode may be used.
If relative addressing is specified, END is calculated
with respect to CPP. END must specify the lower-
right corner of the picking region. The Current
Pen Position is the upper-left corner.

CPP is unchanged.

PERFORMANCE

Set Picking Region Current requires 88 SYSCLK
cycles.

EXAMPLE

This example sets the picking region to the
Current Pen Position and CPP +10,10. Relative
addressing is used.

0028
800A
3FF6

*Relative, 10

CROSS-REFERENCES

Chapter 7: Clipping and Picking
Control Picking (Instruction)

15 14 13 12 11 10 9 8

6 5 4 3 2 1 0

0 0 0 0 O 0 0

olpElo 1 0 1 0 o o

AM X/dX

(END)

0 0 Yidy
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Set QPDM Position
(System Control)

Set QPDM Position is used to specify to an COMMENTS
Am95C60 its position. This instruction must be

issued to each Am95C60 individually. Set QPDM Position is used to condition a specific
Am95C60 as to which bit-wise instructions it is to
Two parameters are required: recognize and which bits it is to extract from bit-

wise instruction operands.
PPR is a 6-bit integer that assigns the position of a
particular Am95C60. This instruction limits the  The QPDM position is a 6-bit field that can be
number of Am35C60s in a system to 64; this limits  divided into two fields as shown below.
the number of planes in a system to 256.

The Am95C60 will execute the bit-wise instruc-
ME is a 1-bit field that enables or disables masked  tions only if the PPRH bits match the group bits
writes to VRAMs. A 1 enables masked writes;a 0 that the Am95C60 was programmed to during the

disables masked writes. Set QPDM Position instruction. If the bits do not

match, the Am95C60 will ignore that bit-wise
CPP is unaffected by Set QPDM position. instruction.

If the Am95C60 does recognize the PPRH bits, it
PERFORMANCE will extract four bits from the operand according to

the low order two bits of its QPDM position. The
Set QPDM Position requires 36 SYSCLK cycles. -  bits are indicated in the chart below.

Position  Bits Extracted
EXAMPLE
00 3-0
This example sets the QPDM position of an ‘1’ (1) 1:“;
Am35C60 to 000000. 11 15_'12
0038 This instruction unconditionally disables picking.

CROSS-REFERENCES Line and Line Current are the only instructions that

take advantage of Masked Writes.

Set Activity Bits  (Instruction)
Set Color Bits  (Instruction)
Set Search Color (Instruction)
Set Listen Bits (Instruction)

i5 14 13 12 11 10 9 8 7 6 5 4 32 1 0

PPR fo ofmMelo + 1+ 1 o o o
15 14 13 12 11 10 07785A 14-55
l— POSITION WITHIN GROUP
GROUP(PPRH)

07785A 14-56
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Set Scale Factor
(Drawing Control)

Set Scale Factor specifies the X and Y scale factors
that are used in absolute, viewport and relative
addressing modes. [f the scale factor for an axis is
0, then scaling for that axis is inhibited.

Four parameters are required:

SFX is a 15-bit number that is used as the X scale
factor. The high order bit must be zero. If the
address is taken as an integer, 7FFF yields scaling
of unity -2-15,

SFY is a 15-bit number that is used as the Y scale
factor. The high order bit must be zero. If the
address is taken as an integer, 7FFF yields scaling
of unity -2-15,

P indicates whether the PLD is present. A one
indicates it is present; a zero indicates it is not
present.

PLD is optional. If it is present, it modifies the
diagonal count for element lengths as discussed in
Section 6.1.3.

PERFORMANCE

Set Scale Factor requires 57 SYSCLK cycles.

EXAMPLES

This example sets both scale factors to unity (no
scaling is done).

0029
0000
0000

This example sets the X scale factor to 0.5 and the
Y scale factor 0.75. These numbers assume the
user thinks of the addresses as being integers.

0029
4000 *1/2
6000 *1/2 +1/4

This example sets the scale factors 10 0.5 and sets
the PLD to 22/16.

00A9 *PLD is present

4000 *5

4000 *5

0016 *22 decimal = 16 hex
CROSS-REFERENCES

Chapter 5: Addressing Modes and Scaling
Chapter 6: Line Styles

COMMENTS

Setting the scale factors differently will compen-
sate for nonsquare pixels except that circles will
appear as ellipses.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o 0 o o 0 0o o of[Pfo 1 o 1 0o o
0 SFX

0 SFY

o 0o 0 o PLD
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Set Search Color
(Display Control)

Set Search Color indicates-by bit plane-whether
the search coloris to be a 1 or a 0. This instruction
can be directed to up to four Am95C60s at once.

Two parameters are required:

PPRH is a 4-bit integer that selects a group of four
Am95C60s in a multiple-Am35C60 system. Each
Am95C60 will have had specified to it its QPDM
position.

BITS is. a 16-bit binary field that contains search
color bits for up to four Am95C6&0s. This is broken
into four subfields, one for each of the four
Am95C60s. Each of the four subfields contain
one bit for each bit plane. The high order bit in the
field controls bit plane 0; the low order bit in the
field controls bit plane 3.

CPP is unaffected by this instruction.

PERFORMANCE

Set Search Color requires 112 SYSCLK cycles.

EXAMPLES

This example sets the search color bits in a single-
Am95C60 system to all 1s. The QPDM position of
the Am95C60 must have been set to 000000 by a
Set QPDM Position instruction.

0021

XXXF *12 don't care bits

This example sets the search color in a four-
Amg5C60 system as indicated in the following
chart. The QPDM positions must have been set to
000100, 000101, 000110 and 000111 using Set
QPDM Position instructions.

Am95C60: Three Two One Zero

Plane 3: 1 1 0 1

Plane 2: 0 0 0 1

Plane 1: 1 1 1 0

Plane 0: 1 0 0 0
1021 *PPRH is 0001
D543

CROSS-REFERENCES

Chapter 13, Section 13.2

Set QPDM Position (Instruction)
Fill Bounded Region (Instruction)
Copy Block (Instruction)
COMMENTS

The search color is used for two purposes:

One use of the search color is as the “boundary” in
a Fill Bounded Region.

Another use of the search color is as the color to
search for in Copy Block (M bit).

15 14 13 12 11 10 9 8

7 6 5 4 3 2 1 0

PPRH 6 0 0 o©

olo 1+ o o o o 1

Am95C60 3 Am95C60 2

Am95C60 1 Am95C60 0
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Set Stack Boundaries
(System Control)

Set Stack Boundaries is used to specify the upper
and lower boundaries of the stack in display
memory. The stack is stored in plane 0 of each
Am95C60 (implying that bit plane 0 must be
implemented).

Three parameters are required:

Xis the X coordinate of the stack. This is a 12-bit
integer and the four low order bits are required to
be 0s (the stack is word aligned).

YS is the lowest Y address of the region set aside
for the stack. This is a 12-bit integer. This is the
top of the stack.

YT is the highest Y address of the region set aside
for the stack. This is a 12-bit integer. This is the
bottom of the stack.

CPP is unaffected by this instruction.

PERFORMANCE

Set Stack Boundaries requires 90 SYSCLK cycles.

EXAMPLE

This example sets the stack boundaries to 3F0, 0,
3FC.

0039

03F0 *X address
0 *YS

03FC *YT

CROSS-REFERENCES

Chapter 13, Section 13.2

Call (Instruction)

Fill Bounded Region (Instruction)
Fill Connected Region (Instruction)
Jump (Instruction)

Return (Instruction)

COMMENTS

The stack begins at YS and grows upward in
memory. If the stack pointer passes YT, stack over-
flow has occurred. When elements are removed
from the stack, the pointer moves toward YS.
Stack underflow cannot occur.

Stack is depicted in Figure 14-18.
We recommend that the stack be as large as

possible. This will minimize the likelihood of stack
overflow.

15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
0O 0 0 o0 O 0 0o oo 1 1 1 o 1
0O 0 0 O X 0 0 0 | XCOORDINATE
0o 0 0 o YsS (STACKSTART)
o 0 0 o0 A (STACK TERMINATE)
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YS=0

YT =MAX

DISPLAY MEMORY

16 e

07785A 14-60
Figure 14-18 Set Stack Boundaries
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Set Viewport Location
(Display Control)

Set Viewport Location is used to specify the loca-
tion in display memory to be treated as the base for
viewport addressing.

One parameter is required:

BASE is specified using a standard operand ad-
dress pair. BASE specifies the base address for
viewport addressing. Any addressing mode may
be specified. If relative addressing is used, BASE
is calculated with respect to the Current Pen
Position.

CPP is left at BASE

PERFORMANCE

Set Viewport Location requires 85 SYSCLK
cycles.

EXAMPLE

This example places the viewport base at 500,500.
Absolute addressing mode is used.

0067
01F4
01F4

*Begin

CROSS-REFERENCES

Chapter 5: Addressing Modes and Scaling

i5 14 13 12 11 10 9 8 7

O 0 o o0 o o 0 o0 o

AM XidX

(BASE)

o o0
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Set Viewport Location Current
(Display Control)

Set Viewport Location Current is used to specify
the location in display to be treated as the base
address for viewport address calculations.

No parameters are required.

CPP is not changed by this instruction.

PERFORMANCE

Set Viewport Location Current
SYSCLK cycles.

requires 35

EXAMPLE

This example programs the viewport base fo the
Current Pen Position.

0027

CROSS-REFERENCES

Chapter 5: Addressing Modes and Scaling

7 6 5 4 3 2 1 0

oJo 1 o o 1 1 1

Set Viewport Location Current Format

07785A 14-53
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Signal
(System Control)

Signal may be used to indicate when a particular
point in the instruction stream has been reached.
It is also used in conjunction with picking.

Two parameters are required:

VALUE is a 8-bit integer that identifies the Signal
instruction. It is ignored by the Am95C60 but may
be returned to the host.

C is a 1 bit field that controls the exact operation of
Signal. If C=1 or if Pick Enable is set, then the
Signal instruction is written to the BOF and SWI is
set. The Am95C60 pauses until a word is available
in BIF. It removes and discards the word and
continues with the next instruction. If C=0 and
Pick Enable is not set, Signal is an effective NOP.

CPP is unaffected by the execution of Signal.

PERFORMANCE
SIGNAL requires 120 SYSCLK cycles.

EXAMPLE

CROSS-REFERENCES

Chapter 7: Clipping and Picking
Output Current Pen Position (Instruction)

COMMENTS

The format of the word written to the BOF is shown
in Figure 14-19.

15 14 13 12 11 10 9 8

7 6 5 4 3 2 1 0

VALUE [c]o 1 1 1 0o 1 o
07785A 14-64
Figure 14-19 Word Written by the Signal Instruction
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VALUE [c]o 1t 1 1 o 1
07785A 14-63

Signal Format
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Store Current Pen Position
(System Control)

Store Current Pen Position causes the Am95C60
to write the integer part of the Current Pen Posi-
tion into display memory.

A single parameter is required by this instruction:

LOCATION is specified with a standard operand
address pair. LOCATION indicates the address at
which the CPP is to be written. If relative
addressing is specified, LOCATION is calculated
with respect to CPP. The low order four bits of the
X address must evaluate to zeroes.

CPP is unchanged by the execution of this

PERFORMANCE:

Store Current Pen Position requires 102 SYSCLK
Cycles.

EXAMPLE

This example stores the CPP at 256,256.

002B *Store CPP
0100 *256, 256
0100

COMMENT

instruction.
The fractional error is not stored.

15 14 13 12 11 10 o 8 7 6 5 4 3 2 1 _0
o 0o o 0 0 0o o o|lo|lo 1 0 1 11
AM X/dX

o o Yidy

Store Current Pen Position Format

(LOCATION)

07785A 14-93
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Store Immediate
{Display Control)

Store Immediate is used to store up to 128 words
from the instruction stream into display memory.
The words are stored beginning with the location
specified in the instruction and increasing Y
addresses.

Three parameters plus a variable length list are
required:

COUNT is a 7-bit field that specifies the number of
words that follow in the instruction stream and are
to be stored. The actual number of words is
COUNT+1.

Z indicates the planes into which the data will be
stored. If Z=0, the data will be stored only into
plane 0, regardless of the activity bits. If Z=1, the
data will be stored into all planes whose activity bits
are set.

BEGIN is specified with a standard operand
address pair. This specifies the address into which
the first word will be stored. Any addressing mode
may be used. If relative addressing mode is used,
BEGIN will be calculated with respect to the
Current Pen Position. The low order four bits of
the X address must resolve to 0s.

Current Pen Position in X is left at BEGIN. Current
Pen Positionin Y is left at the last word stored + 1.

PERFORMANCE

Store Immediate requires 71 SYSCLK cycles plus
39 SYSCLK cycles per word stored.

EXAMPLE

This example writes
beginning at 400,500. In

the values 0,1,2,3,4
particular the following

values are written into the indicated locations.

Value

0000
0001
0002
0003
0004

047B
0190
01F4
0000
0001
0002
0003
0004

CROSS-REFERENCES

COMMENTS

Clipping is ignored.

Location

400,500
400,501
400,502
400,503
400,504

15 14 13 12 11 10 9

8 7
0 COUNT | z |

AM X/dX

(BEGIN)

0o 0 Yidy

DATAWORD 1

.

DATAWORD 2

DATA WORD COUNT+1

07785A 14-65
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Store Immediate Current
(Display Control) .

Store Immediate Current is used to store up to 128
words from the instruction stream into display
memory. The words are stored beginning at the
Current Pen Position and increasing Y addresses.

Two parameters plus a variable length list be
required:

COUNT is a 7-bit field that specifies the number of
words that follow in the instruction stream and are
to be stored. The actual number of words is
COUNT+1.

Z indicates the planes into which the data will be
stored. If Z=0, the data will be stored only into
plane 0, regardless of the activity bits. If Z=1, the
data will be stored into all planes whose activity bits
are set.

Current Pen Position in X is unchanged. Current
Pen Positionin Y is left at the last word stored + 1.
PERFORMANCE

Store Immediate Current requires 21 SYSCLK
cycles plus 39 SYSCLK cycle per word stored.

EXAMPLE

This example writes the values 0,1,2,34
beginning at the Current Pen Position. In
particular the following values are written into the
indicated locations.

Value Location
0000
0001
0002
0003
0004

CPP

CPP,CPP+1
CPP,CPP+2
CPP,CPP+3
CPP,CPP+4

043B
0000
0001
0002
0003
0004

CROSS-REFERENCES

COMMENTS

Clipping is ignored.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 COUNT [z]o 1 1 1 o 1 1
DATAWORD 1
DATAWORD2
DATAWORD COUNT+1

07785A 14-93
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String

(Drawing Primitive)

String is used to write text or other character-
oriented patterns into display memory.

Six parameters are required by String:

SP is a 1-bit field that is used to indicate whether
the font is stored in one plane only or is stored on
all planes. If SPis a 0, the font is assumed to be
stored in all planes whose activity bits are set. The
attribute words will be taken from the plane that
was specified in the FP field of the Set Character
Font Position instruction. If SP is a 1, the font is
stored only in the plane that was specified in the
FP field of the Set Character Font Position instruc-
tion. In this case, the character will be replicated
into all planes whose activity bits are set.

Slis a 1-bit field that is used to indicate whether the
pattern words from the font area is to be inverted
before being applied to the destination.

M is a 1-bit field that determines whether matching
is to take place. If Mis a 1, only pixels that match
the search color will be changed.

SOAXZ is a 3-bit field that is used to indicate how
the pattern words from the font area is to be
applied to the destination.

BEGIN is specified with a standard operand
address pair. This is the location to which CPP will
be set before the first character is processed. If
relative addressing is specified, BEGIN will be
calculated with respect to CPP.

LIST is a variable-length string of 13-bit integer
operands. Twelve of the bits are an index into one
of the two fonts currently in use, and the 13th bit

(the P bit) selects which of the two fonts to use.
The C field, the leftmost bit of each entry in the
LIST, is a continue bit. If it is set, the String instruc-
tion fetches another LIST entry. If itis a zero, the
String instruction terminates after the entry has
been processed.

PERFORMANCE (in SYSCLK cycles)

Instruction Setup 100
Per Character Setup 198
Per Scan Line (One Word) 44
Per Scan Line (Two Words) 74
Per Scan Line (Three Words) 100

EXAMPLE
See the example in Chapter 10, Section 10.3.
CROSS-REFERENCES

Chapter 8: Graphics Operations
Chapter 10: String Operations
Set Character Font Base (Instruction)

COMMENTS

While the examples given in this manual assume
that the characters are encoded according to ASCII
77, the Am95C60 has no such restriction.

Observe that the weighting of the Character Code
bits is not monotonic with bit position. In particular,
bit 12 has the weight 128, while bit 8 has the
weight 256. The character code weighting is
indicated under the character code in the format
diagram.

15 14 13 12 11_10 9 8 7 6 5 4 3 2 1 0
splsifM|o o soaxz [o]1 0o 0o o 1 o o
AM X/dX (BEGIN)
0o 0 Y/dY
c CHARACTERCODE | P CHARACTERCODE
c CHARACTERCODE | P CHARACTERCODE
07785A 14-67 :
|c]o o cHaractercope | | CHARACTERCODE

C7 C11 Clo C9 C8 P

Cé C5 C4 C3 C2 C1 Co

String Format
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String Current
(Drawing Primitive)

String Current is used to write text or other
character-oriented patterns into display memory.
The text is written beginning at the Current Pen
Position.

Five parameters are required by String Current:

SP is a 1-bit field that is used to indicate whether
the font is stored in one plane only or is stored on
all planes. If SP is a 0, the font is assumed to be
stored in all planes whose activity bits are set. The
attribute words will be taken from the plane that
was specified in the FP field of the Set Character
Font Position instruction. If SP is a 1, the font is
stored only in the plane that was specified in the
FP field of the Set Character Font Position
instruction. In this case, the character will be
replicated into all planes whose activity bits are set.

Slis a 1-bitfield that is used to indicate whether the
pattern words from the font area is to be inverted
before being applied to the destination.

M is a 1-bit field that determines whether matching
is to take place. If M is a 1, only pixels that match
the search color will be changed.

SOAXZ is a 3-bit field that is used to indicate how
the pattern read from the font area is to be applied
to the destination.

LIST is a variable-length string of 13-bit integer
operands. Twelve of the bits are an index into one
of the two fonts currently in use, and the 13th bit
(the P bit) selects which of the two fonts to use.

The C field, the leftmost bit of each entry in the
LIST, is a continue bit. Ifitis set, the String Current
instruction fetches another LIST entry. If itis a
zero, the String Current instruction terminates after
the entry has bee processed.

PERFORMANCE (in SYSCLK cycles)

Instruction Setup 50
Per Character Setup 198
Per Scan Line (One Word) 44
Per Scan Line (Two Words) 74
Per Scan Line (Three Words) 100

EXAMPLES
See the example in Chapter 10, Section 10.3.
CROSS-REFERENCES

Chapter 8: Graphic Operations
Chapter 10: String Operations
Set Character Font Base (Instruction)

COMMENTS

Observe that the weighting of the Character Code
bits is not monotonic with bit position. In particular,
bit 12 has the weight 128, while bit 8 has the
weight 256. The character code weighting is
indicated under the character code in the format
diagram.

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SP|SI|IM|[O0 o0 SOAXZ 0j]0 0 o0 o0 1 o o0
clo o CHARACTERCODE P CHARACTERCODE
cl|o o CHARACTERCODE P CHARACTERCODE
| c I 0 o0 | CHARACTERCODE | P | CHARACTERCODE
C7 Ci11 C10 C3 C8 P C6 C5 C4 C3 C2 C1 Co

07785A 14-68
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Transform Block
(Block Manipulation)

Transform Block is used to copy a rectangular
block of data from one portion of display memory to
another. Certain operations (rotate, zoom and
mirror) can be performed on the image operand
before it is stored into the destination operand
area. The source image (after the operations) will
be applied to the destination area under control of
the SOAXZ field. The size of the source image
prior to rotation and zooming will have been
specified with Set Block Size.

Six parameters are required:

ROT is a 2-bit field that specifies whether the
source operand is to be rotated before being
stored. ROT is interpreted according to the
following chart:

ROT Rotation that is applied

0 0 None

0 1 90 degrees Counterclockwise
1 0 180 degrees

1 1 270 degrees Counterclockwise

Ml is a 1-bit field that indicates whether the source
image is to be mirrored before being stored. A 0
specifies the image is not to be mirrored; a 1
specifies the operand is to be mirrored. The
source image is mirrored vertically about the left
edge. Mirroring takes place before rotation and
zooming.

SOAXZ is a 3-bit field that specifies how the image
is to be applied to the current contents of the
display memory.

SOURCE is specified with a standard operand
address pair. This operand specifies the upper-left
corner of the source image. Any addressing mode
may be used. If relative addressing is used,
SOURCE is calculated with respect to the Current
Pen Position.

DESTINATION is specified with a standard
operand address pair. This operand specifies the
upper-left corner of the rectangular region into
which the operand is to be stored. Any addressing
mode may be specified. If relative addressing is
specified, DESTINATION is calculated with respect
to SOURCE.

ZOOM is specified as two 16-bit unsigned
integers, allowing a zoom factor of 1to 65,536. X
is the first word, Y is the second. A value of 1
results in a zoom factor of 1.

The CPP is left at the DESTINATION.

PERFORMANCE (in SYSCLK cycles)

Instruction Setup 153
Per Destination Pixel (Copy) 37
Per Destination Pixel (Mirror) 37

Per Destination Pixel (No Zoom) 37
Per Destination Pixel (4x4 Zoom) 24

EXAMPLE
This example transforms a block at 500,500 and

writes it into a block at 1000,1000. The source
operand is rotated 90 degrees counterclockwise

15 14 13 12 11 10 9

5 4 3 2 1 0

8 7 6
ROT |[M|o o soaxz |o| 1

0 1 1 1 1 0

AM X/dX

(SOURCE)

o o YidY

AM XidX

(DESTINATION)

o o YidY

ZOOMx

ZOOMy

07785A 14-69
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and is zoomed by a factor of 2 in the X dimension = CROSS-REFERENCES
and 3 in the Y dimension.
Chapter 5: Addressing Modes and Scaling

405E *Rotated by 90 degrees Chapter 8: Graphical Operations
01F4 *Source Operand

01F4

03E8 *Destination Operand

03E8

0002

0003 *Z0000000000000000OM

TRANSFORM BLOCK EXAMPLE

le 11 o

SOURCE \ [ ' |
T
1

XX X[X|X|X

XX XXX XXX
XXX XXX XXX
XX XXX XXX
XKIX|X|X[X]|x
XIX|X[X[X]|x
RKIX|X[X|X]|Xx

DESTINATION =
ADDRESS _EF
|

07785A 14-73
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TRANSFORM BLOCK: ROTATION WITHOUT MIRRORING

SOURCE
ADDRESS

1

__I Y <— ROT-=01

DESTINATION

ADDRESS

RoT=11 — > F
<1— ROT=00

—

07785A 14-85
MIRROR=0
TRANSFORM BLOCK: ROTATION WITH MIRRORING
ROT=11
M
\__ 4—— ROT=10
] 1
L [T
_—1 <41— ROT=01
ROT=00 —}»

07785A 14-86
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Transform Block Current
(Block Manipulation)

Transform Block Current is used to copy a
rectangular block of data from one portion of
display memory to another. Certain operations
(rotate, zoom and mirror) can be performed on the
source image before it is stored into the
destination operand area. The source image (after
the operations) will be applied to the destination
area under control of the SOAXZ field. The size of
the source image prior to rotation and zooming will
have been specified with Set Block Size.

Five parameters are required:

ROT is a 2-hit field that specifies whether the
source image is to be rotated before being stored.
ROT is interpreted according to the following chart:

ROT Rotation that is applied

0 0 None

0 1 90 degrees Counterclockwise
1 0 180 degrees

1 1 270 degrees Counterclockwise

Ml is a 1-bit field that indicates whether the source

image is to be mirrored before being stored. A 0

specifies the image is not to be mirrored; a 1
specifies the operand is to be mirrored. The

source image is mirrored vertically about the left

edge. Mirroring takes place before rotation and

zooming.

SOAXZ is a 3-bit field that specifies how the image
is to be applied to the current contents of the
display memory.

DESTINATION is specified with a standard
operand address pair. This operand specifies the
upper-left corner of the rectangular region into
which the operand is to be stored. Any addressing
mode may be specified. If relative addressing is

specified, DESTINATION is calculated with respect
to the Current Pen Position.

ZOOM is specified as two 16-bit unsigned
integers, allowing a zoom factor of 1 to 65,536. X
is the first word, Y is the second. A value of 1
results in a zoom factor of 1.

The CPP is left at the DESTINATION.

PERFORMANCE (in SYSCLK cycles)

Instruction Setup 103
Per Destination Pixel (Mirror) 37
Per Destination Pixel (No Zoom) 37
Per Destination Pixel (4x4 Zoom) 24

EXAMPLE

This example transforms a block at the Current Pen
Position and writes it into a block at 1000,1000.
The source image is rotated 90 degrees
counterclockwise and is zoomed by a factor of 3 in
the X dimension and 5 in the Y dimension.

401E *Rotated by 90 degrees

03E8 *Destination Operand

03E8

0003

0005 *Z00000000000000000OM

CROSS-REFERENCES

Chapter 5: Addressing Modes and Scaling

COMMENTS

See Transform Block.

15 14 13 12 11 10 9 8 7 6

5 4 3 2 1

(DESTINATION)

roT [Mi[o o soaxz Jolo o 1 1 1 1 o
AM X/dX
0 0 Y/dY

ZOOMx

ZOOMy

07785A 14-70
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Appendix A
FURTHER READING

This list of titles of books may be of interest to the
user of this manual.

Conrac Division/Conrac  Corporation, Raster
Graphics Handbood, 2nd Edition. New York: Van
Nostrand Reinhold Company, 1985. ISBN 0-442-
21608-4

Enderle, G., et al, Computer Graphics
Programming GKS. New York: Springer-Verlag,
1984. ISNB 0-387-11525-0

Foley, J. D., and A. Van Dam, Fundamentals of
Interactive Computer Graphics. Menlo Park:
Addison-Wesley, 1983. ISBN 0-201-14468-9

Hopgodd, F.R.A., et al, Introduction to the
Graphical Kernel System (GKS). London:
Adademic Press, 1983. 0-12-355570-1

Newman, W. M., and R. F. Sproull, Principles of
Interactive Computer Graphics, 2nd Edition. New
York: McGraw-Hill, 1979. ISBN 0-07-046338-7

Van Deusen, Edmund, Graphics Standards
Handbook. Laguna Beach: CC Exchange, 1985.
ISBN 0-939078-01-5

ANSI X3.124-1985

American National Standards Institute, Inc.
1430 Broadway

New York, NY 10018

GAWAIN Document

QASM Document
AMD Order No. 087378
January 1987 :

Am95C60 Data Sheet
AMD Order No. 07013B
April 1987




Appendix B
GLOSSARY

The glossary comes in two parts. The first partis a
list of abbreviations and what they mean; the

second part is a list of words and how they are
used in this manual.

ABBREVIATIONS
AA Anti-alias Anti-aliasing Anti-aliased Mi Mirror — 1-bit field
AM Address Mode — 2-bit field MSB Most Significant Bit
BIF Block Input FIFO NOP No OPeration
BIS Block Input Step — 2-bit field PE Picking Enable — 1-bit field
BOF Block Output FIFO PO Positive - 1-bit field
BOS Block Output Step ~ 2-bit field PP Program Plane — 2-bit field
Cc Continuation - 1-bit field PPR Plane Position Register — 6-bit field
CE Clipping Enable — 1-bit field PPRH PlanePosition Reg HI — 4-bit field
CPP Current Pen Position QPDM Quad Pixei Dataflow Manager
CRT Cathode Ray Tube (Am95C60)
CS Cell Scale — 1-bit field RC Return Code — 1-bit field
D Direction (Char. Path) — 2-bit field RD Return Direction — 2-bit field
DAC Digital-to-Analog Converter RGB Red Green Blue
E Enable Logical PEL ~ 1-bit field ROT ROTation — 2-bit field
EP End-Point Option — 3-bit field S Skip — 4-bit field
FIFO First-In First-Out S Source Invert — 1-bit field
FP Font Plane ~ 2-bit field SOAP Standard Operand Address Pair
H Height - 4-bit field SOAXZ  SetOrAndXorZero ~ 3-bit field
| Index Present - 1-bit field SP Single Plane — 1-bit field
ICO Inter-Character Space — 6-bit field VDAF Video Data Assembly FIFO (Am8171)
LS Line Style — 2-bit field VRAM Video Random Access Memory
LSB Least Significant Bit XrdX XAddress or X Displacement field
LSS Line Style State — 2-bit field Y/dY YAddress or Y Displacement field
M Match — 1-bit field 4 Block I/0 in depth - 1-bit field
ME Masked write Enable — 1-bit field

TERMS

Addressing Mode (AM) — One of the four possible
ways an operand address pair may be translated.

Back Porch — The portion of a composite video
signal which occupies the time between the trailing
edge of the sync pulse and the trailing edge of the
corresponding blanking pulse.

Black Level - The video signal level which causes
zero beam intensity at the CRT.

Blank Level — The video signal level which is more
negative than black. The blank level is used in
monitors with AC video signals to establish the
proper DC levels.

Blanking — The process of decreasing the video
signal level so that the screen is blank outside the
active region.

Clipping — Not drawing parts of display elements
that lie outside an area called the clipping region.

Column - Vertical groupings of pixels. Orthogonal
with rows.

Current Pen Position (CPP) - An X,Y coordinate
pair which "remembers" the drawing position
between instructions. The Current Pen Position is
used with some instructions and some addressing

modes. '




Display Element — A graphic element or primitive
that can be used to construct a display image.
Examples of display elements are lines, arcs and
circles.

Display Memory — The memory used to contain
images. This memory is organized into an array
with X and Y coordinates with the origin at the
upper-left corner. In addition to the area which is
reproduced on the screen, the display memory
contains invisible portions.

Display Surface — The portion of a graphics system
upon which images actually appear. The term
"screen” is used interchangeably.

Field - One of two equal parts into which a display
frame is divided in an interlaced system.

Flicker — A perceivable periodic variation in the
amount of light from the screen. Flicker is no
longer perceived when the frequency of the
variation exceeds a rate called the critical flicker
frequency.

Fractional Error (FE) — The fractional part resulting
from the last address translation. This is added into
the real number following scaling in some address
modes.

Frame - The total amount of information (as
perceived by the viewer) presented on the screen.
In an interlaced display, there are two fields (called
even field and odd field) per frame.

Front Porch — The portion of a composite video
signal which occupies the time between the
leading edge of a blanking pulse and the leading
edge of the corresponding sync pulse.

Horizontal Resolution — The number of address-
able locations in the X (horizontal) dimension. The
Am85C60 can support display memories with up to
4096 locations. The actual horizontal resolution in
a real system is typically determined by the CRT
monitor.

Horizontal Frequency — The rate at which scan
lines are written onto the CRT monitor.

Image — A pattern written into display memory,
typically for the purpose of being displayed on the
screen. This word is often used in this book in the
phrase "create the image".

Interlaced Scanning — A raster-scanning process in
which two fields (the odd field and the even field)
are combined on the screen to form a single frame.

Line Style (LS) - The fashion in which a line or arc
is drawn. Examples of line styles are solid, dashed,
and dotted.

Logical PEL — A multiplane "paint brush" which
can be used for points, lines, arcs, and circles.

Pan - To move the image on the screen
horizontally.

PEL - See Picture Element.

Picture Element (PEL) — The smallest unit of
display memory which can be individually
controlled. Often called pixel or pel.

Pixel - See Picture Element.

Pixel Aspect Ratio — The ratio of width to height of
pixels as they appear on the screen. By providing
nonuniform numbers of rows and columns of
pixels, it is possible to compensate for screen
aspect ratios other than 1:1.

Raster Graphics — A graphics system in which a
display image is made up of an array of pixels
arranged in rows and columns.

Row ~ Horizontal grouping of pixels. Orthogonal
to columns.

Scaling — Enlarging or reducing all or part of a
display image by multiplying the coordinates of
display elements by a constant value.

Scroll- Moving an image vertically on the screen.
Scan Lines — See Vertical Resolution.

Screen — The portion of a graphics system upon
which the image actually appears.

Screen Aspect Ratio — The ratio of width to height
of a display. Typical landscape CRTs have an
aspect ratio of 4:3 while page CRTs have an aspect
ratio of 3:4.

Standard Operand Address Pair (SOAP) — Two
words in the instruction stream which are translated
into the absolute X-Y address of an operand in
display memory.

Vertical Resolution — The number of pixels in the
vertical direction. The Am35C60 can support verti-
cal resolutions of up to 4096 pixels. Typically, sys-
tem vertical resolution is determined by the CRT.

Vertical Frequency - The rate at which fields (not
necessarily frames) are written onto the screen.
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REVISION HISTORY

The following is a list of the changes that were made to the Am85C60 QPDM (Rev. A) Technical Manual
(#07785A) to produce the Rev. B version of the technical manual (#07785B). This is not a formal delta
document, but is rather a list of places where changes were made and the nature of the changes.

Table of Contents
The TOC was updated (mostly page number changes) to reflect the revised document. The format and
outline of the document itself is unchanged except where necessary.

Chapter 1 Introduction

A block diagram of the QPDM was added. Table 1-1 (Display Memory Update Time) was completely revised
to reflect the Rev. B timing.

Chapter 2 Hardware Interface
Table 2-1 (pinouts) was made somewhat easier to use and understand by making it correspond closer to the
physical pinouts. The pin names and assignments have not changed.

The device characteristics, timing diagrams, and A.C. Parameters were removed. The data sheet (#07013B,
April 87) contains this information. If you did not receive a copy of the data sheet with this manual and would
like a copy, please contact Advanced Micro Devices. Please observe that some of the A.C. Parameters were
changed; both functionally and parametrically.

Chapter 3 Host-Am95C60 Communications
The description of RESET was changed.

Chapter 4 Register Set
The Mnemonics and Addresses were added to the pictorial representation of the registers in Section 4.7.

Chapter 5 Addressing Modes and Scaling
Material was added and changed in the definition of the scale factors.
All references to scaling in the description of Absolute Addressing were removed.

Chapter 6 Line Texture
This chapter was completely rewritten. Line Styles and End Points are defined differently in Rev. B.

Chapter 7 Clipping and Picking
No changes.

Chapter 8 Graphical Operations

The operation that was called Graphical ZERO is now called Logical ZERO.
New material was added to Figures 8-1 and 8-2.

The explanations of the Sl and SP bits were rewritten.

Chapter 9 Anti-aliasing
New material was added to almost every diagram in this chapter.
In addition, several examples of Comparator Anti-aliasing were added.

Chapter 10 String Operations
The chapter reflects the inverted sense of the high order bit of the LIST.

Chapter 11 Windows
No changes.

Chapter 12 Display Memory Configurations
Fixed a couple of typos.




Chapter 13 Miscellanea
Some changes to Section 13.1. Added two new sections.

Chapter 14 Instruction Set
This chapter was revised to reflect the instructions that were modified as well as the new instructions:

Arc Current:
The instruction word is different.
The operands are reordered.
The definition of RADIUS was changed.

Call:
Added the | and PO fields (and capability).
Added the index list.

Circle Current:
The instruction word is different.
The definition of RADIUS was changed.

Inquire:
This is a new instruction.

Jump:
Added the | and PO fields (and capability).

Line Current:
The instruction word is different.
Added the C field to the second operand pair.

Point:
The instruction word is different.
Added the C field to the address.

Point Current:
The instruction word is different.

Pop Current Pen Position:
New instruction

Push Current Pen Position:
New instruction

Set Line Style Phase:
Removed X bit.

Set Scale Factor:
Added fourth word and P bit.

Signal:
Changed Description.

Store Current Pen Position:
New instruction

String Current:
Changed Sense of continue bit.
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Appendix A Further Reading
Added a couple of AMD documents.

Appendix B Glossary
Minor changes and corrections.
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