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This document is the Jaguar Software Reference Manual - it is a definitive reference work for the

programmer’s view of the Jaguar ASICs. It is neither a hardware reference w

ide to a particular
implementation of the Jaguar design. i

Jaguar is a custom chip set primarily intended to be the heart of a very hxgh-perf
computer. It may also be used as a graphics accelerator in moré lex systems, and'j

and business uses.

As well as a general purpose CPU, Jaguar contains four processxt
—_— Object Processor

The Object Processor is responsible for g
of commands - the object list - and genef:

Objects may be bit maps in a range of H
may be performed within the object list;ignd i hics Processor may be generated.

— Graphics Processor

d for performing graphics

The Graphics Processor is
iudes fast multiply and divide

generation. It has its own I
operations.

— Blitter

ipidly move and fill graphical objects in

The Blitter is closely coupled to the GPU, and is able* ]
shading at very high speed.

memory. It includes hardware support for Z-buffering
— Digital Sound Pei¢essor

The Dlgltal Sou is similar to the p ics Processor, but is intended primarily for

ng back sampled sound. It may also be used for general processing

1h 10 external memory devices, and is capable of a very high
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Jaguar contains two custom chips, code-named Tom and Jerry.

For graphics, Tom contains the Object Processor, the Blitter and the Graphics Processor. For sound, Jerry
holds the Digital Sound Processor. In addition to these, there is an exterral CPU, ¢ ently a 68000. When
animating graphics there are therefore four processing elements, and they havg:

The CPU is used as a manager. It deals with communications with the outs
for the other processors. It is the highest level in the control flow of a Jagu
control of the system.

The Object Processor is at the other end of the chain for generating graphics. It Fé
basis of the commands there assembles each display line of the yideo picture. Objec
pixels, and these may overlap and may be easily moved from fraigi
processed in the object list determines how they overlap. Object
display line being assembled, and can scale bit-maps. They may

graphics tool in its own noht

The Graphics Processor and Blitter provide a ti
range of animation effects A design goal of thi

displayed by the Objecféz

kilobytes of fasti#ériyaf RAM, which is used for local program and
internal timers, interrupts and audio output to allow fast,

The Digital Signal Proce
data space. It is tightly c
independent access.
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The Jaguar video section has been designed to drive 2 PAL/NTSCTV.H
approach to the design the chip can be used with a range of display standa
This will allow the chip to become the backbone of many ( possibly unfore

Two colour resolutions are supported, 24-bit and 16-bit. The 24-bit mode is usefiii
true colour. The 16-bit mode is designed for animation. It con less memory, fitsi
memory, and in the case of CRY (Cyan, Red, Intensity). is simp
from 24-bit mode.

Jaguar decouples the pixel frequency from the system clock by:ising a line*
clock does not have to be related to the colour carrier frequency and may be u
are actually two line buffers one is displayed while gigEler.)
buffer is a 360 x 32-bit RAM. The line bufter conia ixels these may be eitheér:
pixels. The line buffers may be swapped over St iddle of display lines.

ited by gen-locking. There
¥ocessor. Each line

In CRY, pixels at the output of the line buffer ar . 4 ' gixels using a combination of
look-up tables and small multipliers.

/ @ The video timing is completely prog
sré:and sprite based architectures.
s¢aled bit-map objects, branch

It can interrupt the graphics processor to perform
syill support perspective, rotation, branches,

Jaguar uses an Object Processor,
Jaguar's Object Processor is simpl
objects for controlling its control |
more complex operations on its bek:
palette loads, etc.

ixels per clock cycie. The source data can be
ferent colour resolutions can be mixed. The
a 16-bit physical colour.

The Object Processor gaii:write into the line buffe

is that it can modify the existing contents of the line buffer with
se shadows, mist or smoke, coloured glass or say the effect of a

A sophistication in the £¥bject Proce
another image. This could be used to {
room illumi flash lamp.

o ignore data whichis stored alongside pixei data. If, for instance, a Z buffer is
ad next to the pixels. This helps because DRAM RAS pre-charges are needed

"
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Each object is described by an object header which is two phrases for an unscaled object and three phrases for
a scaled object. When an image has been processed the modified header is written back to memory.

The Object Processor fetches one phrase (64 bits) of video data at a time. This phrase is expanded into pixels
{and writien into the line buffer) while the next phrase is fetched. --

Image data consists of a2 whole number of phrases. The image data may ne d
pixels (colour zero in 1.2,4,8 & 16-bit modes).

The Object Processor writes into the line buffer at one write per system cloc
and for scaled objects one pixel is written per cycle. For unscaled objects with

If the read-modify-write flag is set in the object header the object’
line buffer. In this case the data rate into the line buffer is halved.

This peak rate may be reduced if the memory bandwidth is not hig ol g er if 64-bit wide DRAM
is installed then these data rates will be sustained for all modes.

When accessing successive locations in 64-bit widg : : memory cycle time is #w él@ck ticks. These
re is an overhead of bétween three and
vitl. occur infrequently during object
object header (because the
cles will also occur after
s in an area of memory with
rocessing has completed.

seven clock cycles (depending on DRAM spee T
data fetches but will tvpically occur during the fif
header and image data will not normally be near ea
refresh cycles or if a bus master with a higher pri
a different row address. Retresh cycles:3

Jaguar's memory controller is very fast'and flexible. It hides th&mgmory width, speed and type from the other

parts of the system.

ds and types (although both ROM banks
i#p select. In the case of DRAM there are two

Memory is grouped into
have the same width and s;
chip selects RAS & CAS
all look 64 bits wide.

:that may be of different.width
‘Bach bank is enabléi

There are eigh
d[0-15],d{ 1

ROM wid h:during reset.
DRAM is the pii

ticks). The memory controll€ Sona cycle by cycle basis whether the next cycle can be a fast page
mode cycle. Data and algorithms should be organised to minimise the number of page changes. The page size
1s 2 kbytes.

There are four memory banks; two of ROM and two of DRAM.
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JAGUAR has been designed to work with any 16 or 32-bit microprocessor with (up to) 24 address lines. The
interface is based on the 68000 but most miCroprocessors can be attached by using a PAL to synthesize those
control signals which differ. All peripherals are memory mapped; there is no sep 1/0 space.

Variations in the

The width of the microprocessor is determined during reset by a pull-up /
vervwhere until

address of the cold boot code/vector is accommodated by making the boo
the memory configuration is set up by the microprocessor.

The microprocessor interface is generally asynchronous so the clock speeds > MiCroprocessor &

processors may be independent.

Jerry uses the same miCroprocessor interface.

The CPU normally has the lowest bus priority but under interrupt ity is increased.

The following list gives the priorities of all bus masters.

Highest priority
Higher priority daisy-chained bus master
Refresh

DSP at DMA priority
GPU at DMA priority
Blitter at high priority
Object Processor

DSP at normal priority
CPU under interrupt
GPU at normal priority
Blitter at normal priority
. CPU

Lowest priority

PUJ!\)»—!

m e o e

[P

June 7, 1995
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Jaguar's memory map depends on how it is being used.

Following reset the following 2 Mbyte window, corresponding to the ROMO area, is repeated throughout the
16 Mbyte address space until memory is configured by the microprocessor by writing to MEMCONI1. (This
allows the system to boot whether the microprocessor is 2 680X0, an 80X86, o .) After
configuration, this map corresponds to the area defined as ROMO on the m

1FPPFRE
1FEFEE Bootstrap ROM
120000
Jerry DSP
118000
Joysticks and
GPIO0-5
114000 F
Jerry
21090C0
Internal
Register
100000 egsters
Bootstrap ROM
060000

When the memory configuration is st nding on bit ROMHI of the

memory configuration register.

FEFEFFEE
FEEE ROMO
Bootrstrapr ROM L VMpytes
200000 and registers
j V]
ROM1
Cartridge € Mpytes ynamic RAM 4 Vbytes
8C0000
DRAM? ROMZ
Dynamic RAM Cartridge RCM 6 Mbytes
400000 0COC0
ROMO
Bootstrap ROM 2 Mbytes
000000 500000 | _8Rd registers

ROMHI=0

) 1l (ASIC) memory and peripherals occupy 128 Kbytes of this space, as
shown above. ROM idge RKOM. DRAMO and DRAM1 are the two banks of DRAM.

A 68000 system will nats ; t&'with RAM at 0, so the ROMHI = 1 map is assumed throughout this
document. If the system is operated with ROMHI = 0 then the first digit of all internal addresses should be 1
rather than F.
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Internal Memory is mostly 16 bits wide to allow operation with 16-bit microprocessors.

32-bit write cycles are allowed to some areas of internal memory notably the line buffer and the graphics
processor memory. The line buffer support 32-bit writes primarily in order t e Blitter writes to the
line buffer. The graphics processor supports 32-bit writes to accelerate pro

Description
When set the two R
16M window. When
8M. This document
discussing register ag@resses
1-2 ROMWIDTH Specifies the width of ROM:
0 8bis

3-4 ROMSPEED

BRAM Speed. The page mode cycle time is always

56
tw ! ese bits determine RAS related timing as !
follows: : ! ‘:

Bits 5,6 Piégharge RAS to CAS Refresh )

RN RV

3¢ times are clock cycles.

; e ROM cycle time to two clock cycles. This is for test
purpases only. l
Set 10 zero. B q
Specifies the speed of external peripherals. The number of cycles i
here is the overall cycle time, the control strobes are active for ;
two cycles less than this.

0 18 clock cycles

1 10 clock cycles

2 4 clock cycles

-

3 6 clock cycles

o
W] &
el AR
[P} ¥ &

/ \W 13 unused Set to zero.
14 CPU32 Indicates that the microprocessor is 32 bits. . 4
15 unused Set 1o zero. ; 1
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All the ROMSPEED bits are set to zero on reset. ROMHI, ROMWIDTH and CPU32 are determined by
external pull-up / pull-down resistors. All the other bits are undefined. ROMO repeats every 2 Mbytes until
this register is written to.

Description
Specifies number of columns
0 256
1 512
2 1024
3 2048
2-3 DWIDTHO Specifies the width of 1
0 8bits :
1 16 bits
2 32bits l
3
4-5 COLS! S lumns in DRAM1
0
1
2
3
6-7 DWIDTH1 i§
8-11 REFRATE Spec
frequency of CLK/
ire a refresh freguency of 64 KHz. Refresh cycles occur at the
SECEDE: g. If REFRATE is zero refresh is disabled.
12 Specifies thatbigiéndian addressing should be used. This
_determines the address of a byte within a phrase and allows Jaguar
-be used comfortably with Big-endian (Motorola) processors or
ittle-endian (Intel) processors.
Specifigs that image data should be displayed from high order bits
; to low order.

All the aﬁo,: bits are undefined

set except BIGEND which is determined by external pull-up / pull-down
resistors. :

This register comprises of a ten bit counter which counts from zero up to the value in the horizontal period
register twice per video line. An eleventh bit determines which half of the display is being generated. The
counter is incremented by the pixel clock. The vertical counter is incremented every half line in order to
support interlaced displays. This register is only for ASIC test purposes.
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ero up to the value in the vertical period
is being generated. The counter is
beam synchronous operations. It is only written to

This register comprises of an eleven bit counter which counts from z
register once per field. A twelfth bit determines which field (odd/even)
incremented every half line. This register can be read 10 do

for ASIC test purposes.

This read only eleven bit register gives the horizontal position in pixels of the 1i:

These four registers allow the grapiics process
processor object to pass parameters to the GPU

phrase boundary so the

bottom three bits are always zero. Whei orit inks t0°% i of this address are replaced by

the LINK data in the object. The
Processor could interrupt the 6800
used to change OLP. Use the GPU

sranch instruction. If set the branch is taken, if
object. This flag 1s intended as a mechanism for letting the graphics
seram flow. A write (of anything) to this register restarts the Object

processor control the Object Proce
ect.

Processor after a Graphics Processor inte

Description
When set enables time-base generator. This

to zero in a Jaguar Console.
Determines how the line buffer contents are translated into

physical pixels.

should never be set

© 1992-95 Atari Corp. Confidential Information “7PK Property of Atari Corporation June 7, 1995
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CRY16 (0) 16-bit CRY. Each 32-bit entry in the line buffer is treated as two
16-bit CRY pixels on successive clock cycles. Each is converted

into eight bits of red, green, & blue using a combination of lookup
tables and multipliers. CRY16 pixels are arranged as follows:

Bit 15 BitO

: The least-signifigant bit is norm

signifigant bit of intensity. If V \

cleared to indicate a CRY16 pixel

be used to determine intensity.

RGB24 (1) 24-bit RGB. Each 32:bit entry in the line”
| physical pixel with el

of green and eight bits ¢

follows:

EIRIRE
1 EE ]

Bit 0

i.the line buffer is divided into
irectly onto the red and green
0 clock. This mode is for
xcess of the video clock. It

DIRECT16 (2)

ing and video active are
lzast significant bits of blue. :

RGBI16 (3) T 16-bif RGB. Each32:bit entry in the line buffer is wreated as two

16-bit RGB pixels. 16 pixels are arranged as follows:

|

Bi15 .

FEEREFEEEERREEEEE

¢ least-signifigant bit is normally interpreted as the least-
gifigant bit of green. If VARMOD is also set, this bit will be
idicate a RGB16 pixel and only the top five bits will be
used fo:determine the level of green.
When set this bit enables digital genlocking. This means that
external syncs will reset the internal time-base generators. On its
own this mechanism does not give satisfactory genlocking
because there is jitter. However this mechanism is used to quickly
lock onto a new video source. An external Phase Locked Loop is
required for true genlocking. Not supported in Jaguar Console.
Enables encrustation. When set, the least significant bit of thel6
! bit data is used to switch between local and external video sources i
{ using an external video multiplexer. This allows the video source /
( 1o be switchied on a pixe( 8y pixel basis. /
Selects the local border colour if encrustation is enabled. !
CSYNC Enables composite sync on the vertical sync output. g'
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7 BGEN Clears the line buffer to the colour in the background register after
| displaying the contents. This only has effect in CRY and RGB16
{ modes. l
B LV ARMAQOD Enables variable colour resolution mode. When this bit is set the
least significant bit of each word in the line buffer is used to
determine the colour coding scheme.of:the.pther 15 bits. If the bit
is clear the bits the word is treatgas'a CRY pixel. If the bit is set ?
| then bits [1-5] are green, bits | ' and s 111-15] are
i red. This mechanism allows J B wmdow l
9-11 PWIDTH1-8 ‘\
l
video clock and not i {
The display width sh be an integer nutiber-of pixels,
| ; i.e. an integer multlp width programmed here. ‘
/ Unused [ Write zeroes. ]

primary colour. Red is the less
s of the screen and blanking. It
e-base registers.

These registers determine the physical border c6
significant byte of BORD1. This colour is display
is not necessary to display a border. T T area 1§%

video clock cycles. The period is one tick

longer than the value written into this register.

This eleven bit.register determines the sta

tarts in the second half GE:fhgiine.

This eleven bit register determines the width of the horizontal sync and equalization pulses. The pulses start
when the horizontal count equals the value in the register. The pulses end when the horizontal count equals

© 1992-95 Atari Corp. Confidential Information 7 o ¥ Property of Atari Corporation June 7, 1995
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the horizontal period. The most significant bit is usually set because horizontal sync happens at the end of the
line. The most significant bit is ignored in the generation of equalization pulses which are the same width as
horizontal sync but which appear twice per line (for 10 half lines during field blanking).

This ten bit register determmes the end position of the vertical sync pulses.
sync pulses for several half lines. These pulses are generated twice per line:
time as the horizontal sync or equalization pulses but end when the least signi
count match the HVS register.

odes where the amount of data on a
afférs are each 360 words x 32 bits.
layed at the start of the line

buffer B would be displayed
ina value corresponding to

The Object Processor can run twice per line in o
display line is greater than can be contained in 0

The relative positions of
following diagram.

lay line

© 1992-95 Atari Corp. Confidential Information . o N Property of Atari Corporation June 7, 1995
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This eleven bit register determines the number of half lines per field. The number is one more than the value
written into this register. If the number of half lines is odd then the display is interlaced.

This eleven bit register specifies the half line on which vertical blanking beging

This eleven bit register specifies the half line on which vertical-{}g, king

This eleven bit register specifies the half line o

_ ;. Vertical sync pulses are
generated from this line to the line specified by thé:

This eleven bit register specifies ]
every line until the half line speci
these active lines.

This eleven bit register sgiac iesH]

Console, this register should be sét .

This ele:vg; it register specifies; i half line on which equalization pulses start.

M This eleven bit register specifies the half line on which equalization puises end.

© 1992-95 Atari Corp. Confidential Information 7" Property of Atari Corporation June 7, 1995
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This eleven bit register specifies the half line on which the V1 interrupt is generated. This must be odd if the
display is non-interlaced. This interrupt will occur once per frame when interlaced, that is every other field.

operate as a pair controlling the interrupts.

The system clock is divided by (one plus the value in the first register). If the f
timer is disabled. The resulting frequency is divided by (one plus the value in t
output of this divider generates the interrupt.

ind register) and th :

This register enables, identifies and
The interrupts sources are as follow

by the video time-base, on the line

C_VIDENA

This interrupt i$ generated by the graphics processor writing to an

|

C_GPUENA |1 l
ternal register. !
]

j

|

—

i

C_OPENA S:interrupt is generated by stop objects.

FiitErrupt is generated by the PIT.

This intetstipt is generated by an input to Tom and is intended for
use by Jerry. This is an active high edge-triggered interrupt - the
first interrupt will occur on the first rising edge after it has been
enabled.

When set, this bit clears pending video time-base interrupts.

- When set, this bit clears pending GPU interrupts.

C_GPUCLR

C_OPCLR When set, this bit clears pending Object Processor stop object
: interrupts.

C PITCLR |11 Timer When set, this bit clears pending PIT interrupts

C_JERCLR |12 Jerry When set, this bit clears pending Jerry interrupts.
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Bits 0 to 4 enable the individual interrupt sources, ie. if bit 1 is set the graphics processor interrupt is enabled.
When read bits O to 4 indicate which interrupts are pending, i.e. if bit 3 is set there is an timer interrupt
pending. Bits 8 to 12 clear pending interrupts from the corresponding interrupt source.

Note that INT2 must always be written to at the end of a CPU interrupt service routine.

When an interrupt is applied to the CPU the bus priorities of the graphics
that the CPU can service real time interrupts promptly. The bus priorities afg
this register. This should therefore always be done at the end of an interrup
this port the Blitter or GPU may then restart, and no further instructions will theg:
next interrupt occurs, or the GPU or Blitter operation complete

The colour look-up table translates an eight bit colour index into a 16-bit phys
comes from the object data, which may be 1,2.4 or 8:hits.In order to achieve a high
tables allowing two pixels at a time t0 be written : suffer. There are 256 1t gntries in each

table. Locations in the range F00400-5FE read; s in the range FO0600-7FE read from
table B. Writing to either range writes to both f;
when an object with the ‘Release’ bit is part ¢

‘A:hit RAM. Each 32-bit long-word can be
&idds a CRY pixel; the less sigmficant byle 18
. ¢ left-most pixel. In 24-bit RGB mode each
32-bit long-word is a p
more significant byte i
blue value. The fourth
A. The second addresses line buffer B. The third addresses the

two address ranges are for test purposes the third is for the
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There are five basic object types

This object displays an unscaled bit mapped object. The object must be on a:1&'d oundaryin 64 bit RAM.
First Phrase
Field

Description

display is interlaced the numb: .
lines. If the display is non-intetlaced the ntmbe;
object will be actwe while the vertical counte

is always even. The
0S and HEIGHT >

14-23 | HEIGHT

24-42 | LINK 548 ob;eet
“FhH 35 an object to link to another
bytes :
43-63 | DATA { fa can be found. Like LINK this is a phrase

fine bits 3 to 23 of the data address. This
d anywhere in memory. After a line is
iis written back to the object.

addréss. These twenty -one bk
allows object data to be posit
displayed the new.data add ¢

Second Phrase

Bits Field

iption
ags the X position of the first pixel to be plotted. This 12 bit field
asitions in the range -2048 to +2047. Address 0 refers to the

1214

Value Bits per Pixel Type Video Modes Allowed In

1 bit/pixel CLUT CRY16,RGBI16, & DIRECT 16
2 bits/pixel cLut " "

4 bits/pixel cLut " " "

8 bits/pixel cLut "t "
16 bits/pixel Direct
| 5  32bits/pixel  Direct RGB24
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15-17 | PITCH This value defines how much data, embedded in the image data, must be
skipped. For instance two screens and their common Z buffer could be
arranged in memory in successive phrases (in order that access to the Z
buffer does not cause a page fault). The value 8 * PITCH is added to the
data address when a new phrase must be fetched. A pitch value of one is
used when the pixel data is contiguous - will cause the
same phrase to be repeated. . :
18-27 { DWIDTH This is the data width in phrases. i.e. D@
be found at DATA + 8 * DWIDTH &
28-37 | IWIDTH This is the image width in phrases (must'E
clipping.
38-44 | INDEX For images with 1 to 4 bits/pixel the top 7 to 4
the most significant bits of the palette address.
45 REFLECT
46 RMW ,
for intensity and the two coldiif vectors.
47 TRANS Flag to make logical colour Zero transparent:;
48 RELEASE Processor to release the: tween data
49-54 | FIRSTPIX ‘pixel to be displayed. This can be used to clip
the bits depends on the colour resolution of
t is scaled. The least significant bit is only
$here the pixels are written into the line
#iaining bits define the first pair of pixels 10 be

displays a scaled bit
¢:will not display

ed object. The object must be on a 32 byte boundary in 64 bit RAM.
y in 24-bit RGB mode. The first 128 bits are identical to the bit
i An extra phrase is appended to the object.

Description :
“Fhis eight bit field contains a three bit integer part and a five bit fractional
part. The number determines how many pixels are written into the line
buffer for each source pixel.

8-15

l
This eight bit field contains a three bit integer part and a five b1t fractional i
part. The number determines how many display lines are drawn for each |
source line. This value equals HSCALE for an object to maintain its ‘
aspect ratio. |

© 1992-95 Atari Corp.
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REMAINDER

This eight bit field contains a three bit integer part and a five bit fractional
part. The aumber determines how many display lines are left to be drawn
from the current source line. After each display line is drawn this value is
decremented by one. If it becomes negative then VSCALE is added to the
remainder until it becomes positive. HEIGHT is decremented every time
VSCALE is added to the remainder. The new } INDER is written
back to the object. This value should be ini} thig.same value as
VSCALE to produce a perfectly scaled it

24-63

Unused, write Zeroes.

Bits Field

This object interrupts the graphics processor, which may act on
Processor resumes when the graphics processor writes to the OBF

Description

| 3-63
!
i

DATA

tine. They are, '-
he GPU can us¢ *

_

Execution continues with the object in the next
Object Processor flag and this can be us

s The GPU may set Of
iect Processor us

» 1
0-2 TYPE i
3-13 YPOS
14-16 ‘ CcC ;

nch to LINK if YPOS == VC or YPOS == 7FF
h to LINK if YPOS > VC

Branchi 1o LINK if Object Processor flag is set |
Branch to LINK if on second half of display line
(HC10=1)

AW N -

17-23

24-42

This:defines the address of the next object if the branch is taken. The
address is defined as described for the bit mapped object. ;

43-63

© 1992-95 Atari Corp.
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Page (9

This object stops object processing and interrupts the host.

Description

TYPE Stop object is type four :
3 INT FLAG When set, CPU stop object interrupts argéfiabled
4-63 | DATA ol service

These bits may be used by the CPU int

memory mapped so the CPU can use t
additional parameters.

n as data or as
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AGUAR,

Object

(inverted fields are modifed by the Object Processor)

Processor Quick Reference

Bitmap Object
TYPE=0
64 56 48 40 32 24
| | } | i
EEaNENEEENEEENENESEERENNEERRS [TIITT]
DATA Pointer (Bits 23-3) LINK Pointer (Bits 23-3)
64 56 48 40 32
| } ! ] i
e rrr i [TT11 8l
| unuses | FrsTPix | | 11| moex | iwioTH |
“rerease L rerLect
TRANSPARENT RMW
64 56 48 40 18 & 0
| | | | . { {
EEEEEEEEENEENNIEESESEENSERRRE: ;EANENENEEEREESERE!
| Unused B VSCALE | HsCALE |
64 56 48 16 8 0
| ! | i ]
ENSESERER ERNEEBEE [T LTTTITITTT
| |ryeg]
64 32 24 16 8 0
L | ] ] |
1] EEEGEENEEENESENERESNSNNGENEERERRRE RS
| Link Pointer (Bits 21-3) | unuses | cC | YPOS frypej
Stop Object
TYPE = 4
64 40 32 24 16 8 0
| | I i 1 l | { |
 EEENEEEEENENENSECaNENEEEERNES EEEESEEEESENEESENEAEENENEERES!
l DATA IITYPEI

Enable Stop Object Interrupts J
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object data path fits into the Tom Chip. All the diagrams that

The following two diagrams show where the
follow are drastically simplified for clarity.

Object Line
Processor _} Buffer

External . l_—-————— Processor Bus
Bus . | Bus

—" Interface
10 Bus
Memory
Control Memory i
Controller Blitter

..........................

The processor bus is a 64-bit data, 24-bit addres?
cycle basis with no overhead. The external
data 16 address bus used for reading an

memory controller allows transfers gf
memory. The bus interface accom jodates 16720
multiplexed address for dynamic RAMs. The multip
of columns. The memory controlléz6;
contiguous regions of memory to beaLe

ess s 4 fasction of memory width and number

lexed.addr
45, when the row address changes. This allows i

AB Gyl
+h faster.

sed ri3ll
chip. On one side are the processors and
rs. In fact there are two line buffers. While
he pixel logic. Each line buffer is a small

Tow words.

The line buffer is a bridge between two asynchronous parts of
memory. On the other &idiz-are the video timing and pixel ge
one is written into by the 1+ Processor, the otheE1
360x32 RAM with indep {:Wiite strobes for the i

Object Data .
> [ Write back Path | Lo Zine
Logic *
: CLUT
Address :
Bus

Object Processor Block Diagram

Confidential Information “7PR Property of Atari Corporation June 7, 1995
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The Object Processor reads object headers and image data and writes back modified headers. The write back
logic normally increases the data address by the data width. If the object is scaled then the data address is
increased by a multiple of the data width and the vertical remainder is modified.

The object data contains either physical colours in the case of 16 and 24 bits-per—pikel objects or logical
colours in the case of 1,2,4 and 8 bits-per-pixel objects. Logical colours are translated into physical colours by
the colour look up table or CLUT.

Processor -
Data Latch b1 Multiplexers CLUT

Bus

Counter

for that header, is exhausted or
ur of the object data path
ithe object is scalecd.

e until the 1

The Object Processor fetches data one phrase at
ime invalid. The

until the line buffer address (X co-ordinate) has
depends on the colour resolution of the object (bits<g

In 24 bits-per-pixel mode each phrase coniains two pixeiy it ase). The multiplexers select
each in turn and one 24-bit pixel is W} ' e CLUT is bypassed for 24
bits-per-pixel objects.

multiplexers select two pixels at a time and

In 16 bits-per-pixel mode each phr
UT is bypassed for 16 bits-per-pixel

two pixels are written into the line bu
objects.
In 1, 2, 4 and 8 bits-per-pi 1 modes each phrase contains 64, 3216 and 8 pixels respectively. The
' _ ixel is made up to eight bits by taking the
lette offset (a field Tiéihe: opgect header). The two eight bit values are used
Ts yielding two sixteen bit physical pixels which are written into the

top bits from the top bits o
as addresses to a pair of identical €

h one pixel at a time not pairs. Scaling is achieved by
f.the counter controlling the multiplexer. For instance if
Sremented twice as ofterias the counter then the image will be twice as wide.

hile A is written by the Object Processor B is being read by the pixel
e the buffers swap over so A is displayed and B is written. This swap
in all the signals attached to the line buffers.
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The above description is complicated by the following:

. If a pair of pixels must be written to an odd location in the line buffer they must be swapped and one
pixel delayed.

. The line buffer address decrements if the object is reflected.

. The colour to be written into the line buffer can be added to the previgi

. One colour may be used as transparent and is not written into the |

. The line buffers also appear as memory to the rest of the system

The pixel data path is shown in the following diagram. All the logic in this
the previous logic, this is the video clock.

Line Latch l
Buffer

Line
Buffer
Address

The operation of the pixel data pa

In 24 bits-per-pixel mode the line bi
latched and presented at the pins as ré;

In CRY mode the line l;gfter 1s read at half the video clock fref

or brightness. The colo
| of red, green and blue #

most sxgmfxcam bits ~of green, bits 6-10 form the five most 51gmf1cam bits of
¥ mOost mgmﬁcam bits of red. All other bits are set to zero.

mulnp]exer is driven by ‘the Jock directly. The output of the 2:1 mux is connected directly to the red
and green outputs of the Chlp “This allows 16-bit values 10 be output at twice the maximum video clock

, m frequency. This provides a video bandwidth of up to four times the video clock. These values should be re-
= synchronised, de-multiplexed and converted to analogue outside the chip. In this mode the blanking and
border signals are output on the blue pins.

© 1992-95 Atari Corp. Confidential Information . ¥ Property of Atari Corporation June 7, 1995
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The above picture is slightly complicated by the following:

. The least significant bit in CRY and RGB16 modes can be sacrificed (treated as zero) and used to
control an external video switch through the incrust output pin.

. In CRY and RGB16 modes a background colour may be written into the line buffer after it has been
read.

. In CRY and RGB16 modes the least significant bit may be used to dg ]
CRY or RGB16. This could be used to drop a decompressed RGB
having to do a RGB to CRY conversion. :

ier the mode is

The average refresh frequency is defined by the REFRATE bits ]
are grouped together in order to lessen the impact on system perfi

in very large numbers or they would create “dead spots” in whlchs
disrupt the display or sound production.

EMCON2 registe¥ i
However they canné formed
was possible. This could

Jaguar uses a counter to accumulate a count of refresh.gycles. When this counter r $ieight then eight

refresh cycles are done and the counter is set to

Refresh cycles are also invoked when the Object
Processor executes a STOP object JAGUAR per
the refresh counter to zero.

end of the object list. After the Object
¢les as are necessary to decrement

s as many refres

: nterrupting the Object
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Jaguar produces 2 video output using eight digital bits each for red, gree
have two hundred and fifty-six intensity levels, and is enough to allow sm
another. This twenty-four bit scheme is known as true-colour.

Jaguar can produce a display based on true colour pixels stored in memory in lofig
enused, and this is known as true colour mode. However, thesethi
a lot of memory; and they also consume a fot of memory bandw

not need its range of colours,

True-colour mode is therefore unattractive for general use, as mas
] lour mode is therefore 2

and it is desirable to avoid the detrimental effects it has on perfarmance. It
special case, and when it is used only true-colour images may be displayed.

In normal operation, the Jaguar display system is. A ateen-bit pixels. Images s
stored either as sixteen bit pixels, or may be sto , B ur or eight bit logical '
colours are used as indices into a Palette or Cok >LUT), which contains their

corresponding sixteen-bit physical colours.

Sixteen-bit pixels may be stored as six bits of
allows smooth shading. There is therefor
intensity, see below) which still all
greater detail.

ements of Gouraud Shading. This is a technique
urface from a set of polygons. The problem the technique helps to
qurce is calculated for each polygon and the polygon is painted
urface are each clearly visible.

that models the appearang
overcome is that if the intensity dusto @
the polygons that make up:!

hading helps avoid this by calculating the intensity at each vertex, and thex
. polygon edge, and hence along each scan line that makes up the display. If
{ight sources are CO ered, then the only variation is one of luminous intensity, and not one of
refore attractive to'h ie a colour scheme that contains an intensity vector, as the Gouraud
i be performed for one value, rather than the three values that would

joht bits is enough to give smooth intensity shading (and it is a round
1o come up with a scheme that allowed the colour to be expressed in eight

number), it was therefore necessary
bits.

June 7, 1995
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The colour space to be modelled may be considered as the RGB
cube shown, where the lowest vertex represents black, and the
highest white. The three edges running out from black are the three
orthogonal vectors red, green and biue. The sum of these three
vectors can describe any point in the cube. The three lower vertices
therefore represent fully saturated red, green and blue, and the three
higher ones yellow, cyan and magenta.

BLUE

This colour space model is only one of many ways of considering
what the human brain 'sees’, but it has the advantage of modelling:
the display system used by colour monitors, and of being
mathematically simple.

The intensity vector can be considered as that comy
lies along the diagonal of the RGB cube from blg
weighted sum of red, green, and blue; but it bea

It is necessary to come up with a scheme t0 encodé
The following requirements were made on this sche

1. All two hundred and fifty-six.¥
2. The colours should be we :
3. Colours should be able to bgifni y li ; Siwine their colour values.
4. An intensity value of zerom .

As the remaining colour.space without intensity is two-dimensi
point in it. An r, theta <theifie was discarded as 1t we 3
two x, y vectors was chose

To meet requirement ongithe WOy
model is square when vigéWed along tli¢

tation, was to take the view along the intensity axis of the
square. This does not quite meet requirement 3, but is

er considerable exper
cagon, and distort it int&:
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.o

The colour mapping scheme chosen is based on defining 256 points on the upper surface of the RGB cube.

In the figure shown, the hexagon
corresponds to a view looking down onto
the RGB cube. This hexagon is distorted
onto a square, whose X and Y co-ordinates
are four-bit values. This defines 256 colour
levels. The choice of green as the primary
colour that lies on the middle of one face
was made after observing the effects of the
three possible mappings, and corresponds
with the expected result, as the human eve
is least able to distinguish shades of green.

YELLOW

RED

Note that in each of the three areas defined
on the hexagon and square, one of red,
green or biue is at full intensity, and the others
intensity scale for any given colour lies along tf
cube defined in the colour table.

white) they are all.'at-f;p: 1 intensity. The
and the point on the top surface of the

ue, and each of the four-bit X
olour as the point midway

This is a summary of the pros an

Advantages of CRY

«  Smooth intensity shading from &z i
Better matched to the capabilities of the human eye than 5
. Suitable for efficigfif:Gouraud shading

;bit RGB schemes

Disadvantages

f saturation or hue

«  Steps are visible inigooth chasges:
ghtforward

«  Translation from RGB to CRY is’

intensity value, which is the largest of red, green and blue; and from this
yitr: By scaling the RGB values by 255 / intensity. This can then be matched
earest match. A quick way of doing this is by a lookup table. 1t is not
turns out that taking the top 3 bits of each of the red, green and blue
and using a 32768 element lookup table is adequate.

the ideal

values (rounding wheré
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The eight-bit colour value is used to index a look-up table of modifier values for each of red green and blue;
which s multiplied by the intensity value tc give the output level for each drive to the display. The look-up

tables are:

RET G 0] G 0] G 0
34 34 34 34 s 24
€8 68 68 638 65 ©€8

182 102 102 102 102 102
i35 135 133 133 135 133
169 169 169 169 165 1685
2¢3 203 293 203 203 203
237 237 237 237 237 237
255 255 255 285 255 255
255 253 255 25% 233 255
233 255 255 235 253 255
255 255 255 253 255 255
235 255 255 255 253 2:S5
255 255 255 255 255 255
235 255 255 255 253 255
255 255 255 255 255 255
GRTEN ¢ 17 34 51 €x 85
¢ 19 38 57 77 %6
9 21 43 64 g6 107
G 3 47 71 53 1%
cC 26 S 78 104 130
0 26 56 85 113 141
g 30 61 91 122 153
5 32 €5 98 131 164
5 32 63 58 131 i
0 30 61 951 122
c 28 56 85 123
g 26 52 78 164
) 2 47 71 S
5 21 43 €4 8 7
o 19 38 &7 7 €
o 17 3¢ 16 =
BELJE 255 255 255 5 >
235 255 2553 =
255 255 255 o)
253 255 258 255
255 255 255 ¢ 255 2%
235 255 255 255 2%
255 5 255 255 255 2%
2 %5, 255 255 25
2 237 23
2 3 20
% 6
3
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253 Z%T

255 285

255 2E5

3 253 255

5 255 285

5 255 255

g 755 255

) : 255 255

#255 255 255

EigEh 255 255 255

255 255 253 253 255

3 255 255 255 255 235
23 255 255 253 Z%5
211 231 250 255 255

87 204 221 238 255

55 255 255 255 255

55 255 255 240 221

55 252 220 208 187

255 248 224 200 177 123
209 223 197 171 145 115
727 198 170 141 113 85
204 173 143 11z 81 51
181 148 115 82 49 17
164 131 S8 65 32 o
i53 12z 91 &l 30 0
141 113 83 56 28 0
130 104 78 5% 26 o
102 95 71 47 3 0
68 &8 64 43 21 0
34 34 34 34 19 o]
ol 0] 0 G 0] )
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The Graphics Subsystem of Jaguar is a self-contained processing unit, whose view of the external system

processor and memory are controlled by a separate memory controller, which.is 1t the graphics system.

The graphics subsystem transfers data tc or from external memory by bec
processor bus. This bus has a 64-bit (phrase) data path, and a 24-bit addre
has multiple masters, and ownership of it is gained by a bus request/ackno
i.e. ownership can be lost during a request (but not during a memory cycle). T
contains two bus masters, the Graphics Processor and the Blitter.

The graphics subsystem also acts as a slave on the IO bus. This
allows external processors to access memory and registers within
within the graphics subsystem is 32-bit, all reads and writes must

The memory within the Graphics Subsystem appears to be part 6f: he gene hine address space, both to
the GPU and Blitter, and to external processors. The advantage to the GPU of hay cal memory is both

that it is faster, and that it does not require owne higi 6§ 1H

This diagram shows the architecture and data

16/32-bit data 10 Bus
Bus Slave Transfers

Instruction
Execution Local RAM
Unit 1K x 32
Local BUS

Dual-port 32-b Blitter
Register File Registers

|
ALl Block. Blitter Bus Master

GPY Gateway

to main bus

64-bit data Coprocessor bus
Bus Master Transfers
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The Graphics sub-system address space contains the following locations:

F02100 G_FLAGS RW GPU flags

F02104 G MTXC w GPU matrix control

F02108 G_MTXA ' GPU matrix address

F0210C G_END W GPU big/ little endian !

F02110 G_PC RW GPU program counter.

F02114 G_CTRL RW GPU operation contro ‘

F02118 G_HIDATA RW GPU bus interface high da

F0211C G _DIVCTRL W GPU d1v1sxon method

F0211C | G_REMAIN R

F02200 Al_BASE W

F02204 Al FLAGS w

F02208 | Al_CLIP W Blitter Al clipping size

F0220C Al PIXEL Blitter Al pixel pointer i

F02210 Al _STEP |

F02214 Al _FSTEP

F02218 Al_FPIXEL B

F0221C Al _INC ‘|

F02220 Al _FINC

F02224 A2 BASE

F02228 A2 FLAGS

F0222C | A2 MASK

F02230 A2 PIXEL

F02234 A2 _STEP ,

F02238 B_CMD ;

F0223C B_COUNT |

F02240 B_SRCD | B

F02248 B_DSTD |

F02250 B _DSTZ 1

F02258 B_SRCZ1 Blitter source Z data 1

F02260 B_SRCZ2 Blitter source Z data 2

F02268 B_PATD Blitter pattern data

F02270 B NG Biitter intensity increment

F02274 litter Z increment |

F02278; Blitter collision stop control i

F0227C Blitter intensity register 3 i

F02280 Blitter intensity register 2

F02284 Blitter intensity register 1

F02288 Blitter intensity register 0 :

F0228C Blitter Z register 3 .

F02290 Blitter Z register 2 {

F02294 Blitter Z register 1 i

F02298 Blitter Z register 0

F03000 Local RAM base .
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These locations may be accessed by all processors except the GPU for read or write as appropnate at the
above addresses, where they appear to the system as 16-bit memory. As they are all actually 32-bits, transfers
should always be performed in pairs, in the order low address then high address.

In addition, for high-speed write operations by 32-bit or 64-bit bus masters (especially for blit transfers), they
may be written to as 32-bit locations at an offset of plus 8000 hex from the addresses above. They are not
readable at these addresses.

The GPU addresses them all directly as 32-bit locations in 32-bit internal th 161 accessibie
to the GPU at the plus 8000 hex offset.
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This section describes the Jaguar Graphics Processor (GPU).

The Graphics Processor (called here the GPU - Graphics Processor Unit) 1
processor. It is intended for performing the functions associated with genera
dimensional modelling, shading, fast animation, and unpacking compressed image

"rppie, very fast, i
aphics, such as th

The graphics processor corresponds to the accepted notion of
Computer). This means that:

. most instructions execute in one tick

° all computational instructions involve registers

. memory transfers are performed by load/sto inst

. instructions are of a simple fixed format, <3ddressing modes
. there is a wealth of registers, and local fiigli-speed memoE

. highly pipe-lined architecture
. one instruction per tick peak.thirougliput
. internal program and dat '

. register score-boarding
. sixty-four thirty-two bit r&

. ALU includes barrel shiftes g

o systolic matrix multiplication” '

. fast hardware divide unit

. high-speed intessijt response, including vid j errupts

ed in the same way asiany other micfo-processor. It has a full instruction set with a

instructions, includin 4dd, subtract, multiply and divide; Boolean instructions, and
crange of instructions for loading and storing values in memory, with either

plus register offset, or register indirect plus immediate offset addressing

lute instructions, both of which may be made dependent on combinations

“There are also some more specialist instructions suited to computing

: to floating-point calculations.

The GPU is a full 328

it ‘that all internal data paths are 32-bits wide, and all arithmetic
instructions (except multipty;:

+m 32-bit computations. The instructions are 16-bits wide.

The GPU has sixty-four internal 32-bit general purpose registers, of which thirty-two are visible at one time.
It also has 1K of local high-speed 32-bit RAM, which is where its instructions and working data are normally
stored. It also has access to external memory via the 64-bit co-processor bus, and can perform byte, word,
long-word and phrase data transfers on this bus. It can also execute its instructions from external RAM.
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The GPU is a RISC processor, normally executing one instruction per tick, and therefore capable of very high
instruction throughput. The RISC versus CISC debate is a complex one, and will not be discussed here. The

RISC approach was chosen for the GPU principally because it occupies less silicon

The RISC approach leads to a processor design without micro-code, effectiv
micro-code, and most instructions execute in one tick. The advantage is th
but the disadvantage is that some operations require more instructions to €

jon set is the

The GPU is also intended to perform rapid floating-point arithmetic. It has n
such, but has some specific simple instructions that allow a limited precision flo
capable of in excess of 1 MegaFlop.
The GPU is intended to be programmed in assembly language, andd s it
is intended to perform are simple repetitive operations, best writte)

GPU can achieve a peak rate of one instruction
ticks, but only spends one tick at each pipe-line
significant consequences on GPU behaviour.

diderstand this as it does have some

imall queue of unexecuted instructions, to
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The main side effect of the pipe-lined nature of GPU operation is the interaction of instructions at different
stages of the pipe-line. They may affect the same operand, or the same piece of the hardware, and so a conflict

can potentially arise.

1 - Read Operands

2 - Compute Result

3 - Write back Result

ups are referred to as wait states.

The gmv.ﬁh,'ws dhe d‘urfbw

— an instruction v;roufd;_ :régister that is still in the process of being computed by the ALU.

—_ an instruction would perform a conditional jump, or add or subtract with carry, before the ﬂags have
been set as the result of some arithmetic operation.

— an instruction would read a register that is being read from internal memory.

© 1992-95 Atari Corp. Confidential Information ™ Property of Atari Corporation June 7, 1995




Page 36 Jaguar Software Reference Manual - Version 2.4

— an instruction would read a register that is the target of a divide operation - as the divide unit is
relatively slow, this can cause a significant delay.

— an instruction would read from a register that is waiting to be ioaded from slow external memory
(which takes a variable amount of time).

The score-board unit also controls the writing back of computed values. The
RAM, so it is not possible to read two register values simultaneously while*

If the register to be written back to is being read by the instruction currently at St
one of the operands of that instruction does not involve a registg.r. read, then the wri i
Otherwise, the instruction will be held up one cycle while the cam value is writtefd

The score-board unit controls all operations that involve writing t
state if the instruction that would have executed reads two registe}
Write-back data sources are:

— the result of an ALU computation

tion is always held up for a tick.

One technique that can be used to h init is to interleave two sets of

calculations, i.e. ensure that conseci

Pipe-lining also affects tk
instruction after the jump
overall instruction throu B &
operation), but it is quiteifgasonabls
program control flow.

.......

et to operate in parallel with the other processing elements in the Jaguar
do this, a well- ed GPU program should only make occasional use of the main

U therefore has:faur Kilobytes of local memory, organised as 1K locations of thirty-two

system. In o
memory bus.
bits.

This memory is intended to: for both program and data. It can be cycled at the graphics processor
clock rate, and so is extremely fast. It may be viewed as a simple cache RAM, with software cache control -
this technique is known as visible caching. When the graphics processor is executing code out of internal
RAM, program fetch cycles will occupy less than half the RAM bandwidth.

To load up a program into the RAM within the GPU, the best technique is to use the blitter. Set it to blit
phrases, and use the 32-bit GPU address range (see below).
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@, M To the GPU programmer the local RAM, local hardware registers, and external memory all appear in the
same address space. The GPU memory controller determines whether a transfer is local or external, and
generates the appropriate cycle. The only programming difference is that only 32-bit transfers are possible
within the GPU local address space, whereas 8, 16, 32 or 64-bit transfers are permitted externally.

The local RAM sits on an internal GPU 32-bit bus. Also present on this bus are various GPU control registers,
and the Blitter control registers. When a GPU transfer occurs outside the local:addts: ce, a gateway
connects the local bus to the main bus. If a sixty-four bit transfer is requested; cial régj:
other half of the data.

The address space is organised as follows:

F02000 - FO21FF Graphics processor control registers
F02200 - FO22FF Blitter registers
F02300 - FO2FFF Reserved
F03000 - FO3FEF Local RAM
F04000 - FOFFFF Reserved

The GPU local bus can therefore perform transfers:fog thice. hese are, in

decreasing order of priority:

—_ CPU 1/O access
— Operand data transfer
— Instruction fetch

The GPU internal address space :
DSP anr el aazans LiDL intarmal ¢ i« is.ant OF the: Bignar 1/O space within Tom. This is normally
viewed as 16-bit read/write memory; :
write only memory, which is faster to access for a bus master
this allows the blitter t3:¢opy data into the GPU space more 14 idly than it would using the 16-bit space — for

maximum transfer speed:s¢the blitter in phrase m de, writih to the 32-bit address range. Please note that
the 68000 in the Jaguar ol

Transfers to/from addr

ge $F02000-$FO7FFF and $F 1A000-$F1F000 are executed 32 bits
ii:be handled carefully by external processors. When a 16-bit word

at a longword-aligned ess, a 32-bit read is performed. The high word is transferred

Jatched. Any 16-bit read ope fion at 2 GPU longword-aligned address + $2 simply

'3 Jongword-aligned address, the data is latched. When a 16-bit word is
s + $2, 32-bits (the written word and latch) are transferred.

The GPU can operate in bothi‘a'big-endian and little-endian environment, and as long as the memory interface
is programmed to the correct endian mode, and the transfer requested is the width of the operand required,

then this operation is largely invisible to the programmer.

The GPU is itself either-endian - this means that the first instruction of the pair in a long-word is
programmable. This is controlled by the BIG_INST bit.
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The GPU has a set of load and store instructions, each of which take two register operands. One register is
used to provide the address, the other is either read to supply data to be stored or is written with load data.

Load and stores may be performed at byte, word, long-word and phrase width. Bytes.and words are aligned
with bit 0, and when loaded the rest of the register is set t0 Zer0. When phr: areiread o i
within the GPU local address space should already contain the other long-w €
loaded with the other long-word for load operations. Performing phrase 10 i test way of
transferring blocks. :

Load and store operations may also be performed using one of two simple indéxgd addressi siThese
are both based on using either R14 or R15 as a base register, with either a five bit unsige
words) encoded into one of the register fields or another register Sntaining the offset.”

overhead involved in using these instructions, as the address has

In local memory, only long-word reads and writes are permit

Load and store operations will normally complete in one tick, or two ticks fo
may not be complete at this point, and if another load or.stare operation occurs befote
completed it will be held up. Load data is written rol of the score-board 1
elsewhere. :

addresses. The transfer
1 ;revious one has

The gateway between the GPU local bus and the:gxternal co-process:
generating external memory transfers. When this
as they would in local memory. For load operations,
until the external transfer has taken place:The score-b
¥ take:pl

contains a control block for
&:gperations complete as quickly
he target register, however,
“use of this data before it has

érful ALU section, whichias well as the normal arithmetic and Boolean functions, all
a 16 by 16 fast parallel multiplier, and a 32-bit barrel shifter, both of which
ne tick.

Fhis performs serial division at the rate of two bits per tick, on 32-bit
unsigned operas uotient. The operation of this runs in parallel with normal GPU

operation.
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&y @ The ALU has the following set of flags: |
' Z zero set appropriately by all arithmetic operations, normally being set if the result of I
the operation was zero.
| N negative set appropriately by all arithmetic operations, normally being set if the result of
the operation was negative (bit 31 is a one).

rations; set with the
-ft undefined

C carry set according to carry or borrow out of all add and
bit that is shifted out of shift and rotate operati
by other arithmetic operations.

The GPU can be interrupted by five sources. Interrupts force a
sixteen times the interrupt number (in bytes), from the base of RAN
programmer to preserve the registers and flags of the underlying:
stack pointer. Primary register 30 is corrupted when instruction flow is transf:
routine. Neither register should be used for any other purpose when interrupts a

the responsibility of the™ )
: eglster 31 is the interrupt
0 the interrupt service

tiled

Interrupts are allocated as follows:

EPU intersint

The flags register contains individuakgterrupt enibles for ea
mask for all interrupts. When the master interrupt mask is set
below).

f these sources, as well as a master interrupt
. primary register bank is selected (see

he individual enables are not affected, but no
' ; : “The interrupt service routine should normally
clear the master interrupf triask, and thie.appropriate interrupt latch, and enable higher priority interrupts
immediately.

When an interrupt occurs; thi ¢ master interrupt mas

The va]uq :

There is a certain degreé ' prioritization, in that if two interrupts arrive within a few ticks of each
other, the higher numbered will be serviced first. Beyond this, interrupt prioritization is under software

b, M control, as described above.

The only operations that are atomic are single instructions, or certain instruction combinations (see below).
Interrupts may be disabled by clearing all the enable bits. It is therefore not practical for the interrupt stack to
be shared with the underlying code, unless all interrupts are masked across stack operations. -
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An example interrupt service routine, which does no more than clear the interrupt, is shown below. The
interrupt source was interrupt 2.

int_serv:

movei #G_FLAGS,r30
load (r30),r29
bclr #3,r29
pset #11,r29
1oad (r31),r28
addq '#2,128
addg #4,r31
jump (r28)
store r29, (x30)

point R30 at flags register
get fliags

clear IMASK

and interrupt 2 la

ﬁpdating the sta
and return
restcre flags

Ne Se Se Ne No e N e N

Similar interrupt service routines can handle all the interrupts. Note the follow

— Registers R28 and R29 may not be used by the underlyinig
choose to use any two registers in bank #0), in addition ..
by the interrupt process itself. Note: R30 is automaticall )6d.w i ' pot just
by the interrupt service code as shown.

— Interrupts are re-enabled on the instruction after the jump. If they were €2 d any sooner then 10
other interrupt service routine would be able§iise R28 and R29, as they couidipotentially corrupt
them before this service routine had cor £ ’

routine should read the Object

If the interrupt source was the Object Processor,
g to the Object Processor Flag

Code registers, if required, and then re-start the
register, as quickly as possible.

s may 1iot occur during these operations. Three
itl ihsy complete their operation. These are:

It is necessary for certain operati

GPU instruction types temporarily
— Immediate data moves, using the MOV rrupts are locked out while the two words

of immediate | are fetched.

— Matrix multiply 0. Interrupts are locked out until the

operation has co

ns, using the IMULTN and IMACN instructions. The result register
id therefore any multiply/accumulate operation must consist of 2
sequence: f IMULTN and IMACN: ctions followed by a RESMAC instruction, with no
intervening tructions. The IMULTN: ndIMACN instructions are always atomic with the

: i tion. See the section below on multiply/accumulate instructions.

— Multiply and acmulafé ope
is not preserved by interrupts,

instructions ys atomic with the instruction which succeeds them.

iipwards through memory executing instructions sequentially. The GPU can

Program control normatl W:
fforming jump instructions.

also transfer program flow by P

Two types of jump are supported, relative and absolute. Jump relative takes a signed five-bit offset, which is
treated as an offset in words, and added to the program counter. Jump absolute transfers the contents of a

register into the program counter.
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| 48 Both types of jump may be conditional on the contents of the ALU flags. If the appropriate condition is not
| met, then the jump instruction is ignored and program flow continues with the next instruction after the jump.

The instruction after a jump is always executed. This is a side-effect of the pre-fetch queue. Programmers
may choose either to place a NOP after every jump instruction, or may take advantage of this to place a useful
instruction after the jump which will be executed whichever branch is followed

The program counter may also be copied into a register.

The GPU can cease operation by clearing the GPUGO bit in the GPU co
may-iiten only be restarted by an external write to this register, or by a res

As an aid to the debugging of GPU programs, the GPU can be st
between instructions until restarted. This operation is controlled;

1. Set up the program counter, then set the GPUGO and Si? GLE_ ; trol bits in the control
register. ' ‘

2. Poll for the SINGLE_STOP flag in the stat
executed.

Set the SINGLE_GO bit in the control:
Poll for the SINGLE_STOP flag being

counter modified. Unfortunately, 'cl,: ring the ‘has the effect of altering the value in the program
counter, as the pre-fetch queue is dis¢arded. Therefore, after's p 4 above, the following operations should be
performed:

— read the progr
clear the GPUGH

and so will changé

\M i Do not place two jump instructions sequentially, the results are not predictable, and may not be relied
A on.
. Do not place a MOVE PC to register instruction immediately after a jump, the value read can not be
relied upon.
. Do not follow an IMULTN instruction by anything other than another than an IMACN instruction.
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. Do not follow an IMACN instruction by anything other than another than another IMACN instruction
or a RESMAC instruction (see below).
. Do not precede an MMULT instruction by a LOAD or STORE instruction.

Conditional jumps encode from a five bit flag field. This is:

Bit Condition

Zero flag must be clear for jump to occur.
Zero flag must be set for jump to occur.
Flag selected by bit 4 must be clear for jump to occur.
Flag selected by bit 4 must be set for jump to occur.
If set select negative flag, if clear select carry.

AlWINI|=]C

This gives useful jumps as follows (other codes are either jump
future modifications) '

Description
Jump always

Condition

01000 C :
01001 CNZ nd zeroflgpiisiclear
01010 CZ id zero flag is set

10100 14 | NN
10101 15 |NNNZ
10110 16 |NNZ
11000 18 |N
11001 19 |NNZ
11010 | 1A |NZ
11111 1F ‘

Jump if negative flag is set.:::

Jump if negative fl% :and zero flag is clear

mp if negative flag is set and zero flag is set
Py ver

ulate (MAC) operations. These involve multiplying two values
& sum of the products of some previous multiply operations. These are
ital filtering type applications.

The GPU'siigiports multiply and a¢
together, a ing their product t6:
typically used for:matrix multiply an(

disign, the multiply and its associated add do not take place in the same
#fore like other instructions, in that a special instruction is needed to

Due to the pipe-lined'#
cycle. MAC instructions a
write back their result.
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Take as an example multiplying R8 times R9, R10 times R11, R12 time R13, and placing the sum of their
products in R2. All values are signed. The instructions are as follows:

imultn r8,r9 ; compute the first product, into the result
imacn r10,rll ; second product, added tc first

imacn ri2,rl3 ; third product, accumulated in result
resmac r2 ; sum of products is written.ke.r2

MAC instructions may only be followed by further MAC instructions or b
other combinations are permitted.

-ipstruction. No

The GPU contains a mechanism for performing integer matri
obtainable from the hardware multiplier, which is one multiply p
designed in particular for the matrix multiplies required by the D
technique for this involves performing two 8x8 integer matrix J
same fixed coefficients, but rotated for the second multiply. i
s a sequence of betwee: e and fifteen
nding to one product te mf the result matrix.
te. other in local RAM. The matrix held in
ght-by-eight matrix to be stored in

The GPU therefore has a MMULT instruction, whi
multiply/accumulate instructions, as described ah
One of the source matrices is held in the secon
registers is packed, i.e. two elements per regist
the secondary register bank, and is the raison d'

‘registé'r bank;
his allows all

A matrix multiply is initiated by the MMULT inst
which is always in the secondary regist , containitg

The matrix held in RAM may be
the data for each successive multip!

Like interrupts, the systolic operatidﬁ s perfofméd by forcing
instruction stream. The,first instruction is IMULTN, the middll
odified in the manner described above

ys-unsigned division, taking as operands 32-bit divisor and dividend, giving a 32-bit
r. The quotient is the result of the divide instruction, and replaces the dividend
des are performed at the rate of two bits per tick, so that the complete divide
&. The divide instruction has no effect on the flags.

tion attempts to read:the quotient or start another divide operation while the divide unit is
ss.will be inserted:until the divide unit has completed.

dfter the divide has completed, this value in this register may either be

The remainder register m
the actual remainder, or negative, in which case it contains the remainder

positive, in which case it c
minus the divisor.

Divides may also be performed on unsigned 16.16 bit values, by setting the offset control flag in the divide
control register. The quotient is then also an unsigned 16.16 bit value.
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The GPU contains a register file of sixty-four thirty-two bit registers. All of them may be used as general

purpose registers, although some are also assigned special functions.

ays used as such. Where
ere are two banks

All instructions contain two five-bit register operand fields, although they are not
an instruction references a register, this five-bit field is turned into the regis
of these 32-bit registers, primary and secondary. The primary register bank hank 0, is alw
interrupt service. This is forced by the IMASK bit, when it is set selection ¢f:#ank 0 is force
clear REGPAGE is obeyed. '

Bank select bits are provided in the flags register, and special MOVE instructi
between banks.

The GPU internal address space is accessible to an external bus Master at any
the highest priority on the GPU local bus. This means that the Blitter may be usedte
RAM.

The local address space is accessible for read or:
these locations are presented as sixteen bit memd
order low address then high address.

external access having
jad data into the local

b5 given elsewhere in this document, and
‘e accessed as long words in the

are also availablé:as thirty-two bit memory, at
d¥ess, the internal:memory is write only. The
ime

To allow faster transfers into the GPU space, all the re;
an offset of 8000 hex from their normak: diesses. At thist
68000 may not access this memory,; ta 16-b

:then phrase sfers may be performed, as the
it the width of the memory being addressed.

If the Blitter is being used to write the GPU sp
bus control mechanism will automal ally divide 8

aglng up (o 32 CRY pixels. The unpack operation
nibble up 5 bits, and the higher colour nibble up

unpack
pack
Register containing unpacked pixel

There are five unused bits above each field in an unpacked pixel, allowing up to 32 unpacked pixels to be
added together. If a power of two unpacked pixel values are added, then a shift can be used to re-align them
prior to packing the average value.

The pack and unpack in
leaves the intensity value
10 bits. The pack operatios

s provide a means {0

Colour fieid: olour field 2 Intensity field
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The bits that do not contain packed or unpacked pixel data are always set to zero.

This is useful for anti-aliasing and scaling effects.

This section describes
write only.

—

All GPU registers are 32-bit, and will require all 32 bits to be writte.,.

Equate(s)
ZERO FLAG

the internal registers of the Graphics processor. No

these are read or

CARRY FLAG

NEGA_FLAG

IMASK

4-8

G_CPUENA
G_JERENA
G_PITENA
G_OPENA
G_BLITENA,

:for interrupts0<4i"The status of these bits is
.meaning of these bits are:

2 Timing Generator
3 Object Processor

9-13

G_CPUCL

G_PITCLR

Switches from register bank 0 to register bank 1. This function is

i overridden by the IMASK fla
Whea-PMAEN Gcca D

g, which forces register bank 0 to be used.
SAD e E'.-.-., ‘.:::u POOHR

This bit must not be set due to a bug in the Jaguar Console.
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WARNING — writing a value to the flag bits and making use of those flag bits in the following instruction
will not work properly due to pipe-lining effects. If it is necessary to use flags set by a STORE instruction,
then ensure that at least two other instructions lie between the STORE and the flags dependent instruction. If
it is necessary to use flags set by an indexed STORE instruction, then ensure that at least four other
instructions lie between the STORE and the flags dependent instruction. ‘

Bits

Equate(s) Description
Matrix width, in the range 3 to 15
When set, this control bit maké:the matrix held i

down one column, as opposed:{g:along one row.

Bits Equate(s)

% {f its current contents are

Equate(s) Description
BIG_IO When this bit is set, 32-bit ré
i.e. the more significant 16-b#
When this bit is sef:the pixé
Isewhere in this decHmgRL

en this bit is set the order of word program fetches is big-endian.

ers in the CPU I/O space are big-endian,
appear at the lower address.
srganisation is big-endian. See the discussion

1 | BIG_PIX

2 | BIG_INST

» be written whenever the GPU is idle (GPUGO is clear). This is normally used
y execution will start when the GPUGO bit is set.

at any time, and will give the address of the instruction currently
ust be performed by the MOVE PC,Ra instruction, and not by

performing a load f

The GPU program counter i ways be written to before setting the GPUGO control bit. When the
GPUGO bit is cleared, the program counter value will be corrupted, as at this point the pre-fetch queue is
discarded.
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This register governs the interface between the CPU and the GPU.

Equate(s)

Description
This bit stops and starts the .

register at any time. The status of this bi
externally configured. :

Writing a 1 to this bit causes the GPU
need for any acknowledge, and fo need:
zero has no effect. A value of zero is alw’

FORCEINTO

Writing a 1 to this bit causes a GPU interruf)tz,
any acknowledge, and no negd fo clear the bit to
no effect. A value of zero is‘always read.

SINGLE_STEP

When this bit is set GPU singlesste )
program execution will pa ¢
command is issued.
The read status of this flag, SINGLE_STOP, i
has actually Stopp d:should be polled befo
step commagitl; A 5
command. i

is enabled. This mcans* at
fistruction, until 2 SINGLE_GO
icates whether the GPU

quing a further single
“the GPU is awaiting a SEBNGLE_GO

SINGLE_GO

Al

Writing a ori¢ 16:this bit advances
when executio aused in single-s
iting a zero, Wili

ave any €

G_CPULAT
G_JERLAT
G_PITLAT
G_OPLAT

G_BLITLA]

fice routing;

0 CPU Interrupt.

m execution by one instruction
de. Neither writing to this bit
ffect. Zero is always

Writing to these bits has nd effect. The meaning of these bits are:

Fhis bit should not be set in the Jaguar Console.

e:
1 Pre-production test silicon
2 First production release

GPU.
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This 32-bit register provides the high part of GPU phrase reads and writes. It is physically a single register,
and therefore a phrase read followed by a phrase write will write back the same hjgh data unless this register

is modified.

This 32-bit register contains a value from which the remainder after a division
section on the Divide Unit.

Bit Equate(s)
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This section describes the Jaguar Blitter.

Blitter is an abbreviation for bit block processor. It purpose is to process, b '
or pixels. These blocks may be one contiguous piece, or they may be sub-b
larger pixel array.

The Blitter may also be seen as a hardware engine designed fo ting and moving P4
possible - it performs a variety of graphics operations at a rate Ii jargely by the mem
is used as an aid to the GPU, allowing 2 GPU program 10 procegs:# ghi-ley:

Blitter, in parallel, performs the low-level repetitive pixel-by-piX i oper

Athi:a polygon, while the

For example, the GPU might calculate the co-ordinat
' ¥ pitributes, and

Blitter draws the strips of pixels. Alternatively, t]

« simple memory cbpies
« copies and fills of rectangles withi
o line-drawing

«  image rotation and scaling

« single-scans of polygons fills

Gouraud shading

Z-buffering.

The Blitter can operate é 8, 16 or 32 bit pagk , with considerable flexibility with regard to the

memory layout.

to generate Gouraud shaded polygons, using Z-buffering, in
i Blitter is devoted to its ability to create these pixels four at a

The tour de force of theBlitter is its'aD
sixteen bit pixel mode. A lot of the logic¢:
time, and:f¢ e a rate limited only'b¥ ik bus bandwidth, using the GPU to calculate the Z and

and stop pixelsona {ine-by-line basis. This will give the system the ability to
<:3D.graphics.

by settiag:up a description of the required operation in its registers. These are

accessible in the system m#ip, and so may be set by the GPU or by an external processor.

The registers control the three functional blocks that make up the Blitter, the address generator, data path, and
control logic. Each of these is described in the sections that follow.

The descriptions that follow give a fairly dry account of how the Blitter works. These are useful for reference,
but for an introduction to how to use the Blitter use the examples further on.
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The Blitter architecture is summarised in the Figure below:

Graphics Processor Data Bus Address

Address

Command
Registers

Controlling
State Machines

Address

Counters
Adders

S

[ Co-processor
| Data Out

Co-processor Data In

V1

Intensity or Z
Adders

inerates an address withizz window of pixels. A window is a packed array of pixels
ihe data associated with an Object Processor object. A window is described by
is set up for the Blitter start position, and is

oinger into this window
ddress. The ability to program the address generator in pixel address

ther registers contain specific values to allow considerable flexibility in
ilitter operations.
The Blitter has two address gefierd ion units, used for the source and destination addresses of copy operations,
etc. The two address generators are called A1 and A2. Al is normally the destination address register and A2
the source, although these roles may be reversed. Al is more sophisticated in its address generation

capabilities than A2.

June 7, 1995
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The address register block looks like this:

Al_BASE F02200 Al base address
Al_FLAGS F02204 A1l control flags
Al_CLIP F02208 Al clipping size

Al _PIXEL F0220C Al pixel pointer
Al_STEP F02210 Al step integer part

Al _FSTEP F02214 A1l step fractional part
Al FPIXEL | F02218 Al pixel pointer fraction
Al_INC F0221C Al increment integer part
Al _FINC F02220 Al increment fractional pa
A2 BASE F02224 ' A2 base address

A2 FLAGS F02228 A2 control flags

A2 MASK F0222C A2 address

A2 PIXEL F02230 A2 pixel

A2 STEP F(02234

window. A window is a rectangle of
s described by a base register, and
e size of those pixels, their physical layout in

memory, and various aspects of how't

ted from a pixel pointer. This has an X and Y value, and again is in pixels. The

The address itself is gen
side the window, an hardware clipping of addresses outside the

pointer may point to are
window.

é¢s are sixteen bit values. ' Howeyer, the address generation mechanism will only generate
yes in the range 0-4095:1.e. it treats Y values as 12-bit unsigned values. The higher
is treated as an unsigned 16-bit value, but only values from 0-32767 are valid in

dow width from a very simple six-bit floating-point format. The width
r.bit:upsigned expong f, and a three bit mantissa, whose top bit is implicit, and which has the
point after the im i¢it top bit. Thi milar to a cut down version of the IEEE single precision format
without the sign bit. It'mest gi ihole number of phrases in the current pixel size. Valid exponent values
are in the range 0-11. '

For example, a window width of 640 is 1010000000 binary, i.e. 1.01 x 2"9. Therefore the mantissa takes the
value 01 (implicit top bit), and the exponent 1001. The width is therefore 1001 01 in binary.

Note that there is a window bounds clipping mechanism for the Al pointer, which treats the X and Y as
signed sixteen bit values. This is described elsewhere.
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Both Blitter address generators can update their poin
Along a scan line, the pointer may be updated either
on how the Blitter is currently operating. Refer to the Data

At the end of a scan line, the pointer is updated by a step value, which is the di
he block, then step to the nex

the next scan line. This action of scan across t
inner and outer control loops, the inner loop traversing a scan line, and th
Thus the inner loop length is the biock width, and the outer 1oop length th

both address registers have certain special modes

ters so that they describe a raster scan over a rectangle.
by one pixel or to the next phrase boundary, depending
Path section for further details.

z_md Y to the start of
by the Blitter's

In addition to these modes,

A2 may have a Boolean mask applied to its pointer. This is logit
pointers may not exceed the bounds of a rectangle, whose side$
intended to repeat a source texture or pattern Over

brick pattern
ye produces successive

Differential Anal:
parts, and is used in

both of which have integer and

Al supports address updates based on a Digital
address by adding an increment to the pointers,
particular for line-drawing and rotating images.
integer parts and sixteen bit fractional

The pointer and increment of Al, in both X and
ger and fractional parts.

parts. The step value used on the outer loop add

gsed to process entire phrases at
irty-two bits wide, and are

The Blitter has a sixty-four bit dat :
once, or one pixel at a time. Pixel
always stored in a packed manner

Data registers are:

B_SRCD iisity fractional parts
B_DSTD

B_DSTZ

B_SRCZ1 e 71, or computed Z integer parts
B_SRCZ2 . % ar.computed Z fractional parts

Pattern data, 6r computed intensity integer parts

A Intensity increment

arbittary alignment of the source and destination data is allowed, and the

estination data when required.

When transferring phrases the source and destination address pointers do not need to be aligned to the same
point in a phrase, the Blitter will automatically align the source to the destination, but only for pixels of eight
bits or larger. If two source phrases must be read before 2 destination phrase can be written, then the
SRCENX flag must be set to ensure that enough source data is fetched for the blit to operate correctly.

Blitter aligns the source t0'm3
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There are therefore two source data registers, to provide current source and previous source for alignment.
There is also a destination data register, which can be logically combined with the source, and is also used to
restore the destination data area when only parts of it are updated.

There is a parallel mechanism for Z data, used for Z-buffering. This allows the depth of the data about to be
written to be compared with the depth of the data already present on the screen, and the write of the new data
inhibited if the data already present has a higher priority. This applies to sixte: pixel mode only.

There are therefore two source Z registers and a destination Z register.

Write data may come from:
* the pattern data register

* the logic function unit

* computed Gouraud shaded data

The default is the LFU output. The ADDDSEL fla
register, and GOURD selects computed data.

Write Z may come from
* source Z
* computed Z

The GOURZ flag selects computed

destination data. If a mode is
ering, then a pre-read of the
sizes of less than eight bits.

d for bit to pixel expansion, and selects a bit or group of bits from the
r which is cleared every time the inner loop is entered. The bit is
vritten at the current location.

-bi ;éi’xel mode to compare the 16-bit un-signed integer Z
n the screen, the destination Z, with that about to be written, the source Z, and to
ion if the pixel on the screen has a higher priority.

15 i8. used to provide a means to make block copies with transparent colours,
elp with flood fill by performing searches. It compares pixel values in either 8 or 16-bit pixel
he source data register with the pattern data register, but it may also

¥ the pattern data.

modes
compare dest

The comparators may be uséd o achieve three effects:

. When painting pixels one at a time a comparator output can be used to inhibit the write of a pixel,
leaving the previous value unchanged.
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. When painting pixels a phrase at a time, the comparator outputs can force destination data to be
written back. If this has been previously read then the data will be left unchanged, if not then a
background colour can be used, stored in the destination data register

. The action of the Blitter can be stopped altogether. This may be used for collision detection,
searching, etc.

Note that the bit comparator can only produce a mask to operate over an enti in:8-bit pixel mode.

The Blitter accesses memory through the 64-bit co-processor bus, and takes fu
high-speed of this bus. The Blitter will normally cycle this bus at a rate limited on
external memory, although there is a one-tick overhead when tuf#

All external memory is viewed by the Blitter as being phrase wid
memory controller expands the transfer into the appropriate numb

The Blitter requests the bus at the start of an operation, and will 116t stop requestingiig until the entire
operation is complete. As described elsewhere, higher priority bus masters can req ind be granted the bus
during a Blitter operation, and this will suspend Blitf jon_until the higher priority:dpération has
released the bus.
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r. The data registers may only

The following is a list of all the externally accessible locations within the Blitte
be written to while the Blitter is idle.

All address registers are 32-bits unless otherwise indicated.

32-bit register containing a pointer to the base of the window p
aligned.

Bits Equate(s)

e used to provide alternate
r Z data, and for other control

of this value, with one special
: ata phrases are contiguous, 1
:gaps, 2 means 3 phrase gaps; but 3 means 2
H clhimay be especially useful for double-buffered
Z-butfer display§ it allows two phrases of pixels to each phrase
of Z-buffer data - there is no need to double buffer the Z data..

This value gives the offset from a phrase of pixel data of its
corresponding Z data in phrases. Values of 0 and 7 are not used.

June 7, 1995
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height an unis}

The window ongig

when the pointer values

the desired clip rectangle
should be modified to make it t

;oontains the siz:
founds no write is perf
d fifteen bit value's

1s, and is optionally used for clipping writes, so that if the pointer leaves
iérmed. The width is an unsigned fifteen bit value in the low word, the
e high word. The top bit of each word is ignored.
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9-14 | See Desc. Width This width is distinct from the width in pixels stored in the
window register, and is the width used for address generation.
The width is a six-bit floating point value in pixels, with 2 four bit
unsigned exponent, and a three bit mantissa, whose top bit is
implicit, and which has the point after the implicit top bit. This is
similar to the IEEE single precision format without the sign bit. It
must give a whole number of ph 68 i irzent pixel size. The
following is a list of valid widthiequates: -
WwiID2
WwID4
WID6
WID8
WID10
WwID12
WID14 WID2560
WID16 WED96 WID3072
WID20 WwID112  WID WID3584
i) WID128
15 unused
16-17 | See Desc. X add ctrl.
undary (sets phrase mode)
1 size, effectively add one.
fdthe increment
18 | See Desc. w the Y pointer is updated within the inner
by the X control bits if they are in add
increment mode.
YADDO (0) Add zero
Add one
19 | XSIGNSUB This bit M3} in conjunction with the X add pixel size mode
to make the operation subtract pixel size. It should not be set with
: ther modes.
20 | YSIGNSUB | Y sign fakes the Y add one mode into Y subtract one.

op left hand corner of the window, and so clipping is performed
t when the pointer values are greater than or equal to these values. If

ot have its top left corner at the window origin, then the window base register
he top left corner of the clip rectangle.
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This register contains the X (low word) and Y (high word) pointers onto the window, and are the location
where the next pixel will be written. They are sixteen-bit signed values. If X and Y values go out of range
positively then they will advance through memory (X will wrap onto the next line, Y will go off the end of the
window). Only X values in the range 0-32767 and Y values in the range 0-4095 itk produce valid addresses

from the address generator, values outside this range are for clipping purpg i

The step register contains two signed sixteen bit values, which are the X step (63
word). These may be added to the X and Y pointer on each pass.round the outer

the inner loop.

When calculating the step value for phrase-mode blits, note tha
of the first phrase not written by the blit.-

Al pointer in the same manner as the

The step fraction register may be added to the i
scaled or rotated image.

step value. This is used when Al is being used’]

This register contains the fraction

address generator, for line-drawigg;:etc. The X id the Y part in the high word.

The increment is added; {0 the pointer value within the inner loop'when the address update is in add increment
mode. This register co he two 16 bit signed integ of the increment, the X part is in the low
word, the Y part in the '

This is

taining a pointerigithe base of the window pointed to by A2. This address must be phrase

aligned.
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A set of flags controlling various aspects of the A2 window and how addresses are updated.

3 ame e oi{le
0-1 | Pitch As Al.
2 unused
3-5 | Pixelsize  |AsAl
6-8 | Z offset As Al
9-14 | Width As Al. .
15 | Mask T Enables Boolean AND masking of the A2 pomter by
16-17 | X add ctrl. These control the update of the X pomter on each pass the inner loop.:
Values are:
ndary)

00 - Add phrase width (truncate to ph

01 - Add pixel size (effectively add oné
10 - Add zero
18 | Y addctrl. This bit controls how the Y pointer is'iy
0 - Add zero
1 - Add one .
19 X sign This bit may be set in
operation subtract pixelsize. It shoul C
20 Y sign Makes the Y add one £ intoY subtract

This register is used as the window.
register when the Mask flag is set.:
to give fill patterns.

y word) and Y (high:Wi onto the window, and are the location
5, They are sixteenbi giptied values. If X and Y values go out of range
igh memory (X will wrap onto the next line, Y will go off the end of the
and Y values in the range 0-4095 will produce valid addresses

range are for clipping purposes only.

This register contains the:
where the next pixel will
positively then they will ;
window). Only X value$in the range
erator, values outsid

g sixteen bit values, which are the X step (low word) and Y step (high
#ad Y pointer on each pass round the outer loop, between passes through

- <e-mode blits, note that the X pointer will be left pointing at the start
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This register describes the operation of the Blitter. A write to this register igi
should be written to last when setting up a Blitter command. Control bits g

Bit

Name

_Pescription
Bits 0-5 enable corresponding memory cycles within the inner loop. Desti
performed (subject to comparator control), but all other cycle types are optiongd

peration, so it

is a one-tick overhead per update. '

0 SRCEN Enables a source data read as part of the inner loop op Hon.
1 SRCENZ Enables a source Z read as part of the:;
unless SRCEN is set.
2 SRCENX Enables an "extra" source data read
necessary where data has to be re-aligr
bit-to-pixel expansion. If SRCENZ is set an extra 2%
3 DSTEN Enables a destination dat _part of inner loop opérd of: 7|
be performed for pixek 8 bits, where part of the'dex
write will need to resfore the data thai:was. previously there. '
4 | DSTENZ Enables a destinatiof t
5 DSTWRZ Enables a destination’ 1
6 CLIP_A1l Enables clipping w 1:pointer lies outsideiits window boundaries. This has
the effect of nlithi ' nner loop, but Blitter
7 _
Bits 8-10 enable address updates wiiki

8 UPDAI1F
9 UPDAI1
10 UPDA2
11 Reverses the -no
| as source to A2 as déstiration and Al as source.
12 . Fnable Gouraud shaded data updates within inner loop, i.e. the intensity gradient

actional part, repeated four times, is added to the computed intensity fraction
register (a.k.a. destination data), then the intensity gradient integer part is added
) from the previous add to the computed intensity value register

(a.k.a. patigin data).

ZBUFF

13 on Z data updates within the inner loop, i.e. add Z fractions to the Z
register (source Z 2), then add with carry the Z integer part to the Z
gers (source Z 1).

14 | TOPBEN Enable carry into the top byte of the intensity integers in Gouraud data updates
(leave clear for CRY mode).

15 TOPNEN Enable carry into the top nibble of the intensity integers in Gouraud data updates
(leave clear for CRY mode).
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Bits 16-17 select alternative write data - the default source is the Logic Function Unit, whose output is
controlled by the LFUFUNC bits.

16

PATDSEL

Select pattern data as the write data.

17

ADDDSEL

Selects the sum of source and destination data as the write data. Note that the
source data is a signed offset. Leave TOPBEN and TOPNEN clear and the source
data gives three signed offsets for each of the CRY figlds;.and the intensity value
will saturate. Set TOPBEN and TOPNEN and sixtEesn bit St

performed. This can be used to lighten and darkeq:images. THis!
bit per pixel modes.

18-20

ZMODE

These bits give the conditions under which the Z
Setting them all to zero disables the Z comparator. !
per pixel mode.

bit 0 - source less than destination
bit 1 - source equal to destination
bit 2 - source greater than destination

21-24

25

CMPDST

26

er whole phrases only on 8-bit pixels. When operating in
pixel mode then th& e ;_does not occur unless BKGWREN is set, but in phrase
ode destination datz'is:zlways written when the comparator determines that the

i OV

oy

27

1 should not be written.
-write inhibit on the output from the data comparator. This only applies to
6-bit per pixel modes. When operating in pixel mode then the write
r unless BKGWREN is set, but in phrase mode destination data is
when the comparator determines that the pixel should not be

28

BKGWREN

; tite inhibit occurs, this flag enables the Blitter to still perform the write,
but to write back destination data. This only applies to pixel mode, in phrase mode
destination data is always written.
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This bit should not be used due to a bug in the Jagu;
30 | SRCSHADE | This bit uses the 1INC register to modify the in

_ | address, and may be used to lighten or darken
conjunction with GOURZ, but not GOURD. T
modified, so source data should be selected us
is particularly intended for performing flat shading9

Description

IDLE When set, the blitter is completely idle'4n

completed. '

1 STOPPED When set, the bligtéE s ed in its collision détaction mode - see the
collision congf

2 inner IDLE Diagnostic only.

3 inner SREADX Diagnostic oal{:

4 inner SZREADX Diagnostic onl:

5 inner SREAD only.

6 inner SZREAD :

7 inner DREAD

8 inner DZREAD

9 inner DWRITE ag

10 | inner DZWRITE ‘THugnostic- oAl

11 | outer IDLE Diagnostic only.

12 outer INNER::. Diagnostic only.

13 | outer AIFUPBAT Diagnostic only:

14 | outer A1IUPD Diagnostic only.™

15 outer A2UPDA! i Diagnostic only.

16-31 | inner count Diggnsstic only.

terations of the inner loop operation. This is a sixteen bit value which reloads
to the inner loop.

The high word i _ ons of the outer loop. This is a sixteen bit value which is loaded directly

The counters both @6 ::_c:range 1 to 65536 (encoded as 0).
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All data registers are sixty-four bits, unless otherwise noted.

The source data may be pre-loaded with data for bit-to-byte expansion. The §ter also.serves to

hold the four sixteen bit fractional parts of intensity when computing Gour

ad in the inner’

ch may be ei i
5r.it may be used to’

This 64-bit register holds the destination data - whi
unmodified pixels to be written back correctly when in phrase-ma

paper colours, if it is not read.

f the intensity increment used for Gouraud
and should therefore normally be left set to

eger and fractional parts of the Z increment used for computed Z

This thirty-two bit'se
polygon drawing.

June 7, 1995
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This registers allows the Blitter to be stopped when an inner loop write inhibit occurs. Blitter stop will occur
in painting in pixel-by-pixel mode (X add control is 1), BKGWREN is clear, and one of BCOMPEN,
DCOMPEN or ZMODEO-2 is set, along with the matching condition.

The Blitter operation may at that point be resumed or aborted.

Bit Name Description
RESUME Writing a one to this bit when the Blitter has ‘
will cause the Blitter to resume operations. Writ
1 ABORT Writing 2 one to this bit when the Blitter has stoﬁ"

Writing a zero has no effect.
2 STOPEN Set this bit to enable Blitter collision’

Clear it to disabletk

These four registers provide an alternate view o
computed intensity fractional parts (source data) r
intensity values for Gouraud shadin
unused, that modifies the correspo;
Note that the colour fields in the p

These registers are analogous to't
corresponding parts of the comput
They are 32 bit.values (16.16 bit numbers}:

’ :nsny registers, and are for Z buffer operation. They affect the
er (source Z1) and computed Z fraction (source Z2) registers.
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This section discusses some of the typical modes of operation of the Blitter. It is by no means a complete
guide to all possible modes, but will show how to do certain common operations. This is the best way to learn

how to use the Blitter.

Throughout this section, flags in flags registers that are not mentioned shoul t to zero. Registers

that are not mentioned need not be set up.

to.another. The B

The simplest of all Blitter operations is a block move, copying one area of memo
ferring da

will perform this operation one phrase at a time, and it is therefoi ery rapid way of

the destination a ‘the Al
s¢: tounded down to a phrase

to the X pointer. The Y

The source address of the data should be stored in the A2 base re
base register. If these are not phrase aligned addresses then they §
boundary, and the offset (in the pixel size set) from the phrase béoundary written:i
pointer should be set to zero. '

The length of the block should be stored in the innefox
the largest block that can be copied is 32767 pixglsiwhere
blocks it is usually easier to work in bytes. The futer counter shotil

The Blitter needs to be told how to update the poi
are set to zero to indicate phrase mode in both addri

Rectangle moves are ve
of a block operation. Th

sstored in memor finear array of phrases. This will usually be the
Alitter has to know the width of this window of pixels. As an address in
X pointer plus the width times the Y pointer; a multiply operation
_need for a hardware multiplier in the Blitter address

A two-dimensional arra ¢
data field of a bit-mappei:ébject. Th
the window, in pixel terms, is given byl
te the address. To a

Od Q-PO OGed
: 1.01x2%4 010001
80 000001010000 1.01x2%6 011001
128 000010000000 1.00 x 2*7 0111 00
640 001010000000 1.01x2"9 1001 01
3584 111000000000 1.11x2"11 1011 11
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The largest width value allowed is the last value one in this table - the smallest width is one phrase in the
current pixel size. The width must always be a whole number of phrases in the current pixel size.

Rectangles are blitted like a raster scan, i.e. a line of pixels is transferred, then the pointer advances one line
and transfers the next scan line of the rectangle. This jump from the end of one line to the start of the next is
given by the step value. If pixels are being transferred one at a time, then the s lue for X is the window
width minus the rectangle width. If pixels are being transferred one phrase f tlien the X pointer is left
pointing at the start of the next phrase after the end of the block, and so )
accordingly.

Character pamtmg is a pamcular example of a class of operatlons requiring bu‘- :
"""" ound patterns, simple te

sed as a bit mask. its are extracted from

When bit to pixel expansion is being performe;
ed in the currently selected output data

the source data and if they are set then the corresp

This allows character painting to paint the characte
destmanon data i is read) or w1th anothescalour writt

Character painting can be perfors dés, and can also be performed one

phrase at a time in eight and sixte

The bit selection counter is reset evéry:-time theiinner loop isdeft; so bit packed data patterns may be up to

eight pixels wide.

urce image, with the increment integer and fraction set up to describe a
anslated bounding rectangle. The step and fraction parts then translate

it to the start of ¢ _

. Clipping is generated when Al is outside the bounds of the source image, so that writes at A2 will
only be enables when Al lies within the bounds of the source image, clipping the rotated form
correctly.

Consider as an example, a 12 pixel square image starting at (10,10) in a window. We would like to rotate this
image clockwise by 30 degrees, make it larger by a factor of 1.3, and move it across by 30 pixels.
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First it is necessary to transpose the square's co-ordinates into the target co-ordinate system. The basic
program below shows how to do this:

100 deg30 = .523598775

110 PRINT "Co-ordinates? "
120 INPUT xi, yi

130 x = xi - 16

= yi - 16

140 y

150 xs = (x * COS(deg30)) - (y * SIN{(deg30})
160 ys = (x * SIN(deg30)) + (y * COS(deg30))
170 x = xs * 1.3

180 vy = ys * 1.3

190 x = x + 46

200 y = y + 16

210 PRINT "Translated: ", INT(x + .5), INT(y + .5)
This translates the vertices of the square as follows:

(10,10) -> {43,5)
(21,10) -> (56,12)
(21,21) -> (48,25)
(10,21) -> (36,18)

The bounding box is therefore from X = 36 to 56, an 25. The vertices of then translated

back to the source co-ordinate system, as shown b:
100 degm30 = -.523598775
110 PRINT "Co-ordinates? "
120 INPUT xi, yi

130 x = xi - 46
140 vy = yi - 16
150 x = x / 1.3
160 y =y / 1.3
170 xs = (x * COS(d
180 vs = (x * SIN(d

190 x = xs + 16
200 y = ys + 16

210 PRINT "Reverse *ranslated i5), INT(y + .5)

(36,5) —>
(56,5) —>
(56,25) -

AR

{36,25)

:ormal, and some suitable illumination model. The vertex intensity is
olygon edges, and the edge intensities are linearly interpolated across

intensity at each verts
then linearly interpolatex
the polygon scan lines.

Gouraud shading is only an approximation to the appearance of the curved surface, and may appear unnatural
where there are large intensity changes across single polygons. However, it is much more attractive than not
graduating the shading at all. Better shading can be achieved with Phong shading, where the normals are
interpolated, but this is much more computationally intensive, and is not feasible within the Blitter.
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Z-buffering involves attaching a Z value attribute to each pixel, which corresponds to how far away it is from
the observer. When pixels are drawn on the screen, their Z values can be compared with the Z of the pixels
already there, and the existing data preserved if closer to the observer. Z-buffering therefore provides a simple
means of achieving hidden surface removal.

The Blitter can perform Gouraud shading and Z-buffering in sixteen bit pixel mode only. Each blit creates one
scan line of a polygon, with the graphics processor responsible for re-calculat i §tart, length and gradient
parameters for each scan line. Four pixels and their associated Z values c
memory interface can write them out, O the bus rate is always the limiting:factor.

To calculate the Z and intensity values, the Blitter contains registers which:
a sixteen bit integer and sixteen bit fractional part. The intensity integer als
intensity is prevented from overflowing into the colour information. The TOP
this overflow, if desired.

There are four of these thirty-two bit values for intensity, and fo
in parallel. There are also thirty-two bit Z and intensity incremente
each pixel for each write.

hich give the anéount added to

At each pass round the inner loop; the sixteen-bit fractional part of the intensity i nt is added to the
fractional parts of the intensity values, held in th aregister. Then the eight:liifinteger part of the
intensity is added with carry out of the fractional ser pixel values in the patern data register.
Carry is prevented from propagating from int ar mechanism governs Z.

Both the intensity and the Z values saturate. Thi
are clipped there, rather than wrapping round. For€
FFEF, not the overflow result 0000. ;

To take an example, consider blittig :
command registers would be proggan JEit) ' stersineed not be written).

A1 BASE 0x01600000 dress

Al PITCH 1 pixel data and ata alternate

Al PSIZE 16-bit pixels

Al ZOFFS se up from pixel data
Al WIDTH 1.01 x 274 = 0100 01
A1 ADDC { ¢ 'to address

Al WIN_X Window width

Al WIN Y indow height

Bl PTR X 7 pixel at address 0,1

Al PTR Y

A assuming the first pixelh s an intensity of C7.2833, and a colour of 00. The intensity
gradien ‘The values for the first four pixels have to be set up (the left-most is actually off
sity gradient is subtracted from it). Similarly, the Z of the first pixel is

Intensity integer parts and colour data
Intensity fractions
71 Z integer parts
1 002 2z fractional parts
I Inc FFA9B6 tensity increment (four times minus 15.9265)
Z Inc 9F9F8004 7 increment {(four times minus 1818.FFFF)

Pattern
Source
Source 21
Source 22

}oDCO0CT00B100!

Control information is set up as follows:

Inner count 18 Strip width

Outer count 1 Single pixel high strip

DSTEN 1 Read destination data, to restore if necessary
DSTENZ 1 . Read destination Z, to compare with computed Z
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DSTWRZ 1 Write destination Z, restoring or replacing
‘ CLIP_Al 1 Clip within window
i GOURD 1 Gouraud data computation enabled
|| GOURZ 1 72 buffer data computation enabled
s PATDSEL 1 Write pattern datza
:E ZMODE 3 Overwrite existing data if the new 2 value is

greater than or equal to the existing 2 13

e

‘ The numbers here are pretty arbitrary, but they show the general idea.
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+ A second RISC processor (DSP) principally intended for sound
synthesis.

+ Frequency dividers for clock synthesis.

» Two programmable timers.

+ Stereo PWM DAC (requires few external components).

+  Synchronous serial interface and baud rate generator (12S).

+  Asynchronous serial interface and baud rate generator (Ca

+ Joystick interface decodes

+ Six general purpose 10 decodes

+ Two DMA channels (by way of DSP interrupts).

Jerry occupies a 64K byte slot in Jaguar's address space. It appears as a 16
however is a 32 bit processor so all transfers to the re done in pairs.

.(as does all 10). The DSP

Jerry is responsible for the synthesis of three im

Chroma clock, This is 4.43 MHz for PAL 2

58 MHz for NTS¢} and should have a 50% duty

Video clock. i nulti : which 1s gypléally between 6 MHz and 12

ry interface, the graphics processor, the
§'processor. This clock is divided by two to

Processor clock.

Three registers controf‘the clockv.logm rry. The ratio between the video clock and the pixel clock is

determined by TOM.

frequency will be
(N + 1) * CHRDIV

where N is the value written to this register. This register is initialised to one on reset. The PCLKDIV output
produces a pulse every N + 1 PCLKOSC cycles.
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This register is only used if the processor clock is generated by PLL. This ten bit register determines the
frequency ratio between the video clock (VCLK) and the video clock divider output (VCLKDIV). As before
in PLL clock synthesis VCLKDIV is typically locked to CHRDIV so the videa glog quency will be

(N + 1) * CHRDIV

where N is the value written to this register. This register is initialised to
produces a pulse every N + 1 VCLK cycles.

This six bit register determines the frequency ratio between the
the chroma clock divider output (CHRDIV). The divider divides;

a0
flie chrom .
where N is the value written to the register. The CHRDIV output has a 50% “eycle. This register is
initialised to 3Fh (divide by 64) on reset.

reset (output disabled).

Where PLL synthesis is used this register is typiCagy: . ides the lowest reference
frequency for generating PCLK and VCLK. i ‘

used as the video clock. This regi
on the CHRDIV pin and bit 15 is

Jerry contains two identi
the pre-scaler) divides th
N and M are the values

division in the range fou

id-stage divides this frequency by M+1, where
s therefore possible to achieve frequency

is used to generate the sample rate frequency for sound synthesis and that timer
empo frequency. The timers may however be used for other purposes. It
associated registers presets the counters SO they could be used to provide
elays. Also the régi fers are readable which can be used to measure time accurately. This
ofile code or to help measure the time between joystick events.

he timers. The read addresses are different to the write addresses.

The pre-scalers divide the processor clock by N + 1 where N is the 16 bit value written to them. The pre-
scalers are down counters which are loaded when the register is written and when they reach zero. They are
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y the DSP to measure short events with

readable, this is really for chip test purposes, but they might be used b
precision.

These dividers divide the output from the corresponding pre-scalers by N

written to them. The dividers, like the pre-scalers, are down counters whu:: are loaded W

written and when they reach zero.

When they reach zero they may interrupt either of the DSP or the CPU. The

maskable.

There are six interrupt sources which may interrupt the externa:
follows:

« External

« DSP

« Timers

* Sync. The synchronous sena

+ UART The asynchronous serial i

J_EXTENA
J_DSPENA
J_TIMIENA
J_TIM2ENA

'wo (tempo) interrupts.
ous Serial Interface interrupts.
Enable Synchronistis Serial Interface interrupts.

‘Clear pending external interrupts.

J_TIM2CLR Cleat pending Timer Two (Tempo) interrupts.
J_ ASYNCLR 1 “Clédr pending Asynchronous Serial Interface interrupts.
J_SYNCLR 13 | Clear pending Synchronous Serial Interface interrupts.

5 indicate which interrupts are ,

o 13 clear pending interrupts from the corresponding interrupt source.

Bits O to 5 enable the individual interrupt sources. When read bits 0 to
pending. Bits 8 t
© 1992-95 Atari Corp. Confidential Information i o, ¥ Property of Atari Corporation
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The synchronous serial interface is controlled by seven registers. These are all within the local address space

of the DSP, and so may be accessed by the DSP without any external bus overhead. Other processors may

access them at these addresses. All transfers to them should be 32-bit, but the registers themselves are only

16-bit.

This eight bit register determines the frequency of the internally generated s
given by:
Serial Clock Frequency = System Clock Frequency / (2

{N+1))

where N is the number written to this register.

Description
INTERNAL When set thisiit enables’

RESERVED Set to zero.

fobe pulses. When set JERRY

2 WSEN
nately high for 16 clock
sared Jerry will not generate
: INTERNAL is cleared.
3 RISING
4 FALLING

EVERYWORD

a to be transmitted.

These two sixteety:

These two sixteen bit registers hold received data.
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Bit Name Description
This bit reflects the state of the Word Strobe pin. Do not use this to check for data
ready, use the Interrupt control register.

The asynchronous serial interface consists of two wires, UARTI, the receive i
transmit data output. This interface is primarily designed to support ComLynx biit
MIDI transmit and receive.

A prescaler register is used to allow programmable baud rates.

The data transmitter is double buffered, allowing a character 138 _
transmission of a previously written character is complete. The data receiver:
character can be received on the UARTI pin befo i
register.

he data register before the
sa.double buffered, a second
from the data

\ 770N/ 1N\ 2\/
N\ N N_N__N
One
Startj-------—-"-"< 8
Bit

The parity can be ODD, EVEN nd the input can be programmed to

be active high or low. The polari

ral interface, namely receiver or transmitter
table below summarises the interrupts in

Two classes of interrupt can be gen. ated by the asynchronot
interrupts. Each of these classes can be individually enabled.'
each class. :

Receiver Interrupts.

. Parity Error
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This sixteen bit register determines the baud rate at which the asynchronous serial interface works. The

frequency generated is given by:

Clock Frequency = System Clock Frequency / (N+1)

where N is the number written to this register.

The frequency generated by this register is further divided by sixteen to giveithe baud rates

Description

ODD : i .
PAREN Parity enable. When parity is disabled e of the EVEN bit isittasigemitted

in the parity bit time .

2 TXOPOL Transmitter output polarity. Settingthis bit to a 6ng &
be active low. N

3 | RXIPOL Receiver input polari

inverting input.
4 TINTEN Enables transmitte

R_E_g}ster also needs:
TEEHS. As for TINTEN’ the as

5 RINTEN ynchronous serial interface bit
6 CLRERR
14 | TXBRK

All unused bits are resel d and should be written 0

These Bifs:reflect the state of the corresponding bits in the ASICTRL
register.
Receive buffer full. When set this bit indicates that a character has been
received and is available in the ASIDATA register.

ansmit Buffer Empty.

ty Error. This bit indicates that a parity error occurred on a received

‘ i ] Description
;
f
|

10 | FE Feaming Error. A framing error is detected when a non zero character is
#ceived without a stop bit at the expected time.

11 | OE “Overrun Error. An overrun error is detected when a character is received
on the input before the last character was read from the ASIDATA
register.

13 | SERIN Serial Input. This bit reflects the state of the UARTI pin. Its sense can be

inverted by setting the RXIPOL bit in the ASICTRL register.
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7 14 TXBRK Transmit Break. This bit reflects the state of the corresponding bit in the
ASICTRL register.
Error. This bit is logical OR of the PE, FE and OE bits. This allows a

15 ERROR

single test for error conditions.

All unused bits are reserved and may return any value.

eturns the last character received in bits [O..7] _

When this register is read it r
buffer full condition leaving the way cléas

reading this register clears the receive
be received.

When the ASIDATA register is written bits [0..7] are transmi
used and should be written as zero.

Cs to provide the joy k interface. There

Jerry has four outputs which together control

are two registers

of the sixteen joystick inputs.

ick output latch. Output JOYL2 is asserted
tised to enable the joystick outputs. This bit is

L3is th"e.inverse of th ialue in bit 15.

(active low) during the write. The’

cleared (disabled) by reset. Output J6Y

nabled and the data reflects the state of the four button inputs. Output

ad.

When read the button i
JOYLI is asserted (active low) durig

June 7, 1995
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Jerry has six general purpose 10 decode outputs which are asserted (active low) in the following address

ranges.

GPI00 | F14800-F14FFFh RESERVED
GPIO1 | F15000-F15FFFh RESERVED
GPI02 | F16000-F16FFFh RESERVED
GP103 | F17000-F177FFh RESERVED
GPI04 | F17800-F17BFFh RESERVED
GP105 | F17C00-F17FFFh RESERVED

The term “General Purpose” is a misnomer because most of the
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The DSP is part of the Jerry chip in jaguar, and is a variant of the GPU
instruction set and programming model, but there are certain differences.
system memory map as a bus master, and its internal memory may be access

within the Jaguar System.

The DSP performs two rdles within Jaguar, its primary functigsi;is sound synthesis:
available for additional graphics processing.

Sound synthesis may be the playback of sampled sound or alg nd generation, or a mixture of the
two. As the DSP is a fast general purpose processor it may be 1sg o3t range of synthesis techniques.
It contains several optimisations for sound processing when compared to the ‘GPYJ,.in particular higher
precision multiply / accumulate operations, circular, buffer management, audio waveables in local ROM,
additional local fast RAM, and audio output hardwiare w i

full power of the DSP, it may also be
system address space, although its bus
ell be used with sound synthesis
ing something like matrix

As many sound generation techniques will not
used as an additional graphics processor. It has
bandwidth is lower as it has a 16-bit interface
¥ occurring under an interrupt at sample rate, with the

j W multiplies for 3D object rotation. h

This section assumes an underst i nces between the GPU and the

DSP.

:section GPU description.
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Refer to the 'Memory Interface' section of the GPU description for a discussion of the basics of the DSP
memory interface.

The DSP has 8K bytes of local fast RAM (twice as much as the GPU), and 2K b
with sound synthesis. These are laid out as follows: H

F1A000 - F1A1FF DSP control registers
F1B00O - F1CFFF local RAM
F1D000 - F1DFFF wave table ROM

~of wave tables to help

igned 16-bit values;’

The wave table ROM contains eight 128 entry wave tables. Thes %
:Only the bottom 16

extended to 32-bits, so that the ROM appears to occupy 1K 32-bf
significant.

The waves available are as follows:

F1D000 ROM_TRI
F1D200 ROM_SINE
F1D400 ROM_AMSINE
F1D600 ROM_12W
F1D800 ROM_CHIRP16
F1DAOO ROM_NTRI
F1DC00 ROM_DELTA
FIDEOO ROM_NOISE
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Refer to the 'Interrupts’ section of the GPU for a general discussion of how DSP interrupts behave.

There are six interrupts sources within the DSP. These are allocated as follows:

External interrupt 1
External interrupt 0
Timer interrupt 2
Timer interrupt 1

1S interface interrupt
CPU interrupt it

ol =il wlblwn

The external interrupts are inputs from additional Jaguar hardwasg:odt
interrupts are from Jerry's local programmable timers, the IS mSeJruptis i
interface, and the W

CPU interrupt is generated by any processor writing to t SP:control register.

ng; {Os, and so on; there is hardware

As circular buffers are common
aligned to a 2" boundary, where n

support for addressing circular b
is any practical value.
, namely ADDQMOD and SUBQMOD.

The support takes the form of two :
e form of counting modulo 27. This is

These allow pointers to be updated with the value wrapping
controlled by the moditlg:zegister which is a mask on the res £ these instructions. Where a bit is 1 in this
register, the result of the:ADPQMOD or SUBQMOR  anaffected by the instruction, where it is 0 the add
may modify it. Normal its of this regiéiérv ‘4ot to one, and the low bits set to zero as appropriate.

ccumulate Instructions' and the 'Systolic Matrix Multiplies' sections of the GPU
to and explanation of these instructions.

rations are performed, using the IMULTN, IMACN and RESMAC

on, the accumulated result is actually calculated as a forty bit signed
Hvsly overflow bits, after a RESMAG, they are at F1A120. However, the
ty bit input the register operand as the low thirty-two bits and the eight
aiilatoragits top eight bits, and saturates the forty bit signed integer to thirty two
bits; i.e. if it is less than FERO060O000 it becomes FF80000000 and if it is more than 007FFFFFFF it becomes

O07FFFFFFF.

The SAT32S instruction should therefore only be applied to the result of a multiply / accumulate operation,
and before any further multiply / accumulate operations are performed. The SAT16S instruction operates only

on its thirty-two bit register operand and takes no account of the overflow bits.
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Refer to the Divide Unit' section of the GPU description.

Refer to the 'Register File' section of the GPU description.

Refer to the 'External CPU Access' section of the GPU descripti

Addresses in DSP space are only available as 16-bit memory int
the order low address then high address.

ZERO _FLAG : setif ileiresult of the
s not affect the flags, see above.

1 | CARRY_FLAG

¢ gperations.

défshed afterother arithme
e result of the last arithmetic operation

2 | NEGA_FLAG The ALU negative flag, set

was negative.
Interrupt mask, §gEby. the:inierrupt control logic at the start of the service

utine, and is cléared:by the interrupt service routine writing a 0. Writing
1o this location has no effect.

+enable bits for interrupts 0-4. The status of these bits is

IMASK. These bits correspond to:

3 IMASK

D_CPUENA

pt latch clear bits for interrupts 0-4. These bits are used to clear the

9-13
rupt latches, which may be read from the status register. Writing a
| - to any of these bits leaves it unchanged, and the read value is always
D_TIM2CL
D_EXTOCLR
14 | REGPAGE Switches from register bank 0 to register bank 1. This function is

overridden by the IMASK flag, which forces register bank 0 to be used.
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iy 15 DMAEN
¢

Interrupt enable bit for interrupt 5. Fux
This is EINT[1].
17 D_EXTICLR Interrupt latch clear bit for interrupt 5. Functi

16 D_EXTI1ENA

WARNING - writing a value to the flag bits and making use 0
will not work properly due to pipe-lining effects. If it is necess
then ensure that at least two other instructions lie between the: STORE ari
it is necessary to use flags set by an indexed STORE instruction, then ensur
instructions lie between the STORE and the flags dejséident instruction.

lag bits in the follos
3 setby a STORE instruction,

: dependent instruction. If

east four other

Bits Equate(s)
0-3 | MATRIX3-15
4 MATCOL

This register determin in memory is.

Bits Equate(s}

out of DSP I/O registers. If its current contents are unknown, the same
and high 16-bits.

This register controls the physnz
data shoukibé:written to both the

Bit Equate(s) Bescription

; en this bit is set, 32-bit registers in the CPU I/O space are big-endian,
the more significant 16-bits appear at the lower address.
2 BIG_INST When this bit is set the DSP does word program fetches like a big-endian

w processor.
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The DSP program counter may be written whenever the DSP is idle (DSPGO is clear). This is normally used
by the CPU to govern where program execution will start when the DSPGO bit is set.

The DSP program counter may be read at any time, and will give the address of the instruction currently '
being executed. If the DSP reads it, this must be performed by the MOVE PC,Rn instruction, and not by
performing a load from it.

The DSP program counter must always be written to before setting the DS
bit is cleared, the program counter value will be corrupted, as at this point

This register governs the interface between the CPU and the DSP
Bits

Equate(s)
DSPGO

Description

externally mLﬁgEx
1 CPUINT Writing 2 1 to:his:h the DSP to interrupt
need for any:gcknowle
zero has no'
2 FORCEINTO Writing a 1 t@ pt type 0. There is no need for

.bit to zero. Writing a zero has

3 SINGLE_STEP nabled. This means that

ruction, until a SINGLE_GO

- SINGLE_STOP, indicates whether the DSP
juld be polled before issuing a further single
e DSP is awaiting a SINGLE_GO

4 SINGLE_GQ nces program execution by one instruction

in single-step mode. Neither writing to this bit

5 unused

B

Interrupt . for interrupts 0-4. The status of these bits indicate which
interrupt req &t latch is currently active, and the appropriate bit should be
_ i cleared by the interrupt service routine, using the INT_CLR bits in the

 TIM2LAT fla
XTOLAT 1

gs register. Writing to these bits has no effect. These bits correspond to:

" EINT[0] .
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11| BUS_HOG

29310038 Pot Ta¥es LsY 3
J.W T 5

-t tahald-on-te tha b a
to-Rota-0R oMU U T €eRProgt

bhacb

. . . . . .
t o coaad—at-the-eXpeRse ~f anu loser-BEORY Aouice usino-the-bu
aHthe-eXpeRSCOTiry towepHOy g Ier B5HHEReOuST

axaent

This bit must not be set in the Jaguar G
These bits allow the DSP version code
are: ;
2 First production release
Future variants of the DSP may contain &g
enhancements, and this value allows softwaré:
all versions. It is intended b future versions W

DSP. aa

16 | D_EXTILAT Interrupt latch for interrupt 5
6-10 have for interrupts 0- :

This is EINT[1].

12-15 | VERSION

d by the ADDQMOD and
ans that it may be changed.
esses to be readily generated for

which bits

This 32-bit register holds the value which go :
SUBQMOD instructions. A 1 means that the bit:will be unaffected,a:
Normally, the higher bits are set t0 1 and the lowezbits to 0. This allows;

circular buffers of size 2" bytes, where n is between

This 32-bit register contains a valil r aftera division may be calculated. Refer to the

section on the Divide Unit.

Bit Equate(s) Description
B 5is bit is set, then the divide unit performs division of unsigned 16.16

ers, otherwise 32-bit unsigned integer division is performed.

o be read. After a RESMAC instruction the
s the bottom 32 bits of the accumulated value, and this register
ign-extended to 32 bits.

e internal DSP space for higher efficiency when

jons are mapped into th
These are the PWM DACs and the

ffectively 32-bit locations.

Synchronous Serial Interface

June 7, 1995
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GPU and DSP instructions are all sixteen bits, made up as follows:
15ha 3 p2 i1 po|94(817 6151413121140
L opcode 1 regl Bl reg2 1

+ op code defines the instruction to be executed
 reg2 is the destination operand, or the only operand of sin
« regl is the source operand

érand instructions

The reg2 and regl fields usually hold a register number, but have other me ith some instructions.

The instruction set is as follows, where the syntax

<Op code name> <source>,<destinatié >
Note: To remain compatible with future versiog: ‘of the Jaguar chips lways clear the regl field of single
operand instructions and leave both fields of NE&P:igleared.

Flags

The description of each instructi are valid when the result is

written. This is discussed further:is ifinig #ams”.

Register Usage

The description of register usage s terport. Cycle 1 is the clock cycle at which the
instruction is considered to be “executing”, and is generally theipipe-line stage at which its register operands
are read. It is the only:pipe-line stage occupied by NOP. Wheze:an instruction affects the flags, these are valid
at the clock cycle when i jscussed further under “Writing Fast GPU and DSP

Programs”.

Absphite Value
32-bit integer absolute value. Has the same effect as NEG if the
operand is negative, otherwise does nothing. Note that this
instruction does not work for value 8000000h, which is left
unchanged, and with the negative flag set.

Z - set if the result is zero

N - cleared

C - set if the operand was negative

Register Usage

Cycle 1: Destination register read

Cycle 3: Destination register write
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0 ADD Rn,Rn

Add
32-bit two's complement integer add, result is destination register
contents added to the source register contents, and is written to the
destination register.

Z - set if the result is zero

N - set if the result is negative

C - represents carry out of the addes
Register Usage
Cycle 1: Source register read &
Cycle 3: Destination register wrii

stination regis

1 ADDC Rn,Rn

Add with Carry
32-bit two's complement integer ad
the previous state of:the carry flag, othe
7 - set if the result is’zéx
N - set if the result is 1

Register Usage :
Cycle 1: Source register read & Destr: egister read
Cycle 3:Déikisiation register write

(88}

ADDQ n,Rn

o's completiient fnteger add, where the source field is
data in the range :32 otherwise like ADD.

Destination 1&gx Y
tion register write

63 ADDQMOD n,Rn
(DSP only)

a using Modulo Arithmetic

nt integer add like ADDAQ, except that the
pdified data if the corresponding modulo
is allows circular buffer management (for
the high bits of the modulo register are set,

set if the result is negative

‘¥epresents carry out of the adder
Reg:
Cycle T: Destination register read
Cycle 3: Destination register write

Add with Quick Data, Transparent

32-bit two's complement integer add, like ADDAQ except that it is
transparent to the flags, which retain their previous values.

ZNC - unaffected

Register Usage

Cycle1: Destination register read

Cycle 3: Destination register write
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' 9 | AND Rn,Rn Logical AND
32-bit logical AND, the result is the Boolean AND of the source

register contents and the destination register contents, and is

written back to the destination register.

7 - set if the result is zero

N - set if the result is negative

C - not defined

Register Usage

Cycle 1: Source register read

Cycle 3: Destination register

15 BCLR n,Rn Bit Clear
Clear the bit in the destination registeé ate
data in the source figld, which is in th .31. The other bits

7 - set if destination FERIS:
N - set from bit 31 gf e
C-not defined

14 BSET n,Rn
elected by the immediate
0-31. The other bits

pister S

13 | BTST n,Rn
in the:deéstination register selected by the immediate
field, which is in the range 0-31.

N - not defined

Cyde:1: Destination register read
Cycle 3: (flags are valid)
Compare
32-bit compare, this is the same as SUB without the result being
stored, but the flags reflect the result of the comparison, which
may therefore be used for equality testing and magnitude
comparison.
Z - setif the result is zero (operands equal)
N - set if the result is negative (source greater than destination
“ operand)

C - represents borrow out of the subtract
Register Usage
Cycle 1: Source register read & Destination register read
Cycle 3: (flags are valid)
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CMPQ n,Rn

Compare with Quick Data

32-bit compare with immediate data in the range -16 to +15.
7 - set if the result is zero (operands equal)

N - set if the result is negative (immediate data greater than
destination operand)

C - represents borrow out of the subtract

Register Usage

Cycle 1: Destination register re

Cycle 3: (flags are valid)

DIV Rn,Rn

Unsigned Divide
The 32-bit unsigned integer divider

register, yielding a 32:bit unsigned integErit

like normal microprocassar division. The re: :

and division may also formed on 16.16 bit unsigged:
Hion thmetic functions.

IMACN Rn,Rn

Viand accumulate, like IMULT,
e 32-bit productiis giided to the result of the previous
tion, and the res

IMULT Rn,Rn

_register.

ly

ultiply, the 32-bit result is the signed
e bottom 16-bits of each of the source and
s, and is written back to the destination

set if the result is zero
t.if the result is negative
nat defined
Register Usage
Cycle 1: Source register read & Destination register read
Cycle 3: Destination register write

Signed Integer Multiply, no Write-Back

Like IMULT, but result is not written back to destination register.
Intended to be used as the first of a multiply/accumulate group, as
there are potential speed advantages in not writing back the result.
Z - set if the result is zero

N - set if the result is negative

C - not defined

Register Usage :
Cycle 1: Source register read & Destination register read J ‘
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53 JR cc,n Jump Relative
Relative jump to the location given by the sum of the address of
the next instruction and the immediate data in the source field,
which is signed and therefore in the range +15 or -16 words. The
condition codes encode in the same way as JUMP.

ZNC - unaffected

Register Usage

Cycle 1: (flags must be valid).
52 | JUMP cc,(Rn) Jump Absolute :
Jump to location pointed to byt
field is the condition code, wherét
Bit - Condition
0 - zero flag must bgiclear for jump to
1 - zero flag must b - jump to occur

urce register, dés
its encode as fo

3 - flag selected by
4 - if set select negative flag, if ciea 1
If more than one condition is set, thé ust all be true for the

41 LOAD (Rn),Rn
ister contains a 32-bit byte
ligned. The destination

to it.

egister write (internal memory at cycle 3 or
bject to bus latency)

dexed Address

; read, as LOAD, except that the address is given by
the sum of either R14 or R15 and the immediate data in the source
| register field, in the range 1-32. The offset is in long words, not in
hytes, therefore a divide by four should be used on any label
metic to give the offset. This is slower than normal LOAD

73 |LOAD (Ri%
44 |LOAD (RI15:

Opéfaﬁéns due to the two-tick overhead of computing the address.
ZNC - unaffected '

Register Usage

Cycle 1: R14 or R15 register read

Cycle n: Destination register write (internal memory at cycle 5 or
6, external memory subject to bus latency)

Load Long, from Register with Base Offset Address

32-bit memory load from the byte address given by the sum of
R14 and the source register (the address should be on a long-word
boundary). Otherwise like instructions 43 and 44.

Cycle 1: R14 or R15 register read & Source register read

Cycle n: Destination register write (internal memory at cycle 5 or
6, external memory subject to bus latency)

58
59
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LOADB (Rn),Rn

Load Byte

8-bit memory read. The source register contains a 32-bit byte
address. The destination register will have the byte loaded into
bits 0-7, the remainder of the register is set to zero. This applies to
external memory only, internal memory will perform a 32-bit
read.

ZNC - unaffected

Register Usage

Cycle 1: Source register read

Cycle n: Destination register w

bus latency)

LOADW (Ru),Rn

Load Word

16-bit memory read. The source registerg
address, which must‘bgword aligned. The 'des
have the word loaded

is set to zero. This app

memory will perform:

ZNC - unaffected

Register lsage

LOADP (Rn),Rn
(GPU only)

ster contains a 32-bit byte
d. The destination register

bilg in the high-half fégiste
J5:internal memory will perform a 32-bit read.

MIRROR Rn
(DSP only)

Fougx #Transform (FFT) operations.

Mirror Operénnd
he register is mirrored, i.e. bit 0 goes to bit 31, bit 1 to bit 30, bit
it 29 and so on. This is helpful for address generation in Fast

Z - set’#f the result is zero

N - set if the result is negative

C - not defined

Register Usage

Cycle 1: Destination register read
Cycle 3: Destination register write
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54 MMULT Rn,Rn Matrix Multiply
Start systolic matrix element multiply, the source register is the
location of the register source matrix, the product is written into
the destination register. Refer to the section on matrix multiplies.
The flags reflect the final multiply/accumulate operation:

Z - set if the result is zero

N - set if the result is negative
C - represents carry out of th
Register Usage
Refer to the discussion of multsj
34 | MOVE Rn,Rn Move Register to Register
32-bit register to register transfer.
ZNC - unaffected::;
Register Usage

51 | MOVE PCRn Move Program Count to Regis
1oad the destination register with thé“addzess of the current
instruHoR ctual value read from the P£3is modified to take
intg: its.of pipe-lining and prefetch, to give the
only way for the GPU/DSP to read its

37 MOVEFA Rn,Rn

Cycle 1: Source register read
Cycle 2 inaion register write
Move Tmmediate
32-bit register load with next 32-bits of instruction stream. The
irst word in the instruction stream is the low word, the second the
igh word.

. unaffected

Regt;si%e}' Usage

Cycle 3: Destination register write

Move Quick Data

32-bit register load with immediate value in the range 0-31.

ZNC - unaffected

Register Usage

Cycle 2: Destination register write

Move to Alternate Register

32-bit register to alternate register transfer, the destination register
lying in the other bank of 32 registers.

ZNC - unaffected

Register Usage

Cycle 1: Source register read

Cycle 2: Destination register write
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55 MTOI Rn,Rn Mantissa to Integer
Extract the mantissa and sign from the IEEE 32-bit floating-point
number in the source register, and create a signed integer in the
destination. The most significant bit is bit 23, but it is sign
extended.
Z - set if the result is zero
N - set if the result is negative
C - not defined
Register Usage
Cycle 1: Source register read
Cycle 3: Destination register w

16 | MULT Rn,Rn Multiply .
16-bit unsigned integer multiply, the 32+ i ed
integer product of the‘bipttom 16-bits of each ot
destination registers, 2 i 3
register. :

8 NEG Rn :

ie result is the destination
s0, and is written back to the
£000h cannot be negated.

57 | NOP
ZNC - unafteg
Register Usage

56 | NORMI Rn,Rn alisation Integer

: j&s the 'normalisation integer' for the value in the source

registér, which should be an unsigned integer. The normalisation
integer is the amount by which the source should be shifted right
to normalise it (the value can be negative), and is also the amount
to be added to the exponent to account for the normalisation.
Z - set if the result is zero
N - set if the result is negative
C - not defined
Register Usage
Cycle 1: Source register read
Cycle 3: Destination register write
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12 | NOT Rn Logical NOT
32-bit logical invert, the result is the Boolean XOR of FFFFEFFF
hex and the destination register contents, and is written back to
the destination register.
7 - set if the result is zero
N - set if the result is negative
C - not defined
Register Usage
Cycle 1: Destination register £t
Cycle 3: Destination register wa
10 OR Rn,Rn Logical OR
32-bit logical or operatlon the results
source register conigiits and the destmatno;i nd
| is written back tot i .
7 - set if the result
N - set if the result
C - not defined
pister read “
63 | PACK Rn i
(GPU only} and packs it into a 16-bit CRY |
nto bits 12 to 15; bits 13t0 16 \
its 0 to 7 are mapped onto bits |
to zero to differentiate this !
\
19 | RESMAC R late Result Write
stit:contents of the result register and writes them to
jicated. Intended to be used as the final instruction
of a multiply/accumulate group.
- refer to the section on Multiply and Accumulate instructions
% maffected
Reg r Usage
Cycle 3: Destination register write
Rotate Right
32-bit rotate right by the bottom 5 bits of the source register. Can
be used for ROL functions by complementing the value.
Z - set if the result is zero
| N - set if the result is negative
l C - represents bit 31 of the un-shifted data
Register Usage
Cycle 1: Source register read & Destination register read
Cycle 3: Destination register write

© 1992-95 Atari Corp.

Confidential Information “7PR Property of Atari Corporation

June 7, 1995



Jaguar Software Reference Manual - Version 2.4

RORQ n,Rn Rotate Right by Immediate Count

‘ Immediate data version of ROR. Shift count may be in the range
1-32.
Z - set if the result is zero
N - set if the result is negative
C - represents bit 31 of the un-shifted data
Register Usage
Cycle 1: Destination register re
Cycle 3: Destination register wii
32 | SAT8 Rn Saturate To Eight Bits
(GPU only) Saturate the 32-bit signed intege

and so on, [0 count
Flags

Z - set if the result is
N - cleared

C - not defined
Register lsage.

33 SAT16 Rn :
(GPU only) e the 32-bit i |

33 SAT16S Rn
(DSP only)

C - not defined
Register Usage

Cycle 1: Destination register read
Cycle 3: Destination register write
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62 SAT24 Rn Saturate To Twenty-Four Bits
(GPU only) Saturate the 32-bit signed integer operand value to a 24-bit
: unsigned integer. If it is negative it is set to zero, if it is greater
than 16,777,215 it is set to 16,777,215. This is particularly useful
for computed intensities, to counteract the effect of rounding
E€TTOTS. ;
Flags
7 - set if the result is zero
N - cleared
C - not defined
Register Usage
Cycle 1: Destination register read
Cycle 3: Destinatiogifegister write
42 | SAT32S Rn Saturate Multiply/Acgiimulate Result
(DSP only) Saturate the 40-bit si iger operand value to dn52-bit
signed integer. Thisy)

multiply/accumulate eight bits of the source
mulated value is less'# 0000000h it saturates
1 then 7FFFFFFFh it sgkisg

210

23 SH Rn,Rn

t'given by the value in the source register.
tauses a shift to the right. Values of plus or
eater give zero. Zero is shifted in.

. uAly
mifigsth

irty-two

egative
the un-shifted data for right shift, or bit 31

Register Usage
Cycle 1: Source register read & Destination register read
fycle 3: Destination register write
“Shitt Arithmetic
As SH but right shift is arithmetic, i.e. sign shifted in.
7 - set if the result is zero
N - set if the result is negative
C - represents bit 0 of the un-shifted data for right shift, or bit 31
for left shift
Register Usage
Cycle 1: Source register read & Destination register read
Cycle 3: Destination register write
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27 SHARQ n,Rn

' Register Usage
| Cycle 1: Destination register rea

Shift Arithmetic Right

. As SHRQ but arithmetic shift right, i.e. sign shifted in. Best

mBermoenic.

Z - set if the result is zero

N - sei if the result is negative

C - represents bit 0 of the un- sh'fted data

Cycle 3: Destination register wit

24 SHLQ n,Rn

Shift Left with Immediate Shi
32-bit shift left by n positions, i
SH. (The shift value is actually en
by the assembler). .

Z - set if the result

Register Usage
Cycle 1: Destination register read
Cycle 3 De&tt anon register write

25 SHRQ n,Rn

mmediate Shift Count

47 STORE Rn,(Rn)

long-word aligned. The destination
a to be written.

regisier contains thé
ZINC- unaffected :

Cycle 1 ister read & Destination register read

49 | STORE Rn,
50 | STORE Rn,(R15+n)

| Store Long, with Indexed Address
32-bit memory write, write as STORE, with address generation in

e manner as the equivalent LOAD instructions.
EZapaffected

Register Usage

Cycle 1: R14 or R15 register read

Cycle 2: Source register read

Store Long, to Register with Base Offset Address

32-bit memory store to the byte address given by the sum of R14
and the destination register (the address should be on a long- word
boundary). Otherwise like instructions 49 and 50.

Register Usage

Cycle 1: R14 or R15 register read & Destination register read
Cycle 2: Source register read

© 1992-95 Atari Corp.

Confidential Information LR Property of Atari Corporation

June 7, 1995




Jaguar Software Reference Manual - Version 2.4 Page 97

45 STOREB Rn,(Rn) Store Byte
8-bit memory write. The source register contains a 32-bit byte
address. The destination register has the byte to be written in bits
0-7. This applies to external memory only, internal memory will
perform a 32-bit write.

ZNC - unaffected

Register Usage

Cycle 1: Source register read d
46 | STOREW Rn,(Rn) Store Word i

Register Usage
Cycle 1: Source regist stination register read
48 | STOREP Rn,(Rn) Store Phrase ‘
(GPU only) 64-bit

tercontains a 32-bit byte
be phrase aligned. stination register
iiword of the data to be written, the high
the high-half register. This applies to
4 memory will perform a 32-bit

r Usage
Source registerread'& Destination register read

4 SUB Rn,Rn

ent integer subtract, result is the source
wiracted from the destination register contents,
estination register. The carry flag represents
btract, and the zero flag is set if the result is

Z - set if the result is zero
| N - set if the result is negative

Cy :1: Source register read & Destination register read

Cycle 3: Destination register write

Subtract with Borrow

37-bit two's complement integer subtract with borrow in

according to the carry flag, otherwise like SUB.

Z - set if the result is zero

N - set if the result is negative

C - represents borrow out of the subtract

Register Usage

w Cycle 1: Source register read & Destination register read !
Cycle 3: Destination register write
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SUBQ n,Rn

Subtract with Immediate Data

32-bit two's complement integer subtract, where the source field is
immediate data in the range 1-32, otherwise like SUB.

Z - set if the result is zero

N - set if the result is negative

C - represents borrow out of the subtr:
Register Usage ‘
Cycle 1: Destination register read
Cycle 3: Destination register w

32 | SUBQMOD n,Rn
(DSP only)

Subtract with Immediate Dat
32-bit two's complement integer st
the result bits may be unmodified d
modulo register bits gre set. This allows €]
management (for 2" $iz¢ buffers), where the
modulo register are se 1
Z - set if the result is Z

7 SUBQT n,Rn

63 | UNPACK Rn
(GPU only)

Unp. .
Takes an packed CRY pixel value and unpacks it into a 32-bit

. e mapped onto bits 22 to 25; bits 8 to 11
are mapj o:Bite 13 to 16; and bits 0 to 7 are mapped onto
bits O to 7. All other bits are set to zero. The reg! field should be
set to one to differentiate this from PACK. See the section on

k and Unpack

naffected

Register Usage

Cycle 1: Destination register read
Cycle 3: Destination register write

11

Logical XOR

32-bit logical exclusive or, the result is the Boolean XOR of the
source register contents and the destination register contents, and
is written back to the destination register.

Z - setif the result is zero

N - set if the result is negative

C - not defined

Register Usage

Cycle 1: Source register read & Destination register read

Cycle 3: Destination register write
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To get the most out of the Atari RISC processors, it is important to avoid wait states. Each processor can
execute one instruction per tick in ideal circumstances, but it is very €asy for code to be subject to sO many
wait states that it only achieves around half this figure. It will be worthwhile fafpEdigrammers 10 tuné the
innermost loops of their code for maximum performance, and the rules giv

written program can usually achieve an instruction throughput of around

elp do that. A well

Wait states usually occur either because an instruction would otherwise u:

register or a flag, which is not valid; or it would use a piece of hardware th gyrrently still active
earlier operation, such as the external memory interface. This is because the chips f:makes significan
pipe-lining to improve performance.

Wait states are incurred when:

«  an instruction reads a register containing the result
until the previous operation completes.

«  an instruction uses the flags from the previous instructio
operation completes.

. aresult has to be written back and neither.
matches, one tick of wait is incurred to let

. two values are to be written back at once, on

«  an instruction attempts to use the result of a divide st

until the divide unit completes: 3t

. adivide instruction is apout t
sixteen wait states can be inc

incomplete memory read, this wiil be no
icks from external memory.

. an instruction reads a register Wit h is awaiting data fros
more than one tick from internal memory, but can be sev

mory interface has not completed the transfer

ion is about to be executed and the
internal load/store aexternal loads/stores can be pending without holding

up instruction flow

after a store instruction with 2 éxed addressing mode (one tick).

after a jurnp.or jr (three ticks if executizl of internal memory).

has not been read, thi swill only occur when executing out of external memory.

f.the CPU accesses the internal space of Tom or Jerry (whichever made the

The most con L i s is using a register which was altered by the previous instruction. For
example consider th :

z aad r3,x0 ; add. offset TC X

2 shrg #1,70 . apply scaling factor
3 add rQ,r4 ; add to base

4 add r5,rl ; add ofiset toO Y

5 shrg #1,rl . apply scaling factor
6 add rl,rét . add to base
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Wait states will be incurred after instructions 1, 2, 4 and 5. If the code were laid out like this:

add offset to X

add offset to Y
apply scaling factor
apply scaling factor
add to base

add to base

add r3,x0
add r5,rl
shrg #1,r0
shrg #1i,rl
add rQ, ré
add rl,ré6

Ne Ne o we Ne SaoSe

Y Ut > (W N B2

No wait states would occur. This is an example if interleaving, and this is
up code. It is well worth the performance enhancement - 6 ticks instead of
your code is laid out like this. Obviously there is a considerable overhead
that are executed many times it is well worth doing.

tq ensure that
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The Jaguar system is intended to be usable in either a little-endian, e.g. Intel 80x86, or big-endian, €.g. 680x0,
environment. The difference between these two systems is to do with the way in which bytes of a larger
operand are stored in memory. There is potential for considerable confusionh& this section attempts to
explain the differences. '

When storing a long-word in memory, a big-endian processor considers £
stored at byte address 0, while a little-endian processor considers that th
byte address 3. When both 32-bit processors are fitted with 32-bit memory't
interface, as the concept of byte address has no meaning; where it does becom
path width is narrower than the operand width.

This document adopts the big-endian convention and Motorola ] i on. Linléendian
and Intel operand conventions could equally well have been a

ch as addresses will'be presented
ppens, in effect, is that the sense of Al
gh word of long-word at the low

The 10 Bus Interface is a 16-bit interface. Theg
differently between the little-endian and big-
is inverted between the two systems. A big-ent
address, a little-endian system will see the high

ding big and little endian systems,
byte, word, or long-word transfers as appropriate
PU is big or little endian.

As the co-processor bus interfa
although graphics processor pr ,
to the operand size to avoid havingig:

h regard to the organisation of pixels within 2

phrase.

pixel is always the least significant. In a phrase of data the left-most

In the little-eqdian system, the left-m

pixel incla £..In byte address tenﬁs, th
15 48 55|56 63
right
In the big-€Bdian:s st pixel is always the most significant. The left-most pixel therefore

s terms this is stored in byte 0.

63 5 48 15 8|7 0
left right

Consider an eight-bit per pixel mode:

- in pixel mode, the left-most pixel in both systems is at byte address 0.
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- in phrase mode, the little-endian left hand pixel is on bits 0-7, the big-endian left hand pixel is on bits
56-63.

(these modes refer to Blitter operation, which is described elsewhere)

This difference therefore affects operations that involve addressing pixels within a phrase when transferring a
whole phrase at once (Blitter phrase mode).
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